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Abstract

Purpose Cancer is the second leading cause of death in

the United States and mortality varies by ethnicity. The

objective of this study was to examine the association

between cancer mortality and dietary intake among a large

multiethnic population.

Methods A prospective cohort design was used to

examine cancer mortality among 146,389 participants.

Multiethnic cohort study participants represent five ethnic

groups: African American, Native Hawaiian, Japanese

American, Latino, and Caucasian. Hazard ratios for cancer

mortality by intake levels of five food groups and discre-

tionary fat were calculated using Cox proportional hazards

models stratified by sex and ethnicity.

Results There were a total of 2,028 male and 1,464

female fatal cancer cases at the end of follow-up. Among

Japanese American men only, there was a significant pro-

tective effect seen in those reporting a high grain intake

(HR = 0.49, 95 % CI 0.35–0.69); there was no effect of

grain consumption in any other ethnic-sex group. There

was no evidence that ethnicity modified associations

between fruit, vegetable, meat, dairy, or discretionary fat

intake and cancer mortality among men. Associations

between food group consumption and risk for cancer

mortality among women were similar across ethnic groups.

Conclusions The considerable reduction in cancer risk

associated with high grain consumption among a specific

ethnic-sex group, Japanese American men, warrants further

investigation. Additional research is needed to validate this

observation and determine whether this was a chance

finding, or possibly due to differential intake of specific

grain subtypes, and/or related to a sex-specific cancer type.

Keywords Cancer mortality � Diet � Ethnicity �
Cohort study

Abbreviations

95 % CI 95 % Confidence interval

FCT Food composition table

HR Hazard ratio

ICD International classifications of diseases

MEC Multiethnic cohort

NIH-AARP National Institutes of Health-American

Association of Retired Persons

QFFQ Quantitative food frequency questionnaire

USDA United States Department of Agriculture

Introduction

In 2010, cancer was the second leading cause of death in

the United States, accounting for 573,855 deaths [1]. The

age-adjusted death rate from cancer of all sites was esti-

mated to be 185.9 per 100,000 in 2010 [1], with higher

rates for men than women [2]. Although total cancer

mortality has continued to decline since 1990, there are still

major disparities in cancer death rates between different

ethnic groups. Ethnic-specific, age-adjusted cancer mor-

tality rates (per 100,000) in the United States were 293.7

and 179.6 for African American men and women, respec-

tively, compared to 222.3 and 159.1 for Caucasians, 152.7
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and 101.9 for Hispanics or Latinos, and 133.0 and 94.5 for

Asians or Pacific Islanders in 2005 [2]. In 2010, Hispanics,

Blacks, and Asians comprised nearly 35 % of the US

population [3], an increase of nearly 5 % from 2007 sta-

tistics [2]. Thus, it is important to determine possible rea-

sons for these disparities in disease rates among different

ethnic groups and in particular to evaluate the potential

modifiable risk factors, such as diet. It has been shown that

food group intake also differs between ethnic groups, and

this could, at least in part, provide an explanation for these

disparities [4, 5].

Risk factors for cancer, such as family history, diet,

physical inactivity, and genetic susceptibility, have been

extensively investigated [6–8]. While there is clear evi-

dence for genetic predisposition, the key determinants of

cancer incidence are largely environmental factors,

including diet [9]. It was estimated that 365,000 deaths in

the United States in 2000 were due to a poor diet and

physical inactivity [10] and that one-third of all cancers in

Western countries are associated with dietary factors [11].

In an expert report published in 1997, it was estimated

approximately four million cases of cancer per year could

be prevented globally by diet and other lifestyle changes

[9].

There is substantial evidence that increased intake of

fruits and vegetables lowers cancer risk and mortality [12–

14] although national surveys have repeatedly found that

individuals consume much lower levels of fruits and veg-

etables than recommended [15]. Key et al. [12] found a

higher incidence of cancers of the breast, colon, rectum,

and prostate in developed countries compared to develop-

ing countries and hypothesized that this may be due to the

greater consumption of animal fats, total fat, and sugar.

There are a lack of data on the relationship between diet

and total cancer mortality in minority populations in the

United States. The aim of this study was to examine the

associations of food group intake with total cancer mor-

tality in the large multiethnic cohort (MEC). We examined

the associations between risk of total cancer deaths and

standardized food group servings (as defined by the

USDA), by sex and ethnicity. Additionally, the effect of

discretionary fat on cancer mortality was examined.

