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To investigate the subsite-specific risk factors for colorectal cancer, we conducted a case-control study, using a
common questionnaire which inquired about general lifestyles over the past five years (1988-92), at the Aichi
Cancer Center Hospital, Nagoya, Japan. This study compared 432 patients with histopathologically diagnosed
colorectal cancer (94 proximal colon [cecum, ascending colon, transverse colon]; 137 distal colon [descending
colon, sigmoid colon]; 201 rectum [rectosigmoid, rectum]); and 31,782 first-visit outpatient controls who were
free from cancer. In both genders, habitual smoking selectively increased the risk for rectum cancer. Soft or
loose feces increased the risk for all subsites of colorectal cancer, particularly in female rectum cancer (odds ratio
[OR] = 4.5). Among female dietary habits, Japanese-style foods decreased the risk for distal colon cancer, but
increased the risk for proximal colon cancer. These results suggested that the risk factors for colorectal cancer
differ by subsite among such a low-risk population as the Japanese. It is suggested also that ‘irritable bowel’ (soft
or loose feces) might be associated with distal subsites of colorectal cancer, independently or combined with
habitual smoking, Cancer Causes and Control 1995, 6, 14-22.
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Introduction

The incidence of and mortality from colorectal cancer
show large international variations. In Japan, colorectal
cancer is less common than in Western countries, but
it has been increasing in recent years."” This increasing
trend has been observed more markedly in colon
cancer—more so in distal colon cancer—than in
rectum cancer.! In migration studies, the incidence rate
of colorectal cancer among Japanese immigrants in
the United States was found to be close to or exceed-
ing that among US Whites,” suggesting the strong

relevance of environmental factors in the etiology of
colorectal cancer.

The difference in the etiology of colorectal cancer
by subsite has been determined in previous studies,””
which suggested that environmental factors are related
more strongly to distal colon cancer and host-specific
factors to proximal colon cancer. On the other hand,
risk factors for rectal cancer were reported to be
different from that for colon cancer, and similar to that
for gastric cancer in Japan. Since separate analysis is
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believed to be important when assessing risk factors for
colorectal cancer, several subsite analyses™'* have been
conducted, but the results were generally inconsistent.
Moreover, subsite analysis within the colon in Japanese
as well as other Asian populations rarely has been
conducted. When considering an increasing trend of
distal colon cancer according to the changing life-
styles over time,* particularly after World War II in
Japan, we should clarify subsite-specific risk factors for
colorectal cancer. For these reasons, it is necessary to
evaluate risk factors separately for each subsite of
colorectal cancers.

To investigate the subsite-specific risk factors for
colorectal cancer in the low-risk Japanese population,
we conducted a comparative case-control study of
three subsites of colorectal cancer, ie., proximal colon,
distal colon, and rectum. In this study, we focused
mainly on environmental factors, eg., habitual smoking
and drinking, physical exercise, bowel habit, and
dietary habits. Reproductive factors and other host-
related factors, which also are believed to be risk
factors for some subsites of colorectal cancer, will be
discussed elsewhere.

Materials and methods

Since 1988, information on lifestyles has been collected
routinely by means of a self-administered questionnaire
from all first-visit outpatients at Aichi Cancer Center
Hospital (ACCH), Nagoya, Japan. Each outpatient is
asked about his or her general lifestyle when healthy or
before current symptoms developed. Details of the
questionnaire and data collection procedures are
described elsewhere.>'* The present study was based
on data collected from January 1988 to December 1992,

Among all firstvisit outpatients in this period
(n = 40,420), the questionnaire was administered to
37,882 (93.7 percent). The remaining 2,538 (6.3 percent)
were excluded because of: young age (under 18 years
old) (466 patients, 1.2 percent); absence of the
interviewer (1,552 patients, 3.8 percent); or because
someone other than the patient attended the consulta-
tion (520 patients, 1.3 percent). Of the 37,882 out-
patients, 36,944 (97.5 percent) provided an adequate
response to the questionnaire. Among them, 5,162
cancer patients (140 percent) were identified by the
hospital cancer-registry system.

