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Abstract

Background: Pancreatitis is a critical public health problem, and the burden of pancreatitis is increasing. We report the rates
and trends of the prevalence, incidence, and years lived with disability (YLDs) for pancreatitis at the global, regional, and
national levels in 195 countries and territories from 1990 to 2017, stratified by sex, age, and sociodemographic index (SDI).

Methods: Data on pancreatitis were available from the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD)
2017. Numbers and age-standardized prevalence, incidence, and YLDs’ rates per 100,000 population were estimated through
a systematic analysis of modeled data from the 2017 GBD study. Both acute and chronic pancreatitis are being modeled
separately in the GBD 2017; however, our data show acute and chronic pancreatitis together. Estimates were reported with
uncertainty intervals (UIs).

Results: Globally, in 2017, the age-standardized rates were 76.2 (95% UIs 68.9 to 83.4), 20.6 (19.2 to 22.1), and 4.5 (2.3 to 7.6)
per 100,000 population for the point prevalence, incidence, and YLDs, respectively. From 1990 to 2017, the percent changes
in the age-standardized prevalence and YLDs rates increased, whereas the age-standardized incidence rate decreased. The
global prevalence increased with age up to 60–64 years and 44–49 years in females and males, respectively, and then
decreased, with no significant difference between females and males. The global prevalence rate increased with age,
peaking in the 95+ age group, with no difference between sexes. Generally, positive correlation between age-standardized
YLDs and SDIs at the regional and national levels was observed. Slovakia (297.7 [273.4 to 325.3]), Belgium (274.3 [242.6 to
306.5]), and Poland (266.7 [248.2 to 284.4]) had the highest age-standardized prevalence rates in 2017. Taiwan (Province of
China) (104.2% [94.8 to 115.2%]), Maldives (72.4% [66.5 to 79.2%]), and Iceland (64.8% [57.2 to 72.9%]) had the largest
increases in age-standardized prevalence rates from 1990 to 2017.
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Conclusions: Pancreatitis is a major public health issue worldwide. The age-standardized prevalence and YLDs rates
increased, but the age-standardized incidence rate decreased from 1990 to 2017. Improving the quality of pancreatitis health
data in all regions and countries is strongly recommended for better monitoring the burden of pancreatitis.
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Background
Despite increasing medical knowledge and new effective
treatments, pancreatitis remains a critical public health
problem [1, 2]. The incidence of acute pancreatitis
ranges from 13 to 45 per 100,000 population-years and
that of chronic pancreatitis ranges from 5 to 12 per 100,
000 population-years [3]. Recently, the burden of pan-
creatitis has been demonstrated in several studies con-
sidering only regional and/or national factors; however,
the burden of pancreatitis has not been analyzed across
all countries [4–6].
In 2018, the WHO disclosed the latest global-, regional-,

and country-level estimates of cause-specific years of life
lost (YLLs), years lived with disability (YLDs), and
disability-adjusted life year (DALYs) for pancreatitis by
age and sex [7]; however, no article addressing these data
has been published. A systematic review, meta-analysis,
and meta-regression analysis of population-based cohort
studies reported global and regional burden of acute and
chronic pancreatitis in terms of incidence and death [2],
but the prevalence, YLDs, and national-level information
were not provided. In addition, the association between
the burden of pancreatitis and the sociodemographic
index (SDI) of countries was not analyzed in that study.
To date, no study has reported the annual trends of the
prevalence, incidence, and YLDs of pancreatitis over time.
In this study, utilizing data reported in the Global Bur-

den of Diseases, Injuries, and Risk Factors Study (GBD)
2017, we first conducted a comprehensive and compar-
able analysis of the global-, regional-, and national-level
incidence, prevalence, and YLDs of pancreatitis in terms
of numbers and age-standardized rates (ASRs) from
1990 to 2017, stratified by sex, age, and SDI. Accurate
information about the burden of pancreatitis from differ-
ent regions might be valuable for policy makers to de-
crease the burden of pancreatitis.

