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Background/Aims: We aimed to evaluate site-specific cancer risk in diabetic
patients and to investigate causal and temporal relationships by analyzing or-
gan-specific cancer risk according to the duration of diabetes.

Methods: Using a database provided by the Korean National Health Insurance
Service, we conducted a retrospective, population-based cohort study of adults
aged = 30 years from January 2005 to December 2013. To verify the possibility of
detection bias or reverse causation, we compared hazard ratios (HRs) for each can-
cer according to the following duration of diabetes: less than 6 months, 6 months
to 3 years, and more than 3 years.

Results: The incidence of overall cancer per 1,000 person-years was higher in
patients with diabetes than in those without diabetes (20.36 vs. 10.83). The overall
cancer risk according to the duration of diabetes was the highest within the first
6 months after diagnosis (HR, 2.03; 95% confidence interval [CI], 1.99 to 2.07), and
the HR decreased with the duration of diabetes, ranging from 1.19 (95% CI, 1.18 to
1.21) between 6 months and 3 years to 1.12 (95% CI, 1.11 to 1.13) after 3 years. Both
overall cancer risk and HR remained significantly higher in patients with diabe-
tes than in those without diabetes. The risk for prostate cancer was higher in men
with diabetes than in those without diabetes (HR, 1.12; 95% CI, 1.10 to 1.14). In
women, the risk for endometrial cancer was significantly higher in patients with
diabetes than in those without diabetes throughout the duration of diabetes.
Conclusions: The risk for stomach, colorectum, liver, pancreas, and kidney can-
cer appeared to be higher in patients with diabetes than in those without diabetes
regardless of the sex or duration of diabetes.
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INTRODUCTION

The worldwide prevalence of diabetes has dramatically
increased owing to the westernization of diet and sed-
entary lifestyle, and the increased incidence of diabetes
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mellitus is more pronounced in developing countries,
including Asian countries [1-4]. This phenomenon has
also been observed in epidemiological studies in Ko-
reans [5,6]. Furthermore, an increase in the impaired
fasting glucose owing to obesity and aging of the popu-
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lations will accelerate this phenomenon in the foresee-
able future. Many previous studies have demonstrated
an increased incidence of and mortality from cancer in
subjects with diabetes [7-11]. Increased endogenous in-
sulin levels resulting from insulin resistance, hypergly-
cemia, chronic inflammation, and increased oxidative
stress have been suggested to be the main mechanism
responsible for increased cancer risk in patients with
diabetes [10,12]. Given the increased risk for diabetes
and cancer in obese patients, obesity is thought to play
a role not only in the onset of diabetes but also in the
development of cancer in patients with diabetes [12-
16]. Because cancer develops over a long period, it is
difficult to judge whether there is a simple association
or a direct causal relationship between increased cancer
incidence and diabetes [10]. De Bruijn et al. [17] suggest-
ed that detection bias based on findings, such as the
highest incidence of cancer in the first 3 months after
diagnosis and the gradual decrease afterward, results
in a negligible difference in the risk between patients
with and without diabetes. Therefore, it is necessary to
determine whether the association between diabetes
and cancer is causally related or whether there is detec-
tion bias or reverse causation by studying the temporal
relationship between diabetes and cancer risk through
population-based cohort studies [18].

Many of the existing studies have been conducted on
Western populations with different genetic and envi-
ronmental backgrounds from that of Koreans, and the
results cannot be applied directly to Koreans. For ex-
ample, the risk for prostate cancer in patients with dia-
betes is reduced in Western populations, while in Asian
populations, including Koreans, it is known to increase
[16,19,20]. This discrepancy implies that genetic and/
or environmental factors should always be considered
in the interpretation of the results of these studies [21].
The Korean National Health Insurance Service (KNHIS)
system (i.e., program, structure, medical coverage, types
of insurance benefits, reimbursement flow, and health-
care delivery system) and the population and contents
of the KNHIS database have been reported previously
[22]. Briefly, the Korean National Health Insurance
system run by government agencies like the NHIS and
the Health Insurance Review Agency covers the entire
population as a social insurance benefits scheme [22].
The NHIS database contains basic data such as age, sex,
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living area, and income level, as well as information
about diagnosis statements as determined by the Inter-
national Classification of Diseases 1oth revision (ICD-
10), the detailed statement of prescriptions, in-hospi-
tal administration, and surgery. Because the KNHIS
database provides data on prevalence or incidence of
disease, comorbidity, behavioral patterns of health care
utilization, medical cost, and mortality of the entire Ko-
rean population, it can be used for population-based,
nationwide studies of various diseases.

