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Li et al.

ORIGINAL ARTICLE

Temporal Trend and Health Inequality in the 
Burden of Autoimmune Diseases Among 
Older Adolescents and Young Adults Aged 
15-29 Years

ABSTRACT

Background/Aims: Autoimmune diseases (ADs) are a group of disorders 
characterized by the dysfunction of the immune system, leading to self-
directed attacks on organs or tissues. The global burden of ADs in older 
adolescents and young adults is still lacking and requires updates.This 
study described the global, regional, and country-specific disease burden 
and temporal trends of ADs in older adolescents and young adults (aged 
15-29 years) from 1990 to 2019.

Materials and Methods: Data from the 2019 Global Burden of Disease, 
Injury, and Risk Factors study were utilized to report age-standardized 
incidence rate (ASIR), age-standardized prevalence rate (ASPR), age-stan-
dardized mortality rate (ASMR), and age-standardized disability-adjusted 
life years (ASDR) rates of ADs at global, regional, and national levels. The 
average annual percent change was determined by Joinpoint regression 
analysis.

Results: In 2019, the burden of alopecia areata (AA) and rheumatic heart 
disease (RHD) in older adolescents and young adults was particularly nota-
ble. Specifically, the ASIR for AA was 493.84 per 100 000 (95% uncertainty 
interval (UI): 444.13, 544.49), while the ASPR, ASMR, and ASDR for RHD 
were 771.43 per 100 000 (95% UI: 529.38, 1074.04), 1.08 per 100 000 (95% UI: 
0.94, 1.23), and 108.36 per 100 000 (95% UI: 88.63, 133.67), respectively. From 
1990 to 2019, the heavy disease burden of ADs was more pronounced in the 
European region and region of the Americas, where Italy and El Salvador 
were particularly affected. Although the burden of ADs was generally more 
severe in females than in males across most regions, males consistently 
had higher ASIR (10.19 per 100 000; 95% UI: 4.68, 18.22), ASPR (249.77 per 
100 000; 95% UI: 186.89, 325.98), ASMR (0.53 per 100 000; 95% UI: 0.47, 0.60), 
and ASDR (47.59 per 100 000; 95% UI: 40.97, 56.34) for type 1 diabetes mel-
litus (T1DM) compared to females.

Conclusion: Globally, there is an increasing burden of AA, T1DM, and 
RHD in older adolescents and young adults. The American and European 
regions and females endure a severe burden of ADs. Healthcare providers 
should be aware of the heavy burden of ADs and develop age-appropri-
ate prevention, diagnosis, and intervention strategies to achieve health 
equity.
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Introduction

Autoimmune diseases (ADs) are a diverse group of sys-
temic immune-mediated disorders characterized by 
aberrant immune response against self-antigens, lead-
ing to chronic inflammation and subsequent tissue 
or organ damage.1 Globally, ADs affect approximately 
3%-5% of the population with a notable sex disparity, 
where females are disproportionately affected, exhib-
iting a female-to-male ratio as high as 10 : 1.2 The rising 
global burden of ADs impacts not only physical and psy-
chological well-being but also imposes substantial and 
escalating challenges on healthcare systems, families, 
and communities.3Although ADs can manifest at any 
age, growing evidence suggests an increasing incidence 
among children, adolescents, and young adults.4 Of par-
ticular concern is the fact that ADs have become a lead-
ing cause of chronic morbidity and even mortality among 
young and middle-aged women.5 Conditions such as 
inflammatory bowel disease (IBD) and juvenile idiopathic 
arthritis impose significant long-term health burdens on 
children and adolescents.6,7 This trend is especially alarm-
ing in low- and middle-income countries, where the rap-
idly growing youth population further accentuates the 
need for targeted health interventions.8

Older adolescents and young adults represent a tran-
sitional life stage marked by significant physiological, 
psychological, and social changes. This period is often 
associated with delayed diagnosis, suboptimal disease 
management, and unique healthcare challenges.9,10 
However, global epidemiological studies on ADs have pre-
dominantly focused on adults or the elderly, resulting in 
limited data and underrepresentation of this crucial age 
group.11 The underrepresentation of this demographic in 
AD surveillance may hinder the timely implementation of 
effective prevention, diagnosis, and treatment strategies. 
Therefore, understanding the epidemiological patterns 
and disease burden of ADs in this age group is essential 
to inform age-specific interventions and policy-making.

