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Effect of glycemic control on the risk
of pancreatic cancer

A nationwide cohort study

Kian-Ching Er (MD)?®, Chen-Yang Hsu (MD, PhD)®, Yi-Kung Lee (MD, MPH)*°, Ming-Yuan Huang (MD, MS)°,
Yung-Cheng Su (MD, MPH)?*

cancer have never been evaluated. This study investigates the relationship between glycemic control and pancreatic cancer.

Data from 1 million National Health Insurance beneficiaries were screened. The study cohort consisted of 46,973 diabetic patients
and 652,142 nondiabetic subjects. Of the patients with diabetes, 1114 who had been admitted for hyperglycemic crisis episodes
were defined as having poorly controlled diabetes. All adult beneficiaries were followed from January 1, 2005 to December 31, 2013,
to determine whether pancreatic cancer was diagnosed. The Cox regression model was applied to compare the adjusted hazards for
potential confounders.

After controlling for age, sex, urbanization level, socioeconomic status, chronic liver disease, hypertension, coronary artery
disease, hyperlipidemia, malignancies, smoking, chronic obstructive pulmonary disease, obesity, history of alcohol intoxication,
chronic renal insufficiency, biliary tract disease, chronic pancreatitis, Charlson Comorbidity Index score, and high-dimensional
propensity score, the adjusted hazard ratio of pancreatic cancer was 2.53 (95% confidence interval 1.96-3.26) in patients with
diabetes. In diabetic patients with poor glycemic control, the hazard ratio of pancreatic cancer was significantly higher (hazard ratio
3.61, 95% confidence interval 1.34-9.78).

This cohort study reveals a possible relationship between diabetes and pancreatic cancer. Moreover, poorly controlled diabetes
may be associated with a higher possibility of pancreatic cancer.

Abbreviations: ATC Classification System = Anatomical Therapeutic Chemical Classification System, AUC = area under the
curve, CCl = Charlson Comorbidity Index, Cl = confidence interval, HCE = hyperglycemic crisis episode, hdPS = high-dimensional
propensity score, HRs = hazard ratios, NHI = National Health Insurance, PS = propensity score, SES = socioeconomic status.
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1. Introduction

Pancreatic cancer is a highly lethal malignancy. Despite
improvements in therapeutics for most other cancers in recent
years, the mortality rate for pancreatic cancer remains high, with
a S-year survival rate of about 6%.!"? Because symptoms are
initially absent, diagnosis of the disease is often delayed until later
stages, making treatment more difficult.®* Early identification
of patients at risk for pancreatic cancer might promote earlier
detection of this disease. Several risk factors for pancreatic
cancer, including smoking, obesity, chronic pancreatitis, and
family history, have been evaluated.!!

Recently, increasing epidemiological evidence indicates an
association between diabetes and pancreatic malignancy.[®~!
Although the mechanism of this association is still unclear,
emerging molecular studies suggest that the tumorigenic effect of
hyperglycemia, the mitogenic effect of obesity-associated hyper-
insulinemia, and the chronic inflammation in diabetes might be
involved in the proliferation and metastasis of pancreatic
cancer.* % However, few studies have evaluated the relation-
ship between glycemic control and pancreatic cancer.

The present study used a large institutional database to
investigate the possible risk of pancreatic cancer in diabetic
patients in Taiwan. In the previous study, we noted that diabetic
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patients with poor compliance may have higher risk of acute
pancreatitis compared with the general diabetes population.m'!!
We hypothesized that diabetes is associated with an increased risk
of pancreatic cancer and that those diabetic patients with poor
glycemic control may have a higher possibility of pancreatic
cancer. High-dimensional propensity score (hdPS) analysis (a
semiautomated statistical method) was used to address possible
unmeasured confounding factors. Given the increasing incidence
of diabetes around the world, the results of this study may
address more awareness about the association among glycemic
control and pancreatic cancer.

2. Methods

2.1. Ethics statement

This study was conducted after approval from the Institutional
Review Board of Dalin Tzu Chi Hospital, Buddhist Tzu Chi
Medical Foundation, Taiwan. Since all information indicating
patient identity was removed before analysis, the review board
waived the requirement for written informed consent from the
included patients.