In this study, we aimed to investigate site-specific
cancer risk of Korean patients aged = 30 years with dia-
betes and to estimate causal and temporal relationships
by analyzing organ-specific cancer risk according to the
duration of diabetes.

METHODS

Data source
Using a database provided by the KNHIS, we enrolled
subjects aged = 30 years without diabetes mellitus be-
tween January 2005 and December 2007 and followed
up to the development of cancer or until December
2013. The diabetes group included patients diagnosed
with type 2 diabetes mellitus for the first time between
January 2005 and December 2007. Subjects diagnosed
with diabetes or cancer before January 2005, those diag-
nosed with diabetes after cancer, and those with miss-
ing data were excluded from the analysis. The control
group was defined as all patients who did not have the
exclusion criteria and who were not diagnosed with di-
abetes between January 2005 and December 2007 (Fig. 1).
As previously reported, the epidemiology commit-
tee of the Korean Diabetes Association approved the
suitability of the dataset by validating its accuracy [5,23].
This study was approved by Institutional Review Board
of the Korean National Institute for Bioethics Policy
(Po1-201504-21-005) and was exempted from informed
consent.

Definition of diabetes and cancers

We defined a person with diabetes as a subject who had
ICD-10 codes of Ei1, Ei12, E13, or E14 as either a princi-
pal diagnosis or first to fourth additional diagnosis and
who was prescribed one or more antidiabetic medica-
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tions for a given years [24]. A cancer case was defined as
the presence of an ICD-10 code of ‘C’ and an admission
history with the cancer code as the principal diagnosis.

Statistical analyses

All analyses were performed using SAS version 9.2 (SAS
Institute, Cary, NC, USA). Data are expressed as mean
+ standard deviation, numbers, and proportions (%).
An incident cancer case was defined as the first time
the cancer was diagnosed, and the point was defined
as the end point of the patient. We calculated total
and site-specific cancer incidences and person-time
incidence rates and compared these parameters with
respect to sex and age. The hazard ratio (HR) for each
cancer was calculated using Cox regression and adjust-
ed for age and sex (model 1) or age, sex, income, place,
hypertension, hyperlipidemia, chronic liver disease,
ischemic heart disease, and chronic kidney disease
(model 2). To verify the possibility of detection bias or
reverse causation, we compared the HRs of each can-
cer according to the following duration of diabetes: <
6 months, 6 months to 3 years, and = 3 years. We also
compared adjusted HRs for each cancer after excluding
all patients with a duration of diabetes of < 6 months. A
p < 0.05 was considered statistically significant.

RESULTS

Baseline characteristics

A total of 25,709,497 patients were enrolled, and the
mean follow-up period was 8.6 years. The mean age was
higher in the diabetes group (58.0 + 12.6 years) than in
the non-diabetes group (47.3 + 13.1 years), and the pro-
portion of patients with hypertension, dyslipidemia,
ischemic heart disease, and chronic kidney disease was
higher in the diabetes group than in the non-diabetes
group (Table 1).

Total and site-specific cancer incidence and HRs

The incidence of total cancer per 1,000 person-years
was higher in the diabetes group than in the non-dia-
betes group (20.36 vs. 10.83) (Fig. 1). A similar tendency
was observed when the incidence was compared ac-
cording to sex, age, and individual cancer (Table 2).
Table 3 shows HRs for any or individual cancer risks
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in the diabetes group, which were adjusted for age and
sex (model 1) or age, sex, income, place, hypertension,
hyperlipidemia, chronic liver disease, ischemic heart
disease, and chronic kidney disease (model 2). The
overall risk for cancer was 1.22 times higher (model 2)
in patients with diabetes than in those without diabetes
and more prominent in men (1.24) than in women (1.18).
Oropharyngeal and esophageal cancers were not dif-
ferent between men in the diabetes and non-diabetes
groups but were significantly decreased in women with
diabetes. The risk for laryngeal cancer was 1.21 times
higher in the men with diabetes, but was not different
between women with diabetes and without diabetes.
HRs for stomach, colorectal, liver, pancreas, lung, kid-
ney, bladder, and thyroid cancers as well as leukemia
were significantly higher in the diabetes group than in
the non-diabetes group even after adjustment for age
and sex (model 1) or age, sex, income, place, hyperten-
sion, hyperlipidemia, chronic liver disease, ischemic
heart disease, and chronic kidney disease (model 2).
Risk for prostate cancer (HR, 1.24; 95% confidence in-
terval [CI], 1.22 to 1.27) was higher in men with diabetes
than in those without diabetes. HRs for breast, cervical,
and endometrial cancers were significantly higher in
the women with diabetes than in those without diabe-
tes at 1.07, 1.06, and 1.34, respectively. Ovarian cancer
was not different between the two groups (Table 3).

