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Dietary Risk Factors for Colon and Rectal Cancers: A Comparative Case-Control
Study

BBAACCKKGGRROOUUNNDD:: In Japan, the incidence rate of colon cancer has more rapidly increased than that of
rectal cancer. The differential secular trends may be due to different dietary factors in the development
of colon and rectal cancers.
MMEETTHHOODDSS:: To compare dietary risk factors between colon and rectal cancers, we undertook a case-
control study at Aichi Cancer Center Hospital, Japan. Subjects were 507 patients with newly diagnosed
colon (n = 265) and rectal (n = 242) cancers, and 2,535 cancer-free outpatients (controls). Intakes of
nutrients and food groups were assessed with a food frequency questionnaire, and multivariate-adjust-
ed odds ratios (ORs) were estimated using unconditional logistic models.
RREESSUULLTTSS:: We found a decreasing risk of colon cancer with increasing intakes of calcium and insoluble
dietary fiber; the multivariate ORs across quartiles of intake were 1.00, 0.90, 0.80, and 0.67 (trend p =
0.040), and 1.00, 0.69, 0.64, and 0.65 (trend p = 0.027), respectively. For rectal cancer, a higher con-
sumption of carotene and meat was associated with a reduced risk; the corresponding ORs were 1.00,
1.10, 0.71, and 0.70 for carotene (trend p = 0.028), and 1.00, 0.99, 0.68, and 0.72 for meat (trend p =
0.036). Carbohydrate intake was positively correlated with the risk of rectal cancer (ORs over quartiles:
1.00, 1.14, 1.42, and 1.54; trend p = 0.048). This association was stronger in women, while fat con-
sumption was inversely correlated with the risk of female colon and rectal cancers.
CCOONNCCLLUUSSIIOONNSS:: Dietary risk factors appear to considerably differ between colon and rectal cancers.
J Epidemiol 2006; 16:125-135.
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In Japan, the age-standardized incidence rate of colorectal cancer
increased until around 1990 and has leveled off thereafter.1 It is
now at among the highest levels in the world; the incidence rate
standardized with the World Population was estimated to be 49.9
(per 100,000 population) in men and 27.2 in women in 1999.1

The incidence of colon cancer has increased more rapidly than
that of rectal cancer. Between 1975 and 1999, the colon-to-rectal
ratio of incidence (standardized with the World Population) rose
from 0.85 to 1.67 in men and from 1.17 to 2.13 in women.1,2 The

ratio greatly varies among countries,3 being much higher in cancer
registries in the United States and Canada (median = 2.1 in men
and 2.6 in women) than those in Asian countries excluding Japan
(1.2 in men and 1.4 in women). Registries in European countries
have intermediate values (1.5 in men and 2.0 in women).

If dietary risk factors of colon cancer differ from those of rectal
cancer, the different secular trends in incidence between the two
sites and international variation in the colon-to-rectal ratio of inci-
dence may partly be explained by changes and international varia-
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strata), sex, and calendar year of the first visit. Those with a histo-
ry of cancer (n = 1,188) and an extreme value of energy intake (n
= 125) were excluded as in the case patients. Finally, 2,535 con-
trols were included in this study.

Diet and Other Exposure Data
The HERPACC questionnaire applied included items on demo-
graphic characteristics, family and individual medical history,
height and weight, exercise, smoking and drinking habits, and vit-
amin use, as well as consumption of selected foods and bever-
ages.

The dietary component of the questionnaire comprised 47 food
items.9 We asked the subjects about the average intake frequency
without specifying portion size, during the period of one year
before onset of the present disease or before the interview. For
staple foods such as rice, bread, and noodles, the usual number of
bowls or slices consumed at one time, as well as the intake fre-
quency, was inquired for breakfast, lunch, and supper, separately.
The frequency of alcohol consumption was asked with the usual
amount on one occasion. Nutrient intakes and food group con-
sumption were estimated assuming the standard portion sizes.

