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Conclusion PPDM was associated with a higher risk of pancreatic cancer than T2D or pancreatitis alone. .
Among PPPD patients, a shorter diabetes duration or insulin use is associated with an increased risk of .
pancreatic cancer, emphasizing the need for close monitoring.
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* PPDM had a higher pancreatic cancer risk than T2D or pancreatitis alone.
* Among PPDM patients, shorter DM duration or insulin use conferred an elevated risk.
» These findings highlight the need for close monitoring in high-risk PPDM groups.
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Background: Despite diabetes mellitus (DM) and pancreatitis being known risk factors for pancreatic cancer, patients with these
conditions are not included in pancreatic cancer screening due to the low incidence of pancreatic cancer in these populations.
This study aimed to determine the high-risk subgroup of patients with diabetes and pancreatitis that would benefit from pancre-
atic cancer screening.

Methods: A nested case-control study was conducted using data from the National Health Information Database of the Korean
National Health Insurance Service. Patients were categorized into the following groups: type 2 diabetes mellitus only (T2DM-on-
ly), pancreatitis-only (PAN-only), T2DM followed by pancreatitis (T2DM-PAN), post-pancreatitis diabetes mellitus (PPDM),
and no diabetes and no pancreatitis (NDNP). Conditional logistic regression was used to determine significant associations of
each group with pancreatic cancer development risk.

Results: The risk of pancreatic cancer was significantly higher in the T2DM-PAN (adjusted odds ratio [AOR], 4.96; 95% confi-
dence interval [CI], 4.48 to 5.49) and PPDM (AOR, 4.71; 95% CI, 4.12 to 5.37) groups than in the NDNP group. Compared to pa-
tients in the NDNP group, those with PPDM using insulin had a 17-fold increased risk (AOR, 16.72; 95% CI, 9.50 to 29.43), and
individuals with PPDM who had diabetes for less than 3 years had a more than 8-fold increased risk of pancreatic cancer (AOR,
8.83;95% CI, 5.99 to 13.01).

Conclusion: In patients with post-pancreatitis diabetes, insulin use or shorter duration of diabetes was associated with a higher
risk of pancreatic cancer, suggesting that patients in these subgroups may require close monitoring for pancreatic cancer develop-
ment.
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INTRODUCTION eighth most commonly diagnosed cancer (8,414 new cases),
with the fifth highest age-standardized cancer mortality rate

Pancreatic cancer was ranked twelfth in terms of incidence (5.7 per 100,000) in 2020 [3]. The Surveillance, Epidemiology,

(495,773 new cases), but was the seventh leading cause of can-
cer mortality (466,003 deaths) worldwide in 2020 [1]. In South
Korea, cancer has emerged as the leading cause of death among
patients with diabetes, accounting for about 30% of all deaths
[2], and in the overall population, pancreatic cancer was the

and End Results (SEER) 5-year relative survival rates for pan-
creatic cancer during 2013-2019 were 44.3%, 16.2%, and 3.2%
for localized, regional, and distant stages, respectively, with the
survival rates declining sharply as the staging progressed [4].
In most cases, pancreatic cancer is diagnosed at the distant
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stage, while only some cases are diagnosed at the local stage
(13.0%) [3,4]. One of the reasons pancreatic cancer has one of
the highest mortality rates is that, it is mostly diagnosed in ad-
vanced stages owing to the lack of effective screening strategies.

Although diabetes [5-7] and pancreatitis [8-13] are known
risk factors for pancreatic cancer, current guidelines do not
recommend aggressive screening in patients with diabetes or
pancreatitis because pancreatic cancer screening is specifically
recommended for high-risk populations, including individuals
with a >5% lifetime risk or a relative risk increased by more
than 5-fold compared to the general population [14,15]. Previ-
ous studies on the risk factors for pancreatic cancer have at-
tempted to simultaneously analyze diabetes and pancreatitis
[16-18]. Population-based cohort studies in Taiwan found that
patients with both diabetes and chronic pancreatitis had a sig-
nificantly increased risk of pancreatic cancer compared to
those with neither disease [16,18]. Another population-based
cohort study in South Korea found that patients with acute
pancreatitis had a higher risk of pancreatic cancer in patients
with type 2 diabetes mellitus (T2DM) [19]. In addition, a study
based on the nationwide cancer registry in New Zealand re-
ported that post-pancreatitis diabetes mellitus (PPDM) was
associated with a significantly higher risk of pancreatic cancer
than T2DM alone [17]. Although previous studies provide im-
portant insights, these studies either did not consider the se-
quential occurrence of diabetes and pancreatitis or lacked
comparisons with the general population.

This nationwide, population-based study pursued three
main objectives: (1) to examine the combined effect of pancre-
atitis and diabetes on the risk of pancreatic cancer relative to
their absence; (2) to determine if the sequence of onset be-
tween diabetes and pancreatitis influences the risk of pancreat-
ic cancer; and (3) to pinpoint high-risk subgroups for pancre-
atic cancer, for whom screening might be advised.

METHODS

Data sources

The data used in the current study were extracted from the Na-
tional Health Information Database (NHID) of the Korean
National Health Insurance Service (NHIS) for the period be-
tween 2002 and 2021 [20]. The Korean NHID contains nation-
wide claims and health examination data [21]. The NHIS, as
the single insurer, pays health care costs based on the billing
records of health care providers [20]. The NHIS covers almost
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the entire population of South Korea, with over 50 million in-
dividuals as of 2020 [22]. The NHID provides researchers with
a platform for using customized retrospective cohort data [23];
moreover, it contains information on income-based insurance
contributions, demographic variables, and date of death, as
well as information regarding records on inpatient and outpa-
tient usage (diagnosis codes, hospital admission, and special
reimbursement codes) and medical treatment (prescriptions
and procedures) from January 2002 to December 2021 [23].
This study adhered to the ethical standards set forth in the
Declaration of Helsinki. The study protocol was approved by
the Institutional Review Board (IRB) of Yonsei University Col-
lege of Medicine (No. 4-2021-1489). Given the use of de-iden-
tified data from a national database, the IRB granted a waiver
of informed consent.

Study population

Data were collected from 2002 to 2021, but because of a 5-year
washout period, we enrolled patients newly diagnosed with
pancreatic cancer from 2007 to 2021 as the case group and
matched patients who did not develop pancreatic cancer as the
control group. The following exclusion criteria were applied:
(1) diagnostic code of C254 (malignant neoplasm of endocrine
pancreas); (2) history of any type of cancer (International Clas-
sification of Diseases, 10th Revision [ICD-10]: C00-97) in the
3 years prior to the date of pancreatic cancer diagnosis; (3)
missing data (body mass index [BMI], alcohol consumption,
and smoking); (4) type 1 diabetes mellitus (T1DM) (ICD-10:
E10) without pancreatitis or T1IDM prior to pancreatitis; and
(5) concurrent diagnosis of diabetes and pancreatitis within 3
months before the index date or hospital visit in 2002 for both
chronic pancreatitis and diabetes. Because the database did not
contain claims data prior to 2002, it was not possible to deter-
mine which disease preceded the other.

