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Background: Psoriasis is a common chronic inflammatory skin disorder, and the global burden of psoriasis has not been fully disclosed.
Methods: We extracted prevalence, incidence and disability-adjusted life years (DALY's) for psoriasis from 1990 to 2021 in Global
Burden of Disease (GBD) and predicted trends in the next 15 years though ARIMA model.

Results: Globally, age-standardized incidence rate (ASIR) of psoriasis increased from 57 cases/100,000 people (95% CI: 55.3~58.8)
in 1990 to 62 cases/100,000 people (95% CI: 60.1~63.9) in 2021. Age-standardized prevalence rate (ASPR) and age-standardized
disability-adjusted life year rate (ASDR) exhibited similar trends of increases. The global ASIR, ASPR, and ASDR for males were
significantly higher than females. In 2021, ASIR peaked in the 55-69 ages, while ASPR and ASDR reached peaks between the ages of
65-74. Regionally, ASPR, ASIR, and ASDR in 2021 were highest in high Socio-demographic index (SDI) regions. The highest global
regions and countries of ASPR, ASIR and ASDR were Western Europe and Germany, respectively. The East Asia region and Republic
of Equatorial Guinea showed most significant growth in these psoriasis indicators since 1990. Furthermore, there was a significant
increase in ASIR (8.06%), ASPR (8.14%), and ASDR (13.64%) of global psoriasis over the next 15 years.

Conclusions: Global burden of psoriasis is expected to continuously increase, and strengthening risk-factor management and
prioritizing high-risk subgroups (males, elderly, high SDI regions and Western Europe, etc) will be essential for region-specific
strategies and future healthcare planning.
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Introduction

Psoriasis is an immune-mediated, chronic relapsing inflammatory skin disease characterized primarily by scaly red
plaques. It can affect the joints and is often associated with other multi-system diseases such as cardiovascular system
diseases, digestive system diseases, and metabolic syndrome.' Psoriasis develops at any age and greatly affects the
quality of life for patients. In the United States, the direct costs of psoriasis range from $51.7 billion to $63.2 billion,
indirect costs from $23.9 billion to $35.4 billion, and comorbidities contribute an estimated $36.4 billion annually,
resulting in a total economic burden of between $112 billion and $135 billion.* This indirectly reflects the significant
economic burden that psoriasis poses to countries.

Currently, global epidemiology reports of psoriasis are incomplete, and prevalence or incidence rates vary across regions
due to investigation methods.”™'” Early WHO reports and studies indicate psoriasis affects over 60 million adults and children
globally.' The incidence of psoriasis is roughly equal between males and females, with an average age of onset at 33 years and
a bimodal distribution primarily occurring between the ages of 16-22 and 55—60."® Furthermore, high-income countries have
more significant incidence rates than others.'” > Geographically, no significant correlation between latitude and psoriasis
prevalence, with consistent prevalence rates across countries globally.>* However, above epidemiological data have not been

updated for a long time, so relevant new data are required to guide prevention and treatment of psoriasis.
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To promote global understanding of the epidemiology of psoriasis, the Global Burden of Disease (GBD) 2021
provides global public access to indicators related to psoriasis prevalence, incidence, and disability-adjusted life years
(DALYs).** To the best of our knowledge, a comprehensive analysis of the global burden of psoriasis by age group has
not been fully conducted. Here, to better understand the dynamic epidemiologic data on psoriasis trends, this study
extracted updated data from GBD 2021 and compared with 1990. Our analysis was disaggregated by gender, age, region,
and sociodemographic index (SDI) to identify the populations most affected by psoriasis and to guide targeted prevention
and treatment strategies.