The Global Burden of Disease, Injuries, and Risk Factors 
(GBD) 2019 study offers a robust and comprehensive 

platform for evaluating temporal trends and regional 
patterns of disease burden across countries and popula-
tion.12 By incorporating standardized methods and time-
based health metrics, GBD 2019 enables comparative 
epidemiological analyses and supports evidence-based 
health policy development.13,14

In the present study, data from GBD 2019 were used to 
systematically evaluate the global, regional, and national 
burdens of 7 major ADs, including rheumatoid arthritis 
(RA), IBD, multiple sclerosis (MS), type 1 diabetes mellitus 
(T1DM), rheumatic heart disease (RHD), psoriasis, and alo-
pecia areata (AA), in older adolescents and young adults 
(aged 15 to 29 years) from 1990 to 2019. By identifying the 
temporal patterns and high-burden regions, this study 
can provide a population-based foundation for devel-
oping targeted public health policies, enhancing early 
recognition, and supporting resource allocation for this 
underserved population group.

Methods

Data Sources and Definitions
This study utilized data from GBD 2019, coordinated by 
the Institute for Health Metrics and Evaluation. The GBD 
2019 provides systematic estimates for 369 diseases and 
injuries, 87 risk factors, and 204 countries and territories 
from 1990 to 2019. The data were derived from a wide 
range of sources, including vital registration systems, 
population-based surveys, disease registries, hospital 
records, and published literature. Mortality estimates 
were generated using the Cause of Death Ensemble 
model, while non-fatal health outcomes such as inci-
dence, prevalence, and years lived with disability (YLDs) 
were estimated using DisMod-MR 2.1, a Bayesian meta-
regression modeling tool.15 

The key burden metrics included incidence, prevalence, 
mortality, years of life lost (YLLs), YLDs, and disability-
adjusted life years (DALYs). All metrics were age-stan-
dardized using the GBD global standard population and 
reported as per 100 000 population to ensure compara-
bility across regions and time.16 To quantify uncertainty, it 
uses 1000 draw-level simulations for each estimate, and 
95% uncertainty intervals (UIs) were calculated as the 
2.5th and 97.5th percentiles of the posterior distribution.

The DALYs were calculated as the sum of YLLs due to 
premature mortality and YLDs due to disability. In addi-
tion, the age-standardized incidence rate (ASIR), age-
standardized prevalence rate (ASPR), age-standardized 
mortality rate (ASMR), and age-standardized disability-
adjusted life years (ASDR) for each disease across coun-
tries, sexes, and years were calculated according to the 
previous reports of standard GBD protocols.15,17

Disease Classification and Diagnosis
Seven ADs were included in the analysis based on rel-
evance, data completeness, and standardized defini-
tions available within the GBD framework. The disease 

MAIN POINTS
•	 Rheumatic heart disease showed the highest global 

burden among autoimmune diseases in 2019, while 
alopecia areata had the highest incidence.

•	 From 1990 to 2019, the incidence and prevalence of 
type 1 diabetes mellitus,rheumatoid arthritis, and 
rheumatic heart disease increased globally.

•	 Females bore higher burdens for most autoimmune 
diseases, whereas type 1 diabetes mellitus was more 
prevalent and fatal in males.

