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Background: Global epidemiological patterns of alopecia areata in pediatric populations remain inadequately characterized. We
evaluated the disease burden and trends among children and adolescents aged 0—19 years across 204 countries and territories from
1990 to 2021 and projected the disease development from 2022 to 2040.

Methods: Using Global Burden of Disease (GBD) 2021 data, we analyzed incidence, prevalence, and disability-adjusted life years
(DALYs), stratified by sex, age, and Sociodemographic Index (SDI). Temporal trends were quantified via estimated annual percentage
changes (EAPC) in age-standardized rates. The Bayesian age cohort model was used to predict prevalent cases trend from 2022 to
2040.

Results: In 2021, global prevalent cases increased by 15.79% (1990-2021), yet age-standardized incidence (ASIR), prevalence
(ASPR), and DALY rates (ASDR) declined significantly (EAPC range: —0.092 to —0.099). Females consistently bore 75% higher
burden than males. Disease metrics escalated with age, peaking in the 15-19 age subgroup. Low-SDI group exhibited rising ASIR/
ASPR/ASDR (EAPC up to 0.050), contrasting declines in higher-SDI areas. High-income North America recorded the highest ASPR
(145.84/100,000) but the most rapidly decline (EAPC=—0.251), while Central Sub-Saharan Africa showed the steepest increases. India
reported the highest national prevalent cases (420,913) in 2021. The disease burden of alopecia areata among children and adolescents
aged 0—19 years worldwide and in India will tend to be stable from 2022 to 2040, while the disease burden in China will rise, and in
the United States of America, it will continue to decline.

Conclusion: Despite a decrease in the relative burden, the absolute number of alopecia areata cases rose globally. Critical disparities
persist among females, adolescents (15-19 years), and low-SDI populations—particularly in Central Sub-Saharan Africa. Targeted
interventions for these vulnerable groups are urgently needed.
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Introduction

Alopecia areata (AA) is a non-scarring autoimmune disorder characterized by hair loss. While its precise etiology
remains incompletely elucidated, genetic predisposition, environmental triggers, and immune dysregulation are impli-
cated. The global prevalence of alopecia areata is approximately 0.1%-2.1%, with a lifetime risk nearing 2%. The
prevalence of children and adolescents is estimated at 1.83%.'* Children and adolescents with alopecia areata develop
rapidly and are prone to developing alopecia areata totalis and alopecia universalis, and early onset of these conditions is
clearly linked to poor treatment results.” Although alopecia areata itself is not serious enough to threaten life, the sudden
onset of hair loss in alopecia areata seriously affects the appearance and image of children and adolescents, increasing
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their vulnerability to ridicule, isolation, and even school bullying from peers, resulting in anxiety, depression, inferiority
complexes, learning and social difficulties.® Severe alopecia areata requires long-term systemic use of medication, and
its side effects may affect the growth and development of children and adolescents. Alopecia areata among pediatric
patients have an increased risk of developing autoimmune disorders and metabolic disorders, such as atopic dermatitis,
vitiligo, psoriasis, obesity, hyperlipidemia, diabetes mellitus and metabolic syndrome.””'' Among children and adoles-
cents, alopecia areata is a substantial public health problem.

12714 children are not scaled-

Although studies have reported the disease burden of alopecia areata in all age groups,
down adults, and the disease burden and future projected trends in the pediatric population still lack sufficient attention.
Our investigation pioneers the use of the Global Burden of Disease(GBD) 2021 database to conduct a comprehensive
global assessment of alopecia areata incidence, prevalence, and disability-adjusted life years (DALYs) specifically among
individuals aged 0-19 years. We analyzed trends stratified by sex, age group, and Sociodemographic Index (SDI),
exploring pediatric-specific patterns and SDI-disease burden relationships. We used the Bayesian age cohort (BAPC)
model to predict the prevalence trend from 2022 to 2040. This analysis provides novel evidence to inform future

epidemiological studies, preventive strategies, and health policy formulation.

Methods

Study Population and Data Collection

This study focused on the disease burden of alopecia areata in children and adolescents aged 0—19 years. Data were
sourced from GBD 2021."> The GBD 2021 database provides exhaustive estimates for 371 diseases and injuries across
204 countries and territories, categorized into 21 GBD regions, spanning 1990 to 2021. Utilizing available data, we
retrieved figures for alopecia areata case counts, prevalence, incidence, and DALY in the target age group (<20 years),
along with corresponding demographic and geographic variables (age, sex, SDI, region, country). Our analysis relies on
the GBD study’s modeled estimates. It is important to note that the accuracy and precision of these estimates are
contingent on the availability and quality of underlying input data. Estimates for low-income countries and regions with
weak health information systems are associated with higher uncertainty due to reliance on modeling and sparser primary
data. This inherent characteristic of global comparative estimates should be considered when interpreting this study’s
findings.

Definitions
DALY: This metric quantifies overall population health loss, combining Years of Life Lost (YLLs) due to premature
mortality and Years Lived with Disability (YLDs) attributable to alopecia areata.