In the present study, controls comprised 31,782 non-
cancer outpatients (23,161 females and 8,621 males) who
had their first hospital-visit during this period and were
confirmed to be cancer-free by diagnostic procedure at
ACCH, and had no past history of cancer. To assess
the proportional distribution of clinical diagnosis
among non-cancer outpatients, we randomly sampled

Risk factors for colorectal cancer

Table 1. Proportional distribution of diagnosis among
non-cancer outpatients® in Aichi Cancer Center Hospital
(1988-92)

Diagnosis (%)
Disease free 443
Benign tumor, non-neoplastic polyp 13.1
Colonic polyp 27
Breast fibroadenoma 2.1
Gastric polyp 2.0
Cystic disease 3.4
Breast cyst 1.7
Other diseases 39.2
Breast® 7.5
Upper gastro-intestinal tract 41
(Atrophic gastritis) (2.2)
(Gastric ulcer) (1.6)
Reproductive system 41
(Myoma uteri) (1.7)
(Vaginitis) (1.2)
Hepatobiliary system and pancreas 15
Respiratory system 1.2
Miscellaneous 20.8
Total 100.0

2Randomly selected 10% of non-cancer outpatients (n = 2, 997/
31,782).
PAll cases are mastitis.

10 percent of those outpatients (n =2,997) and
confirmed their final diagnosis by medical records
(Table 1). Forty-four percent were found to have no
abnormal findings by examinations; 13 percent had
benign tumors or non-neoplastic polyps; and the other
35 percent were confirmed to have benign and
nonspecific disease.

All patients with incident colorectal cancer received
surgical treatment, and their diagnoses were confirmed
with subsite-specific information on the basis of both
clinical and histopathologic examination at ACCH
between January 1988 and December 1992. Of 467
eligible patients, 35 were excluded because of insuffi-
cient response to the questionnaire. A total of 432
colorectal cancer patients (175 females and 257 males)
were recruited as cases in the present study.

By means of surgical observation, the patients were
divided into groups by anatomic subsite of colorectum
according to the primary lesion, ie, cecum, ascending
colon, transverse colon, descending colon, sigmoid
colon, rectosigmoid, and rectum. Determination of
the anatomic subsites was based on the General Rules
for Clinical and Pathological Studies on Cancer of Colon,
Rectum and Anus, 4th Edition.”® For the subsite analysis
in the present study, these anatomic subsites were
grouped further into three categories: proximal colon
(cecum, ascending colon, transverse colon); distal

Cancer Causes and Control. Vol 6.1995 15



M. Inoue et al

colon (descending colon, sigmoid colon); and rectum
(rectosigmoid, rectum). Consequently, the 432 cases
consisted of 94 patients with proximal colon cancer (43
females and 51 males), 137 with distal colon cancer (62
females and 75 males), and 201 with rectal cancer (70
females and 131 males).

Plausible risk or protective factors in colorectal
cancer were selected from the lifestyle questionnaire
based on the previous study.® These included: habitual
drinking and smoking; physical exercise; softness of
feces; dietary practice (type of breakfast, preference
of salty or greasy food, size of meal); intake frequency
of Japanese-style foods (rice, soybean paste [miso] soup,
bean curd [tofu], pickled vegetables, salted or dried
fish, cooked or raw fish); intake frequency of vegetables
and fruit (fresh vegetables, fruit, green vegetables,
carrot, pumpkin, cabbage, lettuce, potato); and intake
frequency of meat and Westernstyle foods (egg,
chicken, beef, pork, ham and sausage, milk). These
items were dichotomized individually by habitual
practice or intake frequency.

All analyses were conducted separately by gender and
subsite of colorectal cancer. Odds ratios (OR) and their
95 percent confidence intervals (CI) were estimated
using unconditional logistic regression models, adjust-
ing for age (continuous). To control the effect of
confounding variables, when evaluating an association
between each lifestyle and colorectal cancer subsites, we
carried out multivariate logistic regression, including
age and all significant variables found in each univariate
analysis (e.g., habitual smoking, softness of feces, type of
breakfast, preference of salty food, intake frequency of
rice, bean curd, pickled vegetables, fruit, carrot, ham

and sausage, and milk for females; and habitual
smoking, softness of feces, preference of salty food,
intake frequency of bean curd, green vegetables, egg,
and chicken for males). In this analysis, we confirmed in
advance that these items were not correlated with each
other. Procedure LOGISTIC from SAS' was used to
perform the calculation.