•	 Regional disparities were marked, with the highest 
burden observed in Europe and the Americas, and 
the lowest in Southeast Asia.
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classification relied on the International Classification 
of Diseases, 10th revision codes: RA (M05-M05.9 or M08-
M09.8), IBD (K50-K51.319, K51.5-K52, and K52.8-K52.9), MS 
(G35-G35.0), T1DM (E10-E10.11 and E10.3-E10.9), RHD (I01-
I01.9, I02.0, and I05-I09.9), psoriasis (L40-L41.9), and AA 
(L63-L63.9). These diseases were identified based on the 
cause list mapping of GBD, which ensures consistency 
in disease definitions across regions and health systems, 
despite potential variability in diagnostic capacity and 
healthcare access.18

Study Population and Age Stratification
The study focused on older adolescents and young adults, 
following the GBD standard age groups. The older ado-
lescents were categorized as individuals aged 15-19 years, 
and young adults were defined as aged 20-29 years. 
Specifically, to maintain a similar period with the older 
adolescents group, young adults were then stratified into 
2 subgroups: 20-24 years and 25-29 years.19 This categori-
zation aligns with established demographic frameworks 
and facilitates comparative analyses across different age 
groups and sexes.

Statistical Analysis
Data on ASIR, ASPR, ASMR, and ASDR for each ADs were 
extracted from the GBD 2019 study across 204 countries 
and territories from 1990 to 2019. A direct age-standard-
ized method was applied, assuming that the input met-
rics follow a Poisson distribution.20,21

Trend analysis was performed using Joinpoint regression 
modeling to identify statistically significant changes over 
time.22 Temporal trends were examined over 3 intervals 
(1990-1999, 2000-2009, and 2010-2019) by calculating the 
average annual percent change (AAPC) and 95% UIs. The 
model parameters included: minimum number of join-
points: 0; maximum number of joinpoints: 3; model selec-
tion method: Bayesian information criterion. An AAPC 
with a 95% UI entirely above 0 was interpreted as a statisti-
cally significant increasing trend, while an AAPC with a UI 
entirely below 0 indicated a significant decreasing trend.

All statistical analyses and data visualizations were con-
ducted using R software (version 4.3.2) (R Foundation 
for Statistical Computing; Vienna, Austria) and Joinpoint 
regression program software Version 5.3.0.0 (National 
Cancer Institute; Bethesda, MD, USA) 4.9.1.0 (National 
Cancer Institute; Bethesda, MD, USA). Given the use of 
anonymous, publicly available open data, no ethical 
approval or informed consent was required for this study. 
The 2-sided P < .05 was denoted for statistical significance.

Results

Global Trends of Autoimmune Diseases from 1990 to 
2019
In 2019, AA exhibited the highest global ASIR at 493.84 
per 100 000 population (95% UI: 444.13, 544.49). In con-
trast, RHD had the highest burden overall, with an ASPR 
of 771.43 per 100 000 (95% UI: 529.38, 1074.04), ASMR of 

1.08 per 100 000 (95% UI: 0.94, 1.23), and ASDR of 108.36 
per 100 000 (95% UI: 88.63, 133.67) (Table 1).

Sex-specific differences were observed across all metrics. 
Females had higher ASIR and ASPR than males for AA, 
MS, psoriasis, RHD, and RA. In contrast, T1DM showed 
a higher ASIR in males. Although the ASPR of IBD was 
higher in females, the ASIR remained higher in males. 
Regarding mortality and disability, females had a higher 
ASMR for IBD and MS, but a lower ASMR for T1DM and 
RHD. The ASDR was generally higher in females for most 
ADs, with the exception of T1DM (Table 1).

From 1990 to 2019, global ASIR and ASPR increased 
for T1DM, RHD, and RA. In contrast, AA, IBD, and pso-
riasis demonstrated declining trends in incidence and 
prevalence (Table 2). MS presented a complex pattern: 
although its global ASPR slightly declined, the ASIR 
increased in females, and its ASMR decreased across both 
sexes (Supplementary Figures 1-3). The ASDR for AA, IBD, 
MS, psoriasis, and RHD showed gradual global declines 
(Supplementary Figure 4). However, the AAPC of T1DM 
ASMR in females increased, while it decreased in males. 
Conversely, the ASDR of T1DM decreased in females but 
rose slightly in males (Supplementary Tables 1).