Methods

Study population

The MEC was established in Hawaii and California (pri-

marily Los Angeles County) to investigate lifestyle expo-

sures in relation to cancer. Study design, recruitment

procedures, and baseline characteristics have been reported

previously [16]. In brief, 201,257 men and women aged

45–75 years from five different ethnic backgrounds (Afri-

can American, Native Hawaiian, Japanese American,

Latino, and Caucasian) entered the cohort by completing a

self-administered comprehensive questionnaire, including

a quantitative food frequency questionnaire (QFFQ),

between 1993 and 1996. The MEC yielded a highly rep-

resentative group when comparing the cohort distributions

across educational levels and marital status with corre-

sponding census data. The question ‘‘Has your doctor ever

told you that you had any of the following conditions?’’

was used to determine the history of medical conditions at

baseline. The cancer-related answers were on eight specific

types of cancer (colon or rectal cancer, stomach cancer,

melanoma, other skin cancer, breast cancer, prostate can-

cer, cervix cancer, and uterine cancer). Participants who

provided a positive response to any of these cancer-related

question were excluded (n = 19,571).

Other exclusions included those individuals with miss-

ing smoking information (n = 6,080), implausible diets

based on energy and macronutrient intakes as well as daily

food group consumption (n = 12,346), implausible or

missing anthropometric information (n = 3,251), missing

data for hormone replacement therapy for women

(n = 8,163), and other missing covariates (n = 6,234),

leaving a total of 70,333 men and 76,056 women in the

present analyses.

All participants provided informed consent. The study

protocol was approved by the institutional review boards of

the University of Hawaii and the University of Southern

California.

Dietary assessment

Dietary intake was assessed using a self-administered

QFFQ that collected consumption data of more than 180

food items over the past 12 months [16]. The QFFQ, a

modified version of a validated and extensively used face-

to-face interview method, was developed from three-day

measured dietary records from 60 men and 60 women of

each main ethnic group. The QFFQ inquired about the

amount of food consumed based on a choice of three

portion sizes specific to each food item, which were also

shown in representative photographs, and the usual intake

frequency based on eight categories ranging from ‘‘Never

or hardly ever’’ to ‘‘2 or more times a day.’’ A validation

and calibration sub-study based on three 24-h dietary

recalls collected in each sex-ethnic group revealed that the

average correlation coefficients for all nutrients were

lowest in African American women (0.26) and highest in

Caucasian men (0.57) [17]. However, the average corre-

lations were about twice as high as for absolute intakes

when nutrients were expressed as densities (0.57–0.74

across ethnic-sex strata).
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Standardized food group servings were computed from

the QFFQ for each individual using a food composition

table (FCT) developed by the Cancer Research Center of

Hawaii. This FCT includes many unique foods consumed

by the different ethnic groups in the MEC [16]. All mixed

dishes were broken down into their ingredients. The serv-

ings of each food group were computed by adding the

servings across the appropriate food items on the QFFQ for

each individual. The 2000 U.S. dietary guidelines were

used to determine the servings of the following food

groups: fruits (citrus, melons, berries, and other fruits),

vegetables (dark green, deep yellow, potato, starchy,

tomato, other vegetables), meat (red meat, poultry, and

fish), grains (whole grain, non-whole grain), and dairy

products (milk, yogurt, cheese) [18]. The effects of con-

sumption of discretionary fats, defined by the U.S.

Department of Agriculture (USDA) as the excess fat con-

sumed if the lowest fat food items were not consumed, and

fats used in preparation, were also examined [19].

Identification of total cancer deaths

For this analysis, total cancer deaths were identified

through 31 December 2001 via linkages to the Hawaii

Tumor Registry, the Cancer Surveillance Program for Los

Angeles County, and the California State Cancer Registry,

all three of which are part of the U.S. National Cancer

Institute’s Surveillance, Epidemiology, and End Results

(SEER) Program, as well as the U.S. National Death Index.

Total cancer deaths were identified using the International

Classification of Diseases for Oncology, Second Edition

(ICD-O-2) [20].

Statistical analysis

Cox proportional hazards models, with age as the time

metric, were used to calculate hazard ratios (HR) and 95 %

confidence intervals (95 % CI). We investigated the intake

of each food group as quartiles based on sex-specific

consumption patterns and assessed dose–response using

trend variables, which had the median of the appropriate

quartile assigned. Models were adjusted for ethnicity when

appropriate, time on study (B2, 3–5 and [5 years, as a

strata variable), maximum years of education, energy

intake (logarithmically transformed), smoking behavior

(including current smoking, past smoking, and pack-years),

alcohol consumption, body mass index, physical activity

(defined as average hours of moderate or vigorous physical

activity per day), family history of cancer, marital status,

and number of children. The models were mutually

adjusted for all food groups. Use of hormone replacement

therapy and history of oophorectomy were additional

adjustment variables for women. A sensitivity analyses

were also conducted to examine stability of results without

early follow-up cases. Models were examined using two

outcome definitions: (1) all follow-up cancer cases and (2)

only cases that occurred at least 2 years after the baseline

dietary assessment. Results were similar and would not

have impacted conclusions; thus, models are presented for

all follow-up cases.