Age Stratification: the study cohort (<20 years) was divided into four subgroups: <5 years, 5-9 years, 10-14 years,
and 15-19 years.'>'¢

Socio-demographic Index (SDI): Representing socio-demographic development (scale 0—1), SDI integrates three
components: lag-distributed income (LDI) per capita, mean educational attainment for individuals aged >15 years
(EDU15+), and the total fertility rate for women under 25 (TFU2S5). Countries were classified into five SDI quintiles:
low, low-middle, middle, high-middle, and high. Higher SDI typically correlates with better population health outcomes.

Data Extraction and Uncertainty: The GBD Data Exchange tool provided location-, sex-, and age-specific data for
incidence, prevalence, and DALY data. The 95% uncertainty interval (UI) for each estimate, derived from the 2.5th and
97.5th percentiles of 1000 posterior draws, reflects modeling uncertainty.

Case Definition: AA cases were identified using ICD-10 codes L63-L63.9 (skin or subcutaneous diseases) within the
GBD 2021 cause list.'>'®

Reporting Standards: This study adheres to the GATHER (Guidelines for Accurate and Transparent Health Estimates
Reporting) statement (Supplementary Table S1).

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


https://www.dovepress.com/article/supplementary_file/582775/582775%20Supplementary%201.24%20CLEAN.docx

Lu et al

Statistical Analysis

Descriptive statistics characterized the overall alopecia areata burden of globally and across strata (age, sex, SDI,
location), using age-standardized rates (ASRs). Global, regional, and national prevalence and YLDs for pediatric
alopecia areata were calculated and reported with 95% Uls. Rates are expressed per 100,000 population. Temporal
trends were assessed using Estimated Annual Percentage Change (EAPC): An upward trend in the ASR was indicated
if both the EAPC and the lower limit of its 95% confidence interval (CI) were positive. A downward trend was
indicated if the upper limit of the EAPC’s 95% CI was negative. EAPCs were computed for Age-Standardized
Incidence Rate (ASIR), the Age-Standardized Prevalence Rate (ASPR), and Age-Standardized DALY Rate (ASDR)
to quantify changes in the burden of alopecia areata over time. Findings are presented for all GBD regions and 204
countries/territories, contextualized by their SDI values.”>™'” To predict the future burden of alopecia areata in
adolescent under 20 years of age, we used the Bayesian Age-Period-Cohort (BAPC) model to project the future
burden from 2022 to 2040. This model operates within a Bayesian framework, extending the traditional Generalized
Linear Model (GLM) by simultaneously accounting for the independent effects of age, period, and cohort. It assumes
that the data follow a Poisson distribution and utilizes prior distributions, such as a Random Walk, to smooth the
estimates for these three dimensions, thus enhancing the stability of the projections. A key advantage of the BAPC
model is its implementation of the Integrated Nested Laplace Approximation (INLA) algorithm, which efficiently
approximates the posterior marginal distributions and enables more accurate estimation of unknown parameters than
conventional methods. For model validation, the “retro=TRUE” argument was specified to generate retrospective
predictions for the past 25 years within the observation period, enabling in-sample accuracy assessment and ensuring
the model’s robustness before extrapolating future trends. This well-validated approach has been extensively applied in
descriptive epidemiology, providing a reliable foundation for forecasting the incidence and mortality of various health
conditions.

Results
Global Trends

Alopecia areata burden in children and adolescents exhibited a dual global pattern: increasing absolute burden alongside
decreasing relative burden. Worldwide prevalent cases rose from 2,112,572 (95% UI: 1,985,970-2,239,288) in 1990 to
2,446,132 (95% UI: 2,297,538-2,591,574) in 2021, a 15.79% increase (Table 1). Incident cases increased by 15.81%,
from 3,879,078 (95% UI: 3,632,198-4,123,095) to 4,492,409 (95% UI: 4,206,530—4,769,159) (Supplementary Table S2).
DALYs reached 81,979 (95% UI: 53,440-118,068) in 2021, marking a 15.99% rise from 70,677 (95% UI: 46,053—
101,658) in 1990 (Table 1). Conversely, the ASPR declined from 93.23 (95% UI: 84.20-102.63) to 90.77 (95% UI:
82.06-99.80) per 100,000 (EAPC = —0.099). The ASDR decreased from 3.12 (95% UI: 2.01-4.56) to 3.04 (95% UL
1.97-4.41) per 100,000 (EAPC = —0.092) (Table 1). Collectively, all ASRs (ASPR, ASIR, ASDR) demonstrated
consistent declines over 32 years (Table 1, Supplementary Table S2 and Figure 1). Compared with the total number of

alopecia areata cases, the proportion of prevalent cases in children and adolescents has been decreasing, from 18.33% in
1990 to 13.96% in 2021 (Supplementary Figure S1).

