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Background: Immune-mediated dermatological conditions, including

dermatitis, urticaria, alopecia areata, and psoriasis, are common skin diseases

that contribute to substantial health loss, economic burden, and pain across

individuals of all ages worldwide.

Methods: Using data from the Global Burden of Disease (GBD) 2021 study, we

analyzed age-standardized incidence, prevalence rate, and disability-adjusted

life years (DALYs) for global main four immune-related skin diseases—including

dermatitis (atopic, contact, and seborrheic), urticaria, alopecia areata, and

psoriasis from 1991 to 2021, with corresponding 95% uncertainty intervals (UIs),

stratified by sex, age, geographical location, and sociodemographic index (SDI).

We further projected incidence through 2035 using a Holt-damped model

incorporating trend components but excluding seasonality.

Results: Dermatitis had the highest estimated age-standardized prevalence rate

(ASPR: 5459.07 per 100,000; 95% UI: 5064.87–5875.73), followed by psoriasis

(354.07; 95% UI: 342.42–364.08), urticaria (1094.59; 95% UI: 969.18–1240.42),

and alopecia areata (42.89; 95% UI: 41.74–44.14). Immune-related dermatoses

consistently showed higher age-standardized rates in females than males. The

estimated annual percentage change (EAPC) revealed distinct temporal patterns:

dermatitis (-0.155) and alopecia areata (-0.127) showed slight declines, whereas

psoriasis exhibited an upward trend (0.24), and urticaria remained stable with a

modest increase (0.01). Age distribution: Dermatitis/urticaria peaked in children,

alopecia areata in adulthood, and psoriasis in middle age.

Conclusions: Immune-related skin diseases—including dermatitis, urticaria,

alopecia areata, and psoriasis—are highly prevalent worldwide, with notable

variations by age, sex, and region. Females are disproportionately affected.

These trends underscore the need for targeted, sex- and region-specific public

health interventions to optimize the allocation of healthcare.
KEYWORDS
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1 Introduction

Immune-related skin diseases—including dermatitis, urticaria,

alopecia areata, and psoriasis—are prevalent and contribute

substantially to the GBD (1, 2) and represent a diverse group of

disorders characterized by aberrant immune responses targeting the

skin (3–5). Though not always life-threatening, these disorders can

result in persistent physical symptoms and psychological distress,

even after clinical remission (6). Their long-term impact affects

quality of life and imposes a notable burden on caregivers, health

systems, and society at large. The prevalence and distribution of

dermatological conditions have been explored in various geographic

contexts. These studies underscore the importance of recognizing

immune-related skin disease as part of a broader autoimmune and

inflammatory spectrum. With the rise in the SDI, multiple studies

have shown that environmental and lifestyle transitions—such as

gut microbiota dysbiosis, excessive hygiene leading to reduced

microbial exposure (the “hygiene hypothesis”), urbanization, and

dietary changes—may contribute to the increasing incidence of

immune-related skin diseases (7–9). These disorders share several

common influencing indicators, including genetic susceptibility,

immune dysregulation, psychosocial stress, and environmental

pollutants, all of which can disrupt immune homeostasis and

damage the skin barrier. Therefore, understanding the shared

epidemiological patterns and trends of these diseases is essential

to developing integrated prevention and public health strategies.

During the COVID-19 pandemic in Turkey, notable shifts in

dermatologic disease patterns were observed, potentially reflecting

the impact of altered environmental or societal factors on disease

epidemiology (10). Alopecia areata is primarily characterized as an

autoimmune disorder involving T-cell-mediated attack on hair

follicles, leading to non-scarring hair loss (11, 12). A focus on

alopecia areata’s epidemiology is provided by Augustin (13), who

was analyzed longitudinal claims data in Germany. Their findings

highlight the population-wide prevalence and associated

comorbidities, emphasizing the autoimmune nature of alopecia

areata and its frequent coexistence with other systemic

conditions. Alopecia areata is part of a broader autoimmune and

inflammatory spectrum. A systematic review has examined the

inflammatory and autoimmune aspects of urticaria, including the

potential anti-inflammatory effects of antidepressants and possible

associations with mood disorders (14).

This connection supports the biopsychosocial model of

dermatologic disease epidemiology, which emphasizes the

interplay of biological, psychological, and social factors in disease

development (15). Psoriasis, a chronic inflammatory skin disease, is

also associated with systemic comorbidities. Psoriasis, along with

other skin diseases, involves autoimmune and inflammatory

mechanisms, highlighting the need for targeted therapies and

biomarker development to address unmet medical needs (16).

Overall, the literature underscores that immune dermatologic

conditions such as dermatitis, urticaria, alopecia areata, and

psoriasis are prevalent across populations and frequently coexist

with both physical and mental health disorders (17). Accurate

epidemiological data on immune-related skin diseases are
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essential for guiding health policy, allocating resources, and

designing prevention strategies. Yet, most previous research has

focused narrowly on specific conditions or regions, leaving a gap in

comprehensive, cross-national comparisons (18, 19). To address

this, updated global data on the geographic and temporal trends of

these diseases are urgently needed. Such insights are critical to

improving disease monitoring, optimizing interventions, and

reducing unnecessary healthcare costs.

This study draws on prevalence, DALYs, and incidence for

immune-related diseases, disaggregated by location, sex, and age

(20). Using the latest data from the GBD study, we conducted a

comprehensive analysis of immune-related skin diseases across 204

countries from 1991 to 2021, aiming to provide evidence-based

guidance for public health policy development in this field.
2 Method

Annual case counts and ASR of incidence, prevalence, and

DALYs for immune-related skin diseases, including dermatitis,

urticaria, alopecia areata, and psoriasis, were obtained for the

period 1991–2021. According to the Global Burden of Disease

(GBD) database classification, the term “dermatitis” in this study

includes the following categories: atopic dermatitis (ICD-10: L20),

contact dermatitis (L23), and seborrheic dermatitis (L21). In

addition, urticaria corresponds to ICD-10 code L50, alopecia

areata to L63, and psoriasis to L40. Prevalence was selected as the

primary measure for analysis because it most accurately reflects the

patient burden, provides stable estimates over time, and allows for

reliable cross-regional comparisons. All data were sourced from the

GBD study, coordinated by the Institute for Health Metrics and

Evaluation. The GBD offers comprehensive, standardized estimates

of disease, injury, and risk factor burdens across countries and time

periods, and serves as a critical resource for global health policy and

planning (21).

This study included data from 204 countries and territories,

categorized into five SDI levels—ranging from low to high—and

geographically grouped into 21 regions, including high-income Asia

Pacific and Central Asia (22). SDI, scaled from 0 to 1, integrates per

capita income, education, and fertility. Based on GBD 2021, 204

countries were stratified into five SDI levels. This allows comparison

of immune-related skin disease burden across socioeconomic levels

and assessment of its association with global development disparities.

We extracted annual data on prevalence, incidence, and DALYs

across global, regional, and national levels. Prevalence and mortality

were expressed per 100,000 population (23). SDI, ranging from 0 to

1, was derived from total fertility rate, income per capita, and mean

years of education among those aged 15 and above, with higher

values indicating greater development (24). This analysis adhered to

the Guidelines for Accurate and Transparent Health Estimates

Reporting for cross-sectional studies (25). Given the low fatality

of immune-related skin diseases, GBD does not report its mortality

estimates; instead, the age-standardized prevalence rate (ASPR)

serves as the primary metric for burden assessment, as these

conditions contribute little to years of life lost (YLLs). To capture
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both new cases and non-fatal health loss, we also calculated age-

standardized incidence (ASIR) and DALY rates, with the latter

integrating fatal and non-fatal losses to summarize total population

health gaps.

All results are presented per 100,000 population, accompanied

by 95% uncertainty intervals (UIs). These intervals were derived

from the 2.5th and 97.5th percentiles of 1,000 draws from the

posterior distribution generated by the Bayesian meta-regression

model (DisMod-MR 2.1). In the Global Burden of Disease Study

2019 (GBD 2019), 95% uncertainty intervals (UIs) were calculated

for each metric to represent the uncertainty surrounding the

estimates. These UIs were defined by the 2.5th and 97.5th

percentiles of 1,000 ranked values (20).

