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ABSTRACT

According to the American Cancer Society, breast cancer is the most commonly
diagnosed cancer and is the second leading cause of cancer death in American women. Breast
cancer screenings and improvement in treatments have resulted in the rising number of survivors
in the recent decade. This urged the need for post-diagnosis lifestyle changes to improve breast
cancer patients' quality of life. Many studies found soy food, the primary dietary source of
phytoestrogens, has a protective effect against breast cancer recurrence and mortality. Dietary
phytoestrogens can be classified into two groups: isoflavones and lignans. Daidzein and
genistein were identified as the most common isoflavones. Due to their structural similarities to
17- beta estradiol, isoflavones exert agonistic and antagonistic effects. However, limited studies
have evaluated the effect of phytoestrogen on health-related quality of life (HRQOL) among
cancer survivors. This thesis examined the association between genistein levels and HRQOL and
whether these associations are altered by menopausal status using data collected by a research
team in South Korea. Women aged 21 to 81 years old, diagnosed with stage I — III primary breast
cancer, and received breast cancer surgery at least six months prior were enrolled from five
hospitals. Plasma genistein level was measured by orbitrap liquid chromatography-mass
spectrometry at the University of Hawaii Cancer Center, Honolulu, Hawaii, U.S.A. HRQOL was
self-reported using a validated Korean version of the SF-36 questionnaire. SF-36 has eight
domain scores. The scores are summarized into physical (PCS) and mental (MCS) component
summary scores, with a higher score indicating better HRQOL. The association between plasma
genistein and HRQOL was assessed using a multiple linear regression model adjusting for

potential confounders. Stratified analysis was conducted to examine whether menopause status
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modified this association. 407 women (mean age: 52.1 + 8.3) with all available data were
included in the analysis. The mean blood genistein concentration was 144.7 nM (range: 1.1-
2073.0 nM), and the PCS and MCS scores were 49.5 + 7.1 and 49.2 + 9.8, respectively. Analysis
for the entire sample showed no significant associations between genistein level and HRQOL
score across all domains. Further subgroup analysis by menopausal status revealed that only pre-
menopausal women in the highest tertile level of genistein had a higher social function domain
score (48.9 vs. 47.2) than those in the lowest tertile with a borderline statistical significance (p =
0.083). These findings suggest beneficial effects of genistein may depend on women’s

menopausal status, but further investigation is necessary.

il
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INTRODUCTION

Breast cancer is the most diagnosed cancer and is the leading cause of cancer death in
women worldwide (Bray et al., 2018). Breast cancer screening before any symptoms and
improved treatments have resulted in a better cancer prognosis and contributed to the rising 5-
year survival rate of breast cancer. The prolonged survival rate has urged the need for post-
diagnosis lifestyle changes to improve breast cancer patients’ health-related quality of life
(HRQOL). Assessing HRQOL will help better understand the burden of physical and mental
problems in breast cancer survivors. Clinicians recognized HRQOL as a powerful tool to
measure the implications of treatments and disease burdens. Better breast cancer prognosis and
HRQOL have been attributed to lifestyle factors such as healthier dietary habits (Song, Hwang,
Moon, Noh, & Lee, 2015).

In breast cancer, estrogen is known to stimulate tumor growth, activate telomerase
activity, and promote proliferation and metastasis (Mouridsen, Rose, Brodie, & Smith, 2003).
Phytoestrogen has a similar chemical structure to estrogen and exhibits high binding affinity to
estrogen receptors on breast cancer cells (Adlercreutz & Mazur, 1997; Dixon, 2004). The
majority of dietary phytoestrogens can be classified into two groups: isoflavones and lignans
(Valentin-Blasini et al., 2005). Isoflavones can be found in soybeans, while dietary sources of
lignans are primarily clover, alfalfa sprouts, and flaxseeds (Kurzer & Xu, 1997) (Valentin-
Blasini et al., 2005). Additionally, daidzein and genistein have been identified as the most
common isoflavone metabolites and their structures closely resemble 17-3 estradiol; due to
structural similarities, daidzein and genistein exert agonistic and antagonistic effects against

estrogen, depending on the levels of endogenous estrogen and estrogen receptors (Kuiper et al.,
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1998; Marzocchella et al., 2011; Yu, Bi, Yu, & Chen, 2016). Many epidemiologic studies
correlated isoflavone intake with a lower breast cancer risk (Chen et al., 2014; Song et al., 2015).
The literature shows a significant relationship between dietary patterns with better

