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Abstract

Aims—The aim was to investigate sex- and age-stratified risks of cause-specific death and life
expectancy in individuals with post-pancreatitis diabetes mellitus (PPDM).

Methods—Nationwide data on mortality in New Zealand were obtained. For two head-to-head
comparisons (PPDM versus type 2 diabetes mellitus [T2DM]; PPDM versus type 1 diabetes
mellitus [T1DM]), the groups were matched on age, sex, and calendar year of diabetes diagnosis.
Multivariable Cox regression analyses were conducted to estimate risks of vascular, cancer, and
non-vascular non-cancer mortality. Remaining life expectancy at age of diabetes diagnosis was
estimated using the Chiang Il method.

Results—A total of 15,848 individuals (1,132 PPDM, 3,396 T1DM, and 11,320 T2DM) were
included. The risks of vascular mortality and non-vascular non-cancer mortality did not differ
significantly between PPDM and T2DM or TIDM. PPDM was associated with a significantly
higher risk of cancer mortality compared with T2DM (adjusted hazard ratio, 1.32; 95% confidence
interval, 1.08-1.63) or TLDM (adjusted hazard ratio, 1.65; 95% confidence interval, 1.27-2.13).
The risk of cancer mortality associated with PPDM (versus T2DM) was significantly higher in
women than in men (p for interaction = 0.003). This sex difference in cancer mortality risk was
also significant in the comparison between PPDM and T1DM (p for interaction = 0.006). Adults
of both sexes with PPDM had the lowest remaining life expectancy (in comparison with T2DM or
T1DM) up to 64 years of age.

Conclusions—People with PPDM have a higher risk of cancer mortality compared with those
with T2DM or T1IDM. This is especially pronounced in women. Young and middle-aged adults
with PPDM have a lower life expectancy compared with their counterparts with T2DM or T1DM.
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Introduction

Methods

Data source

Pancreatitis is the most common disease of the exocrine pancreas, with the global incidence
of 43 cases per 100,000 person-years [1]. Individuals with pancreatitis frequently develop
metabolic abnormalities after hospital discharge. Specifically, it is known that 20-30%

of individuals with pancreatitis develop diabetes mellitus [2]. Post-pancreatitis diabetes
mellitus (PPDM) is the largest contributor to diabetes of the exocrine pancreas, which is
more common in adults than type 1 diabetes mellitus (T1DM) [3, 4]. Moreover, its incidence
is projected to increase by more than 2% per year in the 2020s [5]. Population-based studies
have shown that PPDM vyields 14.8 excess all-cause mortality per 1,000 person-years (which
increases up to 68 if not medicated) and is associated with a 13% higher risk of all-cause
mortality, as compared with type 2 diabetes mellitus (T2DM) [6, 7].

Mounting evidence suggests sex difference in the mortality risks associated with T2DM

and T1DM. A meta-analysis of 35 prospective cohort studies demonstrated a significant

sex difference in the risk of all-cause mortality associated with T2DM versus those without
diabetes (2.3-times higher in women and 1.9-times higher in men) [8]. This difference was
mainly attributable to vascular mortality (3.8-times higher in women and 2.1-times higher

in men) [8]. A meta-analysis of 26 studies demonstrated a significant sex difference in the
risk of all-cause mortality associated with TADM versus those without diabetes (5.8-times
higher in women and 3.8-times higher in men) [9]. This difference was mainly attributable
to vascular mortality (11.3-times higher in women and 5.7-times higher in men) [9]. Age

is another characteristic that exhibits differences in the risks of all-cause and cause-specific
death associated with T2DM and T1DM (versus general populations). A nationwide study
from Australia found that a younger age at diagnosis of T2DM was associated with

higher risks of all-cause and vascular mortality but a lower risk of cancer mortality [10].
Nationwide data from Sweden showed that individuals with young-onset T2DM (age < 40
years) had a 2.1-times higher risk of all-cause mortality [11], as well as that a younger age at
diagnosis of TLDM was associated with a higher risk of all-cause mortality [12]. The above-
mentioned studies from Sweden also demonstrated that younger individuals with T2DM or
T1DM had a greater loss of remaining life expectancy—a common measure of premature
death [11, 12]. To date, there has been a dearth of data on sex and age differences in the risk
of death associated with PPDM. Given the well-documented poor health outcomes in people
with PPDM [5-7, 13], it is important to identify high-risk groups for mortality among them
with a view to curbing the burden of PPDM.

