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INTRODUCTION: Developing colorectal cancer (CRC) poses challenges for patientswith type II diabetesmellitus (T2DM).

We investigated CRC risk factors in patients with T2DM.

METHODS: We retrospectively collected data from theNationalHealth InsuranceCorporationdatabase, comprising

approximately 97% of the Korean population. T2DM and CRC were defined according to International
Classification of Disease codes (10th Revision) and claims data. Obesity was defined using body mass

index (BMI); abdominal obesity was defined according to waist circumference. Other variables were

defined using demographic, anthropometric, and laboratory data.

RESULTS: Overall, 2,591,149 patients with T2DM were analyzed. During the follow-up period (median, 5.4

years), 24,236CRC cases were identified. Aging (‡70 years),male sex, smoking, alcohol consumption,

hypertension, and insulin and/or sulfonylurea use were significant risk factors for CRC. In males,

smoking and alcohol consumption were more likely to lead to CRC, whereas a BMI increase was a more

significant risk factor in females. Females with a BMI ‡ 25 kg/m2 and abdominal obesity were

associated with an 18% increased risk of CRC compared with patients with normal weight and normal

waist circumference (hazard ratio 5 1.184, 95% confidence interval 1.123–1.25), whereas male

patients with a BMI ‡ 25 kg/m2 and abdominal obesity were associated with an 8% increased risk

(hazard ratio 5 1.087, 95% confidence interval 1.049–1.127).

DISCUSSION: Patients had CRC risk factors that differed according to sex. Smoking and heavy alcohol consumption

were risks of CRC in males. Female patients with a BMI ‡ 25 kg/m2 and abdominal obesity were at

a higher risk of developing CRC than males.
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INTRODUCTION
Colorectal cancer (CRC) is the second most common cancer in
Korea, and the CRC burden is rapidly increasing (1,2).
According to a report published in 2011, the prevalence of type
II diabetes mellitus (T2DM) in the Korean population aged
$30 years was 12.4%, which was considered to be relatively
high (3).

Several studies have previously reported an increased risk of
CRC development in patients with T2DM compared with healthy
individuals (4,5). Hyperinsulinemia due to insulin resistance in
patients with T2DM may have a tumorigenic effect by affecting
epithelial cell proliferation in CRC (6). Moreover, overexpression
of insulin receptors may affect the development of CRC (7). Some
Korean studies have also shown a positive correlation between
T2DM and CRC (8–10). Therefore, the development of CRC in

Korean patients with T2DM can pose specific challenges. Obesity
increases the risk of CRC (11) and has been reported to be a risk
factor for CRC in patients with T2DM (5). However, most data
have been reported on populations living in developed Western
countries where the obesity criterion is higher (body mass index
[BMI] $ 30 kg/m2) than for the Korean population (BMI $
25 kg/m2) (12,13). Therefore, further research involving Asian
populations is required.

In Korea, all health insurance associations have been integrated
into the National Health Insurance Corporation (NHIC). The
National Health Insurance Service covers the whole population as
a social insurance benefit system. The NHIC database includes all
claims data such as the International Classification ofDisease (ICD)
codes, information of treatment prescriptions, and details of na-
tional medical checkups (14,15). This information is available for
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researchers once study protocols have been approved by an official
review committee and upon receipt of payment for the data.

We analyzed the risk factors for CRC in a Korean cohort with
T2DM using the NHIC database, and we investigated the effects
of obesity on the risk of developing CRC.

METHODS

Data source and collection of the study population

TheNHICdatabase stores data comprising approximately 97%of
the enrolled Korean population who receive a semicompulsory
medical examination biennially.

Data were collected from the medical records of 4,171,087
individuals with type II diabetes who were aged 20 years or
older and had undergone an NHIC medical examination bi-
ennially or annually between 2009 and 2012. Of these indi-
viduals, 149,046 were excluded because of missing values such
as laboratory findings.We also excluded those with overlapping
data, where 2 ormore examinations had been performedwithin
the observation period (n 5 1,393,059), and individuals who
had been diagnosed previously (n5 37,833). Finally, 2,591,149
individuals were included in the study (Figure 1). The enrolled
patients were followed up until December 2015 to examine the
developing CRC.

The study was reviewed and approved by the Institutional
Research Ethics Board of the Catholic University of Korea
(VC17ZESI0110).