HRs for total and site-specific cancer stratified by
duration of diabetes

The overall cancer risk was the highest in patients with
a duration of diabetes of < 6 months (HR, 2.03; 95% CI,
1.99 to 2.07), but thereafter the magnitude of the HR
tended to decrease over time, ranging from 1.19 (95%
CI, 118 to 1.21) between 6 months and 3 years to 1.12 (95%
CI, 1.11 to 1.13) after 3 years. Overall cancer risk and HRs
remained significantly higher in the diabetes group
than in the non-diabetes group over the entire study
period. The HR of cancer was significantly higher in
the pancreas, followed by the liver, leukemia, bladder,
kidney, colorectum, larynx, thyroid, lung, and stomach
in the diabetes group than in the non-diabetes group
after being adjusted (HR from 1.98 to 1.13) (Table 3). The
risks for cancer of the stomach, colorectum, liver, and
pancreas remained higher in both sexes in the diabetes
group than in the non-diabetes group for the entire du-
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Table 1. Baseline characteristics of study population
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Diabetes mellitus

Characteristic Total
No Yes
Number 25,709,497 25,011,562 697,935
Age, yr? 47.7 +13.2 473 +13.1 58.0+12.6
Age distribution, yr*
3039 8,435,222 (32.81) 8,384,679 (33.52) 50,543 (7.24)
40-49 7,720,250 (30.03) 7,575:744 (30-29) 144,506 (20.7)
5059 4,571,710 (17.78) 4,386,280 (17.54) 185,430 (26.57)
60-69 2,931,055 (11.40) 2,754,796 (11.01) 176,259 (25.25)
=70 2,051,260 (7.98) 1,910,063 (7.64) 141,197 (20.23)
Male sex 12,540,261 (48.78) 12,160,000 (48.61) 383,133 (54.9)
(

Place, urban

12,231,992 (47.58)

11,882,897 (47.51)

610,202 (2.44)
6,131,082 (24.51)
6,017,568 (24.06)
6,027,405 (24.1)

(
349,095 (50.02)
78,899 (11.3)
167,399 (23.98)
143,287 (20.53)
142,646 (20.44)

Income
Beneficiaries 689,101 (2.68)
Q1 6,298,481 (24.50)
Q2 6,160,855 (23.96)
Q3 6,170,051 (24.00)
Q4 6,391,009 (24.86)
Hypertension® 3,091,949 (12.03)
Dyslipidemia® 880,529 (3.42)
Cardiovascular disease® 994,494 (3.87)
Chronic kidney disease® 63,355 (0.25)
Ischemic heart disease® 848,992 (330)
Follow-up duration, yr 8.6+15

(
(
(
(
6,225,305 (24.89)
(
(
(
(
(

165,704 (23.74)
2,829,819 (11.31) 262,130 (37.56)
778,356 (3.11) 102,173 (14.64)
934,953 (3-74) 59,541 (8.53)
56,476 (0.23) 6,879 (0.99)
782,467 (3.13) 66,525 (9.53)
8.6+1.4 7.1+1.7

Values are presented as mean + SD or number (%).
p < 0.005 between diabetics and non-diabetics.

ration of diabetes. Only men with diabetes showed an
increased risk for leukemia and cancers of the larynx,
lung, kidney, bladder, and thyroid during the entire
duration of diabetes. The risk for oropharyngeal and
esophageal cancer was higher in patients with a dura-
tion of diabetes of < 6 months but significantly lower in
patients with diabetes with a duration of = 3 years. The
risk for prostate cancer was higher in men with diabe-
tes than in those without diabetes (HR, 1.12; 95% CI, 1.10
to 1.14). The cancer risk was not significantly different
between women with diabetes and those without dia-
betes over the duration of diabetes between 6 months
and 3 years (larynx, lung, and kidney cancer) or = 3 years
(larynx, bladder, thyroid cancer, and leukemia). The
risk for breast, cervical, and ovarian cancer was higher
in patients with diabetes with a duration of < 6 months
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but not in those with a longer duration of diabetes. The
risk for endometrial cancer was significantly higher in
the diabetes group than in the non-diabetes group for
the entire study duration of diabetes (Table 4).

