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Abstract

We investigated the association of colorectal cancer risk factors with different colorectal cancer subsites to assess etiological
differences for cancers of the proximal colon, distal colon, and rectum. Included in this study were 869,725 men and 395,501
women who participated in a health examination provided by the Korean National Health System between 1996 and 1997.
During up to 7 years of follow-up, 4,144 incident colorectal cancer cases were detected (3,051 men and 1,093 women).
Greater height was associated with elevated risk for distal colon cancer and rectal cancer in both men and women. Family
history of cancer was associated with higher risk for cancers of the proximal colon in men and distal colon in both men and
women. Frequent alcohol consumption and consuming high amounts of alcohol were associated with elevated risk for
distal colon cancer in men and higher risk for rectal cancer in women. Frequent meat consumption was associated with risk
for proximal colon cancer in men and for rectal cancer in women. Our findings suggest that risk factors for colorectal cancer
are different by subsites of colon and rectum, as well as by sex.
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Introduction

Colorectal cancer incidence and mortality has been increasing

rapidly in Korea during last few decades. According to the Korean

Central Cancer Registry, colorectal cancer is the third most

common incident cancer with age-adjusted incidences of 47.0 per

100,000 for men and 25.6 for women in 2008 [1]. The annual

percent changes in colorectal cancer incidence were 6.9% in men

and 5.2% in women between 1999 and 2008 [1], and the

incidence and mortality rates of colorectal cancer are expected to

increase [2]. The proximal and distal colon and rectum have

different embryologic origins, morphologic appearance of normal

mucosa, metabolizing enzyme activity, physiological function,

fecal composition, bile acid metabolism, and intestinal transit times

[3,4]. Recent clinicopathologic and molecular studies of colorectal

cancer have suggested that there are subtypes based on tumor

methylation status and DNA microsatellite instability (MSI) that

exhibit different characteristics in patients, such as differences in

tumor locations [5,6]. Specifically, CpG island methylator

phenotype (CIMP)-high tumors are mainly found in the proximal

colon, whereas no-CIMP and microsatellite-stable (MSS) tumors

are mainly located in the distal colon [5,6]. Although classification

of colorectal cancer based on anatomical site of origin is too crude

to distinguish phenotypically distinct colorectal cancer subgroups,

it is still useful especially in large scale cohort studies, in which

detailed molecular classification of tumors may not be available for

analysis.

Several cohort studies have been conducted to assess risk factor

profiles for cancers in different subsites of the colon/rectum in

Asian populations [7,8,9], and the results have been inconclusive.

The objective of the current study was to assess the association

between different subsites of colorectal cancers and colorectal risk

factors based on a large health insurance study conducted in

Korea, where the incidence of colorectal cancer is increasing

steadily.

Materials and Methods

Study population
Included in this study were men and women who were

beneficiaries or dependent family members of the insured of the

Korean National Health System (KNHS), a major institution for

the nationwide health insurance system in Korea, and who

participated in a health examination provided by the KNHS

between 1996 and 1997. This study involved routinely collected

medical data, hence participant’s consent was not required and the

study protocol was approved by the Institutional Review Board of

the National Cancer Center (IRB no. NCCNCS-09-305).

Participants were asked to fill out a questionnaire on alcohol

consumption, cigarette smoking habits, regular exercise, family

history of cancer, dietary preferences, and consumption frequency

of meats. Height and weight were measured during the health

examination. A total of 1,265,226 participants (869,725 men and

395,501 women), aged 30 to 80 years, who participated in the

health examination, without previous history of cancer, and with

no missing information for any of the major risk factor variables

including height, weight, fasting serum glucose, total serum

cholesterol, family history of cancer, cigarette smoking status
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(current/ex-/non-smokers), and alcohol consumption frequency)

were included in the final analysis.

Colorectal cancer ascertainment
Cancer occurrence was ascertained from the Korean Central

Cancer Registry data, and death information from the Korean

National Statistical Office up to December 2003. Subsites of

colorectal cancer were categorized by the International Classifi-

cation of Disease 10th edition (ICD-10) codes as follows: proximal

colon (C180–C185), distal colon (C186–C187), and rectum (C19–

C20). Cancers with an overlapping lesion of the colon (C188) or

that were not otherwise specified (C189) were excluded from the

analysis.

Statistical analysis
The chi-square test was used for comparing risk factor

distributions between non-case groups and colorectal cancer

groups. The Cox proportional hazard model was used to estimate

the age-adjusted hazard ratios (HR) of the risk factors and their

95% confidence intervals (CI). Age-adjusted hazard ratios for

exposure variables were calculated to compare hazard ratios of

each variable across cancer sites. Colorectal cancer cases detected

at subsites other than the site of interest were censored at the time

of diagnosis in survival analyses. P for trends in the hazard ratios

were calculated using the order of each risk factor category as a

categorical variable. The ‘unknown’ category was not included in

trend analyses. The likelihood ratio tests were conducted to

examine whether the effects of the potential risk factors were the

same across different cancer subsites. When the likelihood ratio

tests showed significant difference, Wald chi-square (1 d. f.) tests

based on the coefficients and corresponding standard errors

estimated from the Cox regression model were constructed to

further single out the difference between any pairs of cancer

subsites [10]. All analyses were conducted using SAS software

version 9.1 (SAS Institute Inc, Cary, NC).