To analyze temporal trends in immune-related skin diseases,

Time series forecasting was performed using the Holt’s damped

trend exponential smoothing (ETS(A,Ad,N)) model, which extends

the classical Holt linear trend model by incorporating a damping

parameter to prevent the trend from extrapolating indefinitely. This

model assumes additive errors, additive damped trend components,

and no seasonality. Model parameters, including the smoothing

coefficients (a , b*) and the damping factor (F), were estimated by

minimizing the sum of squared errors through maximum

likelihood estimation. Model selection was based on the Akaike

information criterion (AIC) and Bayesian information criterion

(BIC), while predictive performance was evaluated using mean

absolute percentage error (MAPE) and root mean square error

(RMSE) (26, 27). This approach has been widely adopted for short-

to medium-term forecasting due to its stability and interpretability

to predict future trends from 2022-2035.

We analyzed ASR of incidence, prevalence, and DALYs using

Joinpoint regression to calculate EAPC and assess temporal trends

(1991–2021) (28). Sensitivity analyses were conducted to assess the

robustness of temporal trend estimates derived from Joinpoint

regression. Models with 3 joinpoints were compared using the

Bayesian Information Criterion (BIC) and permutation tests (p<

0.05). All analyses were performed using R software, version 4.2.2,

with two-sided p< 0.05 indicating a statistically significant difference.
3 Results

3.1 General status of the global immune-
related skin diseases burden

Globally, the age-standardized prevalence rates of major

inflammatory and immune-related skin diseases displayed

significant regional variation in 2021. Dermatitis bore the greatest

burden among the four conditions, with a global ASPR of 5459.07

(95% UI: 5064.87–5875.73) per 100,000 population, followed by

urticaria at 1094.59 (969.18–1240.42), psoriasis at 354.07 (342.42–

364.08), and alopecia areata at 42.89 (41.74–44.14) in Table 1.

Across all regions, dermatitis consistently represented the largest

proportion of the disease burden, highlighting its widespread public

health impact. In contrast, alopecia areata showed the lowest

prevalence overall, albeit with modest regional variations.
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3.2 Immune-related skin diseases in
different regions

In the global composition of dermatitis incidence for 2021,

contact dermatitis accounted for the largest proportion (64.3%),

followed by seborrheic dermatitis (29.9%) and atopic dermatitis

(5.9%). This distribution pattern was consistent across all SDI

regions in Figure 1A. However, atopic dermatitis (75.8%)

constituted the major contributor to the global dermatitis DALYs

burden, followed by contact dermatitis (22.0%) and seborrheic

dermatitis (2.2%).

Based on data from 1991, 2001, 2011, and 2021, the following

epidemiological trends were observed regarding immune-mediated

skin diseases (Figure 1B, Supplementary Table S1): Dermatitis

comprised the largest proportion of global skin disease incidence,

consistently representing the most common immune-mediated

dermatological condition. Its relative prevalence remained stable

across the three decades, accounting for approximately 80% of total

cases. Urticaria was the second most prevalent condition,

representing approximately 20% of cases. Alopecia areata and

psoriasis demonstrated lower prevalence rates, with psoriasis

consistently accounting for the smallest proportion (<1%) of the

global disease burden. Prevalence rates generally mirrored

incidence patterns across major global regions, showing no

significant fluctuations. When examining DALYs, dermatitis

remained the leading contributor to the overall burden of skin

disease. However, a notable discrepancy was observed for psoriasis,

which accounted for a substantially higher proportion of total

DALYs (approximately 9-12%) relative to its incidence. This

disparity suggests a disproportionately greater long-term disabling

impact per case of psoriasis, likely reflecting its chronic nature,

associated comorbidities, and significant effects on quality of life

that are not fully captured by incidence metrics alone.

Figure 1C illustrates age-specific prevalence patterns for

immune-mediated skin diseases. Urticaria exhibits a peak

prevalence in early childhood, followed by a decline with

increasing age. Dermatitis is most prevalent in children under 10

years of age, with a gradual reduction thereafter. Alopecia areata

and psoriasis demonstrate similar age-related trends, characterized

by an increase in prevalence during early adulthood, a peak in

midlife, and a subsequent decrease in later years. These patterns are

consistently observed across all SDI regions.
3.3 Sex-related differences and EAPC in
immune-related skin diseases

Figure 2A consistently revealed sex-based disparities in age-

standardized rates of atopic dermatitis, contact dermatitis, and

seborrheic dermatitis across socioeconomically diverse regions.

Globally, atopic dermatitis prevalence was significantly higher in

females (3753.34 per 100,000; 95% UI: 3605.98-3925.17) compared

to males (3084.01 per 100,000; 95% UI: 2954.56-3220.27). The age-

standardized incidence rate of contact dermatitis also demonstrated

a higher rate in females (1877.11 per 100,000) than in males
frontiersin.org
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(1658.91 per 100,000), a difference representing a 13.15% increase.

This pattern of sex-based disparity was consistent across all SDI

regions, with the most pronounced difference observed in the

middle-SDI region. Importantly, the non-overlapping uncertainty

intervals across all comparisons confirm the statistical significance

of these sex-based differences.

A consistent female predominance was observed in the age-

standardized prevalence of immune-related dermatoses, including

dermatitis, urticaria, alopecia areata, and psoriasis (Figure 2B and

Supplementary Table S2). Globally, the age-standardized

prevalence rate (ASPR) of dermatitis was higher in females

(3,362.09 per 100,000) than in males (2,795.08 per 100,000), with

the most pronounced difference noted in Central and Eastern

Europe. The sex disparity was most prominent for urticaria and
Frontiers in Immunology 04
alopecia areata, moderate for dermatitis, and minimal for psoriasis.

Notably, males exhibited a slightly higher ASPR than females of

psoriasis in Western Europe, high-middle SDI regions, and

Central Europe.

From 1991 to 2021, Figure 2C showed a mild global decline in

alopecia areata prevalence (EAPC = -0.127; 95% CI: -0.172 to

-0.083), with notable regional variation. Significant increases

occurred in Western Sub-Saharan Africa and low-SDI regions,

while declines were observed in High-income Asia Pacific and

high-SDI regions. These trends suggest a rising burden in lower-

SDI regions. The ASPR of dermatitis showed a significant declining

trend (EAPC = -0.155; 95% CI: -0.222 to -0.089), though regional

differences remained; Notable declines occurred in high-SDI

regions (-0.151), North Africa and the Middle East (-0.068), low-
TABLE 1 Global Age-Standardized Prevalence Rate (ASPR) of immune-related skin diseases in 2021.

Location_name

Alopecia areata Dermatitis Psoriasis Urticaria

Prevalence (95% UI)
Rate

Prevalence (95% UI))
Rate

Prevalence (95% UI))
Rate

Prevalence (95% UI))
Rate

Global 42.89(41.74,44.14) 5459.07(5064.87,5875.73) 354.07(342.42,364.08) 1094.59(969.18,1240.42)

High-income Asia Pacific 63.10(61.17,65.10) 4209.22(3836.45,4644.40) 472.53(455.26,486.55) 1018.42(908.05,1158.22)

High-income North America 80.20(78.34,82.29) 3502.78(3233.12,3824.56) 477.11(463.09,489.63) 1225.38(1153.01,1308.97)

High-middle SDI 38.62(37.49,39.78) 5968.74(5579.48,6403.08) 347.48(335.80,357.32) 1110.69(980.56,1259.99)

Low SDI 35.95(34.99,37.05) 4294.77(3910.94,4718.93) 250.20(241.54,257.59) 1071.99(943.76,1222.86)

Low-middle SDI 38.55(37.44,39.72) 4944.52(4551.30,5385.85) 291.72(282.09,300.15) 1057.81(932.35,1208.14)

Middle SDI 38.73(37.61,39.93) 7466.29(7012.06,7940.58) 326.27(315.21,335.66) 1141.74(1012.99,1298.98)

Andean Latin America 34.78(33.73,35.95) 5336.42(4942.09,5755.75) 333.26(320.84,343.76) 1107.37(976.86,1267.07)

Australasia 63.22(61.34,65.31) 4029.00(3667.53,4423.12) 455.49(437.80,470.60) 993.78(888.25,1121.53)

Caribbean 34.78(33.73,35.95) 6141.31(5750.62,6594.62) 324.76(312.83,335.28) 1108.25(977.70,1267.98)