HRQOL (Kim et al., 2018; Koh et al., 2019; Song et al., 2015). Limited studies have analyzed
the relationship between plasma level of phytoestrogen and health outcomes in breast cancer
survivors (Nikander et al., 2003). The current cross-sectional study aims to examine the
association between plasma levels of phytoestrogen and HRQOL among breast cancer survivors

and whether these associations are altered by menopausal status.

www.manharaa.com




LITERATURE REVIEW

Breast Cancer Statistics

Breast cancer is the most commonly diagnosed cancer and is the leading cause of cancer
death in women worldwide (Bray et al., 2018). According to the American Cancer Society,
breast cancer is the second leading cause of death in US women, and about 1 in 38 women will
die from breast cancer (American Cancer Society, 2020). The 5-year survival rate for breast
cancer diagnosed from 2009 to 2015 is 90%. The 5-year relative survival rates for localized
breast cancer is about 99%, regional is about 86%, and distant is about 27% (Siegel, Miller, &
Jemal, 2020). In Korea, the 5-year survival rate for breast cancer diagnosed from 2008 to 2012 is
91.3% (Jung et al., 2015). The high relative 5-year survival rate for early-stage breast cancer can
be attributed to earlier detection and improved treatments.

The breast cancer incidence rate has been increasing in high-income countries; the
incidence rate is higher in North America and is relatively lower in Asia (DeSantis et al., 2015)
(Morey et al., 2019). In a study analyzing trends and patterns of breast cancer among Asian
population found that Korean women living in the US had double the incidence rate as those
living in Korea. They also found that Chinese women living in Singapore had five times higher

incidence rate than those residing in rural China (Youlden, Cramb, Yip, & Baade, 2014).

Importance of Health-Related Quality of Life Among Breast Cancer Survivors
In the past decade, improvements in breast cancer survival rates urged the need to
emphasize post-diagnosis lifestyle changes, diet, and HRQOL. Health professionals recognize

HRQOL as a powerful instrument to measure the impact of chronic diseases and help clinicians
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determine the impact of their interventions on patients (Guyatt, Feeny, & Patrick, 1993).
HRQOL instruments can either be self-administered, administered electronically, or conducted
by trained interviewers. HRQOL instruments are made up of items or questions grouped into
domains; domains may include measurements of physical and emotional functioning (Guyatt et
al., 1993).

The SF-36 is a short-form health survey with 36 questions used to assess the HRQOL. It
has an eight-scale profile of score as well as a physical and mental component. The eight-scale
profile scores were selected from the 40 concepts of the Medical Outcomes Study (MOS) and the
chosen items represent concepts most affected by disease and treatment (Ware, 2000). The
standard form of SF-36 was made available in 1990; the standard form eliminated one-fourth of
the words in the developmental MOS version of the 36 items and reflected improvements in
wording, formatting, and scoring (Ware, 2000). Eight-scale profiles of SF-36 include physical
functioning, role physical, bodily pain, general health, vitality, social functioning, role emotional,
and mental health. The eight-domain scores are calculated using developers’ manual. The scores
from the eight domains are presented into two summaries, the physical component summary
(PCS) and the mental component summary (MCS) score. The PCS score includes physical
functioning, role-physical, bodily pain, and general health. The MCS score includes social
functioning, role-emotional, vitality, and mental health (Ware, 2000). A higher score in each
item indicates better functioning and can be correlated to better HRQOL. The SF-36 health
survey has been useful in comparing the relative burden of more than 130 diseases and

comparing various treatment plans (Ware, 2000).
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Health-Related Quality of Life Scores Among Breast Cancer Survivors