Results

The age of diagnosis of colorectal cancer ranged from 24
to 88 years old in female cases and 24 to 86 in male cases.
Average age of the cases was 58.6 years in females
(proximal colon: 59.5; distal colon: 56.8; rectum: 57.1)
and 60.6 years in males (proximal colon: 61.0; distal
colon: 63.6; rectum: 60.6). Average age of the controls
was 45.7 years in females and 503 years in males. In all
subsites, there were sufficient numbers of cases in all age
strata to do age-adjustment.

Table 2 shows the ORs of habitual drinking and
smoking, physical exercise, and softness of feces.
Habitual smoking (current and ex-smoking) increased
the risk for rectal cancer in females (OR = 1.7, CI =
1.0-3.1) and in males (OR = 1.9, CI = 1.1-3.2). Soft
feces increased the risk for all subsites in females
(proximal colon: OR = 2.0, CI = 1.0-3.9; distal colon:
OR =20, CI =1.1-3.6; rectum: OR =4.5, CI =
2.8-7.2) and in males (proximal colon: OR = 2.0,
CI = 1.1-3.5; distal colon: OR =1.6, CI = 1.0-2.6;
rectum: OR = 2.4, CI = 1.7-3.3), ORs being higher for
the rectum and in females. Habitual drinking (current
and ex-drinking) was likely to decrease the risk for both
colon cancer subsites and increase the risk for rectum

Table 2. Age-adjusted odds ratios (OR) and 95% confidence intervals (Cl) of selected lifestyles for colorectal cancer by

subsite
Variable % of Proximal colon Distal colon Rectum
exposed subjects (n=42) (n=61) (n =70)
among controls -
OR (Cl) OR (cn OR (Cl)
Females
Habitual drinking 28.1 0.8 (0.3-1.8) 0.8 (0.4-1.5) 1.3 (0.7-2.2)
Habitual smoking 16.2 0.9 (0.4-2.4) 1.1 (0.6-2.3) 17 (1.0-3.1)
Physical exercise 1.9 0.5 (0.2-1.5) 1.0 (0.5-2.0) 0.7 0.3-1.4)
Softness of feces 14.4 2.0 (1.0-3.9) 2.0 (1.1-3.6) 45 (2.8-7.2)
Males
Habitual drinking 70.8 1.3 (0.7-2.5) 1.1 (0.7-1.9) 1.1 (0.7-1.6)
Habitual smoking 78.0 0.7 (0.4-1.4) 1.0 (0.6-1.7) 1.9 (1.1-3.2)
Physical exercise 15.8 0.7 (0.4-1.5) 0.7 (0.4-1.3) 0.8 (0.5-1.3)
Softness of feces 33.0 2.0 (1.1-3.5) 16 (1.0-2.6) 2.4 (1.7-3.3)

Contrast: Habitual drinking: drinker (current and ex-) ¢f nondrinker; Habitual smoking: smoker (current and ex-) cf nonsmoker; Physical
exercise: more than 3-4 times/month cf less; Softness of feces: soft or loose ¢f moderate or hard.
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Table 3. Age-adjusted odds ratios (OR) and 95% confidence intervals (Cl) of selected dietary practice and food items for
colorectal cancer by subsite (females)