2.2. Database

The Taiwanese National Health Insurance (NHI) program was
introduced in 1995."%! The Longitudinal Health Insurance
Database 2005—a dataset comprising records from 1 million
individuals—was randomly chosen as a representative cohort
from a larger database including all beneficiaries of the NHI
program. Statistically significant differences were not observed
for this group as compared with the larger cohort with respect to
age, sex, or healthcare costs, according to the Taiwan National
Health Research Institute.!"?!

2.3. Study population

The representative cohort of 1 million individuals was tracked
between January 1,2003 and December 31, 2013. All individuals
over 18 years of age who were living in 2005 were initially
identified. The ambulatory care claim records of those diagnosed
with diabetes (ICD-9-CM code: 250) were then examined for
data entered during the follow-up period. To avoid misclassifi-
cation, an individual could be classified as having diabetes only if
he or she was diagnosed with diabetes and then experienced
another 1 or more diagnoses within the subsequent 12 months. In
addition, the time between the first and last visits during the
follow-up period had to be more than 30 days to avoid accidental
inclusion of patients with miscoded diagnoses."! Poorly
controlled diabetes was defined as a hospitalization with the
diagnosis of a hyperglycemic crisis episode (HCE) (ICD-9-CM
codes: diabetic ketoacidosis, 250.1, or hyperosmolar hypergly-
cemic state, 250.2).[111%161 These selection processes and
definitions were well-validated with high positive predictive
values in previous studies.[!*17!

To avoid financial burden for patients with major illnesses, the
NHI specifies 31 categories of catastrophic illness (e.g.,
malignancies, major depression, and chronic renal failure) for
which no copayment is charged, once reviewed and approved by
a committee. To maximize case accuracy, only patients registered
with pancreatic cancer for the catastrophic illness certificate
(ICD-9-CM code: 157) were enrolled.

After excluding patients with diabetes and pancreatic cancer
before January 1, 2005, 46,973 patients were included in the
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985219 people were enrolled
since January 1, 2003

Excluded

® 241354 aged less than 18 years
before 2005

® 33 diagnosed with pancreatic
cancer before 2005

® 42176 diagnosed with diabetes
before 2005

®  254] dropped out before 2005

699115 (age=18 years) were
followed from January 1, 2005
to December 31, 2013

l il

46973 people in the diabetes 652142 people in the non-diabetic
group group

1114 diagnosed as
diabetes with poor
compliance

Figure 1. Flow diagram of the population-based study.

diabetic group and 652,142 in the nondiabetic group. For each
diabetic patient, the date of his or her first diagnosis was considered
the index date. The index date for subjects in the nondiabetic group
was set as January 1,20035. Subjects in the diabetic and nondiabetic
groups were then followed through December 31, 2013 for
possible diagnosis of pancreatic cancer. Cases were censored for
patients who were no longer beneficiaries of the NHI Program
(i.e., death or transfer out) or who were still robust at the end of
the follow-up period (Fig. 1).

2.4. Prespecified covariates

To better characterize the relationship between diabetes and
pancreatic cancer, several covariates were used, including age,
sex, urbanization level, and socioeconomic status (SES). The age
of each patient was defined as the difference between the index
date and the date of birth. Income-related insurance payment
amounts were used as a proxy measure of individual SES at
follow-up.

Additionally, specific comorbid conditions reported to be
associated with pancreatic cancer (chronic liver disease,
hypertension, coronary artery disease, hyperlipidemia, malig-
nancies, smoking, chronic obstructive pulmonary disease,
obesity, history of alcohol intoxication, chronic renal insufficien-
¢y, biliary tract disease, and chronic pancreatitis)®'%-22! and the
Charlson Comorbidity Index (CCI) score were selected according
to discharge diagnoses after either outpatient clinic visits or
hospitalizations before January 1, 2005. The detailed ICD-9-CM
codes for comorbidities are described elsewhere, and the
processes used for selecting comorbidities are standard and
widely accepted.!'”-23:24]

2.5. High-dimensional propensity scores

The hdPS is a multistep, empirically-driven algorithm that is used
to adjust for confounding factors.['”?3! It automatically assesses
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code repetition, prioritizes covariates, and identifies covariates
for adjustment. In this study, candidate covariates from
predefined data dimensions including clinical procedures re-
ceived, medications administered based on the Anatomical
Therapeutic Chemical (ATC) Classification System, and ICD-
9-CM code diagnoses reported from January 1, 2003 to
December 31, 2004, were identified using the SAS macro. We
selected 1000 variables most likely to result in a bias for
adjustments. These variables were analyzed with a logistic
regression model to generate the predicted probability (propen-
sity score [PS]) of diabetes when compared with those of the
nondiabetic population. The PS was then added into analyses as a
summary variable.

