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Introduction

Pancreatitis is a sterile inflammatory disorder that now 
ranks among the most pressing global public-health 
challenges (1). In the Global Burden of Disease (GBD) 
framework, it is recorded as a single cause, yet clinically 
it encompasses two distinct syndromes: acute pancreatitis, 
a sudden inflammatory attack with high early mortality, 
and chronic pancreatitis, a progressive fibroinflammatory 
disease that causes long-term disability (2-4). Together, 
these conditions generated an estimated 2.7 million 
incident cases, 5.9 million prevalent cases, and 122,000 
deaths worldwide in 2021 (5). Increasing evidence shows 
that this burden is distributed unevenly across geographic 

regions and socioeconomic strata, placing equity — not 
simple disease control — at the center of contemporary 
pancreatitis epidemiology and motivating the focused 
analysis of health inequalities.
 Investigations into health inequalities are vital for 
both clinical medicine and public health (6). Such 
analyses underscore disparities in disease burden among 
socioeconomic groups, facilitating the identification of 
vulnerable populations and guiding targeted interventions 
and resource distribution (7,8). The GBD database 
delivers critical datasets for evaluating disease burden 
(9,10). Previous research has predominantly examined 
the pancreatitis burden at global, regional, and national 
scales, typically relying on cross-sectional data on 
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incidence, mortality, and disability-adjusted life years 
(DALYs), with limited methodological diversity (5,11). 
Although these studies offer valuable insights, they 
frequently lack a dedicated analysis of health inequalities 
and seldom investigate their temporal trends.
 This study utilized data from GBD 2021 to 
systematically evaluate shifts in the pancreatitis burden 
across countries and regions from 1990 to 2021, with 
particular emphasis on the temporal dynamics of 
health inequalities and their socioeconomic and public 
health determinants. Additionally, the study projected 
the global and regional burden of pancreatitis through 
2030, intending to support evidence-based public health 
policies and resource distribution strategies.

Materials and Methods

Data sources

Data for this study were retrieved from the Global 
Health Data Exchange via its official website (https://
vizhub.healthdata.org/gbd-results/). All data used 
in this study were directly extracted from the latest 
GBD 2021 database. Pancreatitis was classified 
following the International Classification of Diseases, 
Tenth Revision, using codes K85.0–K85.9, K86.0, 
and K86.1. To comprehensively evaluate the disease 
burden, key indicators, namely prevalence, incidence, 
and DALYs, were included. All indicators underwent 
age-standardization to facilitate comparability across 
populations. Data were stratified further by geographic 
region, Socio-demographic Index (SDI), age group, 
and sex to provide a comprehensive evaluation of the 
pancreatitis burden across diverse population subgroups. 
Because the GBD database comprises publicly available, 
anonymized data, no ethical approval was required. 
All methods conformed to the GBD 2021 modeling 
protocol and adhered to the Guidelines for Accurate and 
Transparent Health Estimates Reporting (12), thereby 
ensuring methodological rigor and transparency.

Statistical analysis

The estimated annual percentage change (EAPC) was 
applied to evaluate temporal trends in age-standardized 
rates (ASRs) (13). EAPCs and their 95% confidence 
intervals (CIs) were calculated using linear regression 
models. A positive EAPC whose lower CI bound exceeds 
zero signifies an upward trend, whereas a negative 
EAPC whose upper CI bound is below zero indicates 
a downward trend. All disease burden metrics were 
presented as point estimates with corresponding 95% 
uncertainty intervals (UIs), derived from 1,000 random 
draws from the posterior distribution. The 2.5th and 
97.5th percentiles served as the lower and upper bounds, 
respectively, to convey the credibility of the estimates.
 Temporal trends in pancreatitis burden indicators 

and ASRs from 1990 to 2021 were analyzed both 
globally and across SDI regions. Joinpoint regression 
analysis (version 5.3.0) was used to identify statistically 
significant shifts in trend directions (14), and annual 
percentage changes were calculated for each segment. 
Furthermore, age- and sex-specific differences in the 
disease burden were evaluated. To explore regional 
disparities, a Bayesian meta-regression-based linear 
mixed-effects model was applied to assess associations 
between burden indicators and national SDI levels (10).
 To elucidate the factors driving changes in disease 
burden, the Das Gupta decomposition method was 
utilized to separate total variations into three components: 
population growth, aging, and epidemiological shifts 
(15,16). This approach quantifies each factor's relative 
contribution.
 Crude DALY rates served as the metric for 
evaluating health inequalit ies associated with 
pancreatitis. Disparities among countries and regions 
were measured via the slope index of inequality (SII) 
and the concentration index (CI) (17,18). The SII was 
determined by regressing DALY rates on country-level 
SDI, thereby quantifying absolute inequality across 
nations. The CI was derived from fitting a Lorenz curve 
to the cumulative share of DALYs against the cumulative 
population share. CI values range from –1 to 1, with 
negative values representing higher burden in low-SDI 
regions and positive values in high-SDI regions. Finally, 
a Bayesian age-period-cohort (BAPC) model (19) was 
employed to forecast future trends in the global and 
regional pancreatitis burden through 2030, drawing on 
historical data from 1990 to 2021. All analyses were 
performed in R software (version 4.4.1), considering 
p-values < 0.05 to be statistically significant.

