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of an enzyme deficiency of aldehyde dehydrogenase 2
(ALDH2),***7 which is responsible for detoxifying acetalde-
hyde in ethanol metabolism. In this regard, a previous study
reported no effect modification by genetic polymorphism of
ALDH2.?

Consistent with a previous study,* we found little evidence
of a statistical interaction between smoking status and alcohol
intake on the development of breast cancer, although we pre-
viously reported a substantial association between smoking
and premenopausal breast cancer risk in our cohort.*”

The major strength of our study is its prospective popula-
tion-based cohort design. Our large sample size and repeated
measurement of exposure information over a long follow-up
period likely aided the precision of our risk estimate. Differ-
ential recall bias was ruled out because exposure information
was collected before diagnosis. Low percentages of DCN and
DCO suggested that misclassification of disease was unlikely,
and if present would have tended to be non-differential
between cases and non-cases, which would have attenuated
the observed risk toward null.

Several limitations of the study also warrant mention.
Because alcohol intake and other epidemiological informa-
tion were estimated on the basis of self-reported question-
naires, a degree of measurement error was inevitable. The
misclassification of alcohol consumption and lack of quanti-
tative evaluation of alcohol intake among occasional
drinkers in the questionnaire might have lead to fewer
drinkers being classified as having a moderate level of alco-
hol consumption. In consequence, the impact of a moderate
level of alcohol consumption on breast cancer risk could
not be clearly evaluated, unlike the case of previous stud-
ies.”” However, our FFQ-based estimates of alcohol con-
sumption have been validated repeatedly.**** The study
population in the current study tended to have a low preva-
lence of alcohol drinkers and this weakened the statistical
power to detect the association. Nevertheless, we found a
statistically significant positive association between excessive
alcohol intake (>150 g ethanol/week) and an increased risk
of breast cancer. We could not rule out the possibility of
uncontrolled confounding. For instance, our data provided
no information on the duration or type of exogenous estro-
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gens used. However, given the internal consistency of our
results across different stratifications, residual confounding
may be unlikely. Nevertheless, our subgroup analyses
showed largely null findings. The lack of effect modification
by the use of exogenous estrogens or other factors may be
explained by the lack of statistical power in the present
study due to the small number of cases. Further, our results
may have been affected by selection bias due to unknown
receptor status of approximately half of the cases or by
chance due to the large number of subgroup analyses.
Although our results for ER/PR unknown tumors showed a
similar positive trend to the result of overall and ER+
tumors, our results, particularly for ER-negative tumors
among past drinkers, should be carefully interpreted.

In conclusion, this population-based prospective study
found that alcohol consumption was positively associated
with an increased risk of breast cancer in a Japanese popula-
tion, as it is among Western populations. From a public
health point of view, our findings are important.because
extreme alcohol drinking is avoidable. The impact of alcohol
on breast cancer risk was not modified by menopausal status,
exogenous estrogen use, intake of dietary isoflavones or fo-
late, BMI, alcohol-induced facial flushing or smoking status.
With regard to isoflavones, however, our present data took
no account of supplement use, but rather only the intake
obtainable from natural food products in the general Japa-
nese diet. Further research needs to determine the generaliz-
ability of our results to other populations, with particular
attention to the supplementation of isoflavones as a substitute
for exogenous hormones, and to clarify the mechanisms of
alcohol-mediated carcinogenesis in consideration of tumor
receptor status as well as genetic variation.
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Background: To estimate an individual's probability of developing colorectal cancer (CRC) may aid health
professionals and individuals in improving lifestyle behaviors or deciding the screening regimens. As
fewer studies on cancer risk prediction were seen so far, we initially developed an assessment tool with
synthesizing key information from a variety of CRC risk factors through a large population-based cohort
study. Method: The prediction model was derived from 28,115 men in the Japan Public Health Center-
based (JPHC) Prospective Study Cohort II (follow-up: 1993-2005), with risk factors selected by Cox
proportion hazard regression. 18,256 men in the JPHC Study Cohort I (follow-up: 1995-2005) were used
to evaluate the model’s performance. Results: 543 and 398 CRCs were diagnosed during the follow-up
period in Cohorts Il and I, respectively. The prediction model, including age, BMI, alcohol consumption,
smoking status, and the daily physical activity level, showed modest discrimination ability for CRC
(C=0.70; 95% confidential interval, 0.68-0.72) in Cohort Il and well calibrated in Cohort I (Hosmer—
Lemeshow X% =14.2, P=0.08). Conclusion: The 10-year CRC risk prediction model may be used to
estimate CRC risk in Japanese men. It may also play a role in the promotion of CRC prevention strategies.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Colorectal cancer (CRC) was the second most commonly
diagnosed cancer in the Japanese population in 2002 [1,2].
Approximately 11% of total cancer deaths in men and 14% in
women were from CRCs in 2005 [2]. The high morbidity and
mortality noted in the Japanese population were similar to those in
North American and European counties [3].

Some risk factors for CRC were documented in the revised
expert report from the World Cancer Research Fund, including
physical activity, alcohol consumption, body and abdominal
fatness, and consumption of vegetables and foods containing fiber
[4]. A recent meta-analysis confirmed that smoking was signifi-
cantly associated with CRC incidence and mortality [5]. In
epidemiologic studies of the Japanese population, the risk factors
of physical activity [6,7], alcohol consumption [8,9], smoking habit
[8,9], and body mass index (BMI) [9,10] were consistently
identified, whereas consumption of vegetables [11] and foods
containing fiber [12] were not. Systematic reviews of large studies
in Japan also verified the findings for alcohol consumption [13] and

* Corresponding author. Tel.: +81 3 3542 2511x3378,; fax: +81 3 3547 8578.
E-mail address: ssasazuk@ncc.go.jp (S. Sasazuki).

1877-7821/$ - see front matter ® 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.canep.2010.04.021

smoking habit [14]. In the Japanese population, however, these risk
factors were more prevalent in men than in women, and little
evidence of modifying CRC risk by reproductive factors has been
found among Japanese women [15,16]. Nevertheless, most of these
established risk factors for CRC are modifiable, and their
improvement has been incorporated into primary cancer preven-
tion strategies in Japan [17].

Given the high incidence of CRC and its significant cost to
society, it is critical to reduce the identified risk factors in order to
prevent CRC in a population. An individual’s risk probability of
developing CRC could be estimated by using information on
established factors, which would aid physicians and individuals in
improving lifestyle behavior and/or deciding on screening regi-
mens for CRC prevention [17-19]. Moreover, from the public
health point of view, risk prediction tools could also be used to
effectively disseminate information on cancer prevention.

Several studies estimated the absolute risk probability of
developing CRC, although they were based on case-control study
[18], expert opinion [20], or specific populations [21,22]. In this
paper, we present a CRC risk prediction model in Japanese men,
derived and validated by two large cohorts from the Japan Public
Health Center-based (JPHC) Prospective Study. We also present a
simplified score model that can be easily used to estimate an
individual’s absolute CRC risk based on lifestyle information.
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2. Materials and methods
2.1. Study participants

In the JPHC Study, Cohort I, with participants aged 40-59 years,
was launched in 1990 and Cohort II, with participants aged 40-69
years, was added in 1993. A total of 48,448 men were initially
identified in 11 public health center-based (PHC) areas through-
out Japan. The details of the study design and baseline response
have been described elsewhere [23,24]. The study was approved
by the Institute Review Board of the National Cancer Center,
Tokyo, Japan.

The baseline survey for Cohort Il had more comprehensive data
on physical activity and the food frequency questionnaire (FFQ) (52
food items) than those and the FFQ (44 food items) for Cohort 1. In
the 5-year follow-up survey, all investigations including the FFQ
(138 food items) were the same for both cohorts. Considering the
inconsistency of questionnaires and follow-up periods of the two
cohorts, in the present study we used the baseline survey of Cohort
Il men to derive the risk prediction model of CRC and the 5-year
follow-up survey of Cohort I men to validate the model.

Participants who reported a history of cancer or cardiovascular
disease, were diagnosed with cancers, or were censored before the
start of the follow-up survey were excluded, leaving 28,115 eligible
subjects for model derivation in Cohort Il and 18,256 for model
validation in Cohort 1.

2.2. Risk factor measurements

Self-administered questionnaires contained items on demo-
graphic characteristics, medical history, smoking habit, alcohol
consumption, physical activity, occupation, and other factors, as
well as diets by validated FFQs [25,26].

BMI was calculated as weight in kilograms divided by the
square of height in meters. Physical activity levels, measured by
metabolic equivalent (MET) hours per day, were estimated by
multiplying the reported time spent at each activity per day by its
assigned MET intensity: heavy physical work or strenuous exercise
(4.5), walking or standing (2.0), sedentary (1.5), and sleep or others
(0.9) [6,27]. Daily physical activity level was the sum of MET-hour
scores across all activities.