Central Asia 55.66(54.18,57.46) 4225.42(3874.32,4581.96) 414.42(400.83,426.18) 1196.88(1058.90,1359.85)

Central Europe 55.45(53.99,56.83) 3688.26(3408.60,3997.57) 493.41(480.84,503.12) 1220.54(1110.03,1357.17)

Central Latin America 34.85(33.81,35.90) 4158.12(3774.17,4602.04) 329.50(317.49,339.44) 1139.93(1009.35,1295.49)

Central Sub-Saharan Africa 31.96(30.96,33.03) 3640.09(3272.22,4034.04) 240.02(230.55,248.12) 1109.33(978.74,1269.04)

East Asia 40.21(39.01,41.52) 7394.70(6991.97,7907.22) 360.03(347.71,370.59) 1149.59(1026.65,1300.70)

Eastern Europe 56.48(54.85,58.10) 4579.57(4211.97,4975.09) 495.97(480.51,510.12) 1261.88(1115.81,1433.81)

Eastern Sub-Saharan Africa 31.25(30.38,32.23) 3882.17(3497.59,4319.28) 238.61(230.45,245.56) 1131.05(998.90,1287.94)

North Africa and Middle
East

33.16(32.20,34.25)
9668.05(9095
.32,10219.14)

332.29(320.72,342.58) 1057.65(937.75,1201.63)

Oceania 40.00(38.81,41.31) 7364.46(6845.21,7891.86) 257.04(247.70,265.58) 1136.13(1005.65,1297.27)

South Asia 40.20(38.98,41.49) 4383.59(3992.76,4830.51) 298.40(288.65,306.68) 1001.32(879.23,1147.41)

Southeast Asia 40.13(38.96,41.41) 7496.73(7031.55,7998.58) 325.95(315.00,335.19) 1177.85(1045.52,1348.49)

Southern Latin America 63.64(61.64,65.83) 4000.13(3648.72,4410.23) 410.11(395.04,423.60) 987.14(882.48,1111.39)

Southern Sub-Saharan Africa 32.07(31.05,33.09) 3809.12(3421.18,4251.27) 331.11(319.38,340.42) 1154.03(1025.93,1308.77)

Tropical Latin America 36.21(35.17,37.32) 6478.51(6075.41,6948.37) 340.60(329.39,350.08) 1167.17(1037.66,1324.92)

Western Europe 57.77(56.07,59.57) 4284.17(3918.05,4683.81) 465.43(448.59,480.28) 785.42(703.96,884.35)

Western Sub-Saharan Africa 33.37(32.47,34.45) 3619.54(3253.41,4022.71) 252.15(243.95,259.55) 1139.30(1008.25,1295.40)
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middle SDI (-0.058), and low-SDI (-0.035), with the steepest drop in

High-income North America, although the wide CI (-0.751 to

0.223) indicated instability. The ASPR of psoriasis increased

globally, with an overall EAPC of 0.24 (95% CI: 0.12 to 0.35),

while urticaria showed a minimal change, with an EAPC of 0.01

(95% CI: -0.01 to 0.03), suggesting a slightly increasing.

To reveal the causes of the increase in the burden of skin

immune diseases, we used the prevalence decomposition method to

break down the total changes between 1991 and 2021 into three

categories: population aging, population growth, and

epidemiological factors. At the global level, whether it is alopecia

areata (an increase of 8.22 million), dermatitis (3.7 million),

psoriasis (4 million), or urticaria, the three major contributing
Frontiers in Immunology 05
factors each account for approximately one-third of the overall

variation, suggesting that broad structural and systemic factors—

such as socioeconomic development, healthcare access, and

environmental exposures—play a substantial role (Figure 2D).
3.4 Immune-related skin diseases burden
in global territories

We analyzed the global distribution of age-standardized

prevalence rates (ASPR) for immune-related skin diseases, as

detailed in Figure 3 and Supplementary Table S3. Dermatitis: The

age-standardized prevalence rate (ASPR) was highest globally in the
FIGURE 1

Proportion of dermatitis subtypes (A) and immune-related skin diseases (B) across 27 territories in ASPR. (C) Age-specific distribution of diseases by
SDI region in 2021. ASPR, age-standardized prevalence rate; ASR, age-standardized rate; SDI, socio-demographic index.
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Islamic Republic of Iran (9871.89 [95% UI 9396.56–10405.79] per

100,000), followed by the Syrian Arab Republic (9675.04 [9112.19–

10252.82]), Sudan (9658.01 [9090.49–10233.08]), Algeria (9646.43

[9078.94–10218.82]), and Turkey (9645.79 [9079.23–10215.91]).

Psoriasis: The global ASPR was 354.07 (342.42–364.08) per

100,000. At the regional level, the highest rates were observed in

Estonia, Lithuania, Poland, Switzerland, and Latvia. Alopecia

Areata: The global ASPR was 42.89 (41.74–44.14) per 100,000.

Notably, high-income regions, especially certain countries in North

and South America, showed substantially higher prevalence

compared to the global average. Urticaria: The global ASPR was

1094.59 (969.18–1240.42) per 100,000. The highest burden was

observed in the Russian Federation, Ukraine, Poland, Canada, and

Croatia, with rates significantly exceeding the global mean.
3.5 SDI-related differences in immune-
related skin diseases burden

Spearman correlation analysis revealed significant positive

associations between the SDI and ASPRs of alopecia areata (r =
Frontiers in Immunology 06
0.6433), dermatitis (r = 0.675), and psoriasis (r = 0.6264) in

Figure 4. This indicates that higher socioeconomic development is

closely associated with higher burdens of these skin immune

disorders. In contrast, urticaria showed a very weak and

statistically insignificant correlation with SDI (r = 0.044, p = 0.229).

Temporally, the global ASPR of alopecia areata slightly declined

from 223.61 to 215.01 per 100,000 between 1991 and 2021 (annual

decrease ~0.13%), with a rise-then-fall pattern observed in high-income

North America and relatively stable trends in East Asia. In contrast,

both dermatitis and psoriasis showed increasing burdens in low and

middle-SDI regions, while remaining stable or slightly declining in

high-SDI areas, reflecting a possible disease transition driven by

economic development and healthcare improvements. Notably,

psoriasis exhibited a declining trend in high-SDI countries after 2010.
3.6 Average Annual Percent Change and
prediction

Between 1991 and 2021, the global prevalence of dermatitis

showed an overall downward trend, with an Average Annual
FIGURE 2

ASPR of dermatitis subtypes (A) and immune-related skin diseases (B) by sex and regions. (C) EAPCs in the ASPR of immune-related skin diseases.
(D) The association between SDI and the global distribution of DALYs. EAPC, estimated annual percentage change; SDI, socio-demographic index;
DALYs, disability-adjusted life years.
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Percent Change (AAPC) of -0.169% (95% CI: -0.175% to -0.163%,

P< 0.001) in Figure 5A. Despite the overall downward trend, the

burden of disease in low- and medium-SDI countries continued to

rise, while it stabilized or slightly declined in high-SDI countries.

The global prevalence of alopecia areata showed a mild downward

trend. The decline has slowed down in recent years, suggesting that

precise prevention and control still need to be strengthened. The

global prevalence of psoriasis has increased significantly overall

(AAPC = 0.246%, P< 0.001), especially in 2019–2021 and high-SDI

countries have experienced a brief decline since 2010.

Analysis of Global Burden of Disease (GBD) data using a Holt

damped exponential smoothing model (ETS(A,Ad,N)) reveals a

continuing increase in the global prevalence of urticaria, psoriasis,

alopecia areata, and dermatitis between 1990 and 2021. The

magnitude of growth and damping characteristics, however,

varied across these diseases. Urticaria cases increased from 108

million in 1990, with projections indicating a further rise to 153

million by 2035 (95% UI: 144–162 million) in Figure 5B and

Supplementary Table S4. The annual growth rate continues to

decline, consistent with the asymptotic saturation predicted by

the damped trend. The model demonstrated good fit
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(AIC = 895.23; BIC = 904.02; MAPE = 9.8%; RMSE = 174,100).