Energy-adjusted intakes of nutrients and food groups were cal-
culated by the residual method,10 with natural logarithms used to
improve the normality of their distribution except for the ratio of
n-6 fatty acid intake to that of n-3 fatty acids. The food frequency
questionnaire was validated by referring to 3-day weighed dietary
records as a standard.9 The de-attenuated correlation coefficients
for energy-adjusted intakes of nutrients for the present analysis
ranged from 0.12 to 0.86 in men (median = 0.43) and from 0.17 to
0.64 in women (0.38). The coefficients (not de-attenuated) for
energy-adjusted consumption of food groups varied from 0.19 to
0.57 in men (median = 0.42) and from 0.19 to 0.61 in women
(0.42).

Statistical Analysis
Body mass index (BMI) at baseline was calculated from reported
height and weight: BMI = (weight in kg)/(height in m)2.

To assess the strength of the associations between intakes of
nutrients or food groups and risk of colon or rectal cancer, odds
ratios (ORs) were computed. To directly compare dietary risk fac-
tors between colon and rectal cancers based on a common control
group, we pooled controls matched to colon cancer cases and
those matched to rectal cancer cases in the analysis. Cases and
controls were categorized into four groups according to sex-spe-
cific quartile levels of energy-adjusted intakes of nutrients or food
groups among controls. The ORs with 95% confidence intervals
(CIs) for the second, third, and highest quartiles versus the lowest
were estimated using unconditional logistic models11 adjusted for
the matching variables and potential confounding factors.12-14

The ORs were adjusted for sex, age (as a continuous variable),
calendar year of the first visit to the hospital (2001, 2002, or
2003-2004), season of first visit  (spring, summer, autumn, or
winter), reason for the visit (self recommendation, recommenda-
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tion in dietary habits. In Asian countries, however, only a small
number of studies4-7 have examined differences in dietary risk fac-
tors between cancers of the colon and rectum. It is therefore not
clear whether the predominant increase in incidence of colon can-
cer in Japan is ascribable to changes in diet. We need further data
to know why the proportion of rectal cancer in all colorectal can-
cer cases is relatively high in Asian countries.

To further address these issues, we conducted the present case-
control study comparing dietary risk factors between colon and
rectal cancers in the Hospital-based Epidemiologic Research
Program at Aichi Cancer Center (HERPACC).

METHODS

The Hospital-based Epidemiologic Research Program at Aichi
Cancer Center
HERPACC was initiated in Aichi Cancer Center Hospital
(ACCH), Nagoya, in 1988, with information on lifestyle factors
collected from all first-visit outpatients, using a self-administered
questionnaire checked by a trained interviewer. Each patient is
asked about his or her lifestyle including dietary habits when
healthy or before the current symptoms developed. The question-
naire data are loaded into the HERPACC database and routinely
linked with the hospital cancer registry system to update the data
on cancer incidence. Written informed consent for participation is
obtained from each patient. The ethical board of Aichi Cancer
Center reviewed and approved the protocol of this investigation.
Further details of HERPACC have been described elsewhere.6,8

Cases and Controls
The present study is based on data collected between January
2001 and September 2004 because the present version of the food
frequency questionnaire was adopted in January 2001. Among all
first-visit outpatients during this period (n = 25,941), the ques-
tionnaire was given to 21,417 (82.6%). Of the remaining 4,524
patients (17.4%), 2,041 (7.9%) were excluded because of the
absence of an interviewer and so were 1,222 (4.7%) due to a con-
sultation visit by someone other than patients themselves. Others
were left out because they were too young (< 18 years) or too ill
to fill out the form or for other miscellaneous reasons. Of the
21,417 outpatients who were asked to complete the questionnaire,
20,814 (97.2%) provided adequate responses to the questionnaire.

Patients aged 20 to 79 years with cancers of the colon (n = 323)
or rectum (n = 276) (International Statistical Classification of
Diseases and Related Health Problems, 10th Revision [ICD-10]:
C18 and C20), newly and histopathologically diagnosed, were
deemed to be potential cases. We excluded 85 patients with a
prior history of cancer and seven with an implausibly high or low
estimated intake of total energy (<500 or 3,500+ kcal/day), leav-
ing 507 cases eligible for the analysis (colon cancer: n = 265; rec-
tal cancer: n = 242).