Smoking habit was grouped into never, former, and current
smokers. Alcohol consumption was categorized into four groups
(never, occasional, regular <300 g/week, and regular >300 g/
week), in which regular drinkers were categorized by multiplying
the frequency per week by the usual daily amount of alcohol
consumed [8].

Daily food intake was calculated by.multiplying the frequency
by standard portion size and relative size for each food item in the
FFQ, Daily intake of nutrients was calculated using the 5th revised
edition of the Standard Tables of Food Composition in Japan [28].

2.3. Follow-up and case assessment

Participants were followed until 31 December 2005. Residence
status, movement of households, and survival were confirmed
annually using the residential registers. Information on the cause
of death was obtained by examining the death certificates
provided by the Ministry of Health, Labour, and Welfare. The
occurrence of cancer was identified by active patient notification
through the major local hospitals in the study areas and data
linkage with population-based cancer registries. The site and
histology of each cancer were coded using the International
Classification of Diseases for Oncology, 3rd edition (ICD-0-3), with
C18-C20 for CRC, C180-C189 for colon cancer, and C199 and C209
for rectal cancer.

2.4. Statistical analysis

Person-years of follow-up were counted from the date of survey
response (1993 for Cohort Il and 1995 for Cohort I) until the date of
CRC diagnosis, the date of moving out of a study area, the date of
death, or the end of 2005, whichever came first. Persons lost to
follow-up were censored on the last confirmed date of their
presence in the study area. Extreme values of height (<100 or
>199 cm), weight (<20kg), and BMI (<14 or >40 kg/m?) were
removed from this analysis. Nutrient intakes were categorized into
tertiles for all study participants, with the lower tertile as the
reference.

2.4.1. Prediction model derived by JPHC Cohort II

Cox proportional hazards models were derived after testing for
the assumptions underlying its use. Then the model of predictive
risk of developing CRC was fitted, in which the average survival
rates at follow-up time points were estimated by baseline hazard
function with mean values of potential predictors. Hazard ratios
(HR) and 95% confidential interval (Cl) of each risk factor were also
estimated. Based on the previous publications in Japanese
populations and age-adjusted univariate analysis performed for
available variables in this study (including more than 30 food items
and nutrients), the potential predictors were applied for building
the full multivariate model, which including age, BMI, daily
physical activity, alcohol consumption, smoking habit, family
history of CRC, and diabetes diagnosed, and interested interaction
terms with biological plausibility between alcohol and smoking,
and physical activity and BMI. PHC areas were treated as strata in
the analysis; assessment of likely shrinkage (over-fitting) was
evaluated for the reduced models by [LR—(p-q)-ql/
[LR — (p — q)], where LR denotes the likelihood ratio x?, and p
and g denote the regression degrees of freedom for the full model
and for a reduced model, respectively [29]. Non-linear relation-
ships (transformations) of age, BMI, or daily physical activity were
tested by using multiple fractional polynomial method of two
degree [30,31], however, none of which had been statistically
significant for leaving in the model.

For each risk factor, the regression coefficients of two cohorts
were compared by a 2-tailed Z statistics, Z = (Ba) — Byy))/SE, where
Biayand fy,) are the regression coefficients of Cohort Il and Cohort 1,
respectively, and SE is the standard error of the difference in the
coefficients, calculated as , /(SE5 £ SE} ) [32]. The Z statistic was
used to test the differenfe in ‘HR otp "ach risk factor/category
between the two cohorts [32]. The individual risk of CRC was
estimated based on the baseline hazard function of the Cox
regression model derived from Cohort I, which method was same
as one developed in Framingham heart study (33|, where
P=1-5t)®PUXMD  and  fix,M) = B1(x1 — M1) +.. .+ Bi(xj — Mj).
B1,...Bj are the regression coefficients, x1,...xj represent an
individual’s risk factors, M1,...,Mj are the mean values of the risk
factors in the cohort (for category variables, x1,...x are the
dichotomous value of the created dummy variable for each
category, entering 1 if the individual's value fits that certain
category and O otherwise, and M1,.. .,Mj are the proportion of the
certain category of the variable in the cohort), and §(t) is the
average survival rate at time t of subjects with the mean values of
the risk factors used in the Cox model. This procedure performed a
better validity than prepared by Ederer method [34]. The predicted
10-year risk of CRC, therefore, was estimated by the baseline
hazard function of Cohort Il with mean values of each predictor at
the 10-year follow-up time.

2.4.2. Prediction model validated by JPHC Cohort I
Discrimination, the ability of a predictive model to separate
those who experience an event from those who do not, was
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Table 1
Full and reduced predicative models for estimation of developing colorectal cancer events in Cohort Il men, Japan Public Health Center-based Prospective Study, 1993-2005.
Variables retained ~ - Full model Reduced 1? e Reduced 2° »
B SE(B) P-Value B SE(B) P-Value B S.E(B) P-Value
CRC® : : ;
Age, year 0.079 0.006 <0001 0.080 0,006 . <0001 0.080 0.006 <0001
BMI, kg/m? 0001~ 0.061 0.98 0.047 0016 <001 0.047 0.016 <0.01
Physical activity, MET-h/d —-0.055 0.049 0.27 -0.019: 0.006 <001 -0.019 0006 - 0.01
Family history of CRC (yes) -0.085 0382 0.82 ~0.087 0.382 0.82 - = ; =
Diabetes (yes) 0.103 0.160 0.52 0.095 0.160 055 = 4 - ®
Alcohol consumption?
Never 0052 - 0244 083 ~0.163 0.210 044 . = -0.163 0210 ' 044
Regular (<300g/w) 0.393 0.230 0.09 " 0.359 0.192 0.06 0.358 0.192 0.06
Regular (=300g/w) 0.584 0.273 : 0.03 0,657 0.195 . 0.001 0.659 0.195 0,001
“Smoking : ; 5 : ] :
“Former -0.165 0:196 - 040 0.070 0133 0.60 0071 0433 0,59
Current -0.225 0.330 . -0.50 0.237 0.119 ; 0.05 0239 - 0119, 0.04
Smoking x alcohol 0.078 0.056 017 - = - - s =
BMI x physical activity 0.002 0.002 0.46 - - - - - -
df 12 10 8
Likelihood ratio x* 239.8 2373 241.2
Shrinkage = 0.96 0.97
C-Index 0,703 0.699 0.699
Colon cancer - ;
Age, year 0.084 0.008 <0001 0.085 0.008 <0001 0,085 0.008 <0001
BMI, kg/m? 0.037 0.079 0.64 0.048 0021 0.02 .- 0.049 0.021 0.02
Physical activity, MET-h/d -0.028 0.063 0.66 -0,019 0.008 0.02 -0.020 0.008 0.01
Family history of CRC (yes) 0438 0384 025 0.437 0.384 026 - - =
Diabetes (yes). : 0.330 0,188 0.08 0323 0.188 . 0.09 - . = - =
Alcohol consumption? , .
Never - - 0077 0323 0.81 -0,133 0.276 ; 0.63 -0.140 0.276 0.61
Regular (<300g/w) ~ 0493 0.305 0.11 0431 0253 0,09 0.419 0.254 0.10
Regular (=300g/w) 0.651 0.363 0.07 0.657 0,257 0.01 0.655 0.258 0.01
Smoking i
Former -0.006 0:258 0.98 0.180 0.173 030 0:186 0.173 0.28
Current -0.012 0433 0.98 0.341 0.157 i 0.03 0.347 0.157 0.03
Smoking x alcohol 0,057 0.073 0.44 - - - - = =
BMI x physical activity 0.000 0.003 0.90 - - - - - -
df 12 10 8
Likelihood ratio x* 165.7 165.1 166.0
Shrinkage - 0.94 0.95
C-Index 0.710 0.710 0.708
Rectal cancer ;
Age, year 0.072 0.009 <0001 0.071 0.009 <0001 0.067 0.009 - <0001
BMI, kg/m? -0.054 0.098 058 0.033 0.025 0.19 p = =i
Physical activity, MET-h/d -0.097 - 0.078 0.22 -0.018 0.010 0.07 -0.020 0.008 0.02
Diabetes (yes) -0.357 0311 0.25 -0.078 0.240 0.75 - = -
Alcohol consumption®
Never 0.027 0374 0.94 -0.401 0.291 0.17 —0.094 0.361 0.80
Regular (<300g/w) 0.261 0.349 0.45 0.083 0.259 0.75 0,365 0335 0.28
Regular (=300g/w) -0.536 0514 0.30 0.488 0.268 0.07 0,745 0.281 0.01
Smoking
Former -0.3% 0.305 0.19 0.088 0.181 0.63 - - -
Current 0.504 0.415 022 0.088 0.181 0.63 - - -
Smoking x alcohol 0.109 0.087 0.21 - = : = - - -
BMI x physical activity { 0.003 0.003 031 - - : = - - -
df 11 9 5
Likelihood ratio x* 82,9 80.0 75.7
Shrinkage - 0.89 0.94
C-Index 0.698 0.678 0.678

2 Removed interactions.

b Further removed family history and diabetes diagnosed for CRC and colon cancer; diabetes diagnosed, BMI, and smoking habit for rectal cancer.

