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Abstract
Background: Pancreatitis is a common disease of the digestive system. Acute pancreatitis is one of the most common reasons for
gastrointestinal hospital admission, and chronic pancreatitis significantly reduces quality of life. However, national
epidemiological data on pancreatitis in China are lacking. This study aimed to quantify the disease burden of pancreatitis in
China from 1990 to 2019.
Methods: This study was based on the Global Burden of Disease Study 2019 dataset. Age-standardized rates of incidence (ASIR),
prevalence (ASPR), mortality (ASMR), and disability-adjusted life years (DALYs) were used to describe the disease burden of
pancreatitis, and estimated annual percentage change (EAPC) was used to indicate the average change in age-standardized rates.
We also described the trend of pancreatitis-related mortality and DALYs, which are attributable to alcohol use by age and sex.
Results: From 1990 to 2019, the ASIR, ASPR, ASMR, and age-standardized DALYs of pancreatitis in China decreased by 10.90,
1.50, 0.49, and 15.54 per 100,000, respectively, with EAPCs of �1.35 (95% uncertainty interval [UI]: �1.67, �1.02) and �0.37
(95%UI:�0.43,�0.31),�2.01 (95%UI:�2.07,�1.94) and�2.32 (95%UI:�2.37,�2.28), respectively. Recently, the numbers
of incident and prevalent cases have risen, with estimates of 380,018 (95%UI: 308,669–462,767) and 493,765 (95%UI: 416,705–
578,675), respectively, in 2019. Among men, the disease burden of pancreatitis was more severe than among women, and with
variances in the distribution among different age groups. Age-standardized DALYs caused by alcohol-related pancreatitis have
gradually worsened in the past decade, accounting for 34.09% of the total in 2019.
Conclusions:The disease burden of pancreatitis in China has declined in the past 30 years, but the exacerbation of population aging
poses a challenge to prevention and control of pancreatitis. Alcohol use has gradually become an important factor in the disease
burden of pancreatitis in recent years.
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Introduction

Pancreatitis is an inflammatory injury of the pancreas with
a variety of causes, and is classified as acute pancreatitis
(AP) and chronic pancreatitis (CP). AP is one of the most
common gastrointestinal disorders leading to hospital
admission and causes huge medical expenses.[1] Its annual
incidence varies from 13 to 45/100,000 in different
regions.[2,3] The incidence of CP is relatively low, but the
long-term existence of CP significantly reduces the quality
of life of patients and increases the burden of disease, with
a prevalence of 41.76/100,000.[4] The latest reported
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worldwide incidence and mortality rates of pancreatitis
are 34.8/100,000 and 1.4/100,000, respectively.[5] The
incidence and mortality of pancreatitis in China are
moderate compared to worldwide numbers.[5,6] The
clinical course of most patients with AP is self-limiting,
but 20% to 30% of patients have experienced dangerous
clinical conditions, and the overall case fatality rate is 5%
to 10%. To date, no studies have reported the annual
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trends in the prevalence, incidence, mortality, and
disability-adjusted life years (DALYs) of pancreatitis in
China at the national level.

Alcohol consumption is a common risk factor for
pancreatitis.[7] Alcoholic pancreatitis usually shows with
a chronic course, and it can also act as an acute episode if
many alcoholic drinks are consumed in a short period. In
most Western countries, the incidence of alcoholic
pancreatitis ranks first among all types of pancreatitis.[3]

The incidence in northern Europe is 8.2/100,000, and the
overall prevalence is 27.4/100,000.[8] In China, the
incidence of alcoholic pancreatitis is significantly higher
than that of 10 years ago, ranking first to third among all
types of pancreatitis according to different reports.[9,10]

Understanding the status and trends of the disease burden
of pancreatitis attributed to alcohol is of great significance
for disease control and health promotion.

Hence, in this study, we focused on the current status and
secular trends over the past 30 years in the disease burden
of pancreatitis and alcohol-related pancreatitis by sex and
age in China. This study aimed to evaluate the current
prevention and therapeutic strategies and provide infor-
mation and guidance for formulating public health policy.
Methods

Data source

In this study, the analysis was based on the 1990 to 2019
dataset of Global Burden of Disease Study (GBD), which is
publicly available in the Global Health Data Exchange
query tool (http://ghdx.healthdata.org/gbd-results-tool).
GBD is an international collaborative study that was
developed and maintained by the Institute for Health
Metrics and Evaluation (IHME) at the University of
Washington, and aims to provide rigorous and comparable
measurements for important global health issues. GBD
2019 estimated statistical data on 369 diseases and 87 risk
factors from 1990 to 2019 in 204 countries and territories.
Adetaileddescriptionof thedatacollectionandmodelingof
the GBD 2019 has been outlined in previous reports.[11,12]