Methods
Overview
The GBD 2017 systematically analyzed 354 diseases and
injuries, 282 causes of death, and 84 risk factors for 195
countries and territories, 21 regions, and 7 super-regions
from 1990 to 2017 [8]. All the data analyzed in this
study are available in the GBD 2017, which was con-
ducted by the Institute for Health Metrics and Evalu-
ation (IHME). The data analyzed in our study, including

incidence, prevalence, and YLDs, were obtained from
the Global Health Data Exchange query tool (http://
ghdx.healthdata.org/gbd-results-tool). The general meth-
odology of the GBD 2017 was applied, with the latest
updates described in previous GBD 2017 publications
[8–11]. This study adhered to the Guidelines for Accur-
ate and Transparent Health Estimates Reporting (GATH
ER) statement [12].

Case definition and data sources
In GBD 2017, pancreatitis was defined as inflammation
of the pancreas. Acute pancreatitis includes active in-
flammation and injury to the pancreas, leading to severe
upper abdominal pain and nausea, vomiting, inappropri-
ate release of pancreatic juice, or a systemic inflamma-
tory response syndrome with fever, low blood pressure,
and in some cases, failure of one or more organs.
Chronic pancreatitis was defined as permanent damage
to the pancreas from long-term or recurrent inflamma-
tion. It can present as chronic or episodic abdominal
pain, nausea, and ultimately failure of the pancreas to
produce and release digestive enzymes and hormones,
leading to chronic diarrhea, poor absorption of foods
and nutrients, and diabetes. Patients with chronic pan-
creatitis may experience recurrent episodes of acute pan-
creatitis [8]. In a previous cycle of the GBD study, the
IHME modeled chronic and acute pancreatitis together,
but in GBD 2017, they separated these two diseases.
The common database of acute and chronic pancrea-

titis included scientific literature and hospital discharges
data (from numerous countries), and insurance claim
data for inpatient encounters (from the USA and
Taiwan). In addition, the chronic database also included
outpatient facility data in the USA and Sweden and data
from insurance claims for outpatient encounters. The
exclusion criteria were as follows: subpopulations that
clearly do not represent the national population, self-
reported data, and reviews rather than original studies.
Studies were added to either the acute or chronic data-
base if they employed appropriate International Classifi-
cation of Diseases (ICD) codes or a combination of
clinical, biochemical, and radiographic criteria. Details
on data adjustment are shown in Additional file 1: Sec-
tion 1 [8].
Data acquired in the GBD Study 2017 for acute pan-

creatitis included incidence (site-years = 1362) and
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prevalence (site-years = 16), and for chronic pancreatitis
included incidence (site-years = 14) and prevalence (site-
years = 1401); these data were employed to calculate the
study estimates [8]. A site-year, the unique combination
of a calendar year and location, was defined as a country
or other subnational geographical unit contributing data
in a given year. The numbers of countries with data for
estimating the incidence (n = 42) and prevalence (n = 5)
of acute pancreatitis and incidence (n = 6) and preva-
lence (n = 35) of chronic pancreatitis varied. Sixteen and
4 out of 21 GBD regions provided data for estimating
the incidence and prevalence of acute pancreatitis, re-
spectively. Four and 13 out of 21 GBD regions provided
data for estimating the incidence and prevalence of
chronic pancreatitis, respectively. The data sources used
in estimating the burden of pancreatitis in different
countries can be found with the GBD 2017 data input
source tool (http://ghdx.healthdata.org/gbd-2017/data-
input-sources) [8].

Data processing and disease modeling
DisMod-MR 2.1, a Bayesian meta-regression tool, was used
to analyze the incidence and prevalence data for both acute
and chronic pancreatitis by pooling the available heteroge-
neous data. DisMod-MR 2.1 is able to conduct age-
integration; however, its performance decreased while inte-
grating across wide age groups (e.g., all ages). To address this
issue, the data, run by the DisMod-MR 2.1 model, was disag-
gregated by age to calculate countries’ age-pattern and then
applied the calculated age-pattern to split aggregated all age
data (Additional file 1:Section 2) [8, 13].
For acute pancreatitis, the reference incidence data