The primary aim was to examine age- and sex-stratified risks of cause-specific death
associated with PPDM versus the other common types of diabetes (i.e., TLDM and T2DM).
The secondary aim was to estimate remaining life expectancy at age of diabetes diagnosis in
PPDM versus TIDM and PPDM versus T2DM.

The data extraction was performed by the Ministry of Health Analytical Services (National
Health Board, New Zealand). From the nationwide hospital discharge data (covering all the
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20 District Health Board in the entire country) between January 1, 1995, and December 31,
20186, all records of individuals who were diagnosed with pancreatitis and diabetes mellitus
based on the International Classification of Diseases (ICD) codes were extracted. The data
included information on age, sex, ethnicity, area of residence, ICD codes (both primary and
up to 20 secondary), and date of admission. The hospital discharge database was linked to
the mortality database containing date of death and cause of death.

Study cohort

Endpoints

Individuals who were first diagnosed with pancreatitis (ICD-10, K85; K86.0; K86.1) or
diabetes mellitus (E10; E11; E13) were identified during the study period from January

1, 1998, to December 31, 2016 (Supplementary Fig. 1). To ensure that these individuals
were newly diagnosed, a 3-year washout period from 1995 to 1997 was used. The PPDM
group was assembled first and, then, its matched groups of T2DM and T1DM were
established using the frequency matching method with a view to comparing head-to-head
PPDM versus T2DM and PPDM versus TIDM. The PPDM group included individuals
who were diagnosed with diabetes (ICD-10, E11; E13) in more than 90 days after first
diagnosis of acute pancreatitis (K85) or chronic pancreatitis (K86.0; K86.1). The 90-day

lag period was used to preclude the inclusion of patients with preexisting diabetes or
stress-induced hyperglycemia [4, 14, 15]. Exclusion criteria were as follows: individuals
who were diagnosed with type 1 diabetes (ICD-10, E10) from 1998 to 2016, those who were
diagnosed with diabetes mellitus during and/or prior to the first pancreatitis diagnosis, and
those who were diagnosed with diabetes mellitus during < 90 days after the first pancreatitis
diagnosis. Finally, a total of 1,132 individuals were included in the PPDM group. The
T2DM group included individuals who were diagnosed with T2DM (ICD-10, E11) and
never with TLDM (E10) or pancreatitis (K85; K86.0; K86.1) from 1998 to 2016 were first
identified (7= 207,863). Of these, based on age (< 30, 30-39, 40-49, 50-59, 60-69, 70-79,
and = 80 years), sex, and calendar year of diabetes diagnosis, ten matched individuals with
T2DM for each individual with PPDM were randomly selected (7= 11,320). The TIDM
group included individuals who were diagnosed with TIDM (ICD-10, E10) and never with
pancreatitis (K85; K86.0; K86.1) from 1998 to 2016 were first identified (n7= 25,838). Of
these, based on age (< 30 and = 30 years), sex, and calendar year of diabetes diagnosis, three
matched individuals with TLDM for each individual with PPDM were randomly selected (n
= 3,396).

Date of first diagnosis of diabetes was set as index date (i.e., follow-up start date). All
individuals were observed until the end of the study period (December 31, 2016) or date of
death, whichever came first. The primary endpoint was cause-specific death, categorized as
vascular, cancer, and non-vascular non-cancer causes (based on the relevant ICD codes and
in line with the previous literature [16]). Cancer death was subcategorized based on cancer
sites: pancreas, colon, liver, lung, prostate (men only), breast (women only), and others. The
secondary endpoint was remaining life expectancy (years) at diabetes diagnosis (in line with
the previous literature [17]).
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Alcohol abuse (ICD-10, F10) and ever smoking (ICD-10, Z720; Z8643; Z87891) were
defined based on the relevant ICD codes during the entire study period [18]. Ethnicity

was classified as European, Maori or Pacific Islander, Asian, and others. Social deprivation
index (based on area of residence) was classified into quartiles; individuals with missing
values were categorized as an additional category [19]. The Charlson comorbidity index was
calculated in line with the previous literature [20] and treated as a categorical variable (1, 2,
3,and = 4).

