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Abstract

Objective: Limited and inconsistent studies exist on the association between the intake

of fish, n-3 polyunsaturated fatty acids (PUFA), and n-6 PUFA and breast cancer. Fish



and n-3 PUFA support various body functions and are thought to reduce the

carcinogenesis risk while n-6 PUFA may have a positive association with cancer risk.

The association between intake of fish, n-3 PUFA, eicosapentaenoic acid (EPA),

docosahexaenoic acid (DHA), docosapentaenoic acid (DPA), alpha linolenic acid

(ALA), n-6 PUFA, and n-6/n-3 ratio and breast cancer in Japan with further analyses on

estrogen (ER) and progesterone receptor (PR) status were examined.

Methods: A total of 38,234 Japanese women aged 45-74 years from the Japan Public

Health Center-based prospective Study (JPHC) were investigated, and during 14.1 years

of follow-up time, 556 breast cancer cases were newly diagnosed. Hazard ratios (HRS)

and 95% confidence intervals (95% CIs) were calculated by multivariable Cox

proportional hazard models with age as the time scale.

Results: Breast cancer risk was not associated with the intake of total fish, n-3 PUFA,

and n-6 PUFA when analyzed in totality through multivariable Cox proportional

hazards regression models with age as the time-scale. Intake of total n-6 was positively

associated with the development of ER+PR+ tumors [multivariable adjusted HR 4 Vs

01=2.94; p-value=0.02 (95% Cl: 1.26-6.89; ptrend =0.02)].



Conclusion: While the overall association between the intake of total fish, n-3 PUFA,
and n-6 PUFA and breast cancer risk is null, for ER+PR+ tumors, a positive association

was seen between n-6 intake and breast cancer.

Key words: breast cancer, fatty acids, diet, fish, receptor
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1. Introduction

1.1. Organization of thesis

The thesis begins with Chapter 1 on the background on breast cancer, fish intake, and

PUFA intake followed by the rationale and objectives. In Chapter 2, the methods of the

study are explained in detail. The results on breast cancer risk and fish and PUFA intake

are presented in Chapter 3. In Chapter 4, the results are put in context of other studies,

strengths and limitations are discussed, and the importance of this study is highlighted.

Chapter 5 provides a summary of the thesis and implications of the results in research.

1.2. Background

Through comparison of breast cancer with other common cancers, section (1.2.1)

provides background on the cancer trends in Japanese women over the past 30 years.

This is followed by section (1.2.2) on the risk factors of breast cancer, (1.2.3) which

highlights fish and polyunsaturated fatty acids intake, and (1.2.4) which explains the

potential pathway of the association between fish and polyunsaturated fatty acids and

breast cancer.
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1.2.1. Breast cancer incidence trends

Breast cancer is the most common cancer in women living in the developed and
developing world.! In 2012, there were approximately 1.67 million new cases and
522,000 deaths worldwide. Japan and China have been experiencing a steady increase in
incidence while the incidence rates of countries such as the United States and Canada
have been approximately stable..'2 Figure 1 shows age standardized breast cancer
incidence trends in selected countries among those with population-based registries
from the International Agency for Research on Cancer. Data was provided by: the
Australian Institute of Health and Welfare (Authoritative information and statistics to
promote better health and wellbeing), China (Shanghai, Jianshan County, and Hong
Kong registries), Government of Canada (Statistics Canada), Japan (Miyagi, Osaka, and
Yamagata cancer registries), Norway (Cancer Registry of Norway), USA (Surveillance
Epidemiology and End Results (SEER) program: Atlanta, Connecticut, Detroit, Hawaii,

lowa, New Mexico, San Francisco-Oakland, Seattle-Puget Sound, and Utah).

There is an overall increasing trend from 1975 while Japan and China have a lower rate
compared to the Western population.® Within the Japanese population, a dramatic

increase of approximately 70% can be seen since the 1980s.3
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Figure 1: Breast cancer incidence trends in selected countries: age standardized rate per
100, 000 women
Source: International Agency for Research on Cancer®

Figure 2 shows the estimated age-standardized incidence and mortality in Japanese men

and women in 2012.3 4 While stomach cancer has the highest incidence and lung cancer

has the highest mortality among Japanese men, breast cancer has the highest incidence

and mortality among Japanese women.> * The top five cancers with the highest
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incidence trends in Japanese women are shown in Figure 3.2 Breast cancer shows a
sharp increase compared to colon, stomach, lung, and pancreatic cancers which have

decreased or have not shown significant increases in incidence rates.

Male Female

Colorectum
Stomach
Lung
Breast
Prostate

Liver

Pancreas
Non-Hodgkin lymphoma
Esophagus

Bladder

Cervix uteri

Kidney

Corpus uteri
Gallbladder

Thyroid

Leukemia

Ovary

Lip, oral cavity

Brain, nervous system

Other pharynx

B Incidence
Bl Mortality

Figure 2: Estimated age-standardized incidence and mortality in Japanese men and
women per 100,000 in 2012
Source: GLOBOCAN 2012 and International Agency for Research on Cancer®
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Figure 3: Cancer incidence trends in Japanese women for top 5 cancers:
age-standardized rate per 100,000
Source: International Agency for Research on Cancer®

1.2.2. Breast cancer risk factors including receptor status

Reproductive factors including early menarche, late menopause, not bearing children
and lifestyle factors such as lack of physical activity have generally been accepted to
play etiological roles in breast cancer.> ® In terms of diet, there is convincing evidence
that alcohol consumption increases the risk of breast cancer.” 8
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As part of breast cancer categorization, testing for estrogen receptor (ER) status and
progesterone receptor (PR) status is part of the standard care in making decisions for
therapy because differences in receptor status can help determine how well the breast
cancer case responds to hormone therapy.® Studies have also shown that risk factors for
breast cancer differ depending on ER and PR status, which necessitates ER and PR

analyses for accurate estimates of breast cancer risk.10-1?

1.2.3. Fish and polyunsaturated fatty acids intake

The Japanese diet consists of relatively high intake of fish, a rich source of n-3 PUFA,
and polyunsaturated fatty acids.!® Figure 4 provides a global picture of fish consumption
per capita supply on average from 2008 to 2010 in which Japan is in the
highest-consumption category.'* Figure 5 shows the food supply of fish and seafood
(g/capita/day) of selected countries. Japan has the highest food supply of fish and
seafood of 147 g/capita/day, followed by Norway with 146 g/capita/day.'* Among the
selected countries, the UK has the lowest food supply of fish and seafood of 52

g/capita/day.**

18
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Figure 4: Global fish consumption per capita supply
Source: Food and Agriculture Organization of the United Nations®*
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Figure 5: Food supply of fish and seafood (g/capita/day) of selected countries
Source: Food and Agriculture Organization of the United Nations*
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Fish contains n-3 PUFA which can be further categorized into eicosapentaenoic acid
(EPA), docosahexaenoic acid (DHA), docosapentaenoic acid (DPA), and alpha linolenic
acid (ALA). Figure 6 shows the global seafood n-3 PUFA (mg/day) intake for adults
from 20 years of age in 2010, and Figure 7 depicts global plant n-3 PUFA intake. Japan
Is in the highest group with an average intake of 718 mg/day of seafood based n-3
PUFA. For plant based n-3 PUFA intake, which includes vegetable oil, Japan lies in the
mid-range of approximately 1,200 mg/day. Figure 8 shows the global n-6 PUFA intake
(% energy) for adults from 20 years of age in 2010. Intake of n-6 PUFA in Japan is

relatively low with approximately 4% of energy/day.

mg/day
W0 [0200-249
W 50-74 [1250-349
m75-99 [@350-449 (f
[100-149 B 450-549 4
[1150-199 M2550  '%§

Figure 6: Global seafood n-3 PUFA (mg/day) intake in 2010
Source: Micha R. et al.t®

20



M 250 [J 800-999
B 250-349 [ 1000-1249
[ 350-449 [ 1250-1499 {
[0 450-599 M 1500-1999 4
[ 600-799 M >2000

Figure 7: Global plant n-3 PUFA (mg/day) intake in 2010

Source: Micha R. et al.®
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Figure 8: Global n-6 PUFA intake (% energy) in 2010
Source: MichaR. et al.®®
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Table 1 ranks the top five food categories for n-3 PUFA and n-6 PUFA intake from
dietary records in Japan used in this study.'® Vegetable oil contributes the most to both
n-3 PUFA and n-6 PUFA dietary intake. For n-3 PUFA, fish including mackerel, pacific
saury, and salmon contributes to n-3 PUFA intake, while n-6 PUFA consumption is

mainly attributable to tofu and rice intake.

Table 1: Top 5 foods for n-3 PUFA and n-6 PUFA
intake from dietary records in Japan (g/day)

n-3 PUFA n-6 PUFA

Food item g/day Food item g/day
Vegetable oil 0.75 Vegetable oil 3.69
Mackerel 0.17 Tofu 0.61
Pacific saury 0.16 Rice 0.59
Mayonnaise 0.16 Mayonnaise 0.54
Miso 0.08 Miso 0.45
Tofu 0.08 Chicken egg 0.45
Salmon 0.07

Source: Kobayashi M. et al.®

1.3. Rationale

The rationale behind studying the association between n-3 PUFA, and n-6 PUFA and
breast cancer is explored in section (1.3.1). Based on this rationale, the main objectives
are defined in section (1.3.2).
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1.3.1. Fish, polyunsaturated fatty acids, and breast cancer

Epidemiological studies on the association between the intake of fish, n-3 PUFA, and
n-6 PUFA and breast cancer have been limited and inconsistent (Table 2).1 17-1° When
analyzing fish intake, previous epidemiological studies have yielded conflicting results
on its association with breast cancer,!? 222 while a recent meta-analysis of eleven
independent cohort studies found no association between fish consumption and breast

cancer risk but a protective effect of marine n-3 PUFA on breast cancer risk.?

A study of the Japanese population that analyzed dietary intake of fatty acids and breast
cancer found protective effects of long-chain n-3 fatty acids, but did not analyze ER PR
status.?* In contrast, a positive association between n-6 PUFA and breast cancer was
found in an epidemiological study on postmenopausal women in Sweden,? and possible
tumor-enhancing effects have been biologically studied for the association between
breast cancer and total n-6 PUFA which is considered to be the counterpart of total n-3
PUFA.?28 The n-6 PUFA to n-3 PUFA ratio has also been studied and prospective
studies have generally found a null association between n-6/n-3 and breast cancer risk
while a meta-analysis of 11 studies concluded a positive association between n-6/n-3

and breast cancer risk.24 25 29,30
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Breast Cancer Risk
Exposure Null Positive Inverse
Fish Vatten 1990 Stripp 2003 Hislop 1988
Holmes 1999 Vatten 1990
Engeset 2006 Key 1999
Zheng 2013
n-3 Park 2012 - Wakai 2005
Gago-Dominguez 2003
Zheng 2013
n-6 Gago-Dominguez 2003 | Wirfalt 2002 -
Park 2012
EPA Park 2012 - Zheng 2013
DHA Park 2012 - Zheng 2013
DPA Zheng 2013 - -
ALA Park 2012 - -
Zheng 2013
n-6/n-3 Wirfalt 2002 Yang 2014
Wakai 2005
Park 2012

Figure 9: Summary of previous studies

Inconsistent results of previous studies may be due to the variations in breast tumor

sub-type (ER PR status) given that previous laboratory®! and epidemiological studies®
3233 have found significant associations between breast cancer according to sub-type
and different exposures including body size and diet. While a multiethnic cohort study
with hormone receptor status analysis on postmenopausal women showed no significant
association of n-3 PUFA and n-6 PUFA intake with breast cancer risk,?° other hormonal

studies have shown that intake of different diets result in altered estrogen metabolism,

which suggest dependence of breast cancer risk on ER PR status.3* 3
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On the one hand, total n-3 PUFA contained in fish have been found to inhibit
tumorigenesis and suppress transformation through enhanced apoptosis. *¢-%° Total n-3
PUFA has been shown to not only decrease the proliferation and increase apoptosis of
cancer cells, but also inhibit protein kinase B (Akt) phosphorylation (which promotes
cell survival) and the DNA binding activity of NFKB, a prosurvival transcription factor
that protects cells from apoptosis.>® On the other hand, total n-6 PUFA may promote
cancer tumorigenesis through prostaglandin synthesis.®® These potentially opposing
pathways motivated epidemiological analyses on a population with relatively high
intake of PUFAs.