Definition of T2DM and CRC

T2DM was defined as $1 claim per year for the prescription of
antidiabetic medications based on the ICD 10th Revision (ICD-10),
codes E11 to E14, or a fasting glucose level$126 mg/dL (obtained
from the health examination database).

The primary outcome was newly diagnosed CRC, which was
defined using ICD-10 codes (C180-200) and the National Cancer
Registry database.

Covariates

The covariates used in the multivariate analysis were collected
using a standardized self-reported questionnaire and data de-
rived from the medical examination. The covariates were as
follows: age (years), sex, smoking (never, former, and current),
alcohol consumption (none, mild, and heavy), regular exercise
(no and yes), yearly income (lower quintile vs the remaining

quintiles), residency (rural and urban), BMI, waist circumfer-
ence (WC), hypertension, dyslipidemia, complications of di-
abetes (history of stroke and cardiovascular events), antidiabetic
medications (insulin, sulfonylurea, metformin, meglitinide,
thiazolidinedione, dipeptidyl peptidase-4 inhibitor, and acar-
bose), and duration of diabetes (years).

Individuals whose alcohol consumption was ,30 g per day
were defined as mild drinkers, whereas individuals whose alcohol
consumption was.30 g per day were defined as heavy drinkers.
Regular exercise was based on the frequency and intensity of
activity per week. We defined hypertension when at least 1 claim
per year for the prescription of an antihypertensive agent under
ICD-10 codes I10-I15 was confirmed. Dyslipidemia was defined
when at least 1 claim had been documented per year for the
prescription of antidyslipidemic agents under ICD-10 codes E78
(16). Information concerning history of stroke and cardiovas-
cular events was obtained from the self-reported questionnaire.
The use of antidiabetic medication was defined as involving at
least 1 claim per year for the relevant prescription.

In our study, we defined obesity using a BMI cutoff of 25 kg/m2.
Abdominal obesity was defined as a WC of $90 cm for men and
a WC of$80 cm for women (17).

Statistical analyses

Data were presented as mean 6 SD for normally distributed
continuous variables and as proportions for categorical variables.
The Student t testwasused to analyze continuous variables, and the
differences between nominal variables were compared using the x2

test. Incidence rates for cancers were calculated by dividing the
number of events by person-years at risk. An age-sex adjusted
modelwas used to reduce the variables, whichwas then analyzed in
a multivariate analysis. A Cox regression model was used to de-
termine the independent association of covariates with the risk of
cancer incidence. Thiswas undertaken through controlling for age,
sex, BMI, smoking, alcohol consumption, exercise, income, hy-
pertension, dyslipidemia, history of stroke and cardiovascular
events, nephropathy, retinopathy, T2DMmedications, and T2DM
disease duration. The association between obesity/abdominal
obesity and CRC was analyzed after controlling for variables
such as age, sex, smoking, alcohol consumption, and exercise.
Statistical analyses were performed using SAS version 9.4 (SAS
Institute, Cary, NC) and R version 3.2.3 (The R Foundation for
Statistical Computing, Vienna, Austria, http://www.r-project.org).
A 2-sided P value of,0.05 was considered statistically significant.

RESULTS
Baseline characteristics

During the follow-up period (median, 5.4 years), 24,236 cases of
CRC had occurred. The incidence of CRC in patients with T2DM
was 2.3 per 1,000 person-years. Baseline characteristics of the study
participants are shown inTable 1. In the age-sex adjustedmodel, the
risk of CRC was significantly associated with the following: aging,
male sex (adjusted hazard ratio [aHR] 5 1.840, 95% confidence
interval [CI] 1.751–1.848), former smoker (aHR 5 1.138, 95% CI
1.097–1.181), current smoker (aHR5 1.137, 95% CI 1.096–1.18),
mild alcohol consumption (aHR 5 1.173, 95% CI 1.137–1.21),
heavy alcohol consumption (aHR 5 1.333, 95% CI 1.271–1.398),
BMI$ 30 kg/m2 (aHR5 1.110, 95% CI 1.048–1.176), abdominal
obesity (aHR5 1.093, 95%CI 1.064–1.122), hypertension (aHR5
1.089, 95% CI 1.059–1.119), and a duration of T2DM of$5 years
(aHR5 1.050, 95% CI 1.022–1.078) (Table 2).