2.6. Statistical analysis

Age and PS were taken as continuous variables; all other
covariates were considered as categorical variables. Categorical
and continuous variables were compared using Pearson chi-
square test and a ¢ test, respectively, to evaluate baseline
heterogeneity. The cumulative risks of pancreatic cancer were
first determined by plotting Nelson—Aalen curves. The hazard
ratios (HRs) for pancreatic cancer in patients with diabetes were
calculated using the Cox proportional-hazard regression model
after adjustment for age, sex, urbanization level, SES, chronic
liver disease, hypertension, coronary artery disease, hyperlipid-
emia, malignancies, smoking, chronic obstructive pulmonary
disease, obesity, history of alcohol intoxication, chronic renal
insufficiency, biliary tract disease, chronic pancreatitis, CCI,
and PS.
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Further analysis was performed to evaluate the association of
pancreatic cancer in diabetic patients with poor control to
determine whether the relationship between diabetes and
pancreatic cancer was dependent on glycemic control. The
same analyses were carried out on these subgroups. The SAS
statistical package version 9.4 (SAS Institute, Inc., Cary, NC)
and STATA version 11.2 (StataCorp, College Station, TX) were
used for data analysis. Two-tailed P values <0.05 were
considered significant.

3. Results

The distribution of demographic characteristics and selected
comorbidities are summarized in Table 1. There were 46,973
patients in the diabetes group and 652,142 in the nondiabetic
group. The total follow-up times were 207,861 and 5,568,462
person-years, and the average follow-up period was 4.3 and
8.5 years, respectively. Patients with diabetes were predominant-
ly male and significantly older. They were also more likely to have
lower SES, rural area residence, a higher CCI score, chronic liver
disease, hypertension, coronary artery disease, hyperlipidemia,
malignancies, chronic obstructive pulmonary disease, obesity,
history of alcohol use, chronic renal insufficiency, biliary tract
disease, chronic pancreatitis, and higher PS. The area under the
curve (AUC) of PS in the prediction of diabetes is 0.73, indicating
good accuracy (Fig. 2).

At the end of follow-up, 497 patients (82 with diabetes, 415
without) had a diagnosis of pancreatic cancer. The crude HR of
pancreatic cancer in diabetes patients compared with the general
population was 6.12 (95% confidence interval [CI] 4.79-7.82).

Baseline characteristics of the diabetes group and the non-diabetic group.

Variables, n (%) Diabetes group (n=46,973) Nondiabetic group (n=652,142 P
Mean duration (SD) 4.4 2.5 8.5 1.6 <0.001
Male 25,085 53.4 316,855 48.6 <0.001
Mean age (SD) 57.3 135 41.0 15.9 <0.001
Socioeconomic status <0.001

Low 23,740 50.6 262,863 40.3

Moderate 16,788 35.7 258,172 39.6

High 6445 13.7 131,107 20.1
Urbanization level <0.001

Urban 12,977 27.6 196,930 30.2

Suburban 21,171 451 302,358 46.4

Rural 12,825 27.3 152,854 234
Charlson Comorbidity Index <0.001

0 27,013 575 469,114 71.9

1 11,721 249 117,010 18.0

>2 8239 17.6 66,018 101
Chronic liver disease 6396 13.6 48,355 7.4 <0.001
Hypertension 15,374 32.7 70,736 10.8 <0.001
Coronary artery disease 5378 1.4 28,676 44 <0.001
Hyperlipidemia 7692 16.4 39,507 6.1 <0.001
Malignancies 1007 2.1 9273 1.4 <0.001
Smoking 22 0.1 257 0.04 0.436
Chronic obstructive pulmonary disease 7042 15.0 62,042 9.5 <0.001
Obesity 130 0.3 724 0.1 <0.001
History of alcohol intoxication 514 1.1 3807 0.6 <0.001
Chronic renal insufficiency 483 1.0 3947 0.6 <0.001
Biliary tract disease 279 0.6 2436 0.4 <0.001
Chronic pancreatitis 82 0.2 320 0.1 <0.001
Mean propensity score (SD) 0.1224 0.1147 0.0632 0.0561 <0.001

