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Abstract

Background Pancreatitis is a significant global health concern with rising incidence, complex management,
and substantial mortality. This study aimed to assess global and regional trends in pancreatitis from 1990 to 2021
and project future trends to 2050 using data from the Global Burden of Disease (GBD) Study 2021.

Methods We analyzed GBD 2021 data to evaluate age-standardized incidence (ASIR), mortality (ASMR), and disabil-
ity-adjusted life years (DALYs) rates of pancreatitis. Regional trends, gender disparities, and correlations with the Socio-
demographic Index (SDI) were examined. Key risk factors, including alcohol consumption, smoking, and metabolic
disorders such as hyperlipidemia, were extracted and evaluated. A Bayesian age-period-cohort model (BAPC)

was used for future projections.

Results From 1990 to 2021, global pancreatitis cases increased from 1.73 million to 2.75 million, representing

a rise of 59%. Despite this, ASIR decreased slightly from 37.62 to 32.81 per 100,000, a 12.8% reduction. Deaths rose
from 68,490 to 122,416, an increase of 78.7%, while ASMR decreased from 1.69 to 1.45 per 100,000, a reduction

of 14.2%. DALYs increased from 2.58 million to 4.10 million (59%). Significant regional variations were found, with East-
ern Europe showing the highest ASIR, ASMR, and DALY rates. Projections indicate continued declines in ASIR, ASMR,
and DALYs through 2050.

Conclusions While global age-standardized rates of pancreatitis have declined, significant regional and socio-
economic disparities persist. Targeted prevention efforts, particularly in high-burden areas like Eastern Europe,
and addressing modifiable risk factors such as alcohol use are crucial for reducing the future burden of pancreatitis.
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Introduction
Pancreatitis is an inflammatory condition of the pan-
creas that can arise from various causes and is catego-
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disease may progress to chronic pancreatitis, marked
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by irreversible pancreatic damage [4, 5]. This chronic
condition is associated with exocrine and endocrine
insufficiency, leading to malnutrition, diabetes melli-
tus, and an elevated risk of pancreatic malignancy [6,
7]. The persistent inflammation and damage to the pan-
creas not only diminish the quality of life but also carry
substantial morbidity and mortality risks if not prop-
erly managed.

The Global Burden of Disease (GBD) Study is a large,
ongoing epidemiological effort led by the Institute for
Health Metrics and Evaluation (IHME), designed to
quantify mortality, morbidity, and risk factors for major
diseases and injuries across 204 countries. The GBD 2021
update, which includes data on 369 diseases and injuries,
offers an unprecedented opportunity to assess global and
regional epidemiological trends over time, providing a
valuable basis for understanding the changing burden of
diseases like pancreatitis [8].

The global incidence of pancreatitis has shown an
alarming upward trend over the past few decades [9],
driven by factors such as gallstone disease, alcohol con-
sumption, smoking, and metabolic disorders like hyper-
triglyceridemia [10-12]. In most Western countries,
alcoholic pancreatitis has the highest incidence among
all types of pancreatitis [13, 14]. In northern Europe,
the incidence rate is 8.2 per 100,000, with an overall
prevalence of 27.4 per 100,000 [15]. A meta-analysis by
Samokhvalov et al. revealed the dose—response relation-
ships between alcohol consumption and risk of pancrea-
titis. Additionally, consuming more than 40 g/day was
found to significantly increase the risk of developing pan-
creatitis [16]. Alcoholic pancreatitis typically follows a
chronic course but can also present as an acute episode
when large quantities of alcohol are consumed in a short
time. Understanding the current status and trends in the
alcohol-related burden of pancreatitis is crucial for effec-
tive disease control and health promotion.

Understanding the epidemiological characteristics
and temporal trends of pancreatitis is crucial for devel-
oping effective prevention and control strategies. To the
best of our knowledge, this is the first study to utilize the
updated GBD 2021 data for a comprehensive epidemio-
logical analysis of pancreatitis. This study aims to fill this
gap by providing a detailed analysis of global and regional
trends in the incidence, mortality, and Disability-
Adjusted Life Years (DALYs) associated with pancreatitis
from 1990 to 2021. We also project future trends to 2050
using the Bayesian age-period-cohort model (BAPC)
model. By examining the correlation between pancreati-
tis metrics and SDI, as well as exploring gender dispari-
ties and the impact of key risk factors, this study seeks
to offer a comprehensive understanding of the evolving
burden of pancreatitis. The findings are intended to serve
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as a scientific basis for enhancing global pancreatitis pre-
vention and control measures, ultimately reducing the
associated health and economic burdens.