were adjusted with Taiwan claims data and hospital dis-
charge data. Study-level covariates of interest were ex-
tracted from the literature data and US claims data for
patients with a first attack of pancreatitis; those who ex-
perienced acute pancreatitis but had preexisting chronic
pancreatitis were excluded. The value prior to remission,
which was set to 0 for all age groups, in the DisMod-MR
2.1 model ranged from 8 to 9 (a duration from approxi-
mately 6 weeks) for all ages. The location-level covari-
ates consisted of per capita alcohol consumption, the
log-normalized age-standardized death rate due to pan-
creatitis (both for incidence), and the Healthcare Access
and Quality index (for the excess mortality rate) (Add-
itional file 1:Table S1) [8].
For chronic pancreatitis, the IHME adjusted the reference

prevalence data with hospital discharge data and Taiwan
claims data. Study-level covariates of interest were extracted
from the literature data, US claims data, and outpatient data
from the USA and Sweden. DisMod-MR 2.1 was employed
to extract cause-specific mortality rate (CSMR) data from the
CODEm and CODcorrect analyses and match with preva-
lence and incidence data points for the same geography. The

prior value of remission was set to 0. The log-transformed
age-standardized scaled exposure variable (scalar covariate)
for pancreatitis prevalence and the Healthcare Access and
Quality index were included as location covariates (Add-
itional file 1: Table S2) [8].

Severity and YLDs
ICD-10 codes (K85-K86.9) and ICD-9 codes (577–577.9)
were used to identify pancreatitis cases. The severity
levels of five sequelae were estimated, with disability
weights (DWs) considered as a weight factor ranging
from 0 to 0.324 (see online supplementary Table S3) [8].
The pancreatitis prevalence and acute episode data

were assigned a single, combined DW for severe infec-
tion and severe abdominal pain symptoms. All the
prevalent cases in the chronic pancreatitis disease model
were assigned to symptomatic and asymptomatic groups
using proportions found in a previous study. Medical
Expenditure Panel Surveys (MEPS) were used to identify
the proportion of each of the severity splits for pancrea-
titis. Severity splits are typically divided into symptom-
atic and asymptomatic. The proportions established by
the MEPS were used to split the symptomatic group into
three subgroups: mild, moderate, and severe. The preva-
lence of severity in each group was multiplied by a
severity-specific DW to estimate the YLDs [8, 14].

Compilation of results
YLLs were multiplied by the difference between the
standard life expectancy for a given age and the sum of
deaths in each age group [9]. DALYs were calculated by
summing the YLLs and YLDs [8, 14]. Uncertainty was
accounted for by performing 1000 ordered draws at each
computational step, combining the uncertainty from
various sources, such as input data, corrections for
measurement errors, and estimates of residual non-
sampling errors. The 95% uncertainty intervals (UIs)
were determined based on the 2.5th and 97.5th percen-
tiles across the ordered draws. The flowcharts of estima-
tion for acute pancreatitis and chronic pancreatitis are
shown in Additional file 1: Figure 2 [8].
Smoothing spline models were employed to determine

the shape of the correlation curve between pancreatitis
burden in terms of YLDs and SDIs for 21 regions and
195 countries and territories [15]. The SDI is a value
ranging from 0 (worst) to 1.0 (best) and was calculated
from the total fertility rate among those under 25 years
old, mean education level for the population over 15
years old, and lag-distributed income per capita (LDI)
[11]. All statistics were generated by R software version
3.6.3 and visualized using the ggplot2 3.3.0 package [16].
The differences between sexes were compared with an
unpaired t test. A P value < 0.05 was considered statisti-
cally significant.
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Results
Prevalence of pancreatitis
Globally, the number of prevalent cases of pancreatitis
was 3,038,787 (95% UI 2,768,128 to 3,307,165) in 1990
and 6,115,833 (95% UI 5,533,925 to 6,704,070) in 2017,
with an age-standardized prevalence rate of 67.2(61.3 to
73.1) in 1990 and 76.2 (68.9 to 83.4) in 2017 per 100,000
population; this rate increased by 13.3% (10.3 to 16.4%)
from 1990 to 2017 (Table 1).
At the regional level, the highest age-standardized preva-