HRs for the risk for total and specific cancer except
diabetics with a duration of < 6 months

Except for patients with diabetes with a duration of
< 6 months who showed the highest risk for cancer
incidence, we recalculated the HRs for overall and
individual cancers adjusted for age and sex (model 1)
or age, sex, income, place, hypertension, hyperlipid-
emia, chronic liver disease, ischemic heart disease, and
chronic kidney disease (model 2) (Table 5). The overall
risk for cancer incidence increased in both men and
women with diabetes regardless of model 1 or model
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28,722,867 Adults over 30 years old without
DM at first emrollment from
January 1, 2005 to December 31, 2007

Exclusion 1,393,746 DM before study
enrollment
Exclusion 896,238 Cancer before
study enrollment
Exclusion 30,637 DM diagnosed after
cancer detection

25,709,497 Adults over 30 years old at final
enrollment from January 1, 2005 to
December 31, 2007

! !

25,011,562 697,935
No DM group DM group

Figure 1. Study population. We excluded subjects who were
diagnosed with diabetes or cancer before January 2005,
those diagnosed with diabetes after cancer, and those with
missing data from analysis. DM, diabetes mellitus.

2. The risk for stomach, colorectal, liver, pancreatic,
kidney, bladder, and thyroid cancer as well as leukemia
remained increased in the diabetes group. Oropharyn-
geal and esophageal cancer were not different in men
with or without diabetes, but the risk was significantly
decreased in women with diabetes.

Larynx and lung cancer showed an increased risk in
men with diabetes only. The risk for prostate cancer in
men with diabetes and the risk for endometrial cancer
in women with diabetes were statistically significantly
higher than in men and women without diabetes.

DISCUSSION

We found that the incidence of cancer was higher in
patients with diabetes than in those without diabetes,
and this phenomenon was noticeable within 6 months
of the diagnosis of diabetes. The risks for cancer of the
stomach, colorectum, liver, and pancreas remained
higher in both sexes in the diabetes group than in the
non-diabetes group for the entire duration of diabetes.
The risk for cancer in patients with diabetes varies
according to the duration of the disease, location of
cancer, and sex of the patient. In particular, the risk for
pancreatic cancer was notably higher in patients with

https://doi.org/10.3904/kjim.2017.402

KJIM™

diabetes shortly after diagnosis (duration < 6 months;
5.94-fold) than in those without diabetes; however, it
rapidly decreased over time. Nevertheless, the fact thata
1.64-fold increase in risk persisted for = 3 years suggests
that diabetes is an important risk factor for pancreat-
ic cancer, despite detection bias in the early period. A
similar tendency was observed in cancers involving the
colorectum, prostate, and endometrium. During the
entire duration of diabetes, our results were consistent
with those of previous studies [11,12,18,25-27], showing
increased incidences of pancreatic, liver, colorectal,
prostate, and endometrial cancer in patients with dia-
betes. It is possible that reverse causation and detection
bias may have played a role in the seemingly increased
incidence of cancer immediately after the diagnosis of
diabetes; however, because the risk remained high after
6 months duration of diabetes, we can interpret the re-
sult as a causal relationship.

Additionally, the increase in cancer incidence of the
stomach, colorectum, liver, pancreas, prostate, and en-
dometrium was statistically significant even after the
adjustment for age, sex, underlying disease, and socio-
economic status, which supports our claim that there
is a causal relationship between diabetes and cancer
in certain organs. Although the risk for larynx, lung,
kidney, thyroid, and bladder cancer was significantly
increased in both sexes even after adjusting for sex, un-
derlying disease, and socioeconomic status, an analysis
based on the duration of the disease yielded different
results: a significant increase in risk was observed in
all duration groups for men, whereas a varying sig-
nificance was observed in women depending on the
duration, implying a difference between the sexes. The
difference in the risk for larynx and lung cancer in Ko-
rea between men and women may be related to the low
smoking rate of women.