For the selection of case observations, we first selected pa-
tients with newly diagnosed pancreatic cancer from 2007 to
2021 and excluded those who met the exclusion criteria. Then,
we matched 60,716 patients with pancreatic cancer to 6,071,491
observations without pancreatic cancer (control) by birth, sex,
and length of follow-up at a ratio of 1:100. After incidence den-
sity sampling, we excluded observations in the control group
who met the exclusion criteria and conducted simple random
sampling at a ratio of 1:9. Finally, the control group included
546,444 observations (Fig. 1).
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National health information database (2002-2021)

Patients diagnosed with pancreatic cancer
in 2002-2021 (1=148,976)

Birth and sex matched sampling
(n=2,130,566)

— Birth year not between 1921 and 1980 (n=2,977)

People who did not maintain health insurance
|| eligibility through the index date (e.g., death,
immigration) (n=10,435)

First diagnosis of pancreatic cancer
during 2002-2006 (n=18,574)

Diagnosis codes of any cancer prior to the date
of pancreatic cancer diagnosis (n=33,094)

Patients with a code of C254 (malignant
neoplasm of endocrine pancreas) (n=3,593)

index date (1=16,493)

Patient without health check-up data before the

Patients with unspecified diagnosis
(e.g., TIDM-only, concurrently
diagnosed with pancreatitis and DM) (n=3,094)

Risk set sampling up to 1:~100

Matching on the year of birth, sex, and follow-up time

Cases (pancreatic cancer)
(n=60,716)

Controls
(n=6,071,491)

Observations which did not maintain health insurance
eligibility through the index date (e.g., death, immigration)
(n=344,221)

Diagnosis codes of any cancer prior to the date of diagnosis
of pancreatic cancer in the matched case (1=305,018)

Observations with unspecified diagnosis
(e.g., TIDM-only, concurrently diagnosed with
pancreatitis and DM) (n=162,521)

Observations without health check-up data before the index
date (1=924,702)

Final pancreatic cancer cases (1=60,716)

| Simple random sampling up to 1:9 |

| Final control observations (1="546,444) |

Fig. 1. Flowchart of the study inclusion and exclusion criteria. T1IDM, type 1 diabetes mellitus; DM, diabetes mellitus.

Clinical variables

Diagnosis of diabetes and pancreatitis was only considered if
they occurred before the index date. We defined the index date
as 1 year prior to the date of diagnosis of pancreatic cancer be-
cause pancreatitis and hyperglycemia can be symptoms of
pancreatic cancer development [24,25]. Although the index
date was set as 1 year prior to the date of diagnosis of pancreat-
ic cancer for the main analyses, in the analysis that further di-
vided the groups according to diabetes mellitus (DM) duration
and pancreatitis duration, the index date was defined as the
date of diagnosis of pancreatic cancer to include new-onset
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disease.

Pancreatic cancer was defined when ICD-10 code C25 and
special reimbursement code V193 were recorded simultane-
ously. The NHID started using special reimbursement codes
(V193 codes) since September 2005 to reduce the copayment
rate to 5% for cancers. In order to register a cancer patient un-
der the V193 code, the diagnosis must be confirmed by a test
(such as histologic, cytologic, biochemical, immunohisto-
chemical, hematologic, imaging, or diagnostic surgery) based
on the criteria established by the Ministry of Health and Wel-
fare. Therefore, the use of ICD-10 C-codes and V193 codes al-
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lows for an accurate definition of cancer.

Patients were deemed to have diabetes if glucose-lowering
medications were prescribed and the ICD-10 code for diabetes
(ICD-10: E10-14) was present in inpatient or outpatient NHIS
claims data [26]. Patients with T2DM were defined as patients
without a T1DM diagnosis code (ICD-10: E10) before the in-
dex date in predefined patients with diabetes. Pancreatitis was
confirmed when the ICD-10 code for pancreatitis was used,
when acute pancreatitis (ICD-10: K85) was the principal diag-
nosis or first-to-fourth additional diagnosis on at least one in-
patient NHIS claim, or when chronic pancreatitis was stated
(ICD-10: K86.0 and K86.1) on at least one inpatient or more
than two outpatient NHIS claims.

We divided the patients into five non-overlapping groups based
on the grouping in a previous study [17,27,28]. The T2DM-alone
(T2DM-only) group included the patients who were diag-
nosed with T2DM and had never been diagnosed with pancre-
atitis prior to the index date. The pancreatitis-only (PAN-only)
group included patients who were diagnosed with pancreatitis
and had never been diagnosed with diabetes prior to the index
date. Patients with both diabetes and pancreatitis prior to the
index date were divided into two groups based on the sequence
of disease onset and type of diabetes. The pancreatitis after
T2DM (T2DM-PAN) group included those who were diag-
nosed with pancreatitis at least 90 days after diagnosis of T2DM.
The PPDM group included those who were diagnosed with di-
abetes (ICD-10: E10-14) at least 90 days after the first diagnosis
of pancreatitis. Those who did not fall into any of the above
four disease categories were categorized into the no diabetes
and no pancreatitis (NDNP) group.

Smoking status was classified as current, past, or non-smok-
ers based on participants’ responses to the health screening
questionnaire. Alcohol consumption was estimated based on
survey responses, calculated in grams per week, converted to
standard drinks (14 g of alcohol per drink), and categorized as
‘heavy drinking’ if men consumed 15 or more drinks per week
and women 8 or more [29].

The risk of pancreatic cancer for each subgroup was ana-
lyzed. The PPDM, T2DM-PAN, and T2DM-only groups were
further stratified based on insulin use into continuous, tempo-
rary, and non-user categories. Continuous insulin users were
defined as those who received a minimum of five insulin pre-
scriptions within the 3 years preceding the index date (for hos-
pitalizations, multiple prescriptions during a single admission
were counted as one instance). Temporary insulin users were
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defined as those who had received at least one insulin prescrip-
tion but did not fulfill the criteria for continuous use. Further-
more, we conducted a sensitivity analysis by redefining the
continuous insulin user criteria as receiving insulin prescrip-
tions either (1) at least three times or (2) at least twice within
the 3 years prior to the index date.

Additional analyses for the duration of diabetes and pancre-
atitis were performed by only including diabetes and pancre-
atitis cases diagnosed after 2004 to include subjects for whom
the exact duration of diabetes and pancreatitis could be accu-
rately determined, and by using the index date as the date of
pancreatic cancer diagnosis (without lag period) to include
new-onset DM and new-onset pancreatitis cases with a dura-
tion of less than 1 year.

Sensitivity analysis

To minimize the potential impact of reverse causality, a 1-year
lag period was applied when setting the index date in the main
analysis. Additionally, we conducted a sensitivity analysis us-
ing various lag periods (0, 0.5, 1, 2, 3, and 5 years) to evaluate
whether the outcomes were influenced by the length of the lag
period. Additionally, we performed another sensitivity analysis
by excluding individuals who had undergone pancreatectomy
prior to the index date.

Statistical analysis

We first compared the baseline characteristics of case and con-
trol groups based on the diagnosis, using chi-square tests for
categorical variables and t-tests for continuous variables. Base-
line characteristics consisting of continuous variables were
presented as mean +standard deviation, and categorical vari-
ables were presented as number (%).

We performed the analyses using a conditional logistic re-
gression model to determine whether T2DM-only, PAN-only,
T2DM-PAN, or PPDM status was associated with a higher risk
of pancreatic cancer than that related to the NDNP status. Mul-
tiple logistic regression was performed using BMI, tobacco
use, and alcohol consumption as variables. We used SAS ver-
sion 9.3 (SAS Institute, Cary, NC, USA) for data analysis.

RESULTS

Baseline characteristics
As shown in Table 1, in the majority of the cases, pancreatic
cancer was diagnosed in people aged >70 years, and men were
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more frequently diagnosed with pancreatic cancer than women
(54.5% vs. 45.5%). The proportion of heavy drinkers (7.3% vs.
6.6%) and current smokers (22.1% vs. 16.8%) was higher in the
pancreatic cancer group than in the control group. The differ-
ence in the mean BMIs of the case and control groups was sta-
tistically significant, but the mean BMIs were numerically simi-
lar at 24.1 and 24.0 (Table 1). In all groups except the NDNP
group, the mean age was higher in the non-pancreatic cancer
group, whereas the percentage of older adults was lower in the
pancreatic cancer group compared to the control group (Sup-

plementary Tables 1 and 2).

