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A B S T R A C T   

Background: To describe the past, present and future burden of pancreatitis in older adults, and to explore cross- 
national inequalities across socio-demographic index (SDI). 
Methods: Data on pancreatitis in older adults, including mortality and disability-adjusted life years (DALYs) rates, 
were collected from the Global Burden of Disease (GBD) 2019 study. Temporal trends were measured using 
joinpoint analyses and predicted using a Bayesian age-period-cohort model. Additionally, the unequal distri
bution of the burden of pancreatitis in older adults was quantified. 
Results: From 1990 to 2019, the number of deaths and DALYs due to pancreatitis in older adults has been 
increasing annually. However, in most regions of the world, age-standardized death rates (ASDR) and age- 
standardized DALYs rates have been declining. The burden of pancreatitis in older adults was highest in low 
SDI region, primarily affecting the population aged 65–74, with a greater burden on males than females. 
Furthermore, from 1990 to 2019, absolute and relative cross-national inequalities in pancreatitis among older 
adults have remained largely unchanged. It is projected that in the next 11 years, the number of deaths in older 
adults due to pancreatitis will continue to increase, but the ASDR is expected to decline. 
Conclusion: Over the past 30 years, the ASDR and age-standardized DALYs rate of pancreatitis in older adults 
have shown a decline globally, but the absolute burden continues to increase. Cross-national health inequalities 
persist. Therefore, it is necessary to develop targeted intervention measures and enhance awareness among this 
vulnerable population regarding the risk factors associated with pancreatitis.   

1. Introduction 

Pancreatitis, characterized by inflammation of the pancreas, is a 
significant global health concern with substantial morbidity and mor
tality rates. Acute pancreatitis is the most common gastrointestinal 
cause of hospital admission in the United States (Yadav and Lowenfels, 
2013). Chronic pancreatitis, although less prevalent, significantly re
duces patients’ quality of life. Despite the proliferation of new 

treatments and preventive measures, pancreatitis continues to pose a 
serious public health problem, resulting in an enormous medical and 
social burden (Trikudanathan et al., 2019). The overall global incidence 
of acute pancreatitis was 34 cases [95 % confidence interval (CI) 23–49] 
per 100,000 of the general population per year, and chronic pancreatitis 
was 10 cases (95 % CI 8–12) per 100,000 per year (Xiao et al., 2016). 
The disease predominantly affects those who are middle-aged or older, 
with approximately one third of all patients with this condition aged ≥
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65 years (Pendharkar et al., 2017; Pendharkar et al., 2017; Gloor et al., 
2002). In addition, it has been shown that older age is an important risk 
factor for progression and death in patients with pancreatitis (Yu et al., 
2023; Liu et al., 2022). 

Population aging is a global phenomenon, with the number and 
proportion of older adults (aged > 65 years) growing in almost every 
country in the world. According to the United Nations’ World Popula
tion Prospects 2019, the number of older adults is projected to double to 
1.5 billion by 2050, and the proportion is expected to increase from 9 % 
in 2019 to 16 % in 2025 (Nations U, 2019). Population ageing leads to 
the onset and development of many diseases, such as cardiovascular 
diseases, digestive diseases, neurological diseases and various types of 
cancer (Sadighi, 2018; Bottazzi et al., 2018). It is projected that by 2035, 
14 million new cancer cases will be diagnosed in older adults, ac
counting for nearly 60 % of the global cancer incidence (Pilleron et al., 
2019). Consequently, the health of the ageing population has become an 
important public health issue that affects the formulation and adjust
ment of national health policies. 

