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Abstract

Objective: To investigate the association of body mass index (BMI) or body height with colorectal cancer incidence
in a population-based prospective study.
Methods: We identified 986 (626 men and 360 women) newly diagnosed cases of colorectal cancer during the
9.4-year follow-up of a cohort consisting of 102,949 (49,158 male and 53,791 female) middle-aged and elderly
Japanese.
Results: Lower BMI groups (lower than 23) were not associated with colorectal cancer compared with the 23–24.9
BMI group. Any categories of 25–26.9, 27–29.9, or 30 or more BMI were associated with an increased risk of
colorectal cancer compared with the lower than 25 BMI (RR, 1.2 for 25–26.9, 1.4 for 27–29.9, and 1.5 for 30 or
more; p for trend, 0.004) in men. These associations were more evident only in invasive-type cancer analysis. BMI
was not associated with the risk of colorectal cancer in women. No significant association with height was obtained
for either men or women.
Conclusions: The association of BMI with colorectal cancer was confirmed in a Japanese population as well as
Western populations. Only invasive-cancer analysis suggested that BMI was important for tumor growth and
proliferation. Approximately 6.7% of colorectal cancer was attributable to a BMI of 25 or higher in middle-aged
and elderly Japanese men.

Introduction

Colorectal cancer is one of the most common cancers in
both Western and Asian populations, including Japan.
Particularly, the Japanese population has shown a rap-
idly increasing colorectal cancer incidence for several
decades [1]. Thus, analytic epidemiology to elucidate
risk factors for this cancer is an important and urgent
issue in order to provide evidence for its prevention.

Many epidemiologic studies have investigated an
association of body mass index (BMI) with colorectal

cancer and adenoma [2, 3] mostly in Western popula-
tions [4–23] but rarely in Asian populations [24–26].
Most of these studies reported a positive association and
a linear trend, especially in men. Obesity causes insulin
resistance and leads to a high exposure of insulin-like
growth factor I (IGF-I) [27]. These hormones, insulin
and IGF-I, relate to colorectal carcinogenesis in animal
studies and epidemiologic studies [3, 27, 28]. In the
Japanese population, weight, as well as height, has been
increasing in recent decades [29]. Simultaneously, body
mass index (BMI) has elevated [30]. However, the
overweight population (25 or higher BMI; 24% in men
and 21% in women in 1991–1995) in Japan is lower than
in Western populations [29–32]. Nevertheless, the inci-
dence rate of colorectal cancer in the Japanese popula-
tion has now reached the highest level in the world [1].
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This phenomenon may be due to an increase in the
number of high BMI individuals, and thus the BMI in
Japan may more strongly affect colorectal carcinogene-
sis than in Western populations. Even 25 to 29.9 BMI
subjects may be associated with a much higher risk, and
this may be causing the rapid increase of colorectal
cancer in the Japanese population. In addition, the risk
to leaner individuals (lower than 25 BMI) should be
carefully examined in Asian populations, because even
the lower than 25 BMI subjects have greater disease
risks such as type 2 diabetes and cardiovascular diseases
than Western individuals [33].

Some studies reported that the effects of BMI differed
among site-specific cancers. Distal colon cancer is more
strongly associated with BMI than proximal colon
cancer in many studies [5, 8, 16, 17, 19], while proximal
colon is associated with a clearer risk than distal colon
in a few studies [23]. This site-specific evidence, however,
is too limited for a conclusive statement and should be
confirmed by larger prospective studies.

Somemechanisms of BMI for colorectal cancer include
the hypothesis of colonic cell proliferation by insulin and
IGF-I [27, 28]. If this hypothesis is true, at least BMI
would be associated with a stage of tumor growth and
infiltration. In fact, some studies reported a stronger
associationwith large rather than small adenomas [20–23,
26]. However, this evidence is insufficient, and a study on
non-invasive-type and invasive-type cancer is needed.

Furthermore, body height has been another body size
measure investigated for a possible association with
colorectal cancer. The evidence, however, is inconsistent.
Most cohort studies [4, 7, 9–11, 25] reported a positive
association, but most case-control studies failed to show
significant associations [15, 16, 18, 21] despite this
variable with a lower recall bias. Japanese mean body
height has increased in recent decades [29], and may be
associated with an elevated colorectal cancer incidence.

We previously reported a high population-attributable
fraction of alcohol consumption and smoking for colo-
rectal cancer incidence in Japanese men [34]. We used
here the same population of the Japan Public Health
Center-based Prospective Study and investigated an
association between BMI or body height and colorectal
cancer incidence focusing on differences among tumor
sites and the degree of invasion.

Materials and methods

Study population

The Japan Public Health Center-based Prospective
Study (JPHC study) Cohort I was defined in 1990 and

Cohort II in 1993 [35]. Study subjects were mainly all
residents living in several municipalities in each Public
Health Center area, aged 40 to 59 for Cohort I and aged
40 to 69 for Cohort II. Additionally, Cohort I included
health check-up examinees and Cohort II included
health check-up examinees and a random sample aged
40 to 69 from a municipality. The study subjects were
identified by the population registry in each municipal-
ity. Because cancer incidence data were not available,
Cohort I health check-up examinees were excluded in
this report. Thus, we defined a cohort of 65,803 men
(27,063 in Cohort I; 38,740 in Cohort II) and 67,520
women (27,435 in Cohort I; 40,085 in Cohort II). This
study was approved by the institutional review board of
the National Cancer Center, Tokyo, Japan. The study
design is described in detail elsewhere [34–40].