Table 1. Baseline demographic and clinical characteristics of

patients with pancreatic cancer and matched controls

Case

Control

Variable (1=60,716) (n=546,444) Pvalue

Age atindex date, yr 69+11 69+11 1.000
<40 337(0.6) 3,033 (0.6)
>40 and <50 2,945 (49) 26,505 (4.9)
>50 and <60 9,514 (15.7) 85,626 (15.7)
>60and <70 17,068 (28.1) 153,612 (28.1)
>70and <80 20,048 (33.0) 180,432 (33.0)
>80 10,804 (17.8) 97,236 (17.8)

Sex
Male 33,085 (54.5) 297,765 (54.5) 1.000
Female 27,631 (45.5) 248,679 (45.5)

Smoking <0.001*
Non-smoker 37,550 (61.8) 359,010 (65.7)
Past-smoker 9,773 (16.1) 95,466 (17.5)

Current smoker 13,393 (22.1) 91,968 (16.8)

Alcohol consumption <0.001°
Light or non-drinker 47,313 (77.9) 431,674 (79.0)

Moderate drinker 8,949 (14.7) 78,949 (14.4)
Heavy drinker 4,454 (7.3) 35,821 (6.6)

BML, kg/m* 24.1+3.2 24.0£3.2 0.005*
<185 1,960(3.2) 16,750 (3.1)  <0.001°
18.5-<25 36,131 (59.5) 329,157 (60.2)
25-<30 20,164 (33.2) 180,502 (33.0)
>30 2,461 (4.1) 20,035 (3.7)

Values are presented as mean+standard deviation or number (%).
Statistical comparisons were performed using the t-test for continu-
ous variables and the chi-square test for categorical variables.

BMI, body mass index.
“P<0.05.
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Association of DM and/or pancreatitis with pancreatic
cancer risk

In the conditional logistic regression analysis, PPDM and T2DM-
PAN were significantly associated with pancreatic cancer, with
higher odds ratios than those for the T2DM-only and PAN-on-
ly groups. In the simple logistic regression, the adjusted odds ra-
tios (AORs) were significantly higher in the T2DM-only (AOR,
1.65; 95% confidence interval [CI], 1.61 to 1.68), PAN-only
(AOR, 2.96;95% CI, 2.80 to 3.13), T2DM-PAN (AOR, 4.96; 95%
CI, 4.48 to 5.49), and PPDM (AOR, 4.71; 95% CI, 4.12 to 5.37)
groups than in the NDNP group (Fig. 2, Supplementary Table 3).
Both being a current smoker and having a heavy drinker status
were significantly associated with the incidence of pancreatic
cancer (Fig. 2).

We conducted analyses by alternately using the T2DM-only,
PAN-only, and T2DM-PAN groups as the reference. Among
the four groups, both PPDM and T2DM-PAN demonstrated a
significantly elevated risk of developing pancreatic cancer
compared to the PAN-only or T2DM-only groups (Table 2).
However, in direct comparisons, no significant difference was
observed between the PPDM and T2DM-PAN groups (AOR,
0.95;95% CI, 0.81 to 1.12) (Table 2).

Pancreatic cancer risk in DM subgroups based on insulin
use

Additional analysis of the PPDM, T2DM-PAN, and T2DM-
only groups by insulin use showed that in all cases, the risk of
pancreatic cancer tended to be higher in patients with diabetes
using insulin continuously than in those not using insulin in
all the subgroups. Specifically, compared to the NDNP group,
the PPDM group, which included individuals who had used
insulin, exhibited a 17-fold increase in pancreatic cancer risk
(AOR, 16.72;95% CI, 9.50 to 29.43), whereas, the T2DM-PAN
group, which included individuals who had used insulin, dem-
onstrated a 8-fold increase (AOR, 7.78; 95% CI, 5.73 to 10.58)
(Table 3). When the threshold for defining continuous insulin
use was adjusted from at least five prescriptions within 3 years
before the index date to three or two prescriptions, the odds
ratio for pancreatic cancer in the continuous insulin user
group exhibited a modest decrease. Nevertheless, the risk of
pancreatic cancer remained significantly elevated among con-
tinuous insulin user groups within PPDM, T2DM-PAN, and
T2DM-only, highlighting a consistent trend across these sub-
groups (Supplementary Tables 4 and 5).
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Case Control 1 Crude OR 1 Adjusted OR®

Total (N) n=60,716 n=546,444 | [95% CI] 1 [95% Cl]
Group (ref=NDNP) 43,684 (71.9) 447,125 (81.8) | |

PPDM 327 (0.5) 719 (0.1) = 4.83[4.24-551] = 4.71[4.12-5.37]

T2DM-PAN 566 (0.9) 1,201 (0.2) ! = 500[4.52-553] | = 4.96[4.48-5.49]
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Non-smoker 37,550 (61.8) 359,010 (65.7) I |

Past-smoker 9,773 (16.1) 95466 (17.5) = 1.08[1.05-1.11] = 1.07 [1.04-1.10]

Current smoker 13,393 (22.1) 91,968 (16.8) I u 1.55[1.51-1.59] I u 1.53 [1.49-1.57]
Alcohol consumption 1 1

Light or non-drinker { 47,313 (77.9) 431,674 (79.0) | 1

Moderate drinker 8,949 (14.7) 78,949 (14.4) m 1.05[1.02-1.08] = 1.00 [0.97-1.02]

Heavy drinker 4454(7.3)  35821(6.6) = 115[1.11-1.19] m 1.06 [1.02-1.10]
BMI

<185 1,960 (3.2) 16,750 (3.1) ! 1

18.5-25 36,131 (59.5) 329,157 (60.2) 1.07[1.02-1.12] & 1.04 [0.99-1.09]

25-30 20,164 (33.2) 180,502 (33.0) = 1.02[1.00-1.04] = 1.01[0.99-1.03]

230 2,461(4.1)  20,035(3.7) = 1.12[1.07-1.17] = 1.05[1.01-1.10]

12 5 12 5

Odds ratio with 95% confidence interval (log scale)

Fig. 2. Crude odds ratio (OR) (95% confidence interval [CI]) and adjusted ORs for the association between pancreatic cancer and
categorized disease groups. NDNP, no diabetes and no pancreatitis; PPDM, post-pancreatitis diabetes mellitus; T2DM-PAN, type
2 diabetes mellitus followed by pancreatitis; PAN-only, pancreatitis-only; T2DM-only, type 2 diabetes mellitus only; BMI, body
mass index. *Adjusted for smoking history, alcohol consumption, and BMI.

Table 2. Multivariable logistic regression with reference replaced with T2DM-only, PAN-only, and T2DM-PAN groups

Group Case Control C(;l;;loe COI$ Pvalue A(?;t_,s; c(leO)R“ Pvalue
T2DM-only (ref) 14,483 (23.9) 91,609 (16.8)
PPDM 327(0.5) 719 (0.1) 2.92 (2.56-3.33) <0.001 2.86 (2.50-3.26) <0.001
T2DM-PAN 566 (0.9) 1,201 (0.2) 3.02(2.73-3.34) <0.001 3.01(2.72-3.33) <0.001
PAN-only 1,655 (2.7) 5,790 (1.1) 1.80 (1.70-1.91) <0.001 1.80 (1.70-1.91) <0.001
PAN-only (ref) 1,655 (2.7) 5,790 (1.1)
PPDM 327 (0.5) 719 (0.1) 1.62 (1.40-1.86) <0.001 1.59 (1.38-1.83) <0.001
T2DM-PAN 566 (0.9) 1,201 (0.2) 1.67 (1.49-1.88) <0.001 1.67 (1.49-1.88) <0.001
T2DM-PAN (ref) 566 (0.9) 1,201 (0.2)
PPDM 327(0.5) 719 (0.1) 0.97 (0.82-1.14) 0.684 0.95(0.81-1.12) 0.537

Values are presented as number (%).

T2DM-only, type 2 diabetes mellitus only; PAN-only, pancreatitis-only; OR, odds ratio; CI, confidence interval; PPDM, post-pancreatitis diabe-
tes mellitus; T2DM-PAN, type 2 diabetes mellitus followed by pancreatitis.

*Adjusted for smoking history, alcohol consumption, and body mass index.