Statistical analysis

All analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA). Two-
sided p < 0.05 was deemed to be statistically significant. Mortality rate with corresponding
standard error (SE) was calculated as the number of deaths per 1,000 person-years. To
estimate mortality risk associated with PPDM in each head-to-head comparison (i.e., PPDM
versus T2DM; PPDM versus T1DM), crude and multivariable Cox regression analyses were
performed. The multivariable model included age (as a continuous variable), ethnicity, social
deprivation index, alcohol abuse, ever smoking, and the Charlson comorbidity index as
covariates. The survival curves were created after adjustment for the above covariates. The
Cox regression analyses were performed after stratification by sex (women and men) or age
(< 45 years, 45-64 years, and = 65 years of age). Significance of sex or age difference

in mortality risk was tested using the Altman—Bland method [21] and expressed as p for
interaction. The resulting p values for interaction were corrected for multiple testing using
the false discovery rate (FDR) method. In addition, these analyses were repeated after
categorizing PPDM as post-acute pancreatitis diabetes mellitus (PPDM-A) and post-chronic
pancreatitis diabetes mellitus (PPDM-C) [13, 14]. Individuals who had diagnostic codes

of both acute pancreatitis and chronic pancreatitis were classified as PPDM-C. We also
estimated the risk of site-specific cancer death in each head-to-head comparison. The risk
of death was expressed as hazard ratio (HR) with 95% confidence interval (95% CI). The
assumption of proportionality was graphically evaluated and found fulfilled.

Remaining life expectancy (with 95% CI) at age of diabetes diagnosis by 5-year age
intervals was estimated using the Chiang Il method [22—-24] in each of the three study
groups (T1DM, T2DM, and PPDM). This method enabled us to account for age intervals
with zero deaths and small populations. Given a very limited number of individuals aged

< 20 years in the T2DM and PPDM groups, we constrained the analysis to those aged >

20 years. In each study group, the numbers of population and deaths by sex and 5-year

age intervals were calculated. Using these aggregated data, abridged period life tables were
constructed by 5-year age intervals from 20 years up to age 75 + years, stratified by sex. The
resulting remaining life expectancy (years) by 5-year age intervals was plotted by fitting a
smooth curve using locally estimated scatterplot smoothing regression [25].

A post hoc analysis was conducted to investigate sex difference in the risk of mortality from
pancreatic cancer (the most common site-specific cancer in PPDM) associated with PPDM,
as compared with T2DM or TLDM. After stratification by sex, the above multivariable Cox
regression analysis was performed in each head-to-head comparison.
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Characteristics of the study groups

A total of 15,848 individuals with diabetes were observed for a mean + standard deviation
(SD) period of 4.1 + 3.6 years. The PPDM group had the highest all-cause mortality rate
(80.8 per 1,000 person-years), as well as the lowest survival probability during follow-up
after adjustment for covariates (Fig. 1). Other characteristics are presented in Table 1.

Risk of cause-specific death in the study groups

The PPDM group had the highest rates of death from vascular (26.9 per 1,000 person-years),
cancer (25.7 per 1,000 person-years), and non-vascular non-cancer (49.8 per 1,000 person-
years) causes (Table 1). In the head-to-head comparison between PPDM and T2DM, the
PPDM group had significantly higher risks of all-cause mortality (adjusted HR, 1.26; 95%
Cl, 1.12-1.41), cancer mortality (adjusted HR, 1.32; 95% CI, 1.08-1.63), and non-vascular
non-cancer mortality (adjusted HR, 1.27; 95% CI, 1.09-1.47) compared with the T2DM
group. The risk of vascular mortality associated with PPDM was not statistically significant
in the adjusted model (HR, 1.14; 95% CI, 0.94-1.39). In the analysis of site-specific cancer
mortality, the PPDM group had significantly higher risks of pancreatic cancer (adjusted
HR, 3.83; 95% ClI, 2.38-6.17) and colon cancer mortality (adjusted HR, 2.13; 95% ClI,
1.13-4.03) (Fig. 2).