¢ CRC, colorectal cancer; MET, metabolic equivalent.
4 Occasional alcohol consumption was as the reference.

assessed using the C statistic, the area under the receiver operating
characteristic curve [32]. The overall C statistics and its 95% Cls
were calculated by logistic regressions. Calibration is another
measure of performance of a prediction model that tests how
closely predicted outcomes agree with actual outcomes [32,35].

The calibration was conducted in Cohort I, using the f coefficients,
the mean of each risk factor, and the average survival rate at 10-
year from the original Cohort II. Participants in Cohort I were
divided into 10 deciles of individual predicted risk, and in each
decile the expected events were the sum of individual predicted
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Table 2
Characteristics of risk factors, person-years of follow-up, and colorectal cancer events in men, Japan Public Health Center-based Prospective Study, 1993-2005%
Risk factor . Cohort 1I° Cohort I
Participants,  No. of Person-years No. of events Al ﬁifﬁcipén’tﬁ. No. of Person-years No. of events
mean (SD), % participants of follow- : ' llow- =
(SD), % particip f . Colon Rectum mean (SD), % participants  of follow-up CRC Colon Rectum
Age, ygar ¥ 52.9(8,8) 28,115 310,059 543 329 214 : 54.7 (6.0) 1§256 184,496 389 239 -.150
BMI, kg/m? 23.4(2.9) 28115 310,059 543 329 214 23.6 (2.8) 18,256 184,496 389 239 - 150
Physical activity, MET-h/d  28.7(7.3) 27,284 300,982 523 314 . 209 26.8 (7.0) 17,112 173,159 361 219 142
Alcohol consumption ‘
Never 23.5 6,355 68,967 96 60 36 23.2 4,192 41,652 83 51 32
Occasional: 1] 2,087 23,652 26 - 15 1 8.6 1,565 16,013 22 10 12
Regular: <300 g/w 48.1 13,038 - 143,999 248 155 93 354 6,403 65,130 108 - 64 44
Regular: >300g/w 20.8 5623 - 62,184 146 85 61 329 5,948 60,187 111 111 60
Smoking status ; ¢ = ;
Never 236 6,579 74,342 111 64 47 36.1 6,483 66,178 110 . 68 42
Former 239 6,657 73,238 142 = 89 53 16.2 2,901 29,256 78 57 21
Current 52.5 14,601 159,481 284 174 110 477 8,555 85,836 195 112 83

3 CRC, colorectal cancer; MET, metabolic equivalent.
b Cohort Il (follow-up: 1993-2005) was used to develop the prediction model.

¢ Cohort I (follow-up: 1995-2005) was to evaluate the prediction model's performance.

risk [36]. The Hosmer-Lemeshow x? test was applied to analyze
the difference between the observed and estimated risk by groups
of deciles [37]. The ratio of observed and expected CRC events (the
sum of individual predicted risk probability in a certain risk
category) was used to test the model predictive capability for each
risk factor in Cohort I. The 95% Cls for O/E ratio was calculated as
(O/E) x exp[£1.96,/(1/0)]; the prediction model underestimated
the CRC risk if the O/E ratio was >1, while it overestimated the risk
if the O/E ratio was <1 [36].

2.4.3. Simple point score model

A simple point score model (risk sheet) for CRC was developed
based on the original prediction model, with the transference of
continuous variables of age, BMI, and physical activity into
category variables [38,39]. The B coefficients were newly fitted
by the Cox model with each of category variables. The first step was
to round regression coefficients to scores, and in this analysis, we
multiplied coefficients by three, and round them [38,40]. Further,
the risk score of each participant was assigned by summing the
points from each risk factor present. The score sheets provide
comparison 10-year absolute risks for persons of the same age
from average and low-risk CRC.

All analyses were conducted using SAS version 9.01 (SAS Inc.,
Cary, NC, USA).

3. Results

As of December 2005, newly diagnosed cases of CRC were 543 in
Cohort Il and 389 in Cohort I. In total, 310,059 and 184,496 person-
years were observed in the average follow-up periods of 11.0 and
of 10.1 years in Cohorts II and I, respectively.

Comparisons of model constructions among the full predic-
tive model and the models with reduced variables were shown
in Table 1, in which the reduced multivariate model with age,
BMI, physical activity, smoking habit and alcohol consumption
was the optimal one (the global test for model non-proportion-
ality, P=0.984, 0.597, and 0.093 for CRC, colon, and rectal
cancer, respectively). Numbers of participants, person-years of
follow-up, and CRC events, as well as the risk factors of CRC are
listed in Table 2. The respective f coefficients and HRs for CRC
risk factors obtained from Cox regression of Cohorts II and I,
with baseline survival rate at 10-years, are shown in Table 3.
Risk factors showed similar relationships to CRC, colon, and
rectal cancer.

In the discriminatory analysis of Cohort II, the C statistics were
0.70 (95% CI, 0.68-0.72) for CRC, 0.71 (95% ClI, 0.68-0.74) for colon
cancer, and 0.68 (95% CI, 0.64-0.71) for rectal cancer, showing a
good ability to distinguish cases from non-cases. In Cohort I, the C
statistics were 0.64 (95% Cl,0.61-0.67) for CRC, 0.66 (95% CI: 0.62-
0.70) for colon cancer, and 0.62 (95% Cl: 0.57-0.66) for rectal
cancer, showing a modest ability to distinguish cases from non-
cases.

In the calibration analysis, x? was 14.2 (P = 0.08) for CRC, 11.0
(P=0.20) for colon, and 11.2 (P = 0.19) for rectum cancer, showing
that the actual rates of CRC in Cohort I were similar to the rates
predicted by the Cohort II function (Fig. 1). The overall O/E ratios
were 1.09 (95% CI, 0.98-1.23) for CRC, 1.19 (95% CI, 1.03-1.37) for
colon cancer, and 0.94 (95% Cl, 0.78-1.12) for rectal cancer.
Agreement between the predicted and the observed number of
events was good in most risk factor categories with several
exceptions (e.g., underestimation for CRC in the “never” alcohol
consumption category and overestimation for rectal cancer in the
age group of 45-49) (Table 4).

In addition, when participants who had a history of diabetes
(1991 in Cohort Il and 1332 in Cohort I) or a family history of CRC in
first-degree relatives (475 in Cohort Il and 157 in Cohort I) were
excluded, the same predictive risk factors were identified, and
similar discrimination and calibration values were observed for
CRC, colon, and rectal cancer, respectively, in Cohort I (data not
shown).

The simple point score model (risk sheet) was developed for
CRC in Cohort II (Fig. 2), for which the C statistic was 0.69 (95% CI,
0.67-0.71). In Fig. 2, the average and the lowest risk probability by
age groups in Cohort Il are also shown. Correspondingly, validation
was performed in Cohort I for the simple point score model: the C
statistic was 0.61 (95% CI, 0.58-0.64) for CRC, with similar O/E
ratios and 95% Cls in each category of risk factors (data not shown).

4. Discussion

We developed a CRC risk prediction model with established risk
factors of age, BMI, alcohol consumption, smoking status, and
physical activity level for middle-aged Japanese men. The
prediction model was well calibrated in an external cohort. We
also presented a simple point score model (risk sheet) for CRC risk
estimation. '

Cancer is a multifactorial disease involving a variety of factors in
the development of clinical manifestations. This recognition has
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Fig. 1. The 10-year observed and predicted colorectal cancer events in Cohort I men,
Japan Public Health Center-based Prospective Study, 1993-2005.

led the development of risk assessment tools that attempt to
synthesize the values of numerous variables into a single
statement about the risk of developing a cancer [41]. In this
prediction model, age, alcohol consumption, and daily physical
activity level were identified as the most important CRC risk
factors, consistent with other reports [4,18,20]. Although body
weight was also a potential predictor in this analysis, BMI was
arbitrarily selected in the model building as a relevant compre-
hensive risk factor of CRC [10,18,20].