Baseline survey

Study subjects were asked about their personal and
familial medical histories, smoking, alcohol consump-
tion, dietary habits, and other lifestyle factors by a
self-administered questionnaire [36–38]. Their dietary
habits were assessed by a 44-item food frequency ques-
tionnaire (FFQ) in Cohort I [41] and a 52-item FFQ in
Cohort II. Altogether, 50,456 men (77%) and 55,909
women (83%) returned the questionnaire.

Assessment of exposure

Respondents reported current height (cm) and weight
(kg) at baseline. Body mass index (BMI) was calculated
as weight (kg) divided by squared height (m2). These
self-reported height and weight data were validated in
our previous report [39]. We categorized BMI as fol-
lows: less than 19, 19–20.9, 21–22.9, 23–24.9, 25–26.9,
27–29.9, and 30 or more [39, 40]. Body height was di-
vided into quintiles by sex.

Concerning potential confounding factors, we used
age at baseline, alcohol consumption, smoking [34],
miso (soybean paste) soup intake, and refraining from
salty foods and animal fats in the BMI analysis, because
these potential confounding factors were selected by a
10% change-in-estimate strategy in the highest category
[42]. In body height analysis, we used age at baseline,
alcohol consumption, smoking, and body weight at
baseline, selected by the same strategy. Other factors
such as medical history, family medical history, medi-
cation, health check-up, total energy intake, food intake
frequency such as vegetables, meats, fish and rice,
physical exercise, occupation, and reproductive health in
women were also examined as confounding factors but
not included in a final multivariate-adjusted model.
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Follow-up

We followed study subjects until 31 December 2001.
When subjects died, we used mortality data from the
Ministry of Health, Labor and Welfare. Subjects mov-
ing to other municipalities were also annually identified
through residential registers in PHC areas. Among study
subjects, 9.6% moved away, and 0.2% were lost to
follow-up during the study period.

Identification of colorectal cancer incidence

Up to 31 December 2001, 1064 incident cases of colo-
rectal cancer were identified (C180–C209 in the Inter-
national Classification of Diseases for Oncology, Third
edition (ICD-O-3); Ref. [43]). For multiple primary
cancers of the colon or rectum at different times, the
earliest diagnosis was applied. For those occurring
simultaneously, the most advanced and most invasive
types of tumor were applied. Among these incident
cases, 986 were pathologically confirmed as adenocar-
cinoma (626 in men and 360 in women). Such cases were
further classified into two groups according to the depth
of tumor invasion, i.e., invasive cancer over a mucosal
layer corresponding to code 3 (Malignant, primary site)
in ‘‘behavior code for neoplasms’’ (415 colon cases and
259 rectal cases), and non-invasive cancer within a
mucosal layer corresponding to code 2 (Carcinoma
in situ; 219 colon and 63 rectum) in ICD-O-3 (the depth
in 19 colon and 11 rectal tumors were unknown). We
categorized these colorectal cancer cases into
site-specific cases as follows: C180–C189 for colon can-
cer; C180–C185 for proximal colon cancer; C186 and
C187 for distal colon cancer; and C199 and 209 for
rectal cancer. The proportion of cases for which infor-
mation was available only from death certificates (DCO)
was 1.7% for colorectal cancer and 4.1% for all cancers
during the study period. These figures were considered
of satisfactory quality for the present study based on the
international standard [1].

Statistical analysis

We excluded ineligible subjects notified during this study
period, such as non-Japanese (31 men and 20 women),
those who had already moved away at baseline (107 men
and 69 women), those outside the age parameters (one
man and five women), and any duplication of subjects
registered in our cohort (two men and one woman).
From baseline questionnaire respondents, we excluded
subjects with a self-reported medical history of cancer
and with a diagnosis of colorectal cancer before the
baseline questionnaire survey (740 men and 1503 wo-

men). Finally, we excluded subjects with incomplete
body height and weight items (540 men and 597 wo-
men), leaving 49,158 men and 53,791 women as study
subjects.

We calculated person-years of follow-up from the
start in each cohort until the date of diagnosis of colo-
rectal cancer, the date of a subject’s death, the date of
moving from a PHC area, or 31 December 2001,
whichever occurred first. The mean follow-up period
was 9.4 years in both cohorts together (11.3 years in
Cohort I and 8.1 years in Cohort II).

Relative risks (RR) and 95% confidence intervals (CI)
of colorectal cancer incidence for BMI and body height
were estimated by the Cox proportional hazards model,
according to the SAS PHREG procedure [44]. The
estimates were adjusted for the following potentially
confounding factors incorporated into the model: age
(continuous), alcohol consumption (never, one to three
days per month, 1–149 g/week ethanol, 150–299 g/week
ethanol, 300 g/week or more ethanol), smoking (never,
past, current), miso soup intake (less than 1 cup/day,
1 cup/day, 2 cups/day, 3 or more cups/day), refraining
from salty foods (yes or no) and animal fats (yes or no),
body weight (quintiles by sex) and PHC area. The linear
trend of BMI and body height was assessed by assign-
ment of the median value in each category. p-values for
those trends were evaluated using the two-sided test with
0.05 as the significance level.

