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INTRODUCTION: Future burden has been modeled from population-based data for several common gastrointestinal

diseases. However, as we enter the third decade in the 21st century, there are no such data on diseases

of the pancreas holistically. The study aimed to estimate future incidence of pancreatitis, pancreatic

cancer, diabetes of the exocrine pancreas (DEP), and exocrine pancreatic dysfunction (EPD) as well as

years of life lost (YLL) due to premature death in individuals with those diseases up to 2050.

METHODS: Historical NewZealandnationwidedata onhospital discharge, pharmaceutical dispensing, cancer, and

mortality were obtained. Annual incidence of each disease and annual YLLs due to premature death in

individuals with each disease were calculated. A time series analysis using the stepwise autoregressive

method was conducted.

RESULTS: Pancreatitis yielded the highest projected incidence (123.7 per 100,000; 95% confidence interval,

116.7–130.7) and YLL (14,709 years; 13,642–15,777) in 2050. The projected incidence and YLL of

pancreatic cancer were 18.6 per 100,000 (95% confidence interval, 13.1–24.1) and 14,247 years

(11,349–17,144) in 2050, respectively. Compared with pancreatitis and pancreatic cancer, DEP and

EPD yielded lower but more steeply increasing projected incidence rates and YLLs.

DISCUSSION: The findings suggest that the burden of pancreatitis, pancreatic cancer, DEP, and EPD will rise in the

next 3 decades unless healthcare systems introduce effective prevention or early treatment strategies

for diseases of the pancreas and their sequelae.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A412
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INTRODUCTION
Healthcare systems in developed countries face a substantial
burden of diseases of the exocrine pancreas (pancreatitis and
pancreatic cancer). Globally, the incidence rates of acute pan-
creatitis (AP), chronic pancreatitis (CP), and pancreatic cancer
are 33.7 cases, 9.6 cases, and 8.1 cases per 100,000 person-years,
respectively (1). In the United States alone, the total direct cost of
AP admissions is at least US$2.2 billion, with the average cost of
US$9,870 per admission (2). In the United Kingdom alone, the
annual direct and indirect costs of CP are at least equivalent to
US$460 million (3). The average direct cost of 1 case with pan-
creatic cancer is at least US$65,500 in the United States (4).
Furthermore, AP, CP, and pancreatic cancer lead to 11%, 23%,
and 98% loss of quality of life, respectively (5–7). The average
quality-adjusted life year lost to pancreatic cancer is 11.5 years per
person in Europe (7). On top of that, individuals with pancreatitis
and pancreatic cancer often develop metabolic sequelae (such as
diabetes of the exocrine pancreas [DEP] and exocrine pancreatic
dysfunction [EPD])—the burden of which is largely unknown.

Estimation of future disease burden has important implica-
tions for disease prevention and management. Projection of the
total number of patients (i.e., event-based approach) might
enable a proactive allocation of healthcare resources to pop-
ulations in need. It might also facilitate the development of
efficient policies and guidelines (8). Mortality is a major con-
tributor to disease burden. The number of years of life lost (YLL)
is a measure of premature mortality, considering simulta-
neously the number of deaths and life expectancy at age of death.
Projection of YLL due to premature mortality (i.e., time-based
approach) provides a comprehensive outlook of the fatal burden
at a population level (9). Future burden of several major diseases
in the field of gastroenterology has recently been modeled from
population-based data, including inflammatory bowel disease
(8), nonalcoholic fatty liver disease (10), and primary liver
cancer (11). However, similar data on diseases of the exocrine
pancreas are scarce. A projection study on incidence of pan-
creatic cancer in the United States to 2030 estimated its increase,
with the annual average growth of 1.3% in men and 1.4% in
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women (12). The limitation of that study was that it projected
incidence of any pancreatic cancer (i.e., both primary and sec-
ondary). It also projected future incidence from past data over 5
years only and assumed the same incidence over the projection
period as the historical period. For the most common sequelae
of both pancreatitis and pancreatic cancer—DEP and EPD—
there is a dearth of data on their future burden. Furthermore,
despite the importance of investigating age-specific disease
burden with a view to identifying subpopulations with high
disease burden, no study has projected burden of diseases of the
pancreas and their sequelae in various age groups.

The primary aim of this study was to estimate the burden of
pancreatitis, primary pancreatic cancer, DEP, and EPD up to
2050, using both event-based (i.e., incidence) and time-based
(i.e., YLL) approaches. The secondary aimwas to project age- and
sex-specific incidence and YLL.