Method

Data Acquisition and Download
Data for our study were extracted from the GBD 2021 database (https://vizhub.healthdata.org/gbd-results). This database
used the latest epidemiological data and well-established standardized method DisMod-MR 2.1 (disease-model-Bayesian

meta-regression). The adjustment for missing data and confounding factors aimed to quantify health levels and trends,
and to regularly update the accuracy of the data.*’

In the GBD 2021, psoriasis was defined as a common, chronic, and recurrent inflammatory skin disease characterized
by abnormal epidermal keratinization and hyperproliferation. Psoriasis diagnosis was based on the international
Classification of diseases 10 (ICD-10: L40 and L41). The severity of psoriasis was categorized as mild, moderate, and
severe (Table S1). Years were extracted spanning 1990 to 2021, and key metrics included age-standardized prevalence
rate (ASPR), age-standardized incidence rate (ASIR), age-standardized disability-adjusted life year rate (ASDR), number
of prevalent cases, number of incidence cases, and number of DALYs. Population and area information indicators
included age groups, genders, countries, regions, and SDI-classified areas, with the analysis covering 204 countries, 21
GBD regions, and five types of SDI-classified areas. Our study was guided by the Guidelines for Accurate and
Transparent Reporting of Health Evaluations (GATHER)**(Table S2).

The SDI was a comprehensive indicator developed by GBD researchers in 2015 to assess the relationship between
socioeconomic development and population health. It can be used to evaluate the socioeconomic status of a region.
A comprehensive estimation was conducted for the original three covariate inputs (fertility rate for the age group 15 to 49,
years of education for individuals aged 15 and above, and life expectancy lost per capita). An index value ranging from 0 to 1 was
assigned to represent it. For the GBD 2021, the final SDI value was multiplied by 100 for reporting. A value of 0 represented the
theoretically lowest level of development related to health, while a value of 100 represented the theoretically highest level. The
higher the SDI value, the better the socioeconomic conditions and health status. The SDI is categorized into five levels based on
its value: low, low-middle, middle, high-middle, and high. Patient age groups are divided into 20 categories: ages <5, ages 5-9,
ages 1014, ages 1519, ages 2024, ages 25-29, ages 30-34, ages 35-39, ages 4044, ages 4549, ages 50-54, ages 55-59,
ages 60—64, ages 65-69, ages 70-74, ages 75-79, ages 80-84, ages 85-89, ages 90-94, and ages 95+.

Data Analysis
We conducted secondary analysis using relevant data extracted from GBD 2021. We calculated the counts and rates of
key indicators such as ASPR, ASIR, and ASDR for psoriasis at the global, regional, and national levels. Among these,
DALYs were calculated as the sum of Years Lived with Disability (YLDs) and Years of Life Lost (YLLs). DALYs
represented the total number of healthy life years lost from the onset of the disease to death,?’ serving as a crucial
parameter for assessing the burden of disease.

Based on formula (1), we calculated the age-standardized rate (ASR) of psoriasis per 100,000 people in all age
groups, and estimated the ASPR, ASIR, and ASDR:

A
AgeStandardizedRate(per100, 000population) = M x 100, 000 €))
i=1 Wi

In the formula (1), ASR was an indicator to compare the frequency of a disease across different populations or time

points. By eliminating the influence of differences in population age structure, it would make the results more
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comparable. Age-specific rates (ai) referred to the frequency of the disease within a particular age group. The population
size (or weight) (wi) reflected the representativeness or importance of that age group in the reference standard population.
By weightily summing these values and dividing by the total population of the standard population, a standardized rate
was obtained for assessing the prevalence of psoriasis.”® ASIR represents the incidence rate adjusted to the GBD standard
population, allowing comparison across populations with different age structures, and ASPR and ASDR are derived
using the same direct age-standardisation approach.

Additionally, we employed Jointpoint regression analysis to estimate the trends in ASIR, ASPR, and ASDR over
time. Monte Carlo permutation tests were used to calculate the Average Annual Percent Change (AAPC) and 95%
Confidence Intervals (CIs). The global average trend in the annual change of ASR over time was assessed using the

AAPC, as per formula (2):***°
"
14PC = Lewp (2201 _ 11 s 100 )
> wi

Where wi represented the duration of each time period (in years), and bi represented the slope coefficient for each

time period. The Autoregressive Integrated Moving Average (ARIMA) model predicted future trends in disease
development by analyzing the time series of historical data.’' Based on data from GBD 2021, an ARIMA model was
constructed, and the “forecast” R package was utilized to project the ASIR, ASPR and ASDR for the next 15 years.