Tests based on Schoenfeld residuals showed no evi-

dence that any models violated the proportional hazards

assumptions. All tests were two-sided, and a p \ 0.05 was

considered statistically significant.

Potential variations in the effects of diet on cancer

mortality were examined using ethnic-sex stratified mod-

els, considering direction of point estimates, extent of

confidence interval overlap, dose response effects, as well

as the plausibility of non-uniform effects based on sup-

porting literature [21].

Results

By 31 December 2001, 2,082 cancer deaths in men and

1,464 in women occurred in the MEC. The entire cohort

and fatal cases are described in Table 1. Energy intake,

percent contribution to energy from fat, saturated fat, and

alcohol, as well as the mean daily servings of the five food

groups and dietary components, were similar between fatal

cases and all participants. Compared to the entire cohort,

cases for both men and women reported a higher number of

pack-years of cigarettes smoked, a higher percentage of

current smokers, and were slightly older.

Models stratified by ethnicity for male participants are

presented in Table 2. There was a significant association

(HR = 0.49, 95 % CI 0.35–0.69) and decreasing trend

(ptrend = 0.0009) in cancer risk with higher levels of grain

consumption among Japanese American men only. Com-

parison of confidence intervals across strata for fruit, veg-

etable, meat, dairy, and discretionary fat intake did not

provide evidence that associations with these food groups

and risk of cancer mortality among men varied by ethnic-

ity; thus, results for all ethnicities combined are presented

in the final column of Table 2. For the food groups where

data were combined, high vegetable consumption had a

protective effect for all levels of consumption above the

reference, and the association was statistically significant

among men with the highest intake (HR = 0.82, 95 % CI

0.71–0.95).

Among women (Table 3), a statistically significant

protective effect on risk for cancer mortality was observed

among African Americans (HR = 0.76, 95 % CI 0.59–

0.99) and Caucasians (HR = 0.73, 95 % CI 0.54–0.99)

with vegetable intake in the second quartile. The results for
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the Native Hawaiian women suggested an elevated risk

with intake in the second and fourth quartiles, but these

results were not statistically significant. As there were a

relatively small number of cases among Hawaiian women

compared to other groups, and overlap of the stratum-

specific confidence intervals was observed across the ethnic

groups, a combined measure of effect is presented for

vegetable intake. Similarly, there was no evidence that

ethnicity modified any of the associations between dietary

intake and risk of cancer for any other food groups, and the

final associations between food group and risk for cancer

death among women are presented for all ethnic groups

combined in the final column of Table 3. Similar to men,

higher vegetable intake was associated with a protective

effect among women (Table 3, last column). Although the

results were statistically significant only among women

reporting vegetable intake in the second quartile and men

reporting intake in the highest quartile, the point estimates

suggest that any level of vegetable intake above the ref-

erence may have a beneficial effect on risk for cancer

mortality. Fruit intake was also associated with a lower risk

of cancer mortality among women. There was no evidence

of an effect of meat or dairy product consumption on total

cancer mortality among the women. Although not statisti-

cally significant (HR = 1.23, 95 % CI 0.97–1.56), a higher

risk of cancer mortality was also observed among women

with consumption of discretionary fat [64.9 g per day,

compared to those with intake in the lowest quartile.

Table 1 Characteristics of the total participants and fatal cases from all cancers

Characteristics Men Women

Fatal cases

(n = 2,082)

Total participants

(n = 70,333)

Fatal cases

(n = 1,464)

Total participants

(n = 76,056)

Age at cohort entry (years) 65 ± 7 60 ± 9 64 ± 8 59 ± 9

Energy intake (kcal) 2,275 ± 1,015 2,308 ± 979 1,886 ± 887 1,890 ± 844

% energy from fat 30.6 ± 7.6 30.2 ± 7.1 30.8 ± 7.4 29.8 ± 7.1

% energy from saturated fat 9.2 ± 2.8 8.9 ± 2.6 9.2 ± 2.8 8.7 ± 2.6

% energy from alcohol 5.1 ± 9.2 4.1 ± 7.3 2.0 ± 6.0 1.6 ± 4.5

Food group intake (servings/day)