Analysis by duration of DM or pancreatitis tion of 3 years or less, had a more than 8-fold increased risk of
We subdivided the PPDM and T2DM-only groups according  pancreatic cancer compared to the NDNP group (Table 4). We
to the duration of diabetes and found that the shorter the dura-  conducted further analysis using PPDM or T2DM-only pa-
tion of diabetes, the higher the risk of pancreatic cancer. In the  tients with a longer history of diabetes (DM duration >1,825
T2DM-only group, new-onset T2DM (DM duration <365  days) as the reference group and found that PPDM and T2DM-
days) was associated with a higher risk of pancreatic cancer  only patients with a shorter history of diabetes (duration less
than long-standing T2DM (DM duration >1,825 days) (AOR  than 3 years) had a significantly higher association with pan-
9.10; 95% CI, 8.74 to 9.48 vs. AOR, 1.71; 95% CI, 1.66 to 1.76)  creatic cancer risk (Supplementary Table 6). T2DM-PAN and
(Table 4). Additionally, the PPDM group, with a diabetes dura- ~ PAN-only groups were further subdivided according to pan-
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Table 3. Crude ORs (95% CI) and adjusted OR for the association between pancreatic cancer and disease groups further catego-
rized by insulin use

Group Case Control ((3;151:: Coli{ Pvalue A(?;Ss ;c/oedCIO)R“ Pvalue
NDNP 43,685(71.9) 447,125 (73.64) Ref Ref
PPDM
Insulin use (-) 183 (0.03) 471 (0.08) 4.14 (3.48-4.91) <0.001 4.07 (3.42-4.83) <0.001
Continuousinsulin users 34(0.01) 19 (0) 18.28 (10.42-32.07) <0.001 16.72 (9.50-29.43) <0.001
Temporary insulin users 110 (0.02) 229 (0.04) 5.13 (4.08-6.45) <0.001 4.97 (3.95-6.25) <0.001
T2DM-PAN
Insulin use () 160 (0.03) 412 (0.07) 4.09 (3.41-4.92) <0.001 4.03 (3.35-4.84) <0.001
Continuousinsulin users 72 (0.01) 97 (0.02) 7.92 (5.83-10.75) <0.001 778 (5.73-10.58)  <0.001
Temporary insulin users 334(0.06) 692 (0.11) 5.13 (4.50-5.85) <0.001 5.12 (4.49-5.84) <0.001
T2DM-only
Insulin use () 9,608 (1.58) 63,455 (10.45) 1.58 (1.54-1.62) <0.001 1.57 (1.54-1.61) <0.001
Continuousinsulin users 875 (0.14) 3,235 (0.53) 2.83(2.62-3.05) <0.001 2.82(2.62-3.04) <0.001
Temporary insulin users 4,000 (0.66) 24,919 (4.1) 1.70 (1.64-1.76) <0.001 1.69 (1.63-1.75) <0.001
PAN-only 1,655 (0.27) 5,790 (0.95) 2.99 (2.83-3.16) <0.001 2.97 (2.80-3.14) <0.001

Values are presented as number (%).

OR, odds ratio; CI, confidence interval; NDNP, no diabetes and no pancreatitis; PPDM, post-pancreatitis diabetes mellitus; T2DM-PAN, type 2
diabetes mellitus followed by pancreatitis; T2DM-only, type 2 diabetes mellitus only.

*Adjusted for smoking history, alcohol consumption, and body mass index.

Table 4. Association between pancreatic cancer risk and disease groups further categorized by DM duration without lag period

Variable Case Control C(:;l;od; C?Ii{ Pvalue A(%jgulss(: ((1:8Ra Pvalue
NDNP 424,729 (84.84) 35,766 (64.3) Ref Ref
PPDM
DM duration <365 days 104 (0.02) 231(0.42) 26.61(21.06-33.62) <0.001  26.54(20.99-33.56)  0.001
DM duration 365-729 days 84(0.02) 67(0.12)  9.94(7.18-13.75) 0001  9.79 (7.07-13.57) 0.001
DM duration 730-1,094 days 65 (0.01) 44(0.08)  9.05(6.14-13.34) 0001  8.83(5.99-13.01) 0.001
DM duration 1,095-1,825 days 127 (0.03) 57 (0.1) 5.60 (4.08-7.69) 0001  5.43(3.95-7.46) 0.001
DM duration >1,825 days 235 (0.05) 84(0.15)  4.59 (3.57-5.91) 0.001  4.51(3.50-5.81) 0.001
T2DM-only
DM duration <365 days 6,199 (1.24) 4,672 (8.4) 9.10 (8.74-9.47) 0.001 9.10(8.74-9.48) 0.001
DM duration 365-729 days 6,192 (1.24) 1,523 (2.74) 2.96 (2.79-3.13) 0.001 2.97 (2.80-3.14) 0.001
DM duration 730-1,094 days 6,207 (1.24) 1,094 (1.97) 2.14 (2.00-2.28) 0.001 2.15(2.01-2.29) 0.001
DM duration 1,095-1,825 days 11,613(232) 1,680 (3.02)  1.75(1.66-1.84) 0001  1.76(1.67-1.85) 0.001
DM duration >1,825 days 38,672(7.72)  5312(9.55)  1.71(1.65-1.76) 0001  1.71(1.66-1.76) 0.001

Values are presented as number (%). Analysis was conducted without applying a lag period to include newly developed diabetes mellitus cases
within 1 year of pancreatic cancer diagnosis.

DM, diabetes mellitus; OR, odds ratio; CI, confidence interval; NDNP, no diabetes and no pancreatitis; PPDM, post-pancreatitis diabetes melli-
tus; T2DM-only, type 2 diabetes mellitus only.

*Adjusted for smoking history, alcohol consumption, and body mass index.
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creatitis duration, and new-onset pancreatitis was associated
with a higher risk of pancreatic cancer in both groups (Supple-
mentary Table 7).

Sensitivity analysis

The risk of pancreatic cancer was relatively higher in the PPDM,
T2DM-PAN, PAN-only, and T2DM-only groups when the lag
period was shorter than 1 year (no lag period or 180-day lag
period) compared to when the lag period was longer than 1
year (lag periods of 1, 2, 3, or 5 years). Whereas, the PPDM,
T2DM-PAN, PAN-only, and T2DM-only groups maintained
high ORs for pancreatic cancer when the lag period was in-
creased to more than 1 year (Supplementary Table 8).

To further validate our findings, we conducted a sensitivity
analysis by excluding individuals who had undergone pancre-
atectomy prior to the index date (311 individuals in the cancer
group and 96 in the control group). The results of this analysis
were consistent with those identified when pancreatectomy
cases were included, indicating that the exclusion of these indi-
viduals did not significantly alter the observed associations
(Supplementary Table 9).

DISCUSSION

The main finding of our study was that the coexistence of dia-
betes and pancreatitis (PPDM and T2DM-PAN groups) in-
creased the risk of pancreatic cancer more than the existence
of T2DM-only or PAN-only did. In this study, compared to the
NDNP group, both the T2DM-only and PAN-only groups
showed a significantly increased risk of pancreatic cancer. Ad-
ditionally, both the T2DM-PAN and PPDM groups had a sig-
nificantly higher risk of pancreatic cancer than did the T2DM-
only or PAN-only groups. These results suggest that T2DM
and pancreatitis independently serve as risk factors for pancre-
atic cancer, regardless of the order in which they occur, and
that the concurrent presence of both diseases is associated with
a higher risk of pancreatic cancer compared to having only one
of the diseases.

Considering that pancreatic cancer screening is recommend-
ed for high-risk populations, defined as individuals with a
5-fold increased relative risk [14], we further analyzed the
PPDM, T2DM-PAN, and T2DM-only groups with respect to
insulin usage and duration of diabetes to pinpoint subgroups
that were associated with more than a 5-fold increase in pan-
creatic cancer risk compared to the general population. Firstly,
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we found that insulin usage before the index date was associat-
ed with a significantly higher risk of pancreatic cancer com-
pared to lack of insulin usage. PPDM, when accompanied by
continuous insulin usage, presented a 17-fold increased risk of
pancreatic cancer, and T2DM-PAN with continuous insulin
use demonstrated a 8-fold increased risk. The reason behind
this finding could be that the use of insulin indicates difficulty
in controlling blood sugar, which may reflect hyperglycemia
caused by {-cell failure in the progression of diabetes [30,31]
or reverse causality of pancreatic cancer [32]. Particularly, PPDM
with continuous insulin use was associated with an approxi-
mately 17-fold increased risk of pancreatic cancer compared
with NDNP (AOR, 9.84; 95% CI, 6.77 to 14.29), suggesting the
need for careful surveillance for pancreatic cancer in patients
with PPDM on insulin. Secondly, we found that the PPDM
group with new-onset diabetes exhibited significantly stronger
associations with pancreatic cancer than did the NDNP group.
The T2DM-only group had a 9-fold increased risk of pancreat-
ic cancer compared to the NDNP group up to only 1 year after
diabetes onset and about 2-fold thereafter, while the PPDM
group was associated with over 8-fold increased risk of pancre-
atic cancer compared to that of NDNP for a duration of up to 3
years after diabetes onset. These findings are consistent with
previously published research, which reported that individuals
with new-onset diabetes have a substantially higher risk of de-
veloping pancreatic cancer compared to those with long-stand-
ing diabetes. The concordance of our results with previous re-
search highlights the critical need to consider the temporal re-
lationship between diabetes onset and pancreatic cancer risk in
clinical practice [33]. Furthermore, as supported by Sharma et
al. [24], hyperglycemia and new-onset diabetes may precede
pancreatic ductal adenocarcinoma diagnosis by several years,
suggesting diabetes might serve as an early marker of pancre-
atic cancer.