SD=standard deviation.


http://www.medicine.com

Er et al. Medicine (2016) 95:24

Area Under the Curve = 0.7301

1.00 —
0.75 —
o
>
s 050
[
w
[72]
0.25
0.00 —
= T T T T
0.00 0.25 050 0.75 1.00
1 - Specificity

Figure 2. AUC of PS in the prediction of diabetes showing good accuracy.
AUC =area under the curve, PS=propensity score.

The Nelson—Aalen plot also showed higher cumulative risk of
pancreatic cancer in the diabetes groups (Fig. 3).

A multivariate Cox regression model was then applied to
determine the adjusted HRs for pancreatic cancer after
controlling for the above-mentioned covariates. A higher HR
was still observed for diabetic patients (2.53; 95% CI 1.96-3.26).
Other independent risk factors for pancreatic cancer included
male sex, older age, lower SES, malignancy, biliary tract disease,
chronic pancreatitis, and PS. Findings with relevant statistics are
summarized in Table 2. We also managed to achieve the
comparability of the study groups by performing a matching
technique on age and sex. With a nondiabetes-to-diabetes ratio of
4, 183,672 nondiabetic patients and 45,918 diabetic patients
were selected. (Appendix Table 1, http:/links.lww.com/MD/
B38) The statistical results were similar and summarized in
Appendix Table 2, http:/links.lww.com/MD/B38.

Cumulative hazard estimates among two groups
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Figure 3. Nelson-Aalen curves showing a higher cumulative risk of pancreatic
cancer in the diabetes group.
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Adjusted hazard ratios of pancreatic cancer for patients with

diabetes.

Hazard 95% Confidence
Variables ratio interval P
Diabetes 2.53 1.96-3.26 <0.001
Male 1.55 1.29-1.86 <0.001
Patient age 1.07 1.06-1.07 <0.001
Socioeconomic status
Low 1 — —
Moderate 0.67 0.54-0.83 <0.001
High 0.76 0.54-1.07 0.118
Urbanization level
Urban 1 — —
Suburban 0.91 0.73-1.12 0.366
Rural 1.01 0.79-1.30 0.936
Charlson Comorbidity Index
0 1 — —
1 0.93 0.72-1.21 0.600
>2 0.86 0.63-1.16 0.306
Chronic liver disease 1.09 0.81-1.48 0.559
Hypertension 0.86 0.68-1.10 0.236
Coronary artery disease 0.87 0.66-1.15 0.335
Hyperlipidemia 0.96 0.73-1.26 0.761
Malignancies 2.27 1.51-3.40 <0.001
Smoking 0 — 0.964
Chronic obstructive pulmonary disease 1.01 0.77-1.32 0.932
Obesity 2.01 0.28-14.42 0.486
History of alcohol intoxication 1.46 0.59-3.61 0.411
Chronic renal insufficiency 1.75 0.94-3.25 0.076
Biliary tract disease 2.34 1.15-4.75 0.019
Chronic pancreatitis 5.84 1.84-18.51 0.003
Propensity score 4.68 1.67-13.14 0.003

For the 1114 patients further defined as poorly controlled
diabetes, the distribution of demographic characteristics and
selected comorbidities is shown in Table 3. The total follow-up
time were 5532 person-years, and the average follow-up period
was 5.0 years. In this subgroup, 4 patients were diagnosed with
pancreatic cancer. A multivariate Cox regression model including
the same covariates was applied to the restricted subpopulation
of poorly controlled diabetes mellitus to assess the effect of
hyperglycemic status on incident pancreatic cancer. The adjusted
HR for poorly controlled diabetes group compared with
nondiabetes group was estimated as 3.61 (95% CI 1.34-9.78)
(Table 4). The trend test for the hyperglycemic states of diabetes
mellitus and poorly controlled diabetes mellitus adjusting for
relevant factors showed a significant result (P <0.001).

