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IMPORTANCE Diabetes is an established risk factor for developing cancer. A limited body of
evidence also suggests that cancer can increase the risk of developing new cases of diabetes,
but the evidence is inconclusive.
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OBJECTIVE To evaluate whether the development of cancer is associated with increasing risk
of subsequent diabetes.
DESIGN, SETTING, AND PARTICIPANTS This cohort study included a nationally representative
sample of the Korean general population observed for up to 10 years (January 1, 2003, to
December 31, 2013). A total of 524 089 men and women 20 to 70 years of age without
diabetes and with no history of cancer at baseline were included.
EXPOSURES Incident cancer (time-varying exposure).
MAIN OUTCOMES AND MEASURES Incident type 2 diabetes using insurance claim codes.
RESULTS During 3 492 935.6 person-years of follow-up (median follow-up, 7.0 years) in
494 189 individuals (50.0% female; mean [SD] age, 41.8 [12.5] years), 15 130 participants
developed cancer and 26 610 participants developed diabetes. After adjustment for age, sex,
precancer diabetes risk factors, metabolic factors, and comorbidities, the hazard ratio (HR)
for diabetes associated with cancer development was 1.35 (95% CI, 1.26-1.45; P < .001). The
excess risk for diabetes was highest in the first 2 years after cancer diagnosis, but it remained
elevated throughout follow-up. By cancer type, development of pancreatic (HR, 5.15; 95% CI,
3.32-7.99), kidney (HR, 2.06; 95% CI, 1.34-3.16), liver (HR, 1.95; 95% CI, 1.50-2.54),
gallbladder (HR, 1.79; 95% CI, 1.08-2.98), lung (HR, 1.74; 95% CI, 1.34-2.24), blood (HR, 1.61;
95% CI, 1.07-2.43), breast (HR, 1.60; 95% CI, 1.27-2.01), stomach (HR, 1.35; 95% CI, 1.16-1.58),
and thyroid cancer (HR, 1.33; 95% CI, 1.12-1.59) was associated with a significantly increased
risk of diabetes.
CONCLUSIONS AND RELEVANCE In this large Korean cohort, cancer development increased
the risk of subsequent diabetes. These data provide evidence that cancer is associated with
an increased risk of diabetes in cancer survivors independent of traditional diabetes risk
factors. Physicians should remember that patients with cancer develop other clinical
problems, such as diabetes, with higher frequency than individuals without cancer, and
should consider routine diabetes screening in these patients.

Author Affiliations: Author
affiliations are listed at the end of this
article.

JAMA Oncol. 2018;4(8):1099-1105. doi:10.1001/jamaoncol.2018.1684
Published online June 7, 2018.

Corresponding Author: Juhee Cho,
PhD, Department of Clinical Research
Design and Evaluation, SAIHST,
Sungkyunkwan University,
81 Irwonro, Gangnam, Seoul 06351,
South Korea (jcho@skku.edu).

(Reprinted) 1099

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 02/04/2021

Research Original Investigation

Incidence of Diabetes After Cancer Development

C

ancer is a global burden for clinical and public health
systems, with 14 million newly diagnosed cases in
2012.1 Early detection and improved treatment have
increased survival in many types of cancer,2,3 making longterm quality of life a consideration in patient management.
Chronic comorbidities, including diabetes, are key determinants of quality of life in cancer.4 Diabetes, a major risk factor
of cardiovascular disease,5 is the main cause of noncancer
mortality among cancer survivors6 and is associated with
increased mortality in patients with cancer.7-9
While multiple studies have established that diabetes is a
risk factor for the development of several types of cancer10-13
and a prognostic factor for cancer-related mortality,14 a limited body of evidence suggests that cancer can increase the risk
of developing new cases of diabetes, especially after pancreatic, colorectal, and breast cancer.15-17 Current studies, however, are limited by small sample sizes or by restriction to specific cancer types. Furthermore, obesity, physical inactivity,
and smoking are common causes of diabetes and cancer, but
few studies have information on diabetes risk factors prior to
the development of cancer and are unable to separate the
specific contribution of cancer or cancer-related therapies to
the development of diabetes.15,18
We thus studied a large cohort of 524 089 men and women
20 to 70 years of age without diabetes and with no history of
cancer at baseline. We followed study participants for up to
10 years and determined whether the risk of developing
diabetes increased after the development of cancer, adjusting for precancer diabetes risk factors.