The extent of global ageing varies geographically. Therefore, we 
hypothesize that the burden of pancreatitis in older adults varies 
geographically and is influenced by recognized risk factors for the dis
ease. Specifically, we predict that regions with a higher proportion of 
older adults and a greater prevalence of risk factors such as alcohol 
consumption and obesity will exhibit a higher burden of pancreatitis in 
this population. Furthermore, we expect that the burden of pancreatitis 
among older adults will show significant inequalities across different 
countries, with implications for health policy and resource allocation. 
Previous studies have examined the global incidence and prevalence of 
pancreatitis (Jiang et al., 2023; Ouyang et al., 2020). However, there are 
limited research on the burden of deaths and DALYs due to pancreatitis 
in older adults. Therefore, we conducted an assessment of the burden of 
pancreatitis in older adults globally, regionally, and across 204 countries 
using the Global Burden of Disease (GBD) 2019 dataset, including an 
examination of their age and sex distribution. Additionally, we esti
mated the proportion of deaths attributed to recognized risk factors for 
pancreatitis in older adults. Furthermore, we conducted cross-national 
inequality analyses using the standard health equity analysis method
ology recommended by the World Health Organization to determine the 
magnitude and trends of inequality in the burden of pancreatitis among 
older adults across countries in relation to their level of social devel
opment. Finally, we projected the global burden of death from pancre
atitis in older adults by 2030. These findings can provide valuable 
insights for informing health policies and facilitating the efficient allo
cation of healthcare resources for the management and prevention of 
pancreatitis. 

2. Methods 

2.1. Data sources 

In this study, we extracted estimates of deaths and disability- 
adjusted life years (DALYs) and their 95 % uncertainty intervals (UIs) 
for pancreatitis in older adults aged ≥ 65 years from GBD 2019 
(https://ghdx.healthdata.org/gbd-2019). Using the latest epidemiolog
ical data and improved standardized methodologies, the database pro
vides comprehensive estimates of the burden of 369 diseases and 
injuries, as well as the 87 risk factors attributable to them, considering 
factors such as sex, age, region, and country (GBD 2019 Diseases and 
Injuries Collaborators, 2020; GBD 2019 Risk Factors Collaborators, 
2020). The 204 countries and territories worldwide can be divided into 
21 regions, such as the Western Pacific, Central Asia, and Eastern 
Europe. Additionally, these countries and territories are further divided 
into five regions based on the Socio-demographic Index (SDI), which 
include low, low-middle, middle, high-middle, and high categories. The 
cases of pancreatitis included in this study were diagnosed according to 
the classification criteria of the International Classification of Diseases- 

10 (ICD-10)/ICD-9 (GBD 2019 Diseases and Injuries Collaborators, 
2020) (Table S1). Our study conducting analysis on publicly available 
deidentified data did not involve research on human subjects and ani
mals, and thus, it was exempt from the requirement for ethical approval. 

2.2. SDI 

The SDI, developed by GBD researchers, is a composite indicator of 
developmental status that is closely related to health outcomes (IHME, 
2019). It is calculated as the geometric mean of indices ranging from 0 to 
1, including total fertility rate under the age of 25, mean education for 
individuals aged 15 and older, and lag-distributed income per capita. As 
a composite measure, areas with an SDI of 0 represent the lowest 
theoretical level of health-related development, while areas with an SDI 
of 1 represent the highest theoretical level of health-related 
development. 

2.3. Joinpoint analysis 

To characterize the burden of pancreatitis in older adults at a global, 
regional, and national level, we conducted descriptive analyses. We 
compared the burden of deaths and DALYs between the sexes and each 
age group. Additionally, the annual percentage change (APC) and 
average annual percentage change (AAPC) were estimated using Join
point analysis to quantify the temporal trend in ASDR/age-standardized 
DALYs rate for pancreatitis in older adults from 1990 to 2019. APC is 
used to evaluate the internal trend of each independent interval of a 
segmented function, or the global trend where the number of connection 
points is 0. The AAPC refers to the average APC considering the full 
period. Disparities in disease burden across populations and regions 
were found by comparing the timing of the emergence of different 
joinpoints, the AAPC, and the APCs across segments. If both the AAPC 
value and its 95 % confidence interval (CI) were greater than 0, the trend 
was defined as increasing. Conversely, if both the AAPC value and its 95 
% CI were less than 0, the trend was defined as decreasing. Otherwise, 
the trend was considered relatively stable (Zhang et al., 2024; Liu et al., 
2023). 