First, we estimated the RR of all cases of colorectal
cancer in each cohort. These RR estimates were inte-
grated by the fixed-effect model, as a weighted mean by
the inverse of the variance. Second, after confirming no
statistically significant heterogeneity across two cohorts,
we combined their datasets and calculated the RRs and
the linear trends for BMI. We estimated RRs of site-
specific colorectal cancer. In such site-specific analyses,
we considered the cancer events in the other sites as
censored cases. Similarly, RRs of only invasive cancers
were calculated. In such invasive-cancer analyses, non-
invasive cancers were defined as censored cases.

The population-attributable fraction (PAF) was esti-
mated by Pe (RRa ) 1)/RRa, where Pe was the preva-
lence of exposure among incident cases and RRa was the
adjusted RR [45]. The PAFs’ 95% CI were estimated by
the formula of Greenland [46]. We estimated the PAFs
of overweight subjects (25 or higher BMI) to normal
weight subjects (lower than 25 BMI).

Results

Moderate body mass index (BMI) categories (21–22.9
and 23–24.9) applied to a large percentage of male and
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female subjects (approximately 50% in these two
categories alone: Table 1). The proportion of men
drinking one day per week or more was smaller in both
the lowest and the highest category of BMI than in other
categories. Female drinkers one day per week or more
accounted for a smaller proportion in the higher BMI

categories. High BMI men were less likely to have
smoking habits. Higher BMI subjects tended to take less
miso soup except for Cohort II women and to refrain
more from salty foods and animal fats. Taller subjects
had greater body weight and more energy intake, and
tended to do physical exercise (Table 2).

Table 1. Baseline characteristics by body mass index category in men and women

Body mass index (kg/m2)