lence rates of pancreatitis per 100,000 population were ob-
served in Central Europe (222.1 [205.0 to 239.8]), Eastern
Europe (213.8 [194.5 to 235.3]), and Tropical Latin America
(167.0 [152.3 to 182.1]). In contrast, the lowest age-
standardized prevalence rates were observed in southern
sub-Saharan Africa (18.9 [16.5 to 21.0]), eastern sub-Saharan
Africa (18.7 [16.4 to 20.9]), and central sub-Saharan Africa
(18.6 [16.3 to 20.8]) (Table 1, Fig. 1a). The percent changes
in the age-standardized prevalence rates from 1990 to 2017
were different across the 21 GBD regions (Additional file 2:
Fig. S1). All GBD 2017 regions except Tropical Latin Amer-
ica (− 8.1% [− 4.9 to − 11.2%]) showed increasing trends in
the age-standardized prevalence rate between 1990 and
2017. The highest percent changes in the age-standardized
prevalence rates were observed in Eastern Europe (51.8%
[46.5 to 57.0%]), South Asia (51.6% [48.7 to 54.4%]), and
Oceania (41.0% [36.5 to 45.0%]). We also found that the con-
tribution to the number of prevalent cases varied across the
21 GBD regions. The highest number of prevalent cases was
found in East Asia, South Asia, and Western Europe (Table
1, Additional file 2: Fig. S2).
The national estimated age-standardized prevalence rates

of pancreatitis ranged from 16.9 to 297.7 cases per 100,000
population in 2017. The countries with the highest age-
standardized prevalence estimates were Slovakia (297.7
[273.4 to 325.3]), Belgium (274.3 (242.6 to 306.5]), and
Poland (266.7 (248.2 to 284.4]). In contrast, the countries
with the lowest age-standardized prevalence estimates were
the Central African Republic (16.9 [14.9 to 18.9]), Somalia
(17.5 [15.4 to 19.5]), and Burundi (17.6 [15.3 to 19.7]) (Add-
itional file 1: Table S4 and Fig. 2a). The percent changes in
age-standardized prevalence rate estimates varied among
countries and territories between 1990 and 2017, with the
largest increase in Taiwan (Province of China) (104.2% [94.8
to 115.2%]), the Maldives (72.4% [66.5 to 79.2%]), and
Iceland (64.8% [57.2 to 72.9%]). In contrast, Moldova (−
15.8% [− 20.7 to − 10.7%]), Austria (− 13.1% [− 19.2 to −
6.8%]), and Brazil (− 8.6% [− 11.8 to − 5.4%]) had the largest
decreases from 1990 to 2017 (Additional file 1: Table S4).

Incidence of pancreatitis
Globally, there were an estimated 1,010,993 (923,565 to
1,101,077) new cases of pancreatitis in 1990 and 1,644,
222 (1,525,569 to 1,769,526) new cases of pancreatitis in

2017, with an age-standardized incidence rate of 21.9
(20.1 to 23.8) in 1990 and 20.6 (19.2 to 22.1) in 2017 per
100,000 population; this rate decreased by 6.0% (4.2 to
7.6%) from 1990 to 2017 (Table 1).
At regional level, the highest age-standardized inci-

dence rate of pancreatitis per 100,000 persons were ob-
served in high-income North America (60.2 [56.5 to
63.9]), Eastern Europe (50.0 [46.1 to 53.7]), and Central
Europe (42.8 [40.0 to 45.6]). In addition, southern sub-
Saharan Africa (3.0 [2.7 to 3.2]), eastern sub-Saharan Af-
rica (3.0 [2.8 to 3.3]), and central sub-Saharan Africa
(3.1 [2.8 to 3.4]) exhibited the lowest age-standardized
incidence rates (Table 1, Fig. 1b). From 1990 to 2017,
the highest increase in the age-standardized incidence
rates was in South Asia (23.4% [21.9 to 25.0%]), Eastern
Europe (22.0% [20.5 to 23.5%]), and western sub-
Saharan Africa (7.5% [5.0 to 10.1%]) Asia (Additional file
2: Fig. S3). In addition, the highest number of incident
cases was found in East Asia, high-income North Amer-
ica, and South Asia (Table 1, Additional file 2: Fig. S4).
The national estimated age-standardized incidence