Results

Temporal trends in the global burden of pancreatitis

From 1990 to 2021, the absolute global burden of 
pancreatitis exhibited a consistent rise. The prevalent 
cases increased from 4.15 million to 5.90 million, 
incident cases from 1.73 million to 2.75 million, and 
DALYs from 2.58 million to 4.10 million, which 
corresponded to rises of 42.17%, 58.96%, and 58.91%, 
respectively. Conversely, the ASRs declined: the age-
standardized prevalence rate (ASPR) decreased from 
93.74 to 68.99 per 100,000 (EAPC = –1.09); the age-
standardized incidence rate (ASIR) dropped from 37.62 
to 32.81 per 100,000 (EAPC = –0.49); and the age-
standardized disability-adjusted life years rate (ASDR) 
fell from 57.39 to 48.43 per 100,000 (EAPC = –0.61) 
(Tables 1-3, Figures 1-2).

Age and sex distribution characteristics

In 2021, the numbers of prevalent cases, incident 
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time and decreased further to –10.79 in 2021. The CI for 
DALYs decreased from –0.04 in 1990 to –0.10 in 2021, 
with the curve further diverging from the equality line 
(Figure 8C).

Forecast of future burden trends

Projections suggest that global ASPR, ASIR, and 
ASDR will continue to decrease through 2030 (Figure 
9). In high-SDI countries, the burden is anticipated to 
plateau or decline, while low-SDI countries will bear 
an increasing proportion of the global pancreatitis 
burden (Supplemental Figures S1-2, https://www.
globalhealthmedicine.com/site/supplementaldata.
html?ID=103).

Discussion

This study employs data from GBD 2021 to provide 
a comprehensive assessment of global trends in 
pancreatitis burden and related health inequalities from 
1990 to 2021. Despite the decline in ASRs, the absolute 
burden has risen, reinforcing the growing impact 
of pancreatitis on global public health. The burden 
remained unequally distributed by sex, age, and region, 
reflecting enduring structural disparities. Further analysis 
revealed that population growth and aging were the main 
drivers of the rising burden, while improvements in 
epidemiological factors played a mitigating role. Notably, 
health inequalities exhibited minimal improvement 
over time. Although absolute inequality decreased in 
earlier years, relative inequality progressively worsened. 
Since 2020, a noticeable reversal has occurred, with 
the burden shifting from high- to low-SDI countries, 
revealing socioeconomic reconcentration rather than 
an actual reduction in inequality. This shift highlights 
the entrenched and worsening nature of global health 
disparities. Projections suggest that although global ASRs 
for pancreatitis may decline by 2030, low-SDI countries 
are projected to experience an increasing burden, which 
may exacerbate global health inequalities.
 Previous GBD 2019 and 2021 studies documented 
persistent declines in age-standardized prevalence, 
incidence, and mortality of pancreatitis, while global 
numbers of prevalent cases, incident cases, and DALYs 
continued to increase, demonstrating the coexistence 
of declining rates and a rising absolute burden 
(5,11). Building on these findings, this study applied 
decomposition analysis to prevalence, incidence, 
and DALYs, quantifying the relative contributions of 
population growth, aging, and epidemiological shifts. 
Results indicated that population growth was the 
dominant contributor across all indicators, particularly 
in low- and middle-SDI countries. The effect of aging 
was complex: it increased prevalence and DALYs due 
to cumulative chronic health loss in older populations, 
but reduced incidence, possibly due to under-diagnosis 

cases, and total DALYs linked to pancreatitis rose with 
advancing age, peaking among middle-aged and older 
adults before declining (Figure 3A). Males consistently 
demonstrated higher prevalence, incidence, and DALY 
rates than females, especially in the 30–59 age group. 
This gender disparity attenuated among individuals aged 
70 years and older (Figure 3B).