Methods
Study Population and Design
The National Health Insurance Service–National Sample Cohort
(NHIS-NSC) is a population-based retrospective cohort based on
a 2.2% representative sample of Korean citizens, covering all regions in Korea.19 Korea has a single-payer national health system,
and the NHIS maintains national records of all covered inpatient
and outpatient visits, procedures, and prescriptions. Sampling
consisted of a systematic stratified random sample with proportional allocation within each stratum. The sampling procedures
and representativeness of the cohort are described in elsewhere.19
We used person-level longitudinal NHIS-NSC registration and
claims data between January 1, 2002, and December 31, 2013.19
In Korea, the NHIS provides, free of charge, annual or biennial health screening examinations that include assessment of
cardiovascular and diabetes risk factors to all insured individuals. Approximately 72% of eligible beneficiaries receive the
screening examinations.20 Our study population thus included
all men and women 20 to 70 years of age in the NHIS-NSC cohort
who underwent at least 1 health screening examination between
January 1, 2003, and December 31, 2013 (N = 524 089).
Participants were included in the study on the date of their
first health screening examination (baseline examination).
We then excluded participants who had claims for cancer
(n = 4266) or diabetes (n = 8987) between January 1, 2002, and
the baseline screening examination, as well as participants with
1100

Key Points
Question Does cancer increase the risk of diabetes?
Findings In a Korean general population cohort of 524 089 men
and women observed for up to 10 years, participants who
developed cancer had a clear increase in the subsequent risk of
diabetes, even after taking into account precancer risk factors.
Meaning Physicians should remember that patients with cancer
develop other clinical problems, such as diabetes, with higher
frequency than individuals without cancer, and should consider
routine diabetes screening in these patients.

fasting serum glucose level of 126 mg/dL or greater (n = 15 609;
to convert to millimoles per liter, multiply by 0.0555) or a selfreported history of diabetes (n = 1281) at the baseline screening examination. The final sample size was 494 189 (247 008
men and 247 181 women) (eFigure 1 in the Supplement). The
Institutional Review Board of the National Cancer Center approved this study and waived the requirement for informed
consent because we used only deidentified data.

Data Collection
The NHIS-NSC cohort comprises 4 databases on insurance
eligibility, medical treatments, medical care institutions, and
general health examinations. The insurance eligibility database contains information on age, sex, residential area, type
of health insurance, income level, and disability. The medical
treatment database contains information from treatment bills,
including details of diseases and prescriptions. The general
health examination database includes results from the health
screening examinations conducted by the NHIS.19
Baseline information was collected at health screening examinations. Smoking habits, history of diabetes, and medication use were collected by self-administered questionnaires.
Height, weight, and blood pressure were measured, and body
mass index was calculated as weight in kilograms divided by
height in meters squared. Glucose and total cholesterol levels
were measured in fasting samples.
The NHIS claims for inpatient and outpatient visits, procedures, and prescriptions were coded using the International Statistical Classification of Diseases and Related Health
Problems, Tenth Revision (ICD-10), which was adopted in
Korea in 1995, and the Korean Drug and Anatomical Therapeutic Chemical Codes.21,22 The NHIS routinely audits the
claims, and the data are considered reliable and have been
used in numerous peer-reviewed publications.19,23 Type 2 diabetes was defined as the presence of identical E11-E14 codes
(ICD-10) at least 2 times, or a diabetes drug code (including
biguanides, sulfonylurea, meglitinides, thiazolidinediones,
dipeptidyl peptidase-4 inhibitors, α-glucosidase inhibitors,
sodium-glucose co-transporter 2 inhibitors, insulin, or glucagon-like peptide 1 agonists) plus an E11-E14 code.
Cancer was defined as the presence of the same C code more
than 3 times within a year or an inpatient hospitalization with
a C code. C codes are carefully reviewed by the NHIS because they
have implications for additional benefits for patients. In Korea,
once a person receives a cancer diagnosis, he or she is registered
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Table. Hazard Ratios (HRs) for Incident Diabetes Associated With Cancer Development in a Cohort of 494 189 Patients
Diabetes
Incidence
Rate, per
Model 1a
1000
Person-Years HR (95% CI)

Model 2b

Person-Years

Cases,
No.