Fruits 3.1 ± 2.7 3.0 ± 2.7 3.5 ± 2.9 3.5 ± 2.9

Vegetables 4.2 ± 2.7 4.5 ± 2.8 4.5 ± 2.9 4.6 ± 2.9

Meat 4.9 ± 3.2 5.1 ± 3.3 4.0 ± 2.9 4.0 ± 2.8

Dairy 1.2 ± 1.0 1.2 ± 1.0 1.2 ± 1.0 1.2 ± 1.0

Grains 7.9 ± 3.9 8.4 ± 3.8 6.7 ± 3.5 7.0 ± 3.5

Dietary component intake

Alcohol (drinks/day) 1.4 ± 3.1 1.1 ± 2.4 0.4 ± 1.5 0.3 ± 1.1

Added sugar (teaspoons/day) 13.4 ± 13.3 13.4 ± 12.7 10.9 ± 10.8 10.8 ± 10.3

Discretionary fat (g/day) 63.4 ± 35.6 63.6 ± 34.6 53.3 ± 31.6 51.7 ± 30.0

Hours in moderate or vigorous activity per day 0.7 ± 1.0 0.8 ± 1.0 0.9 ± 1.0 0.9 ± 1.1

Body Mass Index (kg/m2) 25.7 ± 4.0 26.1 ± 4.0 26.2 ± 5.7 25.8 ± 5.4

Pack-years (number of cigarettes per day 9 years smoked/20) 23.3 ± 19.8 14.1 ± 16.6 12.3 ± 16.5 6.5 ± 12.0

Number of children 2.8 ± 2.0 2.6 ± 1.9 2.9 ± 2.1 2.8 ± 1.9

Ethnicity (%)

Caucasian 23 25 24 24

African American 22 13 33 20

Native Hawaiian 7 7 7 7

Japanese American 27 31 19 28

Latino 21 24 17 21

Smoking status (%)

Never smoked 17 31 42 57

Past smoker 51 51 31 29

Current smoker 32 18 27 14

Currently married (%) 74 77 50 60
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Discussion

The American Cancer Society’s goal for 2015 is to reduce

total cancer mortality by 50 % and total cancer incidence

by 25 % [22]. Many investigators have focused on all-

cause mortality or single site cancer mortality rather than

total cancer mortality [23–26], but to our knowledge, none

have examined the effects of food group consumption on

cancer mortality by ethnicity. In the present study, we

examined the effects of dietary intake of various food

Table 2 The associations of food groups and discretionary fat intake with the risk of cancer mortality among men, by ethnicity

Ethnic group African American Native Hawaiian Japanese American Latino Caucasian All ethnic groups

Cases/controls 432/8,304 139/4,764 594/21,736 417/15,798 500/17,649 2,082/68,251

HR (95 % CI)a HR (95 % CI)a HR (95 % CI)a HR (95 % CI)a HR (95 % CI)a HR (95 % CI)a

Food group (servings/day)

Fruits

Q1 (B1.2) 1.00 1.00 1.00 1.00 1.00 1.00

Q2 (1.3–2.3) 0.91 (0.70–1.18) 1.10 (0.65–1.86) 0.69 (0.54–0.88)b 0.94 (0.70–1.27) 1.04 (0.80–1.33) 0.88 (0.78–1.00)

Q3 (2.4–4.0) 0.84 (0.63–1.12) 1.45 (0.87–2.43) 0.88 (0.70–1.12) 1.00 (0.74–1.35) 0.91 (0.70–1.19) 0.93 (0.82–1.05)

Q4 ([4.0) 0.81 (0.60–1.09) 1.46 (0.86–2.48) 0.84 (0.65–1.08) 1.02 (0.75–1.39) 1.01 (0.76–1.34) 0.96 (0.84–1.09)

p for trend 0.27 0.29 0.76 0.70 0.27 0.53

Vegetables

Q1 (B2.6) 1.00 1.00 1.00 1.00 1.00 1.00

Q2 (2.7–3.9) 0.83 (0.64–1.09) 1.42 (0.82–2.46) 0.96 (0.76–1.21) 0.95 (0.72–1.25) 0.98 (0.77–1.26) 0.94 (0.84–1.06)

Q3 (4.0–5.8) 0.96 (0.71–1.29) 1.15 (0.65–2.04) 0.86 (0.67–1.10) 0.91 (0.67–1.23) 0.81 (0.62–1.07) 0.88 (0.77–1.01)

Q4 ([5.8) 0.96 (0.68–1.35) 1.15 (0.62–2.15) 0.74 (0.56–0.98)b 0.71 (0.50–1.01) 0.89 (0.66–1.20) 0.82 (0.71–0.95)b

p for trend 0.89 0.19 0.10 0.03 0.36 0.01

Meat

Q1 (B2.8) 1.00 1.00 1.00 1.00 1.00 1.00

Q2 (2.9–4.3) 1.15 (0.86–1.53) 1.43 (0.82–2.51) 1.10 (0.89–1.37) 1.09 (0.81–1.45) 1.01 (0.79–1.29) 1.09 (0.97–1.24)