4. Discussion

We observed that the risk of pancreatic cancer is significantly
higher in patients with diabetes (HR 2.53) than in nondiabetic
subjects, and these results are compatible with previous
studies.!®!??12¢] We also found that diabetic patients with a
history of HCE had a higher HR (3.61) than did those without
HCE, suggesting a possible “severity—response” effect between
diabetes and the risk of pancreatic cancer that has not been
previously recognized. To our knowledge, this is the first study to
address the effect of glycemic control on the relationship between
diabetes and pancreatic cancer. The database used in this study is
representative of the whole population in Taiwan; as a result,
losses to follow-up or selection bias are not concerns.
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Baseline characteristics of the diabetic patients with poor control.

DM group Unexposed

Variables, n (%) (n=1114) group (n=652,142) P
Mean duration (SD) 4.9 2.7 8.5 1.6 <0.001
Male 698 62.7 316855 43.6 <0.001
Mean age (SD) 57.3 18.5 41.0 19.5 <0.001
Socioeconomic status <0.001
Low 700 62.8 262,863 40.3

Moderate 345 31.0 258,172 39.6

High 69 6.2 131,107 20.1

Urbanization level <0.001
Urban 248 223 196,930 30.2

Suburban 488 43.8 302,358 46.4

Rural 378 339 152,854 234

Charlson Comorbidity Index <0.001
0 587 52.7 469,114 719

1 266 239 117,010 18.0

>2 261 234 66,018 10.1

Chronic liver disease 128 11.5 48,355 7.4 <0.001
Hypertension 358 321 70,736 109 <0.001
Coronary artery disease 122 10.9 28,676 4.4 <0.001
Hyperlipidemia 110 9.9 39,507 6.1 <0.001
Malignancies 37 3.3 9273 1.4 <0.001
Smoking 2 0.2 257 0.04 0.019
Chronic obstructive 184 16.5 62,042 9.5 <0.001

pulmonary disease

Obesity 1 0.1 724 0.1 0.831
History of alcohol intoxication 31 2.8 3807 0.6 <0.001
Chronic renal insufficiency 21 1.9 3947 0.6 <0.001
Biliary tract disease 1 0.1 2436 0.4 0.121
Chronic pancreatitis 6 0.5 320 0.1 <0.001
Mean Propensity score (SD)  0.1136 0.1243  0.0632 0.0561  <0.001
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Adjusted hazard ratios of pancreatic cancer for diabetic patients
with poor control.

Hazard 95% Confidence
Variables ratio interval P
Diabetes 3.61 1.34-9.78 0.011
Male 1.50 1.23-1.82 <0.001
Patient age 1.07 1.06-1.08 <0.001
Socioeconomic status
Low 1 — —
Moderate 0.61 0.48-0.78 <0.001
High 0.74 0.52-1.07 0.107
Urbanization level
Urban 1 — —
Suburban 0.91 0.72-1.15 0.405
Rural 0.98 0.74-1.28 0.867
Charlson Comorbidity Index
0 1 — —
1 0.95 0.72-1.26 0.728
>2 0.88 0.63-1.23 0.457
Chronic liver disease 1.38 1.01-1.89 0.044
Hypertension 0.86 0.65-1.13 0.276
Coronary artery disease 0.68 0.49-0.95 0.025
Hyperlipidemia 0.89 0.65-1.21 0.464
Malignancies 2.34 1.52-3.61 <0.001
Smoking 0.00 — 0.967
Chronic obstructive pulmonary disease 0.89 0.66-1.20 0.441
Obesity 2.45 0.34-17.57 0.373
History of alcohol intoxication 0.99 0.31-3.13 0.980
Chronic renal insufficiency 1.98 1.03-3.79 0.040
Biliary tract disease 1.71 0.70-4.18 0.237
Chronic pancreatitis 5.21 1.28-21.26 0.021
Propensity score 11.04 3.10-39.35 <0.001

DM =diabetes mellitus, SD =standard deviation.