Although the evidence presented previously is limited to
acute pancreatitis, diabetes that develops after pancreatitis is
likely multifactorial, with a variety of potential contributing
factors in individual patients, including (1) loss of islet cell mass
due to acute pancreatitis; (2) autoimmunity due to acute pan-
creatitis; (3) common risk factors for acute pancreatitis and dia-
betes; (4) local and systemic inflammatory responses; and (5)
alterations in the insulin-incretin axis, or a combination of
these factors [34]. Furthermore, a previous systemic meta-anal-
ysis showed that severe acute pancreatitis was associated with
increased incidence of DM [35]. Although our study was not
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limited to acute pancreatitis, this suggests that new-onset dia-
betes after pancreatitis may have been associated with a higher
risk of pancreatic cancer because new-onset diabetes after pan-
creatitis is itself a reflection of the severity of the pancreatitis.

In this study, no significant differences were observed when
directly comparing the T2DM-PAN and PPDM groups (AOR,
0.95; 95% CI, 0.81 to 1.12), and the T2DM-PAN group had a
significantly higher risk of pancreatic cancer than did the
PAN-only group (AOR, 1.67; 95% CI, 1.49 to 1.88). The order
of each disease’s onset did not significantly contribute to the
risk of pancreatic cancer in patients with coexisting diabetes
and pancreatitis. Importantly, our main finding demonstrated
that the coexistence of these two conditions substantially ele-
vated the risk of pancreatic cancer. However, these results were
inconsistent with those of a previous study in which the PAN-
only and T2DM-PAN groups had similar risks of pancreatic
cancer, and the PPDM group had a significantly higher pan-
creatic cancer risk than did the T2DM-PAN group [17]. This
discrepancy may be ascribed to two principal factors. Firstly,
the variation in the study populations is noteworthy. The prior
study utilized data from the New Zealand Cancer Registry
(NZCR), wherein, the patients not developing pancreatic can-
cer were subsequently diagnosed with other cancers. More-
over, the NZCR study encompassed a comparatively older de-
mographic than did our study, with the mean age at diagnosis
being 68.9 years for PPDM. Furthermore, Asian patients ac-
counted for less than 10% of the study population. The etiology
of pancreatitis (e.g., alcohol and tobacco use) and clinical out-
comes (such as morphologic abnormalities and endocrine in-
sufficiency) may vary by ethnicity [36]. Therefore, it can be hy-
pothesized that the progression from pancreatitis to pancreatic
cancer may also vary between different ethnic groups. More-
over, the incidence of pancreatic cancer also differs according
to ethnicity and geographic location, likely due to differences
in lifestyle, living standards, socioeconomic factors, and genet-
ic predispositions [37]. Thus, the differences observed between
our study and the New Zealand study could be attributed to
interethnic variations in the development and progression of
pancreatitis, as well as in the incidence of pancreatic cancer.
Secondly, the distinction in study design played a significant
role. T2DM-PAN and PPDM were delineated based on the se-
quence of disease onset, signifying an immortal time between
the diagnosis of each condition. To circumvent the issue of im-
mortal time bias in disease classification, we used a nested
case-control design [38].
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In our study, the lag period of the main outcome was set to 1
year to eliminate reverse causality, and the lag period was also
setto 0, 0.5, 2, 3, and 5 years in the sensitivity analysis. Because
high blood glucose can be a symptom of pancreatic cancer,
consideration of reverse causality is necessary when evaluating
diabetes as a risk factor in pancreatic cancer research. Notably,
74% to 88% of patients are diagnosed with diabetes within 24
months following their diagnosis of pancreatic ductal adeno-
carcinoma [39]. High serum glucose level may be one of the
symptoms of pancreatic cancer, and the following explanatory
mechanisms have been proposed: (1) diabetogenic factors se-
creted by the pancreatic tumor may reduce insulin secretion
and sensitivity [40] and (2) B-cell dedifferentiation by pancre-
atic cancer may cause dysfunction of p-cells, leading to hyper-
glycemia [41]. Further, it is not known how many years it takes
for symptoms to appear after the development of pancreatic
cancer [42,43]. Hence, when diabetes is diagnosed before pan-
creatic cancer, it is difficult to determine exactly whether dia-
betes is a cause or a symptom of pancreatic cancer. In previous
studies which have analyzed the relationship between diabetes
or pancreatitis and pancreatic cancer, various lag periods were
applied to exclude reverse causality [5,44]. In the sensitivity
analysis of this study, the T2DM-only, PAN-only, T2DM-PAN,
and PPDM groups exhibited a significantly increased risk of
pancreatic cancer compared to the NDNP group at all lag peri-
ods. Importantly, the highest OR was observed in analyses
conducted without a lag period conditions. However, even in
sensitivity analyses with a lag period longer than 1 year, all
groups were associated with an increased risk of pancreatic
cancer compared to that of the NDNP group, suggesting that
diabetes and pancreatitis not only have a reverse causality with
pancreatic cancer but are also risk factors for pancreatic cancer.

A key strengths of this study is the higher number of pancre-
atic cancer cases compared to that of other studies, attributed to
data derived from a comprehensive registry of the entire Kore-
an population, a significant aspect considering the rarity of this
disease. Furthermore, initiation of a special reimbursement
program in September 2005 by the Korean NHIS, aimed at re-
ducing the medical costs for patients with cancer, enhanced the
study’s validity. As outlined in the methods section, patients
were required to meet specific diagnostic criteria to qualify for
special medical expense coverage. These stringent criteria en-
sured that the accuracy of pancreatic cancer diagnoses re-
mained high, even when relying solely on insurance claims
data. Additionally, utilizing the NDNP group as a reference en-
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abled the evaluation of pancreatic cancer risk in the T2DM-on-
ly, PAN-only, T2DM-PAN, and PPDM groups compared to
that of the general population. Importantly, the collection of
data from medical examinations provided valuable insights into
factors like smoking history, alcohol consumption, and BML

This study has some limitations that warrant discussion.
Firstly, the histological type and stage of pancreatic cancer
were not included in the NHID; therefore, these data could not
be considered in our study. Secondly, discrepancies between
medical diagnoses and diagnoses using operational definitions
in claims data may have reduced the accuracy of the analysis.
Therefore, we tried to improve the accuracy of the operational
definitions of disease by using information such as hospitaliza-
tion status, number of outpatient visits, medication use, and
special reimbursement codes to define diseases [45]. Thirdly,
our study lacks data on glycosylated hemoglobin (HbAlc) lev-
els, which restricts our ability to assess the severity of diabetes
and its potential impact on the development of pancreatic can-
cer. Future studies should incorporate HbAlc measurements
to better evaluate this relationship. Lastly, due to the character-
istics of the NHIS-NHID dataset, data prior to 2002 were un-
available, and therefore only patients who were newly diag-
nosed with diabetes from 2003 thereafter, for whom the dura-
tion of diabetes could be clearly established, were included in
the analysis. Consequently, individuals with a diabetes dura-
tion greater than 20 years were excluded from this study. It is
possible that if patients with longer diabetes durations had
been included, they might have demonstrated a higher risk
compared to those with newly onset diabetes; however, this
could not be assessed due to the limitations of the dataset.

