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Abstract 

Background  The incidence and mortality rates of pancreatic cancer are rising globally. This study examines global 
and regional trends in pancreatic cancer incidence, Disability Adjusted Life Years (DALYs), and mortality from 1990 
to 2021, utilizing data from the most recent Global Burden of Disease (GBD) 2021 database.

Methods  Data were sourced from the GBD database over the period from 1990 to 2021. Age-standardized rates for inci-
dence, DALYs, and mortality were calculated per 100,000 population. We also calculated the proportion of DALYs and mor-
tality attributable to risk factors. The Bayesian age-period-cohort model was applied to project future trends until 2050.

Results  Between 1990 and 2021, the global incidence of pancreatic cancer increased significantly, with the num-
ber of cases rising from approximately 207,905 to 508,533 and the age-standardized incidence rate (ASIR) increas-
ing from 5.47 to 5.96 per 100,000 population. The global burden of pancreatic cancer, measured in DALYs, rose 
from 5.21 million to 11.32 million. Mortality rates showed a similar upward trend, with the number of deaths increas-
ing from around 211,613 to 505,752, and the age-standardized mortality rate (ASMR) rising from 5.655 to 5.948 
per 100,000 population. Notable increases in ASIR and ASMR were observed in low-middle and low sociodemo-
graphic index regions with males experienced higher rates compared to females. Age-standardized DALYs rate (ASDR) 
and ASMR worldwide were attributable to tobacco smoking, high BMI, and high fasting plasma glucose. Furthermore, 
our projection model estimates that the ASIR and ASMR of pancreatic cancer will significantly decline, while the ASDR 
is anticipated to maintain a steady downward trend by 2050.

Conclusion  This study offers a comprehensive analysis of pancreatic cancer trends, providing crucial insights for pub-
lic health planning and policy-making. Addressing identified risk factors and targeting high-risk populations are 
essential for effective strategies to reduce the global burden of pancreatic cancer.
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Introduction
Pancreatic cancer remains one of the most lethal malig-
nancies, characterized by a high mortality rate and a mini-
mal five-year survival rate [1, 2]. According to the latest 
GLOBOCAN report, pancreatic cancer has one of the 
poorest prognoses among cancers, ranking as the sixth 
leading cause of cancer mortality [3]. As reported by the 
GBD 2017 Pancreatic Cancer Collaborators, there were 
an estimated 448,000 (95% UI: 439,000–456,000) new 
cases of pancreatic cancer worldwide in 2017. Among 
these, 232,000 (210,000–221,000; 51.9%) occurred in 
males. The age-standardized incidence rate of pancreatic 
cancer was 5.0 (4.9–5.1) per 100,000 person-years in 1990, 
rising to 5.7 (5.6–5.8) per 100,000 person-years by 2017 
[4]. Despite advances in medical research and treatment, 
the global burden of pancreatic cancer continues to rise. 
Over the past three decades, the global burden of pancre-
atic cancer has evolved significantly, influenced by various 
demographic, lifestyle, and environmental factors [4, 5]. 
Understanding the epidemiological trends, risk factors, 
and projections of pancreatic cancer is crucial for devel-
oping effective public health strategies and policies.

To the best of our knowledge, the latest GBD data has 
not been utilized for a comprehensive epidemiological 
analysis of pancreatic cancer. In this study, we utilized 
the GBD database to examine trends in pancreatic cancer 
incidence, DALYs and mortality, including associated risk 
factors, from 1990 to 2021. This systematic analysis aims 
to provide a detailed overview of the global, regional, 
and national burden of pancreatic cancer from 1990 to 
2021. By identifying the major risk factors attributable 
to pancreatic cancer and projecting future trends up to 
2050, this study seeks to inform targeted prevention and 
intervention strategies. Understanding the dynamics of 
pancreatic cancer incidence, mortality, and associated 
risk factors is essential for healthcare policymakers, cli-
nicians, and researchers to develop effective measures to 
combat this devastating disease.