Regional Trends of Autoimmune Diseases from 1990 
to 2019
In 2019, the highest regional ASIR and ASPR were 
observed in Europe and the Americas, while the low-
est were observed in Southeast Asia (Table 1). Although 
regional ASMR was relatively stable, ASDR exhibited 
substantial variability, especially for RHD. In the Eastern 
Mediterranean, RHD had an ASMR of 2.11 per 100 000 
(95% UI: 1.55, 2.77) and an ASDR of 178.44 per 100 000 (95% 
UI: 136.07, 226.71); similar high burdens were observed in 
South-East Asia (ASMR: 2.09 per 100 000, 95% UI: 1.76, 2.47; 
ASDR: 175.27 per 100 000, 95% UI: 146.30, 209.34).

Females consistently had higher burdens for AA, MS, 
psoriasis, and RA across most regions (Table 1). The T1DM 
consistently imposed a greater burden in males. For 
IBD, regional sex disparities were noted: in the Eastern 
Mediterranean, females had higher ASPR (14.67 per 
100 000, 95% UI: 10.9, 19.24) and ASMR (0.08 per 100 000, 
95%UI: 0.04, 0.14); in the Americas, the similar higher 
burdens were found in females, with ASPR of 38.4 per 
100,000 (95%UI: 32.52, 44.84) and ASMR of 0.07 per 
100,000 (95%UI: 0.06, 0.08), respectively (Table 1).

From 1990 to 2019, T1DM burden increased in all regions, 
especially in the Western Pacific and Southeast Asia 
between 2000 and 2009. In contrast, IBD and MS showed 
declining trends in the Americas. Psoriasis showed global 
declines, but the European region exhibited a U-shaped 
trend in ASDR of psoriasis. The RA and RHD burdens 
showed significant decreases in Africa and the Western 
Pacific, respectively (Table 2). Notably, females showed 
more dynamic changes in RA and psoriasis, while males had 
greater variation in T1DM and IBD (Supplementary Tables 2).
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Country-Level Trends of Autoimmune Diseases from 
1990 to 2019
In 2019, the highest country-specific disease burdens 
of AA, T1DM, IBD, MS, psoriasis, RHD, and RA were 
observed in the United States, Finland, the Kingdom of 
Norway, Sweden, France, Somalia, and Brazil, respectively 
(Figures 1-4). Females generally had higher burdens 
for all ADs, except for T1DM and IBD, where male bur-
dens were often comparable or higher (Supplementary 
Tables 3-6). Notably, El Salvador recorded the highest 
ASDR for T1DM among females at 165.66 per 100 000 (95% 
UI: 98.02, 256.48), and Cambodia reported the highest 
female ASDR for IBD at 37.16 per 100 000 (95% UI: 23.95, 
53.76).

Although global trends remained stable, some coun-
tries exhibited significant shifts. Italy, El Salvador, and 
the United States showed sharper temporal changes in 
ADs burden (Supplementary Tables S7). At the country 
level, females consistently experienced a higher disease 
burden, although certain male-specific increases were 
observed. For example, males in Bhutan, Czechia, and 
Togo experienced increasing AA burden (Supplementary 
Figures 5-8). The ASPR of T1DM increased among 
Argentine females, and the ASDR of IBD was higher in 
Mauritian females (Supplementary Figures 9-10). For RA, 
male-specific increasing trends in ASIR, ASPR, and ASDR 
were observed in El Salvador, the Dominican Republic, 
and Serbia (Supplementary Figures 11-12).