The damping term suggests a gradual attenuation of growth

momentum, aligning with an epidemiological phase of stabilizing

population structure. Psoriasis cases increased from 1.928 million in

1990 to 3.818 million in 2021, reflecting an average annual growth

rate of approximately 2.9%. Model projections indicate a number of

4.689 million cases by 2035, although the growth rate is expected to

decrease to 1.7% between 2022 and 2035. The damping trend was

significant (damped = TRUE), and the model exhibited good fit

(AIC = 643.39; BIC = 652.19; MAPE = 1.00%; RMSE = 3403.77).

The significantly widened 2035 forecast interval (95% UI: 4.479–

4.899 million) indicates increased uncertainty in long-term

forecasts and should be interpreted with caution, considering

potential influences from socioeconomic and policy factors.

Global alopecia areata prevalence increased from 4.24 million in

1990 to 6.16 million in 2021, with a gradually slowing rate of

growth. Forecasts suggest a slow increase to 6.87 million between

2022 and 2035 (95% UI: 6.29–7.46 million). While the model fit was

excellent (AIC = 765.81; BIC = 774.60; MAPE = 31%;

RMSE = 23048.18), its predictive power is limited, and

extrapolated projections should be interpreted cautiously. The
FIGURE 3

The ASR of prevalence for dermatitis subtypes (A) and immune-related skin diseases (B) in 204 countries and territories in 2021.
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number of individuals with dermatitis is projected to reach 709

million by 2035. Although the overall trend continues upward, the

rate of growth is gradually slowing, consistent with the non-

exponential growth characteristic of a damped model. The

widening forecast range (95% UI: 684–733 million) reflects the
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accumulation of long-term uncertainty. The model demonstrated

excellent performance (MAPE = 6.7%; RMSE = 398,000;

AIC = 948.1; BIC = 956.9). The damping mechanism effectively

mitigated exponential growth, consistent with established biological

and demographic principles.
FIGURE 4

The ASR of immune-related skin diseases prevalence for 27 GBD regions and 204 countries by SDI from 1991 to 2021.
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4 Discussion

Based on the systematic analysis done by the GBD 2021, this

study provides up-to-date insights into the global, regional, and

national burden of immune-related skin diseases from 1990 to 2021,

and forecasted estimates of disease burden to 2035 for the first time.
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The analysis showed that different diseases and regions showed

significant gender, age, and socioeconomic-related differences.

Disease burdens in low-SDI regions may be underestimated due

to underdiagnosis and limited surveillance (29), While the higher

burden of skin immune diseases in high-SDI regions may partly

reflect greater diagnostic capacity.
FIGURE 5

(A) Trends in the prevalence of immune-related skin diseases and AAPC classification from 1991 to 2021. (B) Trend analysis of predicted values of
immune-related skin diseases to 2035.
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Alopecia areata is the most prevalent autoimmune disorder and

the second most prevalent hair loss disorder after androgenetic

alopecia. Alopecia areata showed a female-male ratio of 1.87:1,

which is further supported by ten hospital-based studies worldwide

reporting a female predominance with ratios ranging from 2.6:1 to

1.2:1 (30–35). This cause may be related to gender-related immune

mechanisms, where the immune system erroneously targets hair

follicles, leading to patchy hair loss. The incidence of alopecia areata

based on self-reported data is relatively low, which may lead to an

underestimation of its true global burden (36). Emerging evidence

suggests that the pathogenesis of immune-related skin diseases may

be linked to dysbiosis of the microbiota (37). Certain ethnic groups

have a higher prevalence of alopecia areata in women; for example,

Hispanic, Asian/Pacific Islander, and African American women

have significantly higher age-and sex-adjusted prevalence rates than

non-Hispanic white women (38). Our data indicate that Spain’s

ASPR of 57.71 (95% UI: 55.94–59.70) exceeds the global average of

42.87, a finding that aligns with our overall research observations.

The pathogenesis of alopecia areata in women may involve both

immune attacks on hair follicles triggered by hormonal fluctuations

(e.g., estrogen, progesterone) (39) and molecular pathways

associated with dysregulated activity of localized aromatase and

5a-reductase (40). Women are more likely to suffer from

psychological disorders (such as anxiety and depression) due to

hair loss (41). Numerous studies have underscored the

psychological health challenges frequently observed in patients

with alopecia areata (42, 43). The increased prevalence of alopecia

areata in women may be attributable to gender-related immune

mechanisms (44, 45), ethnic and age-related predispositions (46),

and potentially external physical factors. These observations

highlight the multifactorial etiology of the disease, and further

investigation is warranted to elucidate these potential associations.

Notably, the prevalence of dermatitis, psoriasis, and alopecia areata

all increased with higher SDI levels. These disparities may be partly

attributed to differences in socioeconomic development,

environmental exposures, and healthcare accessibility.

Psoriasis is a systemic inflammatory condition with effects

extending beyond the skin. Our findings reveal notable

geographical variations in both the prevalence and disease burden

of psoriasis (47, 48). Psoriasis accounted for a disproportionately

high proportion of total DALYs – approximately 9–12% –

compared to its contribution to the overall incidence rate (<1%).

The significant long-term disability associated with psoriasis likely

stems from its chronic nature, comorbidities, and substantial

reduction in quality of life. Its chronic inflammatory state can

lead to joint involvement, causing structural damage and functional

limitation, and can affect other organ systems (49). Psoriasis is

frequently associated with comorbidities such as obesity, diabetes,

and hypertension, collectively accelerating cardiovascular disease

progression (50). Notably, the risk of major adverse cardiovascular

events, including myocardial infarction and peripheral vascular

disease, correlates positively with psoriasis severity, as measured

by psoriasis area and severity index scores (51). The disability
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associated with psoriasis arises from the complex interplay of

biological, psychological, and social factors, necessitating

multidisciplinary management to improve long-term outcomes

(52). Our study further reveals a significant increase in the global

prevalence of psoriasis between 2019 and 2021, a resurgence

possibly influenced by the COVID-19 pandemic (53). The

COVID-19 pandemic highlighted the difficulties in managing

immunosuppression or immunomodulation, treatment

modification, and the initiation of new therapies in patients with

conditions such as psoriasis, atopic dermatitis, and hidradenitis

suppurativa (54). Emerging evidence suggests SARS-CoV-2

infection may exacerbate psoriasis, supported by elevated plasma

inflammatory cytokines (e.g., granulocyte-colony stimulating

factor, tumor necrosis factor-alpha) correlating with disease

severity (55, 56). These findings underscore the importance of

early identification and comprehensive management of psoriasis,

not only as a dermatologic disorder but as a systemic disease with

substantial global health implications.

Urticaria, commonly known as hives, is a prevalent

dermatological condition characterized by transient, pruritic

wheals that can significantly impair quality of life. Our research

suggested urticaria exhibits a peak prevalence in early childhood.

Children under five years, particularly girls, show the most rapid

increase in urticaria prevalence and a significantly rising absolute

disease burden. The disease burden, as measured by the DALY rate,

is higher in female children than in males (57). Acute urticaria is far

more common than chronic urticaria in the pediatric population,

with approximately 20% of children experiencing acute episodes

(58). While urticaria in children under ten is primarily acute and

often self-limiting, vigilance regarding long-term management and

quality of life remains essential for the minority of cases progressing

to chronicity. Despite this stability, the disease’s impact varies

among different regions and populations. Similarly, in South

Africa, a review of data from two tertiary referral centers in Cape

Town provided insights into the local epidemiology of urticaria

(59). Their study emphasizes that while the overall prevalence may

be similar to global estimates, regional factors influence disease

presentation and healthcare utilization. The epidemiology of

urticaria in children has been examined through an analysis of

data from insured German individuals under 18 years of age (60).

Their retrospective study demonstrated that pediatric urticaria is a

significant health issue, with patterns in incidence and diagnosis.

Furthermore, the epidemiology of urticaria in older adults has been

explored by Patruno, highlighting unique clinical considerations

and management challenges in this age group (61). Emerging

research also points to increasing recognition of urticaria in

specific populations, such as pregnant women and the elderly.

Epidemiological considerations in pediatric, pregnant, and

lactating populations have been highlighted in recent research

(62). These insights are essential for developing age-appropriate

management strategies.

In our research, atopic dermatitis, contact dermatitis, and

seborrheic dermatitis all showed consistently higher prevalence
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and incidence rates in females than in males across all SDI regions.