Dietary factors such as consumption of red meat, green
vegetables, fibers, dairy, calcium supplement use, or intake of
folate were not identified in this population, although they were
previously reported as possibly related to CRC risk [4,18,42].
Moreover, no dietary food combinations, including total meat
(pork, beef, bacon, ham, and sausage) [42], processed meat (bacon,
ham, and sausage) [42,43], total white meat (fish and poultry) [42],
ratio of red meat to vegetable, or ratio of red meat to white meat
[44] were risk predictors of CRC in this study population. Although
in recent years the dietary pattern in the Japanese population has
tended toward the western pattern, the traditional dietary habits
were substantially maintained, especially in older people [45]. This
may account for the lack of foods or dietary nutrients serving as
significant factors for predicting CRC in men. Alternatively, it might
be possible that data in this study population were insufficient to
support a quantitative statement about the exact magnitude of risk
from these diets. :

A previous CRC risk prediction model was developed by means
of larger case-control studies and included CRC screening during
the previous 3 years and number of relatives with CRC [18]. In our
study, sigmoidoscopy/colonoscopy and fecal occult blood test were
not available in the Cohort Il questionnaire, although these are
known as indicators for the secondary prevention for CRC [46]. The
personal history of diabetes was reported as a possible risk factor of
CRC [26]. In the present study, however, diabetes showed
statistical significance for colon cancer in the univariate analysis
but not in the multivariate analysis. In addition, few participants
reported a family history of CRC, such that this factor could not be
considered for entering into the prediction model. In the analysis
for participants without history of diabetes or family history of
CRC, a similar predictive ability for CRC was observed. This may
indicate that these two factors were not powerful enough for
prediction of CRC in this population. Nevertheless, most CRC risk
factors included in this prediction model represent lifestyle choices
that can be modified with the aim of preventing the disease.

Several validation studies on cancer risk prediction models also
showed modest discriminatory accuracy as measured by C

0.9835

0.9954

equivalent.

0.9928

0.9882

* CRC, colorectal cancer; HR. hazard ratio; Cl, confidential interval; MET, metabolic

b Cohort II (follow-up: 1993-2005) was used to develop the prediction model.

follow-up: 1995-2005) was to evaluate the prediction model's performance.
f each risk factor/category was not significantly different between Cohort Il and Cohort I (P> 0.05) for the model of CRC, colon, and rectal cancer, respectively.

Baseline survival function at 10-year, St(10)

¢ Cohort 1 (
¢ The HR of
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Table 4
10-Years of observed and expected colorectal cancer events, ratios and 95% confidential intervals in Cohort I men, Japan Public Health Center-based Prospective Study, 1993-
2005%
CRC g Colon Rectum ;
Observed Expected OJE ratio 95% CI Observed Expected OfEratio. 95  %Cl. Observed Ekpe'ct_’ed OJE ratio 95% - CI
Overall 322 294 1.09 098 123 215 1817 ©19 1.03 137 107 114 0.94 078 1.12
Age, years :
45-49 45 39.0 115 0.84 158 35 2238 1:53 1.02 231 10 16.4 0.61 038 099
50-54 62 532 117 089 153 - 41 . 318 1.29 091 182 21 214 0.98 064 150
55-59 95 76.1 1.25 1.00 156 55 46.7 1.18 088 157 40 295 1.36 0.95 1.95:.
60-64 112 1199 0.93 078 112 78 759 1.03 082 129 34 447 0.76 057 1.02
65-69 8 62 130 059 2.86 6 4.0 1.52 0.57 4.07 2 23 0.87 024 3.14
BMI, kg/m? . :
<25 230 200.9 1.14 1.00 131 153 1236 1.24 1.04 148 = EA v B = -
225 92 93.5 0.98 080 121 62 57.6 1.08 0.83 1.39 = A e e =
Physical activity, MET-h/d .5 ' ‘
<22.0 118 109.3 1.08 089 130 92 67.8 1.36 107 172 33 41.9 879 058 1,07
22.0-<289 95 1014 0.94 077 1.14 70 62.4 112 087 144 34 394 0.86 063 1.18
=289 83 83.6 0.99 080 1.23 57 50.9 1.12 085 147 = 33 331 1.00 071 1.40
Alcohol consumption :
Never 66 425 1.55 1.15 2.10 48 26.0 1.84 126 271 18 16.5 1.09 067 177
Occasional 19 17.7 1.07 067 1.71 9 10.6 0.85 047 156 10 6.4 1.57 072 342
Regular: <300ng 95 103.0 092 076 112 59 65.5 0.90 071 115 36 379 0.95 069 1.31
Regular: =300 g/w 137 129.6 1.06 089 126 96 78.2 1.23 098 153 41 531 0.77 059 1.01
Smoking status :
Never . 87 916 0.95 077 1.17 58 52.7 1.10 10.84 144 - - - - -
Former 69 - 489 1.41 1.07 187 52 315 1.65. 1.16 2.34 - = - - <
Current ‘160 149.7 1.07 091 125 103 94.6 1.09 089 133 - - - - =
* CRC, colorectal cancer; OfE, observed/expected; Cl, confidential interval; MET, metabolic equivalent.
Step 1: Assign a score Step 2: Add sum of scores
Age, year Score Risk factors Score
40-44 0 Age
45-49 1 BMI
50-54 3 Smoking habit
55-59 4 Alcohol consumption
60-64 5 Physical Activity
65-69 6 Total
BMI, Kg/m® Score
<25 (¢} Step 3: Determine absolute risk of colorectal cancer
225 1
BMI, Body Mass Index Total score 10-year risk, %
. -1 0.2
0 0.3
Smoking habit Score 1 0.5
No 0 2 0.7
Former 0 3 (15¢]
Current 1 4 1.3
5 1.8
6 24
Alcohol consumption Score 7 33
No 0 8 46
Qccasional 0 9 59
Regular <300 g/w 1 10 7.4
Regular 2300 g/w. 2
Reference standard of 10-year absolute
risk of colorectal cancer, %
Physical activity, MET-h/day Score Age Average risk _ Lowest risk
<24.7 0 40-44 0.5 0.1
24.7-<346 -1 45-49 0.9 02
234.6 -1 50-54 1.4 0.3
MET, metabolic equivalent 55-59 19 0.5
80-64 2.7 0.7
65-69 3.0 0.7

Fig. 2. Simple point score model (risk sheet) for evaluation of 10-year risk of colorectal cancer incidence in men.
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statistics, including 0.61 for CRC [36], 0.60-0.63 for breast cancer
[47.48], and 0.60-0.69 for lung cancer [49,50]. Similarly, the
modest ability to predict CRC in this study suggested that in future
studies stronger risk predictors need to be found [18], for instance,
dietary nutrient intake or genotypes.

The overall predicted number of CRC events was close to the
actual number, with several exceptions in the validation. The
differences between the observed and the predicted CRC events in
Cohort I may be due to a different distribution of participants with
higher risk in the two cohorts. For example, more elderly men and
smokers were in Cohort I than in Cohort 1, while more heavy
alcohol drinkers were in Cohort I than in Cohort Il. The
discrepancies in the questionnaires used in the two cohorts also
may partly account for the difference [36].

The validation in this study was done in an external cohort
(Cohort I); however, risk factor profiles and measurement were
similar to those of the population for model development (Cohort
I1). Therefore, the generalizability of the prediction model needs to
be tested in other populations to provide more external valida-
tions. Another limitation of this study was that the simple point
score model (risk sheet) for estimation of CRC risk included not
only simple frequency components (age, body weight, and
smoking) but also those based on calculation (alcohol consump-
tion by gram per week and physical activity by MET-hour per day).
This may make it inconvenient for an individual to use the sheet
directly. In addition, because the 5-year follow-up measurement
was used as the baseline for Cohort I in this analysis, the smaller
relevant population might reduce its validation capability.

In summary, the CRC risk prediction model was developed
based on a large cohort study; it showed modest discrimination
power and was well calibrated in another large cohort. This model
may be used by clinicians, public health professionals, and
individuals to estimate the CRC risk for Japanese men, which
could play a role in the promotion of CRC prevention strategies.
Further validation in other populations, with the addition of more
established factors, is necessary.
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Abstract

Magnesium maintains genomic stability and is an essential cofactor for DNA synthesis and repair. Magnesium intake
has been reported to be inversely associated with colorectal cancer (CRC) risk in Western populations. This study
examined the association between dietary intake of magnesium and CRC risk in Japanese men and women aged 45~
74 y. Data from 40,830 men and 46,287 women, at the 5-y follow-up of the Japan Public Health Center-based
Prospective Study, who responded 1o a 138-item FFQ were used in this analysis. A total of 689 and 440 CRC events
were observed during the mean follow-up of 7.9 and 8.3 y for men and women, respectively. When adjusted for
potential confounders, the hazard ratio and 95% Cl in the highest quintile of magnesium intake compared with the
lowest quintile in men were 0.65 (95% CI, 0.40-1.03) for CRC {Ptrend = 0.04), 0.48 (95% Cl, 0.26-0.89) for colon
cancer {P-trend = 0.01), and 0.97 {95% Cl, 0.47-2.02) for rectal cancer (P-trend = 0.93). Borderline inverse assaciations
were 8lso observed in men who consumed alcoho! regularly (P-trend =.0.07) or had a BMI <25 kg/m? (P-trend = 0.08).
There were similar inverse associations for invasive colon cancer and distal colon cancer. There were no significant
associations between magnesium intake and cancer risk in women. Higher dietary intake of magnesium may decrease

iy

the risk of CRC in Japanese men. J. Nutr. 140: 779-785, 2010.