Methods
Overview and data collection
The data used in this study were obtained from the Global 
Burden of Disease (GBD) 2021 study, which integrates 
data from national cancer registries, vital registration sys-
tems, household surveys, and hospital records. These data 
are systematically collected and validated by the Insti-
tute for Health Metrics and Evaluation (IHME) to ensure 
consistency and reliability. In the GBD 2021 study, miss-
ing data is addressed using advanced statistical methods 
such as MR-BRT (Meta-Regression Bayesian Regularized 
Trimmed), which adjusts for biases using correction fac-
tors derived from mixed-effects models. Additionally, 
DisMod-MR 2.1 employs Bayesian methods to generate 

consistent estimates of prevalence, incidence, and mortal-
ity by integrating data from higher geographical levels and 
using location-specific covariates to impute missing data, 
ensuring accuracy and consistency [6].

The GBD 2021 study evaluated the incidence, DALYs, 
and mortality rates, along with their uncertainty inter-
vals, in 204 countries and territories from 1990 to 2021 
[7, 8]. Using the Global Health Data Exchange query tool 
(https://​vizhub.​healt​hdata.​org/​gbd-​resul​ts/) developed 
by GBD collaborators [9], we gathered standardized dis-
ease definitions, prevalence data, and other relevant 
information on pancreatic cancer patients. Addition-
ally, we collected data on global risk factors contributing 
to pancreatic cancer mortality and DALYs. In the web-
site, we selected the “Risk factors” for risk analysis and 
“Cause of death or injury” for the other analyses in the 
GBD Estimate section. In the Measure section, we chose 
Deaths, DALYs, and Incidence, and for the Metric sec-
tion, we selected both Number and Rate. The specific 
cause we focused on was Pancreatic cancer. For the Loca-
tion, we selected all GBD regions, and all countries and 
territories. For Age, we included all ages as well as age-
standardized data. The Sex categories chosen were Male, 
Female, and Both, and the data span from 1990 to 2021.

Calculation of estimated annual percentage change (EAPC)
EAPC is derived by fitting a linear regression model to 
the natural logarithm of the age-standardized rates (ASR) 
over time [10, 11]. Specifically, the ASR values are log-
transformed, and a linear regression is performed with 
time (year) as the independent variable and log(ASR) as 
the dependent variable. The slope of the regression model 
represents the EAPC, which indicates the average annual 
percentage change in the age-standardized rates. The 
formula for calculating EAPC is: EAPC = 100 × (exp(β) 
− 1). where β is the slope of the regression line, and exp 
(β) represents the exponentiated value of the slope [12].

Sociodemographic index
The Sociodemographic Index (SDI) gauges a region’s 
or country’s level of development using data on fertil-
ity rates, educational attainment, and income per capita 
[9]. The SDI scale ranges from 0 to 1, with higher scores 
reflecting greater socioeconomic advancement. Countries 
and territories in the GBD 2021 dataset are stratified into 
five SDI categories 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) [13].

Attribution of DALYs and deaths to risk factors
The attribution of DALYs and deaths to specific risk fac-
tors in this study follows the comparative risk assessment 
framework employed by the GBD 2021 study [14]. This 
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framework estimates the population attributable fraction 
(PAF) by comparing the current exposure levels of each 
risk factor to a theoretical minimum risk exposure level 
(TMREL), defined as the level of exposure associated with 
the lowest possible risk. The PAF quantifies the propor-
tion of disease burden that could be avoided if exposure to 
a specific risk factor were reduced to the TMREL. These 
PAFs are then applied to the total DALYs and deaths to 
calculate the burden attributable to each risk factor. The 
framework incorporates relative risk estimates derived 
from systematic reviews and meta-analyses, combined 
with exposure data for each population. Adjustments are 
made to account for mediation effects when risk factors 
act through intermediate pathways. This approach pro-
vides robust estimates of the attributable burden, though 
it assumes the independence of risk factors and may not 
fully capture interactions or combined effects.

Statistical analysis
The burden of pancreatic cancer was assessed using 
incidence, mortality, DALYs, and their age-standard-
ized rates per 100,000 population, with 95% uncer-
tainty intervals calculated using the GBD algorithm 
(https://​ghdx.​healt​hdata.​org/​gbd-​2021/​code) [6, 7]. 
Age standardization was performed using the direct 
method to ensure comparability across regions and 
time periods. The calculation utilized the Global Bur-
den of Disease (GBD) standard population as the refer-
ence population. Projections to 2050 were performed 
using a Bayesian age-period-cohort (BAPC) model, 
which separates the effects of age, period, and cohort 
[15, 16]. The age effect captures variations in disease 
burden based on age, the period effect reflects the 
impact of specific time periods (e.g., interventions or 
external events), and the cohort effect accounts for dif-
ferences in disease patterns across generations. The 
model employs integrated nested Laplace approxima-
tions (INLA) for Bayesian inference, allowing robust 
trend forecasting [17, 18]. Detailed explanation of the 
BAPC model are presented in Supplementary file 1. 
All statistical analysis was performed using R software 
package (version 4.2.1).

