: 160
UNIVERSITY OF HAWAI'l LIBRARY

MAMMOGRAPHIC DENSITY, BODY MASS INDEX, AND DIETARY HABITS
IN JAPAN AND HAWAII

A THESIS SUBMITTED TO THE GRADUATE DIVISION OF
THE UNIVERSITY OF HAWAI‘I IN PARTIAL FULFILLMENT OF
THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF SCIENCE
IN
NUTRITIONAL SCIENCES
DECEMBER 2002
By
Yumie Takata
Thesis Committee:
Gertraud Maskarinec, Chairperson

Suzanne P. Murphy
Rachel Novotny



Acknowledgements

First of all, I would like to express my deep gratitude to Dr. Gertraud Maskarinec,
my academic advisor and supervisor, who gave me the opportunity to come to Hawaii to
work on this project and pursue a Master’s Degree in Nutritional Sciences at the
University of Hawai‘i. Her academic and social support through my years in the Master’s
program is truly appreciated. It was a very interesting topic and a great experience for me
to work on this project as a Japanese from Japan.

I would also like to show appreciation to my committee members, Drs. Suzanne P.
Murphy and Rachel Novotny, for their guidance and support in this project. Dr. Murphy
provided me with her valuable advice regarding calculation of nutrient values, food
grouping, and the conclusions of this project. Dr. Novotny gave instructive advice on the
section on anthropometric characteristics, interpretation of the results, conclusions, and
future indications. I would also like to thank Dr. Adrian Franke at the Cancer Research
Center of Hawaii for his urinary isoflavone analysis and kind advice. Dr. Lynne Wilkens
and Mr. Tan Pagano should be recognized for their help with my data analysis and
interpretation of the results. Additionally, I would like to thank all of my co-workers and
others at the Cancer Research Center of Hawaii for their valuable advice and friendly
support.

On the Japan side, I would like to thank Drs. Chisato Nagata, Hiroyuki Shimizu,
and Yoshimoto Kashiki in Japan for their efforts in data collection, and Dr. Nagata for
her advice in the analysis as well. I would like to thank all the women who participated in

this study for their time and effort.

iii



I would like to acknowledge the National Cancer Institute (R03 CA 81620) and
the U.S. Army Medical Research and Medical Command (DAMD17-96-6284) for their
funding.

I also would like to express my thanks to faculties at the Department of Human
Nutrition, Food and Animal Sciences and Public Health Sciences at the University of
Hawaii, as well as my classmates for their encouragement and support for my thesis.
Thanks also to others who have supported me through my years in the Master’s program.
Last, but not least, I would like to give special appreciation to my family and friends in

Japan for their support of my graduate school life in Hawaii.

v



Abstract

The topic of this master’s thesis is breast cancer risk and its relationships to one’s
diet and nutrition. There is evidence that lifestyle, family history, dietary habits,
reproductive history, and anthropometric characteristics are associated with the risk of
breast cancer. The well-established risk factors for breast cancer are age, reproductive
behavior, family history of breast cancer, years of education, and anthropometric and
dietary factors. However, when it comes to dietary factors, there needs to be further
research to clarify the relationship with the disease.

Breast cancer incidence rates differ by ethnicity and also by geographic location.
Migrant studies have shown that rates among migrants from a low-risk country to a high-
risk country were higher than the rates among women in their homelands. This suggests
that the increase in rates among the same ethnic group might be caused by changes in the
environment, including dietary habits.

The objective of this study was to investigate the association of diet with Body
Mass Index (BMI) and breast cancer risk, as measured by mammographic density, among
Japanese women in Japan and Japanese and Caucasian women in Hawaii. The validated
Food frequency questionnaires (FFQ) were used to assess dietary intake as well as
descriptive characteristics, which include demographic, anthropometric and reproductive
characteristics. Analysis of Variance was used to compare the differences in descriptive
characteristics and diet among the three groups of women. To explore the association
between diet and the determinants of BMI and mammographic density, multiple

regression was applied.



Among the three groups of women in the study, anthropometric and
mammographic characteristics differed by ethnicity but not by place of residence. Dietary
habits differed considerably by ethnicity and place of residence. It appeared that the diet
of Japanese women in Hawaii was a combination of foods eaten in Japan and dietary
habits of Caucasian women in Hawaii.

Intake of ethanol was associated with BMI in both pre- and postmenopausal
women, while association with the other dietary factors differed depending on
menopausal status. BMI was more strongly associated with dietary variables among
premenopausal women than descriptive characteristics, while it was strongly associated
with Japanese ethnicity among postmenopausal women. Intakes of fat, cholesterol,
carbohydrates, vitamin A, fish, and eggs were associated with mammographic density in
the current study. BMI was the strongest predictor of mammographic density. Dietary
intake explained little of the variation in mammographic density. It is still questionable
whether mammographic density among different ethnic groups is comparable as an
indicator for breast cancer risk. Total dense area of the breast maybe a better indicator.
For future studies, it is suggested that assoéiations between body fat distributions, as a
possible indicator for breast cancer risk, and diet be examined, adjusted for reproductive

histories and biochemical measures for hormones.
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Chapter 1: Introduction

1.1 Literature review
1.1.1 Breast cancer incidence

The world breast cancer incidence rate was 34.9 per 100,000 women in 1996 and
has been increasing. The rates tend to be higher in developed countries (94.9) and lower
among developing countries (19.7) (1). The rate in countries in North America was 6.5
times higher than that in East Asia.

Depending on the person’s living environment, the incidence rate of breast cancer
differs, even among women of the same ethnic group (2). The age-adjusted incidence
rates (Figure 1.1) of breast cancer from 1988 to 1992 among Caucasian and Japanese
women in the U.S. were 111.8 and 82.3 per 100,000 women, respectively (3), while the
rate among women in Japan in 1996 was 48.2 (1).

In the multiethnic population of Hawaii, the rate differs by ethnicity (4).
However, it has been increasing in every ethnic group since 1947. The rate of breast |
cancer incidence among women of Japanese ancestry living in Hawaii is no exception.
The rate from 1968 to 1972 was roughly four times higher than the rate from 1947 to
1954 and was approximately half the rate of Caucasian women from 1968 to 1972. The
rate among Japanese women in Hawaii from 1988 to 1992 was three-fourths of the rate
among Caucasian women in Hawaii during the same period. The rates among other
ethnic groups were also increasing during this entire period.

The mortality rate due to breast cancer among Japanese women in Japan also has

been increasing over the last 30 years. The rate in 1995 was four times higher than in



1960. In 1994, breast cancer was the second most common incident cancer among
women in Japan, after stomach (gastric) cancer (5). This is probably partly due to
westernization and the changes in dietary patterns and lifestyle among Japanese people in
the last several decades (6).

Incidence rates are significantly affected by screening methods. Since
mammography was introduced in 1973 in the U.S., almost 80% of total women who are
recommended to take mammogram have been screened. On the other hand, physical
examination is the standard screening for breast cancer in Japan. Therefore,
mammography is less common. However, the different screening methods would explain
only by 20-30% of the differences in incidence rates (7). There must be other factors

causing these differences.

1.1.2 Known risk factors for breast cancer

Aging is the most important factor in predicting breast cancer risk. As people
get older, they have more time to develop cancer and, in the case of breast cancer,
probably more time to be exposure to endogenous hormones. However, this risk factor is
influenced by environment and ethnicity. In the book Cancer Incidence in Five
Continents (8), the age-specific incidence rates of breast cancer were compared among
Caucasian women in the U.S., Japanese women in Los Angeles, and Japanese women in
Hiroshima and Saga, Japan (Figure 1.2). Throughout all age groups, the highest rates
were found among Caucasian in the U.S., followed by Japanese women in Los Angeles
and Japanese women in Japan. The rates among Caucasian women in the U.S. have been

increasing and the highest is currently found in the 70-80 years of age group. The rate



among Japanese women in Los Angeles is increasing in the 50-54 years of age group and
is fluctuating after this age group. The rate among Japanese women in Japan has been
increasing only up to the 45-49 years of age group; from the 50-54 years of age group,
the rates are almost constant. This difference in age-specific incidence rates implies that
breast cancer risk due to aging is relatively higher among women in the U.S., regardless
of ethnicity, than among women in Japan. This trend suggests that the difference in the
rates might be better explained by environmental factors than genetic factors.

Reproductive factors, related to years that the breast is exposed to estrogen,
have been shown to be associated with the risk of breast cancer (2). In a collaborative
case-control study, women who had never been pregnant have approximately 1.4 times
higher risk of breast cancer than those who had been pregnant. Moreover, women who
had their first birth prior to 20 years of age had half the risk of women who had never
been pregnant. The more children they had, the lower the risk of breast cancer. An early
age at the onset of menarche and later age at menopause are also related to higher risk of
breast cancer. In most case-control studies, for every year menarche is delayed, the risk
decreases by nearly 20%. Eétablishing a regular menstrual cycle at an early age may also
result in a higher risk.

Similar findings on association between reproductive characteristics and breast
cancer risk were reported in a hospital-based case-control study in Japan (9). Japanese
women who had never been pregnant had 1.79 times higher risk than those who had been
pregnant. Women who were first pregnant after age 26 had 1.40 times higher risk than
those who were first pregnant before 26 years of age. These results are almost the same

as what has generally been described for all ethnic groups (2). The number of births was



inversely correlated with the risk of breast cancer (Odds Ratio: 1.00 for no child, 0.80 for
one, 0.66 for two and 0.65 for more than three; probability for this trend=0.002) (9). The
patterns of earlier menarche and later menopause among Japanese women are also
consistent with the summarized data (2).

Socioeconomic status affects the risk of breast cancer. Women with more
education have a higher risk of breast cancer. This may be related to the later age at first
pregnancy and age at first full-term pregnancy as well as the lower parity.

A family history of breast cancer, particularly in first-degree relatives, greatly
increases a woman’s breast cancer risk, regardless of ethnicity. Women whose mothers
had breast cancer have at least twice as high a risk as those whose mothers did not (2). A
similar finding was reported in a case-control study in Japan (9). Japanese women with a
family history of breast cancer had a higher risk of breast cancer than those who had no
such family history (OR: 1.53, 95% CI 1.13-2.06). As for family history among first-
degree relatives, Japanese women whose mothers had a history of breast cancer had 1.79
times higher risk than those whose mothers had no such history.

Many studies have shown that anthropometric characteristics such as height,
weight, Body Mass Index (BMI), and body composition are also related to breast cancer
risk. In a hospital-based case-referent study conducted in Japan (10), a positive
association was found between adult BMI and the risk of breast cancer among
postmenopausal women (OR: 2.08, 95% CI 1.49-2.92 for highest vs. lowest quintile),
while the risk in premenopausal women was not associated with higher BMI, a finding
consistent among other ethnic groups (11). In the multiethnic population of Hawaii (12),

adult weight was similarly shown to be positively associated with postmenopausal breast



cancer. For all women, regardless of ethnicity, after 60 years of age, gaining 10kg in
weight increased the breast cancer risk by about 80% (2). A change in weight and a
change in BMI during adult life contributed to a higher risk of breast cancer, regardless of
the adult BMI. On the other hand, obesity during adolescent (teenage) and menopausal
years is probably protective, while ‘obesity throughout life increases the risk of breast
cancer (13).

Demographic, reproductive, socioeconomic and anthropometric characteristics are
important and established factors in determining breast cancer risk as well as the risk of
other cancers among women in the U.S. and Japan. In addition, diet may affect one’s

breast cancer risk.

1.1.3 Mammographic characteristics among different ethnic groups

Mammographic parenchymal patterns, which are characterized by radiological
appearance of breasts due to relative amounts and X-ray attenuation of fat, epithelial, and
stromal tissues, are related to breast cancer risk (14). These patterns are independent of
risk factors. Women who have breasts with more than 60-75% dense tissue have 4-6
times higher risk of breast cancer than women with low density. The density might be
affected by growth factors such as breast development and carcinogenesis.
Mammographic screening contributes to breast cancer prevention by finding the disease
in earlier stages. In addition, it has been suggested that the density can be changed by
hormonal and dietary interVentions (15;16).

In a study investigating the mammograms of five major ethnic groups in Hawaii

(17), Chinese and Japanese women had 50% smaller breasts, 15% smaller dense area, and



20% higher mammographic densities than Caucasian and Hawaiian women. It was
unclear whether mammographic density or dense area w01:11d be a better indicator of
breast cancer risk in the multiethnic population in Hawaii. The higher mammographic
density among Japanese women in Hawaii was unexpected since it is normally associated
with a higher risk of breast cancer, which was not proven for this population. These
findings may suggest that the risk of breast cancer is actually higher among Chinese and
Japanese women.

A pilot study was done to investigate the mammographic density patterns among
Japanese women in Japan (18). The limitation of the study was that the participants were
at a higher than average risk of breast cancer. This is because they were recruited in a
mammographic screening clinic. The researchers found that there was a higher
mammographic density among premenopausal women. The dense area and
mammographic densities were both explained by established risk factors for breast

cancer.

1.1.4 Effects of hormones on breast cancer risk

Effects of estrogen on breasts induce fat deposition in breasts, development of the
stromal tissues of the breasts, growth of an extensive ductile system, and initiation of
growth of the breasts and the breasts’ milk-producing apparatus. Estrogen promotes fat
deposition in the breasts, buttocks, and thighs.

Breast cancer is a hormone-related cancer. Higher levels of sex (ovarian)
hormones and possibly insulin-like growth factors (IGFs) (19) are related to a higher risk

of breast cancer (19). In fact, a high serum level of estradiol was associated with high risk



of breast cancer, especially among postmenopausal women. The majority of intervention
studies have focused on insulin resistance and decreasing bioavailability of sex hormones
in order to lower the risk of breast cancer. These two factors are biologically plausible
and their role in breast cancer is to be clarified with evidence from human studies.

Puberty and pregnancy are important periods during reproductive age in terms of

hormonal change, which may influence risk of breast cancer. During puberty and
pregnancy, circulating estrogen level increases the size of thé breast. This results in an
increased in the total area and dense area of the breast. At menopause, as circulating
estrogen levels decrease, the dense areas decrease. Mammographic density may decrease
due to a decrease in dense area and an increase in area of adipose tissue if the total area of
the breast remains the same.

Other factors that may change hormonal profiles and body composition are

weight loss and obesity. During weight loss, the circulating estrogen levels decrease,
which results in a decrease in dense area. Obesity is related to a high circulating estrogen
level (2;20). After menopause, a high estrogen level may promote development of dense
~ area or prevent an increase in adipose tissues in the breast. A substantial change in body
composition or hormonal profiles would influence mammographic density and breast
-cancer risk.

Estrogen promotes fat deposition. Obese women have more adipose tissue, which
leads to more production of sex hormones such as estrogen, which is associated with
higher risk of breast cancer (20). Insulin resistance, implied by a circulating IGF level, is
also related to metabolism, possibly body composition and obesity (19). IGF level may

be a marker for risk of breast cancer and also reflective of childhood nutrition (13).



Nutritional status during childhood is an important factor in predicting breast cancer risk
(2) since it sometimes affects hormonal characteristics in later life. For example, onset of

menarche is related to body fat and a diet that promotes fat deposition in the body (13).

1.1.5 Breast cancer and diet

Some aspects of diet are known to be associated with the risk of breast cancer, -
though the relationship is still under investigation. According to a review of dietary
factors for breast cancer (11) based on evidence from experimental and epidemiological
studies, a higher consumption of vegetables and fruits is probably protective and a higher
consumption of fiber and carotenoids possibly decreases the risk of breast cancer. The
protective effect of fiber intake is inconclusive and might be small due to differences in
assessment tool for fiber intake (2). Among micronutrients, vitamin A probably has a
protective effect against breast cancer, though more information is still required (2).
Recently, the evidence for lower incidence rates of breast cancer among Asian women
and consumption of soy has been investigated.

In contrast, a higiler consumption of alcohol is a probable risk factor and a higher
intake of total fat, saturated/animal fat and meat is a possible risk factor. However, the
results are inconsistent. Ecological and case-control studies have shown a positive
relationship, while cohort studies failed to find a positive relationship beétween dietary fat

and breast cancer risk (21).