We randomly selected five controls for each case from the
14,931 cancer-free individuals, with matching for age (5-year
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terol, and total dietary fiber were inversely correlated with the
risk of colon cancer (trend p < 0.10, Table 4), while no significant
associations were noted in men. A reduced risk of rectal cancer
associated with a higher consumption of carotene and meat was
observed particularly in women (Table 5). Inverse associations
were also found for fat, vitamin E, folate, monounsaturated and n-
6 polyunsaturated fatty acids, and green-yellow vegetables in
women (trend p < 0.10). In contrast, women who took diet high in
carbohydrate were at more than twice the risk of developing rectal
cancer. The ORs for the third and the highest quartiles were 2.14
(95% CI: 1.05-4.36) and 2.53 (95% CI: 1.22-5.24; trend p =
0.003), respectively. An increasing risk with an increasing ratio of
dietary n-6 polyunsaturated fatty acids (PUFA) to n-3 PUFA was
detected for male rectal cancer (trend p = 0.042).

DISCUSSION

In this case-control study, we found a decreased risk of colon can-
cer with increasing intakes of calcium and insoluble dietary fiber,
while a higher consumption of carotene and meat was associated
with a reduced risk of rectal cancer. Carbohydrate intake was
linked to the risk of rectal cancer, particularly in women, while fat
consumption was inversely correlated with the risk of colon and
rectal cancers in women.

People take much less meat and more cereals in Asian countries
than in the United States and Canada (http://faostat.fao.org/fao-
stat/), which may account for the lower colon-to-rectal ratios in
Asia. Further investigations, however, are needed because the dif-
ferences in risk for the consumption of meat and carbohydrate
between colon and rectal cancers have not been fully supported
by previous investigations.

Calcium intake has been related to a decreased risk of colorec-
tal cancer in prospective studies.16-18 In addition, randomized con-
trolled trials showed that calcium supplementation prevents recur-
rence of colorectal adenomas, precursors of cancers.19 The present
study provides further support for role of calcium in the preven-
tion of colorectal cancer. Some investigations demonstrated a
greater risk reduction for cancer of the colon than that of the rec-
tum as in our case.16,18

An inverse association of dietary fiber and colon cancer risk
was here detected specifically for insoluble dietary fiber. Many
epidemiologic studies have not substantiated a protective associa-
tion between dietary fiber and colorectal cancer,20-22 although a
recent large prospective study in Europe showed a decreased risk
of colorectal cancer associated with dietary fiber intake.23

An earlier investigation reporting protective effects of dietary
fiber against colorectal cancer did not find a substantial difference
in risk between soluble and insoluble fibers.24 Whereas adsorption
of carcinogens to insoluble dietary fiber in the intestinal tract is
one of the mechanisms by which dietary fiber is believed to pro-
tect against colorectal cancer,25 the roles of different types of fiber
should be further elucidated. Our finding that the association of
dietary fiber was mainly with colon rather than rectal cancer is
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tion by family or friends, referral by physicians, secondary
screening, or others), family history of colorectal cancer in par-
ents and/or siblings (yes or no), BMI (<20.0, 20.0-24.9, 25.0-
29.9, or 30.0+ kg/m2), exercise (none, <0.50, 0.50-0.99, or 1.00+
hours/day), alcohol drinking (nondrinkers, ex-drinkers, or current
drinkers who daily consumed <1.0, 1.0-1.9, or 2.0+ Japanese
drinks [one Japanese drink is equivalent to 23g of ethanol]),
smoking habit (nonsmokers, ex-smokers, or current smokers),
multivitamin use (at least once per week for one year or longer;
yes or no), and total energy intake (as a continuous variable).
Missing values for each covariate were treated as an additional
category in the variable and were included in the logistic model.
As a basis for the trend tests, we assigned scores of 0, 1, 2, and 3
to the first (or lowest), second, third, and fourth quartiles of nutri-
ent intakes or food group consumption, respectively, and included
the score in the model. All p values were two-sided, and all the
analyses were performed using the Statistical Analysis System®,
release 8.2.15

RESULTS

Table 1 shows the distribution of cases and controls by back-
ground characteristics; sex, age, and calendar year of the first visit
were exactly matched between cases and controls. Values for
mean age ± standard deviation were 61.7 ± 9.2 and 61.6 ± 9.3
years in cases and controls for colon cancer, respectively. The
corresponding figures were 58.6 ± 10.7 and 58.5 ± 10.6 years
for the rectal cancer subjects. As expected, the case group includ-
ed a higher proportion of patients referred by physicians than the
control group.