Methods

Overview and data collection

The GBD 2021 study evaluated the incidence, mortal-
ity, and DALYs rates in 204 countries and territories
from 1990 to 2021. This study is a global, continuous
effort with annual updates, classified by age, sex, and
SDI. Using the Global Health Data Exchange query tool
(https://vizhub.healthdata.org/gbd-results/)  developed
by GBD collaborators, we collected standardized disease
definitions, prevalence data, global risk factors, and addi-
tional relevant information for patients with pancreatitis.
Previous reports have provided a comprehensive over-
view of the data extraction and modeling methods used
in the GBD 2021 study [17, 18].

The GBD 2021 study employs the DisMod-MR 2.1
Bayesian meta-regression model to synthesize data from
multiple sources, including cohorts, surveys, and hospital
records. This model adjusts for biases and ensures con-
sistency between incidence, prevalence, and mortality
data. Covariates such as the SDI are included to account
for regional differences, enabling robust regional and
global estimates. Uncertainty intervals (UI) are calculated
for all estimates to reflect data variability.

This study utilized publicly available, de-identified data
from GBD 2021, eliminating the need for individual-
level data. Consequently, the institutional review board
of Peking Union Medical College Hospital waived the
requirements for ethical approval and informed consent.

Sociodemographic index

The Socio-demographic Index (SDI) is a composite meas-
ure used to assess the health-related social and economic
conditions of a region. It combines indicators such as
income per capita, educational attainment, and fertility
rates to provide a comprehensive overview of a region’s
socioeconomic status. The SDI values range from 0 to
1, with higher scores indicating greater socioeconomic
development. In the GBD 2021 data, countries and ter-
ritories are classified into five development levels based
on their SDI scores: low (< 0.46), low-middle (0.46-0.60),
middle (0.61-0.69), high-middle (0.70-0.81), and high
(>0.81).

Case definition

In this study, we analyzed the incidence of both acute
pancreatitis and newly diagnosed cases of chronic pancre-
atitis using data from the Global Burden of Disease (GBD)
Study 2021. The classification of pancreatitis follows the
International Classification of Diseases tenth editions
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(ICD-10). The ICD-10 provides specific codes for classify-
ing pancreatitis. Acute pancreatitis is coded as K85, with
subcategories ranging from K85.0 to K85.9 to specify dif-
ferent types and causes. Chronic pancreatitis is coded as
K86.0, while K86.1 is used for other related conditions [8].

Statistical analysis

We used age-standardized incidence rates (ASIR), mor-
tality rates (ASMR), and disability-adjusted life years rates
(ASDR) to describe the global burden of pancreatitis.
Temporal trends from 1990 to 2021 were analyzed using
estimated annual percentage changes (EAPC), calcu-
lated through linear regression models [19]. An increas-
ing ASR was determined when both the EAPC value
and the lower limit of the 95% confidence interval were
above zero. Conversely, a decreasing ASR was identified
when both the EAPC value and the upper limit of the
95% confidence interval were below zero [20]. If neither
condition was met, the ASR was considered stable over
time. The relationship between these rates and the Socio-
demographic Index (SDI) was assessed using Spearman’s
rank correlation coefficient. Additionally, a Bayesian age-
period-cohort (BAPC) model was employed to project
future trends of pancreatitis burden through 2050 [21,
22]. BAPC models offer a robust framework for mak-
ing projections by employing Integrated Nested Laplace
Approximations (INLA) for complete Bayesian inference
[23]. All statistical analysis was performed using R soft-
ware package (version 4.2.1). A two-sided p-value<0.05
was considered statistically significant.

Results

Incidence and temporal trend

From 1990 to 2021, the global incidence of pancreatitis
exhibited an increasing trend in the number of cases, ris-
ing from approximately 1.73 million cases in 1990 to 2.75
million in 2021. However, despite this rise in absolute
numbers, the age-standardized rate per 100,000 popula-
tion demonstrated a slight decline, from 37.62 in 1990 to
32.81 in 2021, indicating an overall decrease in the inci-
dence rate when adjusted for population growth. The
estimated annual percentage change (EAPC) during this
period was -0.491% globally (Table 1).