rate of pancreatitis in 2017 ranged from 2.80 to 60.3
cases per 100,000 population. The USA (60.34 [56.8 to
64.0]), Canada (59.0 [53.5 to 64.4]), and Greenland (56.6
[51.6 to 61.4]) had the highest age-standardized inci-
dence rates in 2017, whereas Djibouti (2.8 [2.5 to 3.1]),
Madagascar (2.8 [2.5 to 3.1]), and South Sudan (2.9 [2.6
to 3.2]) had the lowest incidence rates in 2017 (Add-
itional file 1: Table S5 and Fig. 2b). From 1990 to 2017,
the largest increases in the age-standardized incidence
rates were found in Lithuania (31.9% [27.6 to 36.7%]),
Georgia (30.6% [26.8 to 34.6%]), and India (28.7% [26.9
to 30.6%]), whereas the largest decreases in the age-
standardized incidence rates were found in Slovenia (−
14.8% [− 18.0 to − 11.5%]), Hungary (− 13.9% [− 16.3 to
− 11.5%]), and Argentina (− 12.2% [14.1 to − 10.2%])
(Additional file 1: Table S5).

YLDs of pancreatitis
The global estimated number of YLDs of pancreatitis in
1990 was 189,382 (99,346 to 317,452) and in 2017 was
364,447 (186,273 to 612,755), with an age-standardized
YLDs rate of 4.2 (2.2 to 6.9) in 1990 and 4.5 (2.3 to 7.6)
in 2017 per 100,000 population; this rate increased by
9.2% (5.5 to 12.4%) from 1990 to 2017 (Table 1).
Central Europe (12.5 [6.1 to 21.4]), Eastern Europe

(12.28 [6.1 to 21.2]), and high-income Asia Pacific
(9.1 [4.7 to 15.5]) were found to have the highest
age-standardized YLDs’ rate of pancreatitis per 100,
000 population in 2017, whereas central sub-Saharan
Africa (1.1 [0.5 to 2.0]), eastern sub-Saharan Africa
(1.11 [0.5 to 2.0]), and southern sub-Saharan Africa
(1.1 [0.5 to 2.0]) had the lowest age-standardized
YLDs rates per 100,000 population (Additional file 2:
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Fig.S5). In addition, Eastern Europe (47.5% [40.3 to
54.0%]), South Asia (41.4% [35.8 to 47.3%]), and the
Caribbean (35.5% [25.0 to 45.4%]) had the largest in-
creases in the age-standardized YLDs’ rates between
1990 and 2017(Additional file 2: Fig.S6).

At national level, the age-standardized YLDs’ rate
ranged from 1.0 to 16.6 cases per 100,000 population.
The countries with the highest age-standardized YLDs
rates were the same as those with the highest the age-
standardized prevalence rates (Additional file 1: Table S6

Fig. 1 The age-standardized prevalence (a) and incidence rates (b) of pancreatitis in 2017 for 21 GBD regions, by sex

Fig. 2 Age-standardized prevalence (a) and incidence rates (b) of pancreatitis per 100,000 population in 2017, by country and territory

Ouyang et al. BMC Medicine          (2020) 18:388 Page 7 of 13



and Additional file 2: Fig. S7). The largest increase in the
age-standardized YLDs rate was found in Taiwan (Prov-
ince of China) (77.4% [48.5 to 104.7%]), followed by the
Maldives (57.6% [33.0 to 84.4%]) and Belgium (52.9%
[28.9 to 77.3%]). In contrast, Moldova (− 14.5% [− 26.3
to − 1.5%]), Austria (− 12.0% [− 24.9 to − 2.0%]), and
Brazil (− 8.3% [− 13.0 to − 3.3%]) had the largest de-
creases in YLDs rates (Additional file 1: Table S6).