Cases of both colon and rectal cancers were more likely to have
a family history of colorectal cancer than the controls. Other char-
acteristics, such as season of first visit to the hospital, BMI, exer-
cise, drinking and smoking habits, multivitamin use, and energy
intake, were similarly distributed in cases and controls.

The greater the intake of calcium and insoluble dietary fiber,
the lower the multivariate OR (OR2) for colon cancer (Table 2;
trend p = 0.040 for calcium and 0.027 for insoluble dietary fiber).
The risks for the highest quartile of intake of calcium and insolu-
ble dietary fiber were 33% and 35% lower than those for the low-
est quartile, respectively (OR2: 0.67 [95% CI: 0.46-1.00] for cal-
cium and 0.65 [95% CI: 0.45-0.96] for insoluble dietary fiber).
Inverse associations were also suggested between colon cancer
risk and intakes of protein, fat, vitamin C, and total dietary fiber
(trend p for OR2 < 0.10).

We found a decreased risk of rectal cancer associated with
higher intakes of carotene and meat (Table 3; trend p for OR2 =
0.028 for carotene and 0.036 for meat). A negative correlation
was also suggested between the risk of rectal cancer and intake of
vitamin E (trend p for OR2 = 0.072). On the other hand, an
increasing risk was found with increasing intake of carbohydrate
(trend p for OR2 = 0.048).

In women, intakes of protein, fat, calcium, vitamin E, choles-
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Sex
Men
Women

Age (years)
20-29
30-39
40-49
50-59
60-69
70-79

Calendar year of first visit
2001
2002
2003-2004

Season of first visit to the hospital
Spring
Summer
Autumn
Winter

Reason to visit the hospital
Self recommendation
Recommendation by family or friends
Referral by physicians
Secondary screening
Others

Family history of colorectal cancer in parents and/or siblings
Yes
No

Body mass index (kg/m2)
< 20.0
20.0-24.9
25.0-29.9
≥ 30.0

Exercise (hours/day)
None
< 0.50
0.50-0.99
≥ 1.00

Alcohol drinking
Nondrinkers
Ex-drinkers
Current drinkers (Japanese drinks/day)

< 1.0
1.0-1.9
≥ 2.0

Smoking
Nonsmokers
Ex-smokers
Current smokers

Multivitamin use (at least once per week for one year or longer)
Yes
No

Energy intake (kcal/day, mean ± SD) 

Table 1. Background characteristics of cases and controls for colon and rectal cancers.

149 (56.2)
116 (43.8)

1 (0.4)
4 (1.5)

19 (7.2)
83 (31.3)

106 (40.0)
52 (19.6)

73 (27.5)
83 (31.3)

109 (41.1)

66 (24.9)
92 (34.7)
51 (19.2)
56 (21.1)

37 (14.0)
49 (18.5)

136 (51.3)
38 (14.3)
5 (1.9)

38 (14.3)
227 (85.7)

40 (15.2)
166 (62.9)
54 (20.5)
4 (1.5)

75 (29.1)
103 (39.9)
49 (19.0)
31 (12.0)

130 (49.4)
25 (9.5)

65 (24.7)
22 (8.4)
21 (8.0)

132 (49.8)
78 (29.4)
55 (20.8)

24 (9.1)
241 (90.9)

1,580 ± 351

745 (56.2)
580 (43.8)

5 (0.4)
20 (1.5)
95 (7.2)

415 (31.3)
530 (40.0)
260 (19.6)

365 (27.5)
415 (31.3)
545 (41.1)

332 (25.1)
415 (31.3)
341 (25.7)
237 (17.9)

407 (30.7)
289 (21.8)
366 (27.6)
243 (18.3)
20 (1.5)

