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Red meat intake may increase the risk of colon cancer in
Japanese, a population with relatively low red meat

consumption
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Asian populations have changed from traditional to Westernized diets, with increased red meat intake. They are
suggested to be particularly susceptible to the adverse effects of red meat on the development of colorectal can-
cers, however, few prospective studies of this putative link have been conducted. We examined associations be-
tween the consumption of red and processed meat and the risk of subsite-specific colorectal cancer by gender in
a large Japanese cohort. During 1995-1998, a validated food frequency questionnaire was administered to 80,658
men and women aged 45-74 years. During 758,116 person-years of follow-up until the end of 2006, 1,145 cases
of colorectal cancer were identified. Higher consumption of red meat was significantly associated with a higher
risk of colon cancer among women [multivariate hazard ratios (95%CIs) for the highest versus lowest quintiles
(HR): 1.48 (1.01, 2.17; trend p=0.03)], as was higher consumption of total meat among men [HR=1.44 (1.06,
1.98; trend p=0.07)]. By site, these positive associations were found for the risk of proximal colon cancer among
women and for distal colon cancer among men. No association was found between the consumption of processed
meat and risk of either colon or rectal cancer. In conclusion, red meat intake may modestly increase the risk of
colon cancer in middle-aged Japanese, although the highest quintile of red meat consumption could be consid-

ered moderate by Western standards.
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INTRODUCTION

The linear increase in the incidence and mortality of co-
lon cancer between 1970 and the mid-1990s among Japa-
nese of both sexes occurred in parallel with an increase in
the intake of meat, such as beef and pork products.'™ De-
spite this increase, however, intake is still lower in Japa-
nese than Western populations (approx 78, 130, 160, 185,
and 200 g per capita per day in Japan, UK, Italy, France,
and US, respectively, according to the FAO food supply
database, 1995).> Given findings that descendents of Jap-
anese migrants to the US have a higher incidence of colo-
rectal cancer than US-born Caucasians,s"6 individuals of
Asian ethnicity may be particularly susceptible to the
adverse effects of the Westernized diet, including red
meat intake, owing to exposure to other lifestyle risk fac-
tors, the modifying influence of genetic biological sus-
ceptibility factors, or both.

A recent joint report by the World Cancer Research
Fund/American Institute for Cancer Research concluded
that the evidence that red and processed meats are a cause
of colorectal cancer is convincing.” Most prospective stu-
dies to date have been conducted in Western countries,” '’

however, and we are aware of only five in Asian popula-
tions, including the Japanese,'' "> most of which failed to
demonstrate a clear positive association between red or
processed meat intake and colorectal cancer risk.

Asian populations tend to differ from Western popula-
tions in colonic anatomy and pattern of intracolonic bac-
teria,'®'” the latter of which relates to the production of
secondary bile acids from primary bile acids (which are
required to digest animal fat) and of endogenous N-nitroso
compounds (NOC).'®!” A number of potential differ-
ences in the distribution of possible confounders is also
likely, with Asians having a higher distribution of smok-
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ers (among men) and higher consumption of salt-
preserved fish, the major sources of exogenous NOC,”*’
as well as a lower prevalence of obesity. Moreover, few
prospective studies have evaluated the effect of red meat
consumption on the risk of subsite-specific colon cancers,
separately by gender,”’™ although risk factors for and
biological pathways of proximal and distal colon carcino-
genesis have been suggested to differ. In Japan, incidence
rates for colorectal cancer have reached those in Western
countries (GLOBOCAN 2002). These findings highlight
the importance of studies aimed at characterizing the in-
fluence of red meat consumption on the risk of colorectal
cancer by sub-site in Asian populations.

In this study, we used a validated comprehensive food
frequency questionnaire to examine associations between
red meat and the risk of colorectal cancer in a population-
based prospective cohort study in Japan. Particular focus
was placed on the risk of colorectal cancer according to
sub-site in relation to red meat intake.

MATERIALS AND METHODS
Study population
The Japan Public Health Center-based Prospective (JPHC)
Study was conducted in two cohorts (Cohort I and II),
initiated in 1990-1994. The study population was defined
as all registered Japanese inhabitants aged 40-69 years in
11 public health center areas, as identified from the popu-
lation registries maintained by the local municipalities.
The study design has been described in detail previously.**
The study protocol was approved by the institutional re-
view board of the National Cancer Center, Tokyo, Japan.
Participants in the present study were subjects in the
JPHC study who responded to a self-administered 5-year
follow-up questionnaire, which included comprehensive
information on food intake and lifestyle factors, in 1995-
1999, at age 45-74 years. This follow-up survey was used
as the starting point in the present study. One public
health center area (Tokyo) was excluded from the present

analysis because cancer incidence data were not available.

After exclusion of 11,943 persons who had died,
moved out of a study area, or were lost to follow-up be-
fore the starting point of the present study (1995-1999),
the remaining 121,134 subjects were eligible for partici-
pation. Of these, 98,514 subjects responded to the ques-
tionnaire survey (46,029 men, 52,485 women; response
rate: 81.3%) and were included in the present study.

