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Abstract

Background: People with diabetes are at an increased risk of developing pancreatic cancer. However, it is unclear whether
diabetes-related complications are associated with risk of pancreatic cancer. Methods: A nested matched case-control analy-
sis was conducted among the fee-for-service Medicare participants of the prospective Multiethnic Cohort

(n = ~123000). Between 2001 and 2014, 433 incident cases of pancreatic ductal adenocarcinoma were matched to 1728 con-
trols by birth year, sex, race and ethnicity, and age at cohort entry. Participants were linked to data from the California and
Hawaii cancer registries and Medicare claims. We used the diabetes complications severity index (DCSI) for the presence of

7 complications within 2 years prior to the diagnosis date of the index case. Multivariable conditional logistic regression was
used to examine the association of DCSI with pancreatic cancer incidence. Results: Diabetes was present among 45.4% of
cases and 34.1% of controls. Cases had higher DCSI score compared with controls (score >4: 32.8% in cases; 21.2% in controls).
The most prevalent diabetes-related complications for cases were cardiovascular disease (61.2%), nephropathy (31.2%), and
cerebrovascular disease (21.7%). Individuals with diabetes (odds ratio [OR] = 1.48, 95% confidence interval [CI] = 1.14 to 1.91),
nephropathy (OR = 1.75, 95% CI = 1.32 to 2.33), cardiovascular disease (OR = 1.88, 95% CI = 1.45 to 2.44), and metabolic compli-
cations (OR = 6.61, 95% CI = 2.49 to 17.50) were at increased risk of pancreatic cancer. For every 1-unit increase in DCSI score,
participants had 18% greater risk of pancreatic cancer (OR = 1.18, 95% CI = 1.11 to 1.25). Conclusions: Participants with
diabetes-related complications have an elevated risk of pancreatic cancer. Identifying diabetes-related complications may
help identify high-risk groups who can be studied for development of early markers for this fatal cancer.

Pancreatic cancer is one of the most fatal cancers with an
estimated 56000 new cases and 45000 deaths associated
with the disease in 2019 (1). According to the National
Cancer Institute’s Surveillance, Epidemiology, and End
Results registry, the 5-year survival rate for pancreatic can-
cer is 9.3% in 2019. By 2030, pancreatic cancer is predicted to
be the second most fatal cancer after lung cancer (2).
Because there are no screening tests to detect pancreatic
cancer and patients experience symptoms only with
advanced-stage disease, there is a critical need to identify
epidemiological risk factors and groups at the highest risk of
developing the disease. Known risk factors for pancreatic
cancer include smoking (3-5), family history of pancreatic
cancer (3,5), and obesity (3,5-7).
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Diabetes is known to increase the risk of pancreatic cancer
(5,8-11), especially among patients diagnosed after the age of 50
years (12). However, most of these studies measure only the
presence or absence of diabetes without taking into consider-
ation the severity or heterogeneity of the condition.
Uncontrolled and unmanaged diabetes often results in compli-
cations such as retinopathy, nephropathy, neuropathy, cerebro-
vascular, cardiovascular, peripheral vascular, and metabolic
disease (13-16). Diabetes complications have been linked to
higher health-care costs, utilization, and mortality compared
with diabetes with no complications (14,16) but, to our knowl-
edge, have not been studied in relation to pancreatic cancer.

African Americans (17), Latinos (17), and Japanese
Americans (18) are at a high risk of developing diabetes and are
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more likely to have a higher prevalence of severe diabetes com-
plications compared with non-Hispanic whites (15). The reason
for severe diabetes among minorities may be due to an under-
use of primary care physicians, poor medication adherence, and
poor understanding of their disease (19-21). Although African
Americans have the highest incidence of pancreatic cancer in
the United States (22) and have the highest prevalence of diabe-
tes, the comparably high rate in Latinos is inconsistent with
their low rate of pancreatic cancer. This suggests that measur-
ing the presence or absence may not entirely explain the true
risk of pancreatic cancer because of glucose abnormalities, and
identifying complications from diabetes may help identify high-
risk groups.