METHODS
Data sources

Nationwide hospital discharge data of individuals who were
admitted for diseases of the exocrine pancreas (pancreatitis and
pancreatic cancer) were obtained. This database was linked to
pharmaceutical dispensing data, cancer registry data, and
mortality data using encrypted identifier, provided by the
Ministry of Health Analytical Services (National Health Board,
New Zealand). The hospital discharge data contained in-
formation on demographics (age and sex), date of admission,
and diagnostic codes (Ninth and Tenth revision of the In-
ternational Classification of Diseases [ICD-9 and ICD-10]
codes). The pharmaceutical dispensing data covered primary to
tertiary healthcare utilization, with information on chemical
name and date of dispensing. The cancer registry data were
assembled from a range of data resources (histological data,
mortality collection, and hospital discharge data) and included
information on date of diagnosis and diagnostic codes. In ad-
dition, we used New Zealand age- and sex-specific population
data (publicly available from the Infoshare database) (13) to
calculate incidence. We also obtained New Zealand period life
tables (publicly released by Stats NZ) (14) to calculate YLL due
to premature mortality. The period life tables contained
expected number of years of life remaining (i.e., life expectancy)
at each single year of age, stratified by sex.

Derivation of incidence

This study included individuals aged 20 years or older who had
the following diseases between 2006 and 2017: pancreatitis (AP or
CP), primary pancreatic cancer, DEP (postpancreatitis diabetes
mellitus [PPDM] or pancreatic cancer-related diabetes [PCRD]),
and EPD (after pancreatitis or pancreatic cancer). Incidence of
AP was defined as first admission with the relevant diagnostic
codes (ICD-10, K85) in primary position and that of CP was as
first admission with the relevant diagnostic codes (K86.0; K86.1)
in any position. Individuals who were diagnosed with both AP
and CP during the observation period were regarded as individ-
uals with CP only for the purpose of this study. Incidence of
primary pancreatic cancer was defined as having pancreatic
cancer (ICD-10, C25) as the first-reported cancer in the cancer
registry. The identified cases of AP, CP, and pancreatic cancer
were incident as confirmed by tracking data back to 1998.

The identification ofDEP (PPDMandPCRD,whichever came
first) and EPD was based on both hospital discharge and

pharmaceutical dispensing records (from all levels, including
primary health care). PPDM was identified using the following
criteria: diabetes diagnosis in any position (ICD-10, E10; E11;
E13) and/or dispensing records of antidiabetic medications 90
days after first admission for pancreatitis (K85; K86.0; K86.1 in
any position) (15–17). The purpose of the 90-day rule was, in line
with the previous literature (15–17), tominimize the possibility of
including stress-induced hyperglycemia during acute illness. In-
dividuals with the diagnostic and/or dispensing records relevant
to diabetes before or within 90 days after first admission for
pancreatitis were deemed to have preexisting diabetes and, hence,
excluded from the PPDM cases. In addition, PPDM was cate-
gorized as postacute pancreatitis diabetes mellitus (PPDM-A)
and postchronic pancreatitis diabetes mellitus (PPDM-C). The
inclusion criteria for PCRD were diabetes diagnosis in any po-
sition (ICD-10, E10; E11; E13) and/or dispensing records of an-
tidiabetic medications after diagnosis of pancreatic cancer. EPD
was defined as having at least 2 dispensing records of pancreatic
enzyme, in which the first record wasmore than 90 days after first
admission for pancreatitis or pancreatic cancer (whichever came
first) and the second recordwas within a 6-month period after the
first record. The second dispensing record of pancreatic enzyme
was set as the date of incident EPD. To ensure that we included
incident cases only, a 1-year washout period was applied; hence,
the observation period was set between 2007 and 2017 in the DEP
and EPD analyses.

Derivation of YLL

To calculate total YLL due to premature death in individuals with
pancreatitis, pancreatic cancer, and their metabolic sequelae, we
used the life expectancy table approach (9). Deaths in individuals
with each target disease were identified on annual basis. The
annual data were aggregated into each single year of age at death,
stratified by sex, yielding the number of deaths in each age and sex
stratum. The resulting data were matched with period life tables
to obtain standard life expectancy at each age of death in years.
YLL was calculated by multiplying the number of deaths by the
life expectancy at age of death in each age and sex stratum. YLL of
each age and sex stratum was summed for each target disease.
Because of the availability of mortality data, the observation pe-
riod was until 2015. The period life tables were available for the
following truncated periods: 2005–2007 (used for 2006–2009YLL
calculations), 2010–2012 (for 2010–2012 YLL), and 2012–2014
(for 2013–2015 YLL).