Sex-Specific Burden Trends

From 1990 to 2021, incident, prevalent, and DALY cases of alopecia areata among children and adolescents increased
globally for both males and females, with females consistently exhibiting higher case numbers than males (Table 1,
Supplementary Table S2 and Figure 1). Global prevalent cases among pediatric females rose by 15.40%, from
1,319,692 (95% UI: 1,239,904-1,399,393) to 1,522,863 (95% UI: 1,429,639-1,617,120) (Table 1). While ASIR,
ASPR, and ASDR declined for both sexes in 2021, the improvement was more pronounced in males. Female rates
substantially exceeded male rates: ASIR (213.65 vs 122.30 per 100,000), ASPR (116.52 vs 66.51 per 100,000), and
ASDR (3.90 vs 2.23 per 100,000), representing approximately 175% of the male burden across all metrics (Table 1 and

Supplementary Table S2).
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Table | Age-Standardized Prevalence and DALYs of Alopecia Areata Among Children

and Adolescents Aged 0—19 years Between 1990 and 2021 at the Global and Regional Levels

Characteristics Prevalence DALYs
Cases in 1990 Age-Standardized Cases in 2021 Age-Standardized Percentage EAPC Cases in 1990 Age-Standardized Cases in 2021 Age-Standardized Percentage EAPC (95%
(95% UI) RATE in 1990 (Per (95% UI) Rate in 2021 (Per Change (%) (95% CI) (95% UI) Rate in 1990 (Per (95% UI) Rate in 2021 (Per Change (%) CI)
100,000) (95% UI) 100,000) (95% UI) 100,000) (95% UI) 100,000) (95% UI)
Global 2112572 93.23 2446132 90.77 15.79 —0.099 (-0.109 70677 312 81979 3.04 15.99 —0.092 (-0.103
(1985970-2239288) (84.20-102.63) (2297538-2591574) (82.06-99.80) to —0.089) (46053-101658) (2.01-4.56) (53440-118068) (1.97-4.41) to —0.082)
Sex
Female 1319692 119.12 1522863 116.52 15.40 —0.090 (—0.099 44122 3.98 50980 3.90 15.54 —0.085 (-0.094
(1239904-1399393) (107.54-130.98) (1429639-1617120) (105.05-128.01) to —0.082) (28824-63505) (2.56-5.87) (33223-73173) (2.52-5.67) to —0.075)
Male 792880 68.48 923269 66.51 16.44 —0.095 (-0.105 26554 229 30999 223 16.74 —0.088 (-0.098
(743109-839622) (61.68-75.43) (866773-979090) (60.04-73.28) to —0.085) (17207-38201) (1.48-3.33) (20172-44931) (1.43-3.26) to —0.077)
Age
<5 253413 40.88 271741 41.29 723 —0.024 (—0.066 8493 1.37 9156 1.39 7.80 —0.013 (-0.056
(231490-275233) (37.34-44.40) (247910-294945) (37.67-44.81) to 0.018) (5549-12446) (0.90-2.01) (5913-13339) (0.90-2.03) to 0.031)
5t09 454272 77.85 523942 76.26 15.34 —0.077 (-0.086 15249 261 17635 257 15.65 —0.067 (-0.077
(411721-499849) (70.56-85.66) (474716-576884) (69.09-83.96) to —0.067) (9738-22364) (1.67-3.83) (11250-25286) (1.64-3.68) to —0.057)
10 to 14 525650 98.13 638665 95.80 21.50 —0.089 (—0.096 17630 329 21396 3.21 21.36 —0.085 (-0.091
(473195-576923) (88.33-107.70) (575789-701976) (86.37-105.30) to —0.083) (11479-25755) (2.14-4.81) (14049-31110) (2.11-4.67) to —0.078)
15t 19 879237 169.27 1011783 162.15 15.08 —0.140 (-0.148 29305 5.64 33793 542 1531 —0.135 (-0.143
(791428-973570) (152.37-187.43) (912707-1116256) (146.27-178.89) to —0.131) (18720-42740) (3.60-8.23) (21972-48971) (3.52-7.85) to —0.127)
SDI
Low SDI 217490 83.44 483756 84.19 122.43 0.030 7226 277 16133 28l 123.26 0.050
(204172-230150) (75.40-91.78) (454984-511719) (76.02-92.69) (0.027 to 0.034) (4677-10405) (1.76-4.03) (10494-23301) (1.80-4.10) (0.044 to 0.055)
Low-middle SDI 481731 84.26 659579 84.06 36.92 -0.008 (-0.017 16028 2.80 22101 282 37.89 0.008 (—0.000 to
(453144-509772) (75.95-92.89) (618570-698163) (75.75-92.68) to —0.000) (10236-23158) (1.80-4.13) (14246-31493) (1.79-4.08) 0.017)
Middle SDI 739782 94.58 722934 93.29 -2.28 —0.059 (—0.069 24779 317 24259 3.13 -2.10 —0.050 (—0.060
(695071-787880) (85.19-104.44) (678016-768307) (84.26-102.69) to —0.049) (16299-35597) (2.04-4.62) (15920-34785) (2.02-4.56) to —0.040)
High-middle SDI 370928 96.06 300777 96.12 —1891 —0.019 (-0.028 12481 323 10133 3.24 —18.81 —-0.013 (-0.022
(347737-396290) (86.29-106.33) (282510-320223) (86.46-106.32) to —0.011) (8060-17942) (2.06-4.74) (6667—14509) (2.06-4.79) to —0.005)
High SDI 300780 114.44 277195 113.28 ~7.84 -0.052 10101 384 9290 3.80 -8.03 —0.056 (—0.084
(282356-318585) (103.65-125.66) (260907-293867) (102.61-124.30) (-0.08I to (6587-14592) (2.46-5.66) (5996—13487) (2.43-5.57) to —0.028)
-0.023)
Region
Andean Latin 16809 89.56 21423 89.06 (79.54-98.96) 27.45 —0.026 (—0.029 565 (347-830) 3.01 (1.70-4.72) 715 (444-1045) 297 (1.73-4.61) 26.58 -0.022 (-0.035
America (15747-17925) (79.99-99.58) (20065-22837) to —0.022) to —0.009)
Australasia 7370 111.57 8685 (8117-9269) 111.76 17.85 —0.003 (-0.008 247 (150-369) 3.75 (2.09-5.99) 292 (175-448) 3.76 (2.12-6.06) 18.23 —0.003 (-0.018
(6886-7880) (99.99-123.90) (100.16-124.11) to 0.003) to 0.011)
Caribbean 13764 89.66 14064 89.56 (79.98-99.54) 2.18 -0.014 (-0.018 461 (293-682) 3.00 (1.85-4.57) 469 (303-678) 2.99 (1.80-4.52) 1.74 -0.020 (-0.028
(12878-14667) (80.08-99.69) (13160-14987) to —0.011) to —0.013)
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Central Asia