Q3 (4.4–6.4) 1.20 (0.88–1.64) 1.10 (0.60–1.20) 0.91 (0.71–1.17) 1.05 (0.73–1.38) 1.13 (0.86–1.47) 1.06 (0.92–1.21)

Q4 ([6.4) 1.20 (0.83–1.72) 1.02 (0.52–2.10) 0.89 (0.64–1.20) 0.96 (0.67–1.38) 1.30 (0.94–1.80) 1.11 (0.94–1.30)

p for trend 0.31 0.38 0.35 0.54 0.22 0.47

Grains

Q1 (B5.6) 1.00 1.00 1.00 1.00 1.00 N/A

Q2 (5.7–7.8) 0.88 (0.66–1.17) 1.37 (0.76–2.47) 0.84 (0.64–1.10) 1.10 (0.82–1.45) 0.86 (0.68–1.10)

Q3 (7.9–10.8) 1.18 (0.85–1.65) 0.78 (0.40–1.53) 0.63 (0.47–0.84)b 0.92 (0.66–1.30) 0.82 (0.61–1.10)

Q4 ([10.8) 1.24 (0.83–1.85) 1.27 (0.62–2.58) 0.49 (0.35–0.69)b 0.95 (0.63–1.42) 1.17 (0.81–1.68)

p for trend 0.49 0.41 0.0009 0.86 0.94

Dairy products

Q1 (B0.5) 1.00 1.00 1.00 1.00 1.00 1.00

Q2 (0.6–1.0) 0.89 (0.68–1.15) 0.68 (0.41–1.14) 1.05 (0.86–1.29) 0.82 (0.58–1.15) 0.99 (0.72–1.36) 0.96 (0.84–1.08)

Q3 (1.1–1.7) 0.86 (0.64–1.14) 1.08 (0.67–1.76) 1.00 (0.80–1.26) 0.72 (0.51–1.02) 1.09 (0.80–1.47) 0.96 (0.84–1.09)

Q4 ([1.7) 0.82 (0.58–1.16) 1.12 (0.67–1.89) 1.11 (0.81–1.52) 0.86 (0.60–1.22) 0.96 (0.70–1.32) 0.96 (0.83–1.11)

p for trend 0.81 0.42 0.33 0.18 0.16 0.51

Discretionary fat (g/day)

Q1 (B38.8) 1.00 1.00 1.00 1.00 1.00 1.00

Q2 (38.9–56.3) 1.03 (0.76–1.41) 0.84 (0.48–1.48) 0.89 (0.71–1.12) 1.24 (0.89–1.73) 0.94 (0.72–1.24) 0.99 (0.87–1.13)

Q3 (56.4–80.5) 1.07 (0.74–1.55) 0.65 (0.35–1.21) 0.90 (0.69–1.18) 1.32 (0.90–1.92) 1.09 (0.80–1.49) 1.03 (0.89–1.20)

Q4 ([80.5) 1.47 (0.93–2.31) 0.83 (0.39–1.76) 0.85 (0.59–1.23) 1.37 (0.85–2.22) 1.02 (0.68–1.52) 1.08 (0.89–1.32)

p for trend 0.23 1.00 0.38 0.19 0.95 0.51

a HR hazards ratio; 95 % CI 95 % confidence interval; Cox regression using age as the time metric, and adjusting for time on study, years of

education, energy intake (logarithmically transformed), smoking behaviors (including current smoking, past smoking, and pack-years), body mass

index, physical activity (defined as average hours of moderate or vigorous physical activity per day), history of diabetes, and alcohol intake (grams per

day)
b p \ 0.05
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groups on the risk of cancer mortality among five ethnic

groups participating in a large cohort study.

Our findings suggest that the effects of diet on risk for

cancer mortality vary by ethnicity, as well as by sex. The

most pronounced effect on cancer mortality risk was

observed for high dietary grain intake among Japanese

American men. Among this group, high grain intake was

associated with a considerable protective effect, reducing

the risk of cancer mortality by 50 %. No effect of grain

intake was observed in any other ethnic group, and nor was

Table 3 The associations of food groups and discretionary fat intake with the risk of cancer mortality among women, by ethnicity

Ethnic group African American Native Hawaiian Japanese American Latino Caucasian All ethnic groups

Case/control 460/13,646 101/5,414 297/21,843 246/14,715 360/18,974 1,464/74,592

HR (95 % CI)a HR (95 % CI)a HR (95 % CI)a HR (95 % CI)a HR (95 % CI)a HR (95 % CI)a