In the head-to-head comparison between PPDM and T1DM, the PPDM group had a
significantly higher risk of cancer mortality (adjusted HR, 1.65; 95% Cl, 1.27-2.13).

The risks of all-cause (HR, 1.11; 95% CI, 0.97-1.28), vascular (HR, 1.09; 95% CI, 0.85—
1.40), and non-vascular non-cancer mortality (HR, 0.89; 95% CI, 0.75-1.06) associated
with PPDM were not statistically significant in the adjusted model. In the analysis of
site-specific cancer mortality, the PPDM group had significantly higher risks of pancreatic
cancer (adjusted HR, 3.63; 95% ClI, 1.92-6.88) and lung cancer mortality (adjusted HR,
2.11; 95% ClI, 1.15-3.88) (Fig. 2).

Sex-stratified risk of cause-specific death

In the PPDM group, women had a higher rate of cancer mortality than men (28.6 versus
23.7 per 1,000 person-years), whereas men had a higher rate of vascular mortality than
women (30.6 versus 21.6 per 1,000 person-years) (Supplementary Table 1). In the head-to-
head comparison between PPDM and T2DM, men with PPDM had a significantly higher
risk of vascular mortality (adjusted HR, 1.29; 95% CI, 1.01-1.65), whereas the risk was
not significant in women with PPDM (adjusted HR, 0.96; 95% CI, 0.68-1.34) (Table

2). This difference was statistically significant (o = 0.036) but did not remain significant
after FDR correction (p = 0.096). Women with PPDM had a significantly higher risk of
cancer mortality (adjusted HR, 1.82; 95% CI, 1.34-2.48) than men with PPDM (adjusted
HR, 1.09; 95% ClI, 0.83-1.44), and this difference was statistically significant (o= 0.003;
FDR-corrected p=0.024). In the post hoc analysis, the risk of pancreatic cancer mortality
associated with PPDM was significantly higher in both men (adjusted HR, 3.37; 95% ClI,
1.74-6.55) and women (adjusted HR, 4.53; 95% CI, 2.28-8.99). After stratification by
sex and age, the highest risk of cancer mortality associated with PPDM was observed in
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younger women (adjusted HR, 4.13; 95% CI, 0.87-19.68) (Supplementary Table 2). When
categorizing PPDM into PPDM-A and PPDM-C, both PPDM-A (adjusted HR, 1.60; 95%
Cl, 1.11-2.30) and PPDM-C (adjusted HR, 2.62; 95% CI, 1.56-4.40) were significantly
associated with a higher risk of cancer mortality in women, whereas the risks were not
significant in men. Other findings are presented in Supplementary Table 3.

In the head-to-head comparison between PPDM and T1DM, women with PPDM had

a significantly higher risk of cancer mortality (adjusted HR, 2.78; 95% Cl, 1.83-4.22)
than men with PPDM (adjusted HR, 1.22; 95% ClI, 0.88-1.71), and this difference was
statistically significant (p=0.006; FDR-corrected p=0.024). Other findings are presented in
Table 2. In the post hoc analysis, the risk of pancreatic cancer mortality associated with
PPDM was significantly higher in both men (adjusted HR, 2.46; 95% CI, 1.07-5.67) and
women (adjusted HR, 7.25; 95% CI, 2.56-20.58). After stratification by sex and age, the
highest risk of cancer mortality associated with PPDM was observed in younger women
(adjusted HR, 41.22; 95% Cl, 2.70-629.73) (Supplementary Table 2). When categorizing
PPDM as PPDM-A and PPDM-C, both PPDM-A (adjusted HR, 2.41; 95% ClI, 1.52-3.84)
and PPDM-C (adjusted HR, 3.95; 95% Cl, 2.20-7.10) were significantly associated with a
higher risk of cancer mortality in women, whereas the risks were not significant in men.
Other findings are presented in Supplementary Table 3.