% of Proximal colon Distal colon Rectum
exposed subjects (n = 42) (n=861) (n=70)
among controls -
OR (C1) OR (Cl) OR (Cl)
Dietary practice
Type of breakfast 31.1 1.8 (1.0-3.3) 1.4 (0.8-2.4) 0.8 (0.5-1.4)
Salty food 61.3 0.6 (0.3-1.0) 0.9 (0.5-1.5) 0.7 (0.5-1.2)
Greasy food 48.7 1.0 (0.5-1.8) 0.9 (0.5-1.5) 14 (0.9-2.2)
Size of meal 49.4 1.6 (0.9-3.0) 0.7 (0.4-1.2) 0.9 (0.6-1.5}
Japanese-style foods
Rice 416 1.1 (0.6-2.1) 0.6 (0.3-1.0) 1.0 (0.6-1.6)
Soybean paste soup 59.4 0.8 (0.4-1.4) 0.8 (0.5-1.3) 11 (0.7-1.8)
Bean curd 46.3 13 (0.7-2.4) 06 {0.4-1.0) 0.9 {0.6-1.5)
Pickled vegetables 13.7 1.4 (0.7-2.9) 0.6 (0.3-1.2) 21 (1.2-3.5)
Salted or dried fish 9.2 1.2 (0.5-2.8) 0.7 (0.3-1.7) 1.4 (0.8-2.7)
Cooked or raw fish 32.2 14 (0.8-2.5) 1.0 (0.6-1.7) 1.4 (0.9-2.2)
Vegetables and frujt
Fresh vegetables 39.1 049 (0.5-1.6) 0.8 (0.5-1.4) 1.2 (0.7-1.9)
Fruit 46.7 1.3 (0.7-2.4) 0.4 (0.3-0.8) 0.9 (0.6-1.5)
Green vegetables 56.5 0.8 (0.5-1.6) 0.9 (0.6-1.6) 1.0 (0.6-1.6)
Carrots 48.8 06 {0.3-1.1) 1.2 (0.7-1.9) 0.7 (0.4-1.1)
Pumpkin 13.1 17 {0.9-3.4) 0.6 {0.3-1.3) 0.9 {0.5-1.7)
Cabbage 45.9 0.9 (0.5-1.6) 1.2 (0.7-2.0) 1.1 (0.7-1.7)
Lettuce 38.8 1.6 (0.9-3.0) 1.0 (0.6-1.7) 1.1 (0.7-1.8)
Potatoes 38.5 1.1 (0.6-2.1) 1.0 (0.6-1.7) 1.0 (0.6-1.7)
Meats and Western-style foods
Eggs 709 1.0 (0.5-1.9) 1.0 (0.6-1.7) 08 (0.5-1.4)
Chicken 227 1.6 (0.9-3.0) 1.3 (0.7-2.2) 1.0 (0.6-1.7)
Beef 11.0 15 (0.6-3.5) 1.3 (0.6-2.8) 0.8 (0.4-1.9)
Pork 17.5 1.8 (0.8-3.8) 0.7 (0.3-1.5) 0.9 (0.4-1.8)
Ham and sausage 15.1 16 {0.7-3.6} 0.8 {0.4-1.9} 1.9 (1.1-3.5)
Milk 45.2 0.7 (0.4-1.3) 0.9 (0.6-1.6) 0.6 (0.3-0.9)

Contrast: Type of breakfast: Western cf Japanese; Salty food, greasy food: liked ¢f disliked; Size of meal: large cf smail; Soybean paste
soup, fresh vegetables, fruit, milk: everyday cf less; Rice: more than 3-4 bowls/day cf less; Else: more than 3-4 times/week cf less.

cancer in females. In males, the risk appeared to be
increased solely at the proximal colon. Physical exercise
tended to decrease the risk for all subsites in both
genders except female distal-colon cancer.

In females, eating a Western-style breakfast increased
the risk for both proximal colon cancer (OR = 1.8,
CI = 1.0-3.3) and distal colon cancer, and decreased the
risk for rectal cancer (Table 3). Preference of salty food
decreased the risk for all subsites, particularly
for proximal colon cancer (OR = 0.6, CI = 0.3-1.0).
Consumption of Japanesestyle foods generally
decreased the risk for distal colon cancer, while
increasing the risk for proximal colon and rectal
cancer. The decreased risk of distal colon cancer by a
large intake of rice (OR = 0.6, CI = 0.3-1.0) and the
increased risk by pickled vegetable intake were
statistically significant (OR = 2.1, CI = 1.2-3.5). For
intake of vegetables and fruit, only fruit decreased

the risk for distal colon cancer (OR =04, CI =
0.3-0.8). In consumption of meats and Western-style
foods, egg was not linked to the risk for any subsite
of colon cancer, and milk tended to decrease the risk
for all subsites. Chicken, beef, and pork increased
proximal colon cancer risk, but reduced rectum cancer
risk. Intake of ham and sausage increased rectal
cancer risk (OR = 1.9, CI = 1.1-3.5).