Central Europe

Central Latin
America
Central Sub-
Saharan Africa

East Asia

Eastern Europe

Eastern Sub-
Saharan Africa
High-income
Asia Pacific
High-income
North America
North Africa and
Middle East

Oceania

South Asia

Southeast Asia

Southern Latin
America
Southern Sub-
Saharan Africa
Tropical Latin
America

Western Europe

Western Sub-

Saharan Africa

27430
(25717-29267)
36798
(34476-39156)
73886
(69348-78656)
24483
(23022-26071)
477061
(445125-512562)
61789
(58097-66006)
88674
(83382-94168)
61634
(57377-65898)
114193
(107644-120796)
139971
(131293-148646)
3334
(3122-3547)
414678
(389435-441058)
244546
(228914-259275)
21842
(20399-23356)
22561
(21211-23922)
63593
(59821-67952)
112439
(105217-120220)
85716
(80843-90779)

89.49
(79.93-99.47)
89.81
(80.62-99.32)
89.93
(80.80-99.64)
85.05
(76.03-94.54)
97.55
(87.05-108.47)
90.38
(80.71-100.24)
85.65
(77.05-94.65)
11.10
(99.58-122.90)
136.55
(124.11-149.85)
81.28
(72.84-89.81)
10234
(91.38-113.69)
7887
(70.80-87.47)
11085
(99.46-122.35)
11.77
(99.77-124.52)
86.21
(77.54-95.12)
90.52
(80.65-100.46)
107.14
(96.28-118.06)
85.88
(77.15-94.81)

29879
(28051-31876)
21962
(20580-23368)
80310
(75189-85577)
61231
(57469-65149)
343765
(321437-368018)
42978
(40459-45924)
193617
(181425-205601)
36776
(34282-39190)
122222
(115145-129430)
194652
(182533-206840)
6298 (5898-6698)

567916
(531452-604306)
262463
(244827-278558)
23107
(21547-24724)
27221
(25581-28857)
61403
(57653-65701)
103433
(96917-110404)
222727
(209834-235662)

88.97 (79.46-98.86)

89.56 (80.40-99.03)

90.00 (80.87-99.66)

85.57 (76.49-95.10)

98.03 (87.48-108.93)

90.20 (80.50-100.03)

86.07 (77.29-95.14)

11135
(99.79-123.17)
12853
(116.79-140.92)
81.72 (73.23-90.41)

102.11
(91.19-113.45)
79.08 (70.96-87.74)

11067
(99.37-122.23)
11241
(100.34-125.25)
85.91 (77.27-94.84)

89.86 (80.08-99.70)

107.41
(96.47-118.38)
85.95
(77.24-94.86)

893

—40.32

8.69

150.10

—27.94

—30.44

11835

—40.33

39.07

88.89

36.95

7.33

579

20.66

~3.44

-8.01

159.84

~0.045 (~0.054
t0 ~0.035)
~0.025 (~0.032
t0 ~0.018)
~0.005 (~0.009
t0 ~0.001)
0019 (0.017 to
0.021)
~0.033 (~0.050
t0 ~0.016)
~0.028 (~0.047
t0 ~0.009)
0019 (0.018 to
0019)
0.009 (0.003 to
0015)
~0.251 (-0.328
to ~0.175)
0.006 (0.000 to
0012)
~0011 (-0.014
to ~0.008)
0015 (0.009 to
0.021)
~0.008 (~0.010
to ~0.006)
0.002 (~0.007 to
0011)
~0019 (-0.023
to ~0.014)
~0.023 (~0.028
t0 -0019)
0.003 (-0.001 to
0.007)
0.006 (~0.004 to
0017)

920 (581-1358)

1238
(795-1806)
2476
(1625-3587)
813 (518-1226)

16050
(10535-23136)
2074
(1357-3015)
2949
(1899-4235)
2072
(1345-3017)
3831
(2463-5555
4692
(2982-6809)
111 (69-166)