Age and sex patterns
No statistically significant differences in the incidence,
prevalence, or YLDs were observed between women and
men in all age groups. The prevalence rate increased with
age, peaking in the 95 plus age group in both females and
males in 2017. However, the number of prevalent cases in-
creased with age, reaching its highest level in the 60–64
and 45–49 age groups for females and males, respectively,
after which the trend decreased with increasing age. The
number of prevalent cases was higher in males than in fe-
males at the age of 60–64 years, after which the number in
males was lower than that in females. The number of
prevalent cases was lower in both sexes below 20 years age
and above 90 years age (Fig. 3). The incidence rate in-
creased with age, peaking in the 95 plus age group for
both females and males in 2017. The number of incident
cases peaked in the 60–64 age group in females, whereas

the peak in males occurred in the 40–44 age group. The
numbers of incident cases were also higher in males youn-
ger than 55 years than in females, whereas the numbers of
incident cases were lower in males than females in the 55
years and older age group. The lowest incident case was
found in patients younger than 20 years and older than 90
years (Additional file 2: Fig.S8). The patterns of the YLDs
rates and numbers by sex and age group were similar to
the prevalence patterns (Additional file 2: Fig. S9).

Burden of pancreatitis by SDI
Generally, a positive correlation between the age-
standardized YLDs rates of pancreatitis and the SDIs at
the global level and across all GBD regions from 1990 to
2017 was detected. At the global level, the observed bur-
den of pancreatitis was higher than the expected level in
patients from regions with lower SDIs; however, this was
the opposite in patients from regions with higher SDIs.
At the regional level, observed burden estimates of pan-
creatitis in high-income Asia, Central Europe, Eastern
Europe, Tropical Latin American, and Central Asia were
higher than the expected level based on the SDIs from
1990 to 2017. However, this was not the case for most
of the remaining regions (Fig. 4).
At the national level, there was also a generally posi-

tive correlation between age-standardized YLDs rates

Fig. 3 Global cases and age-standardized rates of prevalence of pancreatitis per 100,000 population by age and sex, 2017. Shading indicates the
upper and lower limits of the 95% uncertainty intervals (95% UIs)
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Fig. 4 Age-standardized YLDs rates for pancreatitis for 21 GBD regions by SDI, 1990–2017. Expected values based on Socio-demographic Index
and disease rates in all locations are shown as the black line. YLDs = years lived with disability. GBD, Global Burden of Diseases, Injuries, and Risk
Factors Study; SDI, sociodemographic index

Fig. 5 Age-standardized YLDs rates for pancreatitis for 195 countries and territories by SDI, 2017. Expected values based on Socio-demographic
Index and disease rates in all locations are shown as the black line. YLDs, years lived with disability; SDI, sociodemographic index
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and SDIs for pancreatitis in 2017. The burden of pancrea-
titis in Slovakia, Belgium, Poland, the Czech Republic, the
Russian Federation, Finland, and many other countries or
territories were much higher than the expected levels,
whereas in the Central African Republic, Somalia, and
Zambia, the burden were much lower than the expected
levels based on the SDIs (Fig. 5). Positive correlations be-
tween the SDI and age-standardized incidence and preva-
lence rates of pancreatitis were also observed (see online
Additional file 2: Fig. S10 and Fig. S11).

Discussion
In this study, we reported the prevalence, incidence, and
YLDs numbers and ASRs for pancreatitis in 195 coun-
tries and territories over a 28-year period from 1990 to
2017. Globally, there were approximately 6.12 million
prevalent cases, 1.64 million incident cases, and 0.06
million YLDs in 2017. The ASRs of prevalence, inci-
dence, and YLDs were 76.2, 20.6, and 4.5 per 100,000
population, respectively.
A previous systematic review reported that the global