1.1.6 Soy and its effebt on breast cancer risk

Historically, Asian countries have lower breast cancer incidence rates than
Western countries. Soy foods are popular in Asian countries. Isoflavone, a component of
soy, has a similar chemical structure to estrogen. Isoflavone has been shown to exert anti-
estrogenic or estrogen-like effects in women’s bodies. Isoflavone hypothetically acts like
estrogen in a woman’s body by binding to estrogen receptors. Therefore, it can inhibit
endogenous estrogen from binding to its receptor. In this way, endogenous estrogen
cannot bind to the receptor and cannot be active. As a result, the body may have lower
exposure to estrogen, which is protective against breast cancer. In fact, there are low
breast cancer incidence rates in Japan and China where a high consumption of soy foods
is common.

Several studies have reported beneficial effects of soy on breast cancer. A review
article of soy and health risks and benefits noted that previous studies found an increased
or decreased plasma level, or no effects on plasma levels (22). Soy supplementation
decreased the serum estrogen level, which is protective against breast cancer, among
premenopausal women in Japan (23).

In case-control studies, soy intake was found to have a protective effect on breast
cancer in Asian Americans born outside the U.S. and premenopausal Asians in their
homelands (24). However, the same effect was not found in Asian Americans born in the
U.S.orin postmenopausal Asian women. The effect of soy on breast cancer is still under

investigation.



1.1.7 Urinary isoflavone excretion

Since reported soy intake is correlated with the excretion of urinary isoflavone,
use of urinary isoflavone excretion level as a biomarker for soy consumption has been
suggested. Most of the previous studies have been done in a single population, which
might not have had enough variation to examine a relationship between dietary intake
and urinary isoflavone excretion levels. Most studies have found a correlation between
them (25;26). However, there were weak or no associations among the populations where

soy intake is less common.

1.1.8 Dietary patterns

Influenced by westernization and improvement in the economy, the Japanese diet
has been changing. An ecological study in Japan (6) described the changes in food intake
as increased intakes of milk, meats, oils, fats and fruits, a decreased intake of rice, and no
change in intakes of fish, green and yellow vegetables, and beans. The changes in intake
of nutrients were described as increased intakes of fat, vitamins A and C, calcium, protein
and total energy, as well as reduced intakes of carbohydrates and salt. It has been
suggested that this dietary change affected the change in cancer mortality trends.

Among people of Japanese ancestry in the U.S., dietary patterns have differed
between generations (27). Nisei (second generation Japanese Americans) consume
Japanese foods more frequently and follow more traditional Japanese meal patterns,
while Sansei (third generation Japanese Americans) consume Western foods and follow
American dietary patterns more frequently. The detailed meal patterns are summarized in

Table 1.1.
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Moreover, when the diet of Caucasian women in Hawaii and Los Angeles was
compared with the diet of the other ethnic groups in these areas, intake of carbohydrates,
vitamin C, and lutein was notably lower in the Caucasian groups. Intake of dairy products
was high, especially when comparing with Japanese American women (28;29).

Thus, diets of Japanese women in Japan, women of Japanese ancestry in the U.S.,
and Caucasian women in the U.S. are different. This might be explained by differences in
preferences for foods, even within the same ethnic group, depending on the level of

exposure to the culture (27).

1.1.9 BMI and dietary patterns

Among women in Hawaii, dietary patterns were associated with BMI (30). The
“meat” pattern, a diet characterized by a high consumption of processed and red meats,
fish, poultry, eggs, fats and oils, and condiments, was most prevalent among native
Hawaiians, whose mean BMI was the highest of all ethnic groups. On the other hand, the
“bean” pattern, a diet characterized by a higher consumption of legumes and soy foods,
was most common among Chinese and Japanese women, who had relatively lower BMI
than Hawaiian and Caucasian women.

Evidence from previous epidemiological studies in different populations has
shown inconsistent associations between BMI and food intake patterns (31). A review of
studies on weight loss and diet (32) found that total energy intake was more related to
weight loss than to macronutrient composition of the diet. This is because a diet low in

fat and high in carbohydrates tends to be low in total energy intake. Overall, the true
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relationship between BMI and self-reported dietary intake is uncertain and further

research is necessary.

1.1.10 Mammographic characteristics and diet

Factors related to mammographic characteristics, such as age at menopause,
number of children, and anthropometric characteristics have been established. However,
dietary factors are under investigation. To date, intakes of alcohol, total fat, saturated fat,
cholesterol, and protein have been found to be positively associated with mammographic
density.

In addition, two years of low-fat and low-carbohydrate dietary intervention
reduced mammographic densities (15). When participants were stratified by menopausal
status, the energy-adjusted intakes of polyunsaturated fat, polyunsaturated/saturated fat
ratio, vitamins C and E, and alcohol were positively associated with density among
premenopausal women, while intake of dairy products was inversely associated. Among
postmenopausal women, the intakes of vitamin B2, alcohol and wine were positively
related to density (33). A randomized trial among women at menopause found an
association between a decreased mammographic density and reduced intake of
cholesterol (16). A case-control study was conducted to compare women with high-risk
and low-risk mammographic patterns (34). This study showed that women with high-risk
patterns had a higher intake of protein and carbohydrates, but not fat. No association was
found with vitamins.

A study in Hawaii found a relationship between soy intake and mammographic

characteristics (35). A higher soy intake was positively related with higher
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mammographic densities and with smaller breast size. This result is somewhat
contradictory to the evidence that there is a lower incidence rate of breast cancer among
Asian women since their soy coﬁsumption is high. This study was conducted among
women of Asian ancestry in Hawaii, and their risk of breast cancer is currently
increasing. On the other hand, a study of Chinese women in Singapore found an inverse
association between soy intake and mammographic densities (36).

There is a need for further study in order to examine whether the positive
relationship between soy intake and mammographic density is related to the increased
risk among Asian Americans. Given how few studies have been conducted to examine
the association of overall diet and mammographic density patterns, current understanding

is inconclusive and further investigation is necessary.

1.2 Research 6bjective

The objectives of this project were 1) to compare the nutrient intake and dietary
patterns, BMI, and mammographic characteristics among three groups of women:
Japanese women living in Japan, women of Japanese ancestry living in Hawaii, and
women of Caucasian ancestry living in Hawaii; 2) to explore the dietary determinants of
BMI among the three groups of women; and 3) to explore how these factors may explain

differences in breast cancer risk, as measured by mammographic density, among the three

groups.
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1.3 Hypothesis

The hypotheses are that 1) the three groups of women are different in terms of
BMI, mammographic characteristics, and dietary habits such as intake of nutrients and
food items; 2) BMI and dietary habits are related; and 3) mammographic characteristics
and dietary habits are associated.

In the current study, there are three groups of women. Of the three groups,
Japanese women in Japan are exposed to Japanese culture more than either women of
Japanese or Caucasian ancestry in Hawaii. Therefore, one might conclude that dietary
patterns among Japanese women are closest to the traditional Japanese dietary patterns.
However, Japanese culture has been influenced by Western culture, and more foods have
been imported and adapted to the Japanese diet. On the other hand, due to the multiethnic
population in ﬁawaii, moré Asian foods including Japanese foods are available to the
population in Hawaii. Therefore, Caucasian women in Hawaii also have the opportunity
to consume Japanese food. As for women of Japanese ancestry in Hawaii, they have a
tendency to maintain a Japanese diet to some extent, depending on how far removed their
generation is from the first generation to settle in Hawaii.

According to a study of BMI and dietary patterns in Hawaii (30), the “bean”
pattern was common among the population where BMI was relatively low, while the
“meat” pattern was common among the population where BMI was relatively high. The
bean pattern is closer to a traditional J apaﬁese diet and the meat pattern is closer to a
Western diet in this study. Therefore, one might conclude that a high consumption of
traditional Japanese foods, particularly soy foods, might contribute to lower BMI, and

that a higher consumption of Western foods might contribute to higher BML
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Mammographic characteristics were different among ethnic groups in Hawaii
(17). As this study suggests, smaller breast size and a higher mammographic density
among Japanese women in Japan as compared to Japanese and Caucasian women in
Hawaii were expected in the current study. These differences might be due to the
differences in dietary factors. It is suggested (3 5) that soy intake as well as intake of other
foods might be related to the mammographic characteristics. It was expected that not only
soy intake but also other food intake would be associated with dietary characteristics

since soy intake might influence overall diet.
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Chapter 2: Methods

2.1 Study design

In this study, the analysis uses data from two previous cross-sectional studies:
Ethnicity, soybean consumption, and mammographic density, supported by a grant from
the Department of Defense Breast Cancer Research Program, and Planning a
Hawaii/Japan mammographic density study, supported by a grant from the National
Cancer Institute. The former study recruited 157 women of Japanese and 187 women of
Caucasian ancestry in Hawaii through Kaiser Honolulu Clinic and Kapiolani Women’s
Center, mammography facilities on the island of Oahu. The data were collected from
1997 to 1998. The latter study recruited 212 Japanese women in Japan from Gihoku
General Hospital in Gifu City, Japan from 1998 to 1999. Gifu City is a mid-sized city
located almost at the center of Japan. It had a population of 214,201 women (52% of the
entire population) in 2001.

All women were recruited from mammographic clinics, but they had never been
diagnosed with breast cancer, had no history of breast surgery, had no suspicious lesions
shown by the mammogram at the time of the study, and had participated in
mammography screening. Their ages were 35 to 75 years old and both premenopausal
and postmenopausal women were included. The details of recruitment methods have also

been described elsewhere (37;38).
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2.2 Study population
2.2.1 The number of women in the analysis

The original dataset for women in Hawaii, which was based on a Food Frequency
Questionnaire (FFQ), had 182 Caucasian women and 157 Japanese women. Eleven
Japanese and 15 Caucasian women were excluded due to lack of mammograms. The
dataset for women in Japan, which was also based on FFQ, had 212 Japanese women.
Two women were excluded due to lack of mammograms.

For the final analysis, the dataset had 164 Caucasian women in Hawaii, 146
Japanese women in Hawaii, and 206 Japanese women in Japan. Three Caucasian women
and four Japanese women in Japan were excluded from dietary analysis. They were
excluded due to a value outside the cut off points for energy intake, less than 600 kcal or

more than 6000 kcal.

2.3 Data collection
2.3.1 Demographic, reproductive and anthropometric data

Information on descriptive characteristics, which includes demographic,
anthropometric and reproductive characteristics and personal and familial medical
histories, were collected with Food Frequency Questionnaires (FFQs). The information
included age, years of education, body size such as height and weight, smoking status,
medical history, use of contraceptive pills and female hormones, and reproductive
characteristics such as age at menarche, first and last pregnancy, number of children, and
age at menopause. Body weight and height were asked in the questionnaire as

anthropometric measurements. BMI was calculated from these self-reported body
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weights and heights. Not only the participants’ ethnicity but also their parents’ ethnicity
was self-reported. They were instructed to report all ethnicities that applied. In addition,

country of birth and total years in the U.S. were reported.

2.3.2 Dietary data

All dietary intake information was collected through the FFQs. Japanese women
in Gifu were provided with a FFQ containing 169 food items, including nine soy food
questions. Women of Japanese ancestry and Caucasian women in Hawaii were provided
with a FFQ for a multiethnic population containing 188 food items, with a separate Soy
FFQ containing 10 soy food questions.

Both questionnaires were developed using the same methodology and asked about
the frequency of intake of food items (including mixed dishes) and their usﬁal portion
sizes. Participants chose from three different portion sizes, shown in photographs to
improve accuracy. Both questionnaires included local foods such as houba-miso (miso
and vegetables specific to the Hida area in Gifu) in Gifu and poi (pound'ed taro root) in
Hawaii. Intake of seasonal fruits such as watermelon and mandarin oranges was also
included in the Gifu FFQ, since availability of some fruits depends on the season. The
ethnic-specific foods of the Japanese were specifically included in the FFQ in Hawaii.

Each FFQ was tested for validity by comparing the answers with the participants’
answers on 24-hour dietary recalls and/or 3-day food records. The FFQ used in Hawaii
Was tested among a large multiethnic cohort in Hawaii and Los Angeles (28). The
average correlations over all nutrients among Japanese-American women between FFQ

and 24-hour recalls were 0.45, 0.61 and 0.61 for intake of nutrients, nutrient density
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(nutrient intake per 1000 kcal) and calorie-adjusted nutrient intake, respectively. The
correlations among Caucasian women were 0.48, 0.74 and 0.74. The correlations were
higher when nutrient intake was adjusted for calorie intake.

The FFQ in Gifu was pilot-tested on 58 males and 59 females in a cohort in
Takayama, Gifu prefecture (39). The average correlations of the nutrient intakes
estimated from the FFQ and the 3-day food records among women were 0.34 for nutrient
intake and 0.39 for calorie-adjusted intake. Similar to the FFQ in Hawaii, the correlations
were relatively higher when nutrient intakes were adjusted for energy intake.

In the analysis of nutrient intake, the nutrient composition was based on Japanese
Standard Tables of Food Composition (40) for the Gifu data and Food Composition
Tables from the United States of Department of Agriculture (USDA) (41) and local
recipes for the Hawaii data. The intakes of food items such as dairy products were
calculated from two sources: dairy products consumed alone, such as milk or yogurt, and
dairy products consumed in mixed dishes, such as pizzas with cheese.

In comparison of diets among the three groups of women, nutrient density and
food group intake per 1000 kcal were used to describe the composition of their diets. In
the regression analyses with dietary data, absolute intake (intake per day) and calorie-
adjusted intake (percentages of energy intake from macronutrients and calorie-adjusted
by entering energy intake to regression models) (21) were applied. Since two datasets
developed from their own databases were compared in this study, it would be helpful to
compare percentages of calories from macronutrients. This can further indicate the

composition of nutrient intake in the diet.
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Nutrient values in each country’s food composition table might be based on
different chemical analysis and different conversion, especially for vitamins, whose
amounts are based on the biological activity level. Due to limited data, efforts were made
to make intake between the Hawaii dataset and the Gifu dataset comparable. Therefore,
some values are based on the standards used in the U.S. while others are based on those
used in Japan. The value might not be directly comparable to the values in the USDA
Food Composition Table, Recommended Dietary Allowances (RDAs), and Dietary
Reference Intakes (DRI) proposed in the U.S. For example, vitamin A intake was
expressed as IU (International Unit) instead of RE (Retinol Equivalent).

There was no information on intakes of each type of fat (i.e., saturated,
monounsaturated, and polyunsaturated fat) in the Gifu dataset. Therefore, it was not
possible to distinguish by the type of fat in the analysis. However, food group variables
such as intake from the Meat group, Fish group and so forth were available. These can
imply the different types of fat. An attempt was also made to compare fiber intake.
However, the definitions and nutrient analysis procedures used in the U.S. and Japan
were different, the fiber intake in the U.S. being expressed as dietary fiber and the fiber
intake in Japan as crude fiber. Also, there was no conversion factor between them, so the
fiber intake variable had to be excluded.

In addition, in the calculation of vitamin A intake (vitamin A potency), the
conversion factor was different in carotenoids between dairy products and other food
items in Japan. The percentages of calories from macronutrients in the Hawaii dataset
were based on the energy available after subtracting energy loss due to digestion and

metabolism in the Atwater system. In contrast, these percentages in the Gifu dataset were
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calculated from 4 kcal per 1 gram of nutrient for protein and carbohydrates, 9 k¢al for fat,
and7 kcal for ethanol.

In the analysis of food intake, food items were grouped into 10 groups as listed in
Table 2.1. Each food item belongs to only one group. The intake from each group was
measured in grams. The calculation of isoflavone intake from soy foods among Japanese

was based on published data (42).

2.3.3 Food grouping

Due to the limited dietary information in the Gifu dataset, the intake from food
items in the Hawaii dataset was grouped into 10 food groups according to the Japanese
food grouping system. The following is a detailed explanation of food grouping. Some
foods were grouped differently in the two locations, but they were grouped to make them
as comparable as possible. These foods were first grouped into food groups in Japan. If
this was not possible, then they were grouped according to the local custom.