The mechanism whereby diabetes increases the risk of
pancreatic cancer remains unknown, but several hypotheses
have been presented. Hyperglycemia is associated with increased
reactive oxygen species production and oxidative stress, which
may be involved in the pathogenesis and invasiveness of
pancreatic cancer.®%*”! Insulin resistance-related hyperinsuli-
nemia might increase cancer progression by increasing cell
proliferation, decreasing apoptosis, and enhancing cell respon-
siveness to other growth factors such as insulin-like growth
factor."?*%2°! Diabetes might alter the regulation of hormones
such as adiponectin and leptin, which in turn leads to cancer
growth via multiple signaling pathways.['”*°! Although further
studies are required to investigate the biological mechanism of
pancreatic cancer development in diabetic patients, a reasonable
and intuitive strategy to further decrease this risk is to achieve
better glycemic control.

One strength of our study is that we extensively adjusted for
possible unmeasured confounding factors by applying hdPS
analysis. In our study, as many as 1000 covariates were generated
for analysis. Using an institutional database, possible risk factors
for pancreatic cancer (such as family history, unreported
smoking, or alcohol consumption status) cannot be assessed.
However, a group of covariates might indirectly represent the
overall status of patients and further constitute a good overall
proxy for unmeasured confounding factors.*!! The use of a large
number of proxy covariates for PS estimation may improve the
control of confounding.**!

4.1. Limitations

Our study has several limitations. First, our findings were derived
from institutional data. The exposures and outcomes were
recorded using ICD-9-CM diagnosis codes, and laboratory data
such as glucose levels and HbAlc were not available in this
database. As an alternative, we defined diabetic patients with
poor control as those who had experienced at least 1 episode of
HCE, since uncontrolled diabetes is the most common
precipitating factor of HCE.!"*! Although HCE is an extremely
severe state that may not be identical to “poor control,” if the
definition failed to differentiate these patients from average
diabetic patients, a higher HR would not have been observed.

Second, because of the limitation of the institutional database,
we believe the ICD-9-CM diagnostic codes did not perfectly
differentiate type I diabetes from type II. As a result, we decided
not to perform subgroup analysis of the association between
different types of diabetes or HCE and pancreatic cancer.
Individualized studies are better options to solve the study
question.

Third, we intended to elucidate the association between the
glycemic exposure and further development of pancreatic cancer
by applying the analysis restricted to subjects with poorly
controlled diabetes. However, the restriction results in decreased
sample size of event (pancreatic cancer). The observed subjects
with incident case of pancreatic cancer among the 3 study groups
of nondiabetes, diabetes, and poorly controlled diabetes were
415, 78, and 4, respectively, leading to a wide CL
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Fourth, medications are considered as a possible factor which
may alter the incidence of pancreatic cancer in diabetic patients.
For example, studies have shown a survival benefit in diabetic
patients with pancreatic cancer that have been treated with
metformin compared with patients treated with insulin or
sulfonylureas.?>33! However, there is limitation on applying
registry data to elucidate the association between medication
history and the occurrence of pancreatic cancer. Further study
should be conducted to specifically deal with this interesting topic.

Fifth, although the relationships between diabetes and pancre-
atic cancer are obvious in our results, based on the nature of cohort
study, we could not confirm that diabetes is either a true risk factor
of pancreatic cancer or merely an association. Further studies
focused on the biologic mechanisms should be conducted. Finally,
bidirectional relationships between diabetes and pancreatic cancer
have been reported,** and we acknowledge that reverse causation
(i.e., undiagnosed pancreatic cancer resulted in diabetes) is a
possibility. However, reverse causation could not fully explain the
“severity—response” effect observed in this study. Finally, although
we extensively adjusted for possible comorbidities, unmeasured
cofounding is still an issue. Based on the nature of our dataset, we
could not adjust for some important risk factors such as body mass
index, diet, and family history. However, the HRs are significant
enough that residual confounding may not fully explain the results.
Furthermore, the “severity—response™ effect found in the associa-
tion between diabetes and pancreatic cancer cannot be explained
by confounding.

5. Conclusions

This study reveals a possible relationship between diabetes and
pancreatic cancer. Moreover, poorly controlled diabetes may be
associated with a much higher possibility of pancreatic cancer.
This finding highlights the importance and benefits of glycemic
control in diabetic patients.
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