estimated incidence was 33.7 cases (95% CI 23.3 to 48.8)
per 100,000 population-years and 9.6 cases (95% CI 7.9
to 11.8) per 100,000 population-years for acute pancrea-
titis and chronic pancreatitis, respectively [2]. In our
study, the age-standardized incidence rate for pancrea-
titis was 20.6 per 100,000 population-years in 2017. The
GBD 2013 also reported an age-standardized pancreatitis
incidence rate of 251.0 per 100,000 population in 2013
[17]. However, the results of these two studies could not
be directly compared with our results due to differences
in methodologies and data sources among those three
studies. For example, GBD 2013 employed DisMod-MR
2.0; however, GBD 2017 used DisMod-MR 2.1, to pool
the available data. Moreover, the GBD 2017 modeled
acute and chronic pancreatitis separately; in contrast,
GBD 2013 modeled them together. Additionally, the in-
cidence rate reported in Xiao’s systematic review was
not age-standardized, which might have affected the re-
sults if regions or countries had a relatively young popu-
lation, on average. The regional incidence rate estimates
derived by Xiao were 58.2 and 7.71 per 100,000
population-years for acute and chronic pancreatitis, re-
spectively, in the USA, where the rate of pancreatitis was
higher than that in other included regions [2]. In our
study, the highest age-standardized incidence rate was
also found in the USA.
In the GBD 2013, the percent changes in the age-

standardized prevalence, incidence, and YLDs rates of
pancreatitis increased from 1990 to 2013 [17]. From
1990 to 2017, although the percent change in the age-
standardized incidence rate of pancreatitis decreased, the
age-standardized prevalence and YLDs showed increas-
ing trends. The percent changes in prevalent cases,

incident cases, and YLDs in GBD 2013 and in our study
showed increasing trends, suggesting that the global bur-
den of pancreatitis increased with time [17]. Therefore,
it is urgent that pancreatitis prevention measures, man-
agement, and treatment are prioritized by policy makers.
Differences in the regional prevalence and incidence of
pancreatitis should be noted. Both Central Europe and
Eastern Europe had the highest prevalence and incidence
rates among the 21 GBD regions, and cholelithiasis and
alcohol consumption may be the main risk factors for
the high burden of pancreatitis in Europe [18].
Pancreatitis, especially chronic pancreatitis, has trad-

itionally been regarded as a disease of men, and it has
been reported that the frequency is five times higher in
men than in women because of the higher intake of al-
cohol and smoking in men [4, 19, 20]. In contrast, some
studies have indicated that the prevalence in females
may be higher than that in males [21, 22]. A systematic
review reported by Xiao et al. [2] indicated that the inci-
dence of chronic pancreatitis was two times higher in
men than in women, whereas there was no difference in
acute pancreatitis between men and women. In addition,
no statistically significant difference was found between
women and men in terms of incidence, prevalence, and
YLDs in our study. This result was consistent with that
of a population-based study [23] that reported a differ-
ence in etiologies of chronic pancreatitis between the
two sexes; smoking and alcohol consumption were more
common in men, whereas gallstones, autoimmune dis-
eases, endoscopic retrograde cholangiopancreatography
(ERCP), and idiopathic causes were more common in
women [3, 4]. The distribution of age and sex varied
greatly based on etiology. In GBD 2017, the highest bur-
den of pancreatitis among females and males occurred
in the 60–64 years and 45–49 years age groups, respect-
ively. Similar to our results, previous studies also re-
ported that both acute and chronic pancreatitis were
more common in middle-aged and older people [5, 23,
24]. This implies that more policies should focus on
these specific age groups globally. A previous study esti-
mated that more than half of pancreatitis cases could be
prevented if there were no smokers in the general popu-
lation, nearly 1/4 of cases if there was a normal weight
(body mass index [BMI] 18–25 kg/m2) in all people in
the general population, and nearly 1/5 of cases if there
was no alcohol consumption in all individuals [25].
Therefore, policies on how to tackle alcohol consump-
tion, smoking, and weight should be prioritized for these
age groups. Although the rate of pediatric pancreatitis
has increased in recent years, it is uncommon among
people younger than 20 years of age [26]; this was con-
firmed in our study because the burden in younger
people was much lower than that in the middle-aged
group. However, this does not mean that pediatric
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pancreatitis does not need more attention, and add-
itional measures to prevent pediatric pancreatitis are
warranted.
The development level of regions and countries is