Multiple studies have reported that the prevalence of atopic

dermatitis in adult females is significantly higher than in males

(63, 64). Potential food allergens present in cosmetic products may

serve as triggers for atopic dermatitis development (65). Although

contact dermatitis had the highest incidence worldwide, atopic

dermatitis contributed the most to the global disease burden,

indicating that its impact on disability and quality of life is

disproportionately greater relative to its incidence. Although the

global incidence of atopic dermatitis is lower than that of contact

dermatitis, its chronic, relapsing nature, and systemic effects—such

as Th2 immune dysregulation and associated comorbidities—

contribute to a more substantial long-term cumulative burden

(66). This is further evidenced by the fact that the growth rate of

AD-related DALYs outpaces its incidence growth, highlighting its

disproportionate disease burden (67). Moreover, the economic

impact of atopic dermatitis encompasses both direct treatment

costs and indirect productivity losses, with a particularly

pronounced burden in middle-income countries (68).

Early investigations that emphasized the widespread nature and

rising prevalence of atopic dermatitis have been substantiated by

our studies (69). Subsequent studies have emphasized the rising

incidence of atopic dermatitis while also exploring its potential

causes, suggesting that both environmental and genetic factors play

crucial roles in disease development (70). Recent data showed a

rising prevalence of atopic dermatitis, affecting 10–20% of U.S.

children, with about 10.7% newly diagnosed each year (71).

Females are the predominant group among patients with facial

contact dermatitis (71.06% vs. 28.94%) and exhibit a higher rate of

positive patch test reactions (72). This sex disparity is closely linked to

behavioral exposure patterns; adolescent females (aged 12–18) have

significantly greater exposure to cosmetics and metal accessories (e.g.,

earrings), resulting in a 2.9-fold increased risk of cosmetic-related

contact dermatitis compared to males (OR = 2.9) (73). Moreover,

during the COVID-19 pandemic, females were more susceptible to

facial dermatitis triggered by prolonged mask wear, attributed to

friction and a localized humid environment, with common clinical

manifestations including bilateral cheek itching and erythema (74).

Meanwhile, the high prevalence but relatively low incidence of

contact dermatitis suggests that the condition tends to be chronic

or recurrent, with a prolonged disease duration and incomplete

recovery in many patients. This pattern implies that once contact

dermatitis develops, it often persists or relapses, highlighting the need

for long-term prevention and management strategies. Occupational

exposure—such as to medical equipment and hairdressing chemicals

—or contact with essential daily items like nickel-containing products

makes complete allergen avoidance unrealistic, leading to recurrent

episodes of the disease (75). Data from the Finnish national registry

indicate that contact dermatitis can result in prolonged sick leave and

loss of work capacity, underscoring the chronic course and

substantial socioeconomic burden of the condition (76).

During the COVID-19 pandemic, a study reported that among

228 patients, at least one hair disorder was identified, with

seborrheic dermatitis being the third most common condition,

following telogen effluvium and hair graying (77). Further
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research is warranted to elucidate the relationship between

seborrheic dermatit is and COVID-19. Another study

demonstrated that the detection rate of seborrheic dermatitis was

significantly higher in females than in males (p = 0.015), and that

female patients tended to develop the disease at an earlier age (p =

0.048) (78). Our research further supports this conclusion
5 Limitation

This study has several limitations. First, the dataset lacked detail

on disease subtypes and severity, preventing analyses of acute versus

chronic forms. Second, underdiagnosed, self-limiting, or mild cases

may be underestimated, particularly in regions with limited

healthcare access. Third, sparse or inconsistent data from

underrepresented regions could affect estimate reliability. Fourth,

improvements in diagnostics and reporting over time may

confound temporal trends. Fifth, aggregated data precluded

assessment of individual-level factors, limiting causal inferences.

Additionally, the GBD database does not capture natural remission,

potentially overestimating prevalence. Additionally, the GBD

database does not capture natural remission, potentially

overestimating prevalence. In addition, the projections presented

in this study are based on the Holt’s damped trend exponential

smoothing model (ETS(A,Ad,N)), which relies on historical trends

of incidence and prevalence. These forecasts assume a continuation

of current patterns and do not explicitly account for potential

changes in healthcare access, novel interventions, policy shifts, or

unexpected events (e.g., pandemics). Therefore, while the model

provides reasonable short- to medium-term estimates, the

predictions should be interpreted as trend-based scenarios rather

than precise forecasts. Uncertainty intervals are provided to reflect

potential variability, but caution is advised when extrapolating

beyond the observed data range.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding authors.
Ethics statement

This study is based on a secondary analysis of publicly available,

de-identified, and aggregated data from the GBD study. Therefore,

institutional review board (IRB) approval was waived, and informed

consent was not required.
Author contributions

ML: Conceptualization, Methodology, Software, Validation,

Investigation, Data curation, Writing – original draft. PQ:
frontiersin.org

https://doi.org/10.3389/fimmu.2025.1668840
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Leng et al. 10.3389/fimmu.2025.1668840
Conceptualization, Methodology, Software, Validation, Investigation,

Data curation, Writing – original draft. RL: Validation, Data curation,

Funding acquisition, Writing – review & editing. FG:

Conceptualization, Writing – review & editing, Supervision. ZW:

Conceptualization, Writing – review & editing, Supervision.

Funding

The author(s) declare financial support was received for the

research and/or publication of this article. This study was funded by

the Collaborative Innovation Center of Chinese Ministry of

Education (2020-39, and The mechanism of antibiotic-loaded

PMMA cement remodeling fibroblast heterogeneity to promote

diabetic foot wound healing, supported by Constructive Project of

Innovative Talent Platform Carrier for Precise Repair of Wounds

(Talents Science Platform of Zunyi city, No. 2021-3), and Scientific

Research and Talent Training Funds of Kweichow Moutai Hospital

(MTYK, No.2022-13) and Shanghai Wang Zhengguo Trauma

Medicine Development Foundation (SZYZ-TR-05).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Frontiers in Immunology 12
Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this

article has been generated by Frontiers with the support of artificial

intelligence and reasonable efforts have been made to ensure

accuracy, including review by the authors wherever possible. If

you identify any issues, please contact us.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online at:

https://www.frontiersin.org/articles/10.3389/fimmu.2025.1668840/

full#supplementary-material
References
1. Shirley SN, Watson AE, Yusuf N. Pathogenesis of inflammation in skin disease:
from molecular mechanisms to pathology. Int J Mol Sci. (2024) 25(18):10152.
doi: 10.3390/ijms251810152

2. Guttman-Yassky E, Renert-Yuval Y, Brunner PM. Atopic dermatitis. Lancet.
(2025) 405:583–96. doi: 10.1016/S0140-6736(24)02519-4

3. Zhang B, Mei X, Zhao M, Lu Q. The new era of immune skin diseases: Exploring
advances in basic research and clinical translations. J Transl Autoimmun. (2024)
8:100232. doi: 10.1016/j.jtauto.2024.100232

4. Jiang Y, Tsoi LC, Billi AC, Ward NL, Harms PW, Zeng C, et al. Cytokinocytes: the
diverse contribution of keratinocytes to immune responses in skin. JCI Insight. (2020) 5
(20):e142067. doi: 10.1172/jci.insight.142067

5. Jafari AJ, Rivera M, Hebert AA. The role of thymic stromal lymphopoietin in
cutaneous disorders. Arch Dermatol Res. (2024) 316:123. doi: 10.1007/s00403-024-
02866-9

6. Carvalho T. FDA approves Pfizer's JAK inhibitor for adolescents with alopecia
areata hair loss. Nat Med. (2023) 29:2144–5. doi: 10.1038/d41591-023-00065-z

7. Mahmud MR, Akter S, Tamanna SK, Mazumder L, Esti IZ, Banerjee S, et al.
Impact of gut microbiome on skin health: gut-skin axis observed through the lenses of
therapeutics and skin diseases. Gut Microbes. (2022) 14:2096995. doi: 10.1080/
19490976.2022.2096995

8. Murdaca G, Greco M, Borro M, Gangemi S. Hygiene hypothesis and autoimmune
diseases: A narrative review of clinical evidences and mechanisms. Autoimmun Rev.
(2021) 20:102845. doi: 10.1016/j.autrev.2021.102845