Numerous debates are ongoing regarding whether
the relationship between diabetes and prostate cancer
is positive or negative or whether the relationship ex-
ists at all [28]. One of the prominent features of the re-
lationship between diabetes and prostate cancer is that
it appears to differ among ethnicities. In prospective
studies, retrospective studies, and meta-analyses that
targeted mainly Caucasians, the prostate cancer inci-
dence was lower in patients with diabetes than in those
without diabetes, whereas studies involving the Asian
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Table 3. HRs for the risk of total and specific cancer in diabetes group

HR (95% CI)
Total Male Female
Model 1* Model 2° Model 1* Model 2" Model 1* Model 2°
Total 131 (1.30-1.32)°  1.22(1.21-1.22)° 136 (134-137)° 1.24(1.23-1.25)°  1.26 (1.25-1.28)°  1.18 (1.17-1.20)
Oropharyngeal 1.08 (1.04-1.11)° 0.97(0.94-1.00) 1.16 (1.11-1.22)°  1.05(1.00-1.10)  1.02(0.98-1.07)  ©0.92 (0.88-0.96)"
Esophageal 1.02(0.95-1.10)  0.97(0.90-1.04) 1.08 (1.00-1.16) 1.02(0.95-1.11)  0.83(0.70-1.00) 0.6 (0.64—0.91)"
Stomach 1.16 (1.14.1.18)° 1.3 (1.10-1.15)°  1.15(1.13-1.18)°  1.a12(1.20-1.15)° 118 (1.14-1.22)° 114 (1.10-1.18)°
Colorectal 1.28 (1.26-1.31)°  1.21(1.18-1.23)° 1.29 (1.26-1.33)°  1.21(1.19-1.24)° 1.28 (1.24-1.32)°  1.20(1.16-1.23)°
Liver 173 (1.71-1.76)°  1.43 (1.41-1.45)° 1.84(1.80-1.87)° 1.49(1.46-1.51)°  1.52(1.48-1.57)° 133 (1.29-1.37)°
Pancreatic 2.12(2.07-2.18)° 1.98 (1.93-2.03)° 2.22(2.15-2.30)° 2.06 (1.99—2.13)°  2.02(1.94-2.09)°  1.88 (1.81-1.96)°
Laryngeal 1.25(1.15-1.35)°  1.18(1.08-1.28) 1.28 (1.18-1.40)° 1.21(1.11-132)°  1.03(0.80-133)  ©0.95(0.73-1.22)
Lung 1.19 (1.16-1.21)°  1.14(1.12-1.16)° 1.21(1.18-1.24)° 1.17(1.15-1.20)°  1.15(1.11-1.19)°  1.08(1.04-1.11)
Kidney 1.45(138-152)° 1.24(1.18-130)° 1.47(1.39-1.55)° 1.26(1.19-1.34)°  1.42(1.32-1.53)° 1.20 (1.11-1.29)°
Bladder 137 (132-1.43)° 1.28(1.23-1.33)° 1.40 (1.33-1.47)° 130(1.24-1.37)°  135(1.25-1.44)°  1.23(1.14-1.32)°
Leukemia 138 (1.26-1.50)° 1.29 (1.18-1.42)° 1.33(1.18-1.49)° 1.25(1.11-1.41)°  1.46 (1.27-1.67)°  1.36(1.18-1.56)°
Thyroid 1.25(1.22-1.29)° 117 (1.14-1.21)°  1.47 (139-1.55)° 136 (1.28-1.44)°  1.19 (1.15-1.23)° 1.12 (1.08-1.16)°
Prostate 1.24 (1.22-1.27)° 1.2 (1.10-1.14) 1.24(1.22-1.27)° 1.2 (1.10-1.14)° - -
Breast 1.10 (1.05-1.14)°  1.07 (1.03-1.11)° - - 1.09 (1.05-1.14)°  1.07(1.03-1.11)°
Cervical 1.10 (1.03-1.16)° 1.06 (1.00-1.12) - - 1.09 (1.03-1.16)°  1.06 (1.00-1.12)
Endometrial 1.41 (1.27-1.55)°  1.34(1.21-1.48)° - - 1.41 (1.27-1.55)° 1.34 (1.21-1.48)°
Ovary 1.05(0.99-1.12) 1.03 (0.97-1.09) - - 1.05(0.99-1.12)  1.03(0.97-1.09)

HR, hazard ratio; CI, confidence interval.
“Model 1 were adjusted for age and sex.