Our work adhered to the Strengthening the Reporting of Cohort Studies in Surgery (STROCSS) guidelines for cohort
studies, cross-sectional studies, and case—control studies. Statistical analyses were conducted using R version 4.2.3 and
Joinpoint software, with a statistical significance defined as P<0.05.

Result
Global Trends

In 2021, the global burden of psoriasis remained severe with a total incidence of 5.10 million cases (95% CI:
4.95~5.25 million), representing a 78.76% increase since 1990. Meanwhile, ASIR increased with AAPC of 0.266
(95% CI: 0.251~0.282) from 1990 to 2021 (Table 1). In 2021, the global prevalence number of people with psoriasis
reached 42.98 million cases (95% CI: 41.65~44.31 million), representing an increase of approximately 86.4% compared
to the number of cases in 1990. Between 1990 and 2021, ASPR of psoriasis increased from 477.7 cases/100,000 people
(95% CI: 462.1~492.7) to 516.0 cases/100,000 people (95% CI: 500.2 ~ 531.6), with AAPC of 0.243 (95% CI:
0.227~0.258), indicating an upward trend (Table S3). Additionally, DALY of psoriasis reached 3.70 million cases
(95% CI: 2.68~4.92 million) in 2021, representing an increase of 84.8% compared to 1990, when there were 2.00 million
cases (95% CI: 1.44~2.67). ASDR increased from 41.1 (95% CI: 29.8~54.9) /100,000 population in 1990 to 44.4 (95%
CI:32.2~59.2) /100,000 population in 2021, and AAPC was 0.242 (95% CI: 0.225~0.260) (Table S4).

Global Trends by Gender

From 1990 to 2021, the global disease burden of psoriasis increased in both men and women. In 2021, the ASPR of
psoriasis in male was 524.6 cases/100,000 population (95% CI: 508.4~541.1), 3.1% higher than that of psoriasis in
female (508.4 cases/100,000 population [95% CI:492.9~523.7]). In 1990, the ASPR of male psoriasis was 478.9 (95%
CI:463.0~494.6) cases/100,000 population, which was significantly higher than that of female psoriasis (476.8 cases /
100,000 population [95% CI:461.7~491.8]) by 0.4%. Among them, the AAPC of males patients was 0.290 (95%
CI.0.270~0.311) and that of females patients was 0.203 (95% CI: 0.186~0.219), indicating that the increase trend of
male ASPR was significantly higher than female patients in the past 30 years.

The ASIR for psoriasis in males in 2021 was 62.8 cases/100,000 people (95% CI1:60.9~64.6), which was 2.4% higher
than in females (61.3 cases/100,000 people [95% CI1:59.4~63.2]). The ASIR for psoriasis in females in 1990 was 57.1
cases/100,000 people (95% CI:55.3~58.9), which is 0.3% significantly higher than the males. The ASIR for psoriasis in
females in 1990 was 57.1 (95% CI:55.3~58.9) cases/100,000 people, which was significantly higher than the ASIR for
males (56.9[95% CI:55.2~58.7] cases/100,000 people) by 0.3%. The AAPC was 0.308 (95% CI1:0.291~0.324) for males
and 0.228 (95% CI:0.199~0.256) for females, suggesting that the increase in ASIR was significantly higher in males than
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Table | ASIR and AAPC of Psoriasis at Global and Regional Level

High-income Asia Pacific
High-income North America
Western Europe

Australasia

Andean Latin America
Tropical Latin America
Central Latin America
Southern Latin America
Caribbean

Central Europe

Eastern Europe

Central Asia

North Africa and Middle East
South Asia

Southeast Asia

East Asia

Oceania

Western Sub-Saharan Africa
Eastern Sub-Saharan Africa
Central Sub-Saharan Africa

Southern Sub-Saharan Africa

98,706.2 (95,548.7-101,802.6)
279,448.7 (271,343.3-288,121.8)
430,713 (417,260.5-444,548.1)
14,069.9 (13,562.3-14,613.9)
31948.6 (30,728-33,078.5)
81,446.9 (78,601.2-83,874.8
106,949.4 (102,905-110,561
33,084.1 (31,783.9-34,406.3
24,182.0 (23,237.2-25,081.9
73,853.9 (71,481.4-76,385.4)
128,895.5 (124,591.3-133,152.6)
32,184.2 (31,013.2-33,420.1)
152,645.4 (147,189.4-157,649.6)
453,226.3 (438,163.6-467,391.2)
236,373.2 (228,543.3-244,458.6)
543,655 (526,680.4-562,339.1)
2570.5 (2468.2-2666.8)