3 445 098.6

25 776

7.5

47 837.0

834

17.4

3 445 098.6

25 776

7.5

1 [Reference]

1 [Reference]

30 487.5

560

18.4

1.47 (1.35-1.60)

1.48 (1.36-1.61)

≥3 to <5

9994.8

152

15.2

1.15 (0.98-1.35)

≥5

7354.6

122

16.6

1.23 (1.02-1.47)

Parameter

P Value

HR (95% CI)

<.001

1.38 (1.28-1.48)

Model 3c
P Value

HR (95% CI)

P Value

Cancer
None
Incident
cancer

1 [Reference]

1 [Reference]

1.36 (1.27-1.46)

1 [Reference]
<.001

1.35 (1.26-1.45)

<.001

Time after
cancer
diagnosis, y
0
<3

a

Model 1: adjusted for age (20-29, 30-39, 40-49, 50-59, and 60-69 y) and sex.

b

Model 2: further adjusted for body mass index (continuous), smoking (never,
former, current, and missing), and frequency of alcohol intake (<1 time per
month, 1-2 times per week, 3-4 per week, almost every day, and missing).

to the National Cancer Registry with a specific code (called C code)
that indicates to the system that the person has received a diagnosis of cancer and that provides special insurance benefits. Once
a person has a C code, it is carried forward in medical records and
claims created for that patient. Therefore, cancer diagnoses based
on claims are considered reliable and a 1-year look-back window
to exclude patients with a prior diagnosis of cancer (C code) effectively excludes patients with a prior diagnosis at any time (had
history of cancer), and not only patients who received a diagnosis of cancer in the prior year.
Comorbidities during the year prior to the screening examination were defined using ICD-10 codes21 and were summarized using the Charlson index.24,25 In addition, baseline hypertension was defined as the presence of at least 1 I10-I13 or
I15 code during the year prior to the screening examination or
a systolic blood pressure greater than 140 mm Hg or diastolic
blood pressure greater than 90 mm Hg at the baseline screening examination; and baseline hyperlipidemia was defined as
the presence of at least 1 E78 code or a total cholesterol level
greater than 240 mg/dL (to convert to millimoles per liter, multiply by 0.0259) at the baseline screening examination.

<.001

1.16 (0.99-1.36)
1.25 (1.05-1.47)

c

1 [Reference]
1.47 (1.35-1.60)
<.001

1.14 (0.97-1.33)

<.001

1.19 (1.00-1.43)

Model 3: further adjusted for hypertension (yes or no), hyperlipidemia (yes or
no), Charlson comorbidity index (0, 1, 2, ⱖ3), systolic blood pressure
(continuous), fasting glucose (continuous), and total cholesterol (continuous).

We calculated hazard ratios (HRs) with 95% confidence intervals for developing diabetes using a proportional hazards
regression model. We used 3 models with increasing degrees
of adjustment to account for potential confounding factors at
baseline. Model 1 was adjusted for age (20-29, 30-39, 40-49,
50-59, and 60-69 years) and sex. Model 2 was further adjusted for body mass index (continuous), smoking (never, former, current, and missing), and frequency of alcohol intake
(<1 time per month, 1-2 times per week, 3-4 times per week,
almost every day, and missing). Model 3 was further adjusted
for hypertension (yes or no), hyperlipidemia (yes or no), Charlson comorbidity index (0, 1, 2, ≥3), systolic blood pressure (continuous), fasting glucose (continuous), and total cholesterol
(continuous). To account for competing risks due to mortality, we fitted a proportional subdistribution hazards regression model26 with death as the competing event, with similar
findings. We examined the proportional hazards assumption
using plots of the log(−log) survival function and Schoenfeld
residuals. All analyses were performed using STATA, version
14 (StataCorp LP). All P values reported are 2 sided. A P < .05
was considered statistically significant.

Statistical Analysis
The study end point was the development of diabetes. Participants were included in the study at the baseline screening examination and were observed until the development of diabetes, death, or the end of the study period (December 31, 2013).
The study exposure was cancer development, considered as a
time-varying variable (participants who developed cancer contributed unexposed person-time prior to the development of
cancer). Cancer cases that occurred after development of diabetes were not included in the study because follow-up ended
when a participant developed diabetes. In addition, to reduce
the potential impact of surveillance bias, we excluded from the
analysis cases of diabetes that occurred in the first 31 days after cancer diagnosis (n = 72) by censoring observation time for
these individuals at the time of cancer development.
jamaoncology.com