Figure 1. Flowchart showing the enrollment process for the study cohort.
*NHIC, National Health Insurance Corporation. CRC, colorectal cancer.
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Risk factors for CRC in patients with T2DM

In theCox regressionmodel, aging,male sex (hazard ratio [HR]5
1.571, 95%CI 1.511–1.633), BMI$ 30kg/m2 (HR5 1.100, 95%CI
1.033–1.172), former smoker (HR5 1.108, 95% CI 1.064–1.154),
current smoker (HR 5 1.101, 95% CI 1.056–1.148), mild alcohol
consumption (HR 5 1.136, 95% CI 1.096–1.176), heavy alcohol
consumption (HR 5 1.266, 95% CI 1.2–1.337), hypertension

(HR 5 1.07, 95% CI 1.037–1.104), and insulin treatment (HR 5
1.078, 95% CI 1.027–1.131) and/or sulfonylurea (HR 5 1.091,
95% CI 1.057–1.127) were significant risk factors for CRC. Dysli-
pidemia (HR 5 0.949, 95% CI 0.922–0.977) and a history of
stroke (HR 5 0.894, 95% CI 0.822–0.972) and a cardiovascular
event (HR5 0.910, 95% CI 0.86–0.963) were associated with a de-
creased risk of CRC.

Table 1. Baseline characteristics of the study participants

CRC

No (n 5 2,566,913) Yes (n 5 24,236)

Age, y

,40 165,442 (6.45) 174 (0.72)

40–,50 475,357 (18.52) 1,552 (6.4)

50–,60 759,073 (29.57) 5,868 (24.21)

60–,70 686,253 (26.73) 9,233 (38.1)

$70 480,788 (18.73) 7,409 (30.57)

Male (n, %) 1,537,995 (59.92) 16,162 (66.69)

Smoking (n, %)

Nonsmoker 1,428,972 (55.67) 12,913 (53.28)

Former smoker 476,573 (18.57) 5,569 (22.98)

Current smoker 661,368 (25.77) 5,754 (23.74)

Alcohol consumption

Non 1,471,798 (57.34) 13,717 (56.6)

Mild 874,483 (34.07) 8,226 (33.94)

Heavy 220,632 (8.6) 2,293 (9.46)

Regular exercise, yes (n, %) 657,478 (25.61) 6,559 (27.06)

Lower quintile of yearly income (n, %) 685,918 (26.72) 6,315 (26.06)

Residency, rural (n, %) 1,437,507 (56.07) 13,541 (55.94)

BMI (kg/m2, mean 6 SD) 25.08 6 3.34 24.92 6 3.18

Obesity (n, %) 1,238,895 (48.26) 11,341 (40.74)

WC (cm, mean 6 SD) 85.48 6 8.54 86.46 6 8.3

Abdominal obesity (n, %) 1,232,574 (48.02) 12,039 (49.67)

Hypertension (n, %) 1,464,079 (57.04) 16,021 (66.1)

Dyslipidemia (n, %) 1,097,726 (42.76) 10,172 (41.97)

Diabetic complications (n, %)

Stroke 55,701 (2.8) 598 (2.97)

Cardiovascular events 128,134 (6.41) 1,412 (7)

Duration of DM$ 5 y (n, %) 792,988 (30.89) 9,215 (38.02)

Antidiabetic drugs (n, %)

Insulin 206,861 (8.06) 2,297 (9.48)

Sulfonylurea 1,067,102 (41.57) 12,507 (51.61)

Metformin 1,187,807 (46.27) 12,374 (51.06)

Meglitinide 57,174 (2.23) 659 (2.72)

Thiazolidinedione 163,852 (6.38) 1,766 (7.29)

Dipeptidyl peptidase-4 inhibitor 243,102 (9.47) 2,156 (8.9)

Acarbose 286,939 (11.18) 3,445 (14.21)

BMI, body mass index; CRC, colorectal cancer; DM, diabetes mellitus; WC, waist circumference.
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Table 2. Risk factors for colorectal cancer in patients with diabetes (age- and sex-adjusted model)

Events Duration (years) IR (per 1,000 person-years) HR (95% CI)

Age, y

,40 174 656,560.29 0.26502 1 (ref.)