In males, risk modifications were inconsistent
compared with those in females (Table 4). For
example, salty food increased the risk for proximal
colon cancer (OR = 2.4, CI = 1.5-5.1) and bean curd
increased the risk for distal colon cancer (OR = 1.7,
CI = 1.0-2.6). Inconsistency also was observed in
vegetables and fruit intake; for instance, more frequent
intake of fruit and green vegetables increased the risk
for distal colon cancer (fruit OR = 1.4, CI = 0.9-2.3;
green vegetables: OR = 1.7, CI = 1.0-2.7), and carrots
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increased the risk for proximal colon cancer. Consump-
tion of eggs increased proximal colon cancer risk
selectively (OR = 2.0, CI = 1.04.0). Milk reduced the
risk for both proximal and distal colon cancer, but not
for rectal cancer. Ham and sausage increased the risk of
cancer at all subsites, however, chicken and pork
decreased it.

The ORs of multivariate analysis were not
very different from those obtained from univariate
analyses. The risk trend of dietary habits is presented
in Table 5 to summarize the relation of dietary habits

In Japan, outpatients, in general, visit hospitals when
they have symptoms, and the numbers of outpatients
who visit general clinics has been decreasing and
those who visit hospitals has been increasing in the
past 10 to 15 years."” This situation is different from that
in other countries, where people visit local general
clinics first, and then a hospital functions as a secondary
facility for further medical treatment. Over the last 30
years, ACCH has been regarded as a cancer hospital,
but has not functioned as a secondary hospital for
cancer, and most new outpatients visited this hospital

to colon cancer. independently, rather than by doctors’ referrals. There-
fore, patients with incident cancer comprised only 14
percent of all new outpatients. Among non-cancer
outpatients, more than 80 percent were confirmed to
be free from any specific diseases. We are, therefore,
at an advantage in having non-cancer outpatients as

controls, most of whom were not hospitalized and

Discussion

An important methodologic issue may be bias derived
from discrepant characteristics between the general
population and the hospital-based controls.

Table 4. Age-adjusted odds ratios (OR) and 95% confidence intervals (Cl) of selected dietary practice and food items for
colorectal cancer by subsite (males)

% of Proximal colon Distal colon Rectum
exposed subjects (n = 50) (n=75) (n=131)
among controls _
OR (Cl) OR (Cl) OR (C1)
Dietary practice
Type of breakfast 26.2 0.9 (0.5-1.8) 14 (0.8-2.2) 1.0 (0.7-1.5)
Salty food 74.5 24 (1.1-5.1) 1.1 (0.7-1.9) 0.9 (0.6-1.4)
Greasy food 61.1 1.1 (0.6-1.9) 1.0 (0.6-1.6) 1.3 (0.9-1.9)
Size of meal 475 15 (0.9-2.7) 1.1 (0.7-1.8) 1.2 (0.8-1.7)
Japanese-style foods
Rice 61.2 09 (0.5-1.6) 0.9 (0.5-1.4) 11 {0.8-1.6)
Soybean paste soup 65.9 1.2 (0.6-2.2) 0.7 (0.4-1.1) 0.8 (0.6-1.2)
Bean curd 38.0 09 (0.5-1.8) 1.7 (1.0-2.6) 1.2 (0.8-1.7)
Pickled vegetables 16.7 0.9 (0.5-1.8) 0.7 (0.4-1.4) 1.1 (0.7-1.7)
Salted or dried fish 10.3 1.1 (0.5-2.5) 1.1 (0.5-2.1) 1.5 (0.9-2.3)
Cooked or raw fish 33.5 0.9 (0.5-1.7) 1.2 (0.8-1.9) 1.0 (0.7-1.4)
Vegetables and fruit
Fresh vegetables 371 11 (0.6-1.9) 0.9 (0.6-1.5) 1.0 (0.7-1.4)
Fruit 30.3 1.0 (0.6-1.9} 1.4 (0.9-2.3) 08 (0.6-1.2)
Green vegetables 39.5 14 (0.8-2.4) 1.7 (1.0-2.6) 0.9 (0.6-1.3)
Carrots 23.2 16 (0.9-2.8) 1.1 (0.6-1.8) 1.0 (0.7-1.5)
Pumpkin 6.7 0.6 (0.2-1.9) 1.3 (0.6-2.5) 1.2 (0.7-2.2)
Cabbage 37.3 0.7 (0.4-1.3) 1.1 (0.7-1.8) 1.2 (0.8-1.7)
Lettuce 26.9 1.2 (0.6-2.1) 1.2 (0.7-2.0) 1.2 (0.8-1.8)
Potatoes 18.9 0.6 (0.3-1.3) 1.3 (0.8-2.2) 1.0 (0.7-1.5)
Meats and Western-style foods
Eggs 63.8 2.0 (1.0-4.0) 1.2 (0.7-1.9) 1.0 (0.7-1.4)
Chicken 16.1 0.6 (0.3-1.4) 0.8 (0.4-1.5) 0.6 (0.3-1.0)
Beef 10.7 1.3 (0.6-3.1) 1.1 (0.5-2.3) 0.7 (0.4-1.4)
Pork 11.0 0.4 (0.1-1.8) 0.8 (0.3-2.0) 0.7 (0.3-1.4)
Ham and Sausage 127 14 (0.6-3.1) 1.6 (0.8-3.0) 1.3 (0.8-2.2)
Milk 38.4 0.7 (0.4-1.3) 0.9 (0.6-1.5) 1.3 (0.9-1.8)