Regional variations were observed with East Asia and
Central Europe showing significant decreases in age-
standardized rates, with EAPCs of -1.361% and -0.805%,
respectively. Conversely, South Asia experienced a
notable increase in both the number of cases and the
age-standardized rate, reflected in an EAPC of 0.42%,
highlighting a region-specific rise in pancreatitis inci-
dence (Table 1). Figure 1A illustrates the geographical
distribution of ASIR in 2021, with Eastern Europe record-
ing the highest rate at 99.35 per 100,000 population,
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indicating a particularly high burden. High-income
North America and Central Asia also had relatively
high ASIRs, at 51.99 and 47.94 per 100,000 population,
respectively. In contrast, Tropical Latin America exhib-
ited the lowest ASIR, at 16.63 per 100,000 population.
Additionally, the Sub-Saharan Africa region, including
Central, Eastern, Southern, and Western Sub-Saharan
Africa, showed relatively low ASIRs, ranging from 18.69
to 23.32 per 100,000 population. Notably, from 1990 to
2021, Eastern Europe consistently had the highest ASIR
throughout these years, with rates significantly higher
than other regions (Fig. 2A).

Further analysis illustrates the trends in ASIR across
different SDI regions. Globally, the ASIR remained rela-
tively stable until the early 2000s, after which it began to
increase steadily. High SDI regions experienced a slight
decline in ASIR around the early 2000s, followed by a
gradual increase, indicating fluctuating but generally ris-
ing incidence rates. High-middle and middle SDI regions
showed a similar trend, with ASIR stabilizing before
gradually increasing. In contrast, low-middle and low
SDI regions exhibited a steady rise in ASIR throughout
the period, reflecting a growing burden of pancreatitis
incidence in these lower-income regions. (Fig. 3A).

Death and temporal trend
Table 2 highlights global and regional trends in deaths
attributed to pancreatitis from 1990 to 2021. Globally, the
number of deaths increased from approximately 68,490
in 1990 to 122,416 in 2021. However, the age-standard-
ized death rate per 100,000 population showed a slight
decline from 1.69 in 1990 to 1.45 in 2021, with an esti-
mated annual percentage change (EAPC) of -0.498%.
Regionally, Eastern Europe reported the ASMR in 2021,
at 5.60 per 100,000 population, reflecting a significant
burden of mortality due to pancreatitis. Western Sub-
Saharan Africa and Central Europe also had relatively
high ASMRs, at 3.23 and 2.77 per 100,000 population,
respectively. On the other hand, regions like Oceania and
High-income Asia Pacific reported much lower ASMRs,
at 0.62 and 0.47 per 100,000 population (Fig. 1B). While
many regions show a general decline in ASMR from 1990
to 2021, Eastern Europe exhibits a distinctive upward
trend, particularly between 2000 and 2021 (Fig. 2B).
Figure 3B highlights the disparities in pancreatitis-
related mortality across different socio-economic con-
texts. Globally, the ASMR increased until around 2005
and then began to stabilize. High SDI regions experi-
enced a peak in ASMR during the early 2000s, followed
by a gradual decline, indicating improvements in health-
care. High-middle SDI regions also showed an initial rise
with a subsequent decrease, although their mortality
rates remained higher than in other regions. In contrast,
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middle, low-middle, and low SDI regions exhibited more
stable ASMRs over the years, with the low SDI region
showing a notable decline after 2010, highlighting grad-
ual progress in reducing pancreatitis-related mortality in
these lower-income regions.

DALYs and temporal trend

Globally, the total DALYs increased substantially, from
approximately 2.58 million in 1990 to about 4.10 million
in 2021. However, the age-standardized rates showed
a slight decline, from 57.393 per 100,000 population in
1990 to 48.425 per 100,000 in 2021, with an estimated
annual percentage change of -0.609%. Regional variations
were observed with East Asia and Andean Latin America
showing significant decreases in age-standardized rates,
with EAPCs of -1.584% and -1.497%, respectively. Con-
versely, Eastern Europe experienced a notable increase in
both the number of cases and the age-standardized rate,
reflected in an EAPC of 1.410% (Table 3).

The 2021 global distribution map of ASDR for pan-
creatitis illustrates significant regional variations in the
burden of the disease. The highest rates, depicted in dark
red, are concentrated in Eastern Europe, Central Asia,
and parts of Sub-Saharan Africa, indicating a substantial
health burden in these regions with rates ranging from
119.9 to 260.8 per 100,000 population. In contrast, much
of North America, parts of Western Europe, Australia,
and East Asia show lower DALY rates, with regions like
East Asia and Oceania depicted in blue shades, indicat-
ing rates as low as 11.049 to 25.56 per 100,000 popula-
tion (Fig. 1C). The temporal trend reveals a significant
increase in ASDR in Eastern Europe and Central Asia,
where the rates are the highest among all regions ana-
lyzed from 1990 to 2021. This upward trend is particu-
larly stark when contrasted with the overall global decline
in ASDR (Fig. 2C).