2.4. Cross-country social inequalities analysis 

The unequal distribution of the burden of pancreatitis among older 
adults across countries is assessed using the slope index of inequality and 
the health inequality concentration index. These indicators are standard 
measures of absolute and relative gradient inequality, respectively 
(Howe, 2014). The slope index of inequality was calculated by 
regressing national DALYs rates due to pancreatitis in the older adult 
population on an SDI-associated relative position scale. This scale was 
defined by the midpoint of the cumulative range of the population 
ranked by SDI. Heteroskedasticity was considered by employing a 
weighted regression model. The health inequality concentration index 
was calculated by numerically integrating the area under the Lorenz 
concentration curve, which was fitted using the cumulative fraction of 
DALYs and the cumulative relative distribution of the population ranked 
by SDI (Mujica and Moreno, 2019). It has been suggested that an ab
solute value of 0.2–0.3 represents a reasonably high level of relative 
inequality (World HO, 2013). 

2.5. Bayesian Age-Period-Cohort analysis 

The Bayesian age-period-cohort (BAPC) models have the highest 
coverage and higher accuracy in predicting future disease burden (Yu 
et al., 2021; Riebler and Held, 2017; Du et al., 2020). The model is based 
on an age-period-cohort model that assumes an association between 
morbidity or mortality and age structure and population size. The BAPC, 
Nordpred, and integrated nested Laplacian approximation (INLA) 
packages were applied to conduct the forecast, to adjust for over- 
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dispersion, assuming the inverse gamma prior distribution of age, 
period, and cohort effects (modeled by a second-order random walk 
[RW2]) (Knoll et al., 2020). Predicted values of pancreatitis deaths and 
ASDR were estimated by multiplying the prediction rates by the corre
sponding sex, age, calendar year, and country-specific population pre
diction. The predicted values in each stratum are then aggregated for 

presentation of global. 

2.6. Statistics 

Joinpoint regression analyses were performed using the Joinpoint 
regression program v5.0.2 provided by the National Cancer Institute 

Table 1 
The number, age-standardized rate and temporal trend of pancreatitis in older adults from 1990 to 2019.  

Location Death DALYs 

1990 2019 1990–2019 1990 2019 1990–2019 

Cases ASDR Cases ASDR AAPC (95 % CI) Count Age-standardized 
DALYs rate 

Count Age-standardized 
DALYs rate 

AAPC (95 % CI) 

Global  26791.3  8.24  52605.0  7.28 − 0.56*(− 0.58 to 
− 0.54)  

463113.5  142.48  856936.3  118.65 − 0.62*(− 0.64 to 
− 0.60) 