Follow-up

Subjects were followed from the starting point (time that
the FFQ for 5-year follow-up survey was completed) until
December 31, 2006. Changes in residence status, includ-
ing survival, were obtained annually from the residential
registry in each area; or for those who had moved out of
the study area, through the municipal office in the area to
which they had moved. Mortality data for persons in the
residential registry are forwarded to the Ministry of
Health, Labour and Welfare, and are coded for inclusion
in the national Vital Statistics. Residency registration and
death registration are required by the Basic Residential
Register Law and Family Registry Law, respectively, and
the registries are thought to be complete. During the fol-
low-up period in the present study, 7,658 (7.8%) subjects

died, 3,970 (4.0%) moved out of the study area, and 318
(0.3%) were lost to follow-up.

The occurrence of cancer was identified by active pa-
tient notification from major local hospitals in the study
area and from data linkage with population-based cancer
registries, with permission from the local governments
responsible for the cancer registries. Colorectal cancer
cases were coded according to the International Classifi-
cation of Diseases for Oncology, Third Edition (CI18-
C20), with colon cancer as C18 (C18.0-C18.5 for proxi-
mal colon cancer and C18.6-C18.7 for distal colon can-
cer) and rectal cancer as C19 and C20.” In our cancer
registry system, the proportion of cases for which infor-
mation was available from death certificates only was
2.6% of colorectal cancers. We confirmed 1,435 cases of
newly diagnosed colorectal cancer among the 98,514 sub-
jects by December 31, 2006.

Of the 98,514 respondents, we excluded subjects with
a history of cancer (n=4,008), those who did not complete
the diet component of the questionnaire (n=1,030), and
those with extreme self-reported height or weight (>200
cm, <20 kg; n=2,456). A history of cancer was defined as
a diagnosis of cancer before the starting point or a self-
report of cancer in the questionnaires. Of the remaining
91,020 subjects, 4,550 who reported extreme total energy
intake (lower and upper 2.5 percentiles: 913 and 3,954
kcal/day, respectively), and subjects for whom values for
any of the potential confounders were missing (n=5,812)
were excluded, leaving 80,658 subjects (38,462 men,
42,196 women) for final analysis, including 1,145 with
colorectal cancer (481 colon and 233 rectal cancer cases
in men, and 307 colon and 124 rectal cancer cases in
women). By sub-site, proximal and distal colon cancer
accounted for 200 and 257 cases in men and 179 and 110
in women, respectively.

Food frequency questionnaire (FFQ)
The FFQ asked about the usual consumption of 138 foods
and beverages during the previous year in standard por-
tions/units and nine frequency categories.”® The FFQ en-
quired about 16 meat items. The red meat items included
3 beef dishes (steak, grilled beef, and stewed beef), 6 pork
dishes (stir-fried pork, deep-fried pork, stewed pork in
Western style, stewed pork in Japanese style, pork in soup,
and pork liver), 4 processed meat products (ham, sausage
or Weiner sausage, bacon, and luncheon meat), and
chicken liver. Poultry items included two chicken meals
(grilled chicken and deep-fried chicken). Standard portion
sizes were specified for each food item in three amount
choices: small (50% smaller than standard), medium
(same as standard) and large (50% larger). The amount of
each food consumed (grams/day) was calculated from the
responses. Energy and nutrient intake, excluding heme
iron, were calculated using the Standardized Tables of
Food Composition, 5th revised edition.”” Heme iron in-
take was computed using the following proportions of
iron for each type of meat: 69% for beef; 39% for pork,
ham, bacon, and luncheon meats; 26% for chicken and
fish (19 items); and 21% for liver.

The validity of the FFQ for the assessment of meat in-
take has been confirmed.”* Spearman’s correlation co-
efficients between energy-adjusted meat intake based on
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the FFQ and those based on 28-day (or 14-day for one
public health center area) dietary records among sub-
samples of men and women were 0.50 and 0.45 for Co-
hort I and 0.48 and 0.44 for Cohort II, respectively. Cor-
relation coefficients for the reproducibility of the FFQ
administered 1 year apart for men and women were 0.52
and 0.52 for Cohort I and 0.52 and 0.41 for Cohort II,
respectively.””" Correlation coefficients for the validity
of the FFQ for assessment of specific meats for men were
as follows: beef; 0.43, pork; 0.42, processed meat; 0.45,
chicken; 0.20. For women as compared with men, the
validity of the FFQ was comparable (unpublished data,
Nanri, et al).

Statistical analysis

Person-years of follow-up were calculated for each sub-
ject from the starting point to the date of diagnosis, date
of emigration from the study area, date of death, or end of
the follow-up period (December 31, 2006), whichever
occurred first. Subjects lost to follow-up were censored
on the last confirmed date of presence in the study area. A
total of 354,987 and 403,129 person-years for men and
women, respectively, were accrued for the present analysis.

Hazard ratios (HRs) and 95% confidence intervals
(CIs) were calculated for energy-adjusted meat consump-
tion categories in quintiles based on the sex-specific dis-
tributions for men and women separately, with the lowest
consumption category as the reference, using Cox propor-
tional hazards models with adjustment for potential con-
founding variables according to the SAS PHREG proce-
dure (SAS software, version 9.1, SAS Institute, Inc., Cary,
North Carolina). The assumption of proportional hazards
was established graphically; no deviation from propor-
tionality was found. Person-years (follow-up time) was
used for the underlying time metric in the Cox regressions.
A residual model was used for energy adjustment.”'