Understanding the role of diabetes in the etiology of pancre-
atic cancer can be helpful in targeting efforts to identify popula-
tions at high risk such as racial and ethnic minorities who have
a higher prevalence of diabetes compared with non-Hispanic
whites in the population. However, the relationship between
diabetes-related complications and pancreatic cancer is un-
known. Therefore, the goal of this study was to investigate
whether elevated risk of pancreatic cancer is observed in
patients with diabetes-related complications.

Methods

Study Population

The Multiethnic Cohort (MEC) is an ongoing population-based
prospective cohort study of more than 215000 participants from
Hawaii and California, assembled between 1993 and 1996. The
MEC was established to study cancer etiology by collecting de-
tailed information on diet and other lifestyle factors and biospe-
cimens to study genetic factors. The study design and baseline
characteristics have been published elsewhere (23). Briefly, the
cohort comprises predominately 5 racial and ethnic groups:
African Americans, Native Hawaiians, Japanese Americans,
Latinos, and whites (aged 45-75 years at cohort entry). All partic-
ipants completed a self-administered baseline questionnaire on
demographic and lifestyle factors, physical activity, and tobacco
smoking history.

The MEC was linked with the Centers for Medicaid and
Medicare Services claims data to obtain all inpatient and outpa-
tient records for cohort members who were enrolled in
Medicare fee-for-service (FFS; n = ~123000) (24). The claims
data contain dates of services, International Classification of
Disease (ICD-9-CM) diagnosis codes, and Concurrent Procedural
Terminology (version 4) codes for all billed claims. Medicare
claims data between 1999 and 2016 are available in the MEC.
Study protocols were approved by the Committee on Human
Studies at the University of Hawaii and by the Institutional
Review Board of the Keck School of Medicine of University of
Southern California.

Eligible participants for the present analysis were FFS cohort
members who were free of cancer at cohort entry and had com-
plete risk factor data including smoking status, body mass index
(BMI), alcohol intake, and physical activity.

Case Ascertainment and Matched Control Selection

We used a nested case-control design for this study. Cases were
all incident pancreatic cancer cases (diagnosed at aged 67 years
or older) identified among the at-risk multiethnic cohort partici-
pants with 24 months of Medicare FFS enrollment prior to their

cancer diagnosis. First incident primary invasive pancreatic
cancer cases (ICD-oncology [ICD-O] version 3 topographic [C250-
C259]) were identified from the annual linkage of cohort partici-
pants to the California and Hawaii tumor registries. These can-
cer registries are part of the Surveillance, Epidemiology, and
End Results program. To assure at least 24 months between ex-
posure and cancer diagnosis, cases were required to be diag-
nosed at aged 67years or older. Cases were diagnosed with
primary pancreatic cancer occurring between 2001 and 2014
and enrolled in Medicare FFS for at least 2 consecutive years
prior to their diagnosis. We restricted the analysis to pancreatic
ductal adenocarcinoma (PDAC), an exocrine tumor that
accounts for more than 90% of all pancreatic cancers using his-
tological type of adenocarcinoma and infiltrating pancreatic ad-
enocarcinoma (ICD-O-3 histology codes excluding 9050-9055,
9140, or 9590-9992). A total of 433 incident cases of PDAC were
included in this analysis.

Control subjects were members from the same cohort, aged
65 years and older, without a previous history of any cancer
with 24 months of follow-up during the same time period as the
matched case. Four controls were individually matched to each
case on race and ethnicity, age at cohort entry (+1 year), sex,
and birth year (+1 year). All controls were cancer-free at the
time of selection into the study and were enrolled in Medicare
FFS for 24 months prior to the date of diagnosis of the matched
case. Between 2001 and 2014, of the incident cases of PDAC, 433
were matched to 1728 controls by birth year, sex, race and eth-
nicity, and age at cohort entry.

Diabetes Complications Severity Index (DCSI)

We used the DCSI developed by Young and colleagues (14) to
assess the level of risk of adverse outcomes, including hospi-
talizations and mortality, by using diagnosed complications. A
DCSI score ranges from 0 to 13 based on the presence and se-
verity of 7 categories of complications including cardiovascular
disease, nephropathy, retinopathy, peripheral vascular dis-
ease, stroke, neuropathy, and metabolic complications.
Metabolic complications included a diagnosis of ketoacidosis,
hyperosmolar, and other coma. Each complication category is
scored on a scale from 0 to 2, determined by the presence and
severity of the complications (0 =not present, 1=some abnor-
mality, and 2=severe abnormality), except for neuropathy
(scored 0-1) (14). Diabetes and the presence or absence of each
diabetes-related complication (yes or no) were identified based
on ICD-9-CM codes from inpatient and outpatient Medicare
claims data during the 2-year period prior to a pancreatic can-
cer diagnosis for cases and during the same calendar period
for each matched control (14). We identified DCSI among the
entire cohort.