Sex           
Female  14409.5  7.77  26672.2  6.75 − 0.68*(− 0.71 to 

− 0.64)  
238852.3  128.73  410902.0  103.97 − 0.75*(− 0.78 to 

− 0.72) 
Male  12381.7  8.88  25932.8  7.93 − 0.49*(− 0.50 to 

− 0.47)  
224261.1  160.77  446034.3  136.39 − 0.53*(− 0.55 to 

− 0.51) 
Regions           
Andean Latin 

America  
364.1  22.74  737.6  15.46 − 1.35*(− 1.44 to 

− 1.25)  
6067.9  378.93  11637.4  243.93 − 1.48*(− 1.56 to 

− 1.38) 
Australasia  144.5  6.48  264.3  5.54 − 0.96*(− 1.05 to 

− 0.86)  
2400.8  107.60  3707.4  77.78 − 1.29*(− 1.37 to 

− 1.21) 
Caribbean  156.2  6.88  307.3  6.68 − 0.27*(− 0.36 to 

− 0.18)  
2580.7  113.59  4943.0  107.51 − 0.22*(− 0.28 to 

− 0.15) 
Central Asia  385.5  11.12  473.4  9.43 − 0.23*(− 0.33 to 

− 0.13)  
6496.8  187.34  8372.0  166.69 − 0.30*(− 0.39 to 

− 0.20) 
Central Europe  1775.9  13.67  2861.9  13.47 − 0.20*(− 0.25 to 

− 0.15)  
31070.0  239.18  46268.0  217.77 − 0.31*(− 0.36 to 

− 0.26) 
Central Latin 

America  
627.6  9.72  1903.6  9.58 − 0.24*(− 0.30 to 

− 0.19)  
10697.4  165.76  30891.3  155.53 − 0.24*(− 0.29 to 

− 0.18) 
Central Sub- 

Saharan Africa  
118.6  7.63  212.8  6.22 − 0.88*(− 0.90 to 

− 0.86)  
2242.5  144.22  3829.3  111.87 − 0.88*(− 0.90 to 

− 0.86) 
East Asia  3709.0  5.45  6616.5  3.58 − 1.63*(− 1.66 to 

− 1.59)  
67270.1  98.91  112094.2  60.72 − 1.71*(− 1.74 to 

− 1.67) 
Eastern Europe  2176.4  9.31  4776.8  14.83 1.61*(1.40 to 

1.95)  
40762.4  174.33  84822.4  263.32 1.39*(1.14 to 

1.63) 
Eastern Sub- 

Saharan Africa  
454.9  8.39  870.1  7.63 − 0.35*(− 0.37 to 

− 0.33)  
8324.7  153.44  15215.3  133.51 − 0.42*(− 0.45 to 

− 0.39) 
High-income Asia 

Pacific  
954.3  5.49  1774.6  3.96 − 2.13*(− 2.23 to 

− 2.05)  
15256.5  87.76  24281.6  54.16 − 2.02*(− 2.09 to 

− 1.96) 
High-income 

North America  
2006.4  5.81  3457.4  5.75 − 0.15*(− 0.21 to 

− 0.11)  
34717.3  100.61  57126.8  95.08 − 0.23*(− 0.28 to 

− 0.17) 
North Africa and 

Middle East  
946.7  7.46  2089.8  6.53 − 0.59*(− 0.63 to 

− 0.54)  
15605.7  123.00  32079.3  100.22 − 0.72*(− 0.76 to 

− 0.67) 
Oceania  9.4  4.66  19.1  4.25 − 0.44*(− 0.47 to 

− 0.42)  
176.2  87.70  350.1  77.71 − 0.42*(− 0.45 to 

− 0.40) 
South Asia  3866.7  10.03  9927.6  8.74 − 0.66*(− 0.75 to 

− 0.56)  
71358.0  185.05  175486.2  154.55 − 0.64*(− 0.74 to 

− 0.54) 
Southeast Asia  1605.5  8.67  3483.6  7.56 − 0.51*(− 0.53 to 

− 0.49)  
27717.4  149.73  57654.9  125.19 − 0.58*(− 0.60 to 

− 0.56) 
Southern Latin 

America  
650.0  15.87  863.4  11.19 − 1.28*(− 1.36 to 

− 1.19)  
11238.7  274.48  14271.9  184.92 − 1.26*(− 1.34 to 

− 1.18) 
Southern Sub- 

Saharan Africa  
88.6  4.08  185.6  4.26 0.21*(0.11 to 

0.32)  
1528.0  70.41  3205.5  73.50 0.22*(0.11 to 

0.33) 
Tropical Latin 

America  
666.3  9.40  2434.8  11.74 0.54*(0.48 to 

0.59)  
11924.5  168.22  39615.4  191.03 0.49*(0.44 to 

0.53) 
Western Europe  5250.8  9.41  7646.4  8.74 − 0.75*(− 0.80 to 

− 0.71)  
81338.6  145.80  103236.0  117.94 − 0.91*(− 0.95 to 

− 0.87) 
Western Sub- 

Saharan Africa  
833.8  12.53  1698.3  13.04 0.15*(0.12 to 

0.19)  
14339.2  215.43  27848.3  213.80 0.03*(0.00 to 

0.07) 
SDI           
High SDI  7137.4  7.23  11032.6  6.04 − 0.97*(− 1.01 to 

− 0.94)  
115653.7  117.12  164826.7  90.30 − 0.98*(− 1.01 to 

− 0.95) 
High-middle SDI  8468.1  9.48  16029.5  8.65 − 0.50*(− 0.56 to 

− 0.43)  
147360.3  165.04  257253.4  138.78 − 0.55*(− 0.62 to 

− 0.45) 
Middle SDI  5338.3  6.94  12116.3  5.89 − 0.71*(− 0.73 to 

− 0.69)  
93951.9  122.23  201609.0  97.99 − 0.76*(− 0.78 to 

− 0.74) 
Low-middle SDI  4162.7  9.66  9945.4  9.01 − 0.34*(− 0.38 to 

− 0.29)  
75597.8  175.47  172934.4  156.65 − 0.36*(− 0.41 to 

− 0.31) 
Low SDI  1671.6  9.90  3455.8  9.13 − 0.35*(− 0.38 to 

− 0.32)  
30331.4  179.72  59916.5  158.34 − 0.42*(− 0.46 to 

− 0.37) 