62,700 (60,472.5-64,604.8)
34,537 (33,240-35,702.1)
16,616.2 (15,928.6-17,255.6)
14,869.8 (14,319.5-15,350.3)

52.7 (51-54.3)
96.5 (93.6-99.4)
103.7 (100.4-107)
66.6 (64.1-69.1)
92.3 (88.8-95.5)
57.5 (55.7-59.3)
72.8 (70.4-75.3)
67.7 (65.1-70.4)
72.9 (70.0-75.5)
55.2 (53.4-57)
52.9 (51.2-54.7)
50.7 (48.9-52.6)
52.7 (50.9-54.4)
45.4 (44—46.8)
58 (56.2-59.9)
47 (45.5-48.5)
47.5 (45.6-49.3)
37.5 (36.3-387)
222 (21.4-22.9)
35.1 (33.8-36.4)

(
(
(
31.8 (30.7-32.9)

126,176.7 (121,983-130,129.5)
422,371.3 (410,310.8-434,102.1)
565,866.3 (547,560-584,609.2)
26,079.6 (25,106.4-27,050)
69,3152 (66,699.9-71,992.7)
138,658.9 (134,234.8-143,056.3)
203,443.3 (196,311.4-210,198.6)
55,542.8 (53,414.8-57,531.3)
37,556.8 (36,151.9-38,986.4)
81,011.8 (78,559.2-83,476.2)
139,137.5 (134,768.5-143,725.4)
54,029.3 (52,019.6-56,016.5)
395,336.5 (381,884.7-409,179.7)
910,977.4 (881,351.7-941,591.2)
491,723.9 (475,357.4-507,614.6)
1,037,234.5 (1,003,142.1-1,069,796.6)
6516.1 (6251.8-6776.2)
181,649.8 (175,025-187,328.1)
82,617.8 (79,425.4-85,440.9)
47,617 (45,582.5-49,512.9)
26,555.9 (25,626.7-27,433.8)

56.7 (55-58.5)
103.5 (100.8-106.1)

1153 (111.8-118.9)
75.9 (73.2-78.7)
105 (101.1-109.1)

57.8 (55.9-59.5)
78.6 (75.9-81.2)
76.9 (73.9-79.7)
76.4 (73.5-79.2)
61.5 (59.8-63.3)
58.6 (56.8-60.6)
55.7 (53.6-57.8)
64 (61.8-66.1)
49.4 (47.8-51)
67.7 (65.5-69.8)
59.1 (57.2-60.9)
52.8 (50.6-54.9)
42.2 (40.843.5)
22,9 (22.1-23.6)
39.3 (37.7-40.8)
33.8 (32.6-34.9)

Location Incidence (95% Ul)