Results

During up to 7 years of follow-up, 4,144 colorectal cancer

incidents were detected (3,051 in men and 1,093 in women;

Table 1 and 2). Among men, 536 proximal colon cancers, 751

distal colon cancers, and 1,535 rectal cancers were found. Among

women, 236 proximal colon cancers, 225 distal colon cancers, and

451 rectal cancers were found. Cases with overlapping lesions in

the colon or whose cancers were not otherwise specified lesions

were excluded (229 men and 81 women).

Those who developed colorectal cancers were more likely to be

older than those who did not (p,0.001) both in men and women.

After adjusting for age, height was associated with elevated risk for

distal colon cancer in men (P-trend = 0.003; Table 3). Similarly,

height was associated with increased risk for rectal cancer in

women (P-trend = 0.004; Table 4) and marginally elevated risk for

rectal cancer in men (P-trend = 0.052). Higher BMI was associated

with elevated risk for distal colon cancer in men (P-trend,0.001) and

with marginally elevated risk for proximal colon cancer in women

(P-trend = 0.057). High serum total cholesterol was associated with

high risk for rectal cancer (P-trend = 0.001), and marginal risk for

distal colon cancer (P-trend = 0.079) in men. Whereas a serum

fasting glucose level of 126 mg/dl or higher was associated with

higher risk for distal colon cancer (HR = 1.3, 95% CI: 1.1, 1.7) and

rectal cancer (HR = 1.3, 95% CI: 1.1, 1.5) in men, it was also

associated with lower risk for proximal colon cancer (HR = 0.7,

95% CI: 0.5, 1.0). On the other hand, no significant association

was observed between serum total cholesterol or fasting glucose

and colorectal cancer in women. Family history of cancer was

associated with higher risk for cancers of the proximal colon

(hazard ratio (HR) = 1.4, 95% CI: 1.1, 1.7) in men and distal colon

in both men (HR = 1.4, 95% CI: 1.2, 1.7) and women (HR = 1.6,

95% CI: 1.2, 2.2).

Frequent meat consumption was associated with risk for

proximal colon cancer in men (P-trend = 0.005) and with risk for

rectal cancer in women (P-trend = 0.02). Frequent alcohol consump-

tion and consuming greater amounts of alcohol were both

associated with elevated risk for distal colon cancer in men

(P-trend,0.001, respectively), whereas women who frequently

consumed alcohol or who consumed greater amounts of alcohol

had higher risk for rectal cancer (P-trend,0.001, respectively).

Current cigarette smoking was not associated with colorectal

cancer risk in our study population, except that former smoker had

1.4-fold increased risk of distal cancer in men (95% CI: 1.2, 1.7).

In men, the likelihood ratio results indicates the effects of

current cigarette smoking , fasting glucose level, alcohol consump-

tion amount, BMI , serum total cholesterol and family history of

cancer (marginal) vary depending on colorectal cancer subsites

(Table 5). A serum fasting glucose level of 126 mg/dl or higher

was a significant risk factor for distal colon cancer and rectal

cancer, whereas it showed a significant protective effect in

proximal colon cancer in our data. High alcohol consumption

amount and high BMI (. = 25) were a significant risk factor only

for distal colon cancer. Similarly, the effect of family history of any

cancer was significant only for colon cancers.

In women, alcohol consumption (both frequency and amount),

family history of cancer and serum glucose level were found to be

different. Alcohol consumption was a significant risk factor only for

rectal cancer, but not for colon cancers. Family history of cancer

was associated significantly only with distal colon cancer.

Discussion

In this large-scale cohort study, we consistently found significant

positive associations between height and risk of rectal cancer in

both men and women. Higher BMI was associated with increased

risk for distal colon cancer in men and for proximal colon cancer

in women. In addition, family history of cancer was associated

with increased risk for distal colon cancer in both men and women

and for proximal colon cancer in men. Frequent meat consump-

tion was associated with increased risk for proximal colon cancer

in men and that for rectal cancer in women, and alcohol

consumption was associated with increased risk for distal colon

cancer in men and for rectal cancer in women.

Greater height was associated with elevated risk for distal colon

cancer and for rectal cancer in both men and women. Positive

association between height and colorectal cancer risk in men is

consistent with a previous study using a similar health insurance

database in a Korean population [11]. However, the same study

observed no association between height and female rectal cancer

risk [11], which is not consistent with our result. Further analysis

with a longer follow-up period to ensure statistical power for each

of the subsites of colorectal cancer is warranted to clarify the role

of height in the carcinogenesis of each subsite.

Obesity has been consistently associated with increased risk for

colon cancer in men, however, the association has been

inconsistent in women [12]. A meta-analysis of prospective studies

showed that an increase in BMI was associated with increased risk

of colon cancer in both men and women, although the association

was stronger in men. In addition, BMI was positively association

with rectal cancer risk in men, but not in women [12]. The

summary relative risks for colon and rectal cancer were not differ

Colorectal Cancer Risk Factors
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Table 1. Risk factor distributions between colorectal cancer patients and colorectal cancer-free participants, men, N(%).