ASDR: Age-standardized death rate; DALYs: Disability-adjusted life years; AAPC: Average annual percentage change; SDI: Socio-demographic index. 
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Surveillance Research Program. All analyses and visualizations in this 
study were performed on R software (v.4.3.1). 

3. Results 

3.1. Temporal trends in the burden of pancreatitis in older adults 

In 2019, there were 52,605.0 (95 % UI, 45,201.3 to 59,766.4) deaths 
from pancreatitis in older adults, accounting for 45.7 % of all pancrea
titis deaths (Table 1). From 1990 to 2019, the ASDR declines annually, 
with an AAPC of 0.56 (95 % CI, − 0.58 to − 0.54). In 2019, the global 
number of DALYs due to pancreatitis in older adults was 856936.3 (95 % 
UI, 747857.3–963889.0). At the same time, age-standardized DALYs 
rate declined, with an AAPC of − 0.62 (95 % CI, − 0.64 to − 0.60). In the 
five SDI regions, ASDR and age-standardized DALY rates for pancreatitis 
were highest in the low SDI region. Fortunately, the burden of pancre
atitis among older adults in all SDI regions showed a significant down
ward trend (Fig. 1A, B). Regionally, the top three regions with the 
highest burden of ASDR and age-standardized DALYs rate were Andean 
Latin America, Eastern Europe, and Central Europe. The largest in
creases in ASDR and age-standardized DALYs rate for pancreatitis in 
older adults were in Eastern Europe and Tropical Latin America, 
whereas the largest decreases were in the High-income Asia Pacific and 
East Asia. At the same time, the countries with the greatest increase in 
the burden of pancreatitis in older adults were the Russian Federation 
and Uzbekistan (Fig. 2A,B). The ASDR and age-standardized DALYs 
rates for elderly pancreatitis in Bolivia (Plurinational State of), 
Mongolia, and Honduras were among the top three in the world 
(Table S2). 

3.2. Age composition of pancreatitis burden in older adults 

Globally, pancreatitis deaths and DALYs in older adults increased 
over time in all age groups, with the 65–74 age group being slightly 
higher than the 75–84 age group (Fig. S1A, B). Both ASDR and age- 
standardized DALYs rates for pancreatitis in older adults were highest 
in the 85 + age group. ASDR remained essentially flat in all three age 
groups from 1990 to 2019, but age-standardized DALYs rates declined. 
In 2019, the 65–74 age group had the highest number of deaths and 
DALYs among the elderly in most regions (Fig. S2A, B). The age 
composition of burden growth in Eastern Europe was quite different 
from the other regions, with the 85 + age group playing a key role 
(Fig. S3A,B). 

3.3. Sex disparity of the burden of pancreatitis in older adults 

There were differences between males and females in the burden of 
pancreatitis in older adults (Fig. 3). Globally, elderly females accounted 
for 50.70 % (26672.2 cases) of pancreatitis deaths in 2019, compared 
with 49.30 % (25932.8 cases) in males (Table 1). DALYs for pancreatitis 
in elderly females accounted for 47.95 % compared to 52.05 % in males. 
However, in terms of ASDR and DALYs rates, the burden is greater for 
elderly males than for females globally in all age groups (Fig. 3A,B). 
With the exception of North Africa and the Middle East, Oceania, and 
Western Sub-Saharan Africa, death and DALYs rates for pancreatitis are 
higher in older males than in females in all other regions of the world 
(Table S3, S4). 