Results
During 3 492 935.6 person-years of follow-up (median follow-up,
7.0 years [interquartile range, 4.0-10.0 years]), 15 130 participants
developed cancer (eTable 1 in the Supplement). Compared with
participants who did not develop cancer, those who did were
older, more likely to be female, to drink alcohol every day, to have
a higher body mass index, and to have more comorbidities.
The number of incident cases of diabetes observed during follow-up was 26 610. Of these, 834 cases occurred after
the development of cancer (incidence rate, 17.4 per 1000 person-years), and 25 776 cases occurred prior to the development of cancer or in participants who did not develop cancer
(incidence rate, 7.5 per 1000 person-years) (Table and Figure 1).
(Reprinted) JAMA Oncology August 2018 Volume 4, Number 8
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Figure 1. Cumulative Incidence of Diabetes by Cancer Status

Figure 2. Hazard Ratios for Incident Diabetes Associated
With Cancer Development by Time Since Cancer Diagnosis
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Cumulative incidence was calculated using Kaplan-Meier curves. Participants
who developed cancer contributed person-time to the exposed group from the
time of cancer development. Unexposed person-time was contributed by
participants who did not develop cancer and by participants who developed
cancer prior to diabetes development. To reduce the potential impact of
surveillance bias, we excluded from the analysis cases of diabetes that occurred
in the first 31 days after cancer diagnosis (n = 72).

The age- and sex-adjusted HR for diabetes associated with the
development of cancer was 1.36 (95% CI, 1.27-1.46). The association did not materially change after adjustment for precancer diabetes risk factors, comorbidities, or metabolic factors (fully adjusted HR, 1.35; 95% CI, 1.26-1.45), and it persisted
after taking into account competing risks due to mortality
(eTable 2 in the Supplement).
The excess risk for diabetes after cancer development was
higher in the first 2 years after cancer diagnosis, although it persisted throughout the duration of follow-up (Table and Figure 2).
The fully adjusted HRs for diabetes in years 1 to 2, 3 to 5, or 6
to 10 after a cancer diagnosis were 1.47 (95% CI, 1.35-1.60), 1.14
(95% CI, 0.97-1.33), and 1.19 (95% CI, 1.00-1.43), respectively.
When diabetes risk was evaluated by type of cancer
(Figure 3), the association was particularly strong for pancreatic (fully adjusted HR, 5.15; 95% CI, 3.32-7.99), kidney (HR,
2.06; 95% CI, 1.34-3.16), and liver cancer (HR, 1.95; 95% CI, 1.502.54). Development of gallbladder, lung, blood, breast, stomach, and thyroid cancers was also associated with a significantly increased risk of diabetes. Development of testicular
and brain cancer was associated with increased risk of diabetes, but the number of cases was small and these associations
were not statistically significant. Development of uterine, ovarian, colorectal, head and neck, esophageal, or prostate cancers was not associated with increased risk of diabetes.
In participants who developed cancer, there was no clear association between the HR for diabetes and the annual number
of inpatient or outpatient visits (eFigure 2 in the Supplement).
In sensitivity analyses, we repeated the analysis after censoring
participants if they developed thyroid cancer or gastric cancer,
2 types of cancer with very high incidence in Korea. The results
were essentially unchanged (eTable 3 in the Supplement). Finally,
plots of the log(−log) survival function and Schoenfeld residuals did not show major departures from the proportional hazards
assumption (eFigure 3 in the Supplement).
1102

Adjusted for age (20-29, 30-39, 40-49, 50-59, and 60-69 years) and sex.
Model 2 was further adjusted for body mass index (continuous), smoking
(never, former, current, and missing), and frequency of alcohol intake (<1 time
per month, 1-2 times per week, 3-4 per week, almost every day, and missing).
Model 3 was further adjusted for hypertension (yes or no), hyperlipidemia
(yes or no), Charlson comorbidity index (0, 1, 2, ⱖ3), systolic blood pressure
(continuous), fasting glucose (continuous), and total cholesterol (continuous).
Error bars indicate 95% confidence intervals.

Discussion
In this large national cohort, cancer development increased the
risk of subsequent development of diabetes. The increased risk
of diabetes was evident shortly after cancer development, was
strongest in the first 2 years after cancer diagnosis, and remained
elevated throughout the rest of follow-up. The risk of diabetes
varied by type of cancer: development of pancreatic, kidney, liver,
gallbladder, lung, blood, breast, stomach, and thyroid cancers
was associated with a significantly increased risk of diabetes.
The increased risk of diabetes after cancer may be related
to cancer-management interventions. Corticosteroids are
widely used for a variety of purposes in patients with cancer,
including the prevention of chemotherapy-induced emesis and
hypersensitivity,27 the management of brain metastasis and
metastatic spinal cord compression,27 the control of hematologic cancers,28 and the reduction of cancer-related fatigue,
and improvement of quality of life.29 Corticosteroid use is associated with hyperglycemia and with diabetes development, a process mediated primarily by reduced insulin
sensitivity.30 Several small studies have also reported that corticosteroid-containing treatment regimens induced hyperglycemia or diabetes in patients with several types of cancer.31-33
Treatment with chemotherapy agents may also cause hyperglycemia and increase diabetes risk.34-37 L-asparaginase, which
directly inhibits insulin release, is an established cause of
hyperglycemia.38 Total body irradiation39 and immunosuppressive agents, such as calcineurin inhibitors, may also increase the
risk of diabetes.40 Tamoxifen, an anti-estrogen, was also associated with an increased risk of diabetes in breast cancer.41 Furthermore, the combined use of chemotherapy agents and corticosteroids may have a synergistic effect on diabetes risk. Indeed,