Cases in 1990 ASIR in 1990 (per 100,000) Cases in 2021 ASIR in 2021 (per 100,000) AAPC (95% CI)
Global 2,852,675.8(2,764,294.4-2,943,367.2) 57.0(55.3-58.8) 5,099,418.3 (4,945,748.1-5,254,031) 62.0(60.1-63.9) 0.266 (0.251-0.282)
Gender:
Male 1,416,612.1 (1,372,121.4-1,461,674.9) 56.9 (55.2-58.7) 2,581,558.3 (2,504,067.2-2,659,370.8) 62.8 (60.9-64.6) 0.308 (0.291-0.324)
Female 1,436,063.7 (1,390,367.4-1,482,827) 57.1 (55.3-58.9) 2,517,860.1 (2,443,551.8-2,595,490.5) 61.3 (59.4-63.2) 0.228 (0.199-0.256)
SDI level:
High 777,403.0 (754,267.8-801,779.7) 83.7 (81.2-86.3) 1,134,087.5 (1,099,752.4-1,167,976.4) 92.3 (89.6-94.9) 0.297(0.242-0.352)
High-middle 606,238.5 (587,340.7-625,371.2) 56.5 (54.8-58.3) 1,008,069.6 (975,952.4-1,040,169.5) 66.9 (64.8-69) 0.544(0.529-0.558)
Middle 843,818.8 (816,665.9-871,346.7) 53.7 (52.1-55.3) 1,641,222.1 (1,590,306-1,691,699.4) 62.7 (60.8-64.7) 0.310(0.486-0.515)
Low-middle 475,261.2 (459,036.1-489,690.4) 45.9 (44.4-47.3) 947,741.1 (916,034.2-979,472.8) 50.7 (49-52.3) 0.309(0.287-0.331)
Low 146,976.2 (141,645.3—151,520.3) 34.4 (33.3-35.6) 363,918.8 (350,683.3-375,676.6) 37.2 (35.9-38.4) 0.238(0.214-0.261)
Region

0.217(0.144-0.29)
0.228(0.178-0.278)
0.315(0.238-0.392)
0.407(0.366-0.448)
0.418(0.391-0.446)
0.016(0.007-0.024)
0.252(0.237-0.267)
0.392(0.332-0.452)
0.156(0.147-0.166)
0.357(0.329-0.384)
0.337(0.308-0.366)
0.307(0.28-0.334)
0.628(0.622-0.633)
0.254(0.224-0.284)
0.5(0.491-0.508)
0.744(0.731-0.757)
0.344(0.336-0.352)
0.376(0.351-0.400)
0.099(0.077-0.121)
0.364(0.344-0.385)
0.186(0.172-0.201)

Abbreviations: AAPC, Average Annual Percentage Changes; ASIR, Age-standardized incidence rate.
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in females. In addition, the ASDR of males and females also increased over the last 30+ years, with an AAPC of 0.198
(95% CI: 0.180~0.216) for females and 0.293 (95% CI: 0.274~0.311) for males, suggesting that male ASDR growth was
significantly higher than that of females (Table 1 and Table S3 and S4).

Global Trends by Age Groups

Globally, the incidence of psoriasis exhibited a bimodal trend in growth between 1990 and 2021. In 2021, the peak
incidence number was observed primarily in the age groups of 5-9 years and 5054 years, with the latter age group being
more prominent. The peak incidence in 1990 was mainly in the 5-9 years and 35-39 years age groups, with the 35-39
years age group being more significant. However, both the prevalence number of psoriasis patients and the DALY
showed a unimodal distribution. In 1990, the global number of psoriasis patients peaked in the 35-39 years age group.
Nevertheless, in 2021, the global number of psoriasis patients peaked in the 50-54 years age group (Figure 1A).

Similarly, globally, psoriasis ASIR by age peaked in 1990 and 2021 in the age group 55-69 years and declined with
age. Psoriasis ASPR and ASDR peaked between the ages of 65-74 years (Figure 1B). Globally, ASIR, ASPR and ASDR
increased in each age group between 1990 and 2021 (AAPC>0). The most significant increases in psoriasis ASPR
(AAPC=0.431, 95% CI: 0.407~0.455), ASIR (AAPC=0.430, 95% CI: 0.397~0.463), and ASDR (AAPC=0.436, 95% CI:
0.407~0.464) were seen in those aged less than 5 years (Table S5).

In addition, we further analyzed the burden of disease for psoriasis by age group and gender. Globally, psoriasis
peaked in 1990 at 35-44 years of age for both males and females in terms of prevalence and incidence. The number of
DALYs peaked at 25-39 years of age for females in 1990, which is earlier than for males (peak at 40~44 years of age).
However, in 2021, psoriasis appeared to peak at 50-55 years for both sexes in terms of the number of people with the
disease, the number of morbidities, and the number of DALYs (Figure S1). Similarly, the peaks of ASPR, ASIR and
ASDR in 1990 and 2021 in both sexes are mainly concentrated in older age (65—74 years) (Figure S2).