Colorectal cancer-free
participants
(N = 866,674)

Proximal colon
cancer cases
(N = 536)

Distal colon
cancer cases
(N = 751)

Rectal cancer
cases (N = 1,535)

Age* 45.2 (10.5) 54.1 (10.9) 55.9 (9.7) 54.7 (10.0)

P ,0.001 ,0.001 ,0.001

Height (cm)

#165 266,295 (30.7) 211 (39.4) 275 (36.6) 571 (37.2)

165.1–168 220,512 (25.4) 136 (25.4) 203 (27.0) 432 (28.1)

168.1–172 181,971 (21) 97 (18.1) 145 (19.3) 280 (18.2)

.172 197,896 (22.8) 92 (17.2) 128 (17.0) 252 (16.4)

P ,0.001 ,0.001 ,0.001

BMI (kg/m2)

,18.5 21,903 (2.5) 19 (3.5) 18 (2.4) 57 (3.7)

18.5–22.9 361,766 (41.7) 210 (39.2) 259 (34.5) 609 (39.7)

23.0–24.9 244,341 (28.2) 156 (29.1) 213 (28.4) 439 (28.6)

$25 238,664 (27.5) 151 (28.2) 261 (34.8) 430 (28.0)

P 0.354 ,0.001 0.016

Fasting glucose (mg/dl)

,126 813,594 (93.9) 506 (94.4) 669 (89.1) 1,376 (89.6)

$126 53,080 (6.1) 30 (5.6) 82 (10.9) 159 (10.4)

P 0.602 ,0.001 ,0.001

Serum total cholesterol (mg/dl)

#200 554,690 (64.0) 333 (62.1) 448 (59.7) 876 (57.1)

201–239 231,894 (26.8) 163 (30.4) 211 (28.1) 487 (31.7)

$240 80,090 (9.2) 40 (7.5) 92 (12.3) 172 (11.2)

P 0.091 0.007 ,0.001

Family history of cancer

No 708,382 (81.7) 421 (78.5) 594 (79.1) 1,272 (82.9)

Yes 158,292 (18.3) 115 (21.5) 157 (20.9) 263 (17.1)

P 0.056 0.061 0.250

Meat consumption frequency (per week)

#1 time 400,504 (46.2) 222 (41.4) 336 (44.7) 705 (45.9)

2–3 times 414,930 (47.9) 269 (50.2) 344 (45.8) 702 (45.7)

$4 times 44,439 (5.1) 43 (8.0) 64 (8.5) 112 (7.3)

Unknown 6,801 (0.8) 2 (0.4) 7 (0.9) 16 (1.0)

P 0.004 ,0.001 0.001

Cigarette smoking habits

Never 245,000 (28.3) 170 (31.7) 232 (30.9) 475 (30.9)

Former 129,259 (14.9) 94 (17.5) 184 (24.5) 288 (18.8)

Current 492,415 (56.8) 272 (50.8) 335 (44.6) 772 (50.3)

P 0.017 ,0.001 ,0.001

Alcohol consumption frequency

None 257,802 (29.8) 176 (32.8) 230 (30.6) 525 (34.2)

2–3 times/month 181,201 (20.9) 93 (17.4) 119 (15.9) 280 (18.2)

1–2 times/week 248,629 (28.7) 137 (25.6) 194 (25.8) 348 (22.7)

3–4 times/week 117,681 (13.6) 70 (13.1) 130 (17.3) 218 (14.2)

Almost everyday 61,361 (7.1) 60 (11.2) 78 (10.4) 164 (10.7)

P 0.001 ,0.001 ,0.001

Alcohol consumption amount

None 257,802 (29.8) 176 (32.8) 230 (30.6) 525 (34.2)

Less than half bottle of Korean distilled spirits 192,937 (22.3) 125 (23.3) 183 (24.4) 413 (26.9)

Colorectal Cancer Risk Factors
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Table 2. Risk factor distributions between colorectal cancer patients and colorectal cancer-free participants, women, N(%).

Colorectal cancer-free
participants (N = 394,408)

Proximal colon cancer
cases (N = 236)

Distal colon cancer
cases (N = 225)

Rectal cancer
cases (N = 551)

Age* 49.1 (11.2) 58.8 (10.4) 55.3 (10.3) 57.1 (10.3)

P ,0.001 ,0.001 ,0.001

Height (cm)

#151 107,212 (27.2) 89 (37.7) 68 (30.2) 184 (33.4)

151.1–155 104,693 (26.5) 65 (27.5) 65 (28.9) 160 (29.0)

155.1–159 98,770 (25.0) 52 (22.0) 56 (24.9) 117 (21.2)

.159 83,733 (21.2) 30 (12.7) 36 (16.0) 90 (16.3)

P ,0.001 0.250 ,0.001

BMI (kg/m2)

,18.5 16,278 (4.1) 9 (3.8) 10 (4.4) 17 (3.1)

18.5–22.9 172,042 (43.6) 76 (32.2) 75 (33.3) 209 (37.9)

23.0–24.9 94,844 (24.1) 54 (22.9) 63 (28.0) 135 (24.5)

$25 111,244 (28.2) 97 (41.1) 77 (34.2) 190 (34.5)

P ,0.001 0.020 0.004

Fasting glucose (mg/dl)

,126 374,756 (95.0) 215 (91.1) 213 (94.7) 506 (91.8)

$126 19,652 (5.0) 21 (8.9) 12 (5.3) 45 (8.2)

P 0.006 0.814 0.001

Serum total cholesterol (mg/dl)

#200 239,520 (60.7) 111 (47.0) 109 (48.4) 293 (53.2)

201–239 108,707 (27.6) 88 (37.3) 82 (36.4) 176 (31.9)

$240 46,181 (11.7) 37 (15.7) 34 (15.1) 82 (14.9)

P ,0.001 0.001 0.001

Family history of cancer

No 318,999 (80.9) 196 (83.1) 168 (74.7) 452 (82.0)

Yes 75,409 (19.1) 40 (17.0) 57 (25.3) 99 (18.0)