Food group (servings/day)

Fruits

Q1 (B1.5) 1.00 1.00 1.00 1.00 1.00 1.00

Q2 (1.6–2.8) 0.82 (0.63–1.07) 0.96 (0.54–1.71) 0.81 (0.58–1.13) 0.69 (0.48–1.01) 1.04 (0.77–1.39) 0.83 (0.72–0.97)b

Q3 (2.9–4.7) 0.94 (0.72–1.23) 1.20 (0.66–2.18) 0.74 (0.52–1.05) 0.79 (0.54–1.14) 0.96 (0.71–1.31) 0.87 (0.75–1.01)

Q4 ([4.8) 0.78 (0.58–1.05) 0.65 (0.32–1.31) 0.90 (0.62–1.31) 0.71 (0.48–1.05) 1.04 (0.74–1.46) 0.82 (0.69–0.92)b

p for trend 0.91 0.27 0.97 0.15 0.93 0.15

Vegetables

Q1 (B2.6) 1.00 1.00 1.00 1.00 1.00 1.00

Q2 (2.7–3.9) 0.76 (0.59–0.99)b 1.71 (0.90–3.25) 1.05 (0.75–1.48) 1.00 (0.69–1.44) 0.73 (0.54–0.99)b 0.87 (0.75–1.01)

Q3 (4.0–5.9) 0.78 (0.59–1.04) 0.91 (0.45–1.86) 0.96 (0.67–1.39) 0.94 (0.63–1.40) 0.81 (0.59–1.10) 0.84 (0.71–0.98)b

Q4 ([5.9) 0.84 (0.61–1.16) 1.52 (0.73–3.16) 1.01 (0.67–1.53) 1.04 (0.67–1.60) 1.04 (0.74–1.46) 0.93 (0.78–1.11)

p for trend 0.87 0.13 0.84 0.71 0.45 0.51

Meat

Q1 (B2.1) 1.00 1.00 1.00 1.00 1.00 1.00

Q2 (2.2–3.3) 0.95 (0.71–1.28) 0.97 (0.50–1.88) 1.13 (0.81–1.59) 1.05 (0.72–1.53) 0.95 (0.72–1.26) 1.04 (0.90–1.21)

Q3 (3.4–5.1) 1.05 (0.77–1.42) 0.89 (0.43–1.82) 1.00 (0.69–1.43) 1.12 0.75–1.67) 1.00 (0.73–1.35) 1.06 (0.90–1.24)

Q4 ([5.1) 0.88 (0.63–1.24) 1.17 (0.54–2.52) 1.29 (0.84–2.00) 1.02 (0.64–1.63) 1.13 (0.78–1.64) 1.15 (0.95–1.38)

p for trend 0.99 0.62 0.99 0.97 0.29 0.04

Grains

Q1 (B4.5) 1.00 1.00 1.00 1.00 1.00 1.00

Q2 (4.6–6.4) 0.98 (0.75–1.28) 0.92 (0.47–1.82) 0.62 (0.41–0.92)b 1.02 (0.68–1.52) 0.84 (0.63–1.12) 0.87 (0.75–1.02)

Q3 (6.5–8.9) 0.82 (0.59–1.13) 1.07 (0.51–2.23) 0.86(0.56–1.32) 1.17 (0.74–1.84) 0.79 (0.56–1.12) 0.89 (0.74–1.06)

Q4 ([8.9) 0.91 (0.62–1.34) 1.31 (0.54–3.15) 1.03 (0.60–1.77) 1.33 (0.77–2.28) 0.92 (0.59–1.43) 0.97 (0.78–1.22)

p for trend 0.52 0.03 0.77 0.56 0.75 0.97

Dairy products

Q1 (B0.5) 1.00 1.00 1.00 1.00 1.00 1.00

Q2 (0.6–1.0) 0.91 (0.70–1.19) 0.85 (0.48–1.48) 0.89 (0.66–1.21) 1.13 (0.74–1.73) 1.11 (0.77–1.60) 0.98 (0.84–1.14)

Q3 (1.1–1.6) 0.98 (0.74–1.29) 0.90 (0.50–1.62) 1.16 (0.85–1.59) 0.91 (0.58–1.42) 1.09 (0.76–1.57) 1.00 (0.86–1.18)

Q4 ([1.6) 1.14 (0.83–1.57) 0.89 (0.46–1.71) 1.30 (0.87–1.95) 0.94 (0.58–1.52) 1.18 (0.81–1.72) 1.08 (0.91–1.29)

p for trend 0.21 0.92 0.06 0.45 0.79 0.01

Discretionary fat (g/day)