<19 19–20.9 21–22.9 23–24.9 25–26.9 27–29.9 30+

Men in Cohort I , Number 704 2913 5226 5750 3448 1752 420

Proportion (%) 3.5 14.4 25.8 28.5 17.1 8.7 2.1

BMI (kg/m2), median 18.3 20.2 22.0 24.0 25.8 27.9 31.2

Age (y), mean 49.9 49.5 49.6 49.3 49.2 49.3 49.5

Alcohol consumption 1 day/week or more (%) 62.3 68.8 69.9 69.9 67.5 62.6 56.5

Current smokers (%) 65.8 64.4 56.8 49.7 47.1 42.8 42.4

Miso soup intake 1 cup/day or more (%) 77.3 80.5 80.9 77.6 74.6 70.9 67.1

Refraining from salty foods (%) 66.1 66.1 72.1 74.6 76.1 76.1 75.9

Refraining from animal fats (%) 52.8 53.5 62.5 68.5 70.4 70.9 71.3

Physical exercise once or more per week (%)> 12.9 14.5 17.2 17.5 19.8 19.1 24.6

Total energy intake per day (kcal), mediana 2033 2135 2159 2095 2020 1957 1883

Men in Cohort II, Number 1387 4312 7503 7941 4636 2550 616

Proportion (%) 4.9 14.9 26.0 27.5 15.9 8.7 2.0

BMI (kg/m2), median 18.3 20.2 22.1 23.9 25.9 28.0 31.2

Age (y), mean 55.1 53.6 53.2 52.8 52.3 51.5 51.2

Alcohol consumption 1 day/week or more (%) 59.8 66.7 69.8 69.2 68.0 66.6 62.4

Current smokers (%) 63.7 61.3 56.0 49.0 45.0 44.9 43.2

Miso soup intake 1 cup/day or more(%) 62.7 65.9 65.9 66.2 64.0 63.6 62.1

Refraining from salty foods (%) 63.3 64.5 68.4 70.8 70.4 69.6 69.8

Refraining from animal fats (%) 56.4 61.0 65.1 68.6 69.4 69.5 71.6

Physical exercise once or more per week (%) 16.6 17.8 20.0 22.0 21.3 20.1 19.2

Total energy intake per day (kcal), mediana 1610 1675 1672 1658 1655 1666 1688

Women in Cohort I, Number 1058 3244 5661 5427 3444 2191 700

Proportion (%) 4.9 14.9 26.1 25.0 15.8 10.1 3.2

BMI (kg/m2), median 18.3 20.2 22.1 23.9 25.9 28.0 31.5

Age (y), mean 49.0 48.6 49.3 49.7 50.3 50.4 50.4

Alcohol consumption 1 day/week or more (%) 11.8 12.4 11.9 9.9 10.0 8.4 7.3

Current smokers (%) 10.4 7.1 5.2 4.5 4.9 5.9 8.0

Miso soup intake 1 cup/week or more (%) 77.2 75.9 75.9 74.4 74.6 72.4 67.3

Refraining from salty foods (%) 81.3 81.8 85.4 86.8 86.2 86.4 84.7

Refraining from animal fats (%) 64.6 70.8 77.5 81.2 80.8 82.9 81.4

Physical exercise once or more per week (%) 11.6 13.0 14.3 15.6 14.3 13.8 13.8

Total energy intake per day (kcal), mediana 1370 1364 1372 1368 1361 1346 1318

Women in Cohort II, Number 2145 5572 8492 7432 4509 2907 1009

Proportion (%) 6.7 17.5 26.5 23.2 14.0 9.0 3.1

BMI (kg/m2), median 18.3 20.2 22.0 23.9 25.9 28.0 31.6

Age (y), mean 52.7 51.4 52.7 53.7 54.8 55.3 54.8

Alcohol consumption 1 day/week or more (%) 17.5 17.8 14.8 12.8 10.6 9.7 7.8

Current smokers (%) 12.2 9.0 7.4 5.4 6.0 6.2 8.7

Miso soup intake 1 cup/day or more (%) 56.7 57.4 59.6 62.0 62.6 62.4 59.0

Refraining from salty foods (%) 81.5 83.5 84.6 85.7 85.1 86.2 85.0

Refraining from animal fats (%) 71.1 73.9 79.5 81.7 81.9 82.5 81.9

Physical exercise once or more per week (%) 17.3 19.9 20.6 20.6 21.4 20.8 17.8

Total energy intake per day (kcal), mediana 1084 1091 1076 1071 1064 1037 1028

a Based on the food frequency questionnaire.

842 T. Otani et al.



The highest BMI group (30 or more) was associated
with a non-significant increased risk of colorectal cancer
compared with the 23–24.9 group in men of both co-
horts [multivariate relative risk (RR), 1.5; 95% confi-
dence interval (CI), 0.7–3.2 in Cohort I; RR, 1.3; 95%
CI, 0.6–3.0 in Cohort II; Table 3]. Because groups of
lower than 23 BMI showed almost the same risk as the
23–24.9 group, we combined these categories and

repeatedly calculated RRs with a referent group of
lower than 25 BMI. As a result, RR for such BMI cat-
egories had a non-significant linear trend in Cohort I (p
for trend, 0.17) and a significant linear trend in Cohort
II (p for trend, 0.005).

In contrast, BMI had no association with colorectal
cancer in women in both cohorts (Table 3). RRs of the 30
or higher groupwere 0.8 (95%CI, 0.3–2.2) inCohort I and

Table 2. Baseline characteristics by body height category in both sexes

Body height (cm)

Q1 Q2 Q3 Q4 Q5

Men

Range <160 160–162 163–165 166–169 170+

Cohort I Number 4212 4029 4829 3400 3743

Proportion (%) 20.7 19.9 24.0 16.8 18.6

Height (cm), median 156 160 164 168 172

Weight (kg), median 57 60 63 65 69

BMI (kg/m2), median 23.5 23.4 23.5 23.3 23.2

Age (y), mean 51.7 50.2 49.4 48.3 47.3

Alcohol consumption 1 day/week or more (%) 63.3 67.0 69.0 70.0 72.1

Current smokers (%) 49.7 52.4 52.4 52.8 58.4

Physical exercise once or more per week (%) 14.1 17.2 18.2 18.9 19.4

Total energy intake per day (kcal), mediana 2057 2045 2094 2087 2141

Cohort II Number 5734 5364 6232 5080 6535

Proportion (%) 19.3 18.4 21.5 17.8 22.9

Height (cm), median 156 160 164 168 172

Weight (kg), median 56 60 63 65 70

BMI (kg/m2), median 23.2 23.4 23.3 23.2 23.3

Age (y), mean 58.1 54.7 53.1 50.9 48.7

Alcohol consumption 1 day/week or more (%) 63.4 63.9 67.0 70.6 73.2

Current smokers (%) 44.6 50.1 53.0 54.7 57.6

Physical exercise once or more per week (%) 18.5 20.2 19.6 20.9 21.6

Total energy intake per day (kcal), mediana 1633 1635 1664 1665 1697

Women

Range <148 148–150 151–153 154–156 157+

Cohort I Number 4200 5621 4548 3585 3771

Proportion (%) 19.3 25.8 21.0 16.5 17.3

Height (cm), median 145 149 152 155 159

Weight (kg), median 50 52 54 55 58

BMI (kg/m2), median 23.8 23.6 23.4 23.2 22.7

Age (y), mean 51.3 50.1 49.4 49.0 47.7

Alcohol consumption 1 day/week or more (%) 8.0 9.3 11.3 11.8 13.5

Current smokers (%) 5.4 4.9 5.3 6.0 7.1

Physical exercise once or more per week (%) 12.7 12.7 14.9 15.0 16.8

Total energy intake per day (kcal), mediana 1338 1351 1374 1370 1389

Cohort II Number 5696 7316 6317 5745 6992

Proportion (%) 17.7 22.8 19.7 17.9 21.8

Height (cm), median 145 149 152 155 159

Weight (kg), median 49 52 53 55 57

BMI (kg/m2), median 23.8 23.1 23.1 22.8 22.3

Age (y), mean 58.6 55.3 53.0 51.5 49.3

Alcohol consumption 1 day/week or more (%) 7.1 10.7 13.7 15.5 19.8

Current smokers (%) 4.8 6.1 7.1 8.1 9.9

Physical exercise once or more per week (%) 18.4 19.1 20.4 20.9 22.2

Total energy intake per day (kcal), mediana 1043 1056 1077 1077 1096

a Based on the food frequency questionnaire.
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1.0 (95% CI, 0.4–2.7) in Cohort II, compared with the 23
to 24.9 BMI group. These estimates remained almost
unchanged after stratification by age or menopausal sta-
tus at baseline (data not shown).