Covariates

Data on demographic and lifestyle factors including age at co-
hort entry (years), sex (male or female), education level (less
than or equivalent to a high school diploma, some college, or
college or higher), neighborhood-level socioeconomic status at
the census tract level for the address on file at baseline (quin-
tiles lowest to highest), BMI (kg/m?), smoking status (never, for-
mer, current), any vigorous physical activity (yes or no), and
alcohol intake (g/day) were obtained from the baseline ques-
tionnaire. We assessed nondiabetes-related comorbid condi-
tions using Medicare claims data for the 2-year period for



Table 1. Descriptive characteristics of cases and controls

Cases Controls
(n=433) (n=1728)
Characteristics (%) No. (%)
Age at cohort entry, y*
<60 116 (26.8) 463 (26.8)
60-64 89 (20.6) 360 (20.8)
65-69 127 (29.3) 526 (30.4)
70-74 89 (20.6) 342 (19.8)
>75 12 (2.8) 37 (2.1)
Sex®
Male 205 (47.3) 820 (47.5)
Female 228 (52.7) 908 (52.6)
Race/ethnicity®
African American 62 (14.3) 248 (14.4)
Native Hawaiian 40 (9.2) 156 (9.0)
Japanese American 188 (43.4) 752 (43.5)
Latino 60 (13.9) 240 (13.9)
White 83(19.2) 332 (19.2)
Educational attainment
High school or less 199 (46.0) 796 (46.1)
Vocational/Some 128 (29.6) 471 (27.3)
college
College or higher 106 (24.4) 461 (26.7)
Neighborhood SES,
quintiles
1 (low) 82 (18.9) 292 (16.9)
2 64 (14.8) 210 (12.2)
3 76 (17.6) 306 (17.7)
4 82 (18.9) 259 (15.0)
5 (high) 115 (26.6) 516 (29.9)
Missing 14 (3.2) 145 (8.4)
Health behaviors
Alcohol intake (g/day)
<24 383 (88.5) 1547 (89.5)
>24 50 (11.6) 181 (10.5)
Smoking status
Never 198 (45.7) 824 (47.7)
Former 167 (38.6) 704 (40.7)
Current 68 (15.7) 200 (11.6)
Any vigorous physical ac- 89 (20.6) 386 (22.3)
tivity (yes)
Clinical factors and co-
morbid conditions
Body mass index (kg/m?)
<25 181 (41.8) 796 (46.1)
25-29.9 181 (41.8) 679 (39.3)
>30 71(16.4) 253 (14.6)
Congestive heart failure 57 (13.2) 182 (10.5)
Chronic obstructive pul- 90 (20.8) 218 (12.6)
monary disease
Dementia 24 (5.5) 124 (7.2)
Paralysis (hemiplegia or 11(2.5) 23(1.3)
paraplegia)
Mild liver disease 7 (1.6) 19 (1.1
Moderate/severe liver 6(1.4) 7 (0.4
disease
Peptic ulcer disease 15 (3.5) 33(1.9
Rheumatologic disease 22 (5.1) 56 (3.2
Cancer prognostic factors
Pancreatic cancer stage at
diagnosis
Localized 40 (9.2) —
(continued)
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Table 1. (continued)

Cases Controls
(n=433) (n=1728)
Characteristics No. (%) No. (%)
Regional 131 (30.3) —
Metastatic 196 (45.3) —
Unknown/not specified 66 (15.2) —
Age at diagnosis, y
67-69 38(8.8) —
70-74 90 (20.8) —
75-79 112 (25.9) —
80-84 111 (25.6) —
>85 82 (18.9) —

“Matching variables. Data from baseline questionnaire (age, sex, race/ethnicity,
education, health behaviors, body mass index), Medicare claims (diabetes and re-
lated complications, comorbid conditions), and Surveillance, Epidemiology, and
End Results (cancer prognostic factors). SES = socioeconomic status.

congestive heart failure (yes or no), chronic obstructive pulmo-
nary disease (COPD; yes or no), dementia (yes or no), paralysis
(yes or no), mild liver disease (yes or no), moderate to severe
liver disease (yes or no), peptic ulcer disease (yes or no), and
rheumatologic disease (yes or no).