13762
(8889—19841)
8188
(5251-11914)
739 (453-1074)

753 (478-1116)
2119
(1379-3096)
3771
(2455-5443)
2847
(1830-4091)

3.00 (1.844.64)

3.02 (1.904.50)

3.01 (1.904.42)

2.82 (1.62-4.47)

3.28 (2.08-4.84)

3.03 (1.944.53)

2.85 (1.78-4.21)

3.74 (2.33-5.56)

458 (2.93-6.74)

2.72 (1.72-4.05)

341 (1.98-5.34)

262 (1.67-3.87)

371 (2.35-5.46)

3.78 (2.19-5.98)

2.88 (1.79-4.32)

3.02 (1.91-4.49)

3.60

(2.29-5.34)

285
(1.804.18)

1005
(656-1500)
736 (470-1069)

2689
(1697-3908)
2044
(1299-3078)
11614
(7581-16795)
1444
(946-2068)
6472
(4168-9447)
1235
(796-1785)
4088
(2654-5958)
6522
(4211-9383)
212 (132-310)

19006
(12275-27145)
8808
(5642-12764)
774 (490-1139)

912 (578-1314)

2048
(1336-2979)
3466
(2219-4974)
7431
(4841-10713)

299 (1.82-4.61)

3.00 (1.884.42)

3.01 (1.88-4.48)

2.85 (1.66-4.62)

331 (2.09-4.89)

3.03 (1.95-4.55)

2.88 (1.80-4.25)

3.74 (236-5.62)

430 (2.74-6.35)

274 (1.72-4.12)

343 (1.94-5.42)

2,65 (1.69-3.85)

371 (2.34-5.46)

3.77 (2.26-5.86)

2.88 (1.75-4.34)

3.00 (1.89—4.48)

3.60

(2.29-5.32)

287
(1.82-4.20)

9.26

—40.56

857

151.30

—27.64

-30.39

119.48

—4041

6.71

39.01

90.43

38.10

7.57

4.77

20.97

-3.35

—8.08

161.02

~0.041 (-0.053
t0 ~0.028)
~0.022 (-0.031
t0 ~0.013)
0.001 (~0.005 to
0.007)
0.045
(0.034 to 0.056)
~0.020 (-0.037
to ~0.004)
~0.020 (-0.038
t0 ~0.001)
0.041
(0.036 to 0.047)
0.010 (0.002 to
0.019)
~0.258 (~0.335
to ~0.180)
0011 (0.004 to
0018)
~0.000 (-0.012
t0 0.012)
0.034 (0.028 to
0.041)
0.005 (0.000 to
0.010)
~0.007 (~0.020
to 0.005)
~0.013 (-0.019
to ~0.006)
~0.012 (-0.018
to ~0.006)
0.001 (~0.004 to
0.005)
0.025
(0.012 to 0.037)

Abbreviations: DALYs, disability-adjusted life-years; SDI, socio-demographic

index.
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Figure | Age-standardized rate of alopecia areata among children and adolescents aged 0-19 years by sex, age, and SDI levels from 1990 to 2021. (A, D, G) Age-
standardized incidence trends; (B, E, H)Age-standardized prevalence trends; (C, F, 1) Age-standardized DALY trends.
Abbreviation: DALYs, disability-adjusted life-years.

Age-Subgroup Variations

All four pediatric age subgroups experienced increases in incident cases, prevalent cases, and DALY's from 1990 to 2021.
The 10-14 age group showed the highest growth in prevalent cases (21.5%, 525,650 to 638,665), while the <5 age group
exhibited the lowest (7.23%, 253,413 to 271,741) (Table 1, Supplementary Table S2 and Figure 1). The 15-19 age group
consistently bore the highest proportion of pediatric alopecia areata burden across all metrics (incidence, prevalence,
DALYs), with burden proportion decreasing as age decreased (Figure 1). ASIR, ASPR, and ASDR declined across all
age subgroups, with the most significant decrease in ASPR observed in the 15-19 age group (EAPC = —0.140) and the
slowest in the <5 age group (EAPC = —0.024). Burden metrics escalated with age, peaking in the 15-19 year group and
being lowest in the <5 age group (Figure 1 and Supplementary Figures S2—S4).

SDI-Based Disparities

From 1990 to 2021, low and low-middle SDI regions witnessed substantial increases in pediatric alopecia areata incident
cases, prevalent cases, and DALYs, particularly in low SDI areas (eg, prevalent cases increased by 122.43%, from
217,490 to 483,756). Conversely, middle, high-middle, and high SDI regions experienced declines, most notably in high-
middle SDI prevalent cases (—18.91%, 370,928 to 300,777) (Table 1 and Figure 2). In 2021, middle SDI regions had the
highest prevalent cases (722,934), while high SDI regions had the lowest (277,195). Only the low SDI group showed
rising trends in ASIR, ASPR, and ASDR (EAPCs = 0.030, 0.030, 0.050, respectively). Other groups declined, with
significant reductions in middle (EAPCs = —0.059, —0.059, —0.050) and high SDI regions (EAPCs = —0.059, —0.052,
—0.056) (Table 1 and SupplementaryTable S2). Among SDI quintiles in 2021, the high SDI group exhibited the highest
ASIR (207.81), ASPR (113.28), and ASDR (3.80) per 100,000. A positive correlation was observed between SDI level
and pediatric alopecia areata burden metrics (Table 1, Supplementary Table S2 and Figure 1).