Next, RRs of overall and site-specific colorectal can-
cers were calculated together with both cohorts’ data,
separated by sex (Table 4). Overall RRs (95% CI) of
colorectal cancer in both cohorts were 1.2 (0.98–1.5) for

Table 3. Relative risks (RR) and 95% confidence intervals (CI) of colorectal cancer for body mass index by each cohort in men and women

Body mass index (kg/m2) p for trend

<19 19–20.9 21–22.9 23–24.9 25–26.9 27–29.9 30+

Men

Cohort I (1990–2001)

Case 13 46 80 81 58 24 10

Person-year 7536 32122 57958 64133 38206 19395 4562

Age-adjusted RRa 1.3 1.1 1.0 1.0 1.2 1.1 1.9

95% CI (0.7–2.3) (0.7–1.5) (0.8–1.4) (reference) (0.9–1.7) (0.7–1.7) (0.97–3.7)

Multivariate RR1b 1.3 1.1 1.0 1.0 1.3 1.1 1.5

95% CI (0.7–2.4) (0.7–1.6) (0.7–1.4) (reference) (0.9–1.8) (0.7–1.7) (0.7–3.2)

Multivariate RR2b 1.0 1.2 1.1 1.5 0.17

95% CI (reference) (0.9–1.7) (0.7–1.6) (0.7–3.0)

Cohort II (1993–2001)

Case 10 49 73 86 55 34 7

Person-year 10689 34309 59693 63285 37189 20644 4861

Age-adjusted RRa 0.6 0.9 0.8 1.0 1.2 1.5 1.3

95% CI (0.3–1.1) (0.7–1.3) (0.6–1.2) (reference) (0.8–1.6) (0.98–2.2) (0.6–2.9)

Multivariate RR1b 0.6 1.0 0.8 1.0 1.1 1.6 1.3

95% CI (0.3–1.2) (0.7–1.4) (0.6–1.1) (reference) (0.8–1.6) (1.1–2.4) (0.6–3.1)

Multivariate RR2b 1.0 1.2 1.8 1.5 0.005

95% CI (reference) (0.9–1.7) (1.2–2.5) (0.6–3.3)

Weighted mean estimates by the inverse of variance between Cohort I and II

Multivariate RR2b 1.0 1.2 1.4 1.5

95% CI (reference) (0.99–1.5) (1.1–1.9) (0.86–2.5) 0.003

Women

Cohort I (1990–2001)

Case 6 21 49 38 39 18 5

Person-year 11804 36861 64361 62514 39360 25008 8051

Age-adjusted RRa 0.8 1.0 1.3 1.0 1.6 1.2 1.0

95% CI (0.4–2.0) (0.6–1.7) (0.8–1.9) (reference) (1.02–2.5) (0.7–2.0) (0.4–2.6)

Multivariate RR1b 0.8 1.0 1.2 1.0 1.6 1.1 0.8

95% CI (0.3–2.0) (0.6–1.7) (0.8–1.9) (reference) (1.02–2.5) (0.7–2.0) (0.3–2.2)

Multivariate RR2b 1.0 1.5 1.1 0.7 0.51

95% CI (reference) (1.04–2.1) (0.7–1.8) (0.3–2.0)

Cohort II (1993–2001)

Case 10 30 53 38 33 15 5

Person-year 17051 45205 69886 61852 37717 24495 8509

Age-adjusted RRa 1.0 1.3 1.3 1.0 1.3 0.9 0.9

95% CI (0.5–2.0) (0.8–2.0) (0.9–2.0) (reference) (0.8–2.1) (0.5–1.6) (0.4–2.3)

Multivariate RR1b 1.0 1.4 1.4 1.0 1.3 1.0 1.0

95% CI (0.5–2.3) (0.9–2.3) (0.9–2.3) (reference) (0.8–2.2) (0.5–1.9) (0.4–2.7)

Multivariate RR2b 1.0 1.1 0.8 0.8 0.56

95% CI (reference) (0.7–1.6) (0.5–1.4) (0.3–2.0)

Weighted mean estimates by the inverse of variance between Cohort I and II

Multivariate RR2b 1.0 1.3 0.9 0.8

95% CI (reference) (0.98–1.7) (0.7–1.4) (0.4–1.5) 0.95

a Adjusted for age (continuous) and Public Health Center areas.
b Adjusted for age (continuous), Public Health Center areas, smoking (never, past current), alcohol consumption (non-drinkers, 1–3 days/

month, 1–149 g/week ethanol, 150–299 g/week, 300 or more g/week), miso soup intake (less than 1 cup/day, 1 cup/day, 2 cups/day, 3 or more

cups/day), refraining from salty foods and animal fats.