It was not possible to sort out some of the variables in the Hawaii dataset
according to the Japanese food grouping system. For example, biscuits, some doughnuts,
Danish pastry and malasadas (fried ddughnuts unique to Hawaii) were grouped as
“Bread”, while the Gifu dataset grouped them into the “Sugar and Sweets” group. There
was one variable for these sweetened breads and unsweetened breads such as bagels and
white breads. These food items were grouped according to the respective system in Japan
and Hawaii.

Breakfast cereals are much more popular in the United States than in Japan. There

is a wide range of cereals in the U.S. in terms of nutrient content. Some are frosted and
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contain 50% sugar, while others are nutrient dense, high\ in dietary fiber, and fortified
with many micronutrients. Japan does not ﬁave as many varieties as the U.S. and eating
cereal at breakfast is less common. Most cereals in Japan are the traditional type (e.g.,
corn flakes), non-fortified cereal.

As for the Sugar and Sweets group, the Hawaii dataset did not have variables for
simple sugar food items (e.g., refined sugar, honey and jam). Hence, calculation of the
intake from only simple sugars in the Gifu dataset was impossible, and the Sugar and
Sweets group was excluded from the analysis.

The Hawaii dataset also did not have a variable comparable to the Green &
Yellow Vegetable group in the Gifu dataset. The intake from this group was calculated
from total intake of dark green vegetables, yellow vegetables, and tomatoes. The
definition of this group in Japanese food groups is a vegetable containing more than the
equivalent of 600ug of beta-carotene per edible 100g. The examples are broccoli, carrots,

and pumpkin.

2.3.4 Assessment of under- and over-reporting

Under- and over-reporting food intake is a common issue in dietary data. In the
estimation of a person’s total energy expenditure, a total of Resting Energy Expenditure,
Thermal Effect of Exercise (energy used for physical activity), and Thermal Effect of
Food were computed. The Harris-Benedict Equations were used for estimation of energy
needs (43). They require body weight, height, age, and physical activity level. Due to a
lack of physical activity information in the Gifu dataset, we made an assumption that all

women’s physical activity level was lightly active, which was applied to office workers,
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housewives with mechanical appliances, and professionals such as teachers and doctors.
The typical daily activity of a person in this category includes 8 hours of sleep and 16
hours of sitting or standing. Of the 16 hours, 3 hours of light activity (such as walking
and laundry) and 1 hour of moderate activity (such as £ennis and aerobics) was included

(44).

2.3.5 Urinary isoflavone excretion

Overnight urine (first urine collected in the morning) was collected for each
participant in Hawaii to assess the level of urinary isoflavone excretion as a measure of
soy intake. A spot urine (one urine collected in clinics upon the visit) was collected
among women in Japan (45). Isoflavones such as daidzein, genistein, glycitein, DMA (O-
desmethylangolensin), and equol were measured by the amount of urinary isoflavone
excretion. The total urinafy isoflavone excretion was the sum of these five components.
Urine samples from women in Japan and Hawaii were examined at the Cancer Research

Center of Hawaii using high-performance liquid chromatography (25).

2.3.6 Mammograms

All women’s mammograms were collected through mammographic screening
clinics and examined at the Cancer Research Center of Hawaii. Mammogram images
were scanned into a computer with the name removed so as not to bias the reader. Breast
size and total dense area of the breast were measured from the scanned images (46;47).

Mammographic characteristics included breast size, total dense area of the breast, and
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mammographic density. Mammographic densities were calculated by dense area of the

breast divided by total area of the breast.

2.4 Statistical analyses
2.4.1 Statistical tests

All statistical analyses were performed using SAS, release 8.02 (SAS Institute,
Cary NC). Log transformation or square root transformation was used for non-normally
distributed data. Statistical significance was tested at a p-value of 0.05 level except in
stepwise multiple regression, where significance was tested at a p-value of 0.15 for
selecting variables.

In order to compare and describe descriptive characteristics as well as
mammographic characteristics among the three groups of women, Analysis of Variance
with the GLM procedure in SAS was performed for continuous variables, and a Chi-
square test and likelihood ratio were used for categorical variables. The DUNCAN post
hoc test was used for further comparison between groups.

The Spearman rank correlation coefficients between urinary isoflavone excretion
and soy intake-related variables (e.g., isoflavone and soy protein) were calculated to
examine the relationships.

Multiple regression analysis was applied to explore the association between diet
and either BMI or mammographic density, and to further investigate their dietary
determinants. Each dietary variable was treated as an independent variable and either
mammographic density or BMI was treated as the dependent variable. For compatibility

of the data from the different locations, the approach to investigate dietary intakes
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included calorie-adjusted intakes of each nutrient and food group (21) and percentages of
calorie intake from each macronutrient. Since both mammographic density and BMI were
influenced by descriptive characteristics such as age and reproductive characteristics,
these confounding variables were entered simultaneously in multiple regression models

to see the adjusted association between diet and mammographic characteristics.

2.4.2 Controlling variables

To examine the relationships of mammographic density or BMI with dietary
variables, relationships were controlled by descriptive characteristics that significantly
contributed to the relationship. Some variables (e.g., age at menopause, estrogen use
among postmenopausal women) were only for postmenopausal women, and
premenopausal women were coded as missing values. At first, separate models were run
for premenopausal (n=248) and postmenopausal women (n=268). If the variables limited
for premenopausal women were not selected in the stepwise multiple regression, further
analyses with dietary variables were performed for all women. Age would be a
confounding factor in diet and mammographic characteristics. Therefore, further analysis

with multiple regression models will be adjusted for it.

2.4.3 Data cleaning
To increase the statistical power, the midpoint of each category was used to
convert categorical variables to numeric variables. The variable converted in the FFQ in

Hawaii was age at the first live birth.
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Some corrections were made for reported information that seemed untrue. The
following is a detailed explanation of the reproductive variables corrected.

Women who did not answer pregnancy-related questions such as “How old were
you when your first child was born?”” and “How many children have you had?” were
coded as never being pregnant, since women who had not been pregnant were instructed
to leave out these two questions. To increase the statistical power, no children (0) was
assigned for women who reported that they had never been pregnant. In contrast, women
who reported that they had had more than one child but who did not answer the history of
pregnancy question were assigned a 1, indicating that they have been pregnant.

Those who did not report their menopausal status or age at menopause and were
younger than 55 years old were coded as premenopausal. Women who did not report
their menopausal status but reported their age at menopause were coded as
postmenopausal. All women who reported their age at menopause and who were older
than 55 were coded as postmenopausal. If they reported age at menopause as older than
55 years or did not report it, 55 years at menopause was assigned.

Missing values for categorized variables were replaced with 0, indicating “No”,
unless the women seemed to have reported their answer mistakenly. For example, if
women reported premenopausal status although they reported their age at menopause and
they were reasonably old, they were coded as postmenopausal (1).

Missing numerical variables were also replaced with the mean in multiple
regression analysis to increase statistical power. For example, a Japanese woman who did
not report her body weight had her weight replaced with the mean weight and BMI of

Japanese women in Japan. The other missing variables that were replaced with the mean
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of the group were age at menarche (four Japanese women in Japan) and age at
menopause (ten Japanese women in Japan). Two Japanese women in Japan reported their

age at menarche as more than 30 years old, and the age was replaced with the mean age.

2.4.4 Transformation of variables

For non-normally distﬁbuted variables, logarithmic transformation, square root
transformation, or category (quartiles) was used to meet the assumption of normality in
significance testing.

The following variables for descriptive characteristics were logarithmically
transformed: body weight, BMI, age at menopause, and age at menarche. The square root
was taken of height and dense area of the breast. Age at menopause v;/as categorized into
quartiles and the mean value of each quartile was used. The number of children was
categorized into two variables, whether a woman had any children, and whether she had
had three children or more. Age at first live birth was also categorized by whether a
woman had given live birth before or after 30 years of age. |

The following dietary variables were logarithmically transformed: energy intake
per day, protein intake per day, all micronutrient intakes per day, iron intake per 1000
kcal, and all mineral intakes per 1000 kcal. Square-root transformation was used for the
following variables: fat, carbohydrate, and cholesterol intakes per day, and soy protein
intake per 1000 kcal. The following variables were categorized into quartiles and the
mean value of the quartile it belonged to was used as a predictor: ethanol intake per day
and per 1000 kcal, percentage of calories from ethanol, sodiurfx intake per 1000 kcal,

intakes of soy protein per day, and isoflavone per day and per 1000 kcal. These
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transformed or categorized variables were used for significance tests in ANOVA and
regression models.

In the analysis of relationships of mammographic density with dietary patterns,
percentages of calories from macronutrients were categorized into quartiles. In multiple
regression models, a mean value of the quartile the woman belonged to was used as a

predictor and entered in the model.
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Chapter 3: Results

3.1 Description of study population (Table 3.1)

Overall, Japanese women in Gifu were slightly younger than Japanese and
Caucasian women in Hawaii. They also had fewer years of education than women in
Hawaii. This is probably due to the difference in the educational system and local
customs. More than 90% of Japanese women in Hawaii reported pure Japanese ethnicity
and were second or third generation Japanese Americans. Within this group of women,
85% of them were born in the U.S. and 4.5% were born in Japan. Only 6% had lived in
the U.S. for less than 26 years. Among Caucasian women in Hawaii, 15% of them were
born outside of the U.S. and approximately 20% of them had lived in the U.S. for less
than 26 years. Practically all of them were pure Caucasian ethnicity.

Age at both menarche and first live birth, in addition to the number of children,
differed by both ethnicity and place of residence. Age at menarche was the youngest
among Japanese women in Hawaii, followed by Caucasian women in Hawaii and
Japanese women in Gifu. There were a few women whose age at menarche was older
than 17 years in Caucasian women in Hawaii and Japanese women in Gifu, while there
were none in Japanese women in Hawaii. Only 3% of Japanese women in Gifu did not
have a child, while more Caucasian (35%) and Japanese women (19%) in Hawaii did not.
The number of women who had three children or more was marginally significantly
different among the three groups (p=0.093).

Use of estrogen and history of ovariectomy and hysterectomy differed by place of

residence. Use of contraceptive pills was different by both ethnicity and place of
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residence. The number of menopausal women and age at menopause were not different
among the three groups of women. Few women in any groups were currently smoking.
More Caucasian women in Hawaii had a personal history of cancer other than breast
cancer than Japanese women in Hawaii or in Gifu. A family history of breast cancer
among first degree-relatives was highest among Japanese and Caucasian women in
Hawaii.

All anthropometric characteristics were significantly different by ethnicity.
Caucasian women in Hawaii had greater height, weight, and BMI than Japanese women
in Hawaii and in Gifu. The mean values for weight, height and BMI were similar for
Japanese women in Hawaii and in Gifu. Interestingly, the mean BMI among Japanese
women in Hawaii and in Gifu was 23.1.

The total area of the breast was the largest among Caucasian women in Hawaii.
They had significantly larger total breast area than Japanese women in Hawaii and in
Gifu, whose total breast area was similar. The size of dense area of the breast did not
differ significantly among the three groups of women. Among Japanese women in Gifu
and those in Hawaii, the total area of the breast was similar, but the dense area was
numerically larger among Japanese women in Hawaii. The mammographic density was
highest among Japanese women in Hawaii, followed by Japanese women in Gifu and
Caucasian women in Hawaii. The mean mammographic density in these two groups of
women was not statistically different. Mammographic density was the lowest among
Caucasian women in Hawaii, followed by Japanese women in Gifu and Japanese women

in Hawaii.
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3.2 Comparison of dietary habits
3.2.1 Nutrient intake per day (Table 3.2.1)

Energy intake was significantly different among the three groups of women. The
mean energy intake was the highest among Japanese women in Gifu, followed by
Japanese and Caucasian women in Hawaii. For intakes of macronutrients, all nutrients
except fat differed by group of women. The intakes of protein, carbohydrates and
cholesterol were highest among Japanese women in Gifu. On the other hand, ethanol
intake was the highest among Caucasian women in Hawaii. The mean intake of ethanol
among them was 8.2g per day. This is equal to 234ml of the average beer (4-5% of
ethanol in volume) or 98ml of the average wine (10% of ethanol in volume). Soy protein
and isoflavone intakes were the highest among Japanese women in Gifu; their isoflavone
intake was almost eight times higher than that of Caucasian women in Hawaii. For the
protein intake, 7% of protein was derived from soy protein among Japanese women in
Gifu, 6% among J apanesé women in Hawaii, and 3% among Caucasian women in
Hawaii.

All micronutrient intakes, except vitamin C, were significantly different among
the three groups of women. Intakes of phosphorus, sodium and isoflavone were the
highest among Japanese women in Gifu. In contrast, intakes of calcium, iron, vitamin A,
thiamin, riboflavin and vitamins C and E were the highest among Caucasian women in
Hawaii. All intakes of micronutrients among Japanese women in Hawaii were

somewhere between Japanese women in Gifu and Caucasian women in Hawaii.
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3.2.2 Nutrient intake per 1000 kcal (Table 3.2.2)

Nutrient intake was also expressed as nutrient intake per 1000 kcal. All intakes
were significantly different among the groups. Interestingly, fat intake per 1000 kcal was
the highest among Caucasian women in Hawaii, although their fat intake was lowest
when it was expressed as fat intake per day. Carbohydrate intake was the highest among
Japanese women in Hawaii. Intakes of protein, cholesterol and soy protein remained the
highest among Japanese women in Gifu. Intakes of fat and ethanol were the highest
among Caucasian women in Hawaii.

For micronutrients, intakes of sodium and isoflavone remained the highest among
Japanese women in Gifu. Although their phosphorus intake per day was also the highest,
phosphorus intake per 1000 kcal was the highest among Caucasian women in Hawaii.
The other nutrients with the greatest amounts consumed by Caucasian women in Hawaii

were calcium, iron, vitamin A, thiamin, riboflavin, and vitamins C and E.

3.2.3 Percentages of calories from macronutrients (Table 3.2.3)

All percentages of calories from macronutrients were significantly different
among the groups of women. Although the fat intake per day was the highest among
Japanese women in Gifu, their percentage of calories from fat was the lowest among the
three groups of women. In contrast, Caucasian women in Hawaii consumed the highest
percentage of calories from fat. Percentages of calories from protein and carbohydrates
were the highest among Japanese women in Gifu. Percentage of calories from ethanol
was the highest among Caucasian women in Hawaii. These results were consistent with

the results from nutrient intake per day in terms of ranking of the groups.
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All three groups consumed a very low percentage of energy from ethanol. The
diet of Caucasian women in Hawaii was relatively higher in fat and lower in
carbohydrates than the other groups of women. The diet of Japanese women in Japan was
relatively low in fat and high in carbohydrates and protein. Both Japanese and Caucasian
women in Hawaii tended to follow a higher fat and slightly lower protein diet than
Japanese women in Gifu did. In contrast, Japanese women in Hawaii and Gifu tended to
have a higher proportion of carbohydrates in their diet than did Caucasian women in

Hawaii.

3.2.4 Food group intake per day (Table 3.2.4)

All food group intakes were significantly different among the three groups of
women. Intakes from the Grain and Meat groups were the highest among Japanese
women in Hawaii. The Fish group intake of Japanese women in Japan was almost 4.5
times higher than Japanese and Caucasian women in Hawaii. The Dairy group intake was
the highest among Caucasian women in Hawaii, followed by Japanese women in Hawaii
and then those in Gifu. The dairy intake among Caucasian women in Hawaii was 50%
and 60% higher than that of Japanese women in Hawaii and Japanese women in Gifu,
respectively. The Egg group intake was approximately 4 times higher among Japanese
women in Gifu than for the two groups of women in Hawaii.