Regional Heterogeneity

South Asia reported the highest burden numerically in 2021 (prevalent cases: 567,916; incident cases: 1,044,502;
DALYs: 19,006), while Oceania reported the lowest (prevalent cases: 6,298; incident cases: 11,551; DALYs: 212)
(Table 1, Supplementary Table S2 and Supplementary Figures S5-S7). The most rapid growth in prevalent cases
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Figure 2 Percentage change and EAPC of alopecia areata in children and adolescents aged 0—19 years. (A) Percentage change from 1990 to 2021 at the global, SDI and 21
regions levels; (B) EAPC of incidence, prevalence, and DALYs from 1990 to 2021 at the global, SDI, and 21 regions levels.
Abbreviations: DALYs, disability-adjusted life-years; EAPC, estimated annual percentage change; SDI, socio-demographic index.

occurred in Western Sub-Saharan Africa (159.84%), Central Sub-Saharan Africa (150.10%), and Eastern Sub-Saharan
Africa (118.35%), all of which increased by more than double. During the same period, the most rapid decrease was
observed in High-income Asia Pacific (—40.38%) and Central Europe (—40.32%)(Table 1, Supplementary Table S2,
Figures 2 and 3, Supplementary Figures S5-S7). From 1990 to 2021, significant regional variations existed in ASIR,

ASPR, and ASDR for alopecia areata among children and adolescents. High-income North America exhibited the highest
rates (ASPR: 145.84; ASIR: 128.53; ASDR: 4.30 per 100,000), whereas South Asia had the lowest (ASPR: 79.08; ASIR:
145.18; ASDR: 2.65 per 100,000). Central Sub-Saharan Africa (EAPC=0.019), Eastern Sub-Saharan Africa
(EAPC=0.019), and South Asia (EAPC=0.015) showed the largest ASPR increases. The most substantial ASPR declines
occurred in High-income North America (EAPC=-0.251) and Central Asia (EAPC=—0.045) (Table 1).

National-Level Variations

Significant heterogeneity in pediatric alopecia areata burden was observed across countries from 1990 to 2021
(Supplementary Tables S3-S5, Figure 4 and Supplementary Figures S8-S11). In 2021, India (420,913), China
(332,671), and the United States (111,439) had the highest numbers of prevalent cases, and were also among the world’s
top three countries by population. Qatar (298.01%), Angola (235.65%), and Chad (216.90%) recorded the largest
percentage increases in prevalent cases, while Bosnia and Herzegovina (—54.74%) and Albania (—54.51%) recorded
the largest percentage decreases. American Samoa (EAPC=0.061), Bhutan (EAPC=0.059), and Gabon (EAPC=0.05)
exhibited the most significant ASPR increases, whereas the United States (EAPC=—0.277), Equatorial Guinea (EAPC=
—0.133), and Georgia (EAPC=—0.078) demonstrated the sharpest declines. ASDR decreased notably in many nations,
most prominently in the United States (EAPC=-0.284), followed by Georgia (EAPC=-0.086), Armenia (EAPC=
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—0.075), and Equatorial Guinea (EAPC=-0.073). Conversely, Malawi (EAPC=0.075), the United Republic of Tanzania
(EAPC=0.071), and American Samoa (EAPC=0.071) had the largest increases in ASDR.

Future Projections of Alopecia Areata Burden

We predicted the incidence, prevalence and DALYs of alopecia areata in children and adolescents aged 0-19 years
worldwide from 2022 to 2040. The results showed that the incidence, prevalence and disease burden of alopecia areata in
children and adolescents worldwide are stable from 2022 to 2040 and it is expected that there will be no large-scale
fluctuations. Since India, China, and United States of America have the highest prevalent cases of alopecia areata in children
and adolescents, and are also the three countries with the largest population in the world, we also predict the future trend of
India, China and United States of America. The ASPR, ASIR, and ASDR of alopecia areata among children and adolescents
continue to rise in China, in contrast to declines in the United States of America and relative stability in India (Figure 5).

Discussion

This investigation provides the first comprehensive assessment of alopecia areata incidence, prevalence, and DALYs
specifically among children and adolescents aged 0-19 years across global, regional, and national scales from 1990 to
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2021. Our research showed that the absolute burden of alopecia areata increased while the relative burden decreased in
children and adolescents. Notably, the elevated absolute burden of alopecia areata stems from the “base effect” of global
and regional child population expansion, rather than the aggravation of disease severity itself or the regression of prevention
and control efforts. In contrast, the decline in ASIR and ASDR reflects the overall improvement in global prevention and
control of childhood alopecia areata, driven by evidence-based modifiable factors and early interventions. First, the
advancement of global child health screening systems have significantly enhanced the early recognition of childhood
alopecia areata, particularly in medium- to high-SDI regions. Early interventions, such as topical corticosteroid therapy and
psychological support, can effectively control disease progression, reduce the risk of chronicity, and thereby mitigate the
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Figure 5 Predicted trends of the burden of alopecia areata in children and adolescents aged 0-19 years from 2022 to 2040 in global, China, India and United States of
America. (A, C, E) was respectively the number of incidence, prevalence, and DALY of alopecia areata in children and adolescents aged 0—19 years from 2022 to 2040 in
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Abbreviations: ASIR, Age-standardized incidence; ASPR, Age-standardized prevalence; ASDR, Age-standardized DALYs.