844 T. Otani et al.



the 25 to 26.9 group, 1.4 (1.04–1.8) for the 27 to 29.9
group, and 1.5 (0.9–2.5) for the 30 or higher group (p for
trend, 0.004). We also calculated RR for an integrated

category of 27 to 29.9 and 30 or higher, because the
number of events in the 30 or higher group was very
small. This RR was 1.4 (95% CI, 1.1–1.8).

Table 4. Relative risks (RR) and 95% confidence intervals (CI) of site-specific colorectal cancer for body mass index in both cohorts

Body mass index (kg/m2) p for trend

<25 25–26.9 27–29.9 30+

Men

Person-years 329724 75395 40039 9423

Colorectal cancer 438 113 58 17

RRa 1.0 1.2 1.4 1.5 0.004

95% CI (reference) (0.98–1.5) (1.04–1.8) (0.9–2.5)

Invasive colorectal cancer 285 74 44 15

RRa 1.0 1.2 1.6 1.9 0.001

95% CI (reference) (0.9–1.6) (1.1–2.2) (1.05–3.4)

Colon cancer 291 80 41 12

RRa 1.0 1.3 1.5 1.4 0.003

95% CI (reference) (1.02–1.7) (1.08–2.1) (0.7–2.8)

Invasive colon cancer 173 47 31 11

RRa 1.0 1.3 1.9 2.2 <0.001

95% CI (reference) (0.9–1.9) (1.3–2.8) (1.1–4.4)

Proximal colon cancer 110 34 17 4

RRa 1.0 1.7 1.8 1.8 0.003

95% CI (reference) (1.1–2.5) (1.1–3.0) (0.7–5.0)

Invasive proximal colon cancer 73 17 12 4

RRa 1.0 1.3 1.9 2.7 0.01

95% CI (reference) (0.8–2.2) (1.02–3.6) (0.99–7.6)

Distal colon cancer 169 44 23 8

RRa 1.0 1.2 1.4 1.3 0.13

95% CI (reference) (0.8–1.6) (0.9–2.1) (0.5–3.2)

Invasive distal colon cancer 96 29 19 7

RRa 1.0 1.3 2.0 1.8 0.006

95% CI (reference) (0.9–2.1) (1.2–3.3) (0.7–5.0)

Rectal cancer 147 33 17 5

RRa 1.0 1.0 1.2 1.6 0.40

95% CI (reference) (0.7–1.5) (0.7–1.9) (0.6–3.9)

Invasive rectal cancer 112 27 13 4

RRa 1.0 1.1 1.1 1.5 0.39

95% CI (reference) (0.7–1.7) (0.6–2.0) (0.5–4.1)

Women

Person-years 369533 77077 49503 16560

Colorectal cancer 245 72 33 10

RRa 1.0 1.3 0.9 0.8 0.94

95% CI (reference) (0.97–1.7) (0.6–1.4) (0.4–1.5)

Colon cancer 155 48 21 5

RRa 1.0 1.3 0.9 0.5 0.73

95% CI (reference) (0.9–1.8) (0.6–1.4) (0.2–1.4)

Proximal colon cancer 79 21 10 2

RRa 1.0 1.1 0.8 0.5 0.47

95% CI (reference) (0.7–1.8) (0.4–1.6) (0.1–2.1)

Distal colon cancer 70 26 9 3

RRa 1.0 1.6 0.9 0.6 0.87

95% CI (reference) (0.98–2.5) (0.4–1.8) (0.1–2.5)

Rectal cancer 90 24 12 5

RRa 1.0 1.2 1.0 1.3 0.56

95% CI (reference) (0.8–2.0) (0.5–1.8) (0.5–3.1)

a Adjusted for age (continuous), Public Health Center areas, smoking (never, past current), alcohol consumption (non-drinkers, 1–3 days/

month, 1–149 g/week ethanol, 150–299 g/week, 300 or more g/week), miso soup intake (less than 1 cup/day, 1 cup/day, 2 cups/day, 3 or more

cups/day), refraining from salty foods and animal fats.
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Proximal colon cancer was strongly associated with
BMI categories: 1.7 (1.1–2.5) for the 25–26.9 group; 1.8
(1.1–3.0) for the 27–29.9 group; and 1.8 (0.7–5.0) for the
30 or higher group compared with the lower than 25
group (p for trend, 0.003). RR for 27 or higher BMI was
similar to the 27–29.9 or 30 or more group (RR, 1.8;
95% CI, 1.1–2.9). In women, however, no association
was detected in any site-specific colorectal cancers.

In addition, invasive-type-cancer analyses showed a
clearer association with BMI in men (Table 4). RRs of
invasive colorectal cancer had a clearer linear trend as
follows: RR, 1.2 for 25–26.9, 1.6 for 27–29.9, and 1.9 for
30 or higher [1.6 (1.2–2.2) for 27 or higher; p for trend,
0.001], compared with RRs in non-invasive and invasive

analysis (1.2, 1.4, and 1.5 for respective categories in
Table 4). RRs trend did not differ between proximal and
distal colon cancer in this invasive-type-cancer analysis.
RR for 27 or higher was also similar between proximal
(RR, 2.1; 95% CI, 1.2–3.6) and distal (RR, 1.9; 95% CI,
1.2–3.1) colon cancer. The results did not change in
invasive-type-cancer analyses in women (data not
shown).