P 0.396 0.018 0.491

Meat consumption frequency (per week)

#1 time 228,873 (58.0) 133 (56.4) 125 (55.6) 303 (55.0)

2–3 times 136,965 (34.7) 71 (30.1) 78 (34.7) 194 (35.2)

$4 times 23,410 (5.9) 24 (10.2) 16 (7.1) 44 (8.0)

Unknown 5,160 (1.3) 8 (3.4) 6 (2.7) 10 (1.8)

P 0.001 0.271 0.119

Cigarette smoking habits

Never 371,859 (94.3) 217 (92.0) 206 (91.6) 502 (91.1)

Former 5,042 (1.3) 6 (2.5) 3 (1.3) 10 (1.8)

Colorectal cancer-free
participants
(N = 866,674)

Proximal colon
cancer cases
(N = 536)

Distal colon
cancer cases
(N = 751)

Rectal cancer
cases (N = 1,535)

One bottle of Korean distilled spirits 285,406 (32.9) 172 (32.1) 251 (33.4) 416 (27.1)

More than one bottle 126,440 (14.6) 61 (11.4) 86 (11.5) 171 (11.1)

Unknown 4,089 (0.5) 2 (0.4) 1 (0.1) 10 (0.7)

P 0.203 0.072 ,0.001

*mean (standard deviation), P-values were derived from chi-square test compared to colorectal cancer-free participants, except for p-values for age, which were derived
from t-test.
doi:10.1371/journal.pone.0023196.t001

Table 1. Cont.

Colorectal Cancer Risk Factors
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Table 3. Association between risk factors and risk of cancer of the proximal colon, distal colon and rectum in men, hazard ratios
(95% confidence intervals).

Proximal colon cancer Distal colon cancer* Rectal cancer

Age (/year) 1.1 (1.1, 1.1) 1.1 (1.1, 1.1) 1.1 (1.1, 1.1)

Height (cm)

#165 1.0 (reference) 1.0 (reference) 1.0 (reference)

165.1–168 1.0 (0.8, 1.3) 1.3 (1.1, 1.5) 1.2 (1.1, 1.4)

168.1–172 1.1 (0.8, 1.3) 1.4 (1.1, 1.7) 1.2 (1.0, 1.4)

.172 1.1 (0.8, 1.4) 1.3 (1.1, 1.6) 1.1 (1.0, 1.3)

P-trend 0.567 0.003 0.052

BMI (kg/m2)

,18.5 1.1 (0.7, 1.8) 0.8 (0.5, 1.2) 1.1 (0.8, 1.4)

18.5–22.9 1.0 (reference) 1.0 (reference) 1.0 (reference)

23.0–24.9 1.1 (0.9, 1.4) 1.3 (1.1, 1.5) 1.1 (1.0, 1.2)

$25 1.1 (0.9, 1.4) 1.6 (1.4, 2.0) 1.1 (1.0, 1.3)

P-trend 0.299 ,0.001 0.085

Fasting glucose (mg/dl)

,126 1.0 (reference) 1.0 (reference) 1.0 (reference)

$126 0.7 (0.5, 1.0) 1.3 (1.1, 1.7) 1.3 (1.1, 1.5)

P 0.030 0.020 0.004

Serum total cholesterol (mg/dl)

#200 1.0 (reference) 1.0 (reference) 1.0 (reference)

201–239 1.1 (0.9, 1.3) 1.0 (0.9, 1.2) 1.2 (1.1, 1.4)

$240 0.7 (0.5, 1.0) 1.3 (1.0, 1.6) 1.2 (1.0, 1.4)

P-trend 0.333 0.079 0.001

Family history of cancer

No 1.0 (reference) 1.0 (reference) 1.0 (reference)

Yes 1.4 (1.1, 1.7) 1.4 (1.2, 1.7) 1.1 (0.9, 1.2)

P 0.002 ,0.001 0.336

Colorectal cancer-free
participants (N = 394,408)

Proximal colon cancer
cases (N = 236)

Distal colon cancer
cases (N = 225)

Rectal cancer
cases (N = 551)

Current 17,507 (4.4) 13 (5.5) 16 (7.1) 39 (7.1)

P 0.159 0.151 0.005

Alcohol consumption frequency

None 331,580 (84.1) 206 (87.3) 201 (89.3) 446 (80.9)

2–3 times/month 37,951 (9.6) 19 (8.1) 17 (7.6) 54 (9.8)

1–2 times/week 17,891 (4.5) 5 (2.1) 5 (2.2) 26 (4.7)

3–4 times/week 3,901 (1.0) 5 (2.1) 1 (0.4) 9 (1.6)

Almost everyday 3,085 (0.8) 1 (0.4) 1 (0.4) 16 (2.9)

P 0.118 0.249 ,0.001

Alcohol consumption amount

None 331,580 (84.1) 206 (87.3) 201 (89.3) 446 (80.9)

Less than half bottle of Korean distilled spirits 49,975 (12.7) 23 (9.8) 21 (9.3) 85 (15.4)

More than one bottle of Korean distilled spirits 8,701 (2.2) 6 (2.5) 2 (0.9) 15 (2.7)

Unknown 4,152 (1.1) 1 (0.4) 1 (0.4) 5 (0.9)

P 0.409 0.152 0.193

*ean (standard deviation), P-values were derived from chi-square test compared to colorectal cancer-free participants, except for p-values for age, which were derived
from t-test.
doi:10.1371/journal.pone.0023196.t002

Table 2. Cont.