We conducted initial analyses by adjusting for age at
the starting point (continuous) and study area (10 PHC
districts). In the second multivariate model, we further
adjusted for body mass index in kg/m” (<19, 19-22.9, 23-
24.9,25-26.9, and >27), smoking status (never, past, and
current), alcohol consumption (none, occasional, 1-149,
150-299, 300-449, and >450 g of ethanol/week), physical
activity in metabolic equivalent task-hours/day (<30, 30-
34.9, 35-39.9, and >40), diabetes who either report of
medication use for diabetes or a history of diabetes,
screening examinations (yes/no) for fecal occult blood
test, barium enema, and colonoscopy and quintiles of
total energy, calcium, vitamins D and B-6, folate, and
dietary fiber. This multivariate model was further ad-
justed for dried and salted fish intake in quintiles as a
potential proxy for the intake of N-nitroso
compounds.”***** Subjects for whom values for any of
the potential confounders were missing were excluded
from the final analysis, because findings did not materi-
ally differ when subjects with missing values were re-
tained in the analyses (n=86,470) by assigning dummy
variables for missing responses. Further, we conducted an
additional analysis with the sub-site of colon cancer
(proximal and distal) as endpoints. We also assessed lin-
ear associations (trend p-values) using the median values
of meat intake for each quintile in the hazard models.

We additionally performed sub-group analyses accord-
ing to age (<60 or >60 years), smoking status (“never” for
nonsmokers or “past” and “current smoker” for ever
smokers), body mass index (<25 or >25 kg/m?), alcohol
intake (<150 or >150 g ethanol/week, for men only), and
Cohort (I or IT). We sought to confirm whether extremely
high meat affects the risk of colorectal cancer compared
with very low meat intake. HRs were calculated for meat
consumption categories in deciles. Throughout this paper,
all p-values are two-sided, and statistical significance was
determined at the p <0.05 level.

RESULTS

Red meat intake for men and women ranged from a me-
dian value of 15.4 and 13.6 g/day, respectively, in the
lowest quintile to 102 and 93.0 g/day, respectively, in the
highest. Subjects with higher red meat consumption were
slightly younger.

Table 1 shows age-adjusted values for subject charac-
teristics according to quintile of red meat consumption.
For both men and women, subjects with higher red meat
consumption were more likely to be overweight, and less
likely to be heavy drinkers or participate in fecal occult
blood test screening. They were also more likely to con-
sume lower levels of calcium, dietary fiber, as well as
dried and salted fish. Higher red meat intake was not as-
sociated with the prevalence of ever smoking, history of
diabetes, or level of physical activity.

As shown in Table 2, higher consumption of red meat
was significantly associated with a higher risk of colon
cancer among women. Although a statistically significant
association was not found between red meat consumption
and colon cancer among men (point estimates of multi-
variate HRs increased), a significant association was seen
for higher consumption of total meat. A significant asso-
ciation was seen between higher consumption of beef and
pork and the risk of colon cancer among women. No as-
sociation between the consumption of processed meat and
risk of colon cancer was seen among either men or
women. Positive associations of red meat, beef, and pork
with the risk of colon cancer were more clearly seen after
adjustment for dried and salted fish as a potential con-
founding factor than without this adjustment among
women, but not among men (data not shown). No asso-
ciation was found between total meat, red meat or spe-
cific meat consumption and the risk of rectal cancer in
either gender (Table 2). These results were not different
substantially from those using gender combined quintiles
(data not shown).

HRs for colon cancer among men with higher total
meat intake were attenuated by further adjustment for
heme iron, but were not substantially changed by further
adjustment for saturated fatty acid intake, with corre-
sponding multivariate HRs for the highest versus lowest
quintile of 1.30 (95% CI: 0.87, 1.93; trend p=0.38) and
1.43 (95% CI: 0.95, 2.16; trend p=0.19), respectively.
HRs for colon cancer among women with higher red meat
intake were not substantially changed by further adjust-
ment for heme iron, but were attenuated by further ad-
justment for saturated fatty acid intake, with correspond-
ing HRs (95% CI) of 1.62 (1.01, 2.61; trend p=0.02) and
1.38 (0.84, 2.27; trend p=0.18). We further adjusted for
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Table 1. Characteristics of subjects according to quintile (Q) of red meat intake for men and women: the JPHC Study,

1995 and 1998 (n= 80,658)