Contrast: Type of breakfast: Western cf Japanese; Salty food, greasy food: liked cf disliked; Size of meal: large c¢f small; Soybean paste
soup, fresh vegetables, fruit, milk: everyday cf less; Rice: more than 3-4 bowlis/day cf less; Else: more than 3-4 times/week cf less.
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Table 5. Summary table of risk trend of dietary habits for colorectal cancers by subsite

Subsite
Proximal colon Distal colon Rectum
Female Male Female Male Female Male
Western-style breakfast 1 — 1 1 1 —
Japanese-style foods — — l ? 1 -
Fruit - - l T - !
Vegetables — ? — 1 — —
Meat 1 ? N N N i

T, increase; —, no change; |, decrease; ?, undetermined.
Bold arrow indicates statistically significant level.

were disease-free. Further, we conducted the question-
naire study before the patients’ diseases were identified,
and thus were able to keep recall bias between cases and
controls to as low a level as possible.

To ascertain the discrepant features of general
lifestyles in outpatients (ie, to understand the
characteristics of our control group), one suitable
indicator may be smoking prevalence. Smoking
prevalence in the general population in Japan is 15.9
percent among females (current smokers: 10.8 percent,
ex-smokers: 5.1 percent) and 79.0 percent among males
(current smokers: 593 percent, ex-smokers: 19.7
percent)."® The smoking prevalence of our control
group was 162 percent among females (current
smokers: 12.1 percent, ex-smokers: 4.1 percent) and
780 percent among males (current smokers: 47.2
percent, ex-smokers: 30.8 percent). These figures were
not very discrepant with each other in both genders,
although a slightly higher rate of ex-smokers was noted
in the male control group. Another indicator may be
socioeconomic status. We, however, did not include
questions on socioeconomic status in our questionnaire,
because Japanese are rather reluctant to answer such
questions; it generally is acknowledged that the majority
of Japanese are socioeconomically middle-class. When
comparing outpatients with the general population, we
found that the lifestyles of most outpatients who visited
ACCH for the first time were not very different from
those of community residents (unpublished data).
Consequently, we judged that it is feasible to use
these non-cancer outpatients as a reference group in our
case-control study.

The importance of self-selection bias in our controls
is not emphasized in the present study because our
purpose was to clarify the difference and/or similarity
of risk factors of colorectal cancer by subsite, compared
with the common controls. Our previous study,'” which
analyzed the variation of ORs by matched analyses

using the same outpatient controls, indicated that the
ORs based on a large number of controls gave much
steadier estimates than those obtained by matched
analyses. Therefore, we used all non-cancer individuals
as pooled controls, instead of matched sampling in the
present case-control study.