Result
Global and reginal trends of pancreatic cancer incidence, 
DALYs, and mortality
Table  1 presents the incidence of pancreatic cancer at 
both the global and regional levels between 1990 and 
2021. The data include the number of cases and the age-
standardized rate per 100,000 population, along with the 
estimated annual percentage change (EAPC) during this 
period. The global incidence of pancreatic cancer has 
significantly increased from 1990 to 2021. In 1990, the 

total number of cases was approximately 207,905 with 
an age-standardized rate of 5.47 per 100,000 popula-
tion. By 2021, the total number of cases rose to around 
508,533 with an age-standardized rate of 5.96 per 100,000 
population, reflecting an estimated annual percentage 
change of 0.34%. The regions showing the most nota-
ble trends include low-middle sociodemographic index 
(SDI) and low SDI regions. Specifically, in low-middle 
SDI regions, the age-standardized rate increased sig-
nificantly from 1.39 to 2.20 per 100,000 population, with 
an annual percentage change of 1.57%. Similarly, in low 
SDI regions, the rate rose from 1.31 to 1.59 per 100,000 
population, with an annual percentage change of 0.61%. 
In 2021, the age-standardized incidence rates (ASIR) per 
100,000 population for pancreatic cancer showed notable 
disparities across various regions (Fig.  1A). The highest 
rates were recorded in High-income Asia Pacific, with a 
rate of 10.689, and in High-income North America, with 
a rate of 10.196. On the other hand, the lowest rates were 
observed in South Asia, with a rate of 1.411. From 1990 
to 2021, both males and females experienced a notable 
increase in the incidence of pancreatic cancer. For males, 
the number of cases rose from approximately 110,396 in 
1990 to 273,617 in 2021, with the age-standardized rate 
increasing from 6.30 to 6.96 per 100,000 population. For 
females, the number of cases increased from around 
97,510 in 1990 to 234,916 in 2021, with the age-standard-
ized rate rising from 4.71 to 5.05 per 100,000 population.

Several regions exhibited significant trends in the 
incidence of pancreatic cancer, as measured by EAPC. 
East Asia experienced the most dramatic rise, with 
cases increasing from 39,030 to 122,831, and the age-
standardized rate rising from 4.51 to 5.64 per 100,000 
population (EAPC 0.707%). Southern Sub-Saharan 
Africa also saw a significant rise in cases from 1,003 to 
3,231, with the rate increasing from 3.80 to 5.76 (EAPC 
1.372%). Central Asia’s cases increased from 1,417 to 
3,468, and the rate rose from 3.00 to 4.27 (EAPC 1.332%). 
In contrast, Central Latin America experienced a slight 
decrease, with the age-standardized rate changing from 
4.36 to 4.54 per 100,000 population and an EAPC of 
−0.046% (Fig. 1D).

Table  2 summarizes the global and regional burden 
expressed in Disability Adjusted Life Years (DALYs). 
Globally, the total DALYs, which measure the years of 
healthy life lost due to disability and premature death, 
increased from approximately 5.21  million (95% UI: 
4.97–5.48  million) in 1990 to 11.32  million (95% UI: 
10.46–12.17  million) in 2021. Age-standardized rates 
per 100,000 population slightly increased from 129.32 
(95% UI: 122.98–135.98) to 130.33 (95% UI: 120.52–
140.13). Regions classified under the low-middle SDI 
category experienced a notable annual percentage 