Introduction

Magnesium maintains genomic stability and is an essential
cofactor in almost all enzymatic systems involved in DNA
synthesis and repair (1). Magnesium deficiency may increase

membrane dysfunctions and susceptibility toward oxidative
stress (1). Studies on supplemental magnesium in animals have
demonstrated a reduced incidence of induced colon tumors by
means of inhibition of oncogene expression in colon cancer cell

' Supported by a Grantin-Aid for Scientific Research on Priority Areas
{17015049) from the Ministry of Education, Culture, Sports, Science, and
Technology of Japan.

2 Author disclosures: E. Ma, S. Sasazuki, M. Inoua, M. Iwasaki, N. Sawada, R.
Takachi, and S. Tsugane, no conflicts of interest.

3 Members of the JPHC Study Group [principal investigator: S. Tsugane): S.
Tsugane, M. Inoue, T. Sobus, and T. Hanaoka, Research Center for Cancer
Prevention and Screening, National Cancer Center, Tokyo; J. Ogata, S. Baba, T.
Mannami, A, Okayama, and Y. Kokubo, National Cardiovascutar Center, Suita; K.
Miyakawa, F. Saito, A, Koizumi, Y. Sano, . Hashimoto, T. Ikuta, and Y. Tanaba,
Iwate Prefectural Ninohe Public Health Center, Ninohe; Y. Miyajima, N. Suzuki,
S. Nagasawa, Y. Furusugi, and N, Nagai, Akita Prefectural Yokote Public Mealth
Center, Yokote; H. Sanada, Y. Hatayama, F. Kobayashi, H. Uchino, Y. Shirai, T.
Kondo, R. Sasaki, Y. Watanabe, Y. Mivagawa, Y. Kobayashi, and M. Machida,
Nagano Prefectural Saku Public Heslth Center, Saku; Y. Kishimoto, E. Takara, T.
Fukuyama, M. Kinjo, M. Irei, and H. Sskiyama, Okinawa Prefectural Chubu
Public Health Center, Okinawa; X. Imoto, H. Yazawa, T. Seo, A. Seiko, F. Ito, F.
Shoji, and R. Saito, Katsushika Public Health Center, Tokyo; A. Murata, K.
Minato, K. Motegi and T. Fujieda, Ibaraki Prefectural Mito Public Health Center,
Mito; T. Abe, M. Katagiri, M. Suzuki, and K. Matsui, Niigata Prefectural
Kashiwazaki and Nagaoka Public Health Center, Kashiwazaki and Nagaoka; M.
Doi, A, Terao, Y. Ishikawa, and T. Tagami, Kochi Prefectural Chuc-higashi Pubtic
Health Center, Tosayamada; H. Doi, M. Urata, N. Okamoto, F. Ide, and H. Susta,

Nagasaki Prefectural Kamigoto Public Health Center, Arikawa; H. Sakiyama, N.
Onga, H. Takaesu, and M. Uehara, Okinawa Prefectural Miyako Public Health
Center, Hirara; F. Horii, |. Asano, H. Yamaguchi, K. Aoki, S. Maruyama, M. lchii,
and M. Takano, Osaka Prefectural Suita Public Health Center, Suits; S.
Matsushima and S. Natsukawa, Saku General Hospital, Usuda; M. Akabane,
Tokyo University of Agriculture, Tokyo; M. Konishi, K. Okada, and {. Saito, Ehime
University, Toon; H. Iso, Osaka University, Suita; Y. Honda, K. Yamagishi, S.
Sakurai, and N. Tsuchiya, Tsukuba University, Tsukuba; H. Sugimura,
Hamamatsu University, Hamamatsu; Y. Tsubono, Tohoku University, Sendai;
M. Kabuto, National institute for Environmental Studies, Tsukuba; . Tominaga,
Aichi Cancer Center Research Institute, Nagoya; M. lida, W. Ajiki, and A. loka,
Osaka Medical Center for Cancer and Cardiovascular Disease, Osaka; S. Sato,
Osaka Medical Center for Health Science and Promotion, Osaka: N. Yasuda,
Kochi University, Nankoku; K. Nakamura, Niigata University, Niigata; S. Kono,
Kyushu University, Fukuoka; K. Suzuki, Research Institute for Brain and Blood
Vessels Akita, Akita; Y. Takashima and M. Yoshida, Kyorin University, Mitaka; E.
Maruyama, Kobe University, Koba; M. Yamaguchi, Y. Matsumura, S. Sasaki, and
S. Watanabe, National Institute of Health and Nutrition, Tokyo; T. Kadowaki,
Tokyo University, Tokyo; M. Noda and T. Mizous, International Medical Center of
Japan, Tokyo; Y. Kawaguchi, Tokyo Medical and Dental University, Tokyo; and H.
Shimizu, Sakihae Institute, Gifu.

* To whom correspondence should be addressed. E-mail: ssasazuk@ncc.go.
p.



proliferation (2-4). Prospective studies {(5-8) in human popula-
tions of the association between magnesium intake and risk of
colorectal cancer {CRC)* found inverse associations between
magnesium intake and risk of colon cancer (5,6,8) and rectal
cancer {6). In particular, 2 studies (6,8) indicated that magne-
sium intake may prevent colon cancer risk by improving insulin
sensitivity in overweight or type 2 diabetes populations.

Calcium also has a beneficial effect against colon cancer and
may share several metabolic pathways with magnesium (9-11).
A recent large case-control study indicated that total magnesium
consumption was linked to a significantly lower risk of colorec-
tal adenoma, especially in those individuals with a low ratio of
calcium:magnesium intake and a higher vitamin D intake (12).

Fewer observational studies of the association between
magnesium intake and CRC incidence are available. In the
Asian population, the association of dietary intake of magne-
sium with the incidence of CRC risk has not, to our knowledge,
been investigated to date. In this article, we present an analysis
for CRC, colon, and rectal cancer, which is based on data
obtained through the Japan Public Health Center (JPHC)-based
Prospective Study.

Materials and Methods

Study participants. The JPHC Study was initiated in 1990 and includes
11 public health center (PHC)-based areas throughout Japan. The study
population was defined as all registered Japanese living in these PHC
areas {13). In 1990, S PHC areas {(Cohort I} were selected based on
variation in the mortality rate of stomach cancer according to a previous
ecological study; in 1993, 6 PHC areas (Cohort 11} were added, which
were selected according to geographical distribution and feasibility (14).
The baseline survey was sent to a total of 140,420 participants, with an
overall response rate of 79% in Cohort I and 84% in Cohort II (14).
Previous reports (14,15) explained the details of the study design and
baseline profiles. The study was approved by the Institutional Review
Board of the National Cancer Center, Tokyo, Japan.

Participants in Katsushika, Tokyo, were excluded from this analysis
because of the lack of cancer incident data, Participants who responded
to the 5-y follow-up survey of the JPHC study, a total of 46,034 men and
52,484 women aged 45-74 y, were used for this analysis. The S-y follow-
up survey conducted between 1995 and 1998 for 2 subcohorts (overall
response rate was 81.3%) contained a self-administrated questionnaire
on demographic characteristics, medical history, smoking habit, alcohol
consumption, physical activity, occupation, and other factors, as well a
138-item FFQ to assess dietary intake.

Dietary intake assessment. In the FFQ, participants were asked how
often they consumed individual food items and the representative size of
their portions relative to the size of a standard portion. The 9 response
choices for frequency were never, 1-3 times/mo, 1-2 times/wk, 3—4
times/wk, 5—-6 times/wk, 1 time/d, 2-3 times/d, 4-6 times/d, and =7
times/d. Response choices for portion size were small (50% smaller than
standard), medium (same as standard), and large {50% larger than
standard). The details of the FFQ were described in a previous report
(16). Daily food intake was calculated by multiplying the frequency by
the standard portion size and the relative portion size for each food item
in the FFQ; daily intake of nutrients was calculated by using the 5th
revised and enlarged edition of the Standard Tables of Food Composition
in Japan (17). The validity of dietary intake of magnesium estimated
from the FFQ was evaluated in a subsample of cohorts by comparing the
estimated intake with that in dietary records (18). Spearman correlation
coefficients berween energy-adjusted intakes estimated from the FFQ and
dietary records for magnesium were 0.45-0.46 in men and 0.42-0.45

4 Abbreviations used: CRC, colorectal cancer; HR, hazard ratio; JPHC, Japan
Public Health Center; MET, metabolic equivalent; PHC, public health center;
TRP, transient receptor potential.
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in women (18). In addition, although the FFQ had questions on
supplement use, intake of magnesium and other nutrients from supple-
ments was not included in this analysis because no comprehensive
database for supplements was available (16).