When evaluating risk factors for each subsite of
colorectal cancer, definition and reliability of sub-
division are the principal issues. Some studies™'
classified transverse colon into distal colon, and
another study”® classified it into proximal colon.
Anatomically, most of the transverse colon gets its
blood supply from the middle colic artery, which is
the branch of the superior mesenteric artery that also
feeds the cecum and ascending colon through the right
colic artery and ileocolic artery. In the present study,
therefore, we classified transverse colon into proximal
colon. We also classified the rectosigmoid subdivision
into a part of the rectum because of the similar
physiologic function and gender distribution between
them (female/male ratio: sigmoid = 0.87, rectosigmoid
= 0.66, rectum = 0.50). The rectosigmoid cases also
could be classified into sigmoid cancer depending on the
similarity or difference in the etiology. It is preferable,
therefore, to conduct a comparative study among all
anatomic subsites of colorectal cancer to resolve this
issue, however we had too few cases in each subdivision.

In the present study, habitual smoking increased the
risk of rectal cancer selectively in both genders. Thus
far, an association of habitual smoking with colorectal
cancer has been considered to be weak or negative in
previous studies.”"** It is suggested that the known
carcinogenic agents in cigarette smoke are unlikely to
have a direct selective effect on most subsites of
colorectum. Further, it has been suggested”? that
chronic nicotine exposure from habitual smoking
effects a low-estrogen condition, and may reduce the
risk of ovary, thyroid, and breast cancers. It also is
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known that nicotine stimulates bowel movement and
shortens the exposure time of feces to the intestinal
wall, which may reduce the risk of colorectal cancer. If
some subsite of colorectal cancer is related to estrogen
levels, habitual smoking may reduce the risk of cancer
of that subsite. Indeed, the risk of cancer in smokers
decreased in both proximal and distal colon in the
present study. It is suggested that, in the least, the risk
of smoking is different between rectal cancer and
proximal and distal colon cancer. Recent reports
suggested a positive association of habitual smoking
with colorectal adenoma and cancer after allowing
a long induction period®®” although subsite-specific
risk for colorectal cancer was not determined.

Immunologically, the activity of the natural killer
(NK) cell is reduced by habitual smoking”*** Experi-
mental study suggests that NK cells play an 1mportant
role in the defense mechanism against tumor growth.™
Thus, the effects of habitual smoking may play an
important role in cancer progression by lowering NK
cell activity, while the relation to subsite-specificity is
still unclear.

Soft or loose feces increased the risk of colorectal
cancer in all subsites, and the risk increased as subsite
became distal. The relation between bowel habit and
colorectal cancer seldom has been discussed. An
epidemiologic study of the Japanese population™
showed the association of both soft and hard feces
and colorectal cancer. Physiologic function is different
among the three colorectal subsites. In the proximal
colon, the feces are in liquid or fluid form and are
moved by peristalsis; therefore, it is suggested that soft
or loose feces does not act as an irritable substance in
the proximal part of the colon. But if it goes to the distal
part of colorectum, the feces become more solid and
transit time is longer."® Soft feces then may become
more irritable in the distal part of colorectum. It is
hypothesized that soft feces stimulate the intestinal
mucosa in the distal part and promote carcinogenesis,
especially in the rectum.

In experimental studies, higher levels of prosta-
glandin E2 (PGE2) in the diarrheal state have been
reported, which have caused more marked exc1tat10n in
the distal region of the gastrointestinal tract.” Further,
increased PGE2 level was suggested to be associated
with the large bowel carcinogenesis.> This association
also was supported by the studies which demonstrated
the inhibition of colon carcinogenesis by such
nonsteroidal anti-inflammatory drugs as indomethacin
and aspmn, which are inhibitors of prostaglandin
synthesis.* Therefore, it is suggested that frequent
irritation to the intestinal mucosa promotes carcinogen-
esis with the high level of PGE2 and it may occur more
readily under the condition of an immunologically
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less-active state among habitual smokers. However, if
the interval between onset of bowel symptoms and
diagnosis of cancer is very long, we cannot deny the
possibility that soft or loose feces and also constipation
are a result of the disease. Further epidemiologic study,
therefore, is needed to support this hypothesis, and
basic studies would clarify the mechanism of carcino-
genesis in the large bowel.

In the present study, we could not obtain consistent
findings for dietary risk factors between women and
men, although they were clalmed as risk or protective
factors in Western populations.”®® Response to the
questionnaire, especially regarding dietary habits, might
be more precise and reliable in females than in males,
because, in general, females in Japan prepare their own
meals and are more conscious of diet. From the present
study, the consistency within the same food group was
more marked in females than in males.