https://ghdx.healthdata.org/gbd-2021/code
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change in DALYs at 1.460% (95% UI: 1.433–1.486). 
Significant increases in DALYs were observed in sev-
eral regions. In 2021, the age-standardized DALY rate 
(ASDR) per 100,000 population varied significantly 
across regions. Central Europe had one of the high-
est rates at 227.268 (208.753–246.433), while West-
ern Sub-Saharan Africa and South Asia had some of 
the lowest rates, at 48.348 (40.201–56.310) and 36.375 
(32.289–40.204) respectively. From 1990 to 2021, West-
ern Sub-Saharan Africa experienced the highest EAPC 
at 2.298%, with DALYs rising from 23,808 to 101,339. 
North Africa and the Middle East also saw a substantial 
increase, with an EAPC of 1.399% and DALYs growing 
from 133,125 to 506,970. Southeast Asia had an EAPC 
of 1.152%, with DALYs increasing from 165,074 to 
597,956. Conversely, Central Latin America had a slight 
decrease in DALYs, with an EAPC of −0.078% and 
DALYs increasing from 95,747 to 289,852. Southern 
Latin America also showed a minimal decrease, with 
an EAPC of −0.022% and DALYs rising from 101,652 to 
176,422 (Fig. 1E).

Table 3. summarizes the mortality rates between 1990 
and 2021. Globally, the total number of deaths increased 
from approximately 211,613 (95% UI: 199,990 − 221,951) 
in 1990 to 505,752 (95% UI: 461,224–543,899) in 2021, 
with age-standardized mortality rates per 100,000 popu-
lation rising from 5.655 (95% UI: 5.334–5.926) to 5.948 
(95% UI: 5.396–6.405), and an EAPC of 0.208% (95% UI: 
0.183–0.233). Significant increases in mortality rates were 
observed in low-middle SDI regions (EAPC: 1.553%, 95% 
UI: 1.520–1.586), with deaths rising from 8,671 to 32,553. 
In 2021, the regions with the most notable age-standard-
ized mortality rates (ASMR) were Central Europe (9.275 
per 100,000), and High-income Asia Pacific (9.563 per 
100,000). Conversely, the regions with the lowest ASMRs 
were South Asia (1.512 per 100,000) and Western Sub-
Saharan Africa (2.091 per 100,000) (Fig.  1C). Also, sev-
eral regions exhibited significant trends in the mortality 
from 1990 to 2021 Western Sub-Saharan Africa expe-
rienced the highest EAPC at 2.393% (95% UI: 2.303–
2.484), with deaths increasing from 901 to 3,774. Central 
Asia also saw a notable rise with an EAPC of 1.367% (95% 

Fig. 1  Global maps depicting the age-standardized incidence rate (ASIR), age-standardized DALYs rate (ASDR), and age-standardized mortality rate 
(ASMR) of pancreatic cancer in 2021. A ASIR per 100,000 population, B ASDR per 100,000 population, and C ASMR per 100,000 population. Panels 
D-F show the estimated annual percentage changes (EAPCs) for ASIR, ASDR, and ASMR respectively, from 1990 to 2021
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UI: 1.169–1.567), and deaths increasing from 1,473 to 
3,596. Southeast Asia reported an EAPC of 1.274% (95% 
UI: 1.215–1.334), with deaths rising from 5,791 to 22,414. 
In contrast, Central Latin America had a slight decrease 
in EAPC at −0.110% (95% UI: −0.218 to −0.002), with 
deaths increasing from 3,722 to 11,918 (Fig. 1F).

Trends in age‑standardized incidence, DALY and mortality 
rates
First, we analyzed trends in ASIR (Fig.  2A), ASDR 
(Fig.  2B), and ASMR (Fig.  2C) per 100,000 population 
from 1990 to 2021, categorized by sex and five different 
SDI levels. Overall, high SDI regions consistently show 
the highest rates across all metrics, while low SDI regions 
exhibit the lowest rates. Males generally have higher rates 

than females. There are slight increasing trends glob-
ally for ASIR and ASMR, whereas ASDR shows a slight 
decrease and stabilization. To provide a more intuitive 
understanding of the trend changes, we also presented 
the Estimated Annual Percentage Change (EAPC) in age-
standardized incidence, DALYs, and mortality rates for 
pancreatic cancer from 1990 to 2021, stratified different 
SDI levels (Supplementary Table 1). We have also added 
a visualisation of separate maps for the ASIR, ASDR, and 
ASMR for 1990, 2000, and 2010 to better illustrate the 
temporal trends (Supplementary Fig. 1).