1.3.2. Main objectives

Many analyses of fish and PUFA have been conducted in breast cancer cases in Western

populations; yet, compared to Western diets, the Japanese diet consists of relatively

high intake of fish, a rich source of n-3 PUFA, which motivates this study on the

Japanese population.!® The objectives of this study are to:

1 Identify basic characteristics of fish, n-3 PUFA, and n-6 PUFA intake with breast
cancer risk factors;

2 Assess breast cancer risk factors by fish, n-3 PUFA, and n-6 PUFA intake quartiles:

3 Analyze interaction between fish, n-3 PUFA, and n-6 PUFA and other risk factors;

25



and

4 Examine breast cancer risk factors according to ER and PR status.

2. Material and Methods

Background information on the study design of the Japan Public Health Center-based

prospective Study (JPHC) is given in section (2.1). This is followed by section (2.2),

which explains the exposure variables in detail by dividing the section further into

(2.2.1) on the dietary assessment methods through the food frequency questionnaire and

(2.2.2) on the other covariates of the study. Moreover, in section (2.3) detail on

follow-up and identification of breast cancer cases is provided. Lastly, in section (2.4),

methods of statistical analysis with a specific example on energy adjustment are

described.

2.1 Study design and population

The JPHC Study consisted of participants who were Japanese residents from the

catchment areas of 11 public health centers (PHCs) aged 40-59 years in Cohort | and
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aged 40-69 years in Cohort 11 at time of baseline data collection.* Administration of
follow-up surveys occurred at five and ten years. As shown in Figure 10, in 1990,
Cohort I was enrolled from Akita-Yokote, Iwate-Nihone, Nagano-Saku,
Tokyo-Katsushika, and Okinawa-Chubu, and in 1993, Cohort Il was enrolled from
Niigata-Nagaoka, Ibaraki-Mito, Osaka-Suita, Kochi- Chuohigashi, Nagasaki-Kamigoto,

Okinawa-Miyako.*

Cohort I (Total number of subjects =140420 ) Cohort II
since 1990 since 1993
(age: 40-59 years) (age: 40-69 years)
(n=61595) ] > , (n=78825)
/ 4 : Nagaoka, Niigata
Ninohe, Iwate (n=3571)

(n=12291)

Mito, Ibaraki
(n=21488)

Yokote, Akita s e
(n=15782) o

Saku, Nagan Suita, Osaka
(n=12219) (n=16427%)
“ = Chuo-higashi, Kochi
Katsushika, Tokyo 25 (n=8606)
(n=7097%) :

Kamigoto, Nagasaki

Chubu, Okinawa—_| 7~ - (n=14624)
(n=14206) |~
. Miyako, Okinawa
"// (n=14109)

*Study participants only (otherwise number of registered residents)

Figure 10: Map of the Japan Public Health Center-based prospective Study area
Source: Tsugane et al.*!
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The JPHC Study is an ongoing study scheduled to have a total of 30 years of follow-up.
Further details regarding the JPHC study can be found in a previous publication.** The
self-administered 5-year follow-up questionnaire (1995-1999) consisting of
comprehensive information on dietary intake and lifestyle habits was used as the
starting point of this study for subjects aged 45-74 years because the 5-year follow-up
questionnaire was more detailed in the self-administered food frequency questionnaire

(FFQ). Figure 11 outlines the study flow to obtain the final study sample.

5-year follow-up [age 45-74] (n=55,451)

Subjects without response to questionnaire
excluded (n=7,171)

v

Subjects with response to questionnaire (n=48,280)

» Missing or unreliable data excluded (n=10,046)

v

Subjects included in analysis (n=38,234)

As of December 2011
Average follow-up: 14.1 years

Breast cancer incidence (n=556)

Figure 11: Study flow (n= number of subjects)
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Subjects from the Tokyo-Katsushika (n=4,178) and the Osaka-Suita (n=8,337) PHC

area were excluded due to the lack of access to data on cancer incidence or ER PR data.

A total of 207 disqualified subjects, and 3,525 subjects who had died, moved prior to

follow-up, or were lost to follow-up were excluded. Out of the 55,451 women eligible

for participation, 48,280 responded to the questionnaire (response rate 87.1%). After

excluding 10,046 women with incomplete or unreliable data on exposures and

additional covariates, a total of 38,234 women were included in the multivariable

adjusted analysis. The following provides an outline of the main criteria | used to check

for unreliable data determined by the JPHC research group.

1. If total energy intake was extreme (upper or lower 2.5%), subjects were omitted
(n=2,314).

2. BMI less than 14 or greater than 40 kg/m? (n=499).

3. When age at menarche was older than age at menopause, the ages were swapped
because the participant most likely misread the question (n=1).

4. If menopausal age was greater than their current age, menopausal age was labeled as
missing, and thus excluded because menopausal age cannot be older than their
current age (n=5).

5. If menopause age was younger than current age, they did not have a history of
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ovarian or uterine cyst, menopausal age was greater than or equal to 40, and age at

questionnaire was greater than or equal to 55, menopausal status was checked to

have been answered as “yes” because it is most likely that the question was

overlooked and skipped (n=53).

6. If age at first birth was available, but parity was 0, parity was labeled as missing

because it is most likely that the subject gave birth at least once (n=231).

7. If menopausal age was younger than age at first birth, menopausal age was labeled

as missing because menopausal age cannot be younger than age at first birth

(n=1,779).

Furthermore, ER PR data needed to be linked with the original dataset by merging by

ID. Prior to merging the baseline data with updated ER PR data, through multiple visits

at the National Cancer Center which stores data on ER PR status, | obtained, cleaned,

and updated ER PR data. In the hospital records, ER PR data were mainly recorded as

symbols (+) or (-), or as words (pos/neg, yes/no, or phrases in Japanese). For analyses,

these were recoded as follows: 0 = negative, 1 = positive, and 2 = unknown.

This study was approved by the institutional review boards of the National Cancer

30



Center Japan (approval number: 13-021) and The University of Tokyo (approval
number: 10508). The STROBE checklist was used as a guideline to check

recommended items.*?

2.2 Exposure variables

2.2.1 Dietary assessment

The JPHC Study questionnaire inquired about physical attributes including weight and
height, lifestyle habits including alcohol consumption, smoking, and physical activity,
and other categories such as occupation, working hours, and stress. Dietary intake was
assessed through a validated self-administered food frequency questionnaire (FFQ)
which was conducted at the 5-year follow up survey and inquired about 138 food and

beverage items.*> 44

Within this questionnaire, 19 seafood item questions were included regarding the intake
of salted fish, dried fish, canned tuna, salmon or trout, bonito or tuna, cod or flat fish,
sea bream, horse mackerel or sardine, mackerel pike or mackerel, dried small fish, eel,

salted roe, prawn, squid, octopus, short-necked clam or crab shell, freshwater snails,
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kamaboko (fish paste product), and chikuwa (fish paste product). Of the 19 seafood
items, 11 were considered fish (salted fish, dried fish, canned tuna, salmon or trout,
bonito or tuna, cod or flat fish, sea bream, horse mackerel or sardine, mackerel pike or
mackerel, dried small fish, and eel). If a participant answered any one of the questions
on an item that is considered to be “fish” in this study, that participant had a value for
fish consumption. For instance, if a participant reported eating salmon but did not
respond to the question regarding tuna, then, for that participant, fish consumption was
calculated from the reported intake of salmon. Based on the value of n-3 PUFA per
100g edible portion of fish from the Standard Tables of Food Composition in Japan (5%
revised and enlarged edition in 2005), five of the fish items were considered PUFA-rich
fish (salmon or trout, sea bream, horse mackerel or sardine, mackerel pike or mackerel,
and eel).*® All fish and seafood PUFA content in the FFQ were calculated from
wild-caught values indicated in the Standard Tables of Food Composition in Japan
except for sea bream, which was calculated from the cultured value. Cultured data were
only available for sea bream out of the fish items asked in the FFQ and relevant to this
study. Moreover, the FFQ did not ask participants to differentiate their intake between

wild-caught and cultured fish and seafood.
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Average frequency/portion size from the previous year with nine frequency categories
(never, 1-3 times/month, 1-2 times/week, 3-4 times/week, 5-6 times/week, once/day,
2-3 times/day, 4-6 times/day, and 7 or more times/day) was recorded. Three amount
choices for standard portion/unit were designated with categories of small (50%
smaller), medium (same as standard), and large (50% larger). The standard portion was
specified for each food item. For example, the standard portion of salmon or trout was 1
slice of fish meat (about 70g). Frequency multiplied by the standard portion size for

each food item gave food intake in grams/day.

To calculate the daily intake of n-3 PUFA, n-6 PUFA, EPA, DHA, DPA, ALA, and
n-6/n-3 ratio, | used the fatty acid (FA) composition table developed by the substitute
method*® based on the supplemental FA composition table for Japanese foods.* The
validity was assessed for subsamples from the 138-item FFQ for 113 women, and the
Spearman rank correlation coefficients between the energy-adjusted intake estimated
from dietary records and the PUFA intake estimated from the FFQ for women were the
following: total n-3 (0.34), total n-6 (0.21), EPA (0.45), DPA (0.39), DHA (0.37), and
ALA (0.25), and the validity of the FFQ was considered sufficient to use for analyses.®

The 5-year follow-up survey also included information on other covariates including
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smoking and drinking habits, menarche, and menopausal status.

2.2.2 Other covariates

The results were adjusted for the following covariates that have been previously found
to have associations with breast cancer: body mass index (BMI),*":*® reproductive
factors,*” 4% %0 including (age at menarche, age at first birth, parity, menopausal age, and
menopausal status), use of exogenous female hormones,®* leisure-time physical

activity,> %3 smoking status,>*°® alcohol intake,” 8 and isoflavone consumption.>” 8

BMI was measured by dividing weight (kg) by height (m?) from the 5-year follow-up
survey. Menopausal status (premenopause, postmenopause) was recorded at baseline at
the time of the 5-year follow-up survey. Use of exogenous female hormones included
oral contraceptives and menopausal hormone treatment and was classified as either
never or ever. Participants were asked about their leisure-time physical activity from the
following choices: 3 days per month, 1 to 2 days per week, and 3 to 4 times per week,
or almost every day. For smoking status, participants were asked whether they smoke
(current smokers), quit (past smokers), or never smoked (never smokers), and current

smokers were asked how many cigarettes they smoked on average per day.
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Intake of alcohol was measured by categorizing consumption into the following: hardly

ever drink, 1 to 3 days per month, 1 to 2 days per week, 3 to 4 days per week, 5 to 6

days per week, or drink every day. Drinkers were asked to choose their most usual

combination of type of alcohol from the following: Japanese sake (“1 go” 180 ml, 23

grams of ethanol), shochu/awamori (“1 go” 180 ml, 36 grams of ethanol), beer (large

bottle 633 ml, 23 grams of ethanol), whiskey (1 glass 30 ml, 13 grams of ethanol), wine

(1 glass 100 ml, 6 grams of ethanol). For each alcohol category, the participants could

choose from: do not drink, less than 0.5 “go”/bottle/glass, 1 “go”/bottle/glass, 2

“g0”/bottles/glasses, 3 “go”/bottles/glasses, 4 “go”/ bottles/glasses, 5-6 “go”/

bottles/glasses, or 7 “go”/ bottles/glasses.