Follow-up and case ascertainment. Participants were followed until
31 December 2005. Residence status, relocation, and survival were
confirmed annually by checking the residential registers. Under Japanese
laws, resident and death registrations are required and inspection of
resident registries is available to anyone (13). Information on the cause
of death was obtained by examining the death certificates provided by
the Ministry of Health, Labor, and Welfare, and the occurrence of cancer
was identified by notification of active cancer patients through the major
local hospitals in the study areas and by data linkage with population-
based cancer registries. When local hospitals could not cover a
sufficiently high proportion of cancer patients, the population-based
cegistry {prefecture wide) was used as a supplemental data source (19).
Death certificate notification and death certificate only have been clearly
defined as indices of completeness and validity. In our cancer registry
system, the proportion of cases with death certificate notification was
5.1%, in which information available from death certificates only was
2.4% for CRC. The site and histology of each cancer were coded
according to the International Classification of Diseases for Oncology,
3rd edition {ICD-O-3) (codes C18-C20). Analyses of site-specific
cancers were conducted: C18 for colon cancer (C180-C185 for proximal
colon cancer and C186-C189 for distal colon cancer) and C199 and
C209 for rectal cancer. In addition, CRC cases were further classified
according to the depth of tumor invasion, i.e. invasive cancer [over a
mucosal layer (malignant, primary site)] and noninvasive cancer {within
a mucosal layer (carcinoma in situ)].

Statistical analysis. Exclusion of participants included those who
reported a history of any cancer (1396 men and 1975 women) or had no
nutrition data {567 men and 480 women). We also excluded participants
who reported extreme values of height (<100 or >199 ¢m) and weight
(<20 kg), did not provide information on dietary intake of magnesium,
or reported extreme values (< or >2.5%) of total energy intake (lowest
and highest cutoffs were 5192 and 14,150 kJ in men, respectively, and
3523 and 15,414 k] in women, respectively) to remove some unreliable
data and thus compute reasonable energy-adjusted nutrients. These
exclusions left 40,830 men and 46,287 women eligible for this analysis.

Person-years of follow-up were counted from the date of the survey
until the date of CRC diagnosis, the date of moving out of a study area,
the date of death, or the end of 2005, whichever came first. Persons lost
to follow-up were censored on the last confirmed date of their presence in
the study area. On the basis of the sex-specific distribution of all study
participants, dietary intakes of magnesium and other nutrients were
adjusted for total energy intake with the residual model (20). BMI was
categorized into 4 levels (<25, 25-<27, 27-<30, =30 kg/m?) (21).
Metabolic equivalent {(MET) hours of physical activities were estimated
by multiplying the reported time spent at each physical activity per day
by its assigned MET intensity (22,23). Smoking habit categories
consisted of never, former, and current smoking. Alcohol consumption
was categorized into 4 groups (never; occasional; regular, <300 g/wk;
and regular, =300 g/wk), in which regular drinker was calculated by
multiplying the frequency per week by the usual daily intake of alcohol
(15).

Hazard ratios (HR) and 95% ClI for the development of CRC were
explored by Cox proportional hazards regression analyses. In an analysis
for site-specific events, cancer events in the other sites were considered
censored cases (21). Testing of the associations between magnesium
intake and CRC risk was first conducted with adjustment for age
{continuous) and PHC, in which magnesium intake was categorized into
a quintile category for analysis, with the lower quintile serving as the
reference. On the basis of this model, other potential confounders were
added, including alcohol consumption, smoking status, physical activ-
ities (MET-h/d) (continuous), CRC screening test {colonoscopy, barium
enema, or fecal occult blood test), BMI, diabetes mellitus, vitamin
supplement use, and menopausal status (for women). Further adjustment
included dietary intake of total energy, energy-adjusted saturated fat,
zinc, fiber, vitamin B-6, folate, and calcium {all in quintile categories).



Stratified analysis was performed for alcohol consumption (never or
occasional, regular), smoking status (never, ever), BMI (<25, =25 ke/
m?), and menopausal status (no, yes, for women). Tests for linear trend
across quintiles were performed by using the median value of magnesium
intake as 2 continuous variable. All P-values reported were 2-sided and
the significance level was set at <0.05. All analyses were conducted with
SAS version 9.1 (SAS Institute). Values in the text are means * SD unless
noted otherwise.

Results

As of December 2005, there were 689 newly diagnosed cases of
CRC for men (172 proximal and 249 distal colon cancers, with
290 invasive cases; and 268 rectal cancers, with 224 invasive
cases) and 440 for women (168 proximal and 127 distal calon
cancers, with 230 invasive cases; and 145 rectal cancers, with
127 invasive cases). A total of 340,811.8 and 397,340.6 person-
years were observed with a mean follow-up of 7.9 y for men and
8.3 y for women, respectively.

Magnesium intakes were 284.4 + 105.3 mg/d in men and
275.4 * 104.6 mg/d in women. Men and women who consumed
more magnesium tended to be older, less likely to smoke and
drink alcohol and more likely to undergo CRC screening and to
have a higher prevalence of diabetes. For nutrients {except for
total energy at the highest quintile of magnesium intake), both
men and women who reported a higher intake of magnesium
were more likely to have a higher intake of calcium, zinc, folate,
fiber, vitamin B-6, and vitamin D; the men were more likely to
have a higher intake of saturated fat, but women were not. In
addition, the ratio of calcium:magnesium intake and the use of
vitamin supplements in women were relatively higher than those
in men (Table 1). The age- and PHC-adjusted model and other
multivariate models for HR related to magnesium intake for
CRC risk showed similar results {Table 2). With adjustment for
all potential risk factors and relevant nutrient intakes, the HR
and 95% Cl in the highest quintile of magnesium intake in men,
compared with the lowest quintile in men, were 0.65 (95% CI,
0.40-1.03; P-trend = 0.04) for CRC, 0.48 (95% CI, 0.26-0.89;
P-trend = 0.01) for colon cancer, and 0.97 (95% CI, 0.47-2.02;
P-trend = 0.93) for rectal cancer. Magnesium intake was
inversely associated with risk of invasive colon cancer and distal
colon cancer and tended to be negatively associated with risk of
invasive CRC (P = 0.06), but it was not associated with risk of
rectal cancer. Magnesium intake was not associated with CRC
risk in women.

Compared with the lowest tertile, the highest tertile of
magnesium intake was marginally associated with a reduction in
CRCrrisk in men who consumed alcohol regularly (P-trend = 0.07)
and in those with a BMI <25 kg/m? (P-trend = 0.06) (Table 3).
There were no clear associations between combined BMI and
alcohol consumption with CRC risk and the test for interaction
was not significant in men. The restricted analysis was applied to
postmenopausal women, nonsmoking women, women with a
BMI <25 or =25 kg/m?, and women who did not consume
alcohol regularly. Associations were nonsignificant, similar to
results obtained using data from all women (data not shown).

In addition, when participants who had diabetes (2674 men
and 1497 women) or used vitamin supplements (4137 men and
6895 women) were excluded, associations observed for CRC,
colon cancer, and rectal cancer were similar to those for total men
or total women (data not shown). Moreover, when participants
with CRC diagnosed within 2 y of follow-up were removed from
the analysis, similar results were observed for both men and

Discussion

In this large population-based prospective study, we found
significant inverse associations among dietary intake of magne-
sium and risk of CRC and colon cancer in men. These inverse
associations were most evident for colon cancer.

Magnesium is abundant in vegetables, rice and wheat, soy
and soy products, fish, and milk and other dairy products in the
Japanese diet (24,25). The National Nutrition Survey in Japan in
2006 showed that intakes of magnesium among respondents
>20y of age were 274 = 99 mg/d in men and 245 * 92 mg/d in
women (25}, which is similar to our results. The daily intake of
magnesium in our study was also similar to those reported in
other populations (5,6,8). The interquintile range of total
magnesium was 245-351 mg/d in the lowa Women’s Health
Study (S) and 209-255 mg/d in the Swedish Mammography
Cohort (6), both of which observed inverse associations between
magnesium intake and colon cancer risk in women. The
Netherland Cohort Study (8), with magnesium intakes of 286—
373 mg/d in men and 256-326 mg/d in women, found weak,
nonsignificant, inverse associations between total magnesium
intake and CRC and colon cancer risk in both men and women
and in participants with a BMI >25 kg/m?. Compared with
intakes in our study and others (5,6), the Women’s Health Study (7)
had a relatively higher intake of magnesium of 279-392 mg/d and
did not observe any significant associations. This study pointed out
that high magnesium intake may be related to reduction of CRC
risk only among populations with relatively low intakes of
magnesium and, therefore, populations who have sufficient intake
of magnesium may obtain little benefit from increased intake.