an important factor associated with pancreatitis bur-
den that has not been compared in previous studies
[2, 3, 5], and this study produced some important
findings. First, positive correlations between YLDs
and the SDIs for the 21 GBD regions and 195 coun-
tries and territories for pancreatitis from 1990 to
2017 were observed. This means that the burden of
pancreatitis was generally higher in countries with
higher socioeconomic development levels. Dietary
habits, low alcohol consumption, and smoking rates
due to shortages of alcohol and tobacco, and high
physical exercise levels may be the reasons for the
lower burden of pancreatitis in lower SDI countries.
Alternatively, this phenomenon could also possibly be
attributed to increased levels of physical inactivity,
high BMI, and aging in higher SDI countries. How-
ever, the high burden of pancreatitis was not con-
strained to high or low SDI regions and countries,
suggesting that pancreatitis is not a health problem
exclusive to high income countries. The burden of
pancreatitis was higher than the expected levels in
some regions and countries, including Central Europe,
central sub-Saharan African, high-income Asia Pacific,
Tropic Latin American, Central Asia, and countries
and territories such as Slovakia, Belgium, and Poland.
At the global level, a positive correlation between the
YLDs and the SDI level over the past 28 years was
observed. However, the global burden of pancreatitis
has been lower than the expected level in recent
years. Early diagnosis, improved supportive care, and
clarity on the optimal timing to conduct effective in-
terventions (surgery, endoscopic, or percutaneous
drainage) may contribute to decreasing the pancrea-
titis burden globally [3, 6]. Second, when estimating
the burden of pancreatitis, the observed values and
the expected values based on the SDI in each region
and country should be combined when considering
prevention programs.
Focusing on risk factors has been an important ap-

proach in prevention programs. The risk factors for pan-
creatitis include demographic and socioeconomic
factors, race, gallstones, alcohol consumption, tobacco
smoking, obesity, autoimmune diseases, genetic or meta-
bolic causes, obstructive causes, and so on [3, 4, 27, 28].
However, some risk factors have not been identified. A
previous study reported that the prevalence of pancrea-
titis was approximately 4 times higher in alcohol-
consuming people than in people who did not consume
alcohol [28]. Therefore, alcohol consumption, as one of
the most important risk factors, should be carefully

regulated, and specific prevention measures should be
applied by policy makers.
To the best of our knowledge, the present study is the

first to comprehensively analyze the relative burden of
pancreatitis at the global, regional, and national levels
between 1990 and 2017, but several limitations should
be considered. First, the quality and quantity of the input
data used in the DisMod-MR 2.1 model may influence
the accuracy and robustness of the GBD 2017 estimates.
As data are absent and sparse in many regions and
countries and only a few countries or territories pro-
vided actual national data across the world, the burden
estimates are heavily dependent on the modeled data in-
stead of typical data from individual population-based
studies. Therefore, national-level burden should be inter-
preted carefully. If possible, more health surveys at the
national level are encouraged to acquire more details
and representative data from each country. Second, the
effects of prevention and management strategies in dif-
ferent regions or countries were not considered, and
substantial variations might be found between low- to
middle-income countries and high-income countries.
Third, in the data estimated from GBD 2017, acute and
chronic pancreatitis data were combined, with no differ-
entiation between pancreatitis subtypes in this study. To
clarify the true burden of pancreatitis, clear stratification
of pancreatitis types, especially according to histology, is
recommended in the future.

Conclusions
Pancreatitis is a major public health issue worldwide,
but there is geographical variation in the burden of pan-
creatitis. Globally, the age-standardized prevalence and
YLDs rates increased from 1990 to 2017; however, the
age-standardized incidence rate decreased. The highest
burden of pancreatitis was observed in middle-aged pa-
tients, and no statistically significant difference was
found between males and females. Improved awareness
of pancreatitis, its risk factors, and the importance of
early detection and treatment are warranted to reduce
the future burden of this condition. Improving pancrea-
titis health data in all regions and countries, the moni-
toring of the pancreatitis burden and the treatment of
pancreatitis are strongly recommended.
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