40–,50 1,552 1,921,491.88 0.80771 3.231 (2.763–3.778)

50–,60 5,868 3,114,366.69 1.88417 7.861 (6.762–9.138)

60–,70 9,233 2,908,770.29 3.17419 14.010 (12.06–16.275)

$70 7,409 1,931,028.58 3.83682 17.994 (15.482–20.913)

Sex

Male 16,162 6,262,914.49 2.58059 1.840 (1.751–1.848)

Female 8,074 4,269,303.24 1.89118 1 (ref.)

Smoking

Nonsmoker 12,913 5,932,193.96 2.17677 1 (ref.)

Former smoker 5,569 1,943,496.99 2.86545 1.138 (1.097–1.181)

Current smoker 5,754 2,656,526.79 2.16599 1.137 (1.096–1.18)

Alcohol consumption

Non 13,717 6,071,603.81 2.25921 1 (ref.)

Mild 8,226 3,564,910.35 2.30749 1.173 (1.137–1.21)

Heavy 2,293 895,703.57 2.56 1.333 (1.271–1.398)

Regular exercise

No 17,677 7,786,741.87 2.27014 1 (ref.)

Yes 6,559 2,745,475.86 2.38902 1.014 (0.986–1.044)

Income status

Others 17,921 7,739,873.39 2.31541 1 (ref.)

Lowest quantile 6,315 2,792,344.34 2.26154 1.015 (0.986–1.044)

Residence

Urban 10,666 4,637,791.77 2.2998 1 (ref.)

Rural 13,541 5,884,482.18 2.30114 0.986 (0.962–1.012)

BMI in 5 levels (kg/m2)

,18.5 352 146,750.15 2.39863 0.887 (0.796–0.987)

18.5–,23 6,252 2,610,101.44 2.39531 1 (ref.)

23–,25 6,291 2,678,567.59 2.34864 1.014 (0.979–1.05)

25–,30 9,874 4,322,782.4 2.28418 1.064 (1.031–1.099)

$30 1,467 774016.15 1.89531 1.110 (1.048–1.176)

Abdominal obesity

No 12,197 5,440,153.89 2.24203 1 (ref.)

Yes 12,039 5,092,063.84 2.36427 1.093 (1.064–1.122)

Hypertension

No 8,215 4,499,080.13 1.82593 1 (ref.)

Yes 16,021 6,033,137.6 2.6555 1.089 (1.059–1.119)

Dyslipidemia

No 14,064 6,019,672.22 2.33634 1 (ref.)

Yes 10,172 4,512,545.5 2.25416 0.988 (0.963–1.014)

Stroke

No 19,518 8,178,783.71 2.38642 1 (ref.)

Yes 598 222,804.41 2.68397 0.854 (0.787–0.927)
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In male patients, smoking (former smoker [HR5 1.117, 95%
CI 1.07–1.165] and current smoker [HR 5 1.125, 95% CI
1.076–1.176]) and alcohol consumption (mild drinking [HR 5
1.15, 95% CI 1.107–1.195] and heavy drinking [HR5 1.288, 95%
CI 1.219–1.362]) were more likely to lead to the development of
CRC than in females. Treatment with metformin (HR 5 0.955,
95% CI 0.918–0.993) was related to a decreased risk of CRC in
male patients. In female patients, an increase in BMI was a sig-
nificant risk factor for CRC compared to male patients (Table 3).

Effect of BMI and WC on the risk of CRC in patients with T2DM

The risk ofCRCaccording to the different BMI andWC levelswas
analyzed to determine whether BMI or WC had a stronger as-
sociation with CRC (Figure 2). Increased BMI levels tended to be
more associated with developing CRC in females than in males
(Figure 2a), and a high WC was a significant risk factor for all
patients with CRC (Figure 2b).

Considering both BMI andWC, BMI$ 25 kg/m2 or abdominal
obesity alone did not affect the risk of CRC regardless of sex

(Table 4). However, patients with BMI$ 25 kg/m2 and abdominal
obesitywere associatedwitha 10% increased riskofCRCcompared
with patientswith a normalweight and anormalWC(HR5 1.105,
95% CI 1.073–1.138). Male patients with a BMI $ 25 kg/m2 and
abdominal obesity were associated with an 8% increased risk of
CRC compared with patients with normal weight and normalWC
(HR5 1.087, 95% CI 1.049–1.127), whereas female patients with
a BMI$ 25 kg/m2 and abdominal obesity were associated with an
18% increased risk (HR5 1.184, 95%CI 1.123–1.25). A BMI$ 25
kg/m2 and abdominal obesity had a synergistic effect ondeveloping
CRC, and female patients with a BMI$ 25 kg/m2 and abdominal
obesity were at a higher risk of developing CRC thanmale patients.