Statistical Analysis

Frequencies and means were used to compare characteristics
between pancreatic cancer cases and controls. Two-sided »?
tests were used to calculate P values to measure the association
between each covariate and race and ethnicity or DCSI score.
Conditional multivariate logistic regression was used to esti-
mate the association of pancreatic cancer with a diagnosis of di-
abetes and each of the complications. The association between
diabetes complications, DCSI, and pancreatic cancer incidence
was examined using multivariable conditional logistic regres-
sion analyses stratified by matched set and adjusted for base-
line educational attainment, neighborhood-level socioeconomic
status, alcohol intake, smoking status, any vigorous physical ac-
tivity at baseline, BMI, and other nondiabetes-related comorbid
conditions listed previously. All analyses were performed using
SAS 9.2 software (SAS Institute Inc, Cary, NC). Statistical signifi-
cance was set at Pless than .05.

Results

In this nested multiethnic case-control study, the largest racial
and ethnic group was Japanese Americans (43.5%) and majority
were female (52.6%) (Table 1). The majority of study participants
had attended some college or higher (54.0% among cases and
53.9% among controls), were younger than 70 years at cohort en-
try (76.7% among cases and 78.1% of controls), consumed less
than 24 g/day of alcohol (88.5% among cases and 89.5% among
controls), and were former or current smokers (54.3% among
cases and 52.3% among controls).

Of the 433 PDAC cases, 21.9% had no diabetes-related com-
plications, 13.6% had 1 complication, 19.2% had 2 complications,
12.4% had 3 complications, 12.0% had 4, and 20.8% had 5 or
more complications (Table 2). Among cases, age, sex, race and
ethnicity, smoking status, BMI, COPD, dementia, and rheumato-
logic disease were statistically significantly associated with
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Table 2. Baseline characteristics by diabetes complications severity index

Diabetes complications severity index Diabetes complications severity index
Cases Controls
0 1 2 3 4 5+ 0 1 2 3 4 5+

(=95 (=59 (n=283)(n=>54)(n=52)n=90) (n=0669)(n=236)(n=289) [n=167) (n=172) (n = 195)