The ASDR for pancreatitis from 1990 to 2021 also
reveal distinct patterns across different SDI levels
(Fig. 3C). Globally, there was an initial increase until the
early 2000s, followed by a gradual decline. High and high-
middle SDI regions exhibited significant peaks around
2005, with subsequent declines, reflecting improved dis-
ease management. In contrast, middle and low-middle
SDI regions showed a steady increase in DALY rates,
indicating a growing burden. Low SDI regions main-
tained the lowest rates overall, with a relatively stable
trend and slight decline after 2005.

Correlation of pancreatitis metrics with Socio-demographic
Index (SDI) from 1990 to 2021

From 1990 to 2021, the ASIR (r=0.5408, p<0.001),
ASMR (r= —0.0764, p=0.043), and ASDR (r= —0.1276,
p<0.001) for pancreatitis showed significant correlations
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with the SDI, with ASIR being positively correlated
and the other metrics exhibiting negative correlations
(Figs. 4A-C).

Gender disparities in ASIR, ASMR, and ASDR across age
groups

We also present a comparative analysis of ASIR, ASMR,
and ASDR across various global regions, disaggregated
by gender. The ASIR is shown to be higher in males than
in females in nearly all regions, with Eastern Europe dis-
playing the most pronounced difference (Fig. 5A). Fig-
ure 5B highlights the ASMR, where a similar pattern
emerges. Males have notably higher mortality rates than
females, particularly in Eastern Europe, which exhibits
the highest ASMR among all regions. Figure 5C presents
the ASDR, again demonstrating that males are dispro-
portionately affected. Eastern Europe stands out with the
highest ASDR, underscoring the severe DALYs burden
especially among males. Overall, the data reveal signifi-
cant gender disparities, with males consistently exhibit-
ing higher rates across all three metrics compared to
females.

For incidence rates, males peak in the 35-39 year age
group, while females have a slightly later peak in the
55-59 year age group (Fig. 6A). Mortality rates for males
peak between 55-59 years, whereas females have a later
peak between 70-74 years (Fig. 6B). The burden of dis-
ease as measured by DALYs peaks for males between
45-49 years, while females peak later between 65-69
years (Fig. 6C).

Proportion of deaths attributable to risk factors

The global and regional proportions of deaths attribut-
able to a major risk factor—alcohol use—were analyzed.
Globally, 15.22% of deaths are attributed to alcohol use.
We also revealed significant regional variation, with the
highest proportions observed in Central Europe (26.37%),
Eastern Europe (24.13%), and Western Europe (24.55%).
In contrast, regions such as North Africa and the Middle
East (1.37%) and Oceania (5.3%) show the lowest propor-
tions of alcohol-related deaths (Figs. 7).

Projecting disease burden

Our study demonstrated a consistent downward trend
in ASIR, ASMR, and ASDR for pancreatitis from 1990 to
2020. Projections for the future suggest that this declining
trend is likely to continue through 2050, although with
increasing uncertainty as time progresses (Figs. 8A-C).

Discussion

This study provides a comprehensive overview of the
global and regional epidemiological trends of pancreatitis
over the past three decades, utilizing data from the GBD
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Fig. 1 Global maps showing the age-standardized incidence rate (ASIR), mortality rate (ASMR), and disability-adjusted life year rate (ASDR)
of pancreatitis in 2021: (A) ASIR, (B) ASMR, and (C) ASDR
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Fig. 4 Relationship between the socio-demographic index (SDI) and pancreatitis burden in terms of (A) age-standardized incidence rate (ASIR), (B)
age-standardized mortality rate (ASMR), and (C) age-standardized disability-adjusted life year rate (ASDR) in 2021. Each point represents a region

with trends showing the correlation between SDI and the respective rates
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Study 2021. Our findings indicate a substantial increase
in the absolute number of pancreatitis cases and deaths
from 1990 to 2021, yet age-standardized incidence, mor-
tality, and DALYs rates have demonstrated a slight over-
all decline. These trends suggest that while pancreatitis
continues to impose a significant global health burden,
advancements in prevention, diagnosis, and management
have likely contributed to improving outcomes over time.

A notable finding of this study is the pronounced
regional disparities in pancreatitis burden. Eastern
Europe consistently exhibited the highest ASIR, ASMR,
and ASDR rates, emphasizing the need for targeted pub-
lic health interventions. Similarly, Roberts et al. reported
that the incidence of acute pancreatitis in 17 European
countries varied between 4.6 and 100 per 100,000 popu-
lation, with the highest rates observed in Eastern Europe
[24]. This region’s high burden may be attributed to the
elevated prevalence of alcohol consumption [24], which
accounted for a substantial proportion of pancreatitis-
related deaths. In contrast, regions like Tropical Latin
America and parts of Sub-Saharan Africa exhibited rela-
tively low rates, possibly reflecting differing etiological
factors. Additionally, limited healthcare access and diag-
nostic capabilities in these resource-constrained regions
can lead to underdiagnosis or misdiagnosis of pancreati-
tis, resulting in lower reported rates [25, 26].