DISCUSSION
It has been reported that T2DM increases the risk of CRC by
30%–40% (18,19). In this study, the incidence of CRC in patients
with T2DM was relatively high (2.3 per 1,000 person-years)
compared with the reported 0.6 per 1,000 person-years of those
surveyed among the Korean population in 2012 (20).

Table 2. (continued)

Events Duration (years) IR (per 1,000 person-years) HR (95% CI)

Cardiovascular events

No 18,751 7,899,126.98 2.37381 1 (ref.)

Yes 1,412 520,747.64 2.71149 0.881 (0.834–0.93)

Duration of DM

,5 y 15,021 7,193,683.55 2.08808 1 (ref.)

$5 y 9,215 3,338,534.18 2.76019 1.050 (1.022–1.078)

Insulin

No 21,939 9,690,716.46 2.26392 1 (ref.)

Yes 2,297 841,501.27 2.72965 1.080 (1.035–1.128)

Sulfonylurea

No 11,729 5,892,106.6 1.99063 1 (ref.)

Yes 12,507 4,640,111.13 2.69541 1.108 (1.08–1.137)

Metformin

No 11,862 5,578,914.63 2.12622 1 (ref.)

Yes 12,374 4,953,303.1 2.49813 1.039 (1.013–1.066)

Meglitinide

No 23,577 10,280,127.39 2.29345 1 (ref.)

Yes 659 252,090.33 2.61414 0.995 (0.921–1.075)

Thiazolidinedione

No 22,470 9,795,408.07 2.29393 1 (ref.)

Yes 1,766 736,809.66 2.39682 1.007 (0.959–1.057)

Dipeptidyl peptidase-4 inhibitor

No 22,080 9,605,330.98 2.29872 1 (ref.)

Yes 2,156 926,886.75 2.32607 1.040 (0.995–1.087)

Acarbose

No 20,791 9,267,460.73 2.24344 1 (ref.)

Yes 3,445 1,264,757 2.72384 1.036 (1–1.075)

BMI, body mass index; CI, confidence interval; DM, diabetes mellitus; HR, hazard ratio; IR, incidence rate; ref, reference.

American College of Gastroenterology Clinical and Translational Gastroenterology

C
O
LO

N

Colorectal Cancer Risks in Type II Diabetes 5



Aging, male sex, and smoking are well-known risk factors for
CRC in the general population (21). Metabolic disturbance such as
dyslipidemia, hypertension, T2DM, and obesity have been repor-
ted to be risk factors for CRC not only among populations in
developed Western countries but also among Korean populations
(5,22,23). To our knowledge, this study is the first to investigate
Korean patients with T2DM and assess the risk of CRC. In this
study, established risk factors such as aging, male sex, smoking, or
hypertension in the general population were also identified as
significant risk factors. Interestingly, the significant risk factors
differed according to sex. In men, smoking and alcohol

consumption increased the risk of CRC and regular exercise de-
creased the risk, indicating that lifestyle itself had a significant effect
on developing CRC. In terms of alcohol consumption, some pre-
vious studies have reported a cutoff of 50 g per day for drinking,
above which the risk of CRC increases (24,25). However, we
revealed that even lower doses of alcohol intake (,30 g per day)
would increase the risk. Obesity, represented as a high BMI, also
increased the risk of CRC; however, this was amore significant risk
factor in women. Considering these results, physiciansmay be able
to tailor their advice to their male and female patients with T2DM
more effectively to reduce the development of CRC.

Table 3. Risk factors for colorectal cancer in patients with diabetes (multivariate Cox regression model)

HR (95% CI)

Total Male Female

Age, y

,40 1 (ref.) 1 (ref.) 1 (ref.)

40–,50 3.194 (2.648–3.852) 3.271 (2.65–4.038) 1.971 (1.299–2.99)

50–,60 7.804 (6.511–9.354) 8.580 (7.003–10.512) 3.556 (2.37–5.334)

60–,70 14.127 (11.787–16.932) 16.491 (13.459–20.206) 5.501 (3.67–8.247)

$70 18.469 (15.391–22.162) 21.489 (17.505–26.379) 7.396 (4.93–11.095)

Male 1.571 (1.511–1.633)

BMI in 5 levels (kg/m2)

,18.5 0.939 (0.829–1.062) 0.941 (0.81–1.093) 0.929 (0.745–1.159)

18.5–,23 1 (ref.) 1 (ref.) 1 (ref.)