3.4. Attributable risk factors for death from pancreatitis in older adults 

In 2019, the estimated number of alcohol-related pancreatitis deaths 
among older adults globally is 12,241.9, accounting for 23.3 % of all 
pancreatitis deaths (Table S5). The proportion for males was 35.6 %, 
compared with 11.3 % for females. The burden of alcohol-related 
pancreatitis deaths in older adults was generally greater in males than 
in females in all regions (Figure S4). By further looking at different re
gions, we found that the burden of disease caused by alcohol use was 
heaviest in Western Europe, Southern Latin America, Central Europe 
and Australasia. And more than 50 % of pancreatitis deaths among 
males in these regions were alcohol-related. 

3.5. Cross-national inequalities in the burden of pancreatitis in older 
adults 

Across the 204 countries analysed, significant absolute and relative 
SDI-related inequalities in pancreatitis in older adults were observed, 
with a disproportionately high burden borne by countries with low SDI 
(Fig. 4A,B). As shown by the slope index of inequality, the the gap in 
DALYs rate between countries with the highest and lowest SDI were 
− 43.18 (95 % CI: − 74.31 to − 12.05) and − 40.55 (95 % CI: − 62.61 to 
− 18.50) DALYs per 100,000 population in 1990 and 2019, respectively, 
showing a negative association between the DALY rate and SDI. This 
decline suggests that inequalities in the burden of pancreatitis in older 
adults between high and low SDI countries have narrowed over the past 
three decades. By contrast, relative inequality analysis showed that the 
health concentration index remained nearly constant between 1990 
(− 0.0473, 95 % CI − 0.0793 to − 0.0154) and 2019 (− 0.0653, 95 %CI 
− 0.1066 to − 0.0240) (Table S6). 

Fig. 1. The AAPC of ASR burden for pancreatitis in older adults from 1990 to 2019 in global, SDI regions, and 21 GBD regions by sex. A AAPC of ASDR in 
pancreatitis; B AAPC of age-standardized DALY rate in pancreatitis. AAPC average annual percentage change, ASR age-standardized rate; GBD Global Burden of 
Diseases, Injuries, and Risk Factors Study; SDI socio-demographic index; ASDR age-standardized death rate. 
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3.6. The prediction of pancreatitis burden in older adults 

From 2020 to 2030, global deaths from pancreatitis in older adults 
will continue to increase, with males slightly outnumbering females 
(Fig. 5). The number of female deaths was projected to increase from 
0.027 million in 2019 to 0.035 million in 2030, and the number of male 
deaths was projected to increase from 0.028 million to 0.036 million 
(Table S7). Although deaths from pancreatitis in older adults were 
projected to continue to increase, the global ASDR was expected to 
decline each year (Table S8). 

4. Discussion 

In this study, we conducted secondary analyses of the 2019 GBD data 
to provide an up-to-date overview of the global epidemiology of 
pancreatitis in older adults, along with projections for the next 11 years. 
Additionally, we identified the major risk factor for pancreatitis, which 
is the proportion of alcohol consumption contributing to pancreatitis- 
related deaths in different regions. Furthermore, by calculating the 
slope index and concentration index of health inequality, we revealed 

the phenomenon and changes in health inequality associated with 
pancreatitis among older adults globally over the past 30 years. 

As the population continues to grow and age, it is inevitable that the 
number of pancreatitis-related deaths and DALYs in older adults in
creases. However, there is positive news as the ASDR and age- 
standardized DALY rates for pancreatitis have shown a decline. This 
downward trend is projected to persist until 2030. A study has high
lighted that alcohol consumption plays a significant role in contributing 
to pancreatitis. The proportion of patients with acute pancreatitis 
attributed to alcohol use ranges from 19 % to 32 %, while the proportion 
of patients with chronic pancreatitis ranges from 55 % to 70 % (Yadav 
and Whitcomb, 2010). In our study, 23.3 % of pancreatitis deaths in the 
elderly worldwide were attributable to alcohol consumption. In devel
oping countries, about 35 % of acute pancreatitis cases are associated 
with alcohol abuse (Wang et al., 2009). Most alcoholic pancreatitis 
presents as acute pancreatitis, but alcoholic acute pancreatitis is more 
likely to progress to chronic pancreatitis, which is an important factor in 
its prevalence (Petrov and Yadav, 2019). In addition, one study 
confirmed a dose–response relationship between alcohol consumption 
and risk of pancreatitis (Irving et al., 2009). It is encouraging to note that 

Fig. 2. The global disease burden of pancreatitis in older adults consumption for both genders in 204 countries and territories from 1990 to 2019. A AAPC of ASDR 
for pancreatitis; B AAPC of age-standardized DALY rate for pancreatitis. AAPC average annual percentage change; DALYs disability-adjusted life-years; ASDR age- 
standardized death rate. 