9. Liu S, He M, Jiang J, Duan X, Chai B, Zhang J, et al. Triggers for the onset and
recurrence of psoriasis: a review and update. Cell Commun Signal. (2024) 22:108.
doi: 10.1186/s12964-023-01381-0

10. Kutlu O. Analysis of dermatologic conditions in Turkey and Italy by using
Google Trends analysis in the era of the COVID-19 pandemic. Dermatol Ther. (2020)
33:e13949. doi: 10.1111/dth.13949

11. Ch'en PY, Konisky H, Kobets K. Alopecia areata does not increase the risk of
venous thromboembolism: an All of Us case-control study. Arch Dermatol Res. (2024)
316:574. doi: 10.1007/s00403-024-03306-4
12. Balakrishnan A, Joy B, Thyvalappil A, Mathew P, Sreenivasan A, Sridharan R. A
comparative study of therapeutic response to intralesional injections of platelet-rich
plasma versus triamcinolone acetonide in alopecia areata. Indian Dermatol Online J.
(2020) 11:920–4. doi: 10.4103/idoj.IDOJ_6_20

13. Augustin M, Ben-Anaya N, Muller K, Hagenstrom K. Epidemiology of alopecia
areata and population-wide comorbidities in Germany: analysis of longitudinal claims
data. Br J Dermatol. (2024) 190:374–81. doi: 10.1093/bjd/ljad381

14. Eskeland S, Halvorsen JA, Tanum L. Antidepressants have Anti-inflammatory
Effects that may be Relevant to Dermatology: A Systematic Review. Acta Derm
Venereol. (2017) 97:897–905. doi: 10.2340/00015555-2702

15. Attah Johnson FY, Mostaghimi H. Co-morbidity between dermatologic diseases
and psychiatric disorders in Papua New Guinea. Int J Dermatol. (1995) 34:244–8.
doi: 10.1111/j.1365-4362.1995.tb01589.x

16. Ujiie H, Rosmarin D, Schon MP, Stander S, Boch K, Metz M, et al. Unmet
medical needs in chronic, non-communicable inflammatory skin diseases. Front Med
(Lausanne). (2022) 9:875492. doi: 10.3389/fmed.2022.875492

17. Zhang H,Wang M, Zhao X, Wang Y, Chen X, Su J. Role of stress in skin diseases:
A neuroendocrine-immune interaction view. Brain Behav Immun. (2024) 116:286–302.
doi: 10.1016/j.bbi.2023.12.005

18. Rendon A, Schakel K. Psoriasis pathogenesis and treatment. Int J Mol Sci. (2019)
20(6):1475. doi: 10.3390/ijms20061475

19. Minokawa Y, Sawada Y, Nakamura M. Lifestyle factors involved in the pathogenesis
of alopecia areata. Int J Mol Sci. (2022) 23(3):1038. doi: 10.3390/ijms23031038

20. Collaborators GBDRF. Global burden of 87 risk factors in 204 countries and
territories, 1990-2019: a systematic analysis for the Global Burden of Disease Study
2019. Lancet. (2020) 396:1223–49. doi: 10.1016/S0140-6736(20)30752-2

21. Diseases GBD, Injuries C. Global burden of 369 diseases and injuries in 204
countries and territories, 1990-2019: a systematic analysis for the Global Burden of
Disease Study 2019. Lancet. (2020) 396:1204–22. doi: 10.1016/S0140-6736(20)30925-9

22. Yakupu A, Aimaier R, Yuan B, Chen B, Cheng J, Zhao Y, et al. The burden of
skin and subcutaneous diseases: findings from the global burden of disease study 2019.
Front Public Health. (2023) 11:1145513. doi: 10.3389/fpubh.2023.1145513
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fimmu.2025.1668840/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1668840/full#supplementary-material
https://doi.org/10.3390/ijms251810152
https://doi.org/10.1016/S0140-6736(24)02519-4
https://doi.org/10.1016/j.jtauto.2024.100232
https://doi.org/10.1172/jci.insight.142067
https://doi.org/10.1007/s00403-024-02866-9
https://doi.org/10.1007/s00403-024-02866-9
https://doi.org/10.1038/d41591-023-00065-z
https://doi.org/10.1080/19490976.2022.2096995
https://doi.org/10.1080/19490976.2022.2096995
https://doi.org/10.1016/j.autrev.2021.102845
https://doi.org/10.1186/s12964-023-01381-0
https://doi.org/10.1111/dth.13949
https://doi.org/10.1007/s00403-024-03306-4
https://doi.org/10.4103/idoj.IDOJ_6_20
https://doi.org/10.1093/bjd/ljad381
https://doi.org/10.2340/00015555-2702
https://doi.org/10.1111/j.1365-4362.1995.tb01589.x
https://doi.org/10.3389/fmed.2022.875492
https://doi.org/10.1016/j.bbi.2023.12.005
https://doi.org/10.3390/ijms20061475
https://doi.org/10.3390/ijms23031038
https://doi.org/10.1016/S0140-6736(20)30752-2
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.3389/fpubh.2023.1145513
https://doi.org/10.3389/fimmu.2025.1668840
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Leng et al. 10.3389/fimmu.2025.1668840
23. Collaborators GBDMAR. Global, regional, and national burden of meningitis
and its aetiologies, 1990-2019: a systematic analysis for the Global Burden of Disease
Study 2019. Lancet Neurol. (2023) 22:685–711. doi: 10.1016/S1474-4422(23)00195-3

24. Global Burden of Disease Cancer C, Kocarnik JM, Compton K, Dean FE, Fu W,
Gaw BL, et al. Cancer incidence, mortality, years of life lost, years lived with disability,
and disability-adjusted life years for 29 cancer groups from 2010 to 2019: A systematic
analysis for the global burden of disease study 2019. JAMA Oncol. (2022) 8:420–44.
doi: 10.1001/jamaoncol.2021.6987

25. Stevens GA, Alkema L, Black RE, Boerma JT, Collins GS, Ezzati M, et al.
Guidelines for accurate and transparent health estimates reporting: the GATHER
statement. Lancet. (2016) 388:e19–23. doi: 10.1016/S0140-6736(16)30388-9

26. Gardner ES, McKenzie E. Forecasting trends in time series. Manage Sci. (1985)
31:1237–46. doi: 10.1287/mnsc.31.10.1237

27. Ord JK, Koehler AB, Snyder RD. Estimation and prediction for a class of
dynamic nonlinear statistical models. J Am Stat Assoc. (1997) 92:1621–9. doi: 10.1080/
01621459.1997.10473684

28. Zhang Y, Liu J, Han X, Jiang H, Zhang L, Hu J, et al. Long-term trends in the
burden of inflammatory bowel disease in China over three decades: A joinpoint
regression and age-period-cohort analysis based on GBD 2019. Front Public Health.
(2022) 10:994619. doi: 10.3389/fpubh.2022.994619

29. Asthma GBD, Allergic Diseases C. Global, regional, and national burden of
asthma and atopic dermatitis, 1990-2021, and projections to 2050: a systematic analysis
of the Global Burden of Disease Study 2021. Lancet Respir Med. (2025) 13:425–46.
doi: 10.1016/S2213-2600(25)00003-7

30. Guzman-Sanchez DA, Villanueva-Quintero GD, Alfaro Alfaro N, McMichael A.
A clinical study of alopecia areata in Mexico. Int J Dermatol. (2007) 46:1308–10.
doi: 10.1111/j.1365-4632.2007.03320.x

31. Sharma VK, Dawn G, Kumar B. Profile of alopecia areata in Northern India. Int J
Dermatol. (1996) 35:22–7. doi: 10.1111/j.1365-4362.1996.tb01610.x

32. Villasante Fricke AC, Miteva M. Epidemiology and burden of alopecia areata: a
systematic review. Clin Cosmet Investig Dermatol. (2015) 8:397–403. doi: 10.2147/
CCID.S53985

33. Tan E, Tay YK, Goh CL, Chin Giam Y. The pattern and profile of alopecia areata
in Singapore–a study of 219 Asians. Int J Dermatol. (2002) 41:748–53. doi: 10.1046/
j.1365-4362.2002.01357.x

34. Lundin M, Chawa S, Sachdev A, Bhanusali D, Seiffert-Sinha K, Sinha AA.
Gender differences in alopecia areata. J Drugs Dermatol. (2014) 13:409–13.