In conclusion, we demonstrated that the T2DM-PAN and
PPDM groups had a higher risk of pancreatic cancer than did
the T2DM-only and PAN-only groups. Importantly, even with-
in the PPDM groups, a diagnosis of diabetes within 3 years or
insulin use was associated with a significantly increased risk of
pancreatic cancer, suggesting the need for aggressive pancreatic
cancer screening for these patients. Because PPDM accounts
for the second highest proportion of diabetes after T2DM [46],
close follow-up is needed for the high-risk subgroup of patients
with PPDM for pancreatic cancer development.

SUPPLEMENTARY MATERIALS

Supplementary materials related to this article can be found
online at https://doi.org/10.4093/dmj.2024.0277.
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Supplementary Table 1. Baseline demographics and clinical characteristics according to cancer status for five groups subdivided
by diabetes and pancreatitis diagnoses

Control observations
Variable NDNP PPDM T2DM-PAN PAN-only T2DM-only
(n=447,125) (n=719) (n=1,201) (n=5,790) (n=91,609)
Age at index date, yr 68+11 73%9 759 73+10 72+9
<40 2,996 (0.7) 0 1(0.1) 11(0.2) 25(0)
40-<50 25,367 (5.7) 5(0.7) 4(0.3) 119 (2.1) 1,010 (1.1)
50-<60 76,959 (17.2) 63(8.8) 64 (5.3) 549 (9.5) 7,991 (8.7)
60-<70 127,563 (28.5) 166 (23.1) 240 (20.0) 1,309 (22.6) 24,334 (26.6)
70-<80 140,177 (31.4) 305 (42.4) 464 (38.6) 2,102 (36.3) 37,384 (40.8)
>80 74,063 (16.6) 180 (25) 428 (35.6) 1,700 (29.4) 20,865 (22.8)
Sex
Male 241,921 (54.1) 457 (63.6) 714 (59.5) 3,386 (58.5) 51,287 (56.0)
Female 205,204 (45.9) 262 (36.4) 487 (40.5) 2,404 (41.5) 40,322 (44.0)
Smoking
Non-smoker 294,707 (65.9) 421 (58.6) 792 (65.9) 3,652 (63.1) 59,438 (64.9)
Past-smoker 76,190 (17) 143 (19.9) 234 (19.5) 1,188 (20.5) 17,711 (19.3)
Current smoker 76,228 (17) 155 (21.6) 175 (14.6) 950 (16.4) 14,460 (15.8)
Alcohol consumption
Light or non-drinker 351,540 (78.6) 572 (79.6) 982 (81.8) 4,617 (79.7) 73,963 (80.7)
Moderate drinker 65,998 (14.8) 77 (10.7) 128 (10.7) 737 (12.7) 12,009 (13.1)
Heavy drinker 29,587 (6.6) 70 (9.7) 91 (7.6) 436 (7.5) 5,637 (6.2)
BMI, kg/m2 23.8+3.2 24+3.4 24.4+3.2 23.4+3.2 24.8+3.2
<18.5 14,817 (3.3) 38(5.3) 37(3.1) 319 (5.5) 1,539 (1.7)
18.5-<25 276,721 (61.9) 401 (55.8) 677 (56.4) 3,700 (63.9) 47,658 (52)
25-<30 141,422 (31.6) 250 (34.8) 428 (35.6) 1,608 (27.8) 36,794 (40.2)
=30 14,165 (3.2) 30 (4.2) 59 (4.9) 163 (2.8) 5,618 (6.1)
Household income
Missing 7,522 (1.7) 9(1.3) 19 (1.6) 91 (1.6) 1,511 (1.6)
Low 55,798 (12.5) 96 (13.4) 148 (12.3) 763 (13.2) 11,824 (12.9)
Mid-low 62,524 (14.0) 105 (14.6) 175 (14.6) 817 (14.1) 12,598 (13.8)
Middle 93,657 (20.9) 173 (24.2) 247 (20.6) 1,269 (21.9) 18,825 (20.5)
Mid-high 96,169 (21.5) 161 (22.4) 246 (20.5) 1,227 (21.2) 19,467 (21.3)
High 131,455 (29.4) 175 (24.3) 366 (30.5) 1,623 (28.0) 27,384 (29.9)
CCI
0 383,341 (85.7) 362 (50.3) 443 (36.9) 3,506 (60.6) 60,088 (65.6)
1 33,345 (7.5) 81(11.3) 213 (17.7) 898 (15.5) 11,662 (12.7)
2 15,072 (3.4) 93 (12.9) 176 (14.7) 593 (10.2) 7,780 (8.5)
>3 15,367 (3.4) 183 (25.5) 369 (30.7) 793 (13.7) 12,079 (13.2)

Values are presented as mean+standard deviation or number (%). Statistical comparisons were performed using the t-test for continuous vari-
ables, and the chi-square test for categorical variables.

NDNP, no diabetes and no pancreatitis; PPDM, post-pancreatitis diabetes mellitus; T2DM-PAN, type 2 diabetes mellitus followed by pancreati-
tis; PAN-only, pancreatitis-only; T2DM-only, type 2 diabetes mellitus only; BMI, body mass index; CCI, Charlson comorbidity index.
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Pancreatic cancer high-risk subgroups d I I lJ

Supplementary Table 2. Baseline demographics and clinical characteristics according to cancer status for five groups subdivided
by diabetes and pancreatitis diagnoses

Pancreatic cancer cases
Variable NDNP PPDM T2DM-PAN PAN-only T2DM-only
(n=43,685) (n=327) (n=566) (n=1,655) (n=14,483)
Age at index date, yr 68+12 69+11 72+10 69+12 71+9
<40 315(0.7) 0 0 11(0.7) 11(0.1)
40-<50 2,610 (6.0) 16 (4.9) 13(2.3) 96 (5.8) 210 (1.4)
50-<60 7,705 (17.6) 51 (15.6) 55(9.7) 255 (15.4) 1,448 (10.0)
60-<70 12,291 (28.1) 88 (26.9) 159 (27.6) 447 (27.0) 4,086 (28.2)
70-<80 13,434 (30.8) 114 (24.9) 198 (35.0) 510 (30.8) 5,792 (40.0)
>80 7,330 (16.8) 58 (17.7) 144 (25.4) 336 (20.3) 2,936 (20.3)
Sex
Male 23,500 (53.8) 230(70.3) 367 (64.8) 1,035 (62.5) 7,953 (54.9)
Female 20,185 (46.2) 97 (29.7) 199 (35.2) 620 (37.5) 6,530 (45.1)
Smoking
Non-smoker 27,258 (62.4) 149 (45.6) 305 (53.9) 921 (55.6) 8,917 (61.6)
Past-smoker 6,742 (15.4) 73(22.3) 113 (20) 308 (18.6) 2,537 (17.5)
Current smoker 9,685 (22.2) 105 (32.1) 148 (26.1) 426 (25.7) 3,029 (20.9)
Alcohol consumption
Light or non-drinker 33,836 (77.5) 242 (74) 442 (78.1) 1,240 (74.9) 11,553 (79.8)
Moderate drinker 6,652 (15.2) 45 (13.8) 79 (14) 247 (14.9) 1,926 (13.3)
Heavy drinker 3,197 (7.3) 40 (12.2) 45 (8) 168 (10.2) 1,004 (6.9)
BMI, kg/m’ 24+32 23.6x4 23.8+3.4 232+3.2 24.8+3.2
<185 1,509 (3.5) 30(9.2) 27 (4.8) 108 (6.5) 286 (2)
18.5-<25 26,770 (61.3) 193 (59) 341 (60.2) 1,053 (63.6) 7,774 (53.7)
25-<30 13,914 (31.9) 87 (26.6) 173 (30.6) 453 (27.4) 5,537 (38.2)
>30 1,492 (3.4) 17(5.2) 25 (4.4) 41(2.5) 886 (6.1)
Household income
Missing 669 (1.5) 9(2.8) 8(1.4) 32(1.9) 258 (1.8)
Low 5,592 (12.9) 39(11.9) 70 (12.4) 215 (13.0) 1,819 (12.6)
Mid-low 6,077 (13.9) 48 (14.7) 91 (16.1) 229(13.8) 2,036 (14.1)
Middle 9,203 (21.1) 81(24.8) 105 (18.6) 373 (22.5) 2,964 (20.5)
Mid-high 9,373 (21.5) 83 (25.4) 126 (22.3) 343 (20.7) 2,960 (20.4)
High 12,771 (29.2) 67 (20.5) 166 (29.3) 463 (28.0) 4,446 (30.7)
CCI
0 36,958 (84.6) 147 (45) 158 (27.9) 923 (55.8) 9,386 (64.8)
1 3,468 (7.9) 50 (15.3) 123 (21.7) 301(18.2) 1,888 (13)
2 1,613 (3.7) 44 (13.5) 89(15.7) 175 (10.6) 1,307 (9)
>3 1,646 (3.8) 86(26.3) 196 (34.6) 256 (15.5) 1,902 (13.1)

Values are presented as mean +standard deviation or number (%). Statistical comparisons were performed using the ¢-test for continuous vari-
ables, and the chi-square test for categorical variables.