Intake of vegetables was the highest among Japanese women in Gifu, whether thé
intake was calculated separately by “Green & Yellow” and “Other” Vegetables or by
calculating by total vegetables (the “All Vegetables” group). Intake of food from the

Green & Yellow Vegetable group among Japanese women in Gifu was almost 65%
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higher than that of women in Hawaii while intake of the Other Vegetable group was
about 75% higher. Seaweed intake among Japanese women in Gifu was higher fhan
among Japanese and Caucasian women in Hawaii, by about 20 times and 70 times,
respectively. Intake of the Fruit group was the highest among Caucasian women in
Hawaii, followed by Japanese women in Hawaii and Japanese women in Gifu. There was
a difference of about 100g between the intake of Caucasian women in Hawaii and that of
Japanese women in Gifu. Intake of the Soy group was the highest among Japanese
women in Gifu, as expected, and the intake among Caucasian women in Hawaii was the

lowest, 5.5 times lower than that of Japanese women in Gifu.

3.2.5 Food group intake per 1000 kcal (Table 3.2.5)
All intakes from food groups were significantly different among the three groups
of women. Whether food group intake was measured per day or per 1000 kcal, the result

was the same.

3.3 Assessment of under- and over-reporting

3.3.1 Comparison between reported and estimated energy intake (Tables 3.3.1 and 3.3.2)
The issue of under- and over-reporting dietary intake was assessed, because it

appeared that energy intake of Japanese women in Gifu was higher than Caucasian

women in Hawaii. The average body weight of the Japanese women was lower than that

of the Caucasian women in Hawaii. When their estimated energy intake was computed

based on Harris-Benedict Equations (43), it appeared that Japanese women in Gifu over-

reported their energy intake by 200 kcal on average. In contrast, Caucasian women in
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Hawaii underreported their energy intake by 200 kcal on average. Only Japanese women
in Hawaii’s reported and estimated energy intakes were the same. Furthermore, they had
significant correlations between reported energy intake and either estimated energy intake

or BMI.

3.3.2 Correlation and simple regression between energy intake and nutrient/food group
intake (Tables 3.3.3 and 3.3.4)

The correlation between energy intake and each nutrient intake per day was
examined. All variables except ethanol intake were significantly correlated to energy
intake. In addition, all of the correlations between energy intake and intake of each food
group per day were significant. Therefore, adjustment for energy intake appeared to be
important in all analyses. Therefore, as a calorie adjustment method, entering an energy
intake variable as a confounding variable in multiple regression models would be

appropriate.

3.4 Urinary isoflavone excretion (Tables 3.4.1, 3.4.2, and 3.4.3)

A spot urinary sample was collected from 199 Japanese women in Gifu and
overnight urine samples from 63 women in Hawaii. The Spearman rank correlation
coefficient between their urinary isoflavone excretion level and soy protein intake was
0.25 without adjustment and 0.28 after calorie adjustment. Among women in Hawaii, the
correlation between excretion level and soy protein was 0.46 without adjustment and 0.44

with calorie adjustment. When the correlations between urinary isoflavone excretion
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levels and dietary soy-related intakes were analyzed separately by place of residence, the
correlation with soy protein intake was better than the other soy-related variables.

When all women who had completed urine sampling were analyzed together, the
correlations between their urinary isoflavone excretion levels and reported intake of soy
foods or isoflavone were slightly better than the correlation between the excretion level

and soy protein intake.

3.5 BMI and dietary habits

3.5.1 Simple regression between BMI and descriptive characteristics (Table 3.5.1)
Simple regressions of BMI with ethnicity, place of residence, age, menopausal

status, and age at first live birth were all significant. Women of Japanese ethnicity and

those living in Japan tended to have a lower BMI than other women. As age increased,

BMI also increased. In addition, postmenopausal status was related to a higher BML

3.5.2 Stepwise selections for the association between BMI and descriptive characteristics
by menopausal status (Table 3;5.2)

In the stepwise selection, different variables were selected by menopausal status.
Among premenopausal women, ethnicity, age, and having three children or more were
selected. Japanese ethnicity was negatively related to BMI. Age and having three children
or more were positively related with BML

In contrast, among postmenopausal women, ethnicity, history of estrogen use, and
history of ovariectomy were selected. Japanese ethnicity and history of estrogen use were

negatively related, while history of ovariectomy was positively related. Since history of
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estrogen use only applied to postmenopausal women, separate analyses were perfomed

by menopausal status for further analysis of BMI with the dietary variables.

3.5.3 Associations between BMI and nutrient intake by menopausal status
(Tables 3.5.3 and 3.5.4)

Among premenopausal women, intakes of fat, ethanol, and calcium were selected
in stepwise selection without calorie adjustment. With calorie adjustment, intakes of fat,
ethanol, calcium, phosphorus, and sodium were selected. In both models, all descriptive
confounding variables remained significant. Intakes of fat and phosphorus had positive
associations with BMI, while the other variables had negative associations. Intakes of
ethanol and fat were also significant when expressed as percentages of calories from
macronutrients. Age, intake of fat and ethanol were the three strongest predictors of BMI,
regardless of calorie adjustment.

Among postmenopausal women, intakes of ethanol and cholesterol were selected
without calorie adjustment, while only intake of ethanol was selected with calorie
adjustment. All confounding variables remained significant. The negative association of
ethanol with BMI was marginally significant. The negative association between BMI and
percentage of calories from ethanol was suggestive. In all models, Japanese ethnicity had
the strongest relation with BMI, which explained half of the total variance in BMI in the
model.

Thé effect of place of residence was also tested as a variable, but was not
significant in any model with nutrient intake, regardless of calorie adjustment or

menopausal status.
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3.5.4 Associations between BMI and food group intake by menopausal status
(Tables 3.5.6 and 3.5.7)

Among premenopausal women, the Meat group intake was selected in stepwise
analyses with and without calorie adjustment. All confounding variables remained
significant. In contrast, among postmenopausal women, the Egg group intake was
selected without calorie adjustment while intakes of the Egg, Fruit, and Grain groups
were selected with calorie adjustment. Intakes of the Fruit and Grain groups were
marginally associated with BMI. All variables in models for pre- and postmenopausal
women were positively related with BMI. The positive associations between BMI and
either intakes of the Grain or Fruit group were suggestive. The negative association of
energy intake was also suggestive.

Interestingly, in the model among postmenopausal women without calorie
adjustment, place of residence became marginally significant (P= 0.1019) after adding
the Egg group intake in the model. In this analysis, living in Hawaii was positively
related to BMI. The strongest predictor of BMI was the Meat group intake among
premenopausal women and Japanese ethnicity among postmenopausal women, regardless

of calorie adjustment.

3.6 Mammographic density and diet
3.6.1 Simple regression between mammographic density and descriptive characteristics
(Table 3.6.1)
Ethnicity, age, menopausal status, BMI, body weight, age at the first birth, age at

first live birth before 30 years old, the number of children, having three children or more,
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history of ovariectomy, history of hysterectomy, and estrogen use among postmenopausal
women were significantly correlated with mammographic density. All the significant
variables, except Japanese ethnicity and age at first birth, were inversely correlated with
density. BMI had the strongest relationship with density, followed by body weight, age,
menopausal status, age at first birth, and number of children.

Individual regressions of mammographic density with ethnicity, age, menopausal
status, BMI, body weight, age at first live birth, age of first live birth before 30 years old,
the number of children, having three children or more, history of ovariectomy, and
history of hysterectomy were significant. There was a tendency for women who were of
Japanese ancestry to have a higher mammographic density than those of Caucasian
women. However, place of residence was not related to mammographic density. Younger
women, premenopausal status, higher BMI, greater body weight, having their first live
birth after 30 years old, having three children or less, and with no history of ovariecomy

or hysterectomy tended to have a higher mammographic density.

3.6.2 Stepwise selections for the association between mammographic density and
descriptive characteristics by menopausal status (Table 3.6.2)
The variables selected through stepwise multiple regression differed by
menopausal status. Among premenopausal women, age, BMI, age at first live birth before
- 30 years old, and history of breast cancer among first-degree relatives were selected.
Neither ethnicity nor place of residence was selected. Age, BMI, and age at first live birth
before 30 years old were negatively related to mammographic density, while history of

breast cancer among first-degree relatives was positively related. This positive
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association between mammographic density and history of breast cancer among first-
degree relatives was suggestive. These selected variables explained 38.4% of the variance
in mammographic density.

In contrast, among postmenopausal women, ethnicity, place of residence, age,
BM], history of ovariectomy , and having three children or more were selected. All of the
selected variables except Japanese ethnicity were negatively related. Hence, being of
Japanese ethnicity and living in Hawaii were positively related to mammographic
density. These variables explained 39% of the variance in mammographic density.

Since variables 1iﬁ1ited to postmenopausal women were not selected (i.e., age at
menopause and estrogen use), we were able to run all further analyses with pre- and
postmenopausal women combined. In the model with descriptive characteristics,
ethnicity, place of residence, age, BMI, age at first live birth before 30 years old, history
of ovariectomy, menopausal status, and having three children or more were selected.
Only Japanese ethnicity was positively related. This model explained 45% of the variance
in mammographic density. The best' predictor of mammographic density was BMI, which
explained 30% of the variance. Postmenopausal status, the second best predictor,
explained 10% of the variance. The negative associations of mammographic density with
history of age at live birth before 30 years old and ovariectomy were suggestive, but they

were entered in stepwise multiple regression models with dietary variables.
3.6.3 Associations between mammographic density and nutrient intake (Table 3.6.3)

Intakes of carbohydrates and vitamin A were selected in the unadjusted model,

while intakes of vitamin A, fat, cholesterol, and energy were selected after calorie
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adjustment. Intakes of vitamin A, fat, and energy were positively related, while intakes of
carbohydrates and cholesterol were negatively related to mammographic density. As
confounding variables, residence in Japan as well as a history of ovariectomy were
significant, but lost significance when dietary variables were entered in the model.
Although different nutrients were selected in unadjusted and adjusted models, these
models explained approximately 46% of the variance in mammographic density. BMI
and postmenopausal status were the two strongest predictors of mammographic density

as the model without dietary variables.

3.6.4 Associations between mammographic density and food group intake (Table 3.6.4)
Intakes of fish and eggs were selected regardless of calorie adjustment. The
association between mammographic density and egg intake was suggestive. Fish intake
was positively related to mammographic density, while egg intake was negatively related.
The effect of energy intake on mammographic density was lost in the calorie-adjusted
model. The model with food group variables explained about 46% of the variance in
mammographic density. These two dietary variables alone explained less than 1% of the

variation in mammographic density.

3.6.5 Associations between mammographic density and quartiles of percentages of
calories from macronutrients (Table 3.6.5 and 3.6.6)
- The significant positive relationship of mammographic density with quartiles of
percentage of calories from fat is consistent with the current finding of the relationship to

numeric fat intake. This significant trend was lost after women were divided into the
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three groups. None of the percentages of calories from the other macronutrients was
significantly associated with mammographic density for all women combined. Within
subgroups of women, Japanese women in Gifu had a significant negative trend with a
high percentage of calories from protein. Among Caucasian women in Hawaii, there was
a significant positive trend of mammographic density with a higher percentage of calories

from ethanol.
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Chapter 4: Discussion

4.1 Comparison of dietary patterns
4.1.1 Dietary characteristics of Japanese women in Gifu

The diet of Japanese women in Gifu was high in sodium and relatively high in
protein and carbohydrates. They also had high intakes of fish, eggs, vegetables,
seaweeds, and soy products, and low intakes of meats, dairy products, and fruits. It is
probable that a high intake of sodium is typical of the Japanese diet in the current
population, which is a characteristic of the traditional Japanese diet.

Japanese women in Gifu reported a higher calorie intake than women in Hawaii,
and most of their macronutrient intakes also were higher than women in Hawaii.
However, Caucasian women had a higher mean body weight. Theoretically, they would
have higher energy needs if their physical activity levels were equal. Differences in
energy intake may be due to the use of different nutrient databases. In addition, with the
lack of information on physical activity levels of the participants, it is uncertain whether
or not the energy intake of Japanese women in Gifu was truly higher or simply
overestimated. The instruction of how to report intake of food items from mixed dishes

and individual food items may not have been clear in the FFQ in Gifu.

4.1.2 Dietary characteristics of Caucasian women in Hawaii
The diets of Caucasian women in Hawaii were higher in minerals and vitamins
than the other two groups of women, and also relatively high in fat and low in

carbohydrates. Their diet was much more nutrient-dense. The percentage of calories from
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fat among Caucasian women in Hawaii was similar to the general population (30%
among Caucasian women in Hawaii and 32% among all women in the U.S.). This
percentage meets the dietary guidelines (19) and is considered a moderate level of intake.
The mean intake of ethanol was 8.2g. This is equal to a cup of average beer or a glass of
average wine. Although their ethanol intake was the highest among the three groups of
women, their intake is the level recommended in Dietary Guidelines for Americans. Their
intakes of dairy products and fruits were high whilé the intakes of fish, eggs, seaweeds,
and soy products were low.

It seems that a high intake of vitamin A is typical of the diet among women in
Hawaii. The average vitamin A intake among women in Hawaii was higher than the
RDA. Higher intakes might be due to sensitivity of the FFQ in Hawaii to vitamin A
intake. It may also be reflective of a higher consumption of carotenoids from fruits and
vegetables in Hawaii, especially of tropical fruits (e.g., one medium mango has about 780
RE). In addition, a high consumption of fortified foods may lead to high intake of
vitamins, including vitamin A, in the U.S. diet (48), while fortification of foods in Japan

1S uncommon.

4.1.3 Dietary characteristics of Japanese women in Hawaii

Some characteristics of the diet of Japanese women in Hawaii are a combination
of the diets of Japanese women in Gifu and Caucasian women in Hawaii. This tendency
is most apparent in the percentage of calories from macronutrients, which were

intermediate among Japanese women in Hawaii.
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Their diet was similar to the diet of Caucasian women in Hawaii in terms of
intakes of protein, fat, iron, sodium, vitamin A, thiamin, and vitamin E, as well as intakes
of eggs, fish, vegetables, and fruits. In contrast, the intakes of carbohydrates, calcium,
phosphorus, and soy protein were similar to the diet of Japanese women in Gifu. The
intakes of dairy and soy products were intermediate between the intake among Japanese
women in Gifu and Caucasian women in Hawaii. The intakes from the Grain and Meat
groups were quite high. The relatively high intake of grains might be due to the |
accessibility of a variety of grains, as well as the combination of Japanese foods and local
foods found in Hawaii. The Japanese American woman’s diet appears to be closer to the
diet of Caucasian women in Hawaii than to the diet of Japanese women in Gifu. This is
because the levels of key nutrient and food intakes such as vitamin A, sodium, eggs, fish,
and fruits are similar.

The majority of the Japanese women in Hawaii were of the second (Nisei) or third
(Sansei) generation of Japanese ancestry and were born in the U.S. Their lifestyle and
diet may have changed due to migration. In contrast, medical history and reproductive
characteristics were more dependent on place of residence than on ethnicity. Their diet is
not exactly the same as the diet of Caucasian women in Hawaii, but differences in
medical habits and changes in diet might have led to their similar reproductive

characteristics.
4.1.4 Differences in dietary patterns among the three groups of women

The food sources of protein were different among the three groups of women. Of

total protein intake, 7% of protein was derived from soy protein among Japanese women
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in Gifu, 6% among Japanese women in Hawaii, and 3% among Caucasian women in
Hawaii. A similar percentage from soy protein was reported by Japanese women in
Hawaii and in Gifu, while the proportion from soy for the Caucasian women in Hawaii
was the half that of the other two groups of women. Except for soy protein, the protein
intake among Caucasian and Japanese women in Hawaii was the same (65g). The two
groups of women in Hawaii were consuming the same amount of protein excluding soy
protein. They may add soy foods to their diet and may not replace the other sources of
protein with soy foods. The protein intake among Japanese women in Gifu was higher
than the other groups of women (86g). Japanese women in Hawaii may add soy foods in
their diet and not replace them with the other food sources of protein with soy foods.

Considering vitamin A intake, Japanese and Caucasian women in Hawaii might
have had a higher intake of retinol than Japanese women in Gifu due to inclusion of
organ meat intake in the FFQ in Hawaii and more fortified and enriched food products in
Hawaii (e.g., vitamin A-fortified milk).