Age-stratified risk of cause-specific death

In the PPDM group, the elderly (aged 65 years or other) had the highest rates of vascular
(52.1 per 1,000 person-years), cancer (38.9 per 1,000 person-years), and non-vascular
non-cancer mortality (81.1 per 1,000 person-years) among the age groups (Supplementary
Table 1). In the head-to-head comparison between PPDM and T2DM, none of the age
group differences in cause-specific mortality risks were statistically significant (Table 3).
When categorizing PPDM into PPDM-A and PPDM-C, the young adults (< 45 years) with
PPDM-A were at a significantly higher risk of cancer mortality (adjusted HR, 4.88; 95%
Cl, 1.36-17.57), whereas the risk was not significant in the elderly. This difference was
statistically significant (o = 0.022) but did not remain significant after FDR correction (p =
0.088). Other findings are presented in Supplementary Table 4.

In the head-to-head comparison between PPDM and T1DM, the young adults with PPDM
had a significantly higher risk of cancer mortality (adjusted HR, 7.88; 95% ClI, 1.59-39.10)
than the elderly with PPDM (adjusted HR, 1.39; 95% CI, 1.02-1.90). This difference was
statistically significant (o = 0.037) but did not remain significant after FDR correction (p

= 0.10). Other findings are presented in Table 3. When categorizing PPDM into PPDM-A
and PPDM-C, the young adults with PPDM-A were at a significantly higher risk of cancer
mortality (adjusted HR, 13.93; 95% CI, 2.93-66.29), whereas the risk was not significant in
the elderly. This difference was statistical significant (o= 0.003; FDR-corrected p=0.024).
Other findings are presented in Supplementary Table 4.

Life expectancy in the study groups

Overall, remaining life expectancies decreased with age in all the study groups (Fig. 3).
Of these, the PPDM group had the lowest remaining life expectancy in the up to (and

Acta Diabetol. Author manuscript; available in PMC 2022 July 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Choetal.

Page 7

including) 69 years age groups in women and in the up to (and including) 64 age groups

in men. The life expectancy differences between the study groups were prominent in the
young adults. For example, in women aged 30-34 years, life expectancy was 13.9 years
(95% Cl, 8.0-19.9) in the PPDM group, which was considerably lower than 21.2 years (95%
Cl, 17.9-24.4) in the T2DM group and 24.2 years (95% ClI, 20.7-27.7) in the TIDM group.
In men aged 30-34 years, life expectancy was 11.2 years (95% ClI, 0.2-22.7) in the PPDM
group, which was considerably lower than 21.0 years (95% Cl, 18.2-23.8) in the T2DM
group and 17.9 years (95% ClI, 15.1-20.6) in the TIDM group. Other findings are presented
in Supplementary Table 5.

Discussion

This nationwide population-based study determined age- and sex-stratified risks of cause-
specific death in PPDM compared with T2DM or T1DM. One of the most notable findings
was that PPDM (versus T2DM) was associated with a 1.8-times significantly higher risk of
cancer mortality in women, whereas there was no significant association between PPDM
and the risk of cancer mortality in men (p for interaction = 0.003). We also found that
PPDM (versus T1DM) was associated with a 2.8-times significantly higher risk of cancer
mortality in women, whereas there was no significant association between PPDM and the
risk of cancer mortality in men (o for interaction = 0.006). In addition, both women and men
with PPDM (versus T2DM or T1DM) had lower life expectancy up to 64 years of age. In
particular, young adults tended to exhibit greater life expectancy gaps between PPDM and
the other types of diabetes (Fig. 3).