Fig. 3. The death and DALY rate of pancreatitis in older adults in global, SDI regions, and 21 GBD regions in 2019 by age group and sex. A The death rate of 
pancreatitis in older adults; B The DALY rate of pancreatitis in older adults. The first column represents the 65–74 age group; the second column represents the 75–84 
age group; the third column represents the 85 + age group. SDI socio-demographic index; GBD Global Burden of Diseases, Injuries, and Risk Factors Study; DALYs 
disability-adjusted life-years. 
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the introduction of multidisciplinary and individualized treatment has 
greatly improved the prognosis of acute pancreatitis in the past decade 
(Boxhoorn et al., 2020). In addition, advances in early diagnostic 
methods, the use of minimally invasive endoscopy, advances in the 
treatment of pancreatic and peripancreatic necrosis, and improvements 
in the management of critically ill patients have contributed to a 
reduction in pancreatitis mortality rates (Baron et al., 2020; Bang et al., 
2019; Nathens et al., 2004). 

Additionally, the regional heterogeneity of pancreatitis burden in 
older adults is equally noteworthy. Among the 21 GBD regions, the 
largest increases in ASDR and age-standardized DALYs rate were in 
Eastern Europe and Tropical Latin America. These conditions are largely 

attributed to the distribution of alcohol consumption in these regions 
(GBD 2016 Alcohol Collaborators, 2018). Globally, Eastern Europe has 
been repeatedly identified as the region with the highest alcohol-related 
health risks (Jasilionis et al., 2020). Although the alcohol-related burden 
in Eastern Europe has declined following the implementation of a series 
of alcohol-related policies, the prevalence of harmful alcohol con
sumption in Eastern Europe is still on the rise in recent studies (NCD 
Countdown 2030 Collaborators, 2018; GBD 2020 Alcohol Collaborators, 
2022). This means that Eastern Europe still has a long way to go in 
controlling alcohol. 

In our research, the burden of pancreatitis was higher in males than 
in females in 1990 and 2019. Gender differences in the epidemiology of 

Fig. 4. Health inequality regression curves and concentration curves for the DALYs of pancreatitis in older adults worldwide, 1990 and 2019. A Slopes index of 
pancreatitis in older adults globally, 1990 and 2019; B Health concentration index of pancreatitis in older adults globally, 1990 and 2019. The slope index of 
inequality, shown as the slope of the regression line, represents the absolute difference in pancreatitis in older adults burden between countries or territories with the 
highest and lowest SDI. Concentration curves (Lorenz curves) graphed by plotting the cumulative fraction of population ranked by SDI (x-axis) against the cumulative 
fraction of pancreatitis in older adults burden ranked by age-standardised DALY (y-axis). The concentration index, calculated as twice the area between the 45◦

diagonal line and the Lorenz curve, representing the relative extent to which the pancreatitis in older adults burden is concentrated among the poor (negative value) 
or the rich (positive value). Dots representing countries or territories, with different sizes representing the population sizes. DALYs disability-adjusted life-years; SDI 
socio-demographic index. 