Statistical analysis

A time series approach was used to model future incidence of
pancreatitis, pancreatic cancer, and theirmetabolic sequelae up to
2050. The historical cohort data were aggregated to obtain annual
frequency of each target disease. Annual incidence was calculated
as annual frequency divided by the number of nationwide pop-
ulations in the corresponding year. The time series data of the
observed annual incidence were used for constructing a fore-
castingmodel with the use of stepwise autoregressivemethod (the
“forecast” procedure in SAS version 9.4; SAS Institute, Cary, NC).
In this model, autoregressive parameters were automatically se-
lected by a stepwise regression procedure, only including the lags
at which the autoregressive parameters were statistically signifi-
cant (18). This approach was similar to the ones used in other
published studies on future disease burden in the field of gas-
troenterology (8). In the analysis of the main diseases
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Table 1. Projected burden of pancreatitis, pancreatic cancer, and their metabolic sequelae

Incidence per 100,000

(95% confidence interval)

Years of life lost in thousands

(95% confidence interval)

Year 2020 Year 2030 Year 2040 Year 2050 Year 2020 Year 2030 Year 2040 Year 2050

Pancreatitis 60.8 (58.2–63.4) 81.8 (77.9–85.6) 102.7 (97.3–108.1) 123.7 (116.7–130.7) 6.3 (6.0–6.7) 9.1 (8.5–9.7) 11.9 (11.1–12.7) 14.7 (13.6–15.8)

Acute pancreatitis 56.9 (53.2–60.6) 76.3 (70.9–81.8) 95.8 (88.2–103.4) 115.3 (105.4–125.1) 7.1 (6.6–7.7) 10.3 (9.4–11.1) 13.4 (12.1–14.6) 16.5 (14.9–18.2)

Chronic

pancreatitis

6.9 (5.9–8.0) 7.5 (5.9–9.1) 8.0 (5.8–10.3) 8.6 (5.6–11.5) 2.1 (1.4–2.9) 2.8 (1.7–4.0) 3.5 (1.9–5.2) 4.2 (2.1–6.4)

Pancreatic

cancer

13.3 (11.3–15.4) 15.1 (12.1–18.1) 16.8 (12.6–21) 18.6 (13.1–24.1) 7.6 (6.6–8.5) 9.8 (8.2–11.3) 12.0 (9.8–14.2) 14.2 (11.3–17.1)

DEP 6.9 (4.4–9.4) 9.9 (6.0–13.7) 12.8 (7.3–18.4) 15.8 (8.5–23.1) 1.2 (0.9–1.5) 1.8 (1.4–2.3) 2.5 (1.8–3.1) 3.1 (2.2–4)

PPDM 6.1 (3.8–8.5) 9.1 (5.4–12.8) 12.0 (6.8–17.3) 15.0 (8.0–21.9) 0.8 (0.6–1.0) 1.3 (0.9–1.6) 1.8 (1.3–2.3) 2.3 (1.6–2.9)

PPDM-A 5.2 (3.4–7.0) 8.0 (5.2–10.8) 10.8 (6.8–14.8) 13.6 (8.4–18.9) 0.6 (0.4–0.7) 1.0 (0.7–1.2) 1.4 (1.0–1.7) 1.8 (1.3–2.3)

PPDM-C 0.9 (0.2–1.5) 1.0 (0.0–2.1) 1.2 (20.3–2.6) 1.3 (20.6–3.2) 0.2 (0.1–0.3) 0.3 (0.1–0.5) 0.4 (0.1–0.7) 0.5 (0.1–0.9)

PCRD 0.9 (0.5–1.4) 1.0 (0.3–1.7) 1.1 (0.1–2.1) 1.2 (20.1–2.5) 0.5 (0.2–0.7) 0.6 (0.2–1.1) 0.8 (0.1–1.4) 0.9 (0.1–1.8)

EPD 3.4 (2.8–4.0) 4.7 (3.8–5.6) 6.1 (4.8–7.4) 7.4 (5.8–9.1) 0.9 (0.7–1.1) 1.4 (1.1–1.7) 1.9 (1.4–2.4) 2.4 (1.8–3.1)

EPD after

pancreatitis

2.2 (1.7–2.6) 2.8 (2.1–3.5) 3.5 (2.4–4.5) 4.1 (2.8–5.5) 0.4 (0.3–0.6) 0.7 (0.4–1) 0.9 (0.5–1.4) 1.2 (0.5–1.8)

EPD after pancreatic

cancer

1.3 (0.9–1.7) 2.0 (1.4–2.6) 2.7 (1.9–3.6) 3.4 (2.3–4.5) 0.6 (0.4–0.8) 0.9 (0.5–1.3) 1.3 (0.7–1.8) 1.6 (0.8–2.3)