Our study highlights significant socioeconomic and
gender disparities in pancreatitis burden. ASIR was

positively correlated with the SDI, indicating a higher
burden in more socioeconomically developed regions.
In contrast, mortality and DALY rates showed nega-
tive correlations with SDI, suggesting better healthcare
access and management in higher SDI regions, leading
to improved survival outcomes despite higher incidence.
Gender disparities were also prominent, with males con-
sistently exhibiting higher ASIR, ASMR, and ASDR than
females across all regions and age groups. These findings
align with the known higher prevalence of pancreati-
tis risk factors such as alcohol use and smoking among
males [27, 28], underscoring the importance of gender-
specific prevention strategies.

Alcohol use remains a leading modifiable risk factor for
pancreatitis, accounting for over 15% of global deaths.
Alcohol induces pancreatitis through several mecha-
nisms: it directly damages pancreatic cells through toxic
metabolites such as acetaldehyde, increases intracellu-
lar calcium levels, and activates proteases, which lead to
cellular damage [29, 30]. Additionally, alcohol disrupts
normal pancreatic secretions, leading to the forma-
tion of protein-rich plugs that obstruct ducts, resulting
in self-digestion of pancreatic tissue [31]. Alcohol also
induces oxidative stress by generating reactive oxygen
species (ROS), further exacerbating pancreatic cell injury
[32, 33]. This proportion was even higher in European
regions, highlighting the critical role of alcohol control
policies in mitigating the disease burden. Beyond alcohol,
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other significant contributors include gallstone disease,
smoking, and metabolic disorders such as hypertriglyc-
eridemia [2]. Addressing these risk factors through pub-
lic health initiatives and targeted interventions could
substantially reduce pancreatitis incidence and improve
patient outcomes globally.

Our BAPC model projects a continued decline in
ASIR, ASMR, and ASDR through 2050, reflecting ongo-
ing improvements in disease management and preven-
tive measures. However, the increasing absolute numbers
of cases and deaths due to population growth and aging
highlight the need for sustained efforts to enhance pan-
creatitis care [34]. Specifically, regions with a high bur-
den, such as Eastern Europe, might benefit from focused
strategies that address regional risk profiles, improve
healthcare access, and promote early intervention.

This study is the first to utilize the latest GBD 2021
database to analyze temporal trends in pancreatitis,
providing valuable insights into the evolving burden of
pancreatitis and serves as a scientific basis for enhanc-
ing global prevention and control measures. However,
several limitations must be acknowledged. This study
has several limitations. First, the data used were sourced
from the Global Burden of Disease Study, which relies
on national health records that may vary in accuracy and
completeness across different regions. This could result
in underreporting or misclassification, particularly in
low-resource settings. Second, The GBD study does not
differentiate between acute and chronic pancreatitis in its
data collection and modeling. Although separate ICD-10
codes exist for acute (K85) and chronic (K86) pancreati-
tis, the GBD aggregates data for these conditions, making
it difficult to distinguish between primary acute pan-
creatitis and acute exacerbations of chronic pancreatitis.
Third, as our analysis is based on population-level data,
we were unable to include individual patient data such
as detailed clinical information, comorbidities, or treat-
ment outcomes. Additionally, the projections made to
2050 are based on historical trends and may not account
for future changes in healthcare policies, emerging inter-
ventions, or unforeseen risk factors. Finally, while major
risk factors such as alcohol consumption and smoking
were considered, other potential risk factors or regional
variations may not have been fully captured due to data
constraints. Overcoming these limitations will enable the
development of more accurate and impactful strategies
to address pancreatitis on a global scale.

Conclusion

Despite improvements in disease management, the
global burden of pancreatitis continues to rise in absolute
numbers, with significant regional and gender dispari-
ties. Our study, utilizing GBD 2021 data, highlights the

Page 21 of 22

need for targeted prevention and control strategies, par-
ticularly in high-burden regions such as Eastern Europe.
Furthermore, projections to 2050 underscore the impor-
tance of sustained public health efforts to mitigate future
increases in pancreatitis-related morbidity and mortality.
By addressing key modifiable risk factors and improving
healthcare access, we can better manage and reduce the
global impact of pancreatitis.
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