cumulative impact of morbidity. Second, the occurrence of childhood alopecia areata is closely associated with modifiable
factors, including allergic diathesis, comorbid autoimmune diseases (eg, allergic rhinitis, asthma), and psychological
stress.”"'! In recent years, global advances in the prevention and control of childhood allergic disease (eg, allergen exposure
management, standardized anti-allergic treatment) and the popularization of child mental health services have effectively
reduced the risk of childhood alopecia areata, further contributing to the decline in relative burden indicators.

Multiple epidemiological studies have reported sex differences in the incidence of alopecia areata,'®'° but data on
adolescents aged 0—19 years are particularly scarce. Our research revealed that, in children and adolescents with alopecia
areata, females had higher ASIR, ASPR, and ASDR than males did, with percentages of 173%, 175%, and 175%,
respectively. Moreover, the downward trend in females was slower than that in males, indicating a persistently greater
disease burden in this group. Sex differences between females and males may result from immune-genetic susceptibility,
behavior and other factors. Females undergo significant endocrine fluctuations throughout their lives (eg, puberty,
pregnancy), and hormones affect immune regulation. Studies have found that estrogens can modulate the Th17/Treg
immune balance, which has been implicated in alopecia areata pathogenesis and may be related to disease severity.'®2°
Females also exhibit higher lifetime risks for other autoimmune conditions like rheumatoid arthritis, inflammatory bowel
disease, and atopic dermatitis.'®'"! Behaviorally, adolescent females often demonstrate greater health awareness
regarding conditions affecting appearance, leading to higher healthcare utilization rates and potentially better adherence
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to treatment regimens. Future research should delve deeper into the molecular and psychosocial mechanisms under-
pinning these sex-based differences in alopecia areata in children and adolescents.

One of the main findings in our study was that the 15-19 age group had the highest ASIR, ASPR, and ASDR for
alopecia areata among children and adolescents, indicating that adolescence between 15 and 19 years of age was a critical
new onset period for alopecia areata and a major disease burden for adolescents. This may be related to the complex
relationship between changes in androgen and estrogen levels and autoimmune responses during 15-19 years, followed by
increased academic pressure during adolescence.”>** Cultural beliefs that associate alopecia areata with “infectious
diseases” or “poor hygiene” in underdeveloped areas create stigma among adolescents with alopecia areata, postponed
medical treatment and early diagnosis. Although the incidence rate in the <5 years age group exhibited the slowest increase,
the decrease in the ASPR was also the slowest, while the value in the 15-19 years age group exhibited the most obvious
downward trend. This underscores need to focus disease management efforts not only on the high-burden adolescent group
but also on optimizing early childhood detection and intervention. Previous studies identify early AA onset as a predictor of
treatment resistance and disease severity.’ Therefore, early diagnosis and intervention of the disease are crucial for
preventing the progression of alopecia areata and minimizing its psychosocial impact on children and adolescents.

Our results also showed large differences across SDI regions. As the SDI increased, the ASIR, ASPR, and ASDR of
children and adolescents with alopecia areata also increased. The burden in the high-SDI group was the greatest at that
time, but it clearly decreased. On the other hand, the problem of low SDI worsened every day. We need to be careful and
pay more attention to this. These findings are consistent with earlier studies, which showed that at the national level,
people with higher socioeconomic status had a greater risk of alopecia areata. This might be because they have a worse
prognosis with metabolic and autoimmune diseases. The incidence of alopecia areata varies widely geographically
among children and adolescents, consistent with existing data. In this study, high-income North America exhibited the
highest ASPR, ASIR, and ASDR, suggesting a significant burden of alopecia areata in this region. The disease burden in
High-income North America showed the greatest downward trend. In contrast, Central Sub-Saharan Africa demonstrated
the most substantial increases in burden rates, signifying an escalating regional challenge. These geographic disparities
likely originate from divergent environmental exposures, healthcare access limitations, cultural practices, and socio-
economic condition.”> ** Studies indicate higher lifetime AA incidence and associated anxiety, particularly impacting
work absenteeism, among Black populations predominantly residing in Central Sub-Saharan Africa. Factors prevalent in
this region, including dense populations, suboptimal living conditions that increase inflammation risk, micronutrient
deficiencies (eg, vitamin D, zinc, folate) linked to alopecia areata and limited healthcare resources, contribute to this
rising burden.”*?® The health-care setting in central sub-saharan Africa (low SDI region) is characterized by: (1) an
extreme shortage of dermatologists and pediatric dermatologists, with a physician-to-population ratio well below the
global average; (2) limited access to diagnostic tools (such as dermoscopy) and treatment options (such as first-line
topical immunotherapy); and (3) severely inadequate public health system attention and resource allocation for nonfatal,
noncommunicable skin diseases. Although alopecia areata is not directly life-threatening, its high morbidity, ongoing
burden, and potentially serious psychosocial consequences, coupled with the “Minor illness-major impairment” effect
exacerbated by extreme medical resource constraints, have been a major concern for the health-care industry, it is of great
public health urgency and health equity significance to develop and implement cost-effective alopecia areata, screen and
standardize the diagnosis and management of alopecia areata.”’ 2> We recommend that international organizations, aid
agencies, and national health authorities work together to prioritize community-based and primary health care-based skin
health training programs in these regions, while exploring innovative solutions such as distal dermatology.