DEP, diabetes of the exocrine pancreas; EPD, exocrine pancreatic dysfunction; PCRD, pancreatic cancer-related diabetes; PPDM, postpancreatitis diabetes mellitus; PPDM-A, postacute pancreatitis diabetes mellitus; PPDMC,
post-chronic pancreatitis diabetes mellitus.
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(pancreatitis, pancreatic cancer, DEP, and EPD), the observed
and forecasted incidence rates were plotted, with 95% confidence
intervals (CIs) for the forecasted values. To provide a summary
statistic, we calculated the average annual growth (%) from 2020
to 2050 for the main diseases. To forecast YLL due to premature
mortality in individuals with pancreatitis, pancreatic cancer, and
their metabolic sequelae up to 2050, the historical YLL data were
aggregated to obtain annual YLL of each target disease using the
aforementioned modeling method.

Subgroup analyses were conducted to model age- and sex-
specific future incidence rates and YLL for the main diseases. We
first stratified the annual historical data by age (,40, 40–64, and
651 years) or sex and then aggregated them into each stratum.
The aforementioned modeling method was used.

RESULTS

Projected burden of pancreatitis

The incidence of pancreatitis was 40.2 per 100,000 (38.7 for AP
and 5.6 for CP) in 2010 andwas projected to increase to 81.8 (95%
CI, 77.9–85.6) in 2030 and 123.7 (95% CI, 116.7–130.7) in 2050,
with the average annual growth of 2.4% (Table 1; Figure 1). In the
analysis stratified by age, the 651 years group had the highest
projected incidence in 2050 (170.4 per 100,000; 95% CI,

143.2–197.6) (Table 2). The average annual growth was 2.7%,
2.6%, and 1.5% in the ,40 years, 40–64 years, and 651 years
groups, respectively. In the analysis stratified by sex, the incidence
was projected to increase, with the average annual growth of 2.4%
in both sexes (Table 3). The projected incidence rates of AP and
CP are presented in Table 1 and Supplementary Figure 1 (see
Supplementary Digital Content, http://links.lww.com/CTG/
A412).

The total YLL due to premature death in individuals with
pancreatitis was 3,636 years (4,019 for AP and 1,561 for CP) in
2010 and was projected to increase to 9,117 (95% CI,
8,547–9,686) in 2030 and 14,709 (95% CI, 13,642–15,777) in
2050, with the average annual growth of 2.9% (Table 1; Figure 2).
In the analysis stratified by age, the 651 years group had the
highest projected YLL in 2050 (10,385 years; 95% CI,
9,304–11,465) (Table 2). The average annual growth was 2.1%,
2.4%, and 3.1% in the ,40 years, 40–64 years, and 651 years
groups, respectively. In the analysis stratified by sex, the YLLwas
projected to increase, with the average annual growth of 2.8% in
men and 2.9% in women (Table 3). The projected YLLs of AP
and CP are presented in Table 1 and Supplementary Figure 1
(see Supplementary Digital Content, http://links.lww.com/
CTG/A412).

Figure 1. Observed and projected incidence of (a) pancreatitis, (b) pancreatic cancer, (c) diabetes of the exocrine pancreas, and (d) exocrine pancreatic
dysfunction. Grey and black lines indicate observed and projected values, respectively. Dashed lines indicate upper and lower 95% confidence intervals of
projected values.
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Table 2. Age-specific projected burden of pancreatitis, pancreatic cancer, and their metabolic sequelae

Incidence per 100,000 (95% confidence interval) Years of life lost in thousands (95% confidence interval)

Year 2020 Year 2030 Year 2040 Year 2050 Year 2020 Year 2030 Year 2040 Year 2050

Age ,40 yr

Pancreatitis 36.9 (34.2 to 39.5) 51.5 (47.6 to 55.4) 66.2 (60.7 to 71.6) 80.8 (73.7 to 87.9) 0.3 (0.1 to 0.5) 0.4 (0.1 to 0.7) 0.5 (0.1 to 1.0) 0.6 (0.0 to 1.2)

Pancreatic cancer 0.4 (20.1 to 0.9) 0.3 (20.4 to 1.0) 0.3 (20.7 to 1.3) 0.2 (21.1 to 1.5) 0.1 (20.2 to 0.3) 20.1 (20.5 to 0.3) 20.2 (20.8 to 0.4) 20.3 (21.1 to 0.5)