Characteristics % % % % % %  pP* % % % % % % p?
Index age, y .06 .001
67-69 16.8 10.2 8.4 5.6 3.9 4.4 10.2 8.9 9.3 4.8 5.2 4.1
70-74 16.8 18.6 28.9 24.1 28.9 133 245 22.0 19.0 20.4 10.5 14.9
75-79 24.2 22.0 22.9 20.4 30.8 26.7 241 29.2 23.9 27.0 20.9 25.6
80-84 24.2 28.8 24.1 25.9 231 30.0 22.3 254 25.6 27.0 33.7 29.2
>85 17.9 20.3 15.7 24.1 13.5 25.6 19.0 14.1 222 21.0 29.7 26.2
Sex .04 25
Male 39.0 47.5 434 50.0 67.3 46.7 46.3 43.6 49.1 437 51.2 53.3
Female 611 525 566 500 327 533 53.7 56.4 50.9 56.3 48.8 46.7
Race/ethnicity .001 .001
African American 9.5 11.9 10.8 16.7 11.5 24.2 13.0 7.2 11.8 18.0 13.4 29.2
Native Hawaiian 8.4 6.8 6.0 7.4 9.6 15.6 9.0 8.5 7.6 8.4 14.0 8.2
Japanese American 52.6 54.2 48.2 444 51.9 16.7 46.6 50.9 48.1 46.7 35.5 215
Latino 4.2 15.3 10.8 18.5 17.3 211 11.8 14.4 11.8 9.0 18.0 24.1
White 25.3 11.9 24.1 13.0 9.6 22.2 19.6 19.1 20.8 18.0 19.2 16.9
Educational 40 .03
<High school 44.2 47.5 39.8 38.9 50.0 54.4 42.3 40.7 49.8 52.7 52.3 48.7
Some college 28.4 23.7 313 333 34.6 27.8 28.7 32.6 23.2 19.2 26.2 29.7
College or higher 27.4 27.1 28.9 27.8 154 17.8 28.7 25.9 27.0 27.5 20.4 21.0
Missing 0 1.7 0 0 0 0 0.3 0.9 0 0.6 1.2 0.5
Neighborhood SES, quintiles .67 .001
1 (low) 17.9 20.3 133 18.5 13.5 27.8 14.4 14.4 15.9 14.4 221 27.7
2 16.8 6.8 19.3 16.7 17.3 11.1 10.8 12.7 11.1 114 16.3 14.9
3 14.7 17.0 133 22.2 25.0 17.8 17.8 13.1 17.3 25.2 19.2 15.9
4 14.7 23.7 253 14.8 17.3 17.8 16.4 16.1 18.0 13.2 7.6 12.3
5 (high) 316 288 265 241 231 233 32.9 33.9 29.4 28.7 26.7 19.0
Missing 4.2 34 24 37 3.9 22 7.8 9.8 8.3 7.2 8.1 10.3
Health behaviors
Alcohol intake (g/day) 71 .33
<24 91.6 86.4 91.6 85.2 86.5 86.7 90.0 92.0 87.2 91.6 89.5 86.7
>24 8.4 13.6 8.4 14.8 13.5 133 10.0 8.1 12.8 8.4 10.5 133
Smoking status .04 .06
Never 46.3 441 47.0 51.9 38.5 45.6 49.0 53.4 47.4 50.9 41.9 39.0
Former 42.1 40.7 45.8 20.4 44.2 34.4 38.1 37.3 41.2 41.9 47.1 46.7
Current 11.6 15.3 7.2 27.8 17.1 20.0 12.9 9.3 114 7.2 11.1 14.4
Any vigorous physical activity .26 32
No 72.6 88.1 81.9 79.6 75.0 81.1 78.2 74.6 78.5 73.6 76.7 82.6
Yes 27.4 11.9 18.1 20.4 25.0 18.9 21.8 25.4 215 26.4 233 17.4
Clinical factors and comorbid conditions
BMI (kg/m?) .03 .001
<25 54.7 45.8 38.6 46.3 25.0 35.6 51.0 48.7 48.1 46.7 37.2 30.3
25-29.9 35.8 424 44.6 38.9 53.9 40.0 38.4 39.0 384 341 442 441
>30 9.5 11.9 16.9 14.8 21.2 24.4 10.6 12.3 135 19.2 186 25.6
COPD .01 .001
No 87.4 81.4 84.3 81.5 711 67.8 92.7 89.4 879 86.8 814 71.8
Yes 12.6 18.6 15.7 18.5 28.9 322 7.3 10.6 12.1 132 186 28.2
Dementia .03 .001
No 97.9 98.3 95.2 92.6 96.1 87.8 96.1 95.7 91.7 91.0 90.1 83.6
Yes 2.1 1.7 4.8 7.4 3.9 12.2 3.9 4.3 83 9.0 099 16.4
Rheumatologic disease .02 .001
No 95.8 96.6 95.2 100 98.2 87.8 98.8 96.6 97.2 958 9438 91.8
Yes 4.2 34 4.8 0 1.9 12.2 1.2 34 28 42 52 8.2

aTwo-sided y* test. BMI = body mass index; COPD = chronic obstructive pulmonary disease; SES = socioeconomic status.

DCSI (P < .05). Among controls, age, sex, race and ethnicity, edu- In this study, diabetes was present among 45.4% of cases
cational attainment, BMI, COPD, dementia, and rheumatologic and 34.1% of controls. Compared with controls, cases had a
disease were statistically significantly associated with the DCSI DCSI of 4 or more (32.8% vs 21.2%) and a greater proportion was

score (P <.05). diagnosed with each of the 7 complications and a greater
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Table 4. Relative risk of pancreatic cancer in relation to the presence of diabetes and diabetes-related complications compared with the ab-

sence of each condition

No. of cases/

Chronic condition No. of controls

OR? (95% CI) ORP (95% CI)