100 (7.5)
1,225 (92.5)

226 (17.3)
791 (60.4)
276 (21.1)
16 (1.2)

337 (26.0)
564 (43.5)
229 (17.7)
167 (12.9)

627 (47.8)
103 (7.9)

309 (23.6)
134 (10.2)
139 (10.6)

667 (50.4)
379 (28.6)
277 (20.9)

113 (8.5)
1,212 (91.5)

1,616 ± 342

146 (60.3)
96 (39.7)

1 (0.4)
17 (7.0)
22 (9.1)
83 (34.3)
81 (33.5)
38 (15.7)

67 (27.7)
69 (28.5)

106 (43.8)

67 (27.7)
62 (25.6)
62 (25.6)
51 (21.1)

32 (13.2)
47 (19.4)

126 (52.1)
36 (14.9)
1 (0.4)

24 (9.9)
218 (90.1)

38 (15.8)
146 (60.8)
50 (20.8)
6 (2.5)

67 (29.1)
93 (40.4)
47 (20.4)
23 (10.0)

99 (41.8)
16 (6.8)

60 (25.3)
32 (13.5)
30 (12.7)

104 (43.0)
65 (26.9)
73 (30.2)

15 (6.2)
227 (93.8)

1,609 ± 370

730 (60.3)
480 (39.7)

5 (0.4)
85 (7.0)

110 (9.1)
415 (34.3)
405 (33.5)
190 (15.7)

335 (27.7)
345 (28.5)
530 (43.8)

310 (25.6)
348 (28.8)
314 (26.0)
238 (19.7)

361 (29.8)
245 (20.2)
301 (24.9)
284 (23.5)
19 (1.6)

77 (6.4)
1,133 (93.6)

206 (17.1)
748 (62.2)
229 (19.0)
20 (1.7)

330 (27.8)
513 (43.3)
184 (15.5)
158 (13.3)

508 (42.6)
82 (6.9)

338 (28.4)
130 (10.9)
134 (11.2)

560 (46.4)
342 (28.3)
306 (25.3)

99 (8.2)
1,111 (91.8)

1,634 ± 352

Cases
(n = 265)

Controls
(n = 1,325)

Cases
(n = 242)

Controls
(n = 1,210)

Colon cancer Rectal cancer

Percentages in parentheses
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and sex were relatively small.
Dietary risk factors could be directly compared between colon

and rectal cancers in the present study because the procedures for
identification of cases and data collection were exactly the same
and the control group was common for the two sites of cancer.

Some methodological limitations, however, need consideration.
First, because this was a hospital-based case-control study, the
source population from which cases arise may differ from that for
controls. To take this into consideration, we adjusted for the rea-
son for the first visit to ACCH and the season. Second, as with
other case-control studies, this study may suffer from recall bias.
Although the questionnaires were completed before the diagnosis
in ACCH, some case patients referred to the hospital might have
known the diagnosis. It is unlikely, however, that the recall bias
affected the findings differentially between colon and rectal can-
cers. Third, because we examined many nutrients and food groups
in relation to the risk of colon and rectal cancers, multiple com-
parisons may be another issue. Some findings might have
appeared by chance. The difference in dietary risk factors
between colon and rectal cancers found in the present study,
therefore, warrant confirmation in further investigations. The
increase in incidence of colorectal cancer over time1 may mean
that most Japanese have changed their lifestyles, including their
dietary consumption, so that detection of dietary risk or protective
factors in case-control or cohort studies within the Japanese popu-
lation faces particular problems. Finally, the limitations of the
questionnaire may have prevented us from considering some
potential confounding factors. For example, no information was
available on non-steroidal anti-inflammatory drugs (NSAIDs),
which may exert protective effects against colorectal cancer41 and
may confound associations between diet and the risk of cancer.

In conclusion, dietary preventive factors appear to considerably
differ between colon and rectal cancers: calcium and insoluble
dietary fiber may protect against colon cancer while carotene and
meat may be more effective for rectal cancer. Carbohydrate intake
was positively correlated with the risk of rectal cancer, especially
in women.
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