There is a hypothesis that the risk factors related to
bile metabolism, dietary fat, and cholesterol, for
example, are related more directly to proximal colon
cancer. Higher intake of these foods promotes the
production and secretion of bile acids, which increases
the concentration of secondary bile acids in the
colorectum, and consequently promotes carcinogenesis
of proximal colon cancer. In Western countries, eggs
are one of the important contributors of cholesterol,
with a powerful induction of gallbladder contractlon
and release of bile acids into the colon'? FEgg
consumption was reported as a positive risk factor
for colon cancer, conferring higher risk in females than
in males”'? In our study, however, intake of eggs
increased the risk for proximal colon cancer in males,
but not in females. Intake of chicken, beef, and pork
was the index for animal fat. In females, these food
items increased the risk for proximal colon cancer, but
the risk modification by these foods was inconsistent
in males.

Consumption of Japanese-style foods increased the
risk for rectal cancer, and decreased the risk for distal
colon cancer, especially in females (Table 3). This
supports a hypothesis that the risk factors differ
between colon and rectum. In males, on the other
hand, the results were inconsistent. For example,
consumption of bean curd—a traditional Japanese
food—which is expected to be a protective factor,
appeared to reduce the risk in females, but increased the
risk for distal colon cancer in males. There is no clear
explanation for this discrepant modification. Western-
type breakfast was not associated with rectal cancer risk
in either gender, but increased the risk for distal colon
cancer in males and both proximal and distal colon
cancer in females. This finding is not contradictory to
the time trend of colorectal cancer incidence in Japan.



We must be cautious in interpreting the findings that
colorectal cancer and Japanese dietary habits are
interrelated, especially in the light of the Western-
style dietary habits. In a usual Japanese diet, very few
people would eat at least one animal-meat item
everyday, because most main dishes usually alternate
between meat and fish on a daily basis. In Japan, amount
of meat intake is low compared with that in Western
countries,”’ therefore, it may be difficult to determine a
consistent positive and/or negative relation between
meat intake and colorectal cancer. A similar argument
could be made that vegetables and fruit reduced the
risk for distal colon or rectal cancer in females, while
the results were inconsistent in males. Unexpectedly
in males, fruit, green vegetables, and carrot elevated
the risk site-specifically, ie, vegetables and fruit are
known as protective factors for many sites of cancers
by recent studies of (-carotene, etc.”®”

This inconsistency may be due to inter-country
variation of general food-styles between Asian and
Western people. Compared with the people in the West,
Asian people, including Japanese, are principally
vegetarian. The percent contribution of fat to total
energy intake is 20 to 25 percent among Japanese,*
which was much lower than that in the West. Along
with the dramatic economic development after World
War II in Japan, nutritional status has been changed
gradually, as well, by availability of animal meat and
fa.” As a consequence, the Japanese diet is more
Western-style (but not to the degree of present style in
the West) and is richer in variety and better balanced in
nutrients than before. Such dietary change has spread
throughout Japan, and recent variations in Japanese
dietary practices would become smaller in quality and
quantity. Therefore, it becomes more difficult to
identify dietary risk factors for specific epidemiologi-
cally, ie, ‘good’ or ‘bad’ dietary habits among Japanese.
In the light of these dietary changes in Japan, and
international differences in dietary practices, it may not
be appropriate to apply the dietary findings obtained
from the study of Western populations to the Japanese.

In summary, we found that habitual smoking had a
positive effect on rectal cancer selectively, and soft or
loose feces play an important role in the progression of
colorectal cancer. In females, a positive relationship
between the Western-style breakfast and distal colon
cancer was observed. There was also a positive
relationship between the intake of Japanese-style
foods and rectal cancer, an inverse relationship between
Japanese-style foods and distal colon cancer, and a
protective effect of fruit and vegetables-—although this
risk modification was rather inconsistent in males. In
short, further epidemiologic studies, particularly in
populations at low-risk of colorectal cancer such as

Risk factors for colorectal cancer

Japanese and other Asian populations, are necessary to
interpret the present findings properly, when taking
obvious international variations of dietary practices
into account.
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