Global Trends by SDI

From 1990 to 2021, psoriasis ASIR was on the rise in all SDI regions (Figure 2). In 2021, psoriasis ASPR (852.3 cases/
100,000, 95% CI: 830.1~875.3), ASIR (92.3 cases/100,000, 95% CI: 89.6~94.9) and ASDR (73.3 cases/100,000, 95%
CI: 53.2~97.7) were consistently highest in areas with high SDI. Low SDI areas with psoriasis ASPR (268.9 cases/
100,000, 95% CI: 260.5~277.4), ASIR (37.2 cases/100,000, 95% CI: 35.9~38.4) and ASDR (23.1 cases/100,000, 95%
CI: 16.7~30.9) remained the lowest among all SDI regions. In particular, between 1990 and 2021, it is noteworthy that
ASPR, ASIR and ASDR of psoriasis increased in all SDI regions (AAPC>0). In the high-middle SDI region, ASPR
(AAPC=0.630, 95% CI: 0.619~0.641), ASIR (AAPC =0.544, 95% CI: 0.529~0.558) and ASDR (AAPC=0.638, 95% CI:
0.618~0.659) increased most significantly (Table 1 and Table S3 and S4).

Regional Trends

The GBD regional classification system covered 204 countries and regions, categorized into 21 regions, which could
exhibit significant differences in the ASPR, ASIR and ASDR of psoriasis (Figure 3 and Figure S3 and S4). In 2021, at
the regional level, compared to other regions, Western Europe had the highest ASPR for psoriasis (1,155.9 cases/100,000,
95% CI: 1,119.4~1,194.5), ASIR (115.3 cases/100,000, 95% CI: 111.8~118.9), and ASDR (99.8 cases/100,000, 95% CI:
72.2~133.9). However, Eastern Sub-Saharan Africa had the lowest ASPR (150.2 cases/100,000, 95% CI: 145.4~155.1),
ASIR (22.9 cases/100,000, 95% CI: 22.1~23.6), and ASDR (13.0 cases/100,000, 95% CI: 9.5~17.3).

From 1990 to 2021, psoriasis ASIR, ASPR (except Tropical Latin America), and ASDR (except Tropical Latin
America) were all on the rise in GBD. Among them, East Asia psoriasis ASIR (AAPC = 0.744, 95% CI: 0.731~0.757),
ASPR (AAPC = 0.874, 95% CI: 0.849~0.899), and ASDR (AAPC = 0.880, 95% CI: 0.855~0.905) were the fastest
growing. In addition, we explored the relationship between ASIR, ASPR, and ASDR and SDI in each region after
correlating each GBD region with the SDI in each region. It was derived that the three major indicators increased in
a wave pattern as the SDI gradually increased (Figure S5-S7).
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Figure | The disease burden of psoriasis by age in 1990 and 2021. (A) The cases of incidence, prevalence, and DALYs; (B) ASIR, ASPR and ASDR.

Abbreviations: DALYs, Disability-adjusted life-years; ASIR, Age-standardized incidence rate; ASPR, Age-standardized prevalence rate; ASDR, Age-standardized disability-
adjusted life-year rate.
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Figure 2 Changes in global psoriasis ASIR, ASPR, and ASDR from 19902021 (A) Stratified by sex; (B) Stratified by region.
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National Trends