Colorectal Cancer Risk Factors
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Table 4. Association between risk factors and cancer of the proximal colon, distal colon, and rectum in women, hazard ratios (95%
confidence intervals).

Proximal colon cancer Distal colon cancer* Rectal cancer

Age (/year) 1.1 (1.1, 1.1) 1.1 (1.0, 1.1) 1.1 (1.1, 1.1)

Height (cm)

#151 1.0 (reference) 1.0 (reference) 1.0 (reference)

151.1–155 1.2 (0.9, 1.7) 1.4 (1.0, 1.9) 1.4 (1.1, 1.7)

155.1–159 1.3 (0.9 ,1.9) 1.5 (1.0, 2.2) 1.3 (1.0, 1.7)

.159 1.2 (0.8, 1.9) 1.3 (0.9, 2.1) 1.5 (1.1, 2.0)

P-trend 0.214 0.102 0.004

BMI (kg/m2)

,18.5 1.1 (0.6, 2.3) 1.4 (0.7, 2.7) 0.8 (0.5, 1.3)

18.5–22.9 1.0 (reference) 1.0 (reference) 1.0 (reference)

23.0–24.9 1.1 (0.8, 1.6) 1.3 (1.0, 1.9) 1.0 (0.8, 1.3)

$25 1.5 (1.1, 2.0) 1.3 (0.9, 1.8) 1.1 (0.9, 1.3)

P-trend 0.057 0.234 0.318

Fasting glucose (mg/dl)

,126 1.0 (reference) 1.0 (reference) 1.0 (reference)

$126 1.2 (0.8, 1.9) 0.8 (0.4, 1.4) 1.2 (0.9, 1.6)

Proximal colon cancer Distal colon cancer* Rectal cancer

Meat consumption frequency (per week)

#1 time 1.0 (reference) 1.0 (reference) 1.0 (reference)

2–3 times 1.3 (1.1, 1.5) 1.1 (0.9, 1.3) 1.0 (0.9, 1.2)

$4 times 1.4 (1.0, 1.9) 1.3 (1.0, 1.7) 1.1 (0.9, 1.3)

Unknown 0.4 (0.1, 1.4) 0.8 (0.4, 1.6) 0.9 (0.5, 1.4)

P-trend 0.005 0.076 0.280

Cigarette smoking habits

Never 1.0 (reference) 1.0 (reference) 1.0 (reference)

Former 1.0 (0.8, 1.3) 1.4 (1.2, 1.7) 1.1 (1.0, 1.3)

Current 1.0 (0.8, 1.2) 0.9 (0.8, 1.1) 1.0 (0.9, 1.1)

P-trend 0.806 0.161 0.975

Alcohol consumption frequency

None 1.0 (reference) 1.0 (reference) 1.0 (reference)

2–3 times/month 1.1 (0.8, 1.4) 1.1 (0.9, 1.4) 1.1 (0.9, 1.3)

1–2 times/week 1.1 (0.9, 1.4) 1.4 (1.1, 1.7) 1.0 (0.9, 1.2)

3–4 times/week 1.1 (0.8, 1.4) 1.7 (1.3, 2.1) 1.2 (1.0, 1.4)

Almost everyday 1.2 (0.9, 1.7) 1.2 (0.9, 1.5) 1.1 (0.9, 1.3)

P-trend 0.136 ,0.001 0.113

Alcohol consumption amount

None 1.0 (reference) 1.0 (reference) 1.0 (reference)

Less than half bottle 1.0 (0.8, 1.2) 1.1 (0.9, 1.3) 1.1 (0.9, 1.2)

One bottle of Korean distilled spirits 1.3 (1.0, 1.6) 1.6 (1.3, 1.9) 1.1 (0.9, 1.2)

More than one bottle of Korean distilled spirits 1.2 (0.9, 1.6) 1.5 (1.2, 2.0) 1.2 (1.0, 1.4)

Unknown 0.6 (0.1, 2.3) 0.2 (0.0, 1.5) 0.9 (0.5, 1.8)

P-trend 0.024 ,0.001 0.109

*HR: hazard ratio, CI: confidence interval. Hazard ratios were adjusted for age. P-trends were calculated using the order of categories as a continuous variable in the
proportional hazard models.
doi:10.1371/journal.pone.0023196.t003

Table 3. Cont.

Colorectal Cancer Risk Factors
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by geographic regions where studies were conducted [12]. Positive

associations between BMI and risk for colon and rectal cancer in

men and risk for colon cancer in postmenopausal women have

been found in previous Korean health insurance studies [13,14].

Our results suggest the possibility that associations between colon

cancer and obesity can be mainly attributed to distal colon cancer

in men and to proximal colon cancer in women.

Metabolic risk factors may contribute to carcinogenesis through

affecting insulin resistance, aromatase activity, adipokine produc-

tion, angiogenesis, glucose utilization, oxidative stress, and DNA

damage [15]. Diabetes mellitus has been associated with a 30%

elevated risk for colorectal cancer in a meta-analysis, and the

associations did not differ statistically by sex or by cancer subsite

[16]. Our finding of decreased risk for proximal colon cancer

among subjects with serum glucose level of 126 mg/dL or higher

is an unexpected result. However, due to the limited information

on diabetes drug use, and relatively small number of proximal

colon cases with serum glucose level of 126 mg/dL or higher,

these results should be interpreted with caution.