Men Women
Ql Q2 Q3 Q4 Q5 Ql Q2 Q3 Q4 Q5
Median intake (g) 15 31 46 65 102 14 29 43 60 93
>24.1, >38.8, 2>54.6, >22.0, >35.8, >50.4,
Range D 588 <sae <7sg 28T <220 58 Ss04 <718 271
No. of subjects 7,692 7,693 7,692 7,693 7,692 8,439 8,439 8,440 8,439 8,439
Age 58.1 56.8 56.2 56.0 56.0 58.1 569 563 56.0 56.0
(SD" . a7 a7 (7.7) 7.8)  (71.7) (7.6) (7.6) (7.6) (7.8) (7.8)
Meat intake (g/day, mean®)
Total meat 20 39 56 77 127 17 36 52 71 115
Red meat
Beef 4 9 13 19 31 3 7 10 15 24
Pork 8 18 26 37 67 8 18 26 36 65
Processed meat 2 4 6 8 13 2 4 6 8 12
Chicken 5 8 10 11 14 5 7 9 10 12
BMI >25kg/m” (%) 25.7 266 27.4 29.7 330 ** 274 27.0 266 27.8 319 **
Past smoker (%ﬂ) 19.0 18.3 19.1 18.6 17.0 0.8 1.2 1.1 1.3 1.2
Current smoker (%ﬂ) 47.0 48.5 48.3 47.0 451 ** 58 5.6 5.1 5.7 6.4
Moderate drinker (>0, <300 g alc/w, %" 32.6  36.5 39.0 388  37.6 ** 114 127 133 127 102 **
Heavy drinker (>300 g alc/w, %) 395 357 31.1 27.8 195 ** 19 1.4 1.2 0.7 04 **
Physical activity (MET-h*/day, mean®) 329 328 32.7 325 32.1 ** 318 320 320 31.8 315 **
Screening examination (yes, %)
Fecal occult blood test 29.8 299 30.0 282 237 ** 285 292 299 284 232 **
Barium enema 6.9 7.5 7.2 7.3 7.2 6.3 5.9 6.0 5.9 7.1
Colonoscopy 8.6 8.4 8.5 7.9 7.0 ** 6.8 6.4 6.7 6.3 6.2
History of diabetes (%) 7.6 7.3 7.0 7.2 6.9 3.8 3.6 34 32 3.7
Dietary intake (mean®)
Total energy, keal/d 2,132 2,146 2,133 2,105 2,048 ** 1893 1,891 1,872 1,863 1,838 **
Calcium, mg/d 554 534 522 505 462 ** 656 624 592 557 491 **
Vitamin D, pg/d 10.1 10.1 10.3 10.4 9.8 10.7 104 105 103 93 **
Vitamin Bg, mg/d 1.57 1.58 1.59 1.61 1.60 ** 154 153 153 153 1.50 **
Folate, pg/day 386 391 393 393 379 452 445 435 425 394 ok
Dietary fiber, g/d 12.8 12.6 12.4 12.0 11.0 ** 16.0 151 144 136 119 **
Dried and salted fish, g/d 20.1 19.2 18.8 18.4 154 ** 211 202 194 186 15.0 **
Saturated fatty acid, g/d 12.7 14.4 16.0 17.89 2228 ** 145 160 171 184 220 **
Heme iron, mg/d 031  0.40 0.48 058 078 ** 030 038 045 0.53 0.70 **

T SD, standard deviation; § MET-h, metabolic equivalent task hours.

§ Values are age-adjusted least square means. § Values are age-standardized proportions. **p<0.01; Trend tests across categories of red
meat consumption were calculated by analysis of covariance for age-adjusted means and the Cochran-Mantel-Haenszel test for age-adjusted

proportions.

cholesterol-lowering medications (4% and 7% user for
men and women, respectively) or hormone replacement
therapy (2.5% current user for women) in the multivariate
analysis, but results for colon and rectal cancer did not
substantially changed (data not shown).

On further analysis using of colon cancer sub-sites
(proximal and distal) as endpoints, as shown in Table 3,
higher consumption of total meat, red meat, and beef was
marginally associated with a higher risk of distal colon
cancer but not with the risk of proximal colon cancer
among men. In contrast, higher consumption of red meat
and beef was associated with a higher risk of proximal
colon cancer but not with the risk of distal colon cancer
among women. Higher consumption of processed meat
was not associated with either proximal or distal colon
cancer for either gender.

Stratified analyses according to age (<60 or >60 years)
showed a clearer association between red meat intake and
the risk of colon cancer among the older age group than
the younger group for both men and women. Correspond-
ing HRs (95% CI) for the older and younger age groups
were 1.46 (0.95, 2.23; trend p=0.07) and 1.05 (0.66, 1.68;

trend p=0.87), respectively, among men (259 and 222
cases, respectively), and 1.64 (0.95, 2.82; trend p=0.06)
and 1.34 (0.78, 2.30; trend p=0.20), respectively, among
women (152 and 155 cases, respectively). Further, sig-
nificant positive associations were found between the
consumption of total or processed meat for men, and beef
or pork for women, and the risk of colon cancer among
the older age group only (data not shown), although tests
of interaction were not statistically significant between
age and red meat, or any meat intake for the risk of colon
cancer (data not shown). Stratified analyses according to
smoking status (never or ever smoker) showed a clearer
positive association between processed meat intake and
the risk of colon cancer among male nonsmokers (HR:
1.79; 95% CI: 1.04, 3.10; trend p=0.02) than male ever-
smokers (HR: 1.10; 95% CI: 0.77, 1.58; trend p=0.62),
although tests of interaction were not statistically signifi-
cant. The main results [positive association between total
meat (among men), and red meat including beef and pork
(among women) and the risk of colon cancer; and no as-
sociation between meats (combined or separated) and the
risk of rectal cancer among either gender] did not sub-
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stantially changed in analyses stratified by body mass
index, alcohol intake, or cohort (data not shown). Also,
the results did not substantially changed in the analyses
that excluded cases diagnosed during the first two years
of follow-up (data not shown). When colon cancer was
limited to invasive cases (269 cases in men and 186 in
women), point estimates of multivariate HRs increased
with red meat intake but did not reach statistically sig-
nificant levels, with multivariate HRs (95%Cls) for the
highest versus lowest quintiles of intake of 1.19 (0.78,

1.82; trend p=0.37) for men, 1.39 (0.85, 2.28; trend
p=0.18) for women, and 1.30 (0.94, 1.78; trend p=0.08)
for the two genders combined.