In 2021, China, India, USA, Germany, and Indonesia had the highest number of prevalence, incidence, and DALYS.
China and India carried the highest burden of psoriasis globally, leading in the number of prevalent cases, incident cases,
and DALYs. In addition, Qatar, United Arab Emirates, and Equatorial Guinea ranked highest in all three indicators when
comparing the relative change in the number of cases of prevalence, incidence, and DALYs expectancy between 1990
and 2021 (Table S6). Qatar had the highest rate of change in the number of cases of prevalence (886.09%), incidence
(813.69%), and DALYs (882.63%) expectancy (Figure S§8—S10).
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Globally, ASIR, ASPR and ASDR showed significant differences between countries in 2021 (Figure 4 and Figures
S11 and S12). Germany, Switzerland, Monaco, Andorra, San Marino and Cyprus had the highest ASIR, ASPR and
ASDR. For ASIR, Germany ranked first with 143.6 cases (95% CI: 148.7~139) /100,000 and Switzerland ranked second
with 124.8 cases (129.1~120.7) / 100,000. From 1990 to 2021, Republic of Equatorial Guinea had a higher rate of ASPR
(AAPC=1.344, 95% CI: 1.311~1.377), ASIR (AAPC=0.969, 95% CI: 0.947~0.991) and ASDR (AAPC=1.347, 95% CI:
1.280~1.413) had the greatest increase, followed by Sultanate of Oman and Republic of Maldives. In contrast, ASPR,
ASIR and ASDR decreased significantly (AAPC<0) in the Republic of Burundi, the Republic of South Sudan and the
Federal Republic of Somalia (Table S7).

Future Forecasts of Global Burden of Psoriasis

The global burden of psoriasis was projected to change significantly between 2021 and 2036, with different measures
showing different trends. The global ASIR of psoriasis for both sexes combined was slightly on the rise, with the ASIR
projected to increase from approximately 62 cases/100,000 people in 2021 to approximately 67 cases/100,000 people in
2036 (an increased of 8.06%). The ASIR growth was significantly higher in males (6.35%) than in females (4.92%). The
ASPR for psoriasis for both sexes combined was projected to rise globally from about 516 cases/100,000 people in 2021 to
about 558 cases/100,000 people in 2036, an increase of about 8.14% in 15 years. For males, ASPR was projected to grow
rapidly, slightly from about 525 cases/100,000 people in 2021 to 676 cases/100,000 people in 2040, an increase of about
28.76%, which compares favorably to females. In contrast, females were projected to grow slowly, from about 508 cases/
100,000 people in 2021 to 544 cases/100,000 people in 2036, an annual growth rate of only 7.09%. The ASDR for both
sexes combined was projected to continue to grow slowly, increasing slightly from 44 cases/100,000 people in 2021 to
approximately 50 cases/100,000 people in 2036 (an increase of approximately 13.64%), with significantly higher growth in
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age-standardized ASDR in males (33.33%) than in females (11.63%). In all three metrics, males consistently grew more
than females, and males grew significantly more rapidly than females, especially for ASPR and ASDR (Figure 5).

The number of incidences, prevalence and DALY's will also increase significantly globally in the future. Globally,
there was a significant increase in the global incidence of psoriasis in both sexes combined. It was projected to increase
from about 5.10 million cases in 2021 to 8.25 million cases in 2036, an increase of about 61.74%, indicating that the
number of people with psoriasis has increased by at least twofold in the last 15 years. The increase in the number of cases
in females (25.67%) was slightly higher than the number of cases in males (21.84%). The global prevalence will increase
from about 42.98 million cases in 2021 to about 60.33 million cases in 2036, an increase of 40.36%. Among them, the
increase in the number of prevalent cases was significantly higher in males (47.29%) than in females (34.11%). The
number of psoriasis DALY for both sexes combined is projected to continue its slow growth, with an overall increase of
approximately 32.09% between 2021 and 2036 (Figure S13).

Discussion

In this study, we have provided the most up-to-date and comprehensive assessment of the ASPR, ASIR and ASDR of
psoriasis at global, regional and national levels between 1990 and 2021, based on the GBD 2021 study. The results have
showed complex variations and trends across regions and sociodemographic indicators, emphasizing the urgent need for
more effective and targeted interventions.