NDNP, no diabetes and no pancreatitis; PPDM, post-pancreatitis diabetes mellitus; T2DM-PAN, type 2 diabetes mellitus followed by pancreati-
tis; PAN-only, pancreatitis-only; T2DM-only, type 2 diabetes mellitus only; BMI, body mass index; CCI, Charlson comorbidity index.
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Supplementary Table 3. Table of values from Fig. 2 with corresponding P values
Variable (n :é?)s,;ls) (n fé’i‘?i@ fé?%? Pralue A%fff/: %:gRa Pvalue
Group (ref=NDNP) 43,684 (71.9) 447,125 (81.8) Ref Ref
PPDM 327(0.5) 719 (0.1) 4.83 (4.24-5.51) <0.001 471 (4.12-5.37) <0.001
T2DM-PAN 566 (0.9) 1,201 (0.2) 5.00 (4.52-5.53) <0.001 4.96 (4.48-5.49) <0.001
PAN-only 1,655 (2.7) 5,790 (1.1) 2.99 (2.83-3.16) <0.001 2.96 (2.80-3.13) <0.001
T2DM-only 14,483 (23.9) 91,609 (16.8) 1.66 (1.62-1.69) <0.001 1.65 (1.61-1.68) <0.001
Smoking
Non-smoker 37,550 (61.8) 359,010 (65.7)
Past-smoker 9,773 (16.1) 95466 (17.5)  1.08 (1.05-1.11) <0.001 1.07 (1.04-1.10) <0.001
Current smoker 13,393 (22.1) 91,958 (16.8)  1.55(1.51-1.59) <0.001 1.53 (1.49-1.57) <0.001
Alcohol consumption
Light or non-drinker 47,313 (77.9) 431,674 (79.0)
Moderate drinker 8,949 (14.7) 78,949 (14.4) 1.05(1.02-1.08) <0.001 1.00 (0.97-1.02) 0.821
Heavy drinker 4,454 (7.3) 35,821 (6.6) 1.15(1.11-1.19) <0.001 1.06 (1.02-1.10) 0.001
BMI, kg/m”
<185 1,960 (3.2) 16,750 (3.1)
18.5-<25 36,131 (59.5) 329,157 (60.2)  1.07 (1.02-1.12) 0.010 1.04 (0.99-1.09) 0.131
25-<30 20,164 (33.2) 180,502 (33.0)  1.02(1.00-1.04) 0.056 1.01 (0.99-1.03) 0.364
>30 2,461 (4.1) 20,035 (3.7) 112 (1.07-1.17) <0.001 1.05 (1.01-1.10) 0.013

Values are presented as number (%).
NDNP, no diabetes and no pancreatitis; OR, odds ratio; CI, confidence interval; PPDM, post-pancreatitis diabetes mellitus; T2DM-PAN, type 2
diabetes mellitus followed by pancreatitis; PAN-only, pancreatitis-only; T2DM-only, type 2 diabetes mellitus only; BMI, body mass index.

*Adjusted for smoking history, alcohol consumption, and body mass index.

Diabetes Metab ] 2025;49:252-263
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Supplementary Table 4. Crude ORs (95% CI) and adjusted OR for the association between pancreatic cancer and disease groups
further categorized by insulin use (with continuous insulin use defined as at least three prescriptions within 3 years prior to the
index date)

Group Case Control ((:;l;;e COS{ Pvalue A%L;S;: %gR"‘ Pvalue
NDNP 43,685 (71.9) 447,125 (73.64) Ref Ref
PPDM
Insulin use (-) 183 (0.03) 471 (0.08) 4.14 (3.48-4.91) <0.001 4.07 (3.42-4.83) <0.001
Continuous insulin users 45 (0.01) 32(0.01) 14.67 (9.31-23.10) <0.001 13.51 (8.55-21.34)  <0.001
Temporary insulin users 99 (0.02) 216 (0.04) 4.89 (3.85-6.21) <0.001 4.75 (3.74-6.04) <0.001
T2DM-PAN
Insulin use () 160 (0.03) 412 (0.07) 4.09 (3.41-4.91) <0.001  4.03(3.35-4.84)  <0.001
Continuous insulin users 113 (0.02) 139 (0.02) 8.58 (6.69-11.01)  <0.001 8.54 (6.65-10.96)  <0.001
Temporary insulin users 293 (0.05) 650 (0.11) 4.80 (4.18-5.52) <0.001 4.78 (4.16-5.49) <0.001
T2DM-only
Insulin use (-) 9,608 (1.58) 63,455 (10.45) 1.58 (1.54-1.62) <0.001 1.57 (1.54-1.61) <0.001
Continuous insulin users 1,091 (0.18) 4,143 (0.68) 2.75 (2.57-2.95) <0.001 2.75(2.57-2.94) <0.001
Temporary insulin users 3,784 (0.62) 24,011 (3.95) 1.67 (1.61-1.73) <0.001 1.66 (1.60-1.72) <0.001
PAN-only 1,655 (0.27) 5,790 (0.95) 2.99 (2.82-3.16) <0.001 2.96 (2.80-3.13) <0.001

Values are presented as number (%).

OR, odds ratio; CI, confidence interval; NDNP, no diabetes and no pancreatitis; PPDM, post-pancreatitis diabetes mellitus; T2DM-PAN, type 2
diabetes mellitus followed by pancreatitis; T2DM-only, type 2 diabetes mellitus only; PAN-only, pancreatitis-only.

*Adjusted for smoking history, alcohol consumption, and body mass index.
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Supplementary Table 5. Crude ORs (95% CI) and adjusted OR for the association between pancreatic cancer and disease groups
further categorized by insulin use (with continuous insulin use defined as at least two prescriptions within 3 years prior to the in-

dex date)
Group Case Control ((:;;(;)e COI$ Pvalue A(?;SS;:%IO)N Pvalue
NDNP 43,685(71.9) 447,125 (73.64) Ref Ref
PPDM
Insulin use (-) 183 (0.03) 471 (0.08) 4.14 (3.49-4.92) <0.001 4.07 (3.43-4.84) <0.001
Continuous insulin users 62 (0.01) 53(0.01) 12.24(8.48-17.67) <0.001 11.63 (8.04-16.84) <0.001
Temporary insulin users 82 (0.01) 195 (0.03) 4.48 (3.46-5.81) <0.001 4.33 (3.34-5.62) <0.001
T2DM-PAN
Insulin use () 160 (0.03) 412(0.07)  4.09 (3.41-4.92) <0.001 4.03 (3.35-4.84) <0.001
Continuous insulin users 161 (0.03) 201(0.03)  8.46 (6.87-10.41) <0.001 8.38 (6.80-10.32) <0.001
Temporary insulin users 245 (0.04) 588 (0.1) 4.44 (3.82-5.16) <0.001 4.43 (3.81-5.15) <0.001
T2DM-only
Insulin use (-) 9,608 (1.58) 63,455 (10.45)  1.58 (1.54-1.62) <0.001 1.57 (1.54-1.61) <0.001
Continuous insulin users 1,414 (0.23) 5,816 (0.96) 2.55(2.40-2.70) <0.001 2.54 (2.40-2.70) <0.001
Temporary insulin users 3,461 (0.57) 22,338 (3.68) 1.64 (1.58-1.7) <0.001 1.63 (1.57-1.69) <0.001
PAN-only 1,655 (0.27) 5,790 (0.95) 2.99 (2.82-3.16) <0.001 2.96 (2.80-3.13) <0.001