Finally, in analyses by deciles of meat consumption,
higher processed meat intake showed a marginally sig-
nificant association with the risk of colon cancer for men
but not for women, with multivariate HRs for the highest
versus lowest decile of 1.37 (95% CI: 0.92, 2.03; trend
p=0.05) and 1.67 (95% CI: 0.97, 2.88; trend p=0.36), re-
spectively.

Table 2. Hazard ratios and 95% confidence intervals for colon and rectal cancer according to quintiles of meat con-
sumptions for men and women: the JPHC Study, 1995 and 1998-2006 (n=38,462 and 42,196 for men and women, re-
spectively)

Men Women
Colon (481 cases) Rectal (233 cases) Colon (307 cases)

Rectal (124 cases)

l\g%‘n Cases HR' (95%CI") Cases HR' (95%CIY) Nz%;‘n Cases HR' (95%CI') Cases HR' (95%CI%)

Total meat
Q1 20 98 1.00 (reference) 60 1.00 (reference) 18 63  1.00 (reference) 31 1.00 (reference)
Q2 39 107 1.25 (0.95,1.65) 43 0.78 (0.53, 1.16) 36 65 1.14 (0.80,1.62) 19 0.63 (0.35,1.12)
Q3 56 99 1.27 (0.95,1.69) 46 0.89 (0.60, 1.32) 52 46 0.82 (0.56,1.21) 25 0.89 (0.52,1.53)
Q4 77 82 1.12 (0.83,1.52) 47 0.94 (0.63, 1.40) 70 67 1.26 (0.88,1.81) 28 1.02 (0.59,1.74)
Q5 117 95 1.44 (1.06,1.98) 37 0.83 (0.52,1.30) 107 66 135 (0.92,1.98) 21 0.78 (0.41,1.46)
trend p 0.07 0.64 0.10 0.83

Red meat
Ql 15 103 1.00 (reference) 53 1.00 (reference) 14 63 1.00 (reference) 31 1.00 (reference)
Q2 31 103 1.14 (0.87,1.50) 46 0.96 (0.64,1.43) 29 67 1.19 (0.84,1.69) 20 0.67 (0.38,1.19)
Q3 46 90 1.08 (0.81,1.44) 48 1.06 (0.71,1.58) 43 39  0.70 (0.47,1.06) 30 1.08 (0.65,1.81)
Q4 65 94 1.19 (0.89,1.60) 50 1.16 (0.78,1.74) 60 68 1.30 (0.91,1.86) 21 0.77 (0.43,1.37)
Q5 102 91 1.27 (0.93,1.74) 36 0.93 (0.58, 1.49) 93 70 148 (1.01,2.17) 22 0.81 (0.43,1.52)
trend p 0.15 0.99 0.03 0.63

Beef
Q1 0.2 102  1.00 (reference) 53 1.00 (reference) 0.1 59  1.00 (reference) 27 1.00 (reference)
Q2 6.0 83 0.88 (0.65,1.18) 46 0.89 (0.60, 1.33) 3.9 67 137 (0.96,1.94) 30 1.27 (0.75,2.15)
Q3 11 101 1.23 (0.93,1.63) 38 0.82 (0.54, 1.25) 8.8 61 1.31 (0.91,1.89) 24 1.06 (0.61,1.86)
Q4 19 108 1.35 (1.02,1.78) 46 1.02 (0.68, 1.53) 15 54 1.26 (0.86,1.84) 20 0.94 (0.52,1.72)
Q5 34 87 1.15 (0.85,1.55) 50 1.16 (0.77,1.74) 28 66 1.62 (1.12,2.34) 23 1.11 (0.61,2.02)
trend p 0.10 0.28 0.04 0.95

Pork
Ql 6.5 112 1.00 (reference) 54 1.00 (reference) 6.1 65 1.00 (reference) 24 1.00 (reference)
Q2 15 95 0.94 (0.71,1.24) 54 1.08 (0.74, 1.58) 15 54 092 (0.64,1.32) 28 1.18 (0.68,2.05)
Q3 24 86 0.89 (0.67,1.18) 34 0.71 (0.46,1.10) 24 62 1.04 (0.73,1.49) 23 0.97 (0.54,1.73)
Q4 36 96 1.01 (0.77,1.34) 50 1.08 (0.72, 1.60) 35 48 0.81 (0.55,1.20) 25 1.06 (0.60, 1.90)
Q5 62 92 1.06 (0.78,1.42) 41 0.97 (0.63,1.51) 59 78 1.42 (0.99,2.04) 24 1.06 (0.57,1.97)
trend p 0.53 0.97 0.05 0.97

Processed

meat
Q1 0.2 106 1.00 (reference) 66 1.00 (reference) 0.4 61 1.00 (reference) 27 1.00 (reference)
Q2 1.9 106 1.11 (0.85,1.46) 49 0.84 (0.58,1.21) 2.2 69 1.26 (0.89,1.79) 27 1.09 (0.64,1.87)
Q3 39 81 091 (0.68,1.22) 35 0.64 (0.42,0.97) 43 60 1.10 (0.76,1.58) 21 0.85 (0.47,1.52)
Q4 7.3 89 1.05 (0.79,1.41) 48 0.91 (0.62,1.33) 7.6 58 1.12 (0.77,1.62) 27 1.19 (0.68,2.08)
Q5 16 99 1.27 (0.95,1.71) 35 0.70 (0.45,1.09) 15 59  1.19 (0.82,1.74) 22 0.98 (0.53,1.79)
trend p 0.10 0.25 0.64 1.00