Food sources of calcium also differed by ethnicity. Caucasian women in Hawaii
had a high calcium intake because of a high consumption of dairy products. The intakes
of calcium and dairy products among Japanese women in Gifu and those in Hawaii were
quite similar, except that fish intake was about four times higher among Japanese women
in Gifu. From this observation, all three groups of women had obtained calcium primarily

from dairy products, and fish may not be a major source of calcium.
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4.1.5 Comparison with previous studies

There was a decreased intake of rice over the past 50 years in Tominaga’s study
of the Japanese diet and cancer mortality rates in Japan (6). In addition, there was a lower
intake of rice among Sansei than Nisei in Kudo’s study of American with Japanese
ancestry (27). There was no change in consumption of fish over this period in the
Tominaga’s study, whereas Kudo found significantly more frequent intake of fish among
the Nisei than the Sansei in the U.S. The results from the current study are consistent with
these results, since fish intake is by far the highest among Japanese women in Gifu, while
the intake among Japanese and Caucasian women in Hawaii was similar.

In comparing the current results among Japanese women in Gifu with those from
the Takayama Cohort Study (49), the mean energy intake in Takayama study was 2,117
kcal, while that of women in Gifu was 2,239 kcal. All of the nutrient intakes were higher
among women in Gifu, ranging from 38% higher for vitamin A to 2% higher for
carbohydrates. The percentages of calories from protein and fat were slightly higher and
that of carbohydrates was lower among women in Gifu as compared to those in
Takayama.

When comparing the current results with the results from the Multiethnic Cohort
Study using the same Hawaii FFQ (29), both Caucasian women and Japanese women in
Hawaii in the current study had consumed more energy and reported higher
macronutrient intakes. Their high intakes of macronutrients may simply be due to their
higher energy intake. When expressed as grams per 1000 kcal energy intake, intakes were
quite similar between two studies. All micronutrient intakes were higher among women

in the current study than women in the Multiethnic Cohort Study. Their fish intake was
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similar, although the intake of dairy products was higher among Japanese and Caucasian

women in the current study than those in the Multiethnic Cohort Study.

4.1.6 Conclusions on dietary patterns among the three groups of women

There are similarities and differences in the diets of the three groups of women.
The percentages of calories from macronutrients among Japanese women in Hawaii were
intermediate between Japanese women in Gifu and Caucasian women in Hawaii, whereas
their intakes of micronutrients and food items were similar to that of Caucasian women in
Hawaii.

Percentages of calories from carbohydrates and fat for a traditional Japanese diet
from almost 50 years ago were 78% and 9%, respectively (based on the National
Nutrition Survey in Japan in 1955) (50). The current percentages among the population in
the U.S. are 50% and 32% for carbohydrates and fat, respectively. The percentages
among Japanese women in Takayama (57% and 24%) were the closest to a traditional
Japanese diet, followed by Japanese women in Gifu (55% and 26%), Japanese Americans
in the Multiethnic Cohort Study (58% and 29%); and Japanese women in Hawaii (55%
and 30%). The percentages of calories from carbohydrates and fat among Caucasian
women in Hawaii (52% and 30%) and Caucasian women in the cohort (54% and 31%)
were similar and the closest to the diet of the population in the U.S.

Intakes of micronutrients showed distinct characteristics within a group. Japanese
women in Gifu had a high intake of sodium, while Caucasian women in Hawaii had a
high intake of vitamin A. Most of the micronutrient intakes of Japanese women in Hawaii

were similar to those of Caucasian women in Hawaii at an intermediate level between the
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other groups. The only similarity between the diet of Japanese women in Hawaii and
those in Gifu was in the intake of calcium. This is consistent with their intake of dairy
products. Intakes of minerals and vitamins were quite high in the two groups of women in
Hawaii.

In conclusion, the dietary patterns of Japanese women in Hawaii differed from
Japanese women in Gifu and Caucasian women in Hawaii. The dietary patterns of
Japanese women in Hawaii adapted the dietary characteristics from the other two groups
of women. It is noticed that the diet of Japanese women in Gifu was close to that of the
group in Takayama. The diet of Caucasian women in Hawaii was similar to that of the

general population in the U.S.

4.2 Urinary isoflavone excretion

Incorrect estimation of dietary intakes due to different nutrient databases is a
possibility for this study. To deal with these differences, levels of urinary isoflavone
excretion were collected as a biomarker for soy intake. There was a significant
correlation between levels of urinary isoflavone excretion and soy intake among both
women in Gifu and those in Hawaii. This would add evidence for the comparability of
estimated dietary intakes between the FFQs in Hawaii and in Gifu.

However, the current result from urinary isoflavone excretion analysis is
somewhat lower than in a previous study in Hawaii (25), which found a correlation of
0.32. The correlation between overnight urinary isoflavone excretion and dietary soy
protein intake during the past year was 0.32 in this study. The reported soy protein intake

during the past year and one spot urine sample was used for the correlation analysis for
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women in Gifu. The correlation among women in Gifu (0.28) was lower than the
previous study. This is because the samples were collected as spot urine and might not
reflect the women’s usual soy protein intake during the past year. Urinary isoflavone
excretion best reflects what was eaten the day before the sample was taken. Another
factor that would influence the correlation is less variation in soy protein intake among
the population in Japan, where soy products are eaten on a regular basis. When the
correlation was calculated for all women in the study, the correlation went up to 0.55.
The correlation coefficient for women in Hawaii was 0.3. Therefore, the lower
correlation in one population (Japanese women in Gifu or women in Hawaii) was
probably due to the lack of variation in intake and excreﬁon of isoflavone and soy
products.

In addition to this, the digestive system for isoflavone is affected by early
exposure to soy products (51). The regular consumption of soy products throughout their
life is common in Japanese women in Gifu. Thus, their digestive system has adjusted to
soy components, can break them down efficiently, and excrete some isoflavone in urine
even with little intake of soy products. In fact,‘ there were some women who had a higher
level of urinary isoflavone excretion than their reported intake. Japanese women also
consume soy products quite commonly and may underestimate their intake. In contrast,
consumption of soy among women in Hawaii is less common and it is probable that soy
consumers may report more accurately or overestimate the amount of intake. The

accuracy of reported intake varies between individuals and is uncertain.
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4.3 Body Mass Index
4.3.1 Anthropometric characteristics among the three gfoups of women

The body size of Japanese women in Hawaii and those in Gifu were similar in
that they were lower in weight and height than the Caucasian women in Hawaii. When
comparing the mean body size of the standard population in Japan (50) with that of
Japanese women in Gifu by a 10-year age group, the groups of 30-39, 40-49, 50-59, and
60+ were almost the same. The 50-59 age group was slightly taller and heavier, but the
mean BMI was similar to the current study. The body size of Japanese women in Gifu
was comparable with the standard population in Japan.

For women in Hawaii, the distribution of BMI categories among Caucasian
women in Hawaii was similar to the general population in Hawaii (52). However, more
women fell into the overweight category in the study population. In contrast, the
distribution among Japanese women in Hawaii from the Behavioral Risk Factor
Surveillance System (BRFSS) had fewer women who were underweight than Japanese
women in Hawaii in the current study. If also appears that the anthropometric
characteristics among Caucasian women in Hawaii were similar to non-Hispanic White
women in the Third National Health and Nutrition Examination Survey (NHANES III)
(53). Concerning the distribution of BMI, there were subtle differences between the
current and the general population in each country, and thus their BMI was comparable to

the general population.
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4.3.2 BMI and descriptive characteristics

Different descriptive characteristics were associated with BMI by menopausal
status. Age was associated with BMI only among premenopausal women. The mean age
at menopause among Japanese women in Gifu was 48.8 years old. This indicates that
postmenopausal women were born before 1950 on average. The year 1945 is the year that
World War II ended. During the war and several years thereafter, Japanese people had
very poor nutritional status (50). For this generation, which had its adolescence during
this period, biological development such as later age at menarche may have been
influenced. It is uncertain whether menopausal status itself affected the difference in BMI
or the nutritional status in early age affected the reproductive characteristics and body
composition in later life. Effects’ of nutritional status in earlier life are also relevant to
Japanese and Caucasian women in Hawaii (54).

Since associations between BMI and descriptive characteristics differed by
menopausal status, factors influencing obesity may differ by menopausal status as well.
This implies hormonal effects on BMI among the study population. As a measure of
obesity, perhaps different cutoff points should be used depending on ethnicity or by using
a different measure of body composition such as skinfold thickness.

Some of the confounding variables for BMI (such as physical activity) were left
out since this project was originally focused on breast cancer risk. In addition, most
women (68%) fell into the normal category. This might have narrowed the distribution of
BMI, which might have affected the significance of possible confounding variables. In

addition, self-reporting of weight and height may underestimate actual body size (21).
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Finally, other possible confounding factors such as physical activity levels and history of

dieting were not included in the current study.

4.3.3 BMI and dietary patterns

Overall, ethanol intake was consistently negatively associated with BMI among
both pre- and postmenopausal women. There was a negative association of BMI with
ethanol intake. Extremely heavy drinkers of alcohol might get their energy from alcohol
and not consume enough food. This result is consistent with previous findings (31;55).
Alcohol intake is probably a risk factor for breast cancer (11) and also there was an
inverse or weak association between BMI and breast cancer risk among premenopausal
women. Therefore, the current finding is consistent with previous evidence.

The mean ethanol intake for the highest quartile was 18.4g, which is equal to
524ml of an average beer, or about two drinks. The ethanol intake variable was divided
into quartiles. The mean intakes of ethanol (range in parentheses) in each quartile are
0.0mg (0-0.15mg), 0.1mg (0.15-4700mg), 1.6g (0.47-4.6g), and 18.4g (4.6-78.8g). Based
on a multiple regression model, every change to the next higher quartile of ethanol intake,
BMI decreases by 0.004% (0.24kg in body weight) among premenopausal women and by
0.002% (0.12kg in body weight) among postmenopausal women. According to the
current result, drinking less than two drinks per day may have a beneficial effect on
weight control.

Calcium was negatively related and riboflavin and phosphorus were positively
related to BMI among premenopausal women. These nutrients are usually found in

similar food sources. The current result showed the inverse relationship of their
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associations with BMI. This suggests differences in food sources of calcium and
phosphorus among the three groups of women. Intake from the Dairy group was highly
correlated with both phosphorus and calcium intake among Caucasian women in Hawaii.
Japanese women in Hawaii and those in Gifu had a relatively lower correlation between
intake of dairy products and phosphorus intake, suggesting non-diary food sources of
phosphorus, although their correlations with calcium were as high as that of Caucasian
women in Hawaii. This might partly explain the opposite direction of associations of
BMI with phosphorus and calcium intakes. The negative association between BMI and
calcium intake was consistent with the negative association between calcium intake and
body weight in a clinical trial (56).

Among premenopausal women, only intake of the Meat group was selected.
Among postmenopausal women, intakes of the Egg, Fruit, and Grain groups were
selected. All variables were positively related to BMI. Selection of the Egg group was
consistent with selection of cholesterol intake since eggs are high in cholesterol. The
positive relationship of intake of the Fruit group among women was consistent with a
previous study (31). The positive relationship of meat intake to BMI among
premenopausal women is also consistent with previous studies (30;31;57), although there
are studies that found the opposite relationship (31).

Since the effect of Japanese ethnicity on BMI was strong, especially among
postmenopausal women, another stepwise multiple regression analysis without the
ethnicity variable was done. Among premenopausal women, only history of ovariectomy
was selected, which explained 2% of the variation in BMI. Among postmenopausal

women, age, place of residence, and having three children or more were selected.

54



Variables selected were the same except for ethnicity. A possible confounding variable,
age at menarche, which indicates adolescent nutritional status and hormonal levels, was

not selected.

4.4 Mammographic density
4.4.1 Mammographic characteristics among the three groups of women

The total area of the breast was larger among Caucasian women in Hawaii than
that of Japanese women in Hawaii and in Gifu. The two groups of Japanese women had
almost the same mean of total area of the breast. Among Japanese women in Hawaii, as
compared to those in Gifu, the dense area of the breast was larger. Hence, Japanese
women in Hawaii had a higher mammographic density than Japanese women in Gifu and
the highest among the three groups of women. The higher mammographic density
indicates a higher risk of breast cancer. According to this, Japanese women in Hawaii had
the highest risk, followed by Japanese women in Gifu and Caucasian women in Hawaii.

The incidence rate of breast cancer is the highest among Caucasian women in the
U.S., followed by Japanese women in the U.S. and Japanese women in Japan (1;3).
Therefore, the order of high-risk population is not consistent between mammographic
density and incidence rates. Because previous mammographic studies were done mostly
in populations of Caucasian women, mammographic density was an indicator of breast
cancer risk. The current result suggests that using the size of dense area may be a better
indicator of breast cancer risk than using mammographic density (38). Alternatively, the

Japanese women in this study may have a higher risk than Caucasian women.
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To compare mammographic density in this study with previous studies, the mean
among women in the Minnesota Breast Cancer Family Cohort, which had 80% as
postmenopausal women, was 34.3%. The ethnicity of the population would probably be
Caucasian women and the mammographic density was higher than that of Caucasian
women in the current study (28.3%). It is possible that Caucasian women in Hawaii

would have a lower risk of breast cancer.

4.4.2 Mammographic characteristics and descriptive characteristics

The current findings of significant associations of mammographic density with
age, menopausal status, BMI, and having three or more children were consistent with
pl_revious studies (14). Besides these factors, in the current population mammographic
density was associated with ethnicity, place of residence, a history of ovariectomy, and
having one’s first live birth before 30. The significance of current age and age at
menopause among postmenopausal women was consistent with the previous study in
Japan (18). The insignificance of age at menarche was inconsistent with this study.

Overall, the current findings were comparable to previous studies.

4.4.3 Associations between mammographic density and BMI

There was a negative relationship between BMI and mammographic density after
adjustment for age and reproductive characteristics. However, BMI does not reflect the
body composition, especially among different ethnic groups, where the relationship

between body composition and BMI would be different. In the current study population,
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Japanese women have a relatively lower BMI than Caucasian women, although they
might have a higher proportion of body fat (58;59).

In the etiology of postmenopausal breast cancer, the amount of fat tissue in the
body plays an important role in the secretion of sex hormones such as estrogen (60).
Estrogen is a key hormone in predicting breast cancer risk (2).

In an intervention study (15), weight change was inversely associated with
mammographic density, which is consistent with previous findings. In addition,
menopausal status had a strong effect on mammographic density, and postmenopausal
status was inversely associated with mammographic density.

According to a pooled analysis of cohort studies in Western countries (61), there
was a negative association between BMI and risk of breast cancer among premenopausal
women, while there is a positive association among postmenopausal women. In Japan,
there was an increasing risk of breast cancer as greater BMI among postmenopausal
women, but there was no association among premenopausal women (10). The lack of
association between breast cancer risk and BMI among Japanese premenopausal women
could be due to the homogeneous population, since their prevalence of obesity is quite
low (20).

Part of the reason of inconsistent findings in the current study would be due to
inaccuracy of reported dietary intake, since there were low correlations between reported
energy intake and BMI except for Japanese women in Hawaii. A stronger association
between mammographic density and Waist-to-Hip Ratio (WHR) than BMI has been
suggested. BMI may not a good indicator of body composition, but in the current study it

seemed to be a better indicator than dietary intake.

57



4.4.4 Mammographic density and dietary patterns

The selected nutrient variables in the current study were intakes of cholesterol,
carbohydrates, and vitamin A. This is consistent with the results from previous studies
(16;34), although none of the studies reported the relationship between mammographic
density and vitamin A intake. There was no association between fat and mammographic
density in a case-control study (34), although they found an association with protein that
was not found in the current study. In addition, inconsistent with previous studies, alcohol
was not found out to be significant in the current study. This might be due to an overall
low consumption of alcohol in the population and less variation in the consumption.