In the Alpha-Tocopherol Beta-Carotene Prevention Study, high

serum total cholesterol was associated with decreased risk for rectal

cancer and was not associated with colon cancer risk [17], whereas

in a prospective study of Japanese-American men, high serum total

cholesterol was associated with decreased risk for colon cancer and

was not associated with rectal cancer risk [18]. In the Physicians’

Health Study, no association between serum total cholesterol level

and risk for colorectal cancer was observed [19]. In contrast,

history of hypercholesterolemia has been related to high risk for

Proximal colon cancer Distal colon cancer* Rectal cancer

P 0.424 0.437 0.327

Serum total cholesterol (mg/dl)

#200 1.0 (reference) 1.0 (reference) 1.0 (reference)

201–239 1.3 (1.0, 1.7) 1.3 (1.0, 1.8) 1.0 (0.8, 1.2)

$240 1.1 (0.7, 1.6) 1.2 (0.8, 1.7) 1.0 (0.8, 1.2)

P-trend 0.355 0.170 0.820

Family history of cancer

No 1.0 (reference) 1.0 (reference) 1.0 (reference)

Yes 1.1 (0.7, 1.5) 1.6 (1.2, 2.2) 1.1 (0.9, 1.3)

P 0.774 0.002 0.481

Meat consumption frequency (per week)

#1 time 1.0 (reference) 1.0 (reference) 1.0 (reference)

2–3 times 1.0 (0.7, 1.3) 1.1 (0.9, 1.5) 1.2 (1.0, 1.4)

$4 times 1.7 (1.1, 2.7) 1.3 (0.7, 2.1) 1.4 (1.0, 1.9)

Unknown 2.2 (1.1, 4.5) 1.9 (0.8, 4.3) 1.2 (0.7 2.3)

P-trend 0.097 0.270 0.020

Cigarette smoking habits

Never 1.0 (reference) 1.0 (reference) 1.0 (reference)

Former 1.1 (0.5, 2.6) 0.7 (0.2, 2.4) 0.9 (0.5, 1.7)

Current 0.7 (0.4, 1.2) 1.1 (0.7, 1.9) 1.0 (0.7, 1.4)

P-trend 0.252 0.767 0.967

Alcohol consumption frequency

None 1.0 (reference) 1.0 (reference) 1.0 (reference)

2–3 times/month 1.0 (0.6, 1.6) 0.9 (0.5, 1.4) 1.3 (1.0, 1.7)

1–2 times/week 0.5 (0.2, 1.2) 0.5 (0.2, 1.2) 1.2 (0.8, 1.7)

3–4 times/week 1.8 (0.7, 4.4) 0.4 (0.1, 2.8) 1.5 (0.8, 3.0)

Almost everyday 0.4 (0.1, 2.6) 0.4 (0.1, 3.0) 2.8 (1.7, 4.7)

P-trend 0.372 0.042 ,0.001

Alcohol consumption amount

None 1.0 (reference) 1.0 (reference) 1.0 (reference)

Less than half bottle of Korean distilled spirits 0.8 (0.5, 1.3) 0.7 (0.5, 1.2) 1.4 (1.1, 1.7)

More than one bottle of Korean distilled spirits 1.6 (0.7, 3.5) 0.5 (0.1, 1.9) 1.7 (1.0, 2.8)

Unknown 0.4 (0.1, 2.9) 0.4 (0.1, 3.0) 0.9 (0.4, 2.3)

P-trend 0.941 0.094 0.001

*HR: hazard ratio, CI: confidence interval. Hazard ratios were adjusted for age. P-trends were calculated using the order of categories as a continuous variable in the
proportional hazard models.
doi:10.1371/journal.pone.0023196.t004

Table 4. Cont.

Colorectal Cancer Risk Factors
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colorectal cancer in men [20]. Although serum total cholesterol

alone is not an optimal marker for dyslipidemia [21], our results

suggest a differential etiologic role for hyperlipidemia in cancer

subsites (i.e., colon and rectum) in men. Our finding of no

association between serum total cholesterol or fasting glucose level

and colorectal cancer risk in women is consistent with previous

prospective studies, which have shown no association between

metabolic risk factors and colorectal cancer risk in women

[20,22,23,24,25].

Although family history of colorectal cancer is a well-defined

risk factor for colorectal cancer, little is known about the role of

family history of extracolonic cancers. However, cancer of the

proximal colon has been found to be more frequent in patients

with two or more tumors in a first-degree relative among

registered colorectal cancer patients [26], which is consistent with

our results.

In a meta-analysis of 15 prospective studies on meat intake,

consumption of red meat and processed meat was positively

associated with risk of both colon and rectal cancer [27]. The

association with red meat was more pronounced for rectal cancer

than for colon cancer. In three studies that reported results for

subsites of the colon, high consumption of processed meat was

associated with an increased risk of distal colon cancer, but not of

proximal colon cancer. High consumption of red meat was not

differentially associated with the risk of proximal or distal colon

cancers, although the risk estimate for distal colon cancer was

slightly higher than for proximal colon cancer [27]. Although the

question on meat in our study covered only frequency of

consumption, we observed positive associations between frequent

meat consumption and proximal colon cancer risk in men and risk

for proximal colon cancer and rectal cancer in women. Recently,

the International Agency for Research on Cancer (IARC)

recognized cigarette smoking as a risk factor for colorectal cancer,

a tumor site for which there is sufficient evidence that tobacco

smoking causes cancer [28]. Two meta-analyses have confirmed

the association between cigarette smoking and increased risk for

colorectal cancers, and the association was stronger for rectal

cancer than for colon cancer [29,30]. In contrast, we observed no

association between cigarette smoking and colorectal cancer risk in

our study population.