The FFQ had eight items on soy food including miso soup, soymilk, tofu for miso soup,

tofu for other dishes, yushidofu (predrained tofu), koyadofu (freeze-dried tofu),

aburaage (deep-fried tofu), and natto (fermented soybeans). Isoflavone consumption

was calculated by multiplying genistein and daidzein content of each food and adding

each food item to obtain the final amount of isoflavone consumption. The food

composition table for isoflavones in the Japanese diet was used to measure the genistein

and daidzein content of each food item.>°
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2.3 Follow-up and identification of breast cancer cases

Identification of breast cancer cases was based on active patient notification from major

local hospitals and linked with data from population-based cancer registries. Death

certificates were used as a supplementary information source. A total of 11 cases relied

on death certificate notification (DCN= 2.0%), out of which diagnosis information was

unavailable for 9 cases (DCO= 1.6%). Local governments responsible for the registries

approved the use of the registries. Codes C500-C509 from the Third Edition of the

International Classification of Diseases for Oncology classified breast cancer cases. For

97% of all cases, diagnosis was microscopically verified. Either the presence of any

positive cells in a specimen in immunohistochemical assay or >=10 fmol/mg protein in

enzyme-linked immunoassay defined ER PR status. Hormone-receptor positivity values

were determined by assay (immunohistochemical assay or enzyme-linked

immunoassay) or classified by clinical decision made for medical treatment. The

number of cases identified by assays vs. those classified by clinical judgment cannot be

determined because the main data source from each hospital in which each patient was

diagnosed currently only provided information on whether the subject was diagnosed to

have ER or PR positive or negative tumors without information on what method or
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cutoff was used. This is the current reality of ER PR data collection in Japan. For
women who had more than one incidence of breast cancer recorded, only the first

incidence was used.

Follow-up commenced on the date of administration of the 5-year follow-up survey and
accumulated follow-up time until the date of diagnosis of cancer, date of death, date of
migration out of study area, or end of follow-up (December 31, 2011), whichever
occurred first. Linkage with death registrations at the regional PHCs under the Ministry

of Health, Labor, and Welfare verified dates of death.

2.4 Statistical analysis

Multivariable Cox proportional hazards regression models were used to estimate the
hazard ratios (HRs) and 95% confidence intervals (Cls). Age was used as the time scale
for the Cox proportional hazards models through nonparametric adjustment for age.®
The rationale behind using age as the time scale was that age is considered a
determinant of breast cancer and may also be correlated with dietary intake.*®

Furthermore, cohorts differed by age and location at the time of recruitment. Moreover,
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the hazard may change more as a function of age than a function of baseline time (when
the subjects enter at baseline).®! The process of using age as the time scale was divided
into three major steps:
1 Clean up all date information including dates such as birthdate and date of
diagnosis.
2 Set Cox proportional model to run with new option of setting age as the time scale
3 Run Cox proportional model without age as a covariate
An example can be given with the clean up process of birthdate.
Example:
1. Birthday must be ordered in day, month, year for recognition as the time scale.
This can be done by generating a new label:
generate new_hdate=1000000*bdate_d+10000*bdate_m-+bdate_y
2. If the day of the birthday is only 1 digit, 0 must be added to the date to make all
dates 8 digits for identification as a date.
generate string_new_bdate_I=string(new_bdate_I, "%08.0f")
3. The date must be formatted to the DMY calendar to be used as the birthdate in the
time scale model.

generate string_new_bdate | date=date(string_new_bdate |,"DMY™")
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format %td string_new_bdate | date

4. After cleaning up and formatting all of the data related to dates, the Cox
proportional hazards model can be run by declaring data to be survival-time data
with specifications on the origin (when a subject becomes at risk) and the enter
date (when the subject first enters the study). By setting the birthdate as the origin,
age becomes the time scale of the model.
stset string_new_end1dt_date, failure(brca==1) id(id) ///

origin(string_new_bdate | date) enter(string_new_q05_date) scale(365.25)

Women were subdivided by quartiles with respect to their energy-adjusted intake of fish,
n-3 PUFA including eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA),
docosapentaenoic acid (DPA), alpha linolenic acid (ALA), n-6 PUFA, and n-6/n-3 ratio.

The residual approach was used for energy- adjustment for all dietary intake data.%2-%

Using the median dietary intake by quartiles, | energy-adjusted the intake of
log-transformed nutrients. Specifically, | took the following steps:
1 Calculate the mean logarithmic energy

2 Log-transform nutrients
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3 Perform regression analyses.

A specific example can be given with fish. The mean logarithmic energy was 7.53.

When obtaining the logarithmic intake of fish, a constant of 0.01 was added before

taking the natural log to eliminate zero and negative values. The coefficient of energy

for fish was calculated by obtaining the slope when the logarithmic intake of fish was

regressed on the logarithmic energy which was 1.68 for fish. In this same regression, the

constant for fish was -8.69. From the log-transformed energy adjusted nutrients, |

calculated the nutrient residuals. The following equations outline the mathematical steps

taken.

Equations:

calories of intake = (mean log-transformed energy)*(slope: logarithmic intake of

nutrient regressed on the logarithmic energy) + (intercept: constant)

final energy-adjusted log-transformed calories= nutrient residuals + calories of

intake
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Example:
calories of fish = (7.527237)*(1.682644) + (-8.689212) = 3.976448
final energy-adjusted log-transformed calories of fish = nutrient residuals +

3.976448

Covariates of the main multivariable Cox proportional hazards models (Model A)
included area (9), BMI (<18.5, 18.5-23.9, >23.9 kg/m?), age at menarche (<=13, 14, 15,
>=16 years), age at first birth (<26, >=26 years), parity (nulliparous, 1-2, 3, >=4
children), menopausal age (<=44, 45-54, >=55 years), menopausal status at baseline
(premenopause, postmenopause), use of exogenous female hormones which include oral
contraceptives and menopausal hormone treatment (never, ever), leisure-time physical
activity (<3 days/month, 1-2 days/week, >=3 days/week), smoking status (never, ever),
alcohol intake (regular drinker >=150 g of ethanol per week, non-regular drinker <150 g
of ethanol per week), and total energy-adjusted intake of isoflavones (mg/day). The
cut-offs for age at first birth and age at menopause were chosen based on the
distribution of the Japanese population in the study’s generation. All covariates
represent the status at the time of the 5-year follow-up. To calculate the p-value for

trend, the continuous variable from the median value for each intake of fish and PUFAs
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was included in the regression model. To observe the continuous effect of each

exposure, the continuous variables of the exposures (per 10 grams increase for fish and

PUFA-rich fish/ 1 gram increase for n-3, EPA, DHA, DPA, ALA, n-6, and n-6/n-3

ratio) were also regressed in the Cox proportional hazards models with the same

covariates in the main model (Model A).

The linearity assumption in the Cox proportional hazards model was tested by plotting

the predicted values against the Martingale residuals with smoothers (y = 0).

Transformation was considered necessary if the smoothers were not approximately flat

and horizontal.5°

Stratification by smoking and baseline menopausal status (Model B), and calculation of

the p-value for interaction (Pint) between the exposure variables and smoking and

menopausal status were performed. Multiplicative interaction between n-3 PUFA and

n-6 PUFA was also analyzed.

HRs by quartile subdivision were estimated for further analysis by ER PR status (Model

C) with the same covariates as the general model except for ER-PR- cases (n=77), in
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which smoking status was excluded from the covariates due to too few numbers of
overall cases and smoker cases (n=4 for smokers vs n=73 non-smokers). However, the
proportion of smokers compared to other ER PR categories did not differ significantly.

All analyses were performed with Stata MP 13.%

3. Results

3.1 Basic characteristics of study participants

A total of 556 breast cancer cases were newly diagnosed among 38,234 women during
an average follow-up of 14.1 years. ER PR status information was available for 272
cases and ER PR status information was unavailable for 284 cases. Total fish intake
ranged from a mean of 25.9 g/day below the lowest quartile to 126 g/day above the
highest quartile. Total n-3 PUFA intake ranged from a mean of 2.1 g/day in the lowest
quarter to 4.6 g/day in the highest quarter, while total n-6 PUFA intake ranged from a
mean of 6.9 g/day in the lowest quarter to 12.5 g/day in the highest quarter. Women
who consumed more total n-3 were less likely to be current smokers and more likely to
engage in leisure-time physical activity (Table 2). Participants who reported eating

more fish generally reported eating less soy. To date, there have been no studies that
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examined either the correlation between the intake of fish and of soy, or the reasoning
behind a possible negative correlation. However, another JPHC study (on the
consumption of n-3 PUFA and hepatocellular carcinoma) also found that people with
the lowest fish consumption had the highest intake of soy (at baseline).®’ Participants
who consume larger portions of main staple foods such as fish might consume smaller

amounts of side dishes including soy, although no studies have tested this hypothesis.
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Table 2: Study subjects' basic characteristics according to consumption of fish, n-3, and n-6 polyunsaturated fatty acids in the Japan Public Health

Characteristic

Center-based prospective Study (Quarters)

Total fish (g/day)

PUFA-rich fish (g/day)

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Mean, g/day (SD) 25.9 (9.6) 495(6.0) 729(7.8) 126 (41.4) 10.3(5.0) 23.1(3.4)  36.8(4.8)  72.1(30.0)
Number of subjects (n) 9,559 9,558 9,559 9,558 9,559 9,558 9,559 9,558
Age at baseline, year, mean (SD) 57.3 (8.0) 57.1(7.7) 57.8 (7.5) 58.9 (7.4) 57.3(7.9) 57.1(7.7) 57.7 (7.5) 58.8 (7.5)
Body mass index at 5-year follow-up, kg/m2, mean (SD) 23.6 (3.2) 235(3.1) 235(3.1) 23.6 (3.2) 23.6 (3.2) 235(3.1) 235(3.1) 23.6 (3.2)
Age at menarche, year, mean (SD) 14.9 (2.0) 14.6 (1.9) 14.6 (1.8) 14.8 (1.8) 14.9 (2.0) 14.6 (1.9) 14.7 (1.8) 14.7 (1.8)
Age at first birth, year, mean (SD) 24.9 (3.6) 249 (34)  248(33)  24.7(3.3) 248 (36) 249(3.4) 248(33) 247(33)
Number of deliveries, n, mean (SD) 3.4(1.8) 3.2(1.7) 3.1(1.6) 3.0(1.6) 3.4(1.8) 3.2(1.6) 3.1(1.6) 3.1(1.7)
Age at menopause, year, mean (SD) 48.4 (4.5) 48.3 (4.6) 48.5 (4.5) 48.5 (4.6) 48.2 (4.6) 48.4 (4.5) 48.5 (4.5) 48.6 (4.6)
Use of exogenous female hormones (ever), % 3.1 2.6 2.7 2.8 3.0 2.9 2.6 2.7
Current smoker, % 5.9 51 4.7 5.3 6.2 51 4.8 4.9
Regular drinker (>150g/week), % 6.1 54 54 4.9 6.3 5.7 4.9 4.8
Leisure-time physical activity (>=3 days/week), % 10.1 10.0 11.0 10.6 9.9 9.9 10.9 11.0
Dietary intake
Total energy intake (kcal/d) 1,948 (612) 1,906 (563) 1,890 (541) 1,769 (515) 2,006 (612) 1,920 (559) 1,864 (540) 1,724 (496)
Daidzein and genistein (mg/day) 42.6 (42.7) 43.6 (349) 44.1(304) 415(28.1) 446 (43.5) 43.8(339) 435(30.9) 39.9(27.3)
Soyfood items (g/day) 75.0 (118) 68.4 (77.2) 65.9(62.8) 61.2(56.7) 76.7(117)  67.8(72.9) 65.4(67.3) 60.5(57.8)
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Characteristic