We also displayed trends for males and females across 
21 GBD regions. Figure 3A shows that high-income Asia 
Pacific, North America, and Central Europe have the 
highest ASIR, with males consistently exhibiting higher 

Fig. 2  Trends in the age-standardized incidence rate (ASIR), age-standardized DALYs rate (ASDR), and age-standardized mortality rate (ASMR) 
of pancreatic cancer from 1990 to 2021, stratified by sex and socio-demographic index (SDI). A ASIR per 100,000 population, B ASDR per 100,000 
population, and C ASMR per 100,000 population. Each panel shows trends for both sexes combined, females, and males across different SDI levels: 
high, high-middle, middle, low-middle, and low
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Fig. 3  Age-standardized incidence rate (ASIR), age-standardized DALYs rate (ASDR), and age-standardized mortality rate (ASMR) of pancreatic 
cancer by region and sex in 2021. A ASIR per 100,000 population, B ASDR per 100,000 population, and C ASMR per 100,000 population. Bars 
represent regional data with blue indicating females and red indicating males
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rates than females across all regions. Figure 3B indicates 
that Eastern Europe and Central Europe have the high-
est ASDR, again with males showing higher rates than 
females. Figure  3C reveals that Central Europe, high-
income Asia Pacific, and Eastern Europe have the highest 
ASMR, with males surpassing females in all regions.

Then, the temporal trends and regional disparities in 
ASIR, ASDR, and ASMR for the years 1990, 2000, 2010, 
and 2021 across 21 GBD regions was analyzed. Figure 4A 
shows that ASIR has generally increased over time in 
most regions, with high-income Asia Pacific and North 
America consistently having the highest rates. Figure 4B 
indicates that ASDR has decreased in many regions, 
particularly in high-income areas, but remains high in 
Eastern Europe and Central Asia. Figure 4C reveals that 
High-income Asia Pacific and Central Europe show nota-
ble decreases in ASMR, though they still remain among 
the highest in 2021. Central Europe and Central Asia 
exhibit high ASMR, with a more gradual decrease com-
pared to high-income regions.

Age and sex‑specific trends in pancreatic cancer incidence, 
DALYs, and mortality
We present age-specific and sex-specific trends in the 
incidence, DALYs, and mortality of pancreatic cancer in 
1990 (Supplementary Fig.  2A, C,E), 2000 (Supplemen-
tary Fig. 2B, D,F), and 2021 (Fig. 5). Figure 5A shows that 
the incidence numbers and rates per 100,000 population 
increase with age, peaking in the 65–69 years age group 
for both males and females. Figure  5B indicates that 
DALYs also rise with age, reaching a peak in the 65–69 
years age group, with males exhibiting slightly higher 
DALYs than females across most age groups. Figure  5C 
presents the death numbers, which increase with age and 
peak in the 70–74 years age group, with males generally 
showing higher mortality rates compared to females.

SDI‑related differences in pancreatic cancer burden
Overall, we reveal a positive correlation between SDI 
and ASR for pancreatic cancer across 21 various global 
regions between 1990 and 2021. Figure  6A shows 
that higher SDI levels correspond to increased ASIR. 
Figure 6B indicates a similar trend for ASDR. Figure 6C 
reveals that ASMR also rise with increasing SDI. We 
also revealed the positive relationship between the SDI 
and age-standardized rates across the 204 countries and 
territories (Supplementary Fig.  3A-C). Overall, regions 
with higher SDI experience greater incidence, DALYs, 
and mortality rates for pancreatic cancer.

Proportion of deaths and DALYs attributable to risk factors
The global and regional proportions of DALYs and deaths 
attributable to three major risk factors: high body-mass 

index, high fasting plasma glucose, and tobacco use were 
analyzed. High fasting plasma glucose has the highest 
impact on DALYs and deaths, particularly in North 
America and Central Latin America. High body-mass 
index significantly affects North America and North 
African and Middle East, while tobacco use is most 
burdensome in Central Europe and East Asia (Fig.  7A 
and B). Age-wise, the proportion of DALYs and deaths 
attributable to high BMI increases with age, peaking in 
the 60–64 age group. High fasting plasma glucose shows 
a similar age-related trend, with higher proportions in 
older age groups aged 70–90 years. The impact of tobacco 
on both DALYs and deaths is also significant particularly 
among individuals aged 40–60 years (Fig. 7C and D).