Chicken
Q1 0.5 103 1.00 (reference) 59 1.00 (reference) 0.5 66 1.00 (reference) 21 1.00 (reference)
Q2 43 95 0.99 (0.75,1.31) 47 0.82 (0.55,1.20) 4.0 55 0.90 (0.62,1.29) 29 1.35 (0.76,2.38)
Q3 7.4 106 1.13 (0.86,1.49) 40 0.72 (0.48, 1.08) 6.8 75  1.26 (0.90,1.77) 28 1.33 (0.75,2.37)
Q4 11 88 1.06 (0.79,1.42) 48 0.90 (0.61, 1.34) 11 50 0.83 (0.57,1.21) 20 0.97 (0.52, 1.82)
Q5 21 89 1.11 (0.83,1.49) 39 0.72 (0.47,1.09) 19 61 1.01 (0.70,1.46) 26 1.27 (0.69,2.32)
trend p 0.44 0.22 091 0.80

+ HR, hazard ratio; { CI, confidence interval. Hazard ratio was adjusted for age (continuous), Public Health Center area, Body Mass Index in
kg/m® (<19, 19-22.9, 23-24.9, 25-26.9, and >27), smoking status (never, past, and current), alcohol consumption (non, occasional, 1-149,
150-299, 300449, and >450g ethanol/week), physical activity in metabolic equivalent task-hours/day (<30, 30-34.9, 35-39.9, >40), medi-
cation use for diabetes, history of diabetes, screening examinations (fecal occult blood test; barium enema; colonoscopy), and quintiles of
intake of energy, calcium, vitamin D, vitamin Bg, folate, dietary fiber, and dried and salted fish. Linear trends across quintiles of red meat or
other meat intake were tested using the derived variable based on median consumption for each quintile as a continuous variable.
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Table 3. Hazard ratios and 95% confidence intervals for colon cancer by sub-site according to quintiles of meat con-
sumptions for men and women, the JPHC Study, 1995 and 1998-2006

Men Women
Proximal colon (200 cases)  Distal colon (257 cases) Proximal colon (179 cases) Distal colon (110 cases)
Cases HR' (95%CF) Cases HR' (95%CI) Cases HR' (95%CI) Cases HR'  (95%CI)

Total meat
Ql 42 1.00  (reference) 52 1.00 (reference) 40 1.00 (reference) 18 1.00  (reference)
Q2 47 1.32 (0.87,2.01) 52 1.14 (0.78, 1.69) 37 1.01 (0.65,1.59) 25 1.54 (0.84,2.85)
Q3 37 .12 (0.71,1.76) 56 1.36 (0.92,2.00) 26 0.72 (0.43,1.18) 17 1.07  (0.55,2.1)
Q4 41 1.33  (0.85,2.08) 40 1.03  (0.67,1.58) 37 1.07 (0.67,1.71) 28 1.78  (0.96, 3.3)
Q5 33 1.21 (0.73,2.01) 57 1.65 (1.09,2.52) 39 1.23 (0.75,2.01) 22 141 (0.71,2.79)
trend p 0.52 0.04 0.34 0.35

Red meat
Ql 47 1.00 (reference) 52 1.00 (reference) 36 1.00 (reference) 22 1.00  (reference)
Q2 43 1.06 (0.70,1.61) 54 1.19 (0.81, 1.74) 39 1.21 (0.77,1.91) 24 1.22  (0.68,2.18)
Q3 36 096 (0.61,1.49) 49 1.17  (0.79, 1.74) 26 0.82 (0.49,1.37) 12 0.61 (0.30, 1.25)
Q4 40 .12 (0.72,1.73) 51 1.29 (0.87,1.94) 36 1.21 (0.75,1.96) 29 1.50 (0.84,2.68)
Q5 34 1.07 (0.66,1.75) 51 1.42  (0.92,2.19) 42 1.57 (0.95,2.58) 23 1.21  (0.63,2.32)
trend p 0.74 0.12 0.08 0.41

Beef
Ql 50 1.00  (reference) 49 1.00  (reference) 28 1.00 (reference) 29 1.00  (reference)
Q2 36 0.78 (0.50,1.20) 42 0.92 (0.60, 1.39) 42 1.95 (1.20,3.16) 21 0.82 (0.46, 1.44)
Q3 42 1.06 (0.70,1.61) 54 1.35 (0.91,2.01) 39 191 (1.17,3.12) 18 0.73 (0.40, 1.32)
Q4 40 1.06 (0.69,1.63) 62 1.58 (1.07,2.34) 26 1.39 (0.81,2.40) 24 1.05 (0.60, 1.84)
Q5 32 0.89 (0.56,1.41) 50 1.36  (0.90, 2.06) 44 2.52 (1.53,4.14) 18 0.78 (0.42, 1.44)
trend p 0.95 0.04 0.01 0.69