This study extracted publicly accessible data from GBD
2019, which contains de-identified data rather than
individual data. Therefore, the institutional review board
waived the requirement for ethical approval and informed
consent.
Disease classification and coding

The International Classification of Diseases ninth (ICD-9)
and tenth edition (ICD-10)were used to encode the cause of
death data,whichwere reclassified andmapped to theGBD
cause of death classification after the garbage code was
redistributed. In this study, the coding range for pancreatitis
was 577 to 577.9 ICD-9 and K85 to K86.9 ICD-10.
Risk factors

GBD 2019 uses a comparative risk assessment framework
to estimate the mortality and DALYs attributable to 87
1341
risk factors and risk factor combinations at the global level
and in different countries and regions. Risk factors are
divided into three categories—behavioral, environmental
and occupational, and metabolic. Among the 87 risk
factors assessed by GBD 2019, only one risk factor for
pancreatitis (use of alcohol) has been identified.[12]
Disease burden

Prevalence, incidence, mortality, and DALYs were
described in this study to evaluate the disease burden of
pancreatitis. The non-fatal disease burden was modeled
using DisMod-MR 2.1, a Bayesian meta-regression tool
that allows the evaluation of all available data on disease
incidence, prevalence, and remission to achieve consisten-
cy among epidemiological parameters.[11] Data were
derived primarily from hospital inpatient data, national
surveys, published studies, and the cause of death
reporting system of the Chinese Center for Disease
Control and Prevention. These data inform etiological
models primarily by providing estimates of incidence and
prevalence adjusted for a combination of factors including
readmission, non-primary diagnosis, and outpatient
utilization. The pancreatitis mortality rate was generated
by the cause of death ensemble model, which is a
systematic tool that can run different modeling methods
for mortality rates or death cause fractions with varying
choices of covariates and select the model set that best
reflects all available input data.[13]

DALYs refer to the total healthy life years lost from
morbidity to death, including years of life lost due to
premature death (YLL) and years lost due to disability
(YLD). The calculation formula of YLL is YLL=N � L,
where N represents the number of deaths and L represents
the standard life expectancy at the age of death in years.
The calculation formula of YLD is YLD= I�DW� L,
where I is the number of incident cases, DW is the
disability weight, and L is the average duration of
disability years. Disability weight represents the severity
of health loss associated with a single health condition.[14]
Analysis

In all analyses, prevalence, incidence, mortality, and
DALYs were presented as an age-standardized rate (ASR)
of 100,000 persons. ASRs were calculated using the
following formula:[15]

Age-standardized rate ¼
PA

i¼1 aiwi
PA

i¼1 wi

� 100; 000

The GBD Population Estimates from 1950 to 2019 were
considered the standardized population.[16] Age-standard-
ized rates of incidence (ASIR), prevalence (ASPR),
mortality (ASMR), and DALYs in 1990 and 2019 were
stratified by sex. In the GBD, the uncertainty interval (UI)
was used to describe the possible heterogeneity of
sampling error and non-sampling variance. The 95% UI
was calculated by taking out 1000 samples from the post-
distribution of each step in the modeling process, and
reported as the 2.5th and 97.5th values of each estimated

http://ghdx.healthdata.org/gbd-results-tool
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value. Estimated annual percentage changes (EAPC) were
used to indicate the average change in ASRs.[15] In the
calculation of EAPC, we assumed that the annual change
was constant and stable, with year as the independent
variable, and after the natural logarithmic transformation
of ASRs, linear fitting was used as the dependent variable,
namely: Y= a+bX+e, where Y= Ln(ASR) and X is the
year. Subsequently, EAPC= 100� (exp (b) � 1), where b
is the estimated value of slope b. Then hypothesis testing
was performed on EAPC and the 95% confidence interval
(CI) was calculated, where the standard error was
obtained from the fitted regression line.[17] When both
the estimated value of EAPC and the upper limit of its
95%CIwere less than 0, the ASRwas considered to have a
downward trend. If the estimated value of EAPC and the
lower limit of its 95% CI are both > 0, it was considered
that ASR is rising. Otherwise, ASR was considered stable.

To observe the year-on-year trend of the burden of
pancreatitis from 1990 to 2019, we used a biaxial graph to
stratify cases and ASRs by sex and year. Then, we divided
the age into groups of 5-year intervals, and described the
distribution of ASRs in the cross-section in 2019
according to age and sex.