Values are presented as number (%).
OR, odds ratio; CI, confidence interval; NDNP, no diabetes and no pancreatitis; PPDM, post-pancreatitis diabetes mellitus; T2DM-PAN, type 2
diabetes mellitus followed by pancreatitis; T2DM-only, type 2 diabetes mellitus only; PAN-only, pancreatitis-only.
*Adjusted for smoking history, alcohol consumption, and body mass index.
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Supplementary Table 6. Association between pancreatic cancer risk and disease groups stratified by pancreatitis duration, with
the reference group defined as patients with DM duration >1,825 days

Variable C(;l;i)e g? Pvalue A(?;SS :/OedCIO)Ra Pvalue
PPDM (ref. PPDM patients with DM duration > 1,825 days)
DM duration <365 days 5.80 (4.11-8.17) <0.001 5.88 (4.17-8.31) <0.001
DM duration 365-729 days 2.16 (1.43-3.26) <0.001 2.17 (1.44-3.28) <0.001
DM duration 730-1,094 days 1.97 (1.24-3.13) 0.004 1.96 (1.23-3.11) 0.004
DM duration 1,095-1,825 days 1.22(0.81-1.83) 0.334 1.20 (0.80-1.81) 0.369
T2DM-only (ref. T2DM-only patients with DM duration > 1,825 days)
DM duration <365 days 5.33 (5.08-5.60) <0.001 5.33 (5.08-5.59) <0.001
DM duration 365-729 days 1.73 (1.63-1.85) <0.001 1.74 (1.63-1.85) <0.001
DM duration 730-1,094 days 1.25(1.17-1.35) <0.001 1.26 (1.17-1.35) <0.001
DM duration 1,095-1,825 days 1.02 (0.97-1.09) 0.423 1.03 (0.97-1.09) 0.346

Analysis was conducted without applying a lag period to include newly developed diabetes mellitus cases within 1 year of pancreatic cancer di-
agnosis.

DM, diabetes mellitus; OR, odds ratio; CI, confidence interval; PPDM, post-pancreatitis diabetes mellitus; T2DM-only, type 2 diabetes mellitus
only.

*Adjusted for smoking history, alcohol consumption, and body mass index.
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Supplementary Table 7. Association between pancreatic cancer risk and disease groups further categorized by pancreatitis dura-
tion

Variable Crude OR (95% CI) Pvalue Adjusted OR* (95% CI) Pvalue
NDNP Ref Ref
T2DM-PAN
PAN duration <365 days 67.40 (56.15-80.91) <0.001 66.68 (55.53-80.08) <0.001
PAN duration 365-729 days 10.11 (7.81-13.09) <0.001 9.83 (7.59-12.74) <0.001
PAN duration 730-1,094 days 5.48 (4.00-7.51) <0.001 5.45 (3.97-7.47) <0.001
PAN duration 1,095-1,824 days 5.50 (4.23-7.14) <0.001 5.49 (4.22-7.13) <0.001
PAN duration >1,825 days 4.01 (3.19-5.05) <0.001 3.97 (3.16-5.00) <0.001
PAN-only
PAN duration <365 days 52.39 (47.81-57.41) <0.001 51.67 (47.15-56.63) <0.001
PAN duration 365-729 days 5.92 (5.13-6.84) <0.001 5.85 (5.06-6.76) <0.001
PAN duration 730-1,094 days 4.04 (3.42-4.76) <0.001 3.99 (3.38-4.71) <0.001
PAN duration 1,095-1,824 days 3.65(3.19-4.17) <0.001 3.60 (3.15-4.12) <0.001
PAN duration >1,825 days 2.44(2.23-2.68) <0.001 2.42(2.21-2.66) <0.001

OR, odds ratio; CI, confidence interval; NDNP, no diabetes and no pancreatitis; T2DM-PAN, type 2 diabetes mellitus followed by pancreatitis;
PAN, pancreatitis; PAN-only, pancreatitis-only.
*Adjusted for smoking history, alcohol consumption, and body mass index.
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Supplementary Table 8. Association between pancreatic cancer risk and disease groups according to lag period

Variable Crude OR (95% CI) Pvalue Adjusted OR* (95% CI) Pvalue

NDNP (no lag period) (ref)
PPDM
T2DM-PAN
PAN-only
T2DM-only
NDNP (lag period: 180 days) (ref)
PPDM
T2DM-PAN
PAN-only
T2DM only
NDNP (lag period: 1 year) (ref)
PPDM
T2DM-PAN
PAN-only
T2DM only
NDNP (lag period: 2 years) (ref)
PPDM
T2DM-PAN
PAN-only
T2DM only
NDNP (lag period: 3 years) (ref)
PPDM
T2DM-PAN
PAN-only
T2DM only
NDNP (lag period: 5 years) (ref)
PPDM
T2DM-PAN
PAN-only
T2DM only

9.17 (8.23-10.22)

13.88 (12.91-14.93)

8.37(8.02-8.72)
2.36 (2.31-2.40)

6.03 (5.33-6.82
5.71(5.20-6.28
3.33(3.16-3.52
1.81 (1.78-1.85

= = D =

4.83 (4.24-5.51)
5.00 (4.52-5.53)
2.99 (2.83-3.16)
1.66 (1.62-1.69)

425 (3.66-4.94)
429 (3.83-4.81)
2.65(2.49-2.81)
1.55 (1.52-1.58)

3.75(3.18-4.43)
4.06 (3.58-4.61)
2.51 (2.36-2.68)
1.52 (1.49-1.55)

3.85(3.14-4.73)
3.20(2.74-3.74)
239 (2.22-2.57)
1.50 (1.47-1.54)

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

9.03 (8.10-10.06)

13.77 (12.80-14.81)

8.26 (7.92-8.61)
2.36 (2.31-2.41)

5.92 (5.23-6.70)
5.66 (5.15-6.22)
3.31(3.14-3.49)
1.81 (1.77-1.85)

4.71 (4.12-5.37)
4.96 (4.48-5.49)
2.96 (2.80-3.13)
1.65 (1.61-1.68)

4.17 (3.59-4.84)
422 (3.76-4.73)
2.63 (2.48-2.79)
1.54 (1.51-1.58)

3.65 (3.09-4.30)
4.00 (3.53-4.54)
249 (2.34-2.66)
1.51 (1.48-1.55)

3.77 (3.07-4.64)
3.18 (2.72-3.71)
2.36/(2.20-2.54)
1.50 (1.46-1.53)

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

OR, odds ratio; CI, confidence interval; NDNP, no diabetes and no pancreatitis; PPDM, post-pancreatitis diabetes mellitus; T2DM-PAN, type 2

diabetes mellitus followed by pancreatitis; PAN-only, pancreatitis-only; T2DM-only, type 2 diabetes mellitus only.

*Adjusted for smoking history, alcohol consumption, and body mass index.
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Supplementary Table 9. Sensitivity analysis excluding patients with a history of pancreatectomy prior to baseline
Variable Crude OR (95% CI) Pvalue Adjusted OR* (95% CI) Pvalue
NDNP (ref)
PPDM 4.40 (3.84-5.05) <0.001 4.28(3.73-4.91) <0.001
T2DM-PAN 4.77 (4.30-5.28) <0.001 4.72 (4.26-5.24) <0.001
PAN-only 2.84(2.68-3.01) <0.001 2.81 (2.66-2.98) <0.001
T2DM-only 1.65 (1.61-1.68) <0.001 1.64 (1.61-1.68) <0.001
T2DM-PAN (ref)
PPDM vs. T2DM-PAN 0.92 (0.78-1.09) 0.359 0.91 (0.76-1.08) 0.263

OR, odds ratio; CI, confidence interval; NDNP, no diabetes and no pancreatitis; PPDM, post-pancreatitis diabetes mellitus; T2DM-PAN, type 2
diabetes mellitus followed by pancreatitis; PAN-only, pancreatitis-only; T2DM-only, type 2 diabetes mellitus only.
*Adjusted for smoking history, alcohol consumption, and body mass index.
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