Pork
Ql 45 1.00  (reference) 62 1.00 (reference) 36 1.00 (reference) 22 1.00  (reference)
Q2 41 1.02 (0.67,1.56) 50 0.89 (0.61, 1.29) 40 1.23 (0.78,1.93) 13 0.65 (0.32,1.29)
Q3 38 1.01 (0.65,1.57) 45 0.82  (0.55,1.21) 34 1.03 (0.64,1.65) 25 1.22  (0.68,2.19)
Q4 37 0.99 (0.63,1.55) 50 0.94 (0.64, 1.38) 24 0.72 (0.42,1.22) 22 1.06 (0.58, 1.96)
Q5 39 1.17 (0.74,1.87) 50 1.01 (0.68, 1.52) 45 1.42 (0.88,2.30) 28 142 (0.77,2.61)
trend p 0.52 0.75 0.32 0.11

Processed

meat
Q1 36 1.00 (reference) 64 1.00  (reference) 31 1.00  (reference) 26 1.00  (reference)
Q2 51 1.60 (1.04,2.46) 53 0.92 (0.64, 1.33) 42 1.51 (0.95,242) 23 0.98 (0.55,1.73)
Q3 37 1.20 (0.75,1.91) 39 0.73 (0.49, 1.10) 37 1.33 (0.82,2.16) 19 0.79 (0.43, 1.44)
Q4 39 1.31 (0.82,2.08) 46 0.93 (0.63, 1.38) 38 142 (0.87,2.31) 18 0.77 (0.42, 1.44)
Q5 37 1.38 (0.85,2.25) 55 1.19 (0.80, 1.77) 31 1.23 (0.73,2.07) 24 1.03  (0.57,1.87)
trend p 0.54 0.19 0.87 0.88

Chicken
Ql 42 1.00 (reference) 56 1.00 (reference) 40 1.00 (reference) 21 1.00  (reference)
Q2 38 1.00 (0.64,1.56) 51 0.95 (0.65, 1.40) 32 0.85 (0.53,1.37) 20 1.03  (0.55,1.91)
Q3 43 .12 (0.73,1.73) 57 1.14 (0.78, 1.65) 43 1.19 (0.76,1.84) 28 1.47 (0.83,2.62)
Q4 35 1.04 (0.66,1.65) 49 1.08 (0.73, 1.60) 28 0.73 (0.45,1.20) 21 1.10  (0.59, 2.06)
Q5 42 1.34 (0.85,2.09) 44 0.99 (0.66, 1.48) 36 095 (0.59,1.51) 20 1.01  (0.53,1.92)
trend p 0.18 0.96 0.70 0.91

+ HR, hazard ratio; { CI, confidence interval. Hazard ratio was adjusted for age (continuous), Public Health Center area, Body Mass Index in
kg/m2 (<19, 19-22.9, 23-24.9, 25-26.9, and >27), smoking status (never, past, and current), alcohol consumption (non, occasional, 1-149,
150-299, 300449, and >450g ethanol/week), physical activity in metabolic equivalent task-hours/day (<30, 30-34.9, 35-39.9, >40), medica-
tion use for diabetes, history of diabetes, screening examinations (fecal occult blood test; barium enema; colonoscopy), and quintiles of intake
of energy, calcium, vitamin D, vitamin B-6, folate, dietary fiber, and dried and salted fish. Linear trends across quintiles of red meat or other
meat intake were tested using the derived variable based on median consumption for each quintile as a continuous variable.

The lack of association between red meat or processed
meat intake and rectal cancer did not change substantially
in the decile analyses, with multivariate HRs (95% CI)
for the highest versus lowest decile among men and
women of 0.83 (0.42, 1.64; trend p=0.80) and 1.33 (0.60,
2.95; trend p=0.83), respectively, for red meat intake, and

0.68 (0.37,1.24; trend p=0.26) and 1.28 (0.55, 2.96; trend
p=0.90), respectively, for processed meat intake.

DISCUSSION

In this population-based prospective cohort study in Japan,
we observed that higher consumption of red meat, includ-
ing beef and pork, was associated with an increased risk
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of colon cancer among women, and that higher total meat
consumption was associated with this cancer among men.
By site, these positive associations were found for the risk
of distal colon cancer among men and proximal colon
cancer among women. No association was found between
the consumption of red meat and the risk of rectal cancer
in either gender, or between processed meat and the risk
of either colon or rectal cancer. The highest quintile of
red meat consumption in our cohort (120 and 105 g per
day for men and women, respectively, based on a cor-
rected median value according to weighed dietary records
among sub-samples™*’) could be considered moderate by
Western standards, at least.’

A number of mechanisms to explain the association
between red meat or processed meat and colorectal cancer
have been proposed. First, secondary bile acids produced
by anaerobic bacteria in the large bowel from primary
bile acids, which are essential to the digestion of animal
fat, are thought to be colonic irritants and to have hyper-
proliferative effects.** Second, red meat is a major source
of heme iron, which has high bioavailability, and iron is
thought to be carcinogenic as a prooxidant.” Third, red
meat intake enhances the production of endogenous NOC
by gut bacteria, depending on pH and substrate availabil-
ity.”'®!” Fourth, processed meat is also a candidate ex-
ogenous source of NOC, which is formed during the cur-
ing process.’ Finally, potentially carcinogenic heterocyc-
lic amines are formed when muscle meats such as beef,
pork, or fish are cooked at high temperatures.’