The positive association between mammographic density and fat intake was
consistent and adds more evidence that fat intake is a predictor of mammographic
density. However, evidence from case-control and cohort studies failed to show fat intake
as a risk factor (11), and it is uncertain that fat intake is a risk factor for breast cancer or
only predicts mammographic density. In addition, an intervention study (15)
demonstrated that a low-fat and high-carbohydrate diet reduced mammographic density.
A cohort study (33) did not find an association between the density and fat intake. There
is a biological mechanism for possible effects of dietary fat on breast cancer risk (19;62).
A high level of circulating sex hormones is associated with a high risk of breast cancer,
especially among postmenopausal women. A meta-analysis of intervention studies of
low-fat diet for a reduction in serum estrogen levels concluded that low-fat diet could
reduce serum estrogen levels (63). Sex hormones are produced from androgens in
adipose tissues in postmenopausal women when ovaries are not producing estrogen any

more. The more adipose tissue, the higher the levels of circulating sex hormones. This
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would result in promotion of breast development (increasing dense area), including
proliferation of cancer cells. In addition to this, growth factors are produced in dense area
of the breast, tissues of epithelium, and stroma. A high level of these growth factors is
associated with a high level of circulating sex hormones.

Evidence from case-control and cohort studies has shown no association between
breast cancer risk and cholesterol intake (11). When risk was measured by
mammographic density, one previous study showed a positive association, while the
current study found a negative association. The previous study was conducted among
women going through menopause, whereas the current study’s population had more
variation in women’s age (30-80 years). Another previous study (33) did not find an
association between the density and cholesterol intake. It is not certain whether
cholesterol intake is a risk factor among women in particular age group.

Previous evidence shows that carotenoid intake possibly decreases the risk of
breast cancer, while retinol intake had no relation to the risk of breast cancer (11). The
current study shows that vitamin A intake is a risk factor for breast cancer as measured as
mammographic density. No other study found an association between mammographic
density and vitamin A intake and there is no possible biological mechanism for vitamin A
as a risk factor for breast cancer or mammographic density. Therefore, vitamin A intake
was selected probably due to unique variation in its intake or an indicator of other dietary
intake, especially the one not included in the current analysis.

In a cohort study (33), the association between mammographic density and energy
intake was suggestive. A case-control study found an increasing risk ratio of having

higher mammographic density patterns as higher energy intake. In the current study, after
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adjustment for possible confounding factors, the positive association of energy intake was
lost, and the association was negative although it was not statistically significant.

Vachon’s study (33) found an association between mammographic density and
vitamins that is inconsistent with previous evidence on associations between dietary
intake and breast cancer risk based on case-control and cohort studies (11). Vitamin C,
which may decrease the risk of breast cancer, was positively associated with
mammographic density among premenopausal women.

Within the food group intake, the Fish and Egg groups were selected. Intake from
the Fish group was positively associated with mammographic density in the current study,
although it was negatively associated in the previous studies (33;34). Fish intake was
positively correlated with intakes of protein, cholesterol, and sodium (correlation
coefficient = 0.65, 0.71, and 0.81, respectively). This high correlation with sodium might
be due to how the fish was prepared, since fish is often cooked with salt in Japanese
cuisine. Both intakes of eggs and cholesterol were negatively related with mammographic
density. The egg intake had a high positive correlation with cholesterol intake
(correlation coefficient = 0.85) and would be reflective of cholesterol intake.

The current result indicates that a high intake of eggs (cholesterol) would lead to a
decrease in breast cancer risk, as measured by mammographic density. According to
Food, nutrition and the prevention of cancer: a global perspective (11), there is no
definite evidence that cholesterol is associated with breast cancer risk. A positive
association of fat with mammographic density is in accordance with the previous

evidence (11). Fish intake might be protective for breast cancer, as indicated by previous
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evidence (11), although the current finding of a positive association was inconsistent with
this idea.

In an ecological study of diet and cancer mortality in Japan (6), the mortality rate
for breast cancer (from 1955 to 1993) was negatively correlated with rice intake, while
milk intake was positively related. A negative association was found with carbohydrate
intake, which may be explained by the intake of rice. Through the food group approach,
the Grain group included rice, pasta, noodle, breads, and starchy foods, and it was
difficult to rule out the effect of rice alone. Thus, it might make the intake from the Grain
group insignificant in stepwise multiple regression.

Intake of soy-related dietary variables was expected to be significant, but none of
them were. This may be due to homogeneous variation in these intakes within a group of
women, after adjusting for ethnicity and place of residence. Without adjustment for these
variables, the positive association between soy protein intake and mammographic density
became suggestive. This is consistent with previous findings (35).

Overall, it seems that the comparison of nutrient intake after calorie adjustment
was a better approach when using dietary variables as independent variables in
regressions. There were more significant findings in the calorie-adjusted model in the

association between mammographic density and nutrient intake.

4.6 Strengths
The data on women in Hawaii and Japan enabled us to compare their
characteristics by ethnicity and place of residence. In addition to this, because the sample

size was large, there was high statistical power. Regardless of the place of sample
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collection, urine samples and mammograms were examined at the Cancer Research
Center of Hawaii. Therefore, there would not be errors due to measurements at different
facilities.

Both questionnaires used in Hawaii and in Gifu were developed with the same
methodology, and there were many common questions asked in both questionnaires. This
helped to obtain more information on demographic, medical, and reproductive
characteristics. The use of calorie-adjustment methods made comparison of dietary habits

among the three groups of women easier.

4.7 Limitations

The compatibility of dietary habits based on different FFQs should be addressed.
For example, people tend to report their intake once in the mixed dishes and once as
individual. In the FFQ in Hawaii, to avoid this confusion, intake of food items from
mixed dishes was subtracted from the intake of individual items if the same food item
was asked as an individual item as well. On the other hand, food items from mixed dishes
were added to the intake of the individual item in FFQ in Gifu. It is possible that this
might have caused an overestimation of dietary intake, especially for soy foods and
vegetables, among Japanese women in Gifu. It would have led to the overestimation of
energy intake and would have changed the associations of BMI and mammographic
density patterns with dietary patterns.

Some food groups (Sugar and Sweets; Grains; Green & Yellow Vegetables)
might not be fully comparable because of different food grouping systems between the

U.S. and Japan. The Japanese food grouping system was applied due to flexibility of the

62



data in Hawaii. However, it may not reflect the dietary characteristics of women in
Hawaii well. Nutrient values in each country’s food composition tables might be based
on different chemical analysis, conversion, and definition. Due to these differences, the
number of dietary variables might be limited. For example, dietary fiber intake was
excluded from dietary analysis, which may have strong effect on BMI and
mammographic density (15;32;63).

There may be less variation in dietary intake, BMI and mammographic density
among the three groups of women than the general population of Hawaii and Japan. The
Caucasian diet in the current study was different from the average diet in the U.S. and
was closer to the Japanese diet rather than to the typical American diet. In addition, more
than half of the women in each group fell into the normal BMI categories. However, this
may be due to self-reporting of weights and heights, actual measures would help clarify
this. Furthermore, 85% of all women in the current study had less than 50% of
mammographic density, which is at a lower risk of breast cancer. This might partly
explain the inconsistency of current findings in associations of dietary intake with BMI
and mammographic density.

There could be more confounding factors for associations between diet and BMI
or mammographic density. For the association of diet with BMI, as noted earlier, physical
activity was missing from the dataset from Gifu. In addition, dieting, whether a
participant was on a diet or not when she was consuming the diet she reported in FFQs,
could be a confounding variable as well. If so, there would not be a high correlation
between reported dietary intake and BMI. Also, some hormonal profiles such as insulin

resistance and estrogen level might have affected the associations found in this study. For
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the association of diet with mammographic density, breastfeeding (64), hormonal
indicators, insulin resistance, and adipose tissue distribution might have been
confounding factors.

Many statistical significance tests were done, and some of the results may be due
to chance. In addition, there is the possibility of having interaction effects in multiple

regression models. In order to avoid complexity, they were not tested.

4.8 Future studies

For future studies, an improvement in dietary assessment is suggested. There were
difficulties in comparing dietary results from two different FFQs, which were developed
using the same methodology but validated separately. To improve the accuracy of the
FFQ, an assessment of an FFQ between Gifu and Hawaii to the same population is
suggested. To minimize over- and under-reporting of dietary intake, it may be helpful to
add questions about their usual diet by food groups in terms of servings or grams.

As noted in the European Prospective Investigation into Cancer and Nutrition
(EPIC) study, differences in nutrient database and food composition tables make
comparison of diets from different populations difficult (65). There would be a difference‘
in nutrient analysis procedures, calculation of nutrients, and methods for sorting food
items into food groups.

It was suggested that the establishment of the same food grouping system would
be helpful in comparing the intakes of food items (66;67). Some nutrient databases
decompose food items into their ingredients and then add the amount of each ingredient

to the food group to which it belongs. Others sort food items and do not decompose them

64



into separate ingredients. Therefore, there is a need for establishment of the same food
grouping system. For example, food items were sorted according to its effect on breast
cancer in an intervention study for reducing bioavailable sex hormones (68). Since this
method is not based on local custom, it can be used as a universal food grouping system.

Inclusion of hormonal measures is also suggested. The evidence showed that
circulating estradiol and IGF levels were positively associated with BMI and
mammographic density. They are possible confounders that were not measured in the
current study.

It would be interesting to examine associations between body composition by
each location in the body and diet, adjusted for reproductive histories and biochemical
measures for hormones in future studies.

When examining effects of dietary factors on mammographic density, a focus on
intake of macronutrients, including specific types of each macronutrient (e.g., saturated
fat, starch, dietary fiber, animal and soy protein) would be also useful. These approaches
may give us more clear evidence on association between breast cancer risk and dietary
habits.

This project is a cross-sectional study and it was not possible to see long-term
effects. There would be a difference between when health outcomes appear and time of
dietary exposure. Since both FFQs measured the usual dietary intake over a year’s time, it
might not be consistent with the women’s usual dietary patterns throughout their life. In
particular, the earlier life is an important period for breast development and puberty.
Longitudinal studies are suggested to investigate the long-term effects of diet and

mammographic characteristics in a similar population.
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4.9 Summary

Among these three groups of women in the study, the anthropometric and
mammographic characteristics differed by ethnicity, but not by place of residence.
Medical habits such as the use of estrogen and history of hysterectomy were similar
among women in the same place of residence. Some reproductive characteristics were
also similar among women in the same place of residence, rather than among the same
ethnic groups. Others were the opposite. Some characteristics might be affected by
medical habits, diet and lifestyle; others were dependent on ethnicity.

Overall, the dietary patterns differed among the three groups of women. The diet
of Japanese women in Hawaii was a combination of J apanese eating habits and
Caucasian dietary patterns. A high intake of sodium seemed to be typical of the Japanese
diet, while a high intake of vitamin A seemed to be typical of the diet of both Japanese
and Caucasian women in Hawaii.

The application of calorie adjustment helped to compare dietary characteristics of
the three groups of women. It was also noted that the calorie-adjusted multiple regression
models selected more dietary variables for the associations of diet with BMI and
mammographic density. Therefore, calorie adjustment is important in the comparison of
dietary data from different sources.

In the analysis of BMI and diet, the association between BMI and descriptive
characteristics was different depending on menopausal status. Age was not related to
BMI in postmenopausal women. Intake of ethanol was associated with BMI in both pre-
and postmenopausal women. BMI was strongly associated with Japanese ethnicity among

postmenopausal women, while it was more strongly associated with dietary variables
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than descriptive characteristics among premenopausal women. There were stronger
associations of mammographic density with descriptive characteristics than with dietary
ones. For dietary intake, intakes of fat, cholesterol, carbohydrates, vitamin A, fish, and
eggs were associated with mammographic density. Some of the current findings were not
consistent with previous findings. BMI was the strongest predictor of mammographic

density. Dietary intake explained little of the variation in mammographic density.

4.10 Conclusion

This is the first study that examined associations between mammographic density
and overall dietary patterns among more than one ethnic group. It is still questionable
whether mammographic density among different ethnic groups is comparable as an
indicator for breast cancer risk. Total dense area of the breast may be a better indicator.
Although there needs to be further research done, both the descriptive characteristics as
well as dietary intake were associated with BMI and mammographic density in women in
Gifu and Hawaii. Associations between body fat distributions, as a possible indicator of
breast cancer risk, and diet, adjusted for reproductive histories and biochemical measures
for hormones need to be investigated. These approaches will give us more information on
health status throughout life and more clear evidence on association between breast

cancer risk and dietary habits.
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Appendices A

Table 1.1 Comparison of food items consumed by Nisei and Sansei (27)

Food items Nisei consumed more than

Food items Sansei consumed

Sansei more than Nisei
Fish/dried fish Cheese
Butter/margarine Potatoes/fried potatoes
Dry beans/peas Pasta
Tofu Soft drinks
Fresh vegetables Alcohol

Japanese dried/pickled vegetables
Fresh/canned fruits

Rice

Soy sauce

Miso/miso soup

Japanese sweets

(cooked sweet beans, manju and yokan)
Green tea
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Table 2.1 List of food items in each food group

Food group Food items in Gifu FFQ Food items in Hawaii FFQ

Grains Rice, potatoes, tubers, pasta, Rice, potatoes, tubers, pasta,
noodles, unsweetened and unsweetened and sweetened breads,
sweetened breads, toast, and muffins, pancakes, waffles, French
breakfast cereals toast, breakfast cereals, and popcorn

Fish Fresh fish, canned fish, dried fish, Fresh fish, canned fish, dried fish,
fish cakes, shellfish, squid, shrimp,  and shellfish
octopus, etc.

Meats Beef, pork, ham, sausage, bacon, Beef, veal, lamb, pork, organ meats,
organ meats, and chicken sausage, bacon, luncheon meats,

chicken, and turkey

Eggs Eggs Eggs

Dairy products  Milk, low-fat milk, yogurt, skim Whole, low-fat, and 2% milk,
milk, probiotics, cheese, etc. yogurt, cheese, cream, frozen

desserts, dairy sauces and soups

Green & Dark green vegetables, yellow Dark green vegetables, yellow

Yellow vegetables, tomatoes, and etc, vegetables, tomatoes, and etc,

vegetables excluding vegetable juice excluding vegetable juice

Other Vegetables other than green and Vegetables other than green and

vegetables yellow vegetables, excluding yellow vegetables, excluding
vegetable juice, mushrooms, and vegetable juice, and mushrooms
edible wild plants '

All vegetables  Green & Yellow vegetables and Green & Yellow vegetables and
Other vegetables Other vegetables

Seaweeds Seaweeds Seaweeds

Fruits Fruits, excluding fruit juice Fruits, excluding fruit juice

Soy Tofu, miso, green soybeans, fried Tofu, miso, fried tofu (abura-age

tofu, tau foo kwa or tofu gan, soy
bean sprouts, Foojook or tofu skin,
Western vegetarian meats, soybean
drink or milk, and other soy
products

and ganmodoki or nama-age), dried
tofu, natto, houba-miso, soybean
milk, boiled soybeans
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Table 3.1 Characteristics of study population

Japanese in  Japanese in

Caucasians

Characteristic Gifu Hawaii in Hawaii P-value
Number of participants 206 145 165 -
Age (yrs) 50.0(9.1) 523(9.7) 53.7(99) 0.0010
Years of education (yrs) 11.9 (2.0) 16.2 (2.8) 16.3(3.1) <.0001
History of estrogen use (%) 11.2 483 52.7 <.0001
History of contraceptive pill use (%) 6.8 64.1 79.0 <.0001
History of ovariectomy (%) 8.3 24.1 21.2 <.0001
History of hysterectomy (%) 9.7 20.0 18.2 0.0118
Age at menarche (yrs)* 13.2(1.5) 12.2(1.5) 12.5(1.5)  <.0001
Menarche at 13yrs or older (%) 67.0 40.0 45.5 <.0001
Age at first birth (yrs) 249(29) 276(5.1) 26.1(52) <.0001
Age at first birth <30 yrs (%) 93.2 60.0 49.7 <.0001
Number of children 2.3(0.8) 1.9(1.4) 1.6 (1.6) <.0001
Having at least one child (%) 97.1 81.4 64.9 <.0001
Having three or more children (%) 35.0 33.8 24.2 0.0587
Number of premenopausal women 106 69 73 -
Number of postmenopausal women 100 76 92

Age at menopause (yrs) 48.8(4.1) 472(58) 46.8(5.7) 0.0237

History of estrogen use (%) 9.0 71.6 80.4 <.0001
Currently smoking (%) 6.4 4.8 5.5 <.0001
Personal history of cancer other than
breast (%) 1.9 9.7 224 <.0001
History of breast cancer among first-
degree relatives (%) 34 12.4 12.1 0.0010
Mammographic density (%) 31.3(14.5) 36.6(15.9) 28.3(204) 0.0001
Dense area of the breast (pixels)** 57,250 67,045 72,390 0.0662

(30,626) (39,035) (55,017)
Total area of the breast (pixels)* 192,435 196,613 306,107 <0001
(71,759) (86,730) (153,300)

BMI (kg/m>2)* 23.1(3.0) 23139 249(4.8) <.0001
Height (cm)** 154.8(5.6) 156.4(5.4) 164.2(69) <.0001
Body weight (kg) 554(79) 56.6(10.1) 67.3(13.4) <.0001

For continuous variables, ANOVA was used.