The ASRs and fractions of pancreatitis-related mortality
and DALYs attributable to alcohol use are shown by age
groups in different sexes. And we further described the
secular trend of them by sex from 1990 to 2019.

All statistical analyses and data visualizations were
performed usingMicrosoft Excel (Microsoft Corporation,
Redmond, WA) and the R package ggplot2 (https://
ggplot2.tidyverse.org).
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Results

Burden of pancreatitis in 1990 and 2019

The numbers and ASRs of incidence, prevalence, mortality
and DALYs of pancreatitis in 1990 and 2019 are
presented in Table 1. At the national level, the number
of incident cases of pancreatitis was 380,018 (95% UI:
308,669–462,767) and 493,765 (95% UI: 416,705–
578,675) in 1990 and 2019, respectively. From 1990 to
2019, the total number of new cases, prevalence, and
deaths due to pancreatitis has increased, while the number
of DALYs has declined from 320,705 (95% UI: 254,956–
320,705) to 301,310 (95% UI: 237,110–363,324). The
ASIR, ASPR, ASMR, and age-standardized DALYs of
pancreatitis in 2019 were 26.76 (95% UI: 22.76, 31.25),
15.06 (95% UI: 13.13, 17.03), 0.59 (95% UI: 0.46, 0.7),
and 16.09 (95% UI: 12.73, 19.36), respectively. All ASRs
showed a significant decline from 1990 to 2019. The
EAPC of ASIR, ASPR, ASMR, and age-standardized
DALYs are �1.35 (95% UI: �1.67, �1.02), �0.37 (95%
UI: �0.43, �0.31), �2.01 (95% UI: �2.07, �1.94), and
�2.32 (95% UI: �2.37, �2.28), respectively.

The numbers and ASIR, ASPR, ASMR, and DALYs of
men were higher than those of women in both 1990 and
2019. All the numbers among men and women increased
during the study period, while all the ASRs in both sexes
1342
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decreased. The EAPC of ASIR, ASPR, ASMR, and age-
standard DALYs among females are �1.40 (95% UI:
�1.70, �1.09), �0.73 (95% UI: �0.81, �0.65), �2.81
(95%UI:�2.89,�2.74),�3.26 (95%UI:�3.35,�3.17),
respectively, which is higher than that among men.

The distribution of the pancreatitis disease burden at
different ages in 2019 is shown in Figure 1. The incidence
of pancreatitis in people aged 0 to 19 was low, and
increased with age, especially after entering old age, when
the incidence of pancreatitis was high [Figure 1A]. The
ASPR peaked at 80 to 84 years with age (male: 75.86/
100,000; female: 67.28/100,000) and then began to show
a downward trend [Figure 1B]. When we explored the
distribution of ASMR, we found an increase in older age
groups, with the ≥95 age group having the highest
mortality of 22.87/100,000 in men and 16.85/100,000 in
women [Figure 1C]. As for age-standardized DALYs,
values for women increased with age, reaching the highest
value of 92.9/100,000 in the ≥95 age group; among men,
the highest value of 138.15/100,000 was observed in the
85 to 89-year-old group [Figure 1D].
Trends in pancreatitis burdens, 1990 to 2019

From 1990 to 2019, the ASIR, ASPR, ASMR, and age-
standardized DALYs of pancreatitis in China decreased by
10.90, 1.50, 0.49, and 15.54, per 100,000, respectively
[Table 1]. Figure 2 shows the year-on-year trend of the
numbers and ASRs of incidence, prevalence, mortality,
and DALYs for pancreatitis from 1990 to 2019 by sex.
Figure 1: The age-standardized rates of (A) incidence, (B) prevalence, (C) mortality, and (D)
ASMR: Age-standardized mortality rate; ASPR: Age-standardized prevalence rate; DALYs: Di

1343
The ASIR of pancreatitis remained stable at first, but then
experienced a rapid decline from 1997 to 2000 (from
41.41/100,000 to 31.50/100,000), followed by a stable
trend. The number of pancreatitis patients generally
showed a steady increasing trend, with ASPR remaining
stable in men and decreasing year by year in women. The
age-standardized mortality and DALYs continued to
decline during the study period, but in the last 20 years,
the decline in women was greater than that in men.
Deaths and DALYs of pancreatitis attributable to alcohol use