23–,25 0.989 (0.951–1.028) 0.974 (0.929–1.02) 1.032 (0.962–1.106)

25–,30 1.034 (0.998–1.072) 0.999 (0.956–1.044) 1.132 (1.064–1.205)

$30 1.100 (1.033–1.172) 1.055 (0.965–1.153) 1.194 (1.088–1.31)

Smoking (no)

Former smoker 1.108 (1.064–1.154) 1.117 (1.07–1.165) 1.143 (0.94–1.389)

Current smoker 1.101 (1.056–1.148) 1.125 (1.076–1.176) 1.028 (0.894–1.182)

Alcohol consumption (no)

Mild 1.136 (1.096–1.176) 1.15 (1.107–1.195) 1.065 (0.977–1.161)

Heavy 1.266 (1.2–1.337) 1.288 (1.219–1.362) 1.079 (0.727–1.603)

Regular exercise (yes) 0.970 (0.94–1.001) 0.957 (0.921–0.993) 0.986 (0.931–1.045)

Lowest quintile of yearly income 0.983 (0.952–1.015) 0.984 (0.946–1.024) 0.959 (0.908–1.012)

Hypertension (yes) 1.070 (1.037–1.104) 1.102 (1.061–1.145) 1.012 (0.958–1.069)

Dyslipidemia (yes) 0.949 (0.922–0.977) 0.942 (0.909–0.977) 0.971 (0.925–1.019)

Stroke (yes) 0.894 (0.822–0.972) 0.920 (0.832–1.016) 0.839 (0.72–0.978)

Cardiovascular events (yes) 0.910 (0.86–0.963) 0.900 (0.837–0.967) 0.934 (0.853–1.023)

Insulin (yes) 1.078 (1.027–1.131) 1.091 (1.026–1.16) 1.050 (0.97–1.136)

Sulfonylurea (yes) 1.091 (1.057–1.127) 1.133 (1.088–1.179) 1.023 (0.969–1.079)

Metformin (yes) 0.979 (0.949–1.01) 0.955 (0.918–0.993) 1.015 (0.963–1.07)

Meglitinide (yes) 0.977 (0.9–1.062) 0.984 (0.887–1.091) 0.963 (0.838–1.106)

Thiazolidinedione (yes) 0.962 (0.913–1.013) 0.964 (0.904–1.028) 0.950 (0.87–1.038)

Dipeptidyl peptidase-4 inhibitor (yes) 1.032 (0.981–1.086) 1.012 (0.949–1.08) 1.063 (0.98–1.153)

Acarbose (yes) 1.001 (0.961–1.042) 1.015 (0.964–1.068) 0.973 (0.909–1.041)

Duration of DM ($5 y) 1.009 (0.976–1.042) 0.993 (0.954–1.035) 1.039 (0.983–1.098)

BMI, body mass index; CI, confidence interval; HR, hazard ratio; DM, diabetes mellitus; ref, reference.
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The effect of antidiabetic medication on the development of
CRC has been studied. Metformin has been shown to lower the
incidence of CRC, and insulin or insulin secretagogues have been
identified as risk factors for CRC (26–29). Similarly, in this study,
insulin and sulfonylurea were identified as significant risk factors
for CRC, and metformin significantly lowered the risk for men in
the multivariate analysis.

Patients with a history of dyslipidemia, stroke, and cardiovas-
cular events were found to have a low incidence of CRC. This may
have been due to the increasing possibility of death owing to the
life-threatening nature of the complications, low CRC detection
rate due to fewer colonoscopy examinations in patients with
comorbidities or because of aspirin/statin use. Several studies have
reported that the use of aspirin and statins is a preventive factor in
CRC development (30,31).