The absorption of magnesium is directly or indirectly affected
by calcium (26,27), whereas the absorption of calcium is closely
related to and regulated by vitamin D (16,28). Ionized magne-
sium (Mg?*) is a chronic regulatory agent, as opposed to ionized
calcium (Ca®), because Mg?* shares the transient receptor
potential (TRP) channels with Ca®* in the paracellular pathway,
the epithelial Ca* (TRPV5/6) and Mg?* (TRPM6/7) channels
(27). In particular, the TRPM7 receptor possesses a higher
affinity for Mg?* than Ca2* and is expressed and implicated in
cellular Mg?* homeostasis (12,27,29). Facilitated by these
channels, a high calcium intake may interfere with magnesium
absorption and vice versa. On the other hand, magnesium
absorption is vitamin D independent, but repletion of vitamin D
is associated with increments in magnesium absorption (26).
The interactions among magnesium, and calcium, as well as
vitamin D are important in intestinal magnesium transport and
absorption (26,27). Our previous study (15) reported the
potential inverse association between dietary intake of calcium
and CRC risk as well as the potential effect modification between
calcium and vitamin D against CRC risk in Japanese men.
Another American study (12) identified inverse associations
between total magnesium intake and colorectal adenoma intotal
participants and participants with a low ratio of calcium:
magnesium intake (<2,78); magnesium intake (301.4 = 128.6
mg/d in adenoma cases and 321.2 + 122.1 mg/d in controls) in
this study was also greater than that in our study. The American
study (12) also indicated that the absorption of magnesium
might be significantly elevated when vitamin D intake was high
and that the ratio of calcium:magnesium intake was low,
because the absorption of magnesium could be significantly
depressed when the calcium concentration was high (26). In our
previous study (15), the amount of dietary intake of calcium was
considered to be relatively lower; accordingly, the ratio of



TABLE 1 Characteristics of study population according to magnesium intake at 5y follow-up (JPHC-based Prospective Study)'

Quintiles of energy-adjusted magnesium intakes, ranga {median), mg/d

Q1 {lower} Q2 a 04 as
Men <238 (216) 238-<267 (254) 267-<294 (280) 294-<327 (308) =327 (355)
Participants, n 8166 8166 8166 8166 166
Age. ¥ 554 * 76 569 = 1.7 566 x 7.7 575+78 587 £ 178
BM, kg/m” 736 + 33 235 * 31 235+ 30 236 = 31 236 * 32
Cusrent smokes, % 528 471 454 [ 310
Regular alcohol consumption, % 79.2 706 65.7 629 85.4
Physical activity, MET-h/d %65+ 11 26370 263 = 68 263 = 69 260 £ 69
Diabetes melitus, % 5.7 58 6.2 11 10.9
Colonscopy or barium enema or fecal occult blood test, % 258 316 3386 354 36.1
Vitamin supplement use, % 8.1 95 104 110 115
Nutrient intakes?
Total energy, ki 21596 + 644.9 21736 % 6339 21864 * 636.1 21884 * 6356 21485 + 648.7
Saturated fat, g/d 154+ 70 17062 174 £ 6.1 176 £ 539 175 +58
Dietary fiber, g/d 76 %£23 97 %24 13+27 132 31 17149
Calcium, mg/d 3365 + 1422 44786 + 1781 5149 = 2045 5762 = 217.1 6795 = 2334
Calcium:magnesium 16 = 06 18 %07 18 =07 18 207 18 =06
Zinc, mg/d 7915 B6 + 12 88 x 11 90 = 1.4 95 +12
Fotate, pg/d 2509 = 776 3189 + 835 365.8 = 88.1 4247 £ 1027 544.2 + 1583
Vitamin B-6, mg/d 13+03 14202 15202 1.7 +03 18+03
Vitamin D, pg/d 72+ 48 82+ 54 103 +58 15 +68 13.0 8.1
Women <237 (219) 237-<262 {250} 262-<286 (274) 286-<316 {299) =316 (342)
Participants, 9257 9257 9258 9257 9258
Age, y 554 * 8.1 562 + 80 570 =178 578+ 76 589 +75
BMI, Itg/m2 235 + 36 234 x35 234 £ 34 235 £ 35 237 £37
Current smoking, % 13 56 45 43 46
Regular alcohol consumption, % 141 130 13.1 18 109
Physical activity, MET-h/d 254 £ 60 256 + 60 259 £ 59 258 + 59 257 =539
Diabetes melitus, % 27 28 33 40 85
Postmenopausal, % §3.0 683 728 710 798
Colonscopy o barium enema of fecal oceult blood test, % 238 296 324 7 352
Vitamin supplement use, % 143 145 156 149 16.2
Nutrient intake?
Total energy, ki/d 1844.8 + 5948 1856.9 = 659.8 18945 = 550 18988 + 540.8 1838.3  554.1
Saturated fat, g/d 186 + 63 1789 £53 174 £ 51 168 = 5.1 163 =53
Dietary fiber, g/d 94 24 15+ 24 131 =26 150 =28 188 + 45
Calcium, mg/d 4121 £ 1722 5163 = 1939 570.3 = 1994 618.2 = 1880 7056 = 2135
Calcium:magnesium 19+ 08 2108 2107 21207 20086
Zinc, mg/d 79+10 81 +08 82+ 08 83 =08 87+ 09
Folate, peg/d 2800 * 766 351.4 + 80.7 403.7 = 915 4596 + 1020 5799 + 1572
Vitamin 8-6, mg/d 12+02 13x02 1502 1602 1803
Vitamin D, peg/d 713t 44 93+52 105 = 58 1.2 £ 61 122175

* valyes are mean * SD or %.
2 Enorgy-adjusted intake.

with those reported in Western studies (5,6,12). On the other
hand, vitamin D intake in our study was higher than that

ciations were not significant and were weaker than in Western

populations (31). Therefore,

magnesium likely did not have a

reported in this American study (3.4 = 2.2 pg/d in adenoma
casesand 3.7 + 2.5 pg/d in controls). Our findings also provided
a reasonable explanation that a higher intake of magnesium in
persons at the lower ratio of calcium:magnesium intake level
may have a reduction in their CRC risk through the balance of
nutrients including magnesium and calcium.

We think that the lack of an inverse relationship in women
may be due to the different risk profiles in men and women in the
Japanese population. In Japanese men, physical activity was
associated with decreased risk of CRC, whereas obesity,
diabetes, and C-peptide were associated with increased risk of
CRC (13,21,22,30). In Japanese women, however, these asso-
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protective effect in women via an improvement in insulin
sensitivity. In addition, the increased level of female hormones as
the increment of internal fattiness may reduce CRC risk (31).
The difference between men and women in CRC risk may also
be explained by differences in alcohol consumption. About 75%
of Japanese men and only 20% of Japanese women consume
alcohol; this rate of alcohol consumption in Japanese men is
higher than that in other populations {16,32). Alcohol may
increase CRC risk by disturbing DNA synthesis and methylation
in the one-carbon metabolism pathway (32,33). Animal studies
suggest that marginal magnesium deficiency is more likely to
result in pathological signs in the presence of increased oxidative



TABLE 2 HR and 5% Cl of CRC according to magnesium intake {JPHC-based Prospective Study,

1995-2005)"
Quintiles of energy-adjusted magnesium intake
a1 (lower) 02 a3 Q4 as P-trend
Men

CRC cases, n 163 131 18 136 14
HR {35% Ci} 1.00 0.79{0.55-1.04) 066 ({047-0.92)  0.71(0.48-1.04} 055 {0.40-1.03) 0.04
Invasive CRC

Cases, n 118 102 85 102 107

HAR (35% Cl) 1.00 082(059-1.13)  065(044-096) 069(0.44-1.07) 059 (0.34-1.02) 006
Celon cancer

Cases, n 105 Iz 82 78 82

HR {85% CI) 1.00 0.68 (0.47-0.98) 0.71 (0.47-1.09) 062 {0.37-1.01) 0.48 {0.26-0.89) 0.01
Proximal colon cancer

Cases, n 42 kil 33 3 33

HR {95% Ci) 1.00 078 {044-1.40)  085(0.43-166)  0.84 (0.39-1.84)  0.55{0.21-1.46) 0.25
Distal colon cancer

Cases, n 63 43 43 45 49

HR {85% Ci) 1.00 061(036-097)  062(0.36-1.08)  0.49(0.25-093)  0.43{0.19-0.95) 0.02
Invasive ccolon cancer