Total n-3 PUFA (g/day)

Total n-6 PUFA (g/day)

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Mean, g/day (SD) 2.1(0.4) 2.9(0.2) 3.4(0.2) 4.6 (0.8) 6.9 (0.9) 8.6 (0.4) 9.9 (0.4) 12.5 (1.9)
Number of subjects (n) 9,559 9,558 9,559 9,558 9,559 9,558 9,559 9,558
Age at baseline, year, mean (SD) 57.4 (8.0) 57.3 (7.6) 57.6 (7.6) 58.7 (7.3) 58.1 (7.8) 57.4 (7.6) 57.5 (7.5) 58.0 (7.7)
Body mass index at 5-year follow-up, kg/m2, mean (SD) 235(3.2) 235(3.1) 23.6 (3.1) 23.7(3.2) 23.4(3.2) 23.4(3.1) 23.6 (3.1) 23.9(3.3)
Age at menarche, year, mean (SD) 14.8 (2.0) 14.7 (1.9) 14.6 (1.8) 14.8 (1.8) 14.6 (1.8) 14.5(1.8) 14.7 (1.9) 15.1 (2.0)
Age at first birth, year, mean (SD) 24.9 (3.6) 24.9 (3.5) 24.8 (3.3) 24.7 (3.3) 24.7 (3.5) 24.9 (3.3) 24.9 (3.4) 24.9 (3.5)
Number of deliveries, n, mean (SD) 3.3(1.8) 3.2(1.7) 3.2(1.6) 3.1(1.6) 3.1(1.7) 3.1(1.6) 3.2(1.6) 3.4(1.8)
Age at menopause, year, mean (SD) 48.4 (4.5) 48.4 (4.5) 48.5 (4.6) 48.5 (4.6) 48.4 (4.6) 48.4 (4.7) 48.4 (4.4) 48.5 (4.5)
Use of exogenous female hormones (ever), % 29 29 2.8 2.6 2.6 29 2.6 31
Current smoker, % 6.7 5.2 47 45 7.0 5.0 45 4.6
Regular drinker (>150g/week), % 7.6 5.5 45 4.2 8.9 5.2 41 3.6
Leisure-time physical activity (>=3 days/week), % 8.8 9.7 10.9 12.2 8.4 9.2 10.7 134
Dietary intake
Total energy intake (kcal/d) 1,890 (611) 1,881 (544) 1,899 (542) 1,842 (548) 1,873 (592) 1,897 (549) 1,912 (545) 1,831 (560)
Daidzein and genistein (mg/day) 32.2 (24.0) 406 (29.1) 47.3(35.9) 517 (42.8) 274 (178) 38.0(21.8) 457(259) 60.8(52.0)
Soyfood items (g/day) 50.0 (54.4) 64.9 (705) 74.7(93.6)  80.9 (99.1) 36.6 (31.3) 535(42.1) 683(52.0) 112 (136)
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3.2 Breast cancer incidence by quarters of fish and polyunsaturated fatty acids intake,

with analyses of interaction by major confounders

The multivariable adjusted model did not yield any significant association between fish,
n-3 PUFA (total and sub-groups: EPA, DHA, DPA, and ALA), and n-6 PUFA intake
and breast cancer risk [multivariable adjusted HR o4 Vs o1 =0.99 (95% CI: 0.77-1.28;
Ptrend=0.79) for fish, multivariable adjusted HR g4 vs g1 = 0.99 (95% CI: 0.76-1.28;
prrend= 0.57) for total n-3 PUFA, and multivariable adjusted HR g4 vs g1 = 0.96 (95% CI:

0.73-1.28; ptrend=0.51) for n-6 PUFA] (Table 3).
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Table 3: Hazard ratios (HRs) and 95% confidence intervals (CIs) for the association between fish, n-3, and
n-6 polyunsaturated fatty acids and breast cancer risk in the Japan Public Health Center-based prospective

Study (Model A)
109
Food group All (N=38,234 subjects/ 556 total cases)
Smoking continuous
Ptrend
Mean (SD) Pint
Q1. Ref Q2. HR (95% CI) Q3.HR (95% Cl) Q4. HR (95% CI) HR (95% CI)
g/day
Total fish
Median (g/day)? 22.6 g/day 44.5 g/day 72.4 g/day 124 g/day 68.5 (42.9)
Number of cases? 135 136 135 150
Multivariable adjusted? 1.00 (ref) 0.93(0.73-1.18) 1.10 (0.86-1.39)  0.99 (0.77-1.28) 0.79 0.29 1.00 (0.99-1.02)
PUFA-rich fish
Median (g/day)? 10.3 g/day 21.1 g/day 37.5 g/day 66.7 g/day 35.6 (27.8)
Number of cases? 151 129 134 142
Multivariable adjusted® 1.00 (ref) 1.18 (0.93-1.49) 1.13(0.89-1.45) 1.14(0.88-1.48) 0.50 0.49 1.01 (0.98-1.04)
Smoking 1g continuous
Ptrend
Q1. Ref Q2. HR (95% ClI) Q3.HR (95% Cl) Q4. HR (95% CI) Pint HR (95% ClI)
Total n-3
Median (g/day)? 1.7 g/day 2.6 g/day 3.5 g/day 5.2 g/day 3.3(1.0)
Number of cases? 141 135 123 157
Multivariable adjusted? 1.00 (ref) 1.19 (0.94-1.50) 1.00 (0.78-1.28)  0.99 (0.76-1.28) 0.57 0.79 1.01 (0.94-1.10)
Total n-6
Median (g/day)? 5.4 g/day 7.8 g/day 10.2 g/day 14.3 g/day 9.5(2.3)
Number of cases? 130 139 138 149
Multivariable adjusted? 1.00 (ref) 1.10 (0.87-1.41) 0.89 (0.68-1.16)  0.96 (0.73-1.28) 0.51 0.17 1.01 (0.97-1.05)
EPA
Median (g/day)? 0.1g/day 0.2 g/day 0.4 g/day 0.7 g/day 0.4 (0.2)
Number of cases? 134 144 129 149
Multivariable adjusted® 1.0 (ref) 1.03 (0.80-1.32) 1.04 (0.80-1.34)  1.06 (0.81-1.39) 0.67 0.28 1.06 (0.78-1.45)
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DHA

Median (g/day)?
Number of cases?
Multivariable adjusted?
DPA

Median (g/day)?
Number of cases?
Multivariable adjusted?
ALA

Median (g/day)?
Number of cases?
Multivariable adjusted?
n-6/n-3

Median (g/day)?
Number of cases?

Multivariable adjusted?

0.2 g/day
131

1.00 (ref)

0.03 g/day
138

1.00 (ref)

1.1 g/day
133

1.00 (ref)

2.2 gl/day
142

1.00 (ref)

0.4 g/day
140

1.02 (0.80-1.30)

0.06 g/day
138

1.10 (0.87-1.41)

1.7 g/day
145

0.98 (0.77-1.24)

2.8 g/day
120

0.78 (0.61-1.01)

0.7 g/day
136

0.98 (0.76-1.27)

0.1 g/day
134

1.02 (0.79-1.32)

2.2 g/day
120

0.89 (0.70-1.15)

3.3 g/day
146

0.98 (0.77-1.24)

1.1 g/day
149

1.13 (0.87-1.46)

0.2 g/day
146

1.17 (0.90-1.51)

3.2 g/day
158

0.96 (0.74-1.24)

4.0 g/day
148

0.95 (0.73-1.23)

0.6 (0.4)

0.35
0.1 (0.06)

0.32
2.0 (0.6)

0.68
3.1(0.9)

0.07

0.52

0.39

0.21

0.12

1.03 (0.84-1.26)

1.21 (0.34-4.34)

1.00 (0.87-1.16)

0.98 (0.88-1.09)

@ Multivariable Cox proportional hazards models were adjusted for area (9), BMI (<18.5, 18.5-23.9, >23.9 kg/m2), age at menarche (<=13, 14, 15,

>=16 years), age at first birth (<26, >=26 years), parity (nulliparous, 1-2, 3, >=4 children), menopausal age (<=44, 45-54, >=55 years),

menopausal status at baseline (premenopause, postmenopause), use of exogenous female hormones which include oral contraceptives and

menopausal hormone treatment (never, ever), leisure-time physical activity (<3 days/month, 1-2 days/week, >=3 days/week), smoking status

(never, ever), alcohol intake (regular drinker >=150 g of ethanol per week, non-regular drinker <150 g of ethanol per week), and total

energy-adjusted intake of isoflavones (mg/day)
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There were no significant changes in the results after exclusion of former and current

smokers [multivariable adjusted HR g4 Vs g1 = 0.96 (95% CI: 0.74-1.25; ptrend = 0.95 for

fish, multivariable adjusted HR g4 vs g1 = 0.96 (95% CI: 0.74-1.25; ptrend = 0.40) for

total n-3 PUFA, and multivariable adjusted HR g4 vs g1 = 0.99 (95% CI: 0.74-1.33; pPtrend

= 0.59) for n-6 PUFA).

The results after stratifying for menopausal status also did not provide any significant

association with breast cancer risk [multivariable adjusted HR q4 vs g1 = 1.08 (95% CI:

0.65-1.80; ptrend = 0.43) (premenopause) and multivariable adjusted HR g4 vs g1 = 0.94

(95% CI: 0.70-1.27; ptrend = 0.79) (postmenopause) for fish, multivariable adjusted HR

04 VS o1 = 1.10 (95% CI: 0.67-1.80; ptrend = 0.98) (premenopause) and multivariable

adjusted HR q4 Vs o1 = 0.95 (95% CI: 0.70-1.29; pirend = 0.47) (postmenopause) for total

n-3 PUFA, and multivariable adjusted HR o4 Vs g1 = 0.71 (95% CI: 0.43-1.18; ptrend =

0.11) and multivariable adjusted HR 4 Vs g1 = 1.12 (95% CI: 0.80-1.58; ptrend = 0.82)

(postmenopause) for n-6 PUFA] (Table 4).
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Table 4: Hazard ratios (HRs)? and 95% confidence intervals (Cls) for the association between fish, n-3, and n-6 polyunsaturated fatty acids and breast
cancer risk stratified by menopausal status in the Japan Public Health Center-based prospective Study (Model B)