Regional variations in disease burden

In 2021, considerable regional variation in the 
pancreatitis burden was observed across GBD regions 
and countries (Tables 1-3, Figures 4-6). Eastern Europe, 
Central Asia, and South Asia experienced the highest 
burdens, with DALYs rising significantly since 1990. 
In Eastern Europe, DALYs increased from 371,000 to 
675,000, and ASDR rose from 141.99 to 240.99 per 
100,000 (EAPC = +1.41), positioning it as one of the 
few regions globally with an upward age-standardized 
trend. In contrast, High-income Asia Pacific, East Asia, 
and Western Europe showed declining trends in age-
standardized metrics. For instance, in High-income 
Asia Pacific, ASDR decreased from 31.00 to 16.87 per 
100,000 (EAPC = –2.19), marking one of the fastest 
declines globally. Similarly, ASDR in East Asia dropped 
from 29.96 to 18.53 per 100,000 (EAPC = –1.58), 
accompanied by simultaneous declines in prevalence and 
incidence.

Decomposition analysis of changes in disease burden

The changes in crude pancreatitis rates from 1990 to 
2021 were decomposed into three contributing factors: 
population growth, aging, and epidemiological shifts. 
For prevalence, population growth contributed 139.03%, 
aging accounted for 51.08%, and epidemiological 
changes contr ibuted –90.11%. For incidence, 
contributions were 160.46% from population growth, 
–20.14% from aging, and –40.32% from epidemiological 
shifts. For DALYs, the contributions were 104.90% from 
population growth, 31.70% from aging, and –36.60% 
from epidemiological shifts. The relative influence of 
these factors differed across SDI levels. In general, 
population growth was the primary driver in low- and 
middle-SDI countries, whereas aging played a dominant 
role in high-SDI countries. The direction and magnitude 
of epidemiological shifts varied across SDI groups 
(Figure 7).

Evolution of global health inequality and the reversal 
phenomenon

SII monitoring showed a reduction in absolute income-
related health inequality across SDI levels from 1990 
to 2019, with the SII for crude DALY rates falling from 
13.83 to 8.61 (Figures 8, A and B). However, beginning 
in 2020, the SII became negative (–3.62) for the first 
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of acute episodes in older adults, caused by delays or 
atypical symptoms. Epidemiological shifts generally had 
a beneficial effect, especially in high- and upper-middle-
SDI countries, while only marginal improvements were 
observed in low-SDI regions, emphasizing inequities in 
prevention and control capabilities.
 The study further revealed significant disparities 
across demographic and geographic groups, reflecting 
entrenched structural inequities. Males consistently 
demonstrated higher prevalence, incidence, and DALY 

rates than females, with the largest differences observed 
in individuals aged 30–59 years. The burden also 
increased with age, with middle-aged and older adults 
shouldering the largest proportion of health losses. 
This dual sensitivity to sex and age may be attributed 
to gender-specific risk factors (e.g., alcohol use, 
smoking, obesity) (20), occupational exposures (21), and 
heightened physiological vulnerability in older adults 
(22). Geographically, DALYs continued to increase in 
low-SDI regions, including Eastern Europe, Central Asia, 

www.globalhealthmedicine.com

Figure 1. Global trends in pancreatitis prevalence, incidence, and DALYs, 1990–2021, shown as absolute numbers and 
age-standardized rates. DALYs: disability-adjusted life years.
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and South Asia. In opposition, high-SDI regions, such 
as High-income Asia Pacific, East Asia, and Western 
Europe, consistently demonstrated declines in ASRs. 
These findings align with previous GBD reports (5). 
The persistence of intersecting inequalities illustrates 
the importance of identifying high-risk populations and 

strategically allocating resources to ensure equitable and 
effective prevention.
 While stratified analyses by region and SDI level 
revealed distinct geographic and developmental patterns, 
descriptive comparisons alone fail to fully capture the 
complexity of global health inequality. To evaluate the 

www.globalhealthmedicine.com

Figure 2. Trends in age-standardized prevalence, incidence, and DALY rates of pancreatitis globally and by SDI region, 
1990–2021. DALYs: disability-adjusted life years; SDI: Socio-demographic Index.
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distribution of disease burden across socioeconomic 
contexts, this study employed the SII and CI (17,18). 
From 1990 to 2019, the SII decreased from 13.83 to 
8.61, indicating reduced absolute disparities between 
high- and low-SDI countries, although the burden 
continued to be concentrated in more developed 
regions. However, in 2020, the SII shifted to a negative 
value of –3.62 and further dropped to –10.79 in 2021, 
signaling a structural shift of burden toward low-SDI 
countries. This shift coincided with the COVID-19 
pandemic, which may have amplified low-SDI countries' 

vulnerability through overwhelmed health systems, 
disrupted chronic disease services, diverted public health 
resources, and reduced healthcare access, ultimately 
intensifying the concentration of non-communicable 
disease burdens such as pancreatitis (23,24). Despite the 
shift in burden epicenter, absolute health inequality has 
not meaningfully improved over time. Simultaneously, 
the CI dropped from –0.04 in 1990 to –0.10 in 2021, 
signifying a growing concentration of burden in low-SDI 
countries and worsening relative inequality driven by 
uneven structural resource allocation. Taken together, the 