Cases, n 68 56 55 54 57

HR (5% CI) 1.00 072(046-112)  0.72{043-1.20}  0.60{0.33-1.10) D44 (0.21-0.92) 0.02
Rectal cancer

Cases, n 58 57 k'3 L 59

HR (95% Cl) 1.00 0.97 (0.62-1.51) 0.54 (0.31-0.97) 0.86 {0.47-1.59) 0.97 {0.47--2.02) 0.93
Invasive fectal cancer

Cases, n 50 46 30 48 50

HR {35% CI} 1.00 095{0.58-154)  054(0.29-1.01)  0.80{0.41-157)  0.85(0.38-1.90) 081

Women

CRC

Cases, n 60 93 89 93 105

HR {85% Cl} 1.00 1.72(1.12-263)  1.46(0.83-239)  1.37(0.78-2.39)  1.15(0.60-2.21) 0.69
Invasive CRC

Cases, n 49 75 75 72 86

HR {95% CI) 1.00 164(1.03-261)  149{087-255)  1.36(0.74-248)  1.19(0.58-244) 0.84
Colon cancer

Cases, n 39 59 61 63 3

HR (35% Cl) 1.00 172 (1.01-2.94) {0.86-2.92) 1.49(075-297)  1.29(057-2.89) 092
Proximal colon cancer

Cases, n 2 32 4 37 37

HR (85% Ch 1.00 146 (0.71-301) 164 (0.73-368)  1.38(0.56-3.44)  0.85(0.28-253) 0.41
Distal colon carcer

Cases, n 18 27 20 26 36

HR {85% CI) 1.00 203(0.92—4.49)  1.39(053-361}  1.55{0.54-445  2.01 {0.60-6.71) 0.44
Invasive colon cancer

Cases, n 31 46 50 46 57

HR (35% Cl) 1.00 1.63(0.90-2.95)  159(081-3.14)  1.43{066-3.09)  1.34{054-3.32) 0.86
Rectal cancer

Cases, n 21 34 28 30 2

HR {95% Ci) 1.00 1.70{0.83-346)  1.24(053-2.80)  1.16(045-289)  0.93(0.31-2.86) 0.59
Invasive rectal cancer

Cases, n 18 29 25 26 29

HR {35% Cl} 1.00 1.66(0.78-349)  132(055-3.20)  1.27 {0.47-343)  1.00(0.31-3.25) 0.77

" Adjusted for age (continuous} and PHC, BM! (<25, 25-<27, 27-<30, 230 kg/m?), smoking status {never, former, current), alcohol
consumption (never; occasional; regular, <300 giwk; regular, =300 g/k), screening test (no, yes), vitamin supplement use (no, yes),
diabetes {no, yes), menopausal status (no, yes, for women), physical activities (continuous), total enargy intake, energy-adjusted intakes of
saturated fat, dietary fiber, calcium, zinc, folate, vitamin D, and vitamin B-6 (ail in quintiles).

or chronic inflammatory stress (1), which may have been caused The Netherland Cohort Study reported that higher total
by alcohol consumption. Significant associations in our study  magnesium intake reduced CRC risk in overweight women as a
suggest that magnesium intake may provide a prominent benefit  result of decreased insulin resistance (8). However, in our study,
for men who regularly consume alcohol. we did not observe significant associations in either overweight
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TABLE 3 HR and 95% Gl of CRC according to magnesium intake with stratified by risk factors in men
(JPHC-based Prospective Study, 1995-2005)"

Tertiles of enargy-adjusted magnesium intake

T1 {lower) T2 T3 P-trend

No or occasional alcohol coasumption

Cases, n 45 52 83

Age- and PHC-adjusted HR {85% Cl) 1.00 0.71 (0.47-1.05} 0.83 (0.56-1.22} 0.43

Multivariate HR {35% C) 1.00 0.71 {0.42-1.20) 0.97 (0.49-1.93} 0.66
Regular alcohol consumption

Cases, n 20m 152 142

Age- and PHC-adjusted HA (35% Cl) 0.80 (0.65-0.89) 0.79 (0.63-0.99) 0.04

Multivariate KR (5% Ci) 1.00 0.81{0.61-1.07) 0.69 (0.47-1.03) 0.07
No smoking

Cases, n 66 65 65

Age- and PHC-adjusted HR (5% CI) 1.00 0.78 (0.55-1.11} 0.65 (0.45-0.92) 0.02

Multivariate HR (85% Ci} 0.82 {0.51-1.32) 0.68 {0.36-1.29) 0.35
Smoking 201

Cases, n 1.00 137 149

Age- and PHC-adjusted HR {85% Cl} 1.00 0.75 (0.60-0.94) 0.81 {0.64-1.01} 0.06

Multivariate HR (95% Cl) 1.00 0.85 {0.63-1.14) 0.86 (0.57-1.31) 0.21
BMI <25 kg/m? .

Cases, n 171 155 156

Age- and PHC-adjusted HR (35% CI 1.00 0.79 (0.64-0.99} 0.74 {0.59-0.93} 0.01

Multivariate HR (35% Cl} 1.00 0.80 {0.66-1.21) 0.68 {0.45-1.04) 0.06
BME 25 kg/m?

Cases, n 79 53 75

Age- and PHC-adjusted HR (35% CI) 1.00 0.65 {0.45-0.92) 0.79{0.57-1.11) 0.26

Multivariate HR {85% Ci} 1.00 0.71 {0.44-1.13) 1.17 {0.64-2.15) 078

' Multivariate HR are adjusted for age (continuous), PHC, BMI (<28, 25-<27, 27-<30, =30 kg/m?, smoking status {never, formaer,
current), alcohol consumption (never; occasional; regular, <300 giwk; regular, =300 g/wk), disbetes (no, yes), screening test (no, yes),
vitamin supplement use (no, yes), physical activities {continuous), total energy intake, energy-adjusted intakes of saturated fat, dietary fiber,

calcium, zin, folate, vitamin D, and vitamin B-§ (3ll in quintiles}.

men or women. In contrast, we found an inverse association
berween magnesium intake and CRC risk in men with a BMI <
25 kg/m?. The Japanese population has a higher proportion of
lean people (BMI = 27 kg/m? was ~11.5% in men and 13.4% in
women) compared with populations in Western countries
(8,32). This may be a reason for the different findings between
Japanese women and Western women regarding the modified
risk associations by BML. Interestingly, the incidence of diabetes
in the Japanese population is also higher in lean people, in
contrast to Western populations (34). Given their relatively
moderate magnesium status, it is possible that lean people might
benefit substantially from magnesium intake through improve-
ment of insulin sensitivity in the Japanese population. Diabetes
was a risk factor of colon cancer in the Japanese population (13),
however, the limited number of participants with diagnosed
diabetes during follow-up restricted further analysis.

Our study has several limitations. First, this analysis was
based on a single measurement of intake of dietary nutrients
obtained through the self-administered FFQ; therefore, inevita-
ble misclassification of magnesium intake might attenuate the
true relationship with CRC risk (6). Second, magnesium intake
from drinking water was not considered and intake of magne-
sium supplements could not be computed; hence, the total
magnesium intake of each participant from different sources
may be underestimated in this study. However, a Japanese study
(35) on trace element levels in drinking water reported that the
magnesium concentration was only 3.83 * 3.29 mg/L in 34
municipalities. Furthermore, the observed similar inverse asso-
ciations in participants who did not report supplemental
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magnesium intake indicate that it is unlikely that data fo
individuals who consumed magnesium supplements could hav.
caused notable fluctuations of this study’s results (12,24)
Nevertheless, further studies with detailed information ol
drinking water and supplement use may be helpful in examinin
these associations (36). Third, we could not rule out th
possibility of biases from unmeasured confounders, althougl
the multivariate analysis showed results similar to those from the
age- and PHC-adjusted analyses. Because relevant data wert
unavailable in this population, we could not test the associatior
between the potential relevant genotype(s) and CRC risk and the
interaction effect with magnesium intake related to CRC risk
(12).

One advantage of this study is that the quality of the cances
registry in this population was satisfactory according to an
international comparison (37). In addition, participants in this
large-scale population-based prospective study had a higher
compliance rate, with only 0.7% men and 0.8% women lost to
follow-up up to the end of the analysis.

It should be noted that many findings in this study were
borderline or not significant; thus, further evidence is needed. In
Japan, the recommended dietary allowances for magnesium
intake are 370, 350, and 310 mg/d for men aged 30-49, 50-69,
and >70y, respectively, and 280, 290, and 270 mg/d for women
aged 30-49, 50-69, and >70 y, respectively (38). In summary,
higher dietary intake of magnesium may reduce CRC risk in
Japanese men. Increased intake of magnesium-rich foods is
recommended if other studies, including randomized controlled
trials, confirm our findings.
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