JAMA Oncology August 2018 Volume 4, Number 8 (Reprinted)

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 02/04/2021

jamaoncology.com

Incidence of Diabetes After Cancer Development

Original Investigation Research

Figure 3. Hazard Ratios (HRs) for Incident Diabetes Associated With Cancer Development by Type of Cancer

Type of Cancer
Pancreas

No. of Cases

HR (95% CI)

223

5.15 (3.32-7.99)

Testis

21

3.36 (0.47-23.83)

Kidney

233

2.06 (1.34-3.16)

Liver

944

1.95 (1.50-2.54)

Gallbladder

225

1.79 (1.08-2.98)

1065

1.74 (1.34-2.24)

Lung
Hematologic
Bladder
Breast
Brain and central nervous system

452

1.61 (1.07-2.43)

83

1.61 (1.08-2.40)

1434

1.60 (1.27-2.01)

173

1.43 (0.71-2.86)

Stomach

2382

1.35 (1.16-1.58)

Thyroid

3404

1.33 (1.12-1.59)

Other and unspecified

767

1.18 (0.87-1.62)

Uterus

468

1.17 (0.77-1.76)

187

1.07 (0.48-2.38)

Ovary
Colon and rectum

1756

1.04 (0.86-1.27)

Lip, oral, and pharynx

449

1.04 (0.76-1.41)

Esophagus

143

0.83 (0.34-1.99)

Prostate

470

0.81 (0.55-1.20)

Larynx

83

0.70 (0.26-1.87)

Overall

15 130

1.35 (1.26-1.45)

Favors
No Incident
Diabetes

0.5

Favors
Incident
Diabetes

1.0

10

HR (95% CI)

the increased risk of diabetes in postmenopausal women with
breast cancer observed in a previous study was highest early during follow-up in patients receiving corticosteroid-containing
chemotherapy.15 The metabolic consequences of many chemotherapy agents, however, have not been fully characterized, and
further research is needed to elucidate the impact of chemotherapy on diabetes risk.36 In our study, the increased risk of diabetes seemed to be highest in the period immediately after cancer development, further suggesting a role for toxicity of cancer
treatments in diabetes development.
Diabetes risk may also be increased by direct cancer effects.
Many patients with advanced cancer experience substantial
weight loss, muscle wasting, and loss of appetite, a syndrome described as cancer cachexia.42 Cancer cachexia is often associated
with increased insulin resistance, impaired glucose tolerance, and
diabetes.43 Various cytokines and cachectic factors, such as tumor necrosis factor and interleukin 6, are associated with skeletal muscle wasting and development of insulin resistance.44,45
Patients with cancer are more likely to experience acute illnesses,
hospitalizations, and stressful events such as surgery, infection,
or bleeding. These events may result in stress-hyperglycemia,46
induced by a complex interplay of regulatory hormones, cytokines, and insulin resistance.46 Hyperglycemia during acute illness is a risk factor for subsequent development of diabetes,47 and
its cumulative effects may be substantial in patients with cancer.
In our study, diabetes risk varied by cancer type. Pancreatic
cancer was associated with the highest risk of diabetes. In addition to direct destruction of pancreatic tissue by the cancer, surgery and radiation therapy can result in loss of pancreatic islet cell
mass, inducing hyperglycemia and diabetes.48-50 Patients with
liver and kidney cancer also had a high risk of subsequent diabejamaoncology.com

Adjusted for age (20-29, 30-39,
40-49, 50-59, and 60-69 years) and
sex. Model 2 was further adjusted for
body mass index (continuous),
smoking (never, former, current, and
missing), and frequency of alcohol
intake (<1 time per month, 1-2 times
per week, 3-4 per week, almost every
day, and missing). Model 3 was
further adjusted for hypertension
(yes or no), hyperlipidemia (yes or
no), Charlson comorbidity index
(0, 1, 2, ⱖ3), systolic blood pressure
(continuous), fasting glucose
(continuous), and total cholesterol
(continuous). Error bars indicate 95%
confidence intervals.