Discussion

This study comprehensively assessed the global, regional, 
and national burden of 7 major ADs (RA, IBD, MS, T1DM, 
RHD, psoriasis, and AA) in older adolescents and young 
adults from 1990 to 2019, based on data from the GBD 
2019 study. The key burden indicators, including inci-
dence, prevalence, mortality, and DALYs, were examined 
to elucidate spatiotemporal patterns and disparities.

Globally, the ASIR and ASPR of T1DM, RHD, and RA 
exhibited an upward trend, while AA, IBD, and psoriasis 
generally showed declining trends. Despite increasing 
incidence in certain conditions, reductions in mortality 
and DALYs were observed for several ADs, suggesting 
potential improvements in early diagnosis, treatment 
accessibility, and clinical management over the past 
three decades. This aligns with existing evidence indi-
cating that the onset of ADs frequently occurs in early 
life stages, with T1DM, IBD, and AA often presenting in 
childhood or adolescence,23-26 while RA, MS, and psoria-
sis more commonly emerge in young and middle-aged 
adults.27-29 The increasing burden observed in this age 
group likely reflects both a true rise in disease occur-
rence and enhanced diagnostic capabilities, particularly 
in high-resource settings.30

At the regional level, the burden of ADs was dispropor-
tionately concentrated in high-income areas, particularly 
Europe and the Americas, where higher ASIRs and ASPRs 

were recorded. These patterns are consistent with prior 
studies and may be partially attributed to improved dis-
ease surveillance, healthcare infrastructure, and access 
to diagnostic services in these regions.31 Conversely, sub-
Saharan Africa and Northern Africa experienced notable 
declines in RA burden.32 Regional differences may also be 
influenced by environmental and climatic factors, such as 
ultraviolet exposure and latitude, which affect vitamin D 
synthesis, a factor implicated in the pathogenesis of RA, 
MS, and ankylosing spondylitis.33-35 Geographic variations 
in immune function and infection exposure may further 
contribute to observed disparities.

Country-level differences were also pronounced. For 
instance, AA burden was markedly high in the United 
States and parts of Latin America, potentially due to 
greater psychosocial stress, rising autoimmune predispo-
sition, and improved healthcare access among youth.36-38 
Brazil showed a high burden of RA, which may relate to 
rapid urbanization, lifestyle changes, and enhanced diag-
nostic capabilities of the health system.39-42 These coun-
try-specific trends underscore the complex interplay 
between genetic susceptibility, environmental triggers, 
and social determinants of health in shaping national AD 
patterns.

Sex-specific disparities were evident across all metrics. 
Males exhibited higher burdens of T1DM and IBD, reflect-
ing differences in disease phenotype (e.g., Crohn’s dis-
ease versus ulcerative colitis), immune response, gut 
microbiota, and hormonal influences.43-47 In contrast, 
females bore a disproportionate burden across most 
other ADs, accounting for approximately 78% of cases 
globally.48 Estrogen has been implicated as a key immu-
nomodulatory hormone, enhancing immune activation, 
and increasing susceptibility to autoimmunity.49 The 
immune-stimulating effects of estrogen, particularly 
during puberty and reproductive years, may underlie 
the pronounced female predominance observed across 
many Ads.50,51 These findings emphasize the importance 
of sex-specific mechanisms in disease development and 
the need for gender-sensitive prevention and treatment 
strategies.

Despite these insights, several limitations should be 
acknowledged. First, the variability in data availability 
and quality across countries, particularly low- and mid-
dle-income regions, may introduce underestimation 
or modeling biases. Second, although robust statistical 
models were employed to estimate the disease burden, 
regions with sparse raw data are more prone to modeling 
biases. Third, changes in diagnostic criteria, treatment 
paradigms, and healthcare utilization over time may 
influence observed trends, complicating direct compari-
sons across time and regions.