Prediction of pancreatic cancer‑related burden globally 
in the next 29 years
We further provided the projected trends for ASIR, 
ASDR, and ASMR from 1990 to 2050, with observed 
data up to 2021 and forecasts beyond that point. Post-
2021 projections indicate a gradual decline in ASIR, 
suggesting that the mortality rate is expected to decrease 
over time. By 2050, the ASIR is projected to drop to 
5.618 per 100,000 population (Fig.  8A). The ASDR, 
having remained stable from 1990 (127.336 per 100,000 
population) to 2021 (130.604 per 100,000 population), 
is expected to steadily decrease to 116.357 per 100,000 
population by 2050 (Fig.  8B). From 1990 to 2021, the 
ASMR has shown a steady increase, peaking around 2019 
(8.703 per 100,000 population). The projections suggest 
a decline in ASMR post-2021, with the rate expected 
to decrease progressively until 2050 (7.284 per 100,000 
population) (Fig. 8C).

Discussion
The findings of our study revealed significant varia-
tions in incidence, DALYs, and mortality of pancreatic 
cancer across 204 countries and territories, highlight-
ing the need for targeted identification of at-risk popu-
lations. Addressing the limitation and outdated results 
of previous studies [4, 19, 20], we provide up-to-date 
statistics on a comprehensive range of health metrics, 
illustrating trends from 1990 to 2021. We revealed that 
(1)  the global incidence of pancreatic cancer signifi-
cantly increased from 1990 to 2021, with the number of 
cases rising from approximately 207,905 to 508,533 and 
the age-standardized rate (ASR) increasing from 5.47 to 
5.96 per 100,000 population; (2) regions with lower SDI, 
such as low-middle and low SDI regions, exhibited the 
most notable increases in ASR, with annual percent-
age changes of 1.57% and 0.61%, respectively; (3)  males 
experienced higher ASRs of incidence, mortality, and 
DALYs compared to females, with the number of cases 
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Fig. 4  Temporal trends in the age-standardized incidence rate (ASIR), age-standardized DALYs rate (ASDR), and age-standardized mortality rate 
(ASMR) of pancreatic cancer from 1990 to 2021 by region. A ASIR per 100,000 population, B ASDR per 100,000 population, and C ASMR per 100,000 
population. Regions are grouped and color-coded for the years 1990, 2000, 2010, and 2021
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for males increasing from 110,396 to 273,617, and for 
females from 97,510 to 234,916; (4)  significant regional 
trends were observed, with East Asia experiencing the 
most dramatic rise in incidence (EAPC 0.707%), fol-
lowed by Southern Sub-Saharan Africa (EAPC 1.372%) 
and Central Asia (EAPC 1.332%), whereas Central Latin 
America saw a slight decrease (EAPC − 0.046%); (5)  the 
global burden in terms of DALYs also increased, with 

total DALYs rising from 5.21  million to 11.32  million, 
and regions like Western Sub-Saharan Africa and North 
Africa showing the highest increases in EAPC for DALYs 
at 2.298% and 1.399%, respectively; (6) the total number 
of deaths increased globally from 211,613 to 505,752, 
with notable increases in low-middle SDI regions (EAPC 
1.553%); (7) trend analysis showed that high SDI regions 
consistently had the highest ASRs, while low SDI regions 

Fig. 5  Incidence, disability-adjusted life years (DALYs), and death numbers of pancreatic cancer by age and sex in 2021 from all countries. 
A Incidence numbers, B DALYs numbers, and C Deaths numbers. Pink bars represent female data, blue bars represent male data, and lines 
with shaded areas show the rates per 100,000 population with 95% uncertainty intervals (UI)
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Fig. 6  Relationship between the socio-demographic index (SDI) and pancreatic cancer burden in terms of (A) age-standardized incidence rate 
(ASIR), B age-standardized DALYs rate (ASDR), and C age-standardized mortality rate (ASMR) in 2021. Each point represents a region, with trends 
illustrating the correlation between SDI and the respective rates. The fitted curves were generated using a locally weighted smoothing (LOESS) 
method, which provides a flexible, non-parametric approach to visualize trends without assuming a specific functional form. The shaded bands 
around the curves represent the 95% confidence intervals, indicating the uncertainty in the estimated relationships
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Fig. 7  Proportion of DALYs and deaths attributable to key risk factors for pancreatic cancer in 2021. A Proportion of DALYs and B proportion 
of deaths attributable to high body-mass index, high fasting plasma glucose, and tobacco use by region. C, D Age-specific proportion of DALYs 
and deaths attributable to these risk factors
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exhibited the lowest rates, with males showing higher 
rates than females across all metrics; (8)  the proportion 
of deaths and DALYs attributable to known risk factors 
included high fasting plasma glucose, high BMI, and 
tobacco use; (9)  projections indicate a gradual decline 
in the age-standardized rates of incidence, DALYs, and 
mortality for pancreatic cancer by 2050.