We estimated the population-attributable fraction
(PAF) at 3.3% for the 25–26.9 group, 2.6% for the
27–29.9 group, and 0.9% for the 30 or higher group
compared with the lower than 25 BMI group. As a
whole, 6.7% (95% CI, 1.6–12) of colorectal cancer and
8.9% (95% CI, 2.5–15) of invasive-type colorectal

Table 5. Relative risks (RR) and 95% confidence intervals (CI) of colorectal cancer for body height by each cohort in men and women

Body height (cm) p for trend

Q1 Q2 Q3 Q4 Q5

Men

Range <160 160–162 163–165 166–169 170+

Cohort I (1990–2001)

Case 67 71 68 61 45

Person-year 47117 44915 53565 37417 40898

Multivariate-adjusted RRa 1.0 1.2 1.0 1.4 1.0 0.74

95% CI (reference) (0.9–1.7) (0.7–1.4) (0.95–2.0) (0.6–1.5)

Cohort II (1993–2001)

Case 69 60 75 46 64

Person-year 46726 43228 49880 40013 50823

Multivariate-adjusted RRa 1.0 1.1 1.2 1.0 1.3 0.37

95% CI (reference) (0.7–1.5) (0.9–1.8) (0.6–1.5) (0.8–1.9)

Weighted mean estimates by the inverse of variance between Cohort I and II

Case 136 131 143 107 109

Person-year 93843 88143 103444 77430 91720

Multivariate-adjusted RRa 1.0 1.1 1.1 1.2 1.1 0.39

95% CI (reference) (0.9–1.5) (0.9–1.4) (0.9–1.6) (0.8–1.5)

Women

Range <148 148–150 151–153 154–156 157+

Cohort I (1990–2001)

Case 32 45 49 24 26

Person-year 47978 64167 52043 40957 42814

Multivariate-adjusted RRa 1.0 1.1 1.4 0.9 0.9 0.71

95% CI (reference) (0.7–1.7) (0.9–2.2) (0.5–1.6) (0.5–1.6)

Cohort II (1993–2001)

Case 37 57 36 25 29

Person-year 48088 60865 52201 47038 56523

Multivariate-adjusted RRa 1.0 1.5 1.4 1.1 1.3 0.69

95% CI (reference) (0.96–2.3) (0.8–2.2) (0.6–1.9) (0.7–2.2)

Weighted mean estimates by the inverse of variance between Cohort I and II

Case 69 102 85 49 55

Person-year 96066 125031 104244 87995 99336

Multivariate-adjusted RRa 1.0 1.3 1.4 1.0 1.1 0.98

95% CI (reference) (0.9–1.7) (0.99–1.9) (0.7–1.5) (0.7–1.6)

a Adjusted for age (continuous), Public Health Center areas, smoking (never, past, current), alcohol consumption (non-drinkers, 1–3 days/

month, 1–149 g/week ethanol, 150–299 g/week, 300 or more g/week), body weight (quintiles).

846 T. Otani et al.



cancer was attributable to 25 or higher BMI men
compared with lower than 25 BMI men. With regard
to subsite cancer, PAF estimates (95% CI) were 14%
(3.7–23) for proximal colon cancer, 5.8% ()2.8 to 14)
for distal colon cancer, and 2.4% ()6.7 to 11) for rectal
cancer.

On the contrary, body height had no association with
colorectal cancer in either sex of either cohort (Table 5).
Site-specific colorectal cancer analyses also resulted in
no association (data not shown). In addition, we cal-
culated RRs for the highest decile category (173 cm or
more in men and 159 cm or more in women) and the
highest quartile category within the highest quintile
category (175 cm or more in men, or 161 cm or more in
women). However, these taller subjects were not asso-
ciated with colorectal cancer either. Furthermore, we
calculated stratified RRs by smoking, alcohol con-
sumption, and body weight quintile category. No RR
estimates by such analyses showed a significant associ-
ation (data not shown).

Discussion

Colorectal cancer risk had a linear trend with increased
BMI in the 25 or higher BMI men. Obese subjects (30 or
higher BMI) showed the highest risk, although it was not
statistically significant. These results were consistent with
previous studies in both Western populations [2–4, 6–9,
12–15, 17] and Asian populations [25]. Although we
hypothesized that even the 25–29.9 BMI subjects may be
associated with a much elevated risk and may cause a
rapid increase of colorectal cancer in the Japanese pop-
ulation, the RRs in such groups were not so high (1.2 for
25–26.9, 1.4 for 27–29.9). In other words, the relative
effect of BMI was similar between Western and Asian
populations. In addition, BMI’s population-attributable
fraction (PAF) was relatively small (6.7%) because of the
small percentage of the 25 or higher BMI group. As a
result, the PAF was too small to explain the increase in
colorectal cancer incidence during recent decades.