DEP 3.3 (2.0 to 4.6) 5.4 (3.4 to 7.4) 7.6 (4.8 to 10.5) 9.8 (6.0 to 13.5) NE NE NE NE

EPD 0.8 (0.3 to 1.4) 1.2 (0.3 to 2.0) 1.5 (0.3 to 2.6) 1.8 (0.3 to 3.3) NE NE NE NE

Age 40–64 yr

Pancreatitis 57.3 (53.7 to 61.0) 79.5 (74.1 to 84.9) 101.6 (94.1 to 109.1) 123.7 (113.9 to 133.6) 1.8 (1.4 to 2.2) 2.5 (1.8 to 3.1) 3.1 (2.1 to 4.0) 3.7 (2.5 to 4.9)

Pancreatic cancer 10.2 (8.6 to 11.9) 12.7 (10.3 to 15.2) 15.2 (11.8 to 18.7) 17.8 (13.3 to 22.2) 3.7 (2.8 to 4.5) 5.0 (3.6 to 6.3) 6.3 (4.3 to 8.2) 7.6 (5 to 10.1)

DEP 6.8 (4.9 to 8.7) 10.0 (7.2 to 12.9) 13.3 (9.2 to 17.4) 16.6 (11.1 to 22.0) 0.6 (0.4 to 0.8) 1.0 (0.7 to 1.2) 1.3 (0.9 to 1.7) 1.6 (1.1 to 2.2)

EPD 3.5 (2.6 to 4.4) 4.8 (3.5 to 6.2) 6.2 (4.2 to 8.1) 7.5 (4.9 to 10.1) 0.4 (0.2 to 0.7) 0.6 (0.2 to 1.0) 0.8 (0.2 to 1.4) 1.0 (0.2 to 1.8)

Age 651 yr

Pancreatitis 108.9 (98.8 to 119) 129.4 (114.4 to 144.4) 149.9 (129 to 170.8) 170.4 (143.2 to 197.6) 4.2 (3.8 to 4.5) 6.2 (5.7 to 6.8) 8.3 (7.5 to 9.1) 10.4 (9.3 to 11.5)

Pancreatic cancer 41.4 (32.3 to 50.5) 38.2 (24.9 to 51.6) 35.1 (16.4 to 53.8) 31.9 (7.6 to 56.2) 3.9 (3.5 to 4.2) 4.9 (4.3 to 5.5) 6.0 (5.1 to 6.8) 7.0 (5.9 to 8.2)

DEP 13.2 (4.5 to 21.9) 15.6 (2.1 to 29.1) 18.0 (21.2 to 37.2) 20.4 (24.9 to 45.7) 0.5 (0.3 to 0.8) 0.8 (0.3 to 1.3) 1.0 (0.3 to 1.7) 1.3 (0.4 to 2.2)

EPD 7.7 (5.9 to 9.5) 10.5 (7.8 to 13.3) 13.3 (9.4 to 17.3) 16.1 (11.0 to 21.3) 0.4 (0.4 to 0.5) 0.7 (0.6 to 0.9) 1.0 (0.8 to 1.3) 1.3 (1.0 to 1.6)

DEP, diabetes of the exocrine pancreas; EPD, exocrine pancreatic dysfunction; NE, nonestimable (because of the limited number of observations to fit model).
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Projected burden of pancreatic cancer

The incidence of pancreatic cancer was 12.1 per 100,000 in 2010
and was projected to increase to 15.1 (95% CI, 12.1–18.1) in 2030
and 18.6 (95% CI, 13.1–24.1) in 2050, with the average annual
growth of 1.1% (Table 1; Figure 1). In the analysis stratified by age,
the 651 years group had the highest projected incidence in 2050
(31.9 per 100,000; 95% CI, 7.6–56.2) (Table 2). The average an-
nual growth was 21.8%, 1.9%, and 20.9% in the ,40 years,
40–64 years, and 651 years groups, respectively. In the analysis
stratified by sex, the incidence was projected to increase, with the
average annual growth of 1.3% in men and 0.9% in women
(Table 3).

The total YLL due to premature death in individuals with
pancreatic cancer was 5,604 years in 2010 and was projected to
increase to 9,784 (95%CI, 8,236–11,332) in 2030 and 14,247 (95%
CI, 11,349–17,144) in 2050, with the average annual growth of
2.1% (Table 1; Figure 2). In the analysis stratified by age, the 40–64
years group had the highest projected YLL in 2050 (7,588 years;
95% CI, 5,042–10,133) (Table 2). The average annual growth was
2.4% and 2.0% in the 40–64 years and 651 years groups, re-
spectively. In the analysis stratified by sex, the YLL was projected
to increase, with the average annual growth of 2.1% in men and
2.2% in women (Table 3).