For categorical variables, chi-square test and likelihood ratio were used.

The numbers in parentheses are standard deviation.
*Logarithmic transformation was used for significance testing due to non-normal distribution.
**Square root transformation was used for significance testing due to non-normal distribution.
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Table 3.2.1 Nutrient intake per day

Nutrient Japanese in Gifu = Japanese in Hawaii Caucasians in P.value
(n=206) (n=145) Hawaii (n=165)
Energy intake (kcal)* 2238.7 (759.7) 2032.3 (881.0) 1919.9 (690.5) 0.0005
Protein (g)* 923 (35.7) 74.1 (35.9) 71.7 (28.1) <.0001
Fat (g)* 64.9 (26.7) 69.6 (37.2) 66.8 (29.2) 0.3076
Carbohydrates (g)* 307.4 (103.1) 282.5 (121.3) 256.3 (100.7) <.0001
Cholesterol (mg)** 343.5 (163.7) 203.3 (129.5) 203.4 (101.4) <.0001
Ethanol (g)*** 4.3 (10.0) 2.5(6.6) 8.2(11.6) <.0001
Calcium (mg)* 795.1 (404.2) 745.8 (344.3) 949.9 (454.3) <.0001
Phosphorus (mg)* 1454.9 (569.1) 1220.9 (531.0) 1332.8 (542.9) 0.0006
Iron (mg)* 14.4 (6.7) 16.3 (8.6) 19.2 (12.8) <.0001
Sodium (mg)* 5780.1 (2344.2) 2965.5 (1544.1) 2775.0 (1181.1) <.0001
Vitamin A (IU)* 4723.7 (4235.0)  13200.5(11695.7)  14278.2(10310.6) <.0001
Thiamin (mg)* 1.1 (0.5) 1.5 (0.7) 1.7 (0.9) <.0001
Riboflavin (mg)* 1.5(0.7) 1.8 (0.8) 22(L.1) <.0001
Vitamin C (mg)* 146.8 (104.3) 159.7 (109.8) 170.4 (95.6) 0.0388
Vitamin E (mg a-TE)* 93344 15.0 (8.5) 15.8 (11.7) <.0001
Soy protein (g)* 6.1 (4.5) 4.6 (5.5) 2.2(3.8) <.0001
Isoflavone (mg) 25.8 (16.7) 14.3 (20.5) 6.4 (13.1) <.0001

*Logarithmic transformation was used for significance testing.
**Square-root transformation was used for significance testing.
***Categorized into quartiles.

Table 3.2.2 Nutrient intake per 1000 kcal

Japanese in

Caucasians in

Nutrient Japanese in Gifu e .. P-value
Hawaii Hawaii

Protein (g/1000 kcal) 41.1(5.6) 36.2 (6.0) 373 (5.9) <.0001
Fat (g/1000 kcal) 28.6 (4.9) 33.6 (7.4) 34.5(7.1) 0.0030
Carbohydrates (g/1000 kcal) 138.5 (15.6) 140.8 (22.3) 133.4 (21.9) <.0001
Cholesterol (mg/1000 kcal) 152.3 (49.7) 97.2 (35.6) 105.4 (35.6) <.0001
Ethanol (g/1000 kcal) 1.8 (4.0) 1.3(34) 4.7 (6.9) <.0001
Calcium (mg/1000 kcal)* 350.0 (114.8) 376.2 (117.9) 494.4 (162.8) <.0001
Phosphorus (mg/1000 kcal) 646.1 (96.3) 605.7 (87.6) 692.7 (121.6) <.0001
Iron (mg/1000 kcal)*** 6.4 (1.6) 8.2(3.9 9.9 (5.6) <.0001
Sodium (mg/1000 kcal) 2584.7 (536.8) 1445.3 (292.8) 1442.4 (296.1) <.0001
Vitamin A (IU/1000 kcal)* 2045.5 (1413.3) 6480.5 (4471.9) 7458.4 (4379.3) <.0001
Thiamin (mg/1000 kcal)*** 0.5(0.1) 0.8 (0.3) 0.9(0.3) <.0001
Riboflavin (mg/1000 kcal)*** 0.7 (0.2) 0.9(0.3) 1.1(0.4) <.0001
Vitamin C (mg/1000 kcal)* 64.3 (34.7) 81.1 (47.7) 89.7 (42.1) <.0001
Vitamin E (mg o-TE /1000

kcal)*** 4.1(1.1) 7.5(4.4) 8.1(5.2) <.0001
Soy protein (g/1000 kcal)* 2.7(1.7) 2327 1.2 (2.4) <.0001
Isoflavone (mg/1000 kcal)* 11.6 (6.4) 7.2 (9.4) 3.5(7.7 <.0001

*Logarithmic transformation was used for significance testing.
**Square-root transformation was used for significance testing.

***Categorized into quartiles and a mean value of the quartile was used for significance testing.
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Table 3.2.3 Percentages of calories from macronutrients (%)

Macronutrient  Japanese in Gifu  Japanese in Hawaii  Caucasians in Hawaii P-value
Fat 25.8(4.4) 29.7(6.7) 30.3 (6.5) <.0001
Protein 16.4 (2.2) 142 (24) 14.6 (2.3) <.0001
Carbohydrates 55.4(6.2) 55.2(8.4) 51.9 (8.0) <.0001
Ethanol* 1.3 (2.8) 0.9 (2.3) 3.2(4.7) <.0001

*Categorized into quartiles and a mean value of the quartile was used for significance testing.

Table 3.2.4 Food group intake per day

Japanese in Japanese in Caucasians in

Food group pGifu %awaii Hawaii P-value -
Grains (g)* 333.9(123.7) 445.1 (237.8) 300.2(168.1) <.0001
Fish (g)* 94.3 (59.1) 21.7 (16.1) 19.5 (16.5) <.0001
Meats (g)** 80.8 (53.8) 136.9 (102.2) 109.9 (73.2) <.0001
Eggs (g)* 44.5 (24.9) 11.6 (12.3) 11.4 (12.0) <.0001
Dairy (g)** 221.2 (226.0) 249.6 (176.6)  373.0(250.4)  <.0001
Green & Yellow

Vegetables (g)* 165.1 (163.9) 95.1 (86.0) 103.6 (66.6) <.0001
Other Vegetables (g)* 282.4(196.7) - 158.7(137.5) 156.0 (92.6) <.0001
All Vegetables (g)* 447 .4 (346.1) 253.8 (210.1)  259.6 (144.2) <.0001
Seaweeds (g)*** 28.8 (26.0) 1.3(1.4) 0.4 (0.8) <.0001
Fruits (g)* 133.9 (103.1) 236.1 (212.8) 246.9(195.6) <.0001
Soy (g)* 64.4 (52.6) 37.8 (58.6) 21.3 (47.8) <.0001

*Logarithmic transformation was used for significance testing.
**Square-root transformation was used for significance testing.
***Categorized into quartiles and a mean value of the quartile was used for significance testing.

Table 3.2.5 Food group intake per 1000kcal

Japanese in Japanese in Caucasians in

Food group ® Gifu e Hawaii  ©-value
Grains (g/1000kcal)* 151.8 (31.6) 220.1 (71.3) 155.2(65.9) <.0001
Fish (g/1000kcal)* 413 (177 10.6 (7.2) 10.5 (8.9) <.0001
Meats (g/1000kcal)** 35.5(17.5) 64.5 (32.7) 57.5(34.0) <.0001
Eggs (g/1000kcal)* 19.9 (9.6) 5.5(@4.6) 5.8(5.6) <.0001
Dairy (g/1000kcal)** 95.8(85.2) 128.9 (91.4) 194.5 (123.0) <.0001
Green & Yellow Vegetables

(g/1000kcal)* 71.4(57.2) 459 (32.4) 55.0(32.2) <.0001
Other Vegetables (g/1000kcal)* 124.5 (65.3) 78.4 (59.9) 82.9(45.7) <.0001
All Vegetables (g/1000kcal)* 195.9(115.8) 124.2 (83.6) 137.9 (69.1) <.0001
Seaweeds (g/1000kcal)*** 13.2(11.8) 0.7 (0.7) 0.2 (0.5) <.0001
Fruits (g/1000kcal)* 58.8 (39.6) 119.1 (101.5) 128.7 (91.8) <.0001
Soy (g/1000kcal)* 28.9(21.9) 19.2 (27.3) 12.0 (29.6)  <.0001

*Logarithmic transformation was used for significance testing.
**Square-root transformation was used for significance testing.
***Categorized into quartiles and a mean value of the quartile was used for significance testing.
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Table 3.3.1 Comparison of reported and estimated energy intake

Energy intake Japanese in Gifu  Japanese in Hawaii  Caucasians in Hawaii
Reported energy

intake (kcal) 2238.7 (759.7) 2032.3 (881.0) 1919.9 (690.5)
Estimated energy

intake (kcal)* 2030.2 (150.9) 2033.3 (191.7) 2219.0 (231.4)

*Harris-Benedict Equations were used, with the assumption that all women’s physical activity level was lightly active.

Table 3.3.2 Correlation between reported energy intake and estimated energy intake or BMI

All women (n=516) Japanese in Gifu Japanese in Hawaii (n=145)  Caucasians in Hawaii
(n=206) (n=165)
Correlation P-value Correlation P-value  Correlation P-value Correlation  P-value
coefficient : coefficient coefficient coefficient
isgk“;ated 005 02678 0.6 03934 0.17 0.0399 0.13 0.0960
BMI 0.08 0.0870 0.06 0.4244 0.21 0.0129 0.06 0.4196
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Table 3.3.3 Correlation and simple regression between calorie intake and nutrient intake

per day
Pearson Correlation Simple regression
Correlation Parameter
Variable coefficients P-value estimate P-value
(Standard error)
Protein* 0.92 <.0001 0.80 (0.02) <.0001
Fat* 0.85 <.0001 0.68 (0.02) <.0001
Carbohydrates* 0.92 <.0001 0.88 (0.02) <.0001
Cholesterol** 0.74 <.0001 0.06 (0.002) <.0001
Ethanol* 0.08 0.0614 0.03 (0.01) 0.0614
Calcium* 0.71 <.0001 0.53 (0.02) <.0001
Phosphorus* 0.91 <.0001 0.83 (0.02) <.0001
Iron* 0.67 <.0001 0.48 (0.02) <.0001
Sodium* 0.77 <.0001 0.51 (0.02) <.0001
Vitamin A* 0.32 <.0001 0.14 (0.02) <.0001
Thiamin* 0.67 <.0001 0.90 (0.04) <.0001
Riboflavin* 0.68 <.0001 0.83 (0.04) <.0001
Vitamin C* 0.54 <.0001 0.31(0.02) <.0001
Vitamin E* 0.60 <.0001 0.40 (0.02) <.0001
Isoflavone** 0.36 <.0001 0.06 (0.01) <.0001
Soy Protein* 0.36 <.0001 0.16 (0.02) <.0001

*Logarithmic transformation was used.
**Square root transformation was used.
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Table 3.3.4 Correlation and simple regression between calorie intake and food group

intake per day
Pearson correlation Simple regression

Correlati Parameter
Variable orrefation — p_value Estimate P-value

coefficients

(Standard error)

Grains* 0.68 <.0001 0.51(0.02) <.0001
Fish* 0.48 <.0001 0.16 (0.01) <.0001
Meats** 0.51 <.0001 0.05 (0.04) <.0001
Eggs* 0.50 <.0001 0.18 (0.01) <.0001
Dairy** 0.36 <.0001 0.02 (0.002) <.0001
Green & Yellow 0.57 <0001 0.28 (0.02) <0001
vegetables*
Other vegetables* 0.59 <.0001 0.31 (0.02) <.0001
All vegetables* 0.60 <.0001 0.32 (0.02) <.0001
Seaweeds*** 0.23 <.0001 0.005 (0.0009) <.0001
Fruits* 0.36 <.0001 0.14 (0.02) <.0001
Soy products* 0.31 <.0001 0.09 (0.01) <.0001

*Logarithmic transformation was used (energy intake was logarithmically transformed as well).
**Square root transformation was used.
***Categorized into quartiles.
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Table 3.4.1 Correlation between dietary and urinary isoflavone levels among Japanese
women in Japan

(N=193) Unadjusted Calorie-adjusted
Variable Mean Correlation P-value Correlation P-value
(SD**) coefficient coefficient
Soy protein intake (g) 6.0 (4.36) 0.25 0.0006 0.28 0.0003
Soy product intake (g) 62.7 (52.1) 0.23 0.0014 0.26 0.0002
Isoflavone intake (mg)  25.0 (16.1) 0.23 0.0011 0.28 <0.0001
Urinary isoflavone 61.2 (63.5) ) ) ) i
excretion* ' ’

Spearman rank correlation was used.
*Urinary isoflavone excretion is expressed as nmol/mg creatinine.
** SD stands for standard deviation.

Table 3.4.2 Correlation between dietary and urinary isoflavone levels among women in

Hawaii
(N=63) Unadjusted Calorie-adjusted
Variable Mean (SD**) Sgggj:;ﬁ? P-value Sg;rf;l :it;? P-value
Soy protein intake (g) 3.2(5.0) 0.46 0.0002 0.44 0.0003
Soy product intake (g)  23.0 (30.8) 0.45 0.0002 0.44 0.0004
Isoflavone intake (mg) 9.7 (18.7) 0.45 0.0002 0.43 0.0004
Urinary isoflavone

excretion* 8.7(16.8) . i ) ]

Spearman rank correlation was used.
* The unit is nmol/mg creatinine.
** SD stands for standard deviation.

Table 3.4.3 Correlation between dietary and urinary isoflavone levels among all women

(N=256) Unadjusted Calorie-adjusted

. Correlation Correlation

* %k n -

Variable Mean (SD**) coefficient P-value coefficient P-value
Soy protein intake (g) 53@@.7) 047 <.0001 0.46 <.0001
Soy product intake (g) 52.9 (50.7) 0.50 <.0001 0.50 <.0001
Isoflavone intake (mg)  21.3 (18.0) 0.52 <.0001 0.51 <.0001
Urlnar.y 1ioﬂavone 483 (60.1) i i ) )
excretion

Spearman rank correlation was used.
* The unit is nmol/mg creatinine.
** SD stands for standard deviation.
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Table 3.5.1 Associations between BMI and descriptive characteristics

Simple regression

Variable Parameter estimate P-value
(Standard error)
Japanese ethnicity -0.07 (0.01) <.0001
Residence in Japan -0.03 (0.01) 0.0142
Age 0.002 (0.0007) 0.0025
Postmenopausal status 0.03 (0.01) 0.0519
Age at menarche* -0.09 (0.06) 0.1363
?(;gl::n;i rfirst live birth 30 years or _0.01(0.02) 0.4925
Having at least one child -0.01 (0.02) 0.4164
Having three children or more 0.02 (0.01) 0.1178
o o T g o
History of ovariectomy 0.03 (0.02) 0.0725
History of hysterectomy ' 0.03 (0.02) 0.1004
Age at menopause** -0.0001 (0.006) 0.8712
Estrogen use among postmenopausal -0.01 (0.02) 0.4940

women

*Logarithmic transformation was used.
**Categorized into quartiles.
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Table 3.5.2 Stepwise selection for the association between BMI and descriptive characteristics by menopausal status

Premenopausal (n=248) Postmenopausal (n=268)
. Parameter estimate Parameter estimate

Independent variable (Standard error) P-value  R-square (Standard error) P-value = R-square
Japanese ethnicity -0.05 (0.02) 0.0222 0.0203 -0.11 (0.02) <.0001 0.0632
Residence in Japan NS NS

Age 0.004 (0.002) 0.0195 0.0290 NS

Age at menarche* NS NS

Having three children or more 0.05 (0.02) 0.0211 0.0146 NS

History of estrogen use NS -0.07 (0.02) 0.0011 0.0239
History of ovariectomy NS 0.06 (0.02) 0.0090 0.0234
Model R-square 0.0639 0.1105

*Logarithmic transformation was used.