Diabetes (yes vs no) 197/524

Diabetes-related complications
Retinopathy (yes vs no) 71/236
Neuropathy (yes vs no) 83/232
Nephropathy (yes vs no) 135/316
Cerebrovascular (yes vs no) 94/304
Cardiovascular (yes vs no) 265/758
Peripheral vascular disease (yes vs no) 80/209
Metabolic (yes vs no) 15/8

1.46 (1.12 to 1.88) 1.48 (1.14 to 1.91)

0.82 (0.59 to 1.13) 0.85 (0.61 to 1.19)
1.14 (0.84 to 1.55) 1.09 (0.79 to 1.49)
1.72 (1.30 to 2.27) 1.75 (1.32 to 2.33)
0.92 (0.69 to 1.24) 0.93 (0.68 to 1.27)
1.80 (1.40 to 2.30) 1.88 (1.45 to 2.44)
1.08 (0.77 to 1.52) 1.11 (0.79 to 1.57)

5.84 (2.26 to 15.09) 6.61 (2.49 to 17.50)

#Conditional logistic regression model adjusted for education, neighborhood-level socioeconomic status (SES), alcohol intake, smoking status, any vigorous physical
activity, body mass index (BMI), and matched factors (age, race, sex) were used to define strata. CI = confidence interval; OR = odds ratio.

®Conditional logistic regression model adjusted for education, neighborhood-level SES, alcohol intake, smoking status, any vigorous physical activity, BMI, diabetes,
and other comorbid conditions and matched factors (age, race, sex) were used to define strata.

Table 5. Relative risk of pancreatic cancer and DCSI by diabetes status

No. of cases/

Risk factor No. of controls

OR® (95% CI) ORP (95% CI)

Total cohort (n =2161)
DCSI (continuous) —
DCSI (categorical)

0 95/669
1 59/236
2 83/289
3 54/167
4+ 142/367

Without diabetes (n = 1422)

DCSI (continuous) —
With diabetes (n = 739)

DCSI (continuous) —

1.20 (1.14 to 1.26) 1.18 (1.11 to 1.25)

1.00 (Referent)
1.77 (1.24 t0 2.54
2.10 (1.51t0 2.93
2.41 (1.65 to 3.54
3.02 (2.22t0 4.11

1.18 (1.10 to 1.27)

1.12 (1.05 to 1.19)

1.00 (Referent)
1.61(1.11t02.33
1.94 (1.38t0 2.74
2.26 (1.52 to 3.37
2.59 (1.82 to 3.69

1.23 (1.11 to 1.36)

1.22 (1.09 to 1.36)

#Conditional logistic regression adjusted for matched factors (age, race, sex) were used to define strata. CI = confidence interval; DCSI = diabetes complications severity

index; OR = odds ratio.

YConditional logistic regression adjusted for education, neighborhood-level socioeconomic status, alcohol intake, smoking status, any vigorous physical activity, body
mass index, diabetes, and other comorbid conditions and matched factors (age, race, sex) were used to define strata.

proportion of controls had no complications (Table 3). The most
prevalent diabetes-related complications for cases were cardio-
vascular disease (61.2%), nephropathy (31.2%), and cerebrovas-
cular disease (21.7%). A greater proportion of PDAC cases
compared with controls was diagnosed with neuropathy (19.2%
vs 13.4%) and peripheral vascular disease (18.5% vs 12.0%). A
greater proportion of Latino cases was diagnosed with diabetes
(58.3%) followed by African Americans (50.0%) compared with
other racial and ethnic groups. Among African American,
Native Hawaiian, and Latino cases, about one-third (35.5%,
35.0%, and 31.7%, respectively) had a DCSI score of 5 or more, a
greater proportion than any of the other racial and ethnic
groups of cases. Among controls, African Americans and
Latinos displayed the greatest proportion of a DCSI score of 5 or
more (23.0% and 19.6%, respectively) compared with the other
racial and ethnic groups. In contrast, among cases, whites had
the highest proportion with a DCSI score of 0 (28.9%) followed
by Japanese Americans (26.6%). The most common complica-
tion among the cases and controls was cardiovascular disease,
ranging from 74.2% in African American cases to 38.0% in

Japanese American controls. Nephropathy and cerebrovascular
disease were also highly prevalent among cases.