These possible mechanisms of the association between
red meat and colon cancer might also explain the associa-
tion between total meat and colon cancer among men.
Point estimates of multivariate HRs increased with red
meat intake (but did not reach statistically significant lev-
els), for men. Furthermore, red meat intake accounted for
85% of total meat consumption. Thus, observed results of
colon cancer in men might not essentially differ from the
results in women. In this study, positive associations be-
tween meat and colon cancer were clearer for the older
than the younger group. These age differences in associa-
tion may be partly due to changes in bacterial flora, such
as the decline in beneficial bifidobacteria numbers or the
increase in pH in the elderly gut,>*® both of which affect

the production of secondary bile acids or endogenous NOC.

A number of potential differences in the impact of die-
tary intake on the risk of proximal or distal colon cancers
have been suggested. Levels of bile acid metabolites are
higher in the right than left colon, while those of a marker
of exposure to potentially carcinogenic NOC are higher in
the distal than proximal colonic DNA of colorectal cancer
patients.*”” Gender differences in the risk of subsite-
specific colon cancers have also been suggested *">° due
to the higher intracolonic pH or longer bowel transit time
in women than in men, which in turn affects the produc-
tion of secondary bile acid or NOC. In this study, the as-
sociation between meat and colon cancer were partly ex-
plained by saturated fatty acid for women and heme iron
for men. On the other hand, larger number of distal colon
cancer cases in men, and proximal colon in women, than
opposite sub-site of colon cancer cases might possibly
clearly reflect the results of total colon cancer among ei-
ther gender.

To our knowledge, seven studies have independently
reported associations between red meat consumption and
the risk of proximal or distal colon cancer.'*'**4*** Re-
sults have shown a relatively consistent stronger positive
association for the distal colon: five studies showed a
stronger association for distal than proximal colon
cancer! 212340 among men?"?, women®, or combined'*;
one showed a stronger association for proximal colon
cancer*'; and one found no difference for men and women
combined.” Only a few prospective studies have evalu-
ated the effect of red meat consumption on the risk of
subsite-specific colon cancers separately by gender
(men*'** or women®). Our results for the distal colon in
men are consistent with one of these previous studies.”’
The observed site-specific differences in risk between
genders, however, suggest possible differences in the eti-
ology of proximal and distal colon cancers that are con-
sistent with women’s higher incidence of proximal colon
tumors and adenomas in the present and Western popula-
tions.*

The major strength of the present study is its prospec-
tive design, which avoids exposure recall bias. Other
strengths include the following: study subjects were se-
lected from the general population; response rate to the
questionnaire in this general population setting (81%) was
high; and the proportion of losses to follow-up (0.3%)
was negligible. Further, the number of exclusions due to
missing data on red meat consumption, extreme values of
energy as a proxy for dietary information, and extreme
values for height and weight was not particularly large (8
percent). Although a difference in incidence among sub-
jects with and without missing or extreme information
had the potential to influence the results, no such notable
difference was seen. Finally, variation among subjects in
red meat consumption was sufficiently large, with a 7-
fold difference in median intake between the highest (102
and 93 g for men and women, respectively) and lowest
quartile groups (15 and 14 g, respectively) (Table 1). This
difference was similar to or greater than those in the 7
223404498 o 11 studies 2% which found a sig-
nificant positive association between red meat intake and
the risk of colon and/or rectal cancer in Western countries.

Our study has several potential limitations. First, the
validity of the FFQ for meat intake was moderate at best
(r=0.48-0.50 for men, r=0.44-0.45 for women),”** and
was not substantially different by types of meat. It could
be suggested that the observed association with the risk of
colon cancer might have underestimated the true magni-
tude of association consequent to misclassification in the
FFQ. The potential attenuation might be equivalent by
types of meat. However, this bias may have operated in
the same direction for subsite-specific cancers between
men and women. On this basis, the contrary results for
subsite-specific colon cancer between men and women
might not be attributable to the validity of the FFQ. Second,
we did not note substantial associations for processed
meat, and consumption in the highest category (median
16 and 15 g per day for men and women, respectively)
was substantially lower than those for studies in Western
countries which found a significant positive association
with the risk of colon and/or rectal cancer.”>*#4047:4%
Consumption of processed meat in our cohort was likely
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not large enough to observe a positive association, and
the possibility of an adverse effect on the colon cancer
from a greater intake than in our highest quartiles of
processed meat cannot be excluded. The different results
between pork and processed meat might be partly attrib-
utable to relatively low level of processed meat intake
among the Japanese. In this study, the results did not sup-
port a hypothesis that higher processed meat or other
meat intake increases the risk of rectal cancer with these
levels. Third, although we measured and adjusted for pos-
sible confounding variables to the extent possible, the
possibility of confounding by unmeasured variables can-
not be totally disregarded. Also, it is possible that some of
the significant findings may be due to chance.

In conclusion, in this large-scale, population-based
prospective cohort study among middle-aged Japanese
men and women, whose consumption of red meat was
considered moderate by Western standards, we found that
higher consumption of red meat was associated with an
increased risk of colon cancer among women, as was
higher consumption of total meat among men. The posi-
tive associations for subsite-specific colon cancers ap-
peared to differ by gender. The Japanese may be particu-
larly susceptible to the adverse effects of red meat intake
in the development of colon cancers.
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