A pooled analysis of eight cohort studies showed that positive

associations between alcohol intake and colorectal cancer [31]. A

pooled analysis of five Japanese cohort studies also suggested

positive associations between alcohol intake and risk of colon and

rectal cancers in both men and women [8]. The association was

more prominent for rectal cancer in some studies [32,33], but not

in other studies [34,35,36]. In the Health Professionals Follow-Up

Study and the Nurses’ Health Study, alcohol intake was associated

with increased risk for colon cancer only in men, whereas no

apparent associations were found between colon or rectal cancers

and alcohol intake in women [36]. In the Netherlands Cohort

Study, high amounts of alcohol consumption was associated with

increased risk for rectal cancer in men, whereas it was associated

with risk for proximal and rectosigmoid cancers in women [34].

Different types of alcoholic beverages appear to have different

effects on the association with colorectal cancer risk. Beer seems to

increase the risk for colorectal cancer [32,36], whereas wine seems

to decrease the risk [33].

The strength of the current study includes a large sample size

and completeness of cancer follow-up by data linkage to cancer

registration. Weight and height, which are important risk factors

for colorectal cancer, were measured directly during clinical

examination. Limitations include limited information on dietary

risk or protective factors such as calcium and fiber intake, or non-

dietary factors such as NSAIDs, hormone replacement therapy or

other drug use.

In conclusion, our large-scale cohort study observed differential

risk factor profiles according to subsites of colorectal cancer. Our

findings support the hypothesis that there are differential risk

factor profiles for subsites of colorectal cancer. Further researches

on predicting colorectal cancer risk based on lifestyle risk factors

require consideration of subsites of colon and rectum as different

organs to ensure more precise estimation of risks.

Author Contributions

Conceived and designed the experiments: B-HN SP AS JJ JK. Analyzed

the data: JJ JB H-RY AS. Wrote the paper: AS JJ B-HN. Critically

reviewed and approved the final version of the manuscript: AS JJ JB H-RY

JK SP B-HN.

References

1. Annual Report of cancer incidence (2008) in Korea Ministry for Health and

Welfare.

2. Park S, Noh HJ, Hwang SS, Jung K, Won YJ, et al. (2009) Prediction of cancer

incidence and mortality in Korea. Cancer Res Treat 14: 11s–14s.

Table 5. Results of the likelihood ratio statistics for testing the differences of each risk factor across colorectal cancer subsites.

Men Women

df Chi-square P df Chi-square P

Height (cm) 8 5.817 0.668 8 9.875 0.274

BMI (kg/m2) 8 18.458 0.018 8 14.271 0.075

Fasting glucose (mg/dl) 4 13.847 0.008 4 9.808 0.044

Serum total cholesterol (mg/dl) 6 12.976 0.043 6 11.884 0.065

Family history of cancer 4 8.993 0.061 4 13.321 0.010

Meat consumption frequency (per week) 8 7.493 0.484 8 12.162 0.144

Cigarette smoking habits 6 24.89 ,0.001 6 10.403 0.109

Alcohol consumption frequency 10 14.823 0.139 10 28.792 0.001

Alcohol consumption amount 10 22.152 0.014 8 21.353 0.006

doi:10.1371/journal.pone.0023196.t005

Colorectal Cancer Risk Factors

PLoS ONE | www.plosone.org 8 August 2011 | Volume 6 | Issue 8 | e23196



3. Bufill JA (1990) Colorectal cancer: evidence for distinct genetic categories based

on proximal or distal tumor location. Ann Intern Med 113: 779–788.
4. McMichael AJ, Potter JD (1985) Host factors in carcinogenesis: certain bile-acid

metabolic profiles that selectively increase the risk of proximal colon cancer.

J Natl Cancer Inst 75: 185–191.
5. Barault L, Charon-Barra C, Jooste V, de la Vega MF, Martin L, et al. (2008)

Hypermethylator phenotype in sporadic colon cancer: study on a population-
based series of 582 cases. Cancer Res 68: 8541–8546.

6. Jass JR (2007) Classification of colorectal cancer based on correlation of clinical,

morphological and molecular features. Histopathology 50: 113–130.
7. Akhter M, Kuriyama S, Nakaya N, Shimazu T, Ohmori K, et al. (2007) Alcohol

consumption is associated with an increased risk of distal colon and rectal cancer
in Japanese men: the Miyagi Cohort Study. Eur J Cancer 43: 383–390.

8. Mizoue T, Inoue M, Wakai K, Nagata C, Shimazu T, et al. (2008) Alcohol
drinking and colorectal cancer in Japanese: a pooled analysis of results from five

cohort studies. Am J Epidemiol 167: 1397–1406.

9. Otani T, Iwasaki M, Inoue M (2005) Body mass index, body height, and
subsequent risk of colorectal cancer in middle-aged and elderly Japanese men

and women: Japan public health center-based prospective study. Cancer Causes
Control 16: 839–850.

10. Lagakos SW (1978) A covariate model for partially censored data subject to

competing causes of failure. Applied Statistics 27: 235–241.
11. Sung J, Song YM, Lawlor DA, Smith GD, Ebrahim S (2009) Height and site-

specific cancer risk: A cohort study of a korean adult population. Am J Epidemiol
170: 53–64.

12. Larsson SC, Wolk A (2007) Obesity and colon and rectal cancer risk: a meta-
analysis of prospective studies. Am J Clin Nutr 86: 556–565.