Projected burden of DEP

The incidence of DEP was 2.8 per 100,000 (1.8 for PPDM-A, 0.5
for PPDM-C, and 0.7 for PCRD) in 2010 and was projected to
increase to 9.9 (95% CI, 6.0–13.7) in 2030 and 15.8 (95% CI,
8.5–23.1) in 2050, with the average annual growth of 2.8%
(Table 1; Figure 1). In the analysis stratified by age, the 651 years
group had the highest projected incidence in 2050 (20.4 per
100,000; 95% CI, 24.9 to 45.7) (Table 2). The average annual
growth was 3.7%, 3.0%, and 1.5% in the,40 years, 40–64 years,
and 651 years groups, respectively. In the analysis stratified by
sex, the incidence was projected to increase, with the average
annual growth of 2.7% inmen and 2.9% in women (Table 3). The
projected incidence rates of PPDM-A and PPDM-C are pre-
sented in Table 1 and Supplementary Figure 2 (see Supplemen-
tary Digital Content, http://links.lww.com/CTG/A412).

The total YLL due to premature death in individuals with DEP
was 427 years (75 for PPDM, 72 for PPDM-C, and 280 for PCRD)
in 2010 and was projected to increase to 1,832 (95% CI,
1,364–2,300) in 2030 and 3,081 (95% CI, 2,179–3,983) in 2050,
with the average annual growth of 3.2% (Table 1; Figure 2). In the
analysis stratified by age, the 40–64 years group had the highest
projected YLL in 2050 (1,632 years; 95% CI, 1,068–2,196)
(Table 2). The average annual growth was 3.3% and 2.9% in the
40–64 years and 651 years groups, respectively. In the analysis
stratified by sex, the YLL was projected to increase, with the av-
erage annual growth of 3.0% in men and 3.4% in women
(Table 3). The projected YLLs of PPDM-A and PPDM-C are
presented in Table 1 and Supplementary Figure 2 (see Supple-
mentary Digital Content, http://links.lww.com/CTG/A412).

Projected burden of EPD

The incidence of EPD was 1.7 per 100,000 (1.3 after pancreatitis
and 0.5 after pancreatic cancer) in 2010 and was projected to
increase to 4.7 (95%CI, 3.8–5.6) in 2030 and 7.4 (95%CI, 5.8–9.1)
in 2050, with the average annual growth of 2.6% (Table 1;
Figure 1). In the analysis stratified by age, the 651 years group
had the highest projected incidence in 2050 (16.1 per 100,000;T
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95% CI, 11.0–21.3) (Table 2). The average annual growth was
2.6%, 2.6%, and 2.5% in the ,40 years, 40–64 years, and 651
years groups, respectively. In the analysis stratified by sex, the
incidence was projected to increase, with the average annual
growth of 2.9% in men and 2.2% in women (Table 3).

The total YLL due to premature death in individuals with EPD
was 420 years (130 years after pancreatitis and 337 years after
pancreatic cancer) in 2010 and was projected to increase to 1,413
(95%CI, 1,082–1,744) in 2030 and 2,428 (95%CI, 1,790–3,065) in
2050, with the average annual growth of 3.3% (Table 1; Figure 2).
In the analysis stratified by age, the 651 years group had the
highest projected YLL in 2050 (1,311 years; 95% CI, 1,007–1,616)
(Table 2). The average annual growth was 3.0% and 3.7% in the
40–64 years and 651 years groups, respectively. In the analysis
stratified by sex, the YLL was projected to increase, with the av-
erage annual growth of 3.4% in men and 3.2% in women
(Table 3).

DISCUSSION
This study used several New Zealand nationwide databases
from the sole publicly funded health system covering the
entire country. It was the first study to estimate the future
incidence (an event-based measure of burden due to

morbidity) and YLL (a time-based measure of burden due to
premature mortality) of not only diseases of the exocrine
pancreas but also their metabolic sequelae. The modeling
method used in this study was a time series analysis approach,
which had been widely used in both nonmedical fields (such as
economic forecasting) (19) and medical fields (including
gastroenterology) (8,20). We reported that the incidence rates
and YLLs of pancreatitis, pancreatic cancer, DEP, and EPD
were projected to increase in the upcoming decades. Among
the 4 diseases, pancreatitis yielded the highest projected in-
cidence (123.7 per 100,000) and YLL (14,709 years) in 2050.
The projected incidence of pancreatic cancer (18.6 per
100,000) was much lower than that of pancreatitis, whereas
the projected YLL of pancreatic cancer (14,247 years) was
similar to that of pancreatitis in 2050. Compared with pan-
creatitis and pancreatic cancer, DEP and EPD yielded lower
projected incidence rates and YLLs but higher average annual
growth percentages.