Being diagnosed and living with breast cancer is stressful for many survivors and may
negatively affect their quality of life (Cui et al., 2004) (Ganz et al., 1996). It is crucial to
understand factors impacting HRQOL to preserve health and well-being. About 24.5% of cancer
survivors reported poor physical HRQOL, and 10.1% reported poor mental HRQOL compared
with 10.2%, and 5.9% of adults without cancer reported poor physical and mental HRQOL,
respectively (Kathryn E. Weaver et al., 2012). In a population-based study comparing patient-
reported HRQOL of recently diagnosed breast cancer patients with normative data, participants
reported clinically meaningful poorer global health status, social functioning and higher levels of
fatigue and anxiety (Hayer et al., 2011). A cross-sectional study using data from the Women’s
Health Initiative-Observational Study found breast cancer survivors reported worse physical
functioning, greater role limitations due to physical health, more pain, less vitality, better social
functioning, less sleep disturbance, and more depressive symptoms than women without a
history of breast cancer (Paskett et al., 2008). Studying HRQOL is essential to understanding the

steps to reducing the breast cancer burden on survivors (K. E. Weaver et al., 2012).

Diet and Health-Related Quality of Life

Studies have demonstrated that the migration of women from a low-risk population to
high-risk population causes an increase in breast cancer risk in successive generations,
suggesting that changes to Western lifestyle such as dietary patterns may increase the risk of

breast cancer (Ziegler et al., 1993). A meta-analysis of 35 studies suggested soy isoflavone’s
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protective effects against breast cancer risk among pre-and post-menopausal women in Asian
countries, including Korea (Chen et al., 2014). Their study reported that in stratified analysis

among regions, soy isoflavones had a protective effect against breast cancer risk in women in
Asian countries and no statistically significant association was reported in Western countries.

In a 12-week randomized control trial study of the effects of high-dose isoflavone on
quality of life (QOL), a significant improvement in QOL was found in women taking isoflavones
(Basaria et al., 2009). Several epidemiologic studies found adherence to healthy dietary patterns
and guidelines for cancer survivorships was associated with better HRQOL domain scores (Kim

et al., 2018; Koh et al., 2019; Song et al., 2015).

Biomechanisms of Phytoestrogen versus Estrogen

Many researchers have proposed phytoestrogen’s role in cancer cell differentiation,
inhibition of angiogenesis, induction of cancer cell differentiation, inhibition of tyrosine kinase
and DNA topoisomerase activities, and antioxidant effects (Kurzer & Xu, 1997). In vivo and in
vitro studies have suggested that phytoestrogens may play a significant role in preventing many
chronic diseases such as breast cancer, osteoporosis, and other heart diseases (Kurzer & Xu,
1997). Dai et al. analyzed the association between urinary phytoestrogen excretion and breast
cancer risk and found that high urinary excretion of phytoestrogen was associated with decreased
breast cancer risk (Dai et al., 2003).

Estrogens are hormones that play an essential role in female sexual and reproductive
development (Hamilton, Hewitt, Arao, & Korach, 2017). The biological effects of estrogen are

mediated through its binding on estrogen receptors on cells. Endogenous estrogens have been
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shown to play a role in the pathogenesis of breast cancer and other hormone-dependent diseases
(Nelson & Bulun, 2001). Therapeutic interventions of estrogen-dependent disorders typically
target the functions of estrogen receptors (Hamilton et al., 2017).