A noteworthy aspect of our study concerns how obesity was
found to affect CRC in patients with T2DM. The prevalence of
obesity in Korea has been gradually increasing (32). Obesity is
associated with not only metabolic diseases but also with cancers,
resulting in increased medical expenditure (33–36), and has be-
come socially more problematic in Korea. Generally, visceral
obesity has been considered to be a more important factor in
colorectal carcinogenesis than a high BMI (37). We also found
that abdominal obesity correlated more with developing CRC
than a high BMI in patients with T2DM. However, distinct from
other studies considering only 1 variable or each variable sepa-
rately (WC or BMI) (5,13,23,37,38), a high WC and BMI had
a synergistic effect on developing CRC, and this effect was highly
sensitive in females, whereas a high BMI ($25 kg/m2) or ab-
dominal obesity alone did not increase the risk of CRC.

Theunderlyingmechanisms concerning the relationship between
obesity and CRC are not well known. It has been suggested that
metabolic syndrome, insulin resistance, and altered levels of adipo-
cytokines may play a role in obesity-associated colorectal carcino-
genesis (13). A recent study reported that obesity, especially higher
WC, was more associated with CRC in females, and explained as
being due to hormonal metabolism. Postmenopausal women who

comprisedmost females in that study had changes in fat distribution,
resulting in increased visceral fat depots, and this central obesity was
related to an increase in androgenic activity in postmenopausal
women (38). Similarly, most female patients enrolled in the study
were also aged .50 years, and these factors might explain these
results. Although the decreased protective effect of estrogen, attrib-
utable to the inductionof apoptosis and inhibitionof cell proliferation
(39),might explain the results in that study, it is not clearwhy obesity
was a greater CRC risk factor in female patients with T2DM. Al-
thoughdifferent sex susceptibility toCRChasbeendiscussed in terms
of obesity, a meta-analysis showed that BMI appeared to be consis-
tently associated with an increased risk of CRC inmen, but less so in
women(13). Similarly, a recentKoreanstudyshowed that ahighBMI
($25kg/m2) significantly increased the riskofCRC inmenbutnot in
women in the general population (23). Further studies are required to
explain different sex susceptibility in relation to T2DM.

The major strengths of our study comprise the following:
(i) this is the first study to analyze the risk factors of CRC in
patients with T2DM using a nationwide, population-based co-
hort; (ii) we analyzed the data using a large number of covariates
as we were able to use the data and include information derived
from detailed questionnaires in the national checkup program;
and (iii) we identified the difference in risk factors according to
sex and also confirmed the effect of BMI andWC on elevated risk
of CRC in patients with T2DM. The results of the study may be
a useful foundation for developing clinical management guide-
lines that focus on advising patients with T2DM on the risks of
developing CRC. Our study had some limitations, as follows: (i)
theNHICdatabase does not includeHbA1c values, and therefore,
we defined T2DM with ICD codes, claims indicating diabetes
medications, and fasting glucose levels; (ii) our registry only held
data that indicated whether antidiabetic medication had been
used or not. The precise duration of medication and the combi-
nation effect of medications were not considered in the analysis;
and (iii) our registry did not include the changes in BMI and WC
during the study period. Nevertheless, this was a large-scale
population-based study, and the results are likely to bemeaningful.

Figure 2. Effect of BMI and WC on the risk of CRC in patients with T2DM. (a) Development of CRC depending on changing BMI; adjusted for age, sex,
smoking, alcohol consumption, regular exercise, and BMI. (b) Development of CRC depending on changing WC; adjusted for age, sex, smoking, alcohol
consumption, regular exercise, and WC. BMI, body mass index; CRC, colorectal cancer; WC, waist circumference.
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In conclusion, our nationwide and population-based cohort
study showed that patients with T2DM were associated with
specific risk factors that differed depending on sex. A high BMI
and abdominal obesity had a synergistic effect on elevating the
risk of CRC, and female patients (BMI $ 25 kg/m2) with ab-
dominal obesity were at a higher risk of developing CRC than
male patients. Our results may be useful for clinicians working
to prevent CRC and educate patients with T2DM of the sex-
specific risk factors of CRC in such instances.
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Study Highlights

WHAT IS KNOWN

3 Developing CRC poses challenges for patients with T2DM.

WHAT IS NEW HERE

3 Significant risk factors for patients with CRC and T2DM
included smoking and alcohol consumption in men and
increased BMI in women.

3 Considering both BMI and WC, female patients with a BMI
$ 25 kg/m2 and abdominal obesity were at a higher risk of
developing CRC than male patients.

TRANSLATIONAL IMPACT

3 Individual risk factors for CRC inmen and women should be
kept in mind in the management of patients with T2DM.
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