Food group Premenopausal (n=8,928 155 cases) Postmenopausal (n=29,306 401 cases)
Q1. Ref Q2. HR (95% ClI) Q3. HR (95% CI) Q4. HR (95% ClI) Ptrend Q1. Ref Q2. HR (95% CI) Q3. HR (95% CI) Q4. HR (95% CI) Ptrend P
Total fish
Median (g/day) 23.5g/day 44.0 g/day 72.0 g/day 120 g/day 22.2 g/day 44.7 g/day 72.6 g/day 125 g/day
Number of cases 36 47 35 37 99 89 100 113
Multivariable adjusted 1.00 (refy  0.90 (0.57-1.41)  1.39(0.90-2.16)  1.08 (0.65-1.80)  0.43 1.00 (refy  0.94(0.71-1.25)  1.00 (0.75-1.33)  0.94(0.70-1.27)  0.79 0.35
PUFA-rich fish
Median (g/day) 10.7 g/day  21.0 g/day 37.5 g/day 64.1 g/day 10.0 g/day 21.4 g/day 37.5 g/day 67.6 g/day
Number of cases 45 39 32 39 106 90 102 103
Multivariable adjusted 1.00 (ref)  1.26 (0.81-1.96) 1.19 (0.74-1.91) 1.50 (0.92-2.46) 0.15 1.00 (ref)  1.14 (0.86-1.52) 1.11 (0.83-1.48) 1.02 (0.75-1.37) 0.85 0.23
Total n-3
Median (g/day) 1.7 g/day 2.6 g/day 3.5 g/day 5.1 g/day 1.7g/day 2.6 g/day 3.5 g/day 5.2 g/day
Number of cases 44 41 35 35 97 94 88 122
Multivariable adjusted 1.00 (ref)  1.22(0.80-1.86) 0.93 (0.58-1.50) 1.10 (0.67-1.80) 0.98 1.00 (ref)  1.18 (0.89-1.56) 1.03 (0.77-1.38) 0.95 (0.70-1.29) 047 0.98
Total n-6
Median (g/day) 55¢g/day 7.8 g/day 10.2 g/day 14.3 g/day 5.4 g/day 7.8 g/day 10.2 g/day 14.3 g/day
Number of cases 38 45 40 32 92 94 98 117
Multivariable adjusted 1.00 (ref)  0.79 (0.51-1.21) 0.47 (0.28-0.77) 0.71 (0.43-1.18) 0.11 1.00 (ref)  1.30 (0.96-1.75) 1.15 (0.84-1.58) 1.12 (0.80-1.58) 0.82 0.08
EPA
Median (g/day) 0.1g/day 0.2 g/day 0.4 g/day 0.7 g/day 0.1g/day 0.2 g/day 0.4 g/day 0.7 g/day
Number of cases 39 40 38 38 95 104 91 111
Multivariable adjusted 1.00 (ref)  1.13(0.71-1.80) 1.17 (0.72-1.93) 1.36 (0.81-2.29) 0.26 1.00 (ref)  0.99 (0.74-1.33) 0.98 (0.72-1.33) 0.96 (0.70-1.31) 0.77 0.6
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DHA

Median (g/day) 0.2 g/day 0.4 g/day 0.7 g/day 1.1 g/day 0.2g/day 0.4 g/day 0.7 g/day 1.2 g/day

Number of cases 39 41 39 36 92 99 97 113

Multivariable adjusted 1.00 (ref)  1.11 (0.71-1.75) 1.10 (0.68-1.79) 1.38 (0.83-2.28) 0.22 1.00 (ref)  0.98 (0.73-1.31) 0.94 (0.69-1.27) 1.03 (0.76-1.39) 0.81
DPA

Median (g/day) 0.03 g/day 0.06 g/day 0.1 g/day 0.2 g/day 0.03 g/day 0.06 g/day 0.1 g/day 0.2 g/day

Number of cases 42 39 36 38 96 99 98 108

Multivariable adjusted 1.00 (ref)  1.11 (0.71-1.74) 1.10 (0.68-1.78) 1.41 (0.86-2.31) 0.18 1.00 (ref)  1.11 (0.83-1.47) 0.99 (0.73-1.35) 1.08 (0.80-1.46) 0.79
ALA

Median (g/day) 1.1g/day 1.7 g/day 2.2 g/day 3.1 g/day 1l.1g/day 1.7 g/day 2.2 glday 3.2 g/day

Number of cases 41 43 36 35 92 102 84 123

Multivariable adjusted 1.00 (ref)  0.76 (0.49-1.17) 0.83 (0.53-1.29) 0.70 (0.42-1.16) 0.21 1.00 (ref)  1.09 (0.82-1.46) 0.93 (0.69-1.26) 1.08 (0.80-1.47) 0.78
n-6/n-3

Median (g/day) 2.3g/day 2.8 g/day 3.3 g/day 4.0 g/day 2.2g/day 2.8 g/day 3.3 g/day 4.1 g/day

Number of cases 44 23 51 37 98 97 95 111

Multivariable adjusted 1.00 (ref)y  0.58 (0.36-0.95)  0.81(0.52-1.25)  0.68 (0.42-1.12)  0.32 1.00 (refy  0.86(0.65-1.15)  1.05(0.79-1.39)  1.08 (0.80-1.45)  0.78

0.52

0.52

0.23

0.31

@ Multivariable Cox proportional hazards models were adjusted for area (9), BMI (<18.5, 18.5-23.9, >23.9 kg/m2), age at menarche (<=13, 14, 15, >=16 years), age at first birth (<26, >=26 years),
parity (nulliparous, 1-2, 3, >=4 children), menopausal age (<=44, 45-54, >=55 years), menopausal status at baseline (premenopause, postmenopause), use of exogenous female hormones which include
oral contraceptives and menopausal hormone treatment (never, ever), leisure-time physical activity (<3 days/month, 1-2 days/week, >=3 days/week), smoking status (never, ever), alcohol intake

(regular drinker >=150 g of ethanol per week, non-regular drinker <150 g of ethanol per week), and total energy-adjusted intake of isoflavones (mg/day)
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Hence, data did not provide any evidence of multiplicative interactions between the

exposure variables and smoking and menopausal status. Furthermore, the interaction

between n-3 PUFA and n-6 PUFA was not significant; HR for interactions were close to

null, and the HR for the main effects were not significantly different from those in the

model without interaction (Table 5).

Table 5: Interaction between n-3 PUFA and n-6 PUFA

Model specification n-3 PUFA * n-6 PUFA

HR=1.00 (95% CI:1.00-1.01),
Model A

Pin=0.14

HR=1.01 (95% CI:1.00-1.02),
Model B (pre-menopause)

Pint=0.05

HR=1.00 (95% CI:0.99-1.01),
Model B (postmenopause)

Pint=0.55

HR=0.99 (95% CI:0.96-1.02),
Model C (ER+ PR+)

Pint=0.55

HR=1.01 (95% CI:0.97-1.07),
Model C (ER- PR-)

Pint=0.44

The linearity assumption of the Cox proportional hazards model was tested by plotting
the predicted values against the Martingale residuals with smoothers. The smoothers
(horizontal line y = 0) were approximately flat, which indicated no systematic pattern of
deviation of the smoothed line from the horizontal. This finding supports the
assumption of linearity, and thus transformation was not considered necessary
(Appendix 3).%°
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3.3 Further analysis by estrogen and progesterone receptor status

Further analysis was performed by analyzing data on estrogen and progesterone
receptor status. Intake of total n-6 PUFA was positively associated with the
development of ER+PR+ tumors HR q4 Vs 91=2.94 (95% CI: 1.26-6.89; ptrend =0.02)]
(Table 6). Figure 12 summarizes the hazard ratios and 95% confidence intervals for
ER+ PR+ cases. When analyzing by ERPR known vs. unknown, significant results were

not obtained.
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Table 6: Hazard ratios (HRs)? and 95% confidence intervals (Cls) for the association between
fish, n-3, and n-6 polyunsaturated fatty acids and breast cancer risk stratified by ER and PR status
in the Japan Public Health Center-based prospective Study by quarters (Model C)

ER+PR+ (131 cases)

Q1. Ref

Q2. HR (95% ClI)

Q3. HR (95% ClI)

Q4. HR (95% ClI)

10 g/1g®
continuous

HR (95% CI)

Ptrend

Food Group
Total fish
PUFA-rich fish
Total n-3

Total n-6

EPA

DHA

DPA

ALA

n-6/n-3

Food Group
Total fish
PUFA-rich fish
Total n-3

Total n-6

EPA

DHA

DPA

ALA

n-6/n-3

1.00 (ref)
1.00 (ref)
1.00 (ref)
1.00 (ref)
1.00 (ref)
1.00 (ref)
1.00 (ref)
1.00 (ref)
1.00 (ref)

Q1. Ref

1.00 (ref)
1.00 (ref)
1.00 (ref)
1.00 (ref)
1.00 (ref)
1.00 (ref)
1.00 (ref)
1.00 (ref)
1.00 (ref)

0.67 (0.33-1.39)
0.97 (0.55-1.70)
1.36 (0.70-2.64)
1.95 (0.99-3.84)
0.47 (0.25-0.89)
0.64 (0.34-1.21)
1.02 (0.56-1.87)
1.24 (0.64-2.39)
0.87 (0.45-1.70)

Q2. HR (95% ClI)

0.62 (0.22-1.74)
1.24 (0.44-3.48)
2.59 (0.73-9.17)
0.46 (0.13-1.64)
1.08 (0.29-4.11)
0.92 (0.26-3.20)
1.05 (0.35-3.11)
0.67 (0.21-2.10)
0.99 (0.31-3.11)

0.84 (0.43-1.68)
0.61 (0.33-1.14)
0.96 (0.50-1.84)
2.13 (1.03-4.42)
0.60 (0.31-1.17)
0.77 (0.39-1.50)
0.74 (0.37-1.46)
1.62 (0.83-3.18)
1.17 (0.60-2.28)

ER-PR- (77 cases)®

Q3. HR (95% Cl)

0.89 (0.31-2.56)
1.85 (0.68-5.05)
2.34 (0.68-8.03)
0.89 (0.23-3.42)
1.34 (0.49-3.65)
1.15 (0.38-3.42)
1.17 (0.45-3.01)
0.92 (0.28-2.99)
0.84 (0.21-3.33)
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1.08 (0.49-2.40)
0.83 (0.35-1.95)
1.03 (0.44-2.41)
2.94 (1.26-6.89)
0.63 (0.27-1.46)
0.83 (0.39-1.77)
0.77 (0.36-1.63)
1.76 (0.80-3.86)
1.69 (0.76-3.74)

Q4. HR (95% CI)

0.70 (0.24-1.99)
0.85 (0.23-3.19)
1.18 (0.39-3.60)
0.72 (0.16-3.23)
1.04 (0.30-3.58)
0.93 (0.28-3.13)
1.26 (0.41-3.88)
1.44 (0.43-4.83)
0.76 (0.23-2.55)

0.99 (0.92-1.06)
0.95 (0.85-1.07)
0.99 (0.72-1.36)
1.05 (0.96-1.14)
0.52 (0.13-2.07)
0.68 (0.28-1.66)
0.15 (0.0007-30.6)
1.24 (0.77-1.99)
1.19 (0.87-1.64)

10 g/1g®
continuous

HR (95% CI)

1.02 (0.95-1.09)
1.03 (0.91-1.16)
1.07 (0.79-1.46)
0.93 (0.81-1.07)
1.39 (0.38-5.03)
1.15 (0.50-2.65)
2.72 (0.01-562)
1.10 (0.54-2.25)
0.74 (0.46-1.18)

0.62
0.44
0.76
0.02
0.47
0.75
0.45
0.10
0.17

Ptrend

0.69
0.96
0.78
0.69
0.83
0.98
0.63
0.28
0.59



Food Group
Total fish
PUFA-rich fish
Total n-3

Total n-6

EPA

DHA

DPA

ALA

n-6/n-3

Food Group
Total fish
PUFA-rich fish
Total n-3

Total n-6

EPA

DHA

DPA

ALA

n-6/n-3

Q1. Ref

1.00 (ref)
1.00 (ref)
1.00 (ref)
1.00 (ref)
1.00 (ref)
1.00 (ref)
1.00 (ref)
1.00 (ref)
1.00 (ref)

Q1. Ref

1.00 (ref)
1.00 (ref)
1.00 (ref)
1.00 (ref)
1.00 (ref)
1.00 (ref)
1.00 (ref)
1.00 (ref)
1.00 (ref)

ERPR Known (272 cases)

Q2. HR (95% CI)

0.91 (0.65-1.29)
1.19 (0.85-1.67)
1.27 (0.92-1.75)
1.06 (0.75-1.50)
0.91 (0.65-1.29)
0.90 (0.64-1.27)
0.98 (0.70-1.37)
1.15 (0.82-1.62)
0.88 (0.62-1.26)

ERPR Unknown (284 cases)

Q2. HR (95% ClI)

0.94 (0.67-1.32)
1.16 (0.83-1.61)
1.11 (0.79-1.55)
1.13 (0.80-1.59)
1.16 (0.81-1.65)
1.14 (0.81-1.62)
1.24 (0.88-1.75)
0.83 (0.59-1.17)
0.70 (0.50-1.00)