Phytoestrogens are naturally occurring plant-derivatives with molecular weights and
structures being very similar to estrogen (Adlercreutz & Mazur, 1997). They exert both weak
estrogenic and anti-estrogenic effects due to their similar chemical structure to endogenous
estrogen and their high binding affinity to estrogen receptors (Adlercreutz & Mazur, 1997; Dai et
al., 2003; Dixon, 2004). Due to these factors, many scientists have postulated that phytoestrogens
may have connection to sex hormones and play a role in sex hormone metabolism (Adlercreutz
& Mazur, 1997). The majority of dietary phytoestrogens can be classified into two groups:
isoflavones and lignans (Valentin-Blasini et al., 2005). Significant dietary sources of isoflavones
can be found in soybeans, while lignans are primarily found in clover, alfalfa sprouts, and
flaxseeds (Kurzer & Xu, 1997) (Valentin-Blasini et al., 2005).

Daidzein and genistein have been identified as the most common isoflavones and their
structures closely resemble 17-f estradiol; due to structural similarities, isoflavones exert
agonistic and antagonist effect, depending on the levels of endogenous estrogen and estrogen
receptors (Kuiper et al., 1998; Marzocchella et al., 2011; Yu et al., 2016). Many studies also

found an increase in soy foods consumption had protective effects against breast cancer risk.
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RESEARCH PURPOSE

Objective
This cross-sectional study aims to examine the association between genistein levels and
HRQOL and whether these associations are altered by menopausal status using data collected by

a research team in South Korea.

Hypothesis
H1: Participants with higher plasma genistein level will have higher HRQOL scores.
H2: A greater association between higher plasma genistein level and higher HRQOL will

be observed among postmenopausal women
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METHODS

Study Population

Data from this study was obtained from the Seoul National University (SNU) Breast
Cancer Study. Female breast cancer survivors were recruited into the study between September
2012 to May 2019 from 9 large hospitals in South Korea. A total of 961 patients between 21-81
years old who have been diagnosed with primary breast cancer were enrolled in the study.
Among the study enrollees, participants were excluded if their cancer stage was 0 or IV
according to the American Joint Committee on Cancer (AJCC) criteria, had breast cancer surgery
within six months of enrollment, if their plasma phytoestrogen was not measured or their SF-36
HRQOL assessment was missing (n = 86). As a result, 407 participants were included in the
current analysis. As this study was approved by the Institutional Review Boards at the
participating institutions in South Korea, and individual participants have provided written
informed consent at enrollment, this thesis is exempt from the additional review at the University

of Central Florida.

Collection of Demographic and Clinical Factors

A trained research nurse asked participants about demographic, socioeconomic, and
lifestyle factors at enrollment. Demographic questionnaires were used to collect information
about age, education level (high school or less/ high school graduate/ college or more), and
marital status (married or cohabiting/ unmarried, divorced, or widowed). Participants were asked
about the use of supplementation (yes/no), type, dose, and duration of supplement use, smoking

status (never/ former/ current), dose and duration of smoking, and frequency of smoking.
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Anthropometric data (height and weight) were collected at enrollment to determine body mass
index (BMI). Height and weight at the time of diagnosis were used if participants’
anthropometric data at enrollment were missing.

Medical records collected relevant clinical information. Time since surgery, other cancers
prior to breast cancer diagnosis, date of primary breast cancer diagnosis, AJCC stage at
diagnosis, tumor size, date of surgery, menopausal status, menopausal age, height, and weight at

diagnosis were gathered from medical records.

Measurement of Plasma Phytoestrogens

Blood samples were collected at enrollment and were transferred to the laboratory within
24 hours. Blood samples were centrifuged and stored at -70° C until measurement. Plasma
phytoestrogen levels were measured by orbitrap liquid chromatography-mass spectrometry
(LC/MS) at the University of Hawaii Cancer Center, Honolulu, Hawaii, U.S (Li & Franke,

2015). The inter-assay coefficient of variation (CV) value was 14.6%.