Table 3.5.3 Stepwise selection for the associations between BMI and nutrient intakes among premenopausal women

Unadjusted Calorie-adjusted
Independent variable Pgﬁ?ﬁ; de:?rr(l)lste P-value  R-square P?gi;?g:; deZ:'lrI(I)l:)te P-value  R-square
Japanese ethnicity 3.03 (0.23) 0.0045 0.0261 -0.06 (0.02) 0.0221 0.0226
Age -0.06 (0.002) 0.0121 0.0377 0.005 (0.002) 0.0084 0.0342
Having three children or more 0.05 (0.02) 0.0176 0.0229 0.05 (0.02) 0.0191 0.0234
Energy intake* 0.0411 -0.11 (0.09) 0.1968 0.0306
Fat * 0.11 (0.03) 0.0003 0.0270 0.14 (0.04) 0.0019 0.0261
Ethanol** -0.004 (0.001) 0.0011 0.0085 -0.004 (0.001) 0.0021 0.0078
Calcium* -0.09 (0.04) 0.0304 0.0080 -0.18 (0.06) 0.0021 0.0114
Riboflavin* 0.10 (0.07) 0.1284 NS 0.0165
Phosphorus* NS 0.31(0.12) 0.0077
Sodium* NS -0.07 (0.03) 0.0287
Model R-square 0.1638 0.1912

*Logarithmic transformation was used. **Categorized into quartiles.
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Table 3.5.4 Stepwise selection for the associations between BMI and nutrient intakes among postmenopausal women

Unadjusted Calorie- adjusted

Independent variable Pa(lgzlzsitz: de Z?rl(l)lf)te P-value  R-square P?ga:;nne(;:rr :Zﬁ?gte P-value  R-square
Japanese ethnicity -0.13 (0.02) <.0001 0.0632 -0.12 (0.02) <.0001 0.0667
Estrogen use -0.07 (0.02) 0.0013 0.0239 -0.07 (0.02) 0.0005 0.0232
History of ovariectomy 0.06 (0.02) 0.0065 0.0234 0.06 (0.02) 0.0071 0.0249
Energy intake* - 0.03 (0.03) 0.2437 0.0306
Ethanol** -0.002 (0.001) 0.0820 0.0097 -0.002 (0.001) 0.0908 0.0096
Cholesterol*** 0.004 (0.002) 0.0942 0.0094 NS

Model R-square 0.1296 0.1248

*Logarithmic transformation used.
**Categorized into quartiles.
*** Square-root transformation was used.

Table 3.5.5 Stepwise selection for the associations between BMI and percentages of calories from macronutrients by
premenopausal status

Premenopausal women Postmenopausal women
Independent variable P?;g;t:; de:.lrrg;a)te P-value  R-square P?ga:?ne:it:; dezt;lrrcr)lgte P-value R-square
Intercept 2.87 (0.10) <.0001 3.28 (0.03) <.0001
Japanese ethnicity -0.05 (0.02) 0.0128 0.0226 -0.12 (0.02) <.0001 0.0632
Age 0.004 (0.002) 0.0189 0.0325 -
Having three children or more 0.06 (0.02) 0.0091 0.0184 -
Estrogen use - -0.08 (0.02) 0.0005 0.0239
History of ovariectomy - 0.06 (0.02) 0.0084 0.0234
Ethanol* -1.04 (0.33) -0.0018 0.0249 -0.62 (0.37) 0.0907 0.0096
Fat 0.42 (0.15) 0.0065 0.0308 -
Model R-square 0.1292 0.1202

*Categorized into quartiles.
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Table 3.5.6 Stepwise selections for the associations between BMI and food group intakes among premenopausal women

Unadjusted 4 Calorie-adjusted
Independent variable Pe(lgz:;r::;:; dezt:rr(r)lra)te P-value  R-square Pﬁﬁ;ﬁig?ﬁgg ®  P.value R-square
Japanese ethnicity -0.04 (0.02) 0.0406 0.0150 -0.04 (0.02) 0.0389 0.0154
Age 0.005 (0.002) 0.0124 0.0294 0.005 (0.002) 0.0120 0.0291
Having three children or more 0.05 (0.02) 0.0253 0.0131 0.05 (0.02) 0.0257 0.0131
Energy intake* 0.01 (0.03) 0.7603
Meat** 0.01 (0.003) <.0001 0.0800 0.01 (0.003) 0.0003 0.0618
R-square 0.1375 0.1378

*Logarithmic transformation was used.
**Square-root transformation was used.

Table 3.5.7 Stepwise selection for the associations between BMI and food group intakes among postmenopausal women
Unadjusted Calorie- adjusted

Independent variable P?‘;ﬁ:ﬁ:ﬁ dez:(r));a)te P-value = R-square P?;i:;z:; de:;r(r;a)te P-value  R-square
Japanese ethnicity -0.11 (0.02) <.0001 0.0632 -0.13 (0.02) <.0001 0.0667
Residence in Japan -0.06 (0.03) 0.1019 0.0089 NS

Estrogen use -0.08 (0.03) 0.0035 0.0198 -0.06 (0.02) 0.0056 0.0232
History of ovariectomy 0.06 (0.02) 0.0081 0.0164 0.06 (0.02) 0.0050 0.0249
Energy intake* - -0.07 (0.04) 0.1066

Egg* 0.04 (0.01) 0.0073 0.0264 0.03 (0.01) 0.0203 0.0107
Grains* NS 0.05 (0.03) 0.0761 0.0104
Fruits* NS 0.02 (0.01) 0.0722 0.0096
Model R-square 0.1348 0.1460

*Logarithmic transformation was used.
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Table 3.6.1 Associations between mammographic density and descriptive characteristics

(N=516) Simple regression

Parameter estimate

Variable (Standard error) P-value
Japanese ethnicity 5.12 (1.61) 0.0016
Residence in Japan -0.94 (1.55) 0.5454
Age -0.67 (0.07) <.0001
Postmenopausal status -12.27 (1.42) <,0001
BMI (kg/m?)* -59.99 (4.05) <.0001
Body weight (kg)* -0.68 (0.06) <.0001
Height (m)** -2.06 (26.45) 0.9380
Age at menarche -6.09 (6.31) 0.3343
?(;glfn(;f(;frst live birth 30 years or 622 (1.63) 0.0002
Number of children* -2.82 (0.58) <.0001
Having at least one child# -3.19(1.99) 0.1092
Having three or more children -7.57 (1.60) <.0001
I(iIistory of b_reast cancer among first- -0.78 (2.69) 0.7719
egree relatives
History of ovariectomy -6.63 (2.01) 0.0010
History of hysterectomy -7.35 (2.08) 0.0005
Age at menopause* **## -0.04 (0.06) 0.4721
aitrrr(:egsg#use among postmenopausal 0.87 (1.91) 0.6502

*Logarithmic transformation used.

** Square-root transformation was used.

#N=417

***Categorized into quartiles.

##N=268 for age at menopause and estrogen use among postmenopausal women.
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Table 3.6.2 Stepwise selection for the associations between mammographic density and descriptive characteristics by menopausal

status
Premenopausal (n=248) Postmenopausal (n=268) All women (n=516)
Parameter Parameter Parameter
Variable estimate P-value R-square estimate P-value R-square estimate P-value R-square
(Standard error) (Standard error) (Standard error)
Japanese ethnicity NS 9.49 (1.99) <0001  0.0163 4.44 (1.50) 0.0033  0.0083
Residence in Japan NS -9.17 (1.95) <0001  0.0431 -5.58 (1.52) 0.0003  0.0119
Age -0.28(17.99) <.0001  0.0059 -0.28 (0.10) 0.0066  0.0256 -0.30 (0.09) 0.0009  0.0102
BMI* -63.63 (5.60)  <.0001  0.3450 -43.78 (491) <0001  0.2776 -5421(3.73) <.0001  0.2995
fgeat live birth before 5 47172y 0.0017  0.0258 NS 234(1.50) 01192 0.0033
gﬁ‘l’(‘l‘r‘egnth‘ee or more NS -5.04(1.61)  0.0019  0.0162 -3.80(1.33)  0.0045  0.0173
History of ovariectomy NS -4.00 (1.80) 0.0274  0.0115 -2.40 (1.60) 0.1337  0.0024
History of breast cancer 7
among first- degree 4.76 (2.89) 0.1015 0.0069 NS NS
relatives
Postmenopausal status - - -5.52 (1.69) 0.0012 0.0965
Model R-square 0.3836 0.3903 0.4494

*Logarithmic transformation was used.
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Table 3.6.3 Stepwise selection for the associations between mammographic density and
nutrient intakes

Unadjusted Calorie-adjusted
Parameter Parameter
Independent variable Estimate P-value R-square Estimate P-value R-square
(Standard error) (Standard error)
Intercept 215.19 (14.80) <.0001 224.63 (20.65) <.0001
Japanese ethnicity 4.43 (1.48) 0.0028  0.0041 5.16 (1.47) 0.0005  0.0066
Residence in Japan NS NS 0.0101
Age -0.32(0.09)  0.0004  0.0102 -0.30 (0.09) 0.0011  0.2975
BMI* -54.50 (3.73)  <.0001  0.2995 -54.06 (3.74)  <.0001  0.0965
Menopausal status -5.88 (1.67) 0.0005 0.0965 -6.11 (1.66) 0.0003 0.0034
Ageatfirstlivebirth 071 40y 00303 00031  -2.58(1.44) 00728  0.0174
before 30
ﬁz‘r’g‘g 3 children or 3.63(1.33)  0.0063 0.0173  -3.51(1.31)  0.0079
ovariestomsy NS NS
Energy intake* - -6.96 (3.31) 0.0359
Carbohydrate intake* -3.84(1.72)  0.0256  0.0023 NS
Vitamin A intake* 3.36 (0.85) <.0001  0.0124 2.11 (0.90) 0.0202  0.0141
Fat intake* NS 9.55 (2.87) 0.0009  0.0060
Cholesterol intake** NS -0.61 (0.23) 0.0070  0.0090
Model R-square 0.4513 0.4626

*Logarithmic transformation was used.
**Square root transformation was used.
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Table 3.6.4 Stepwise selection for the associations between mammographic density and
food group intakes

Unadjusted Calorie-adjusted
Parameter Parameter
Independent variable Estimate P-value  R-square Estimate P-value R-square
(Standard error) (Standard error)
Intercept 222.57(12.32)  <.0001 224.59 (18.13)  <.0001
Japanese ethnicity 4.07 (1.51) 0.0071  0.0083 4.16 (1.51) 0.0060 0.0081
Residence in Japan -6.45(2.03)  0.0016 00119  -7.00(2.19) 0.0016 0.0122
Age 031(0.09)  0.0006 00102  -0.31(0.09) 0.0005 0.0101
BMI* 5454 (3.77) <0001 02995  -54.22 (3.77) <.0001 0.2975
f;;‘l‘:en°pa“sal 623 (1.67)  0.0002  0.0965  -5.85(1.69) 0.0006  0.0965
‘&gff) :‘et ?5“ livebirth — » 67 (149) 00723 00031 243 (1.50) 0.1054 0.0031
I:lf;;“g Jchildrenor 553133y 00080 00173  -3.65(1.33) 0.0062 0.0174
History of NS -2.31 (1.60) 0.1489  0.0023
ovariectomy
Energy intake* - -0.41 (2.02) 0.8392
Fish intake* 2.24 (0.85) 0.0087  0.0050 227 (0.91) 0.0128 0.0054
Egg intake* -1.53(0.91)  0.0921  0.0031  -1.46 (0.99) 0.1391 0.0025
Model R-square 0.4548 0.4571

*Logarithmic transformation was used.
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Table 3.6.5 Means of mammographic density in each quartile of percentages of calories
from macronutrients

All* Japanese in Gifu Japanese in Hawaii Caucasians in Hawaii
. Mean Mean Mean Mean
Quartiles (std) N s N (std) N (std)
Fat
30.50 28.28 36.04 30.45
1 1687  * (1420 29 (16.74) 28 (21.98)
30,65 33.57 29.56 2575
2 aeon 0 (1490 22 15.77) 37 (20.12)
32,29 32.97 36.48 27.13
3 (16.74) >0 (14.21) 40 (14.72) 39 (20.35)
33.83 28.82 39.37 29.93
4 (18.30) 14 (2882 >3 (16.02) 60 (20.15)
P-value 0.0301 02072 0.3302 0.7829
Carbohydrates
3335 31.17 38.72 30.96
1 azen 2T (1236) 39 (15.19) 63 (20.87)
31.09 30.80 38.80 25.54
2 a7s2 B (1485 29 (16.76) 37 (20.33)
32.81 35.14 3320 29.05
3 1637 % (1415 32 (14.43) 39 (20.20)
30.01 27.90 35.27 2522
4 1697 % (14.66) 46 (16.99) 2 (19.93)
P-value 0.1225 0.3924 0.3100 0.2345
Protein
3151 31.41 35.29 27.40
1 azsn 2 (1523) >6 (15.23) ’1 (20.77)
34.16 35.87 37.69 29.85
2 a744) P (1368 44 (15.67) >0 (20.42)
32.16 3277 35.86 28.17
3 (18.66) 60 (15.71) 31 as.76) 8 (22.30)
29.44 28.37 38.22 27.94
4 1449 ¥ (1324 15 (14.16) 2 (17.49)
P-value 0.1361 0.0369 0.8175 0.9568
Ethanol
30.08 2970 38.03 23.18
1 as7n b (13904 20 (16.06) 18 (14.14)
31.47 29.61 35.05 25.03
2 (17.39) 4 (17.69) 81 (15.81) 44 (18.61)
31.34 32.14 38.71 2525
3 aeon P (1554 23 (14.35) 37 (19.19)
34.38 3332 3771 33.94
4 1935 2 (1356) 22 (18.38) 65 (22.70)
P-value 0.6413 0.1397 0.6853 0.0003

P-value was for the trend of a mean mammographic density in each quartile in either all women
combined or each group of women

*Adjusted for age, BMI, having at least one child, havmg three or more children, history of breast
cancer among first-degree relatives.
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Table 4.1 Summary of findings in relationship of diet to BMI and mammographic density

BMI Mammographic density

Diean | Pemmepuad - Fosmenomisl o o
Ethanol ) - -
Fat t - T
Cholesterol - - l
Calcium l - -
Phosphorus T - -
Sodium 1 - -

~ Vitamin A - - )
Meat T - -
Fish - - 1
Egg - I} -

1 indicates a positive association and | indicates a negative association.
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Appendices B

White in the US Japanese in the US Japanese in Japan
. in1988-92 in 1988-92 in 1996
Figure 1.1 Age-adjusted rates of breast cancer incidence
1,3)
500
400 /
350
g /‘
(]
g 300 A
(=}
: P\
2 250
(=
(=
s [ X\
; \
oy
. 150
g // A
= 100
50
0
X .9 > O D A O 9 > S X
SRS IR S NN FEN AT
age group
—&— Japanese in Hiroshima —#— Japanese in Saga
—&— Japanese in LA —»— White in the U.S.
Figure 1.2. Age-specific rates of breast cancer incidence
among four groups of women (7)
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