Q3. HR (95% CI)

1.24 (0.89-1.73)
1.25 (0.89-1.77)
0.97 (0.68-1.38)
0.88 (0.61-1.27)
0.99 (0.69-1.41)
0.95 (0.67-1.36)
0.97 (0.68-1.38)
1.06 (0.75-1.52)
1.10 (0.78-1.55)

Q3. HR (95% ClI)

0.96 (0.68-1.35)
1.02 (0.72-1.45)
1.03 (0.73-1.46)
0.89 (0.61-1.30)
1.09 (0.74-1.59)
1.01 (0.69-1.46)
1.09 (0.75-1.58)
0.75 (0.53-1.07)
0.89 (0.64-1.24)

Q4. HR (95% ClI)

0.81 (0.55-1.20)
0.97 (0.66-1.44)
0.85 (0.58-1.25)
0.85 (0.57-1.27)
0.80 (0.54-1.19)
0.86 (0.59-1.26)
0.93 (0.64-1.36)
0.89 (0.60-1.31)
1.01 (0.69-1.47)

Q4. HR (95% ClI)

1.15 (0.82-1.62)
1.28 (0.90-1.81)
1.11 (0.79-1.58)
1.08 (0.73-1.61)
1.35 (0.93-1.96)
1.43 (1.00-2.04)
1.42 (0.99-2.03)
1.02 (0.72-1.44)
0.90 (0.63-1.29)

10 g/
1gtcontinuous

HR (95% CI)

1.00 (0.97-1.03)
1.00 (0.96-1.05)
0.97 (0.86-1.09)
0.99 (0.93-1.05)
0.92 (0.56-1.53)
0.94 (0.68-1.31)
0.60 (0.08-4.72)
0.92 (0.74-1.15)
1.03 (0.88-1.20)

109/
1gfcontinuous

HR (95% CI)

1.01 (0.99-1.03)
1.02 (0.98-1.05)
1.05 (0.95-1.15)
1.02 (0.98-1.07)
1.14 (0.78-1.69)
1.08 (0.84-1.40)
1.86 (0.38-9.03)
1.07 (0.89-1.30)
0.93 (0.79-1.09)

Ptrend

0.51
0.75
0.19
0.29
0.33
0.50
0.72
0.43
0.74

Ptrend

0.32
0.22
0.64
0.90
0.13
0.06
0.09
0.84
0.82

@ Multivariable Cox proportional hazards models were adjusted for area (9), BMI (<18.5, 18.5-23.9, >23.9 kg/m2), age at

menarche (<=13, 14, 15, >=16 years), age at first birth (<26, >=26 years), parity (nulliparous, 1-2, 3, >=4 children), menopausal

age (<=44, 45-54, >=55 years), menopausal status at baseline (premenopause, postmenopause), use of exogenous female

hormones which include oral contraceptives and menopausal hormone treatment (never, ever), leisure-time physical activity (<3

days/month, 1-2 days/week, >=3 days/week), smoking status (never, ever), alcohol intake (regular drinker >=150 g of ethanol per

week, non-regular drinker <150 g of ethanol per week), and total energy-adjusted intake of isoflavones (mg/day)

b Unit (per 10g increase for fish and PUFA-rich fish, and per 1g increase for n-3, n-6, EPA, DHA, DPA, and ALA)

¢ Model for ER-PR- cases excluded smoking status as a covariate
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Figure 12: Overview of hazard ratios and 95% confidence intervals for ER+ PR+ cases

Furthermore, heterogeneity tests across ER+PR+ and ER-PR- subgroups were

performed and there is no evidence to suggest any heterogeneity between the subgroups

(Table 7).
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Table 7: Heterogeneity tests across ER PR subgroups

Food Group p-value
Total fish 0.20
PUFA-rich fish 0.17
Total n-3 0.13
Total n-6 0.28
EPA 0.22
DHA 0.20
DPA 0.17
ALA 0.37

4. Discussion

4.1 Summary of findings

This is the first study in Japan to find that when breast cancer cases are analyzed by ER
PR status subtype, intake of total n-6 PUFA was positively associated with ER+PR+
tumors. The overall results of this study suggested that intake of fish, n-3 PUFA, and
n-6 PUFA is not significantly associated with general breast cancer risk in this large
prospective cohort study of Japanese women. Furthermore, consideration of smoking
and menopausal status, potential effect modifiers for breast cancer, did not substantially

alter the findings.2> 68 6

58



Despite the fact that the 95% confidence intervals include 1, the ALA and n-6/n-3
hazard ratios point-estimates for ER+PR+ tumors show a dose-response relationship
that fulfills Hill’s biological-gradient criterion.”® A few experimental studies have
looked at this association and found growth-inhibitory and proapoptotic effects of ALA
on breast cancer cells which contradicts the positive association found in this study.’® 2
Moreover, a meta-analysis of 12 articles found no significant association between ALA
and breast cancer risk.23 To the best of the author’s knowledge, there are no studies that
have found a significant positive association between the intake of ALA and ER+ PR+
tumors that can support and suggest a mechanism for the positive dose-response

relationship found between ALA and ER+PR+ in this study.

For the dose-response relationship in the n-6/n-3 hazard ratio point-estimates found for
ER+ PR+ tumors, the results may be in line with the positive association found in a
meta-analysis of 11 prospective studies.*® Similar to the conclusion of this study,
several of the prospective studies included in this meta-analysis concluded null
associations between n-6/n-3 and breast cancer risk despite positive associations
between n-6/n-3 and breast cancer risk because their 95% confidence intervals spanned

1.24252% In terms of the mechanism, studies have found that it is biologically plausible
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that the ratio between n-6 and n-3 intake plays a role in breast cancer risk through

competition over the same metabolic pathway to regulate tumor growth.” 74

4.2 Comparison with other studies

Compared to previous studies, intake of fish ranged from 23.0 g/day in Q1 to 134.2
g/day in Q5 in quintiles in this study, while in the EPIC study the intake ranged from
1.9 g/day in Q1 to 89.5 g/day in Q5 in the UK and 4.7 g/day in Q1 to 115.5 g/day in Q5
in Norway (Table 8).1 The Singapore Chinese Health study reported intake of fish
which ranged from 21.3 g/day in Q1 to 75.0 g/day in Q4, while the intake of fish
divided by quartiles in this study ranged from 25.9 g/day in Q1 to 126.0 g/day in Q4.%
In the Malmo Diet and Cancer study in Sweden, intake of total n-3 PUFA ranged from
1.5 g/day in Q1 to 3.2 g/day in Q5 and intake of total n-6 PUFA ranged from 7.2 g/day
in Q1 to 16.0 g/day in Q5 while in this study total n-3 PUFA ranged from 2.0 g/day in
Q1 to 4.7 g/day in Q5 and total n-6 PUFA intake ranged from 6.7 g/day in Q1 to 12.9
g/day in Q5.2° For fish and n-3 PUFA, the participants in this study had the highest
dietary intake compared to the EPIC study, Singapore Chinese Health study, and
Malmo Diet and Cancer study while n-6 PUFA intake was lower than the subjects in the

Swedish study.
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Table 8: Study subjects' basic characteristics according to consumption of fish, n-3,
and n-6 polyunsaturated fatty acids for comparison with other studies in quintiles
Characteristic Total fish (g/day)

Q1 Q2 Q3 Q4 Q5
Mean, g/day (SD) 23.0 (8.7) 43.3 (4.7) 60.3 (5.3) 81.6 (7.3) 134 (42.1)
Number of subjects (n) 7,647 7,647 7,647 7,647 7,646

Total n-3 PUFA (g/day)

Q1 Q2 Q3 Q4 Q5
Mean, g/day (SD) 2.0(0.3) 2.7(0.1) 3.1(0.0) 3.6 (0.2) 4.7 (0.8)
Number of subjects (n) 7,647 7,647 7,647 7,647 7,646

Total n-6 PUFA (g/day)

Q1 Q2 Q3 Q4 Q5
Mean, g/day (SD) 6.7 (0.9) 8.3(0.3) 9.3(0.3) 10.4 (0.4) 12.9 (2.0)
Number of subjects (n) 7,647 7,647 7,647 7,647 7,646

In line with the results from this study, a recent meta-analysis reported no significant
association between fish intake and breast cancer risk and an inverse association of EPA
intake and breast cancer risk.?® The European Prospective Investigation into Cancer and
Nutrition (EPIC) study, one of the largest prospective cohort studies, also found no
significant associations between dietary intake of fish and breast cancer risk.'® Another
systematic review reported insufficient consistent results to suggest a strong association
between n-3 PUFA and breast cancer.” However, it should be also noted that there have
been studies that have found an inverse association between fish and breast cancer,
which contradicts the null association found in this study.'* 2% 2! Furthermore, other

studies have also found an inverse association between n-3 PUFA and breast cancer.t”

24
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Limited studies exist on the association between n-6 PUFA and breast cancer risk;
however, the Malmo Diet and Cancer study found a positive association between n-6
PUFA intake and breast cancer risk in postmenopausal women, which is consistent with
the results from this study on the analyses of the positive association between ER+PR+
tumors and intake of total n-6 PUFA.? Other studies have found a null association
between n-6 PUFA and breast cancer risk.}” ?Very few epidemiological studies have
been conducted on the association between fatty acids and specific ER PR subtype
breast cancer risk. One study found a significant increase in incidence rate of ER+ cases
and high total fish intake but no significant changes for ER- cases.!? Another study
found an inverse association between fish consumption and ER- tumors.*! Lack of
studies involving ER PR analyses of breast cancer risk and fish and fatty acids motivate

further experimental and epidemiological research.

Due to the relatively small number of cases for ER PR analysis, the results should be
interpreted with caution. ER+ PR- and ER- PR+ cases could not be analyzed due to the
small number of cases. Tests on heterogeneity between ER PR subgroups did not yield

significant results.
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4.3 Limitations and strengths

This study has several limitations. Due to missing values of covariates and exposure

variables, a large number of participants were excluded, which may have led to

selection bias from complete case analysis if the exclusion was associated with breast

cancer outcome. If the exclusion occurred predominantly among the exposed

participants in whom breast cancer developed, then the observed measure of disease

frequency in those participants would have been lower than the truth; in that case, the

hazard ratio would have been biased towards the null. If the exclusion occurred

predominantly among the unexposed participants in whom breast cancer developed,

then the observed measure of disease frequency in those participants would have been

lower than the truth; in that case, the hazard ratio would have been biased upward. Yet,

in this study, it is unlikely that the loss of breast cancer cases was associated with

exposure. With that lack of an association, the loss would have been non-differential

and any bias would have been towards the null. Further analysis of missing data showed

that there were no significant differences at baseline between the participants whose

data were not used due to missing covariates and the participants for whom data on

covariates were available.
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Moreover, the lack of ER PR data for approximately half of the cases lead to limited
statistical power. However, having limited ER PR data was unavoidable because ER PR
status was not substantially considered for clinical treatment during the early periods of
follow-up. Since the JPHC study only has data on whether ER PR is positive or
negative, lack of further information on what method was used to determine positivity

for each participant may be perceived as a limitation.

Moreover, the self-reported nature of the questionnaires inevitably leads to

measurement error, yet the FFQ was validated and has been established to reflect
Japanese dietary intake.'® The correlation coefficient for the validity of total n-6 PUFA
was not as significant as other PUFA because cooking oil largely contributed to the
intake of n-6 PUFA; however, cooking oil was not part of the inquiry of dietary records.
Attenuation of the correlation coefficient could have also resulted due to the

contribution of n-6 PUFA from lean foods including rice and tofu, which were
consumed daily leading to minimal inter-person variability of study subjects.'® However,
it should be noted that FFQ validity and reproducibility still heavily depend on the type
of food or nutrient as also seen in the range of correlation coefficients in this study.