The increase in pancreatic cancer cases in low-
middle and low SDI regions could be attributed to 

several factors, including improved diagnostic capa-
bilities, lifestyle changes, and population aging [16, 21]. 
High-income regions, such as the Asia Pacific and North 
America, continue to exhibit the highest incidence rates, 
likely due to better reporting and more widespread 
screening practices [22]. These trends underscore the 
need for targeted public health interventions to address 
the growing burden of pancreatic cancer in both high 
and low SDI regions. The high-incidence age group for 

Fig. 8  Projected trends in the age-standardized incidence rate (ASIR), age-standardized DALYs rate (ASDR), and age-standardized mortality 
rate (ASMR) of pancreatic cancer from 2022 to 2050. A ASIR per 100,000 population, B ASDR per 100,000 population, and C ASMR per 100,000 
population. Shaded areas represent the 95% uncertainty intervals for the projections
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pancreatic cancer typically ranges from 60 to 80 years. 
Epidemiological data show that the incidence of pancre-
atic cancer increases with age, particularly in individuals 
aged 65 and older [23, 24]. Similarly, our analysis of age-
specific trends underscored the critical need for targeted 
interventions and healthcare strategies for elderly aged 
65–75 years, who are at greater risk of developing and 
succumbing to pancreatic cancer. Public health initiatives 
should focus on early detection and preventive measures, 
particularly for older adults, to mitigate the rising burden 
of this disease.

We identified tobacco smoking, high BMI, and high 
fasting plasma glucose (FPG) as significant risk factors 
for pancreatic cancer, contributing notably to the disease 
burden. These findings align with previous research [4, 
25]. Tobacco smoke contains numerous carcinogens, 
such as nitrosamines and polycyclic aromatic hydro-
carbons, which can generate oxidative stress and pro-
mote cellular damage, leading to mutations and cancer 
development [26, 27]. Also, smoking induces chronic 
inflammation, which can create a microenvironment 
conducive to cancer growth [28]. A meta-analysis by 
Iodice et  al. revealed that cigarette smoking increases 
the risk of pancreatic cancer by 75% compared to non-
smokers [29], and this elevated risk persists for nearly 
20 years after smoking cessation [30]. Obesity is linked 
to dysfunctional adipose tissue, adipocyte death, and 
chronic low-grade inflammation, all of which can cre-
ate a microenvironment conducive to tumor develop-
ment [31]. High fasting plasma glucose is an abnormal 
metabolic condition, commonly manifested as diabetes. 
Excess body fat along with high FPG can lead to insu-
lin resistance, leading to elevated insulin and insulin-
like growth factors, which can inhibit apoptosis and 
stimulate cancer cell proliferation [32, 33]. Numerous 
studies have confirmed the association between high 
fasting plasma glucose and an increased global burden 
of cancer-related deaths [34, 35]. Addressing these risk 
factors through public health interventions and life-
style modifications is crucial for reducing the incidence 
and mortality of pancreatic cancer. Enhanced screen-
ing and preventive measures targeting these modifiable 
risks could significantly impact the global burden of this 
deadly disease [19].

The observed regional disparities in pancreatic cancer 
burden can be attributed to a combination of modifiable 
and systemic factors that vary across socioeconomic and 
geographic contexts [36, 37]. High-income regions, such 
as North America and Asia Pacific, report the highest 
age-standardized incidence rates, likely reflecting the 
cumulative impact of modifiable risk factors such as 
high BMI, diabetes, and smoking prevalence, alongside 
advanced healthcare systems that facilitate early 

detection and comprehensive case registration [38–40]. 
In contrast, regions with low or low-middle SDI, such as 
Sub-Saharan Africa and South Asia, are experiencing a 
sharp increase in cancer burden. This may be due to the 
adoption of urbanized lifestyles, characterized by higher 
rates of obesity and dietary shifts towards processed 
foods [41, 42], combined with limited public health 
resources and inconsistent cancer registries [43–45]. For 
instance, in Sub-Saharan Africa, the rising ASIR coincides 
with increasing tobacco consumption and urbanization, 
yet diagnostic delays and healthcare access disparities 
likely result in significant underreporting [46, 47]. These 
findings suggest a pressing need for tailored public health 
interventions in low-SDI regions and region-specific 
interventions, such as tobacco cessation programs, public 
awareness campaigns targeting modifiable risk factors, 
and the establishment of more robust cancer surveillance 
systems, particularly in resource-limited settings.