(220)
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Figure 4. Changes in age-standardized prevalence, incidence, and DALY rates of pancreatitis across SDI regions. DALYs: 
disability-adjusted life years; SDI: Socio-demographic Index.
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SII and CI analyses reveal a shift in pancreatitis burden 
from development-level–driven inequality to structural 
reconcentration, a shift exacerbated by the COVID-19 
pandemic.
 Based on the identified reversal of global pancreatitis 
burden toward low-SDI countries and the emergence of 
entrenched structural inequalities, this study applied a 
BAPC model to project future trends. The projections 
suggest that while the global age-standardized burden 
of pancreatitis is expected to decrease by 2030, low-SDI 
countries will shoulder an increasing share, shifting the 
epicenter toward more socioeconomically disadvantaged 
regions and exacerbating existing inequalities. This trend 
suggests that inequality is not only a current concern 
but may persist in more systemic and less visible forms. 
These findings highlight the urgent need for global public 
health strategies to go beyond conventional disease 

control and address structural challenges, particularly 
by strengthening primary healthcare in low-SDI 
countries and improving chronic disease management 
and screening programs (25). Synchronously, global 
resource allocation should prioritize high-burden regions 
and vulnerable populations, enabling more targeted and 
equitable interventions (26). Strengthening international 
cooperation and institutional support, while integrating 
structural equity into global health agendas, is crucial 
to mitigate the shifting burden of chronic diseases and 
reduce global health disparities.
 Several limitations should be acknowledged. First, 
the GBD database does not differentiate between acute 
and chronic pancreatitis, limiting the ability to assess 
their distinct etiologies and burden characteristics. 
Second, the reliance on national-level data restricts 
subnational analyses and reduces spatial resolution for 

(221)
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Figure 5. Global pancreatitis burden in 204 Countries and Territories: (A) age-standardized prevalence rate (ASPR), age-
standardized incidence rate (ASIR), and age-standardized DALY rate (ASDR) in 2021; (B) EAPC of ASPR, ASIR, and ASDR 
from 1990 to 2021. DALYs: disability-adjusted life years; EAPC: estimated annual percentage changes.

Figure 6. Global pancreatitis burden across 204 countries and territories by human development index in 2021.
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Figure 7. Decomposition analysis of pancreatitis indicators from 1990 to 2021. The black dot represents the overall change 
value of population growth, aging, and epidemiological change.

Figure 8. Trends in income-related health inequality in pancreatitis burden: slope index of inequality and concentration 
index analysis. DALYs: disability-adjusted life years.
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Figure 9. Projected number of new cases for all pancreatitis in 2030 according to the SDI. DALYs: disability-adjusted life 
years; SDI: Socio-demographic Index.
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health policy planning. Third, the GBD database has 
limited primary data coverage in some economically 
disadvantaged regions. In such settings, model-based 
estimates may underestimate the true disease burden. 
Fourth, GBD data are mainly obtained from secondary 
sources and are not linked to clinical datasets, limiting 
insights into patient-level outcomes. Finally, although 
UIs are reported, regional variability may affect the 
stability and comparability of trend estimates.
 In conclusion, this study provides a comprehensive 
assessment of the global evolution of the pancreatitis 
burden from 1990 to 2021, focusing on temporal trends, 
geographic disparities, and structural inequalities. 
Through decomposition analysis, we quantified the 
relative contributions of population growth, aging, and 
epidemiological changes, identifying the key drivers of 
the increasing global burden. Notably, the combined use 
of the SII and the CI showed a socioeconomic reversal in 
burden distribution, with the epicenter shifting from high- 
to low-SDI countries. This transition signals deepening 
structural entrenchment and worsening global health 
inequities. Forecasts based on the BAPC model indicate 
that this trend is likely to persist and may even intensify 
by 2030. These findings emphasize the urgent need to 
realign global health policies toward low-SDI countries 
by improving basic healthcare and implementing equity-
focused interventions to alleviate the widening gaps in 
pancreatitis burden.
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