tes. Liver cancer commonly originates in patients with chronic
liver disease and cirrhosis, 2 conditions frequently associated with
diabetes.51 Several mechanisms have been suggested for glucose
intolerance in cirrhosis, including decreased hepatic insulin clearance, increased advanced glycation end products, and hypoxia.52
For kidney cancer, the mechanism underlying an increased risk
of diabetes is unclear, although nephrectomy, the primary treatment strategy in kidney cancer, is a risk factor for chronic kidney
disease, which has been linked to insulin resistance.53,54 Further
research is needed to elucidate the precise mechanisms that lead
to diabetes in different types of cancer.
An increased risk of diabetes in patients with cancer could also
be mediated by common risk factors for cancer and diabetes, such
as obesity, physical inactivity, unbalanced diet, smoking, and excess alcohol consumption.18 Hyperinsulinemia, hyperglycemia,
or chronic inflammation are possible mediating mechanisms,18
particularly in obesity-related cancers, such as colorectal, endometrial, breast, and kidney cancer.55 A strength of our analysis
was that we could adjust for precancer risk factors for diabetes.
In addition, the increased risk in diabetes did not affect all obesityrelated cancers because colorectal and endometrial cancer were
not associated with an increased risk of subsequent diabetes. Our
data thus provide strong evidence that some types of cancer are
associated with an increased risk of diabetes in cancer survivors
independent of traditional risk factors for diabetes.

Limitations
Several limitations need to be considered in the interpretation of our findings. We did not have information on cancer
stage, and we had only limited information on cancer treatments and disease management based on claims. As a conse(Reprinted) JAMA Oncology August 2018 Volume 4, Number 8
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quence, we could not establish the precise mechanisms responsible for increased diabetes risk in each type of cancer.
Also, patients who develop cancer have more frequent contacts with the health care system, which may induce surveillance bias. However, we excluded all participants with diabetes after a baseline screening, as well as diabetes cases that
were identified very early after cancer development. Furthermore, the lack of a clear association between the average number of inpatient or outpatient visits for each type of cancer and
its HR for diabetes and the fact that several types of cancer did
not show an increased risk of diabetes argue against a major
role of surveillance bias in the findings.
In addition, data on clinical outcomes were based on claims
data. Use of claims data may have caused the risk of developing diabetes to be underestimated in our study. With respect
to cancer, identification of cancer cases based on claims is considered reliable in Korea because cancer codes are reviewed
by NHIS and have implications for additional benefits for patients. While these data are subject to errors, claims data for
the clinical outcomes evaluated are highly specific and have
been widely used in population studies.
Finally, the overall association of cancer with diabetes will
depend on the mix of cancer types, which may be different in
different populations. Compared with Western countries,
Korea has a higher frequency of thyroid and gastric cancer, and
a lower frequency of prostate cancer.1 Although the overall association persisted after excluding thyroid and gastric cancers from the analyses, our findings may not be generalizable
to other settings with different incidence rates for different
types of cancer.
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Clinical studies in cancer traditionally focus on cancer progression, cancer-related mortality, and treatment-related complications but often neglect long-term consequences of cancer and its treatment. Increased survival due to advances in
cancer diagnosis and treatment,56 however, is driving the emphasis toward chronic diseases and long-term outcomes.
Diabetes is a common complication in patients with cancer
that increases their mortality and their risk of cardiovascular
disease.7 Furthermore, because disease-specific and treatmentrelated factors may contribute to diabetes development in patients with cancer, it is possible that the clinical course and response to therapy in diabetes in patients with cancer may be
different than in patients with type 2 diabetes who do not have
cancer. Further research is needed to establish the specific
causes, natural history, and optimal management strategy for
diabetes that occurs in patients with cancer.

Conclusions
Cancer development was associated with an increased risk of
diabetes. This increase was evident after development of pancreatic, kidney, liver, gallbladder, lung, blood, breast, stomach, and thyroid cancers. The increased hazard of diabetes was
greatest in the 2 years following the development of cancer but
remained elevated over almost a decade of follow-up. Physicians should remember that patients with cancer develop other
clinical problems, such as diabetes, with higher frequency than
individuals without cancer, and should consider routine diabetes screening in these patients.
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