The present study was the first to reveal the sex difference in the risk of cause-specific
death associated with PPDM. In the head-to-head comparison between PPDM and T2DM,
women with PPDM were at a 70% significantly greater risk of cancer mortality than men
with PPDM. Notably, this sex difference was observed in both PPDM-A (a 52% greater risk
in women) and PPDM-C (a 115% greater risk in women). In the head-to-head comparison
between PPDM and T1DM, women with PPDM were at a 130% significantly greater risk of
cancer mortality than men with PPDM. This difference was also observed in both PPDM-A
(a 106% greater risk in women) and PPDM-C (a 182% greater risk in women). The above
sex differences in the risk of cancer mortality associated with PPDM appear to be driven

by higher risks of death from specific cancers in women with PPDM. In both head-to-head
comparisons, individuals with PPDM had a higher risk of death from pancreatic cancer,

and the risk was higher in women than men (albeit the difference was not statistically
significant). The other cancers associated with higher risks of death in individuals with
PPDM were colon cancer (compared with T2DM) and lung cancer (compared with TIDM).
It is also noteworthy that life expectancy gaps tended to be larger in young women than

in young men (albeit wide 95% Cls precluded the determination of statistical significance).
The above findings suggest that young women with PPDM may represent a high-risk group
for premature cancer mortality among individuals with diabetes mellitus. Although these
people comprise a relatively small fraction of individuals with diabetes mellitus, they may
yield greater loss of life expectancy and, hence, pose greater disease burden compared with
the other age and sex groups. While the most up-to-date guidelines do not recommend
screening for some cancers in young adults (e.g., < 50 years old for pancreatic cancer and
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colon cancer; < 55 years old for lung cancer) [26-28], the results of the present study might
trigger a reconsideration of the recommended age for cancer screening, particularly among
women.

Our earlier study found that PPDM is associated with a higher risk of pancreatic cancer,

as compared with T2DM [29]. This association might be attributed to risk factors for
pancreatitis (e.g., tobacco smoking and alcohol abuse), pathophysiology of pancreatitis (e.g.,
fibrosis and chronic inflammation), and intra-pancreatic fat deposition [30]. The present
study adds to the literature a novel finding of the sex differences in the risk of cancer
mortality overall (and pancreatic cancer mortality in particular) associated with PPDM

(as compared with both T2DM and T1DM). The sex-specific mechanisms behind this
finding are a matter of speculation at this stage. First, there might be a sex difference in
terms of glycemic control. A population-based study using primary care records in the UK
demonstrated that a 5-year incidence of poor glycemic control was significantly higher in
individuals with PPDM-A (61.7%) and PPDM-C (64.9%) than those with T2DM (46.3%)

in both sexes altogether [4]. A prospective study of 12,792 individuals from the USA

found that the risk of cancer mortality associated with hyperglycemia (or poor glycemic
control in individuals with diabetes) was significantly higher in women, but not in men [31].
This sex difference was also observed in other large prospective studies [32, 33], and the
above studies collectively suggest that women are at a higher risk of cancer incidence and
mortality associated with hyperglycemia (or poor glycemic control) compared with men.
Hence, it is reasonable to suggest that poor glycemic control disproportionately increases the
risk of cancer mortality in women with PPDM. Second, impaired gastrointestinal motility
might partly contribute to the higher risk of cancer mortality in women with PPDM.

Several previous studies showed that diabetic gastroparesis is more prevalent and severe in
women with poor glycemic control [34, 35]. A large population-based study from the USA
found that a 5-year survival rate was significantly lower in individuals with gastroparesis
than in the general population (67% versus 81%) [36]. A study of individuals after
pancreaticoduodenectomy showed that severe postsurgical gastroparesis was an independent
risk factor for cancer mortality, which was ascribed to prolonged hospitalization and
malnutrition [37]. Taken together, women with PPDM (which confers a higher risk for poor
glycemic control compared with T2DM [4]) might be at a higher risk of developing severe
gastroparesis, consequently leading to the heightened risk of cancer mortality. Further,