35. Kyriakis KP, Paltatzidou K, Kosma E, Sofouri E, Tadros A, Rachioti E. Alopecia
areata prevalence by gender and age. J Eur Acad Dermatol Venereol. (2009) 23:572–3.
doi: 10.1111/j.1468-3083.2008.02956.x

36. Lee HH, Gwillim E, Patel KR, Hua T, Rastogi S, Ibler E, et al. Epidemiology of
alopecia areata, ophiasis, totalis, and universalis: A systematic review and meta-
analysis. J Am Acad Dermatol. (2020) 82:675–82. doi: 10.1016/j.jaad.2019.08.032

37. Catinean A, Neag MA, Mitre AO, Bocsan CI, Buzoianu AD. Microbiota and
immune-mediated skin diseases-an overview. Microorganisms. (2019) 7(9):279.
doi: 10.3390/microorganisms7090279

38. Dani AA, Lo JC, Darbinian JA, Ramalingam ND, Mirmirani P. Racial and ethnic
differences in the burden of alopecia areata in contemporary pediatric practice. Pediatr
Dermatol. (2025). doi: 10.1111/pde.15993

39. Jimenez-Herrera EA, Lopez-Zenteno BE, Corona-Rodarte E, Parra-Guerra R,
Zubiran R, Cano-Aguilar LE, et al. Vitamin D and alopecia areata: from mechanism to
therapeutic implications. Skin Appendage Disord. (2025), 1–11. doi: 10.1159/000545711

40. Sanchez P, Serrano Falcon C, Martinez Rodriguez S, Torres JM, Serrano S,
Ortega E. mRNA levels of aromatase, 5alpha-reductase isozymes, and prostate cancer-
related genes in plucked hair from young men with androgenic alopecia. Int J Mol Sci.
(2023) 24(24):17461. doi: 10.3390/ijms242417461

41. Nasimi M, Abedini R, Ghandi N, Teymourpour A, Babaie H. Safety and efficacy
of tofacitinib in 97 alopecia areata patients. J Cosmet Dermatol. (2024) 23:2807–13.
doi: 10.1111/jocd.16356

42. Lauron S, Plasse C, Vaysset M, Pereira B, D'Incan M, Rondepierre F, et al.
Prevalence and odds of depressive and anxiety disorders and symptoms in children and
adults with alopecia areata: A systematic review and meta-analysis. JAMA Dermatol.
(2023) 159:281–8. doi: 10.1001/jamadermatol.2022.6085

43. Christou E, Lalagianni N, McSweeney SM, Cotter C, Ung CY, Walburn J, et al.
Psychosocial burden and the impact of illness perceptions and stigma on quality of life,
anxiety and depression in alopecia areata: results from the Alopecia + Me study. Br J
Dermatol. (2025) 193:458–67. doi: 10.1093/bjd/ljaf189

44. Van Caelenberg E, Belpaire A, van Geel N, Speeckaert R. A meta-analysis of
chemokines in alopecia areata: recruiting immune cells toward the hair follicle. Front
Immunol. (2025) 16:1648868. doi: 10.3389/fimmu.2025.1648868

45. Zhao HB, Zhang YN, Qiang Y, Wang GM, Wang LW, Jiang WC, et al. From
mechanisms to therapies: current advances breakthroughs in alopecia areata
immunopathology. Front Immunol. (2025) 16:1621492. doi: 10.3389/fimmu.2025.1621492

46. Adhanom R, Ansbro B, Castelo-Soccio L. Epidemiology of pediatric alopecia
areata. Pediatr Dermatol. (2025) 42 Suppl 1:12–23. doi: 10.1111/pde.15803
Frontiers in Immunology 13
47. Li Q, Patrick MT, Sreeskandarajan S, Kang J, Kahlenberg JM, Gudjonsson JE,
et al. Large-scale epidemiological analysis of common skin diseases to identify shared
and unique comorbidities and demographic factors. Front Immunol. (2023)
14:1309549. doi: 10.3389/fimmu.2023.1309549

48. Toussirot E, Gallais-Serezal I, Aubin F. The cardiometabolic conditions of
psoriatic disease. Front Immunol. (2022) 13:970371. doi: 10.3389/fimmu.2022.970371

49. Arancio LMH, D'Amico D, Dastoli S, Fiorella CS, Manfredini M, Moretta G,
et al. Early intervention and cumulative life course impairment in psoriasis: a review.
Clin Exp Dermatol. (2024) 49:1525–31. doi: 10.1093/ced/llae282

50. Evyana D, Novianto E, Budianti WK, Krisanti RIA, Wisnu W, Wibawanti R,
et al. Association between the severity of hard-to-treat psoriasis and the prevalence of
metabolic syndrome: A hospital-based cross-sectional study in Jakarta, Indonesia. PloS
One. (2024) 19:e0302391. doi: 10.1371/journal.pone.0302391

51. Bernardini N, Dattola A, Gemma GPA, Atzori L, Artosi F, Biondi G, et al.
Psoriasis severity, comorbidity burden, and biologic therapy: a multicenter
observational study using the Charlson Comorbidity Index. J Dermatolog Treat.
(2025) 36:2562311. doi: 10.1080/09546634.2025.2562311

52. Xiong J, Xue T, Tong M, Xu L, Bai B. Dynamic trend analysis of global psoriasis
burden from 1990 to 2021: a study of gender, age, and regional differences based on
GBD 2021 data. Front Public Health . (2025) 13:1518681. doi: 10.3389/
fpubh.2025.1518681

53. Mroz M, Mucka S, Miodonska M, Ziolkowska D, Hadas E, Bozek A. Influence of
SARS-coV-2 virus infection on the course of psoriasis during treatment with biological
drugs. Med (Kaunas). (2021) 57(9):881. doi: 10.3390/medicina57090881

54. Patsatsi A, Kyriakou A. Impact of the COVID-19 pandemic on the course and
management of chronic inflammatory immune-mediated skin diseases: What's the
evidence? Clin Dermatol. (2021) 39:52–5. doi: 10.1016/j.clindermatol.2020.12.012

55. Teng Y, Xie W, Tao X, Liu N, Yu Y, Huang Y, et al. Infection-provoked psoriasis:
Induced or aggravated (Review). Exp Ther Med. (2021) 21:567. doi: 10.3892/
etm.2021.9999

56. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China. Lancet. (2020) 395:497–506.
doi: 10.1016/S0140-6736(20)30183-5

57. Zhao W, Yang H, Liu J, Jin X, Xie X, Liang Y. Urticaria in China: incidence,
prevalence, and disability-adjusted life years compared with G20 countries: findings
from the Global Burden of Disease study 2021. Arch Dermatol Res. (2025) 317:548.
doi: 10.1007/s00403-025-04051-y

58. Rojo-Gutierrez MI, Moncayo-Coello CV, Macias Weinmann A, Gomez RM,
Ensina LF, Cherrez-Ojeda I, et al. Urticaria and other mimickers of urticaria. Front
Allergy. (2024) 5:1522749. doi: 10.3389/falgy.2024.1522749

59. Day C, Deetlefs M, Mapahla L, Jang Y, Gusha-Mhlekude Q, Ntuli S, et al. The
epidemiology of chronic urticaria in cape town, South Africa: A review of two tertiary
referral centers. Allergy. (2025). doi: 10.1111/all.16547

60. Staubach P, Mann C, Peveling-Oberhag A, Lang BM, Augustin M, Hagenstrom
K, et al. Epidemiology of urticaria in German children. J Dtsch Dermatol Ges. (2021)
19:1013–9. doi: 10.1111/ddg.14485

61. Patruno C, Fabbrocini G, Cillo F, Torta G, Stingeni L, Napolitano M. Chronic
urticaria in older adults: treatment considerations. Drugs Aging. (2023) 40:165–77.
doi: 10.1007/s40266-023-01010-y

62. Shih AF, Sharaf M. Pressure urticaria in an infant appearing similar to physical
abuse. Pediatrics. (2020) 146(4):e20193644. doi: 10.1542/peds.2019-3644

63. Bin Abdulrahman KA, Alqasem AA, Alsayyari AM, Bintalib SS, Khatlah ANB,
Alshehri MF, et al. Atopy and allergic diseases among college students at a Saudi Public
University. J Family Med Prim Care . (2024) 13:1944–9. doi: 10.4103/
jfmpc.jfmpc_1748_23