Having a low validity for a specific nutrient can indicate potential larger measurement
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errors.

Misclassification of dietary habit changes throughout the study period could have also
led to systematic bias because the FFQ assumes that there were no significant changes
in dietary intake throughout the follow-up time. However, there is no reason to believe
that there are unequal differences in changes in exposure between the breast cancer
cases and non-cases. This would lead to non-differential misclassification and bias

towards the null.

Furthermore, since the FFQ on fish and seafood intake did not ask subjects to
differentiate their intake between wild-caught and cultured, the results may be also
affected by misclassification. PUFA content can differ between wild-caught and
cultured fish and other seafood.’® Moreover, cultured fish may show more constant rates
of EPA and DHA content because the feed is controlled and balanced throughout the
farming period.”” However, the trend in catches of wild-caught versus cultured marine
fisheries in Japan from 1995 to 2013 shows a relatively constant proportion of cultured
marine fisheries (Table 9).”® Therefore, a significant change in the proportion of intake

of wild-caught and cultured fish and seafood is unlikely. Yet, if bias were to exist, the
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bias will be towards the null because of non-differential misclassification; it is most

likely that cases and non-cases both had misclassification of PUFA content due to the

inability to differentiate between the intake of wild-caught and cultured fish.

Table 9: Catches by sector of fisheries

1995
2000
2005
2010

2011 a)b)
2012 b)
2013 b)

Wild % of wild Cultured % of Total
marine marine marine cultured (1,000t)
fisheries fisheries out fisheries marine
(1,000t) oftotal (1,000t) fisheries
out of total
6,007 82% 1,315 18% 7,322
5,022 80% 1,231 20% 6,253
4457 79% 1,212 21% 5,669
4122 79% 1,111 21% 5,233
3,824 81% 869 19% 4,693
3,759 78% 1,040 22% 4,799
3,734 79% 997 21% 4,731

a) Figures for "Marine fisheries and cultured" exclude some parts of Iwate, Miyagi and Fukushima

Prefectures for which precise data are not available because of the Great East Japan Earthquake.

b) Excluding those items belonging to "Marine fisheries and culture™ for which shipping was restricted

due to the Great East Japan Earthquake.

Source:

Adapted from data from the Statistics Department, Minister's Secretariat,

Ministry of Agriculture, Forestry and Fisheries

The possibility of finding statistically significant associations by chance due to multiple

comparisons also cannot be neglected. The significant positive association between total

n-6 PUFA intake and ER+ PR+ tumors found in this study may be subject to the issue

of multiple comparisons. While the mechanism between total n-6 PUFA intake and
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breast cancer specific to ER+ PR+ tumors has not been clinically studied, cancer
tumorigenesis found through prostaglandin synthesis of n-6 PUFA makes it biologically
plausible for n-6 PUFA to be positively associated with ER+ PR+ tumors of breast

cancer.

Another limitation of this study is that the true relationship between the exposures of
interest and breast cancer risk may be non-linear. However, when the linearity
assumption in the Cox proportional hazards model was tested by plotting the predicted
values against the Martingale residuals with smoothers, the assumption of linearity was
satisfied. Moreover, in line with the results for n-3 PUFA, the test for non-linearity in
the meta-analysis for marine n-3 PUFA and the risk of breast cancer was also not

significant.?3

Moreover, while information on breast cancer screening would have been beneficial for
analysis, the questionnaire only inquired whether the participant was screened in the
previous year; information regarding the screening status throughout the follow-up
period was not available. The questionnaire also did not inquire about breast feeding

and its duration, factors which have been shown to lower breast cancer risk in some
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studies.” 8 Furthermore, since menopausal status was recorded at baseline,
premenopausal status at baseline could have changed to postmenopausal status at the
time of diagnosis; this change could not be differentiated. Men were excluded in the
study; therefore, the results cannot be generalized to breast cancer cases in men. The
FFQ did not include questions to capture the intake of fish-oil supplements. However,
the market growth for fish-oil supplements has been stagnant in Japan until 2003 and
has approximately doubled in 2011 (Figure 13).8! This is considered a slow growth in
market size compared to the 10-fold increase in market size seen in the US market for
fish-oil supplementation during the same time period. Yet, the lack of data on fish-oil
supplements still could have affected the results. On the one hand, if the consumption of
fish-oil supplements was high in both cases and non-cases, the results would be biased
towards the null due to non-differential misclassification. On the other hand, differential
misclassification is plausible if misclassification of the intake of n-3 occurred only
among the non-cases (if n-3 intake has an inverse association with breast cancer) which

could have led to an overestimate of the true hazard ratio.
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Figure 13: Market trend on DHA/EPA supplements in the United States and Japan
(translated)
Source: UBM Japan Group®!

While several studies have been already conducted on this association, they were mostly
from Western populations®® 2% 2225 where incidence of breast cancer is high and fish
intake is low compared with that of Japanese, or China where the fish intake is not as
high as Japan and the cooking method is different.}” Only one study has been published
from Japanese cohorts, but the study could not specify ER PR status.?* As a whole, the
association has been inconsistent. This is the first study to look at the association

between the dietary intake of fish and PUFA and breast cancer by ER PR status on the
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Japanese population which has relatively high intakes of fish and PUFA. From an

epidemiological point of view, this study adds value because multiple epidemiological

studies are required to confirm the association between dietary intake and cancer.

Moreover, the main strength of this study lies in the prospective population-based

cohort design with a large overall sample size and high response rate. Recall bias was

also unlikely because of the prospective nature of the study in which diagnosis occurred

after collection of exposure data. Microscopic diagnosis of cases and limited reliance on

death certificate notification made misclassification of breast cancer cases improbable.

4.4 Recommendations to improve the JPHC study in the future

Given the strengths and limitations of this study, the following are two

recommendations on ways to improve the JPHC study in the future:

1. As mentioned in the limitations section, FFQ validity and reproducibility

depend on the type of food or nutrient. Therefore, applying better methods to

improve the validity of the FFQ dietary assessment can improve the JPHC

study. Possible methods would be to computerize the FFQ and use a 24-hr

dietary recall method which uses a structured interview method to obtain
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detailed data about food and beverages consumed in the past 24 hours, which
was used in the European Prospective Investigation into Cancer and Nutrition
(EPIC) study.??

The assumption that exposure has not changed significantly throughout the
study has also been raised as a limitation. Therefore, distributing the FFQ on a
more frequent basis such as every three years would allow the study to have
more information on the possible changes of exposure. An example is the
Nurses’ Health Study in which cohort members answered follow-up
questionnaires every two years since 1978.8%

Collecting DNA samples of participants may allow better understanding of the
association between dietary intake and cancer. Only ER PR could be currently
analyzed; if DNA samples can be obtained, other information on genetic
susceptibility such as BRCA genes can be analyzed to confirm the role of

genetics.
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5. Conclusion

The overall intake of fish, n-3 PUFA, and n-6 PUFA were not significantly associated

with breast cancer risk. However, significant positive associations were found between

the intake of total n-6 PUFA and ER+ PR+ tumors.

The tumor subtype dependency of this study highlights that studies that have analyzed

the association between dietary intake and breast cancer without consideration of

different receptor statuses should include tumor analyses to better understand the

relationship between dietary intake and breast cancer. Moreover, further laboratory

studies performed in parallel to epidemiologic studies can help in understanding the

mechanism of tumor growth in relation to fish, n-3 PUFA, and n-6 PUFA intake. With

breast cancer incidence on the rise in Japan, studying the association and understanding

the mechanisms to curb the growth through dietary intake is not only beneficial but also

necessary.
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7.2 Appendix 2: Example of Food Frequency Questionnaire (selected pages)

Health Promotion Questionnaire

[ N

L _

If you found an error in your name or address, please correct it with a red pen.

The Ministry of Health and Welfare: The Japan Public Health Center-based

prospective Study on Cancer and Cardiovascular Disease Research Group
National Cancer Center
National Cardiovascular Center

Please do not fill in anything here.

We may call to ask you some
questions regarding the contents of
what you have filled in. Please
provide your phone number below if
you do not mind.

M NG =

(< I~ T

e B K B oW N

e W N W oW W
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i el omed
" |Donotfilin -
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=
=
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Before starting the questionnaire

The Epidemiology Research Group of the Ministry of Health, Labor and Welfare is working on research

on “How do | prevent adult illnesses such as cancer, stroke, myocardial infarction, etc.?” In this context, we
carried out the “Health Promotion Questionnaire” from 1990 to 1991 targeting people who were born from
1930 through 1949 who live in the cities, towns and villages of five health center districts throughout the
nation.

Five years have passed since the survey, and we are carrying out a second questionnaire to find out

whether there have been any changes in lifestyle or health status of people during this interval, and also
details about the state of your dietary life. We would like to ask your cooperation now that you understand
the background of this survey.

If you are willing to participate this time, please read the “Instructions on How to Filli in the

Questionnaire” below and answer the questions beginning on the following page.

Instructions on How to Fill in the Questionnaire

O ;AW

As much as possible, please fill in this questionnaire by yourself.

Please fill in the given space (the oval circles) that apply with a black pencil, or enter a number of letter
in the box. If you choose “Other” in the multiple choice selections, please fill in specific details in the
parentheses.

Please use an HB, B or H graphite pencil.

Please do not use a fountain pen or ballpoint pen.

If you have any corrections, please erase them entirely with an eraser.

Please do not fill in anything in the blank spaces.

(example for filling in the mark)

Good B Bad ®» & & o o
Example Example outside the oval ta todistan

narrow

For example, please fill it in as shown below if you currently smoke cigarettes, and you smoke 20
cigarettes on average per day.

Currently, do you smoke cigarettes?

= | smoke | quit * | do not smoke | In the “100 digit” space, fill in the 0.
you “are smoking," the number of cigarettes you smoke on average per day is

100 10 -
digit  digit 1 digit

E -J cigarettes —

If you “quit,” what was the reason that you qu%
Please mark only one for the reason that applies
Because it damaged

my health =
|'was told to do so by my family and
Acauaintancas

—. Because it bothered the people ~. Because of -, Other
around me economic reasons

100 digit 10 digit } 1 digit |

Because it was not good for my future health

- . | was told to do so by my healthcare provider
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What month is it today?

©January <> February <> March <> April <> May €3 June
<>July <> August <> September <> October <> November <> December
What is your gender? <> Male <> Female
About how tall are you currently? About how much do you weigh currently?
100 10 100 10
—dat. _digit _1digit —dat, _digit__1digit
| 1 i i | | ¢ i
| | [L | em (round off the fractions) i ! [L | kg (round off the fractions)
| fo0dgt | tosgn | 1dst | to0dot | twdst | 1ds
| ¢ | ‘ | ; | '
= [ : ; l
; f ! b !
) ¥ | ] |
FoE | é ! P | !
: ; | f |
| | [ |
o o
3 1 & i @
b > {77‘774 [ l B ‘7777 7[,7 '
We are going to ask you about “rice (cooked rice).”
About what size rice bowl do you eat with?
< Small rice bowl <> Normal rice bowl < Donburi large rice bowl
About how many bowls do you eat in 1 day, combining breakfast, lunch and dinner?
© Less than 1 bowl <1 bowl < 2 bowls < 3 bowls 4 bowls
< 5 bowls 6 bowls < 7 -9 bowls < 10 bowls or more

Do you eat vitamin-enriched rice?
< No O Yes

Do you mix in wheat or millet or Japanese hie?
© | do notmix it in < | sometimes mix it in © |always mix it in

We are going to ask you about “miso soup.”