Diabetes and complications were positively associated with
pancreatic cancer (Table 4). We observed that individuals with
diabetes had 48% increased odds (odds ratio [OR] = 1.48, 95%
confidence interval [CI] = 1.14 to 1.91) of pancreatic cancer com-
pared with those without diabetes. Cardiovascular disease (OR
= 1.88, 95% CI = 1.45 to 2.44), nephropathy (OR = 1.75, 95% CI =
1.32 to 2.33), and metabolic disease (6.61, 95% CI = 2.49 to 17.50)
were positively associated with pancreatic cancer risk after
adjusting for demographic, lifestyle characteristics, and chronic
conditions, including diabetes.

Risk of pancreatic cancer increased with increasing DCSI
score (Table 5). Compared with no complications, a greater risk
of pancreatic cancer was found in relation to the DCSI as fol-
lows: 1 complication (OR = 1.61, 95% CI = 1.11 to 2.33), 2 compli-
cations (OR = 1.94, 95% CI = 1.38 to 2.74), 3 complications (OR =
2.26, 95% CI = 1.52 to 3.37), and 4 or more complications (OR =
2.59, 95% CI = 1.82 to 3.69). When we replaced DCSI categories
with the count of complications as a linear variable, for every 1-



unit increase in DCSI score, participants had 18% greater risk of
pancreatic cancer (OR = 1.18, 95% CI = 1.11 to 1.25). We observed
that the continuous measure of DCSI (for every 1-unit increase
in score) was associated with a 22%-23% increased risk of pan-
creatic cancer among patients with (OR = 1.22, 95% CI = 1.09 to
1.36) and without diabetes (OR = 1.23, 95% CI = 1.11 to 1.36).

Discussion

In our study, the number of complications from diabetes was
associated with an elevated risk of pancreatic cancer even after
controlling for a number of well-studied risk factors including
obesity, smoking history, and other chronic conditions.
Metabolic disease, cardiovascular disease, and nephropathy
were also associated with increased risk of pancreatic cancer,
independent of other risk factors and irrespective of diabetes
status.

Several epidemiological studies have reported that diabetes
is associated with an increased risk of pancreatic cancer (9,12).
We know that diabetes diagnosed at a later age (12), those with
incident diabetes (12), and those with diabetes for a longer dura-
tion (25) are at an increased risk of pancreatic cancer, but these
studies measured only the presence or absence of disease. To
the best of our knowledge, no studies have linked DCSI and pan-
creatic cancer risk. Previous epidemiological studies have
reported that DCSI and complications are associated with an in-
creased risk of mortality (14), more hospitalizations (14), and
higher health-care use (15) and that Hispanics and African
Americans have a higher prevalence of complications (15), but
these studies do not link complications to risk of cancer. Our hy-
pothesis was that complications are associated with increased
risk of pancreatic cancer because they would indicate a higher
DCSI and a higher probability of damage to the pancreas.

It remains unclear whether the association between diabetes
and pancreatic cancer is due to hyperglycemia, whether diabe-
tes is a marker of underlying biologic factors that alter cancer
risk such as insulin resistance and hyperinsulinemia, or
whether the association between cancer and diabetes is indirect
and due to common risk factors such as obesity (26). Our study
suggests that some complications such as nephropathy, cardio-
vascular disease, and metabolic conditions are independently
associated with pancreatic cancer incidence. Among known
pancreatic cancer risk factors, several medical conditions such
as diabetes and those found in our study are associated with in-
creased risk pointing to a chronic inflammatory hypothesis
(27,28). The hypothesis suggests that chronic conditions and
complications resulting from unmanaged disease can result in
chronic inflammation, and the risk of pancreatic cancer should
increase for those conditions that are related to inflammation.
Gomez-Rubio and colleagues (29) used a systems approach to
characterize high-risk patients based on multimorbidities and
found that patients who had been diagnosed with 3 or more
metabolic conditions, including diabetes, had 61% increased
odds of pancreatic cancer (95% CI = 1.11 to 2.35) compared with
no conditions. Whereas some complications were indepen-
dently associated with pancreatic cancer, we also found a posi-
tive association between the frequency of complications and a
patient’s pancreatic cancer risk.