The increasing incidence of AP in this study is consistent
with earlier temporal trends studies from the United States and
Europe (21–23), and this trend might have been driven by
multiple factors. One possible factor is an increase in testing of
pancreatic enzymes levels, which uncovers milder cases of AP.

Figure 2. Observed and projected years of life lost due to premature mortality in individuals with (a) pancreatitis, (b) pancreatic cancer, (c) diabetes of the
exocrine pancreas, and (d) exocrine pancreatic dysfunction. Grey and black lines indicate observed and projected values, respectively. Dashed lines
indicate upper and lower 95% confidence intervals of projected values.
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A previous study from 2 hospitals in the United States dem-
onstrated that serum pancreatic enzyme testing increased
from 4.6% in 1996 to 9.5% in 2005, and this increase was
correlated with a rising fraction of AP out of emergency de-
partment visits (24). However, there are no published data on
temporal trends in pancreatic enzyme testing after that—
which would correspond to the observation period in this
study (i.e., 2006 and beyond). Because it is unknown whether
the testing of pancreatic enzymes continued to increase after
2005, it is impossible to determine whether this factor explains
the rising incidence of AP observed in this study. Another
possible contributor is an increase in the prevalence of obesity,
which is a strong risk factor for AP in the Western world (25).
Although the prevalence of other risk factors for AP (such as
alcohol consumption or tobacco smoking) generally did not
increase over the past 2 decades, that of obesity increased from
26.5% in 2006 to 30.9% in 2018 (according to New Zealand
data) (26). Moreover, a previous study using the United States
nationwide inpatient sample reported that the prevalence of
obesity (as an AP-associated diagnosis) was 3.1-times higher
during the period of 2009–2012 compared with that of
2002–2005 (21). It is noteworthy that the studied metabolic
sequelae (DEP and EPD) also displayed an increasing trend in
incidence in the present study. One might argue that the in-
creasing incidence rates of DEP and EPD were driven by the
rising incidence of AP. This might have been the case in this
study as most cases of DEP were PPDM-A. However, the re-
lationship between pancreatitis, PPDM, and EPD is complex
(27,28); hence, an incidence trend of pancreatitis and that of its
metabolic sequelae might not necessarily run in parallel or
show a linear relationship. In this study, the increasing trend
was prominent in projected incidence rates of CP and pan-
creatic cancer but not in those of PPDM-C and PCRD. Fur-
thermore, the development of DEP is known to be influenced
by a range of factors. In addition to the conventional risk
factors for diabetes (e.g., central obesity) (29,30), recurrent
episodes of AP—a pancreas-specific risk factor for DEP—(31)
might have differentially contributed to the incidence of DEP
during the observation period.

Published data on projected burden of diseases of the exocrine
pancreas are scarce and limited to pancreatic cancer only. A study
from the United States projected the incidence of pancreatic
cancer up to 2030 and found the average annual growth of 1.3% in
men and 1.4% in women (12), which was similar to our estimate
of 1.1% (notwithstanding the differences in methodology with
our study). That study assumed that the incidence was constant
over the historical period and projection period and the authors
based extrapolation on population projections (12). The present
study also used extrapolation but it was based on time series data.
This enabled us to account for changes in incidence over time.
This is important because the incidence of pancreatic cancer
tended to increase in more than 10 developed countries between
1998 and 2007, as a global report demonstrated (32). This study
provides a grim outlook that incidence of pancreatic cancer is
likely to continue to increase in the upcoming decades in (unless
effective prevention strategies or early treatment options are in-
troduced). Furthermore, the global report mentioned above also
showed thatmost developed countries had the increasing trend in
mortality from pancreatic cancer (32), which is consistent with
our estimate of the increasing YLL due to premature mortality in
individuals with pancreatic cancer.

As far as age-specific projected burden is concerned, the 651
years group had the highest projected incidence rates of pan-
creatitis, pancreatic cancer, DEP, and EPD among the studied
age groups. This is consistent with earlier studies, suggesting
that older age is related to higher incidence rates of pancreatitis,
pancreatic cancer, DEP, and EPD (1,16,33,34). However, the
average annual growth percentages were higher in the,40 years
and 40–64 years groups than that in the 651 years group in the
analyses of pancreatitis, pancreatic cancer, and DEP. In par-
ticular, only the 40–64 years group had the increasing trend in
the projected incidence of pancreatic cancer. Furthermore, the
40–64 years group had the highest projected YLL of pancreatic
cancer (and its average annual growth) among the studied age
groups. The above-mentioned findings, coupled with the fact
that pancreatic cancer is the most lethal disease of the exocrine
pancreas (the 5-year survival rate ,10%) (35), suggest that
healthcare policies might need to prioritize the middle-aged
population (40–64 years) as a target group with a view to
tackling the expected increase in burden of pancreatic cancer
and DEP.