64. Fougerousse AC, Alexandre M, Darrigade AS, Merhand S, Marquie A, Hamza
M, et al. Impact of atopic dermatitis on adult women's lives: A survey of 1,009 french
women. Acta Derm Venereol. (2024) 104:adv10321. doi: 10.2340/actadv.v104.10321

65. Ryczaj K, Chojnowska-Wojtowicz M, Dumycz K, Feleszko W, Kulus M.
Prevalence of major food allergens in skincare products for atopic dermatitis.
Postepy Dermatol Alergol. (2023) 40:762–5. doi: 10.5114/ada.2023.133819

66. Orayj K, Samuel VP, Saleem S, Ravula SR, Ali H, Gupta G, et al. Immunoassay-
based biomarkers in atopic dermatitis. Clin Chim Acta. (2025) 579:120634.
doi: 10.1016/j.cca.2025.120634

67. Liu H, Dong H, Chen W, Li X, Xiao Z, Li H. Global, regional, and national
burden of atopic dermatitis: insights from the global burden of disease study 2021.
Dermatitis. (2025). doi: 10.1177/17103568251365559

68. Elezbawy B, Kalo Z, Fasseeh A, Inotai A, Nemeth B, Agh T. The hidden burden
of atopic dermatitis in central and Eastern European countries. Expert Rev
Pharmacoecon Outcomes Res. (2025) 25:257–64. doi: 10.1080/14737167.2024.2416249

69. Avena-Woods C. Overview of atopic dermatitis. Am J Manag Care. (2017) 23:
S115–S23.

70. Kantor R, Silverberg JI. Environmental risk factors and their role in the
management of atopic dermatitis. Expert Rev Clin Immunol. (2017) 13:15–26.
doi: 10.1080/1744666X.2016.1212660
frontiersin.org

https://doi.org/10.1016/S1474-4422(23)00195-3
https://doi.org/10.1001/jamaoncol.2021.6987
https://doi.org/10.1016/S0140-6736(16)30388-9
https://doi.org/10.1287/mnsc.31.10.1237
https://doi.org/10.1080/01621459.1997.10473684
https://doi.org/10.1080/01621459.1997.10473684
https://doi.org/10.3389/fpubh.2022.994619
https://doi.org/10.1016/S2213-2600(25)00003-7
https://doi.org/10.1111/j.1365-4632.2007.03320.x
https://doi.org/10.1111/j.1365-4362.1996.tb01610.x
https://doi.org/10.2147/CCID.S53985
https://doi.org/10.2147/CCID.S53985
https://doi.org/10.1046/j.1365-4362.2002.01357.x
https://doi.org/10.1046/j.1365-4362.2002.01357.x
https://doi.org/10.1111/j.1468-3083.2008.02956.x
https://doi.org/10.1016/j.jaad.2019.08.032
https://doi.org/10.3390/microorganisms7090279
https://doi.org/10.1111/pde.15993
https://doi.org/10.1159/000545711
https://doi.org/10.3390/ijms242417461
https://doi.org/10.1111/jocd.16356
https://doi.org/10.1001/jamadermatol.2022.6085
https://doi.org/10.1093/bjd/ljaf189
https://doi.org/10.3389/fimmu.2025.1648868
https://doi.org/10.3389/fimmu.2025.1621492
https://doi.org/10.1111/pde.15803
https://doi.org/10.3389/fimmu.2023.1309549
https://doi.org/10.3389/fimmu.2022.970371
https://doi.org/10.1093/ced/llae282
https://doi.org/10.1371/journal.pone.0302391
https://doi.org/10.1080/09546634.2025.2562311
https://doi.org/10.3389/fpubh.2025.1518681
https://doi.org/10.3389/fpubh.2025.1518681
https://doi.org/10.3390/medicina57090881
https://doi.org/10.1016/j.clindermatol.2020.12.012
https://doi.org/10.3892/etm.2021.9999
https://doi.org/10.3892/etm.2021.9999
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1007/s00403-025-04051-y
https://doi.org/10.3389/falgy.2024.1522749
https://doi.org/10.1111/all.16547
https://doi.org/10.1111/ddg.14485
https://doi.org/10.1007/s40266-023-01010-y
https://doi.org/10.1542/peds.2019-3644
https://doi.org/10.4103/jfmpc.jfmpc_1748_23
https://doi.org/10.4103/jfmpc.jfmpc_1748_23
https://doi.org/10.2340/actadv.v104.10321
https://doi.org/10.5114/ada.2023.133819
https://doi.org/10.1016/j.cca.2025.120634
https://doi.org/10.1177/17103568251365559
https://doi.org/10.1080/14737167.2024.2416249
https://doi.org/10.1080/1744666X.2016.1212660
https://doi.org/10.3389/fimmu.2025.1668840
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Leng et al. 10.3389/fimmu.2025.1668840
71. Eichenfield LF, Ellis CN, Mancini AJ, Paller AS, Simpson EL. Atopic dermatitis:
epidemiology and pathogenesis update. Semin Cutan Med Surg. (2012) 31:S3–5.
doi: 10.1016/j.sder.2012.07.002

72. Yadav H, Ganguly S, Singh A. Role of patch testing in facial contact dermatitis: A
cross-sectional study from central India. Indian Dermatol Online J. (2024) 15:242–6.
doi: 10.4103/idoj.idoj_404_23

73. Simonsen AB, Biel-Nielsen Dietz J, Johansen JD. Contact dermatitis and related
exposures in Danish adolescents-self-reported data from a nationwide questionnaire
study. Contact Dermatitis. (2025) 93:39–48. doi: 10.1111/cod.14805

74. Choi ME, LeeWJ, Ko JY, Kim KJ, Kim JE, Kim HS, et al. Facial dermatoses associated
with mask-wearing in the COVID-19 era: A nationwide, cross-sectional, multicenter,
questionnaire-based study. Ann Dermatol. (2024) 36:81–90. doi: 10.5021/ad.23.061
Frontiers in Immunology 14
75. Yin L, Ungar B, Guttman-Yassky E, Cohen DE, Karagounis TK. Beyond
avoidance: advanced therapies for contact dermatitis. J Allergy Clin Immunol Pract.
(2024) 12:2260–7. doi: 10.1016/j.jaip.2024.05.035

76. Wikstrom V, Sinikumpu SP, Jokelainen J, Huilaja L. Incidence of allergic contact
dermatitis in Finland 1998-2021: A nationwide registry-based study. Contact
Dermatitis. (2025) 92:113–9. doi: 10.1111/cod.14688

77. Bostan E, Cakir A. The effect of covid-19 on the hair diseases observed in health
care providers: analysis of 513 participants. Dermatol Pract Concept. (2023) 13(1):
e2023036. doi: 10.5826/dpc.1301a36

78. Akbas A, Kilinc F, Sener S, Hayran Y. Vitamin D levels in patients with
seborrheic dermatitis. Rev Assoc Med Bras (1992). (2023) 69:e20230022. doi: 10.1590/
1806-9282.20230022
frontiersin.org

https://doi.org/10.1016/j.sder.2012.07.002
https://doi.org/10.4103/idoj.idoj_404_23
https://doi.org/10.1111/cod.14805
https://doi.org/10.5021/ad.23.061
https://doi.org/10.1016/j.jaip.2024.05.035
https://doi.org/10.1111/cod.14688
https://doi.org/10.5826/dpc.1301a36
https://doi.org/10.1590/1806-9282.20230022
https://doi.org/10.1590/1806-9282.20230022
https://doi.org/10.3389/fimmu.2025.1668840
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Burden of immune-related skin diseases worldwide, 1991–2021: insights and prediction from the Global Burden of Disease Study
	1 Introduction
	2 Method
	3 Results
	3.1 General status of the global immune-related skin diseases burden
	3.2 Immune-related skin diseases in different regions
	3.3 Sex-related differences and EAPC in immune-related skin diseases
	3.4 Immune-related skin diseases burden in global territories
	3.5 SDI-related differences in immune-related skin diseases burden
	3.6 Average Annual Percent Change and prediction

	4 Discussion
	5 Limitation
	Data availability statement
	Ethics statement 
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