"Model 2 were adjusted for age, sex, income, place, hypertension, hyperlipidemia, chronic liver disease, ischemic heart disease,

and chronic kidney disease.

“Significantly increased compared to non-diabetes group (p < 0.05).
dSignificantly decreased compared to non-diabetes group (p < 0.05).

populations showed a significant increase in prostate
cancer risk in patients with diabetes [19,20]. Our find-
ings are consistent with previous studies performed in
the Asian populations, with a significantly increased
risk for prostate cancer in patients with diabetes re-
gardless of the duration of the disease. Statistical signif-
icance was retained even after adjustments were made
for age, underlying disease, and socioeconomic status.
This result supports the discrepancy in the interaction
between risk factors for prostate cancer in patients with
diabetes and carcinogenic environmental factors asso-
ciated with diabetes among the populations owing to
genetic background.

For oropharyngeal and esophageal cancer, the in-
cidence risk increased for the first 6 months after

https://doi.org/10.3904/kjim.2017.402

diagnosing diabetes; however, after 3 years, the risk
was lower in the diabetes group than in the non-di-
abetes group. This phenomenon was more promi-
nent in women than in men. Additional long-term
studies would be required to address the question of
whether the duration of diabetes is negatively related
to the incidence risk for these two cancers. However,
detection bias may cause cancer incidence to appear
to be increased in patients with diabetes. Breast and
ovarian cancer showed similar results. The incidence
risk significantly increased for the first 6 months after
diagnosis, after which the difference became negligible,
further supporting the existence of detection bias.

The strength of this study is that it is a large-scale
epidemiological study involving the entire Korean pop-
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Table 5. HRs for the risk of total and specific cancer except diabetics with a duration of < 6 months

KJIM™

HR (95% CI)
Total Male Female
Model 1* Model 2° Model 1* Model 2° Model 1* Model 2°

Total 1.24(1.23-1.25)° 116 (1.15-1.16)°  1.28(1.27-1.29)° 118 (1.17-1.19)°  1.20(1.18-1.21)° 113 (1.11-1.14)
Oropharyngeal  1.03(1.00-1.07)  0.93(0.90-1.00)  1.10(1.05-1.16)°  1.00(0.95-1.05)  ©0.99(0.94-1.03)  ©0.88 (0.85-0.93)°
Esophageal 0.99(0.92-1.06)  0.94(0.87-1.01)  1.04(0.96-1.12)  0.99(0.91-1.08)  0.80(0.66-0.96) 0.73 (0.61-0.89)"
Stomach 111 (1.09.1.13)°  1.08 (1.06-1.11)°  1.11(1.08-1.13)°  1.08(1.06-1.11)°  1.13(1.09-1.17)°  1.09(1.05-1.13)
Colorectal 1.23(1.21-1.26)° 1.6 (1.14-1.18)°  1.24(1.21-1.27)° 117 (1.14-1.20)°  1.23(1.20-1.27)° 116 (1.12-1.19)"
Liver 1.62 (1.60-1.65)° 137 (1.34-1.39)° 171 (1.68-1.75)°  1.41(139-1.44)°  1.45(1.41-1.49)°  1.28(1.24-132)°
Pancreatic 1.89 (1.84-1.94)° 176 (172-1.81)°  1.96(1.89-2.03)°  1.82(175-1.89)°  1.81(1.74-1.89)°  1.69 (1.63-1.77)
Laryngeal 119 (1.09-1.30) 113 (1.03-1.23)°  1.23(1.12-1.34)°  1.16(1.06-1.27)° 0.99(0.76-130)  0.91(0.69-1.19)
Lung 110 (1.08-1.13)°  1.06(1.04-1.08)°  1.12(1.09-1.15)°  1.09(1.06-1.12)°  1.08(1.04-1.12)°  1.01(0.97-1.05)
Kidney 137(130-1.44)° 117 (1.12-1.23) 138(1.29-1.46)° 119 (1.12-1.26)° 136 (1.26-1.47)°  1.15(1.06-1.25)°
Bladder 133 (1.27-138)°  1.23(1.18-1.29)°  1.35(1.29-1.42)°  1.26(1.20-133)°  130(1.21-1.40)°  1.19 (1.10-1.28)°
Leukemia 1.24 (1.13-1.36)° 118 (1.07-1.29)°  1.19 (1.05-1.35)° 1.14(1.00-1.29) 132 (1.14-152)°  1.24(1.07-1.43)°
Thyroid 1.19 (1.15-1.22)° 112 (1.08-1.15) 139 (1.31-1.48)°  1.29(1.22-137)° 113 (1.09-1.17)°  1.07 (1.03-1.12)
Prostate 1.21 (1.19-1.23)° 109 (1.07-1.12)°  1.21(1.19-1.23)°  1.09 (1.07-1.12)° - -
Breast 1.05(1.00-1.09)  1.03(0.99-1.08) - - 1.05(1.00-1.09)  1.03(0.99-1.08)
Cervical 1.01(0.95-1.08)  0.98 (0.92-1.05) - - 1.01(0.95-1.08)  0.98 (0.92-1.05)
Endometrial 135 (1.22-1.49)°  1.29 (1.16-1.43)° - - 135 (1.22-1.49)°  1.29 (1.16-1.43)°
Ovary 1.01 (0.95-1.08)  0.99 (0.93-1.06) - 1.01 (0.95-1.08)  0.99 (0.93-1.06)