The projections analysis indicates a gradual decline in 
ASIR, suggesting a potential reduction in new pancreatic 
cancer cases over time. By 2050, the ASIR is expected 
to drop significantly. Similarly, ASDR, which remained 
stable from 1990 to 2021, is forecasted to steadily 
decrease by 2050. This decline suggests an improve-
ment in the overall quality of life and a reduction in the 
years of healthy life lost due to pancreatic cancer. While 
ASMR showed a steady increase from 1990, peaking 
around 2019, post-2021 projections suggest a decline, 
with the rate expected to progressively decrease by 
2050. The projected decline in pancreatic cancer inci-
dence and mortality by 2050 is underpinned by several 
anticipated developments. First, advancements in early 
detection techniques, such as circulating tumor DNA 
and improved imaging technologies, are expected to 
facilitate earlier diagnosis in asymptomatic or high-risk 
populations, thereby reducing late-stage diagnoses and 
improving treatment outcomes [1, 48]. Second, signifi-
cant progress in therapeutic interventions, including per-
sonalized medicine approaches such as next-generation 
sequencing to identify actionable mutations, may result 
in more effective treatments with improved survival 
rates. For instance, the increasing integration of immune 
checkpoint inhibitors and CAR-T cell therapies holds 
promise for enhancing long-term control of pancreatic 
cancer [49, 50]. Third, widespread implementation of 
public health measures targeting modifiable risk factors, 
such as global anti-smoking campaigns, diabetes preven-
tion programs, and interventions to address obesity, may 
lead to a measurable reduction in disease incidence, par-
ticularly in high-risk regions [51].

This study is among the first to apply the most recent 
Global Burden of Disease 2021 database to analyze 
pancreatic cancer trends. This timely update ensures that 
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our findings reflect the current state of pancreatic cancer 
epidemiology, offering a valuable resource for public 
health planning and policy-making. Unlike studies that 
focus on specific regions and apply advanced statistical 
techniques such as time series modeling, disease 
mapping, and age-period-cohort models [52–55], our 
study uses exploratory data analysis to incorporate data 
from multiple countries worldwide. This approach aims 
to provide a descriptive global overview of pancreatic 
cancer burden and trends, rather than focusing on 
localized or highly specific statistical analyses.

However, several limitations must be acknowledged. 
First, the analysis heavily relied on the GBD database. 
The database accuracy is constrained by the 
availability of national registry data, and the number 
of undiagnosed cases of pancreatic cancer. Secondly, 
age-standardized rates can vary significantly over short 
geographical distances due to differences in lifestyle and 
environment, necessitating more detailed geographical 
data in future research. Thirdly, data gaps in certain 
regions introduce bias, particularly in underdeveloped 
countries. Thirdly, the lack of histological data in the 
GBD framework limits our ability to accurately stratify 
patients, potentially leading to overestimated incidences 
where data may come from a single regional registry. 
Besides, using data up to 2021 may not capture the 
most recent trends, highlighting the need for updated 
statistics to inform timely public health interventions. 
Also, inherent limitations of the GBD database, 
including its reliance on aggregated population-level 
data, preclude the ability to assess individual-level 
interactions between key risk factors and socio-
demographic factors. Lastly, another notable limitation 
is the widening confidence intervals observed in the 
projections for the 2040–2050 period, which reduce 
the reliability of the estimates. This uncertainty reflects 
the challenges of accounting for future demographic 
shifts, variability in healthcare advancements, and 
the unpredictable evolution of global risk factors, 
necessitating cautious interpretation of long-term 
trends. Addressing these limitations will allow for more 
precise and effective strategies in combating pancreatic 
cancer globally.

Conclusion
Current trends and future projections of pancreatic can-
cer incidence and mortality exhibit significant geographic 
variability among countries with varying income levels. 
To address health inequities in the burden of pancreatic 
cancer, it is essential to consider the disparities in health-
care accessibility between high-income countries and 
those with low or lower-middle incomes.
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