The goal of this study was to examine the relationship be-
tween DCSI and pancreatic cancer risk and whether DCSI can be
used to identify patients at high risk and has the utility of being
implemented in clinical practice without surveying patient’s
self-reported chronic conditions. We cannot rule out reverse
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causation in our study; however, our study adds to the evidence
that diabetes and associated complications are associated with
risk of pancreatic cancer. In a sensitivity analysis, the distribu-
tion of DCSI was similar across stage at diagnosis of pancreatic
cancer (not shown); therefore, the observed positive association
is likely not the result of detection bias and suggests that the
DCSI score is not an indicator for underlying pancreatic cancer
that is not yet diagnosed. Further, we examined the DCSI in a 2-
year period and observed multiple complications; however,
more longitudinal research is needed to determine if the associ-
ations are consistent with diabetes-related complications that
occur well before cancer onset.

We found that African American and Latino participants
were more likely to be diagnosed with 5 or more diabetes com-
plications compared with other racial and ethnic groups, which
is similar to other findings (15); however, we also add to the lit-
erature that understudied Native Hawaiians have a higher prev-
alence of complications compared with whites (30). Our results
are particularly striking because minority patients are at an in-
creased risk of diabetes and are more likely to have uncon-
trolled disease with a higher prevalence of complications. This
suggests that they may be at higher risk of developing pancre-
atic cancer. The incidence of pancreatic cancer is indeed higher
for African Americans (31,32) and Native Hawaiians (33,34).
Although we did find that Latinos were more likely to have 5 or
more complications, evidence suggests that they do not have a
higher incidence of pancreatic cancer compared with other ra-
cial ethnic groups (12). More research is needed to understand
whether accounting for complications explains the higher inci-
dence of pancreatic cancer in racial and ethnic minority groups.

Our study has several strengths. Our study had a large pro-
portion of racial and ethnic minorities, and we were able to ac-
count for important confounders such obesity (3,6,7) and
smoking (3) by using linked lifestyle baseline questionnaire data
to cancer registry data and Medicare claims. Furthermore, our
study used medical claims data to identify diabetes complica-
tions, which can be used to identify high-risk patients and can
be translated into clinical practice.

However, our study is not without limitations. First, in this
study, we did not assess the pharmacological treatment of dia-
betes with metformin or insulin. Although the biological basis
for these treatments is not fully understood, a meta-analysis of
37 studies has shown that metformin is associated with 46% re-
duced risk of pancreatic cancer (35). Metformin may reduce the
risk of cancer because it can prevent worsening diabetes and re-
lated complications. In addition, long-acting insulin compared
with no insulin may be associated with an increased risk of pan-
creatic cancer although it may just be an indicator of long-
lasting and/or severe diabetes (36). The focus of our study, how-
ever, was to examine whether patients with complications are
at an increased risk of cancer compared with those without dia-
betes or those with diabetes alone. Pharmacologically unman-
aged disease likely results in greater complications from
diabetes. Patients with a higher DCSI score may be less likely to
take appropriately dosed medications than those without com-
plications (37) and would therefore bias the observed results to-
ward the null. Second, we did not account for the length or
duration of diabetes because the goal of this study was to exam-
ine complications within 24 months of diagnosis. Given the
start of Medicare coverage at aged 65 years only, we could not
systematically ascertain the time of first diabetes for all cohort
members. Finally, our study included a racially diverse group of
people from a large prospective cohort study who were enrolled
in Medicare FFS and older than aged 65 years. Because
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Medicare-eligible individuals covered by health maintenance
organization plans, such as Kaiser, may have different risk fac-
tor and disease profiles, findings in this population may have
been different, and although approximately two-thirds of pan-
creatic cancer cases are older than 65 years and the average age
at the time of diagnosis is 70years (1), our study results should
not be generalized to people outside of this group.

In conclusion, our results in the MEC suggest that diabetes-
related complications are associated with an elevated risk of
pancreatic cancer compared with patients without complica-
tions. The results suggest the utility of the DCSI to assess risk of
pancreatic cancer when medical claims are readily available,
particularly for health plan administrators, provider practices,
and researchers. Furthermore, more long-term longitudinal re-
search is needed to rule out whether diabetes-related complica-
tions are capturing underlying pancreatic cancer and to
examine whether the DCSI score can be used as a way to iden-
tify and potentially screen high-risk patients.
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