Q1 (B30.8) 1.00 1.00 1.00 1.00 1.00 1.00

Q2 (30.9–44.9) 1.29 (0.96–1.73) 0.67 (0.33–1.37) 0.80 (0.58–1.11) 1.34 (0.88–2.03) 1.17 (0.85–1.62) 1.09 (0.93–1.28)

Q3 (45.0–64.9) 1.01 (0.71–1.44) 0.98 (0.47–2.03) 0.92 (0.62–1.35) 1.27 (0.78–2.06) 1.25 (0.87–1.80) 1.10 (0.91–1.32)

Q4 ([64.9) 1.38 (0.90–2.12) 0.67 (0.26–1.72) 0.86 (0.50–1.46) 1.60 (0.86–2.95) 1.35 (0.85–2.16) 1.23 (0.97–1.56)

p for trend 0.05 0.54 0.96 0.08 0.35 0.01

a HR hazards ratio; 95 % CI 95 % confidence interval; Cox regression using age as the time metric, and adjusting for time on study, years of

education, energy intake (logarithmically transformed), smoking behaviors (including current smoking, past smoking, and pack-years), body mass

index, physical activity (defined as average hours of moderate or vigorous physical activity per day), history of diabetes, alcohol intake (grams per

day), history of hormone replacement therapy, and history of oophorectomy
b p \ 0.05
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this effect apparent among Japanese American women.

Examination of specific grain and food subgroups (e.g.,

whole vs. non-whole, food sources) and specific cancer

types was outside the scope of the current study, but this

information would be valuable for further evaluation of

these associations. Interestingly, Vlajinac recently reported

the finding that high dietary intake of rice was associated

with a significant reduction in risk for prostate cancer [27].

Even though the large majority of the Japanese Americans

([90 %) were born in the United States, the baseline data

from the MEC study did indeed find that rice intake was

considerably higher among the Japanese American partic-

ipants [16]. However, the observation of a strong, dose-

dependent effect among the Japanese men that differed

considerably from the effects observed in other ethnic

groups, and findings from a previous observational report

[27] suggest that additional research to examine the effects

of grain subgroups on specific cancer types is warranted to

clarify these findings.

Summary effect measures were reported for all other

food groups, by sex, with the ethnic-specific data com-

bined. A significant reduction in total cancer mortality was

associated with vegetable intake in men overall. Similar

effects of vegetable consumption were seen among women.

Fruit intake also appeared to have a beneficial effect in

both sexes, although the findings were not statistically

significant for men. It has been proposed that antioxidants

in fruits and vegetables may contribute to beneficial effects

of this food group against cancer development, and other

bioactive components, such as phytochemicals, may act

synergistically in reducing the risk of total cancer risk [12].

Consequently, although each model was adjusted for die-

tary intake of other food groups, it is also possible that

overall dietary patterns that contribute to beneficial syn-

ergistic reactions between food types may have a greater

impact on cancer risk. The type of fruit consumed, rather

than total fruit intake, might also be important, and this

may explain some of the relatively weak effects observed

in our study. Unfortunately, data on fruit subtypes were not

available for this present analysis.

Dietary fat has been shown to be a promoter of cancer

development in animal models, although the underlying

mechanisms are still unknown, and thus, it is considered a

risk factor for cancer development [28]. In the current

study, the point estimates indicated a slightly elevated risk

for cancer mortality among women with higher discre-

tionary fat intake, although no significant associations were

observed among either sex. These observations could be

due to the types and quantities of discretionary fat con-

sumed as well as due to undetermined biochemical dif-

ferences, such as percent body fat or hormonal effects. For

example, in the MEC cohort, red meat dishes that were

among the top ten sources of saturated fat contributed

3–10 % more to fat intake among men compared to women

in all ethnic groups except Latinos, while women tended to

have a higher percentage of dairy products contributing to

saturated fat intake [29]. Although avoiding a high-fat diet

is still recommended to reduce cancer risk [30], a recent

review of the literature on diet and cancer risk indicates

that the epidemiological evidence for an association

between dietary fat intake and cancer risk is inconclusive at

this time [31].

In the present study, there was no significant association

between dairy product intake and total cancer mortality. A

similar null finding was reported by Park et al. [32] on risk of

all-site cancer in the National Institute of Health-American

Association of Retired Persons (NIH-AARP) Diet and

Health Study, although in the same study, dairy food intake

was reported to have inverse associations with some specific

cancers, such as esophagus and stomach cancer in men and

colorectal cancer in women, and a positive association with

prostate cancer in men. This suggests that the effect of dairy

products may differ based on cancer type.