Several limitations of this study are to be acknowledged. First,
there is an intrinsic issue of uncertainty because we estimated
future disease burden based on past data. To address this issue, to
the extent used in modern literature, we provided 95% CIs of the
projected burden. Second, in the time series analysis, we fit a
linear trend model while assuming that the incidence and YLL
were stable over the study period, though our historical data
displayed fluctuations (which might have been larger in pancre-
atic cancer, DEP, and EPD than that in pancreatitis). We also
assumed that demographic distribution of the study population
did not change over time. Although population aging over time
might affect future burden of diseases of the exocrine pancreas,
the assumption is unlikely to undermine our projection because
weprovided age-specific estimates of the projected burden. Third,
the model for the data was derived wholly from New Zealand
(which has a relatively small population). However, countries
with large populations could not be used as a general model
because integrated population-based data (pharmaceutical dis-
pensing, cancer, mortality, and hospital discharge) are typically
not available at present to project the burden of sequelae of
pancreatic diseases—EPD and DEP. Hence, our research sets a
benchmark for projecting the burden of EPD and DEP before
larger populations are analyzed in the future. Fourth, the use of
ICD codes for pancreatitis might have overestimated its actual
incidence in this study. A meta-analysis of 24 cohorts suggested
that the overall diagnostic accuracy of ICD codes for pancreatitis
is suboptimal, with the pooled estimate of positive predictive
value of ICD codes for AP being 71% (36). However, the estimate
improves to 78% when the study population is constrained to
incident AP in adults, which was the case in this study. Last, one
could argue that the results of this study fromNewZealandmight
not be generalizable to other geographical regions. In addition,
the ethnic/racial composition of New Zealand is somewhat dif-
ferent from the United States with 17% indigenous (M�aori)
population and less than 1% Black people (both are high-risk
ethnic/racial groups for AP incidence) (37). However, the in-
cidence rates of pancreatitis and pancreatic cancer from our
historical data in New Zealand were similarly high to the pooled
estimates from a meta-analysis covering 21 countries (including
the American, European, and Asian regions) (1). Specifically, the
pooled incidence of AP was 33.7 (95% CI, 23.3–48.8) per 100,000
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in the meta-analysis (1), and it was 38.7 in our historical data of
the year 2010. In addition, the 2018 GLOBOCAN data showed a
negligible difference in the age-standardized incidence of pan-
creatic cancer between New Zealand (11.3) and other developed
countries (e.g., 12.9 in the United States, Sweden, and Denmark;
11.7 in the United Kingdom and South Korea) (38).

In conclusion, at the start of the 2020s decade, this study quan-
tified the future burden of pancreatitis, pancreatic cancer, DEP, and
EPD for the next 3 decades. This study adds the projected burden of
pancreatitis and itsmetabolic sequelae to the existing literature,which
to date has been limited to pancreatic cancer only. Given that the
elderly population had the highest projected incidence of pancreatitis
and its metabolic sequelae, healthcare systems need to be sufficiently
prepared to accommodate for the forthcoming increase in the bur-
den, specifically in aging societies. In addition, taking into account
that the highest projected YLLs due to premature mortality was ob-
served in middle-aged adults with pancreatic cancer and/or DEP,
effective prevention of prematuremortality due to pancreatic cancer,
PCRD, and PPDM might need to primarily target middle-aged
people.
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Study Highlights

WHAT IS KNOWN

3 The burden of pancreatic cancer and pancreatitis has been
poorly studied.

3 The burden of their sequelae (diabetes of the exocrine
pancreas and exocrine pancreatic dysfunction) has never
been studied.

WHAT IS NEW HERE

3 A time series analysis was applied, for the first time, to project
the burden of diseases of the pancreas.

3 Both event-based and time-based approaches were used.
3 The burden of pancreatic cancer, pancreatitis, diabetes of the

exocrine pancreas, and exocrine pancreatic dysfunction is
projected to rise differentially.

TRANSLATIONAL IMPACT

3 Gastroenterologists (and other health professionals) need to
be prepared for the expected increase in the burden of
diseases of the exocrine pancreas and their metabolic
sequelae.
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