The cancer risk similarly increased among proximal
colon and distal colon. Proximal colon cancer, however,
appeared to have a slightly stronger association with
BMI than distal colon cancer. Many previous studies
reported that BMI was strongly associated with distal
colon cancer rather than proximal colon cancer [5, 8, 16,
17, 19]. A case-control study [47] revealed that high fat
and protein intake were more closely associated with
sigmoid colon cancer than ascending or transverse colon
cancers. Thus, the association of BMI with site-specific
colon cancer may differ among dietary lifestyles that lead
to high BMI. Further studies may be needed in various

populations with various dietary lifestyles, and in animal
studies also, to clarify this site-specific association.

In addition, an association of BMI with colorectal
cancer was clearer in only invasive-cancer cases rather
than in overall colorectal-cancer cases including the
non-invasive type. This result suggested that BMI may
be associated with the promotion stage of carcinogenesis
rather than the initiation stage [21, 26]. This hypothesis
is also consistent with its stronger association with large
adenoma rather than smaller adenoma [20–23, 26]. In
other words, BMI may be related to cell proliferation
and tumor growth in line with the insulin-like growth
factor hypothesis [20]. High BMI as well as physical
inactivity are hypothesized as factors that may lead to
insulin resistance and high insulin and insulin-like
growth factor concentration in blood, and then cause
colorectal epithelial proliferation and carcinogenesis [3,
27]. Some epidemiologic evidence has been accumulated
concerning an association between serum insulin or
insulin-like growth factors and colorectal cancer by
nested case-control studies [28].

In contrast, high BMI female subjects were not asso-
ciated with colorectal cancer. Moreover, the association
between BMI and colorectal cancer in women was
inconsistent among previous studies [5, 6, 8, 10–17, 19,
24, 25]. Slattery et al. [14] hypothesized that estrogen-
positive women (premenopausal women and postmeno-
pausal women with hormone-replacement therapy)
differed from estrogen-negative women (postmenopausal
women without hormone-replacement therapy). Their
result suggested that only estrogen-positive women were
associated with an increased risk of colorectal cancer
from being overweight or obese. Our further analyses
stratified by age or menopausal status, however, did not
support this hypothesis (data not shown). At least,
women may have a weaker association than men in light
of the present and previous studies.

The association of body height with colorectal cancer
was inconsistent. Although previous cohort studies [4, 7,
9–11, 25] revealed this association, previous case-control
studies failed to show any significant associations [15,
16, 18, 21]. Body height is hypothesized as a surrogate
marker of a long large bowel [48] and a large number of
colorectal epithelial cells. Such large numbers of cells
carry a higher probability of carcinogenesis than smaller
numbers of cells [49]. Another hypothesis is that a high
caloric intake [49] and a high level of growth hormone in
childhood may cause colorectal cell proliferation and
carcinogenesis. Le Marchand et al. [50] reported that the
genotype related to a low concentration of growth
hormone in blood was inversely associated with colo-
rectal cancer in a case-control study. However, our
result suggested that body height was not associated
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with colorectal cancer. Body height may have a thresh-
old for colorectal carcinogenesis or a non-linear risk
trend. Some studies [4, 9] reported a significant associ-
ation of much greater body height, over 175 or 180 cm,
with colon cancer in male populations. In these studies,
the shortest height category ranged around 167 cm or
less [4] or 68 in. (173 cm) or less [9], while in our study,
even the highest category was only 170 cm or more in
height. Therefore, body height may not be associated
with colorectal cancer incidence unless it reaches 180 cm
or more, though the proportion of men with a height of
180 cm or more was too small (0.5%) to examine this
hypothesis in our study population.

The major strengths of our study include its pro-
spective design, a general population with a high re-
sponse rate (approximately 80%), and the relatively low
proportion of subjects who moved away from the ori-
ginal study areas (9.6%) or were lost to follow-up
(0.2%). Information on body height and body weight
was collected before any subsequent diagnosis of colo-
rectal cancer, thus avoiding the exposure recall bias
inherent in case-control studies. The findings of this
study can be generalized to middle-aged and elderly
Japanese men and women because the study subjects
were selected from the general population, and there was
a high response rate. Moreover, the two cohorts starting
at different times produced the same results. In addition,
any confounding by factors measurable by our ques-
tionnaire was examined by the 10% change-in-estimate
strategy and was excluded as thoroughly as possible.
Although we used categorical variables of alcohol con-
sumption and smoking as covariates to control con-
founding by these factors, our results did not
substantially change when we used continuous variables
of weekly ethanol intake and pack-years (number of
cigarettes smoked per day divided by 20 and multiplied
by years; data not shown in tables).

In conclusion, BMI increased the risk of colorectal
cancer in men. Only invasive-cancer analysis suggested
that BMI was important for tumor growth and prolif-
eration. Proximal colon cancer appeared to have a
slightly stronger association with BMI than distal colon
cancer. Body height was not associated with colorectal
cancer in men and women. From the risk estimates,
6.7% of colorectal cancer is attributable to a BMI of 25
or higher in middle-aged and elderly Japanese men.
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