In this analysis, we did not observe any significant

associations with total cancer mortality for intake of meat

consumption in either sex group, or with grain intake

among women. As previously discussed, the null effects

observed associations between grain intake and cancer

mortality among most ethnic-sex groups could be attrib-

uted to food subtypes (whole vs. refined grains), which may

have different effects on cancer mortality, or cancer type

[33]. However, among Caucasian men, the sensitivity

analyses (i.e., excluding cases occurring in the first 2 years

of follow-up) showed slightly stronger associations

between high meat intake (i.e., highest quartile) and cancer

risk (HR = 1.45; 95 % CI 1.02–2.06) compared to the

analysis including all cases (HR = 1.30; 95 % CI

0.94–1.80). A similar pattern was observed for African

American men. These observations suggest that very high

meat intake may increase cancer mortality among these

ethnic groups. These patterns were not observed for other

ethnic-sex groups and could be related to the types of meats

(e.g., red meat, poultry, fish) preferentially consumed by

different ethnic groups [29]. There is a lack of literature on

the effect of meat subgroups on total cancer mortality, but

evidence from the NIH-AARP study suggests that intake of

red and processed meats may elevate risk for some specific

cancer types [34].

It is likely that interactions between many factors can

influence risk for cancer. Stratified analyses (data not

shown) suggest that the preventive association between

vegetable intake and cancer may be slightly stronger

among women with lower BMI as well as those with higher

levels of physical activity, while the associations with

dietary intake and cancer mortality appear to be similar

regardless of smoking history. Further research examining
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the impact of diet in relation to these and other lifestyle and

environmental exposures, and the impact on risk for cancer

is needed to elucidate the complex interplay between

modifiable risk factors.

Several limitations warrant discussion. The multiple

statistical comparisons may have led to some significant

findings resulting from chance. Nonetheless, even using a

conservative method to account for multiple tests of sig-

nificance (Bonferroni corrected p value = 0.00083), the

observed association between grain intake and cancer risk

remained highly significant (p \ 0.0001). Recall bias,

including overreporting, associated with the accuracy of

dietary data from the QFFQ may also have influenced the

results. However, differential recall bias between cases and

controls is unlikely as this was a prospective study; thus,

any impact on results would be expected to have attenuated

associations (i.e., biased results toward the null). Although

the self-administered QFFQ used in this present study was

validated and has been shown to capture total intake rela-

tively well [15, 16], it is possible that use of face-to-face

interview methods may have improved data quality and

limited the exclusions due to missing dietary information.

There was also a relatively large number of other exclu-

sions, primarily due to missing smoking information and

hormone replacement therapy data for women, and the

proportion of exclusions varied among the ethnic-sex

groups, ranging from 17 to 32 % among men (for Japanese

and African Americans, respectively) and from 26 to 39 %

among women (Japanese Americans and Latinos, respec-

tively). In addition, the average age of the excluded par-

ticipants was slightly older (average of 61 years for both

men and women among exclusions, compared to 60 and

59 years of age in the current study), and the proportion of

married women was lower among the exclusions (57 vs.

60 % among included participants). Although selection

bias is a concern, relatively large sample sizes were still

maintained in this analysis for each ethnic-sex group, and

hence, considerable differences would have to be presented

between those excluded and included in the analyses in

order to impact the results. Further, the assessment of food

consumption over a short period of time, which may not be

reflective of historic dietary patterns, would likely have

attenuated associations between diet and cancer mortality.

Data for non-fatal cancer and specific cancer types would

also be useful in further investigations to validate the

current findings and elucidate the possible mechanisms for

the observed associations.

The strengths of this study include the use of standard-

ized food groupings developed by the USDA and a food

composition table which included ethnic-specific food

items and recipes. Furthermore, the dietary data were col-

lected using a common QFFQ, which allowed for mean-

ingful comparison of results across the ethnic groups.

Information on a variety of covariates allowed for adjust-

ment of a wide range of potential confounders. The MEC

participants have also been shown to be representative of

the general population with respect to several demographic

characteristics, which supports the generalizability of these

findings [15]. In addition, the validity of the findings are

supported by the similarity of results obtained even when

early follow-up cases (i.e., within 2 years of the study

baseline) are excluded.

To conclude, the differential association between grain

intake and cancer risk observed among the ethnic-sex

groups warrants further investigation. These results also

support the importance of dietary risk factors for total

cancer mortality as well as the need to implement dietary

prevention strategies and to tailor public health messages

accordingly to reduce cancer deaths. Our research also adds

to the limited literature on diet and total cancer mortality in

different ethnic groups. The precise role and mechanism of

each food group, their subgroups, and dietary compounds

in relation to cancer development or prevention remain to

be further elucidated and confirmed by additional longitu-

dinal studies.
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