HR, hazard ratio; CI, confidence interval.
*Model 1 were adjusted for age and sex.

®Model 2 were adjusted for age, sex, income, place, hypertension, hyperlipidemia, chronic liver disease, ischemic heart disease,

and chronic kidney disease.

Significantly increased compared to non-diabetes group (p < 0.05).

PSignificantly decreased compared to non-diabetes group (p < 0.05).

ulation aged = 30 years. Thus far, this is the first study
regarding diabetes and cancer incidence risk that en-
compasses > 25 million subjects. This strength enables
our study to provide comprehensive information on
cancer risk in Korean patients with diabetes and to be
used as important evidence in establishing guidelines
for public health policies. Our study had some fore-
seeable drawbacks. First, because diabetes is defined in
this study using certain disease codes plus the use of
anti-diabetic medications, patients with initial-stage
diabetes who are on a controlled diet and exercise plan
but not using medications may have been excluded.
However, a previous study [29] showed that this pro-
portion of patients is very low (1.1%), and because the
results indicated a high incidence of cancer in the first

https://doi.org/10.3904/kjim.2017.402

6 months after the diagnosis of diabetes, the limitation
does not appear to have a profound effect on the find-
ings of this study. Second, patients who were diagnosed
with diabetes after January 1, 2008 were included in the
non-diabetes group for analysis. However, because can-
cer incidence in patients with diabetes was the highest
shortly after diagnosis and the time interval between
January 2008 and December 2013 was relatively small,
these factors may have caused the early stage increases
in incidence to be more prominent, without further
influencing the interpretation. Finally, as noted in a
previous study [30], problems regarding the accuracy
of diagnosis and the failure to address adjustments
for risk factors related to each specific cancer owing to
limited clinical and laboratory information remain. For
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example, cancer cases attributable to both diabetes and
high body mass index were almost twice as frequent in
women (especially breast and endometrial cancer) than
in men (especially liver and colorectal cancer) in the
independent scenario [31]. Because patients with diabe-
tes tend to be obese, a limited portion of the increased
cancer incidence in these patients can be attributed to
obesity. However, we believe this factor needs to be al-
lowed as a limitation of epidemiological studies using
health insurance claim data [24,32].

In conclusion, the risk for cancer increases in patients
with diabetes, and the phenomenon is more prominent
over short periods, i.e., in the first 6 months after diag-
nosis. As the duration of diabetes increases, incidence
risk for cancer varies depending on the site of cancer
and the patient’s sex. Thus, in patients with diabetes,
cancer screening should be individualized based on the
duration of diabetes, sex, and the location of cancer.

KEY MESSAGE

1. The incidence of total cancer per 1,000 per-
son-years was higher in the diabetes group than
in the control group.

2. The risks for cancer of the stomach, colorectum,
liver, and pancreas remained higher in both
sexes in the diabetes group than in the control
for the entire duration of diabetes.

3. The risk for oropharyngeal and esophageal
cancer was significantly higher in patients with
diabetes with a duration of < 6 months than in
those with diabetes with a duration of = 3 years.

4. In contrast to reports that the risk for prostate
cancer is decreased in Caucasians with diabe-
tes, the risk for prostate cancer in Korean male
patients with diabetes was higher than in those
without diabetes.

5. The risk for endometrial cancer was significant-
ly higher in women with diabetes than in those
without diabetes for the duration of the disease.
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