We used the BAPC model to predict the burden of alopecia areata in children and adolescents aged 0—19 years worldwide
from 2022 to 2040, revealing a significant contrast: in China, the burden of alopecia areata among children will continue to
increase, while in the United States it will continue to decline. This difference stems from specific drivers in different countries.

In China, fierce academic competition exposes children to long after-school tutoring and heavy homework, leading to
long-term elevated psychological stress, which may activate the hypothalamic-pituitary-adrenal (HPA) axis, intensify
autoimmune responses and increase the risk of alopecia areata. Second, rapid urbanization and industrialization have led
to ongoing environmental challenges, including air pollution that disrupts immune regulation, and dietary westernization
that affects gut microbiota balance and systemic inflammation (eg, increased intake of high sugar and processed foods),
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both of which contribute to an increased risk of alopecia areata.*>>* Third, increased awareness of diagnosis has enabled
more mild-to-moderate cases to be identified, resulting in higher reported prevalence rates. These intertwined factors have
exacerbated the rising burden of alopecia areata among children in China, calling for the development of comprehensive
prevention and control strategies that combine mental health support, environmental intervention and public education.

In contrast, the continued decline in the burden of alopecia areata in the United States is attributed to an optimized
and mature prevention and control system. First, despite high academic pressure, the United States has a mature and
widely available mental health support system for children and adolescents, which effectively alleviates the psychosocial
impact of stress on the development of alopecia areata. Second, the US health care system is characterized by a mature
hierarchical diagnosis and treatment model and extensive health insurance coverage, ensuring timely access to early
screening and standardized interventions in children with alopecia areata.*** This early intervention reduces the chronic
risk of disease and the cumulative burden of disease.

Treatment options for children with alopecia areata remain limited compared to those available for adults.*®>” Systemic
oral corticosteroids are a commonly used systemic treatment for childhood alopecia areata, typically providing a good initial
response, but with a high recurrence rate after discontinuation and a high risk of long-term side effects. Evidence supporting
the use of traditional immunomodulators (methotrexate, cyclosporine, azathioprine) in children is limited. The recent in-
depth understanding of the pathogenesis of alopecia areata has promoted the development of new treatment strategies, such
as Janus kinase (JAK) inhibitors, biologics, and several small molecule drugs. However, JAK is currently only suitable for
children over 12 years old and is expensive. Innovative strategies to address the complex interplay among genetic,
hormonal, environmental, and lifestyle factors in alopecia areata are essential. Tailoring personalized regimens to individual
patient profiles can optimize treatment outcomes while reducing adverse effects. Further, incorporating nutritional optimi-
zation and stress reduction into care protocols may augment clinical interventions and alleviate disease burden.

Strengths and Limitations

Using the GBD dataset, this study provides a more refined age decomposition, regional differences, and projections of
future global, Indian, China, and US burden of childhood alopecia areata. However, limitations still need attention. The
quality and availability of data on the burden of childhood alopecia vary by location and time, potentially affecting the
accuracy of estimates. For example, GBD in low-income countries may lack high-quality registration data for children
with alopecia areata, relying on models combined with limited data extrapolation to produce estimates, and there are
uncertainties. Second, the analysis primarily describes trends in burden, without establishing the causal mechanisms
underlying the observed patterns Future research should prioritize identifying specific risk factors and elucidating the
mechanisms underlying differential burden of alopecia areata across age, sex, geography, and socioeconomics.

Conclusion

In conclusion, compared to 1990, the global incident cases, prevalent cases, and DALYs of alopecia areata among
children and adolescents had increased in 2021, but overall the ASIR, ASPR, and ASDR were on a downward trend.
Specific demographic groups—females, adolescents aged 15-19 years, and populations in low-SDI regions, particularly
within Central Sub-Saharan Africa—continue to face disproportionately high burdens, demanding targeted interventions
and resource allocation. Despite the encouraging downward trajectory in relative burden, AA remains a significant health
threat for youth globally. The disease burden of alopecia areata among children and adolescents worldwide and in India
will tend to be stable from 2022 to 2040. In China, the disease burden will continue to rise, while in the United States it
will continue to decline. Sustained implementation of effective public health measures is crucial to further mitigate its
impact. The epidemiological evidence presented here serves as a vital foundation for guiding future research priorities,
shaping prevention programs, and informing equitable resource distribution strategies for pediatric alopecia areata.
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