It is also important to consider the evolving landscape of 
management of ADs. Over the past 3 decades, the intro-
duction of advanced diagnostic methods, biologics, and 
immunomodulatory therapies has likely altered the 
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Figure 1.  National age-standardized incidence rates (per 100 000) of 7 ADs among older adolescents and young adults 
in 1990 and 2019. ADs, autoimmune diseases; A, alopecia areata (AA); B, type 1 diabetes mellitus (T1DM); C, inflammatory 
bowel disease (IBD); D, multiple sclerosis (MS); E, psoriasis; F, rheumatic heart disease (RHD); G, rheumatoid arthritis 
(RA); H, alopecia areata (AA); I, type 1 diabetes mellitus (T1DM); J, inflammatory bowel disease (IBD); K, multiple sclerosis 
(MS); L, psoriasis; M, rheumatic heart disease (RHD); N, rheumatoid arthritis (RA); Panels A-G represent data for 1990; 
Panels H-N represent data for 2019.
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Figure  2.  National age-standardized prevalence rates (per 100 000) of 7 ADs among older adolescents and young 
adults in 1990 and 2019. ADs, autoimmune diseases; A, alopecia areata (AA); B, type 1 diabetes mellitus (T1DM); C, 
inflammatory bowel disease (IBD); D, multiple sclerosis (MS); E, psoriasis; F, rheumatic heart disease (RHD); G, 
rheumatoid arthritis (RA); H, alopecia areata (AA); I, type 1 diabetes mellitus (T1DM); J, inflammatory bowel disease 
(IBD); K, multiple sclerosis (MS); L, psoriasis; M, rheumatic heart disease (RHD); N, rheumatoid arthritis (RA); Panels A-G 
represent data for 1990; Panels H-N represent data for 2019.
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Figure 3.  National age-standardized mortality rates (per 100 000) of 5 ADs among older adolescents and young adults 
in 1990 and 2019. ADs, autoimmune diseases; A, type 1 diabetes mellitus (T1DM); B, inflammatory bowel disease (IBD); 
C, multiple sclerosis (MS); D, rheumatic heart disease (RHD); E, rheumatoid arthritis (RA); F, type 1 diabetes mellitus 
(T1DM); G, inflammatory bowel disease (IBD); H, multiple sclerosis (MS); I, rheumatic heart disease (RHD); J, rheumatoid 
arthritis (RA); Panels A-E: 1990; Panels F-J: 2019.
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Figure 4.  National age-standardized DALY rates (per 100 000) for 7 ADs among older adolescents and young adults in 
1990 and 2019. ADs, autoimmune diseases; DALYs, disability-adjusted life years; A, alopecia areata (AA); B, type 1 diabetes 
mellitus (T1DM); C, inflammatory bowel disease (IBD); D, multiple sclerosis (MS); E, psoriasis; F, rheumatic heart disease 
(RHD); G, rheumatoid arthritis (RA); H, alopecia areata (AA); I, type 1 diabetes mellitus (T1DM); J, inflammatory bowel 
disease (IBD); K, multiple sclerosis (MS); L, psoriasis; M, rheumatic heart disease (RHD); N, rheumatoid arthritis (RA); 
Panels A-G: 1990; Panels H-N: 2019.
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clinical course and outcomes of ADs. Simultaneously, 
greater public awareness and early screening have con-
tributed to rising detection rates, particularly in high-
income countries. These dynamic changes underscore 
the need for future studies to incorporate clinical data 
on treatment utilization, disease progression, and real-
world outcomes to better contextualize epidemiological 
trends.

In conclusion, this study reveals a significant and grow-
ing burden of ADs among older adolescents and young 
adults between 1990 and 2019. While global trends in 
T1DM, RHD, and RA indicate increasing incidence and 
prevalence, other conditions such as AA, IBD, MS, and 
psoriasis have shown relative declines in disease bur-
den. Persistent disparities across regions and sexes high-
light the need for targeted and equitable public health 
responses. Policymakers and healthcare systems should 
prioritize early detection, age-specific interventions, and 
culturally appropriate care models to reduce the bur-
den of ADs in this vulnerable population and to advance 
health equity.
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