the possible impact of estrogen that is known to decrease gastrointestinal motility [38]
might, at least in part, support our findings of the considerebly reduced risk of cancer
mortality associated with PPDM in aging women (Supplementary Table 2). Third, the poorer
cancer-specific survival in women with PPDM might be related to chemotherapy. Preclinical
studies suggested that hyperglycemia (or poor glycemic control) can attenuate chemotherapy
efficacy via interference with apoptotic signaling and chemotherapy pharmacokinetics (e.g.,
increasing renal excretion of anticancer drugs) [39]. Moreover, it was reported that women
are more likely to develop chemotherapy-induced toxicity than men [40, 41]. The poorer
response to chemotherapy and higher likelihood of chemotherapy-induced toxicity might
jointly contribute to the poorer cancer-specific survival in women with PPDM. Last, there

is a possibility of the effect of sex difference in etiology of pancreatitis on cancer mortality.
Although alcohol-related pancreatitis is more common in men than in women [3], women
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are more likely to develop alcohol-related pancreatitis at young age [42]. Taken together
with the observation that young women displayed the highest risk of cancer mortality
associated with PPDM (versus T2DM or T1DM) in the present study, young women with
PPDM are more likely to have underlying alcohol-related pancreatitis, which might increase
the risk for pancreatic cancer and, consequently, cancer mortality.

Several limitations are to be taken into account. First, individuals with diabetes mellitus
were identified using hospital discharge data. However, not all included individuals with
the diabetes codes were hospitalized for diabetes as both primary and up to 20 secondary
codes were considered. Although our approach may have underestimated the number of
individuals with diabetes mellitus, it was chosen to improve the comparability between
PPDM and the other types of diabetes mellitus as, almost invariably, pancreatitis leads to
hospitalization. Moreover, considering that individuals with diabetes mellitus diagnosed and
managed in primary care only are more likely to have mild diabetes, our approach likely
resulted in conservative risk estimates. Second, data on obesity—a well-established risk
factor for cancer mortality [30, 43, 44], were not available. However, a population-based
study using primary care records in the UK reported that individuals with T2DM had a
higher proportion of obesity (48.2%) than those with PPDM-A (41.8%) and PPDM-C (less
than 25%) [4]. Hence, the risks for cancer mortality associated with PPDM versus T2DM
observed in the present study were likely conservative. By contrast, given that the above
study also showed that the proportion of obesity was lowest in individuals with TLDM
(9.9%), the higher risk of cancer mortality associated with PPDM versus T1DM might have
been ascribed to the higher proportion of obesity in PPDM. However, the prevalence of
obesity in TLDM varies across studies (ranging from 12 to 52%) [45] and, in the above
study, 43.5% of the T1LDM cases did not have information on body mass index [4]. More
investigations are required to understand the role of obesity in the association between
PPDM and cancer mortality. Third, alcohol abuse and tobacco smoking were identified
using diagnostic codes. Although we used the identical automated methods for all the
study groups to identify the confounders, there is a possibility of misclassification. This
misclassification may not have differed between the study groups because the identification
of alcohol abuse and smoking and that of the study groups were independent of each

other. Last, we did not consider duration of diabetes, which may affect mortality risk

[46]. However, there is no reason to believe that it would affect the studied associations
differentially in women versus men. Further, the impact of diabetes duration on the studied
associations may have been minimal in the present study as the study groups were matched
based on calendar year of diabetes diagnosis (in addition to age and sex).

In conclusion, the present study unearthed considerable sex differences in the risk of cancer
mortality associated with PPDM (compared with the other common types of diabetes).
Specifically, women with PPDM had a significantly higher risk of cancer mortality than men
with PPDM. Moreover, young women with PPDM had the highest risk of cancer mortality
and the largest gap in life expectancy when compared with TLDM and T2DM.
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Fig. 2.
Risk of site-specific cancer mortality in type 1, type 2, and post-pancreatitis diabetes

mellitus. 7ZDMtype 1 diabetes mellitus, 72DM type 2 diabetes mellitus, PPDM post-
pancreatitis diabetes mellitus. Hazard ratios were adjusted for age, ethnicity, social
deprivation index, alcohol abuse, ever smoking, and the Charlson comorbidity index
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