Globally, global psoriasis ASIR, ASPR, and ASDR have increased during the last 30+ years, indicating a significant
increase in the disease burden of psoriasis, which may be related to environmental changes (eg, environmental pollution
and socioeconomics, etc).’” Our stratified analysis of the three major indicators of psoriasis globally shows that psoriasis
has increased significantly faster in males than in females over the past 30 years. The ASIR and ASPR of males have
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Figure 5 ARIMA predictive model stratified by sex to predict psoriasis disease burden over the next 15 years. (A)ASIR; (B) ASPR; (C) ASDR.
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standardized incidence rate; ASPR, Age-standardized prevalence rate; ASDR, Age-standardized disability-adjusted life-year rate.

gradually surpassed those of females, which is consistent with previous studies.*> Although some studies have also

34,35

suggested that the incidence of psoriasis is relatively balanced between genders, a phenomenon that we speculate

may be related to the physiological factors, lifestyle (smoking, drinking, exercise, etc), and differences in the expectation
of treatment efficacy etc.’~>*

We also conduct a stratified analysis of psoriasis incidence by age group, which shows a bimodal trend in 1990 and
2021. In 1990, the incidence peaks mainly in childhood and middle-aged, and is more pronounced in the 35-39 ages.
However, in 2021, the incidence is mainly concentrated in childhood and middle-aged and older adults, and is more
pronounced in the 50-54 ages. The ASIR, ASPR, and ASDR peaks in 1990 and 2021 in middle-aged and older adults
(55-75 years) and then declines with age, which is associated with a gradual increase in mortality with age in the elderly
and this trend is similar to the findings of previous studies.'®*° To differentiate the burden of disease by gender at
different ages, we find that gender does not show differences in age groups. Global numbers of prevalence, incidence,
and DALY shift progressively to higher ages in the study years, which may be explained by population aging and
increasing population size.

A significant trend of increasing psoriasis ASPR, ASIR and ASDR is observed in all SDI regions from 1990 to 2021.
Significant differences in psoriasis disease burden between regions with different levels of socioeconomic development
are emphasized, which is attributed to multiple factors. In high SDI areas, which tend to be more industrialized, exposure

4041 psychosocial factors

to chemical compounds is greatly increased. Dietary changes (high-fat and high-sugar diets),
(stress, anxiety and depression, etc),”” and increased levels of disease awareness* have led to a significantly higher
psoriasis ASIR, and often resulted in a significantly higher burden of disease in these regions. For countries with large

population bases (China, India, USA, Germany, India) their numbers of psoriasis incidence, prevalence, and DALY's are
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the greatest. Regional differences in psoriasis disease are strongly associated with genetic differences, environment
exposure, and lifestyle.>*****> The disparities in these results may be related to differences in regional economic
development and the uneven distribution of healthcare resources, particularly in the levels of disease diagnosis and
treatment. Our estimates inherently reflect the cumulative impact of past therapeutic advances; therefore, the evolving
treatment landscape—particularly biologic therapies—remains a key contextual factor for interpreting long-term trends.
Future studies incorporating additional epidemiological, environmental, and behavioral data are needed to clarify the
underlying causes of the observed sex-, economic-, regional-, and country-level differences.

Our study is the most up-to-date and comprehensive analysis of the global burden of psoriasis based on the GBD available.
However, we should consider several limitations of this study. Firstly, despite the statistically robust methodology used in the
GBD, there are marked differences in the quality and availability of disease data across countries and regions, especially in
low- and middle-income countries that lack reliable and well-established disease registry systems. The estimates are not
derived from real-world studies and are potentially biased, leading to possible underestimation of their true burden of disease
or inaccurate data. Secondly, the variability in the levels and standards of psoriasis diagnosis and treatment across different
countries worldwide may impact the accuracy of outcome estimations. Thirdly, our future psoriasis incidence patterns and
trends are based on current conditions and do not take into account future changes in disease policies, medical technology
levels, and other factors. Therefore, they should be predicted at different points in time and update at any time according to the
actual situation. Furthermore, the estimates for 2020-2021 should be interpreted with caution, as the COVID-19 pandemic
may have led to under-diagnosis and altered healthcare-seeking behaviors for psoriasis, potentially affecting data complete-
ness and accuracy. Finally, the disability weights used in the calculation of DALY's are based on survey data, but the actual
experience of people with psoriasis in different cultures is individualized.

In conclusion, despite advances in psoriasis treatment, global ASPR, ASIR, and ASDR have continued to rise, with
middle-aged and older adults remaining the most affected populations. In the context of population aging and increasing
comorbidities, strengthening risk-factor management and prioritizing high-risk subgroups will be essential for region-
specific strategies and future healthcare planning.
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