Fig. 5. The observation and prediction of the number of deaths and mortality from pancreatitis in older adults from 1990 to 2030. Each lines represent death/ DALY 
rates for age group, and each bars represent the number of deaths/DALYs. DALYs disability-adjusted life-years. 
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pancreatitis may be related to etiology. Pancreatitis in females was more 
closely associated with gallstones, autoimmune diseases or idiopathic 
pancreatitis, whereas alcohol-related pancreatitis was more common in 
males (Yadav and Lowenfels, 2013; Kleeff et al., 2017). Our study also 
confirms that deaths from pancreatitis in older males attributed to 
alcohol are much greater than in females. On the one hand, many fe
males are lifelong abstainers from alcohol and are less likely to develop 
alcohol-related diseases compared to males (Erol and Karpyak, 2015). 
On the other hand, the global prevalence of smoking among males is 
36.7 %, much higher than the 7.8 % among females (World HO, 2021). 
However, the relationship between gender differences and pancreatitis 
at the molecular and genetic levels needs to be further investigated. In 
addition, advanced age is associated with an increased risk of death in 
patients with pancreatitis (Moran et al., 2018). Overall, the older adults 
have one of the highest burdens of pancreatitis, especially in the age 
group ≥ 85 years. Considering that the world is facing an unavoidable 
aging population, the prevention and treatment of pancreatitis in older 
adults should receive more attention. Therefore, it is important to in
crease awareness and education about pancreatitis and its risk factors, 
especially in the older adults. 

In terms of health inequalities inequalities between countries, we 
calculated the slope index and the health concentration index, which 
depend on the cross-country health gradient and SDI rankings. Typi
cally, the prevalence of alcohol use, a major risk factor for pancreatitis, 
is highest in high SDI regions (GBD 2016 Alcohol Collaborators, 2018). 
However, we found that the burden of pancreatitis in older adults is 
negatively associated with national SDI levels, and this inequality has 
decreased slightly over the last 30 years for the absolute measure (slope 
index) and remained low for the relative measure (health concentration 
index). One possible explanation for this is that high SDI regions produce 
a lower burden of disease per litre of alcohol consumed compared to low 
SDI regions (Shield and Rehm, 2021). In addition, in low SDI countries, 
environmental and other risk factors such as smoking also increase the 
harm caused by alcohol (Stringhini et al., 2017). In general, the preva
lence of alcohol consumption has increased as socioeconomic levels 
have risen (GBD 2016 Alcohol Collaborators, 2018). Therefore, as a 
potential variable risk factor, health education and public health stra
tegies to control alcohol may help to reduce the disease burden of 
pancreatitis in older adults. 

There are some limitations to this study: (1) In some regions and 
countries, especially low-income areas, there is a lack of high-quality 
and detailed data. Only a few countries or territories provide actual 
national data from around the world, so burden estimates heavily rely 
on modeling data rather than typical data from individual population 
studies. Therefore, national-level burdens should be interpreted with 
caution. If possible, it is encouraged to conduct more health surveys at 
the national level to obtain more detailed and representative data from 
each country. (2) Data limitations prevented us from further exploring 
specific types of pancreatitis, such as acute and chronic pancreatitis; 
moreover, acute and chronic pancreatitis are two distinct diseases with 
some overlap in a small proportion of patients. To better understand the 
true burden of pancreatitis, it is suggested to categorize pancreatitis 
types in the future, especially based on histology. (3) Similarly, risk 
factors such as gallstones and hypertriglyceridemia also play an 
important role in the pathogenesis of pancreatitis (Yang and McNabb- 
Baltar, 2020). However, the GBD2019 did not support our analysis of 
the burden of disease due to these meaningful risk factors. In addition, 
future research should focus on assessing common risk factors and 
lifestyles that influence the incidence, mortality, and DALYs of pancre
atitis, especially in countries and regions with large populations or high 
alcohol consumption levels. 

5. Conclusion 

Overall, the burden of pancreatitis in older adults is higher in less 
developed regions, while developed regions exhibit a decreasing trend 

in the burden of pancreatitis among older adults. Globally, there has 
been a gradual increase in the number of deaths and DALYs attributed to 
pancreatitis in older adults. However, there has been a corresponding 
decline in ASDR and age-standardized DALY rates. This trend is ex
pected to persist until 2030. Alcohol consumption is a contributing 
factor to the high global burden of pancreatitis in older adults. There
fore, based on our findings, it is crucial to strengthen and improve 
measures targeting alcohol consumption through effective national 
policies that consider different genders, age groups, and regions. Addi
tionally, there is a need to develop pancreatitis surveillance and treat
ment programs in less developed regions to alleviate the burden of 
alcohol-induced pancreatitis. 
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