In 2019, the estimated number of deaths caused by
alcohol-related pancreatitis in China was 3327.29,
accounting for 31.20% of the total deaths due to
pancreatitis. The proportion was 43.96% in men,
compared to 11.83% in women. The age-standardized
DALYs attributable to alcohol were 102702.10, which
accounted for 34.09% of the total pancreatitis DALYs.
Upon further observation in different age groups, we
found that the disease burden caused by alcohol use was
most serious among young and middle-aged male,
reaching the highest value in the age group of 35 to 54,
where the attributable fractions of ASMR and age-
standardized DALYs were over 40%. [Figure 3A]. This
was mainly due to the distribution among men, because
the proportion of the disease burden attributable to
alcohol use among women was relatively low and did not
change significantly with age. Among men, more than half
of the ASMR and age-standardized DALYs in the 35 to 65
age group can be attributed to alcohol-related pancreatitis
DALYs due to pancreatitis by age and sex, 2019. ASIR: Age-standardized incidence rate;
sability-adjusted life-years.

http://www.cmj.org


Figure 2: Trends in cases and age-standardized rates of (A) incidence, (B) prevalence, (C) mortality, and (D) DALYs of pancreatitis in China, from 1990 to 2019. The bar indicates the
cases, and the line indicates the rates. Solid lines denote the estimated values, and shading indicates the upper and lower limits of the 95% UIs. ASIR: Age-standardized incidence rate;
ASMR: Age-standardized mortality rate; ASPR: Age-standardized prevalence rate; DALYs: Disability-adjusted life-years; UIs: Uncertainty intervals.

Figure 3: The fractions of pancreatitis ASMR and DALYs attributable to alcohol use, 2019. ASMR: Age-standardized mortality rate; DALYs: Disability-adjusted life-years.
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Figure 4: Trends in fractions of pancreatitis ASMR and DALYs attributable to alcohol use, from 1990 to 2019. ASMR: Age-standardized mortality rate; DALYs: Disability-adjusted life-
years.
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[Figure 3B and 3C]. Moreover, the ASMR of alcohol-
related pancreatitis gradually increased with age, and age-
standardized DALYs remained relatively stable in men
>85 years of age [Supplementary Figure 1, http://links.
lww.com/CM9/B76].

From 1990 to 2019, the ASMR and age-standardized
DALYs of pancreatitis attributable to alcohol use showed
an overall downward trend [Supplementary Figure 2,
http://links.lww.com/CM9/B76]. However, the fractions
of pancreatitis ASMR and DALYs attributable to alcohol
use showed a general trend of first declining and then
rising, and the fractions continued to rise after 2001 in
both sexes [Figure 4].

Discussion

This study describes the secular trend of pancreatitis in the
ASIR, ASPR, ASMR, and age-standardized DALYs in
China at the national level for the first time, and provides
the following key information. Nationally, we estimated
that there were nearly 0.5 million incident cases, 0.3
million prevalent cases, 10.7 thousand deaths, and 0.3
million DALYs in 2019. The ASR of incidence, preva-
lence, deaths, and age-standardized DALYs were 26.76,
15.06, 0.59, and 16.09 per 100,000, respectively. From
1990 to 2019, the ASRs of pancreatitis declined in China,
but the number of incident and prevalent cases has grown
significantly. In addition, alcohol use has gradually
become a more significant cause of death and DALYs
caused by pancreatitis.

A meta-analysis of high-quality population-based cohort
studies showed that the global incidence and mortality of
AP were 33.74/100,000 and 1.60/100,000, respectively,
and those of CPwere 9.62/100,000, and 0.09/100,000.[18]

In 2019, the estimated global incidence, mortality, and
DALYs of pancreatitis were 34.8/100,000, 1.4/100,000,
1345
and 44.4/100,000, respectively.[5] Our results showed that
the burden of pancreatitis in China is at a medium level
from the perspective of ASRs. However, considering the
huge population of China, the incidence and prevalence,
mortality, and the morbidity rates are still a heavy burden.
It is particularly important to note that the incidence and
prevalence of pancreatitis in China have shown an upward
trend in recent years. Studies have reported that the
incidence and prevalence of CP are increasing.[19] CP is
prone to recurrent episodes, and there is currently no
curative treatment. The long-term existence of the disease
will reduce patients’ quality of life and shorten their life
expectancy. Therefore, CP may be an important factor in
the changes of pancreatitis DALYs.