About how frequently do you eat it?
© | hardly evereatit < 1 -3 days a month < 1-2daysaweek < 3-4days aweek

© 5 - 6 days a week < | eat it every day

About how many cups do you eat in 1 day, combining breakfast, lunch and dinner?
© Less than 1 cup < 1 cup @ 2 cups < 3 cups © 4 cups
< 5 cups < 6 cups & 7-9cups < 10 cups or more

How do you season it?
< Fairly diluted <> Normal © Fairly thick

Do net fill in - o
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Currently, do you smoke cigarettes?

| smoke | quit | do not smoke : 4
| 100digit 10 digit 1 digit
If you “are smoking," the number of cigarettes you smoke on average per day is ; - 1 - a1
100 10 Ggi ; "
| digit | digt | { "
1
1 : { :
:  cigarettes SR & { = *
i . .
| 5 f S 5
If you “quit,” what was the reason that you quit? - = =
Please mark only one for the reason that applies
y T
E::I?:se it damaged My  pgcayse it was not good for my future health | ‘ #
_ |was told to do so by my family and | was told to do so by my healthcare provider | s T
acquaintances ¥ -
Because it bothered the people + Because of Other
around me economic reasons
How frequently do you drink?
< | hardly ever drink < 1 -3 days a month < 1-2 days a week
<> 3 - 4 days a week <> 5 - 6 days a week <> | drink every day

Please choose the most usual combination that you drink in one day.

{ (Example) If normally after drinking one large bottle of beer you drink 2 go of Japanese |
isake, in the “Beer” area fill in “1 bottle” and in the “Japanese Sake" area fill in “2 go,” |

§and in the “Shochu or Awamori," “Whiskey,"” and “Wine" areas, fill in “I do not drink."

Japanese Sake 1 go (180ml)
¢ ldonotdink ¢ lessthan05go  c>lgo <D2go  <D3go CD4go €D5-6go €D 7 goormore

Shochu or Awamori 1 go (180ml)
¢ ldonotdrink ¢ lessthan 0.5 go cH1go  €2go  CH3go  C€H4go €D 5-6go > 7 go or more

*Beer Large bottle (633ml)

¢> ldonotdrink ¢ lessthan 0.5bottle ¢ 1 bottle 52 bottles €3 bottles €4 bottles € 5- 6 bottles ¢ 7 bottles or more

Whiskey Single (30ml)
¢> ldonotdrink ¢ lessthan 0.5 glass ¢ 1 glass €2 glasses €3 glasses €4 gasses € 5- 6 glasses ¢ 7 bottles or more
Wine Glass (100ml)

¢ ldonotdrink <~ lessthan0.5glass ¢»1glass € 2glsses €3 glasses €4 ghasses € 5- 6 glasses ¢ 7 bottles or more

*Please make the conversion at medium bottle or 500ml can, 0.8 of a bottle; small bottle or 350ml can,
0.6 of a bottle

Currently, is there a medicine that is prescribed by your healthcare provider and that you take periodically?

< Yes <> No

If “Yes,” please mark all that apply. T R S > Y S—

¢ High Blood Pressure —, Medicine to Lower Cholesterol
Medicine -
< Diabetes Medicine > Gout Medicine <> Other r———

B =-E-E-E=-X~
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Are there any vitamins that you take once or more per week?
Yes No

If answered “yes" above, please fill in the product name, and mark the type of vitamin, frequency that you

take it, and time period.
(Example) If you have been taking 1 tablet of the vitamin C agent called “Hi-C S" every day for 8 years,

please fill it in as follows.

s Vitamin C

: Product Name : g i :
Hi-C S ! ! s o B i : R
” g $ i

Mark'Not—N-er;:;sga_lry i i T N N T i !

Frequency Time Period

week
3-4tabletsa
week
5-6tablets a
week
1 tablet daily
more

Type and Product Name

1-2tablets a
2 - 3 tablets
daily
4 - 6 tablets
daily
7 tablets or
more daily
Less than 1
year
1-2years
3 -4 years
5-9years
10 - 19 years
20 years or

Multivitamin
Product Name:
| No Mark Necessary
Beta Carotene
Product Name:
| No Mark Necessary
Vitamin C
Product Name:
| No Mark Necessary
Vitamin E
Product Name:
| No Mark Necessary
Other
Product Name:
| No Mark Necessary

In the past 5 years (from January 1, 1990 to present), have you been told by your healthcare provider that
you have the following iliness(es), and you had the following surgery(ies)? Please mark all that apply.

Disease
Stroke Myocardial Infarction ~ Angina Pectoris Diabetes
Gout Cataracts Gall Stones Urethral Stones or Kidney Stones
Stomach Ulcers Duodenal Ulcers Stomach Polyps Colon Polyps Chronic Hepatitis or Cirrhosis of the Liver
Stomach Cancer  Colon Cancer Liver Cancer Lung Cancer
Breast Cancer Uterine Cancer Other Cancer — Site [ ]

Mark Not N Y
Surgery
Stomach Coalon Gall Stones
Ovaries Lung Mammary glands other — Site |

Mark Not | y

[ Do notfillin = ® |
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Questions about Your Dietary Life

Now some questions about your diet will follow.

Recalling your diet over the past one year, please answer with average frequencies and

amounts.

If you answer all the items, a detailed nutritional calculation of your normal dietary life can
be made, so we will be able to report to each of you individually at a later date whether you
have a nutritional balance, or whether your vitamins are enough, etc.

There are a lot of questions, and it this may be difficult for you, but we ask you to please

complete it to the end.

Example

If you eat beef steak about 2 times a month, and the amount you eat per time is about half a steak, then

fill it in as follows.

|

Name of Food Item

‘Ido noteatit |

}’: iSteak 1
s3] - = %

. Grilled (grilled meat, etc.)

|
|

Name of Food ltem

I do not eat it

"Steak

Beef |

Grilled (grilled meat, etc.)

"1 -3times a month

[. 1 - 3 times a month

>
]
)
2
]
o
o
£
=
™~
an
g

1 - 2 times a week

" 3-4times a week

3 -4 times a week

5 - 6 times a week

" 5-6 times a week

Once daily

Once daily

90

2 - 3 times daily

|
1
|

2 - 3 times daily

Estimated Amount ‘i
Per Time

4 -6 times daily
"7 times or more daily

Less (hak or less) than 3

1 steak slice (aBotjt 150g) i
{

4
1} 5 thin slices (about 100g)
] s

If you hardly ever eat beef steak (less than once a month), fill it in as follows.

Estimated Amount !

Less (half or isss) than

Per Time

46 times daily

7 times or more daily

1 steak slice (about 150g)

‘ 5 thin slices (about 100g) -

Do nat fill in anything in the estimated amount.  *

the estimated amount

|

Sanie as e

the estimated amount -
estimated amount

Estimated Amount Per
me

Estmated Amount Per
Time

4 Mére (15 time or ioré)
than the estimated
amount

Moré (1.5 time or morej
than the estimated
amount




Estimated Amount of Vegetables (full size)

If the amount you eat per time is about the same as in the photograph, please fill
in “Same.” If it is more than what is in the photograph (1.5 times or more), please
fill in “More,” and if less (less than half), please fill in “Less.”

(a) Carrot, 1/4 carrot
(about 50g)

(b) Spinach, 2 bunches
(about 50g)

(c) Pumpkin, one 4 - 5cm cube
(about 40g)

(d) Cabbage, 1/2 medium-sized leaf
(about 30g)

(e) Radish, one 2-cm-thick round slice
(about 80g)

91



Recalling your diet over the past one year, please fill in average frequencies and

amounts.

Name of Food Item

| do not eat it
1 — 3 times a month

Once daily
2 — 3 times daily

1— 2 times a week

3 - 4 times a week

5 — 6 times a week
4 — 6 times daily

Estimated Amount
PerTime

Estimated Amount
Per Time

Less (half or less) than
the estimated amount
Same as the
estimated amount

More (1.5 ime or more)
than the estimated
amount

Canned tuna (sea chicken flakes)

1/4 can (about 20g)

Salmon or trout

1 slice of fish meat (about
70g)

Bonito or tuna

4 raw slices (about 60g)

Cod or flounder

1/2 slice (about 40g)

Bream (Red Sea bream, Okinawan name:
gurkun, Okinawan name: machi, etc.)

1 slice (about 70g)

Horse mackerel or sardines

1 fish (about 80g)

Pike or mackerel

1 fish (about 80g)

Dried whitebait

2 tablespoonfuls (about
10g)

Cod roe or salmon roe

1/4 sac (about 20g)

Eel 1/2 fish (about 50g)

Squid 3 raw slices (about 50g)
Octopus 1/3 tentacle (about 50g)
Shrimp ic;l;;a)isho shrimp (about

Clams or freshwater clams

10 shucked pieces of meat
(about 20g)

10 shucked pieces of meat

Shill (about 20g)
Fish cake 1/6 tube (about 20g)
Fish paste 2 slices (about 20g)

frequency or amount you eat in

For the following vegetables, please refer to the photographs on the

the seas:

on when they appear on the

page on the left, and fill in the

market.

Carrot Refer to photograph (a)
Spinach Refer to photograph (b)
Pumpkin Refer to photograph (c)
Cabbage Refer to photograph (d)
Radish Refer to photograph (e)
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Please mark only one as the preparation method you use most often.

Raw Bolled  Griled  C9oPF@'  StirFried  Other
For meats?
For fish?
For vegetables?
How do you most often eat steaks and grilled meats?
Close to raw Medium Well grilled
(rare) (medium rare — rare) (well done)
When you eat grilled fish, do you eat the burned parts?
| hardly | eat about 1/3 I eat about half _|eatabout2/3 . |eatalmostall
< ever eat of them of them of them of them

them

Currently, whom do you live with? Please mark all of the people that you live with.

<> Spouse <> Child <> Parents <> Other <> | live alone

Has your work changed in the last 5 years?

<> It has not changed <> | changed jobs < | retired and currently do not work

What is your current work? If it changes because you work more than one job or seasonally, please mark
all that apply.

< Agriculturalindustry < Forestry industry < Fishing industry < Office work © Self-employed
<> Specialty work <5 Housewife <> Unemployed < Other

About how many hours do you work per day?

Less than 5 yours 5 hours or more and less than 9 hours 9 hours or more

Usually per day, about how many hours do you move your body including work?

In physical labor and extreme sports? None Less than 1 hour 1 hour or more
Time sitting? 3 hours or less 3-8 hours 8 hours or more
Time walking or standing? Less than 1 hour 1 -3 hours 3 hours or more

About how often do you have the opportunity to play sports or exercise outside of work?

Hardly ever 1 -3times a month 1 -2 times a week 3-4times aweek Almost every day
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Normally about how much sleep are you trying to get?

5 hours or 10 hours
e <D 2 =
= 6 hours <> 7 hours <> 8 hours <> 9hours & o inote
Are you regular in your everyday life? < | am regular <> | am not regular

In your daily life do you have the feeling you are overworked?

| am not overworked | have the feeling | am a bit overworked | am always overworked

Daily, do you think that you have a lot of stress?

A bit Normal A lot

Do you think you are enjoying your life?

No Normal Yes
When it is cold, do you use an electric blanket? | do not | do
Do you use an electric carpet for heating? | do not | do

We are asking these only of women.

Currently, do you take female hormone medications? < | do not take them < | do take them
Currently, do you have menses (menstruation)?
o ldo < | have had menopause <> | have had menopause
naturally surgically, etc.

For persons who have had menopause, at what age did you have menopause?
© Age 39 orunder < Age 40 - 44 © Age 45 - 49 © Age 50 - 54 < Age 55 - 59 < Age 60 or over

Who filled this in? < Self < Representative

This is the end. We would appreciate it if you would check once more that you
have not omitted anything. Thank you very much for your cooperation spending
a long time on this.
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EPA, DHA, DPA, ALA, n-6 PUFA, and n-6/n-3 (g/day) against

residuals

Smoothed Residual Plot

Smoothed Residual Plot
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