13. Jee SH, Yun JE, Park EJ, Cho ER, Park IS, et al. (2008) Body mass index and

cancer risk in Korean men and women. Int J Cancer 123: 1892–1896.
14. Song YM, Sung J, Ha M (2008) Obesity and risk of cancer in postmenopausal

Korean women. J Clin Oncol 26: 3395–3402.
15. Cowey S, Hardy RW (2006) The metabolic syndrome: A high-risk state for

cancer? Am J Pathol 169: 1505–1522.

16. Larsson SC, Orsini N, Wolk A (2005) Diabetes mellitus and risk of colorectal
cancer: a meta-analysis. J Natl Cancer Inst 97: 1679–1687.

17. Bowers K, Albanes D, Limburg P, Pietinen P, Taylor PR, et al. (2006) A
prospective study of anthropometric and clinical measurements associated with

insulin resistance syndrome and colorectal cancer in male smokers.
Am J Epidemiol 164: 652–664.

18. Nomura AM, Stemmermann GN, Chyou PH (1991) Prospective study of serum

cholesterol levels and large-bowel cancer. J Natl Cancer Inst 83: 1403–1407.
19. Sturmer T, Buring JE, Lee IM, Gaziano JM, Glynn RJ (2006) Metabolic

abnormalities and risk for colorectal cancer in the physicians’ health study.
Cancer Epidemiol Biomarkers Prev 15: 2391–2397.

20. Pelucchi C, Negri E, Talamini R, Levi F, Giacosa A, et al. (2010) Metabolic

syndrome is associated with colorectal cancer in men. Eur J Cancer 46:
1866–1872.

21. (2001) Executive Summary of The Third Report of The National Cholesterol

Education Program (NCEP) Expert Panel on Detection, Evaluation, And

Treatment of High Blood Cholesterol In Adults (Adult Treatment Panel III).

JAMA 285: 2486–2497.

22. Ahmed RL, Schmitz KH, Anderson KE, Rosamond WD, Folsom AR (2006)

The metabolic syndrome and risk of incident colorectal cancer. Cancer 107:

28–36.

23. Colangelo LA, Gapstur SM, Gann PH, Dyer AR, Liu K (2002) Colorectal

cancer mortality and factors related to the insulin resistance syndrome. Cancer

Epidemiol Biomarkers Prev 11: 385–391.

24. Inoue M, Noda M, Kurahashi N, Iwasaki M, Sasazuki S, et al. (2009) Impact of

metabolic factors on subsequent cancer risk: results from a large-scale

population-based cohort study in Japan. Eur J Cancer Prev 18: 240–247.

25. Trevisan M, Liu J, Muti P, Misciagna G, Menotti A, et al. (2001) Markers of

insulin resistance and colorectal cancer mortality. Cancer Epidemiol Biomarkers

Prev 10: 937–941.

26. Ponz de Leon M, Sassatelli R, Sacchetti C, Zanghieri G, Scalmati A, et al. (1989)

Familial aggregation of tumors in the three-year experience of a population-

based colorectal cancer registry. Cancer Res 49: 4344–4348.

27. Larsson SC, Wolk A (2006) Meat consumption and risk of colorectal cancer: a

meta-analysis of prospective studies. Int J Cancer 119: 2657–2664.

28. Secretan B, Straif K, Baan R, Grosse Y, El Ghissassi F, et al. (2009) A review of

human carcinogens–Part E: tobacco, areca nut, alcohol, coal smoke, and salted

fish. Lancet Oncol 10: 1033–1034.

29. Botteri E, Iodice S, Bagnardi V, Raimondi S, Lowenfels AB, et al. (2008)

Smoking and colorectal cancer: a meta-analysis. JAMA 300: 2765–2778.

30. Liang PS, Chen TY, Giovannucci E (2009) Cigarette smoking and colorectal

cancer incidence and mortality: systematic review and meta-analysis. Int J Cancer

124: 2406–2415.

31. Cho E, Smith-Warner SA, Ritz J, van den Brandt PA, Colditz GA, et al. (2004)

Alcohol intake and colorectal cancer: a pooled analysis of 8 cohort studies. Ann

Intern Med 140: 603–613.

32. Goldbohm RA, Van den Brandt PA, Van ’t Veer P, Dorant E, Sturmans F, et al.

(1994) Prospective study on alcohol consumption and the risk of cancer of the

colon and rectum in the Netherlands. Cancer Causes Control 5: 95–104.

33. Pedersen A, Johansen C, Gronbaek M (2003) Relations between amount and

type of alcohol and colon and rectal cancer in a Danish population based cohort

study. Gut 52: 861–867.

34. Bongaerts BW, van den Brandt PA, Goldbohm RA, de Goeij AF,

Weijenberg MP (2008) Alcohol consumption, type of alcoholic beverage and

risk of colorectal cancer at specific subsites. Int J Cancer 123: 2411–2417.

35. Sharpe CR, Siemiatycki J, Rachet B (2002) Effects of alcohol consumption on

the risk of colorectal cancer among men by anatomical subsite (Canada). Cancer

Causes Control 13: 483–491.

36. Wei EK, Giovannucci E, Wu K, Rosner B, Fuchs CS, et al. (2004) Comparison

of risk factors for colon and rectal cancer. Int J Cancer 108: 433–442.

Colorectal Cancer Risk Factors

PLoS ONE | www.plosone.org 9 August 2011 | Volume 6 | Issue 8 | e23196