The incidence and prevalence of pancreatitis in China have
not declined significantly in the past 30 years, especially
among men. Socioeconomic level plays an important role
in the incidence and prevalence of pancreatitis. A positive
correlation between the socio-demographic index (SDI)
and the incidence and prevalence of pancreatitis has been
reported in previous studies.[5,6] The GBD data showed
that China’s SDI has been on an upward trend, from 0.456
in 1990 to 0.707 in 2017. Since 2003, it has exceeded the
global average and has increased by 55.04% in 28
years.[20] Therefore, while China’s socioeconomic level is
rapidly improving, the prevention of pancreatitis is
worthy of attention. We also observed that the mortality
rate of pancreatitis in China declined during the study
period. In the past 10 years, the introduction of
multidisciplinary and individualized treatments has great-
ly improved the prognosis of AP.[21] Advances in early
diagnosis methods, application of minimally invasive
endoscopy,[22] progress in the treatment of pancreas and
peripancreatic necrosis,[23] and the improvement of
critically ill patient management have greatly improved
the prognosis of AP.[24] In addition, advances in the
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diagnosis of pancreatitis may be part of the reason for the
increase in annual incidence and the number of patients in
addition to the increase in the total population during the
30 years.

According to the estimates of this study, the incidence and
prevalence of pancreatitis among men were higher than
those among women in China in 2019. It is commonly
accepted that men and women have an equal proportion of
AP,[6] butCP ismore common inmen.[25]The sexdifference
in the onset of pancreatitis may be related to the cause.
Pancreatitis among women is more closely related to
gallstones, autoimmune diseases or idiopathic pancreatitis,
while alcohol-related pancreatitis is more common in
men.[1,26] This may also explain the small increase in the
incidence of pancreatitis in middle-aged men. Age is also a
key factor in the occurrence, progression, and prognosis of
pancreatitis. In general, the incidence and mortality rates
significantly increased with age, and older adults were
among the population with the highest burden of
pancreatitis, especially the ≥85 age group. Considering
that China is facing the world’s largest population aging
problem,[27] prevention and treatment of pancreatitis
among older adults should receive more attention. Health
education, nutritional support, surgical intervention, inten-
sive care, and comorbidity management among older
patientswithpancreatitis are all areas that canbe improved.

It is generally believed that alcoholic pancreatitis occurs
frequently in Europe [28] and North America,[29] but
alcohol use is not the most important factor for
pancreatitis in China.[9] However, our research found
that it played an increasingly important role in the disease
burden caused by pancreatitis in China in recent years. A
study reported that the proportion of patients with AP
attributable to alcohol use ranged from 19% to 32%, and
those with CP increased from 55% to 70%.[3] In
developing countries, approximately 35% of AP cases
are related to alcohol abuse.[10] The majority of alcoholic
pancreatitis manifests as AP, but alcoholic AP is more
likely to progress to CP,[30-32] which is an important factor
for its prevalence. Alcohol damages the pancreas through
many mechanisms,[33,34] and genetic factors as well as
ethnic background play an important role in alcohol-
related pancreatitis.[35] Previous studies have shown that
CP risk factors in the European population, such as CEL-
HYB variants,[36] CTRB1-CTRB2 alleles,[37] do not affect
the risk of CP in the Chinese population. In contrast, the
high frequency of the ethanol dehydrogenase ADH2∗2
allele in Asian populations increases susceptibility to
alcoholic pancreatitis.[38] A review confirmed that there is
a dose-response relationship between alcohol consump-
tion and the risk of pancreatitis.[7] At the same time, the
prevalence of alcohol consumption is also increasing with
the rise of the socioeconomic level.[39] Therefore, as a
potentially changeable risk factor, health education and
public health strategies for alcohol control may be
beneficial in relieving the disease burden of pancreatitis.

The limitations of this study need to be acknowledged.
First, due to the limitations of GBD data, we were unable
to conduct an analysis of the distribution of disease burden
at the provincial level and between urban and rural areas.
1346
Further data are needed to provide more detailed
information on the disease burden of pancreatitis in
China. Second, risk factors such as gallstone and hyper-
triglyceridemia also play an important role in the
pathogenesis of pancreatitis.[10,40] However, this wave
of GBD data does not support our analysis of the burden
of disease caused by thesemeaningful risk factors. Third, if
all the estimates in this study can be presented in
stratification based on AP and CP, it may provide more
valuable and more targeted information for disease
burden control.
Conclusions

In conclusion, this study described the latest disease
burden and its secular trend of nearly 30 years of
pancreatitis in China on indicators of ASIR, ASPR,
ASMR, and age-standardized DALYs. From 1990 to
2019, the ASRs of pancreatitis in China have declined, but
the incident cases and prevalent patients have increased
constantly. In addition, in recent years, alcohol consump-
tion has gradually become a more important factor in
mortality and DALYs caused by pancreatitis. Therefore,
further research and targeted public health initiatives are
needed to discover better methods for the prevention,
diagnosis and management of pancreatitis to relieve the
disease burden.
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