Assessment of Health-Related Quality of Life

Participants completed a validated Korean version of the SF-36 health survey version 2.0
to evaluate their HRQOL eight domains. The eight domains included physical functioning, role
physical, bodily pain, general health, vitality, social functioning, role emotional, and mental
health. The eight domains are presented into two summaries, physical component summary
(PCS) and mental component summary (MCS) (Ware, 2000). The PCS score includes physical

functioning, role-physical, bodily pain, and general health, while the MCS score includes social

10

www.manaraa.com



functioning, role-emotional, vitality, and mental health. The higher score of all domains indicates

better HRQOL.

Statistical Analysis

Participants’ demographic characteristics according to plasma genistein levels were
described in Table 1. In Table 2, mean PCS and MCS were analyzed according to participants’
demographic characteristics. Plasma phytoestrogen levels were categorized into tertiles for study
participants (T1, T2, and T3). The association between HRQOL and plasma phytoestrogen was
estimated using the least squares mean (LS mean) and 95% confidence intervals (Cls) from a
generalized linear model (GLM). All models have been adjusted for age at diagnosis (years;
continuous), BMI (kg/m?) at diagnosis, smoking status (never; current, or past smoker), marital
status (married/cohabitation or unmarried/divorced/widowed), education level (high school or
less, high graduated, college or more), breast cancer stage at diagnosis (I, II, IIT), menopausal
status (premenopausal and post-menopausal) at diagnosis, supplement use (yes, no), and time
since surgery (6 months — 1 year, 1 - <2 years, 2 - <5 year, or > 5 years). To test for trends, the
median value of HRQOL was calculated for each tertile of plasma phytoestrogen level. A
stratified analysis was conducted to analyze the association by menopausal status at study
enrollment. All analysis of data was done using the SAS statistical software, ver. 9.4. Statistical

significance was defined as P-value < 0.05 in a two-sided statistical test.

11
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RESULTS

Demographic Factors

Participants’ demographic characteristics according to plasma genistein levels are
presented in Table 1. The sample consisted of 407 participants with a mean age at the time of
study consent was 52.1 + 8.3, and the mean body mass index (BMI) was 23.9 + 3.2 kg/m?. The
average plasma genistein level was144.9 +203.6 nM (range: 1.07 to 2073). At the time of study
enrollment, 85.5% of the participants were postmenopausal women, 76.4% of women were high
school graduate or above, and 68.8% of women had progesterone receptor-positive (PR+) breast
cancer. Women aged 50 or older were more likely to have a higher plasma genistein; 53.5% in
the age group 60+, 38.6% in the age group 50 - <60, 22.9% in 40 - <50, and 10% were in 20 -
<40 were found in T3 (p <0.001). Women with lower education level were more likely to have
higher plasma genistein; 44.8 % of the women who have not graduated from high school, 30.7 %
of those who have graduated from high school, and 32% of those who have attended some
college were found in T3. 42.5% of women with PR- breast cancer and 30.0% of PR+ breast

cancer was found in T2 (p = 0.041).

Mean Health-Related Quality of Life Summary Scores

Mean PCS and MCS scores were analyzed according to participants’ demographic
characteristics (Table 2). The mean PCS and MCS scores among all study participants were
scores were scores 49.5 + 7.1 and 49.2 + 9.8, respectively. Women in age groups 50 - <60 and
60+ years were found to have lower mean PCS score (p = 0.045). The mean PCS score was 50.7

for women in age group 20 - <40, 50.8 for age group 40 - <50, 48.8 for age group 50 — <60, and

12
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48.7 for women in age group 60+. Women who reported they were current alcohol consumers
had higher mean PCS score. Women who were never alcohol drinkers had a mean PCS score of
49.0, those who were former alcohol drinker have a mean score of 49.2, and current alcohol
users have a score of 51.3 (p = 0.036). Women who received chemotherapy as treatment reported
both lower PCS score (p = 0.007) and MCS score (p = 0.004). Those who did not receive
chemotherapy for their breast cancer treatment had a mean PCS and MCS score of 51.3 and 51.8,
respectively. Those who received chemotherapy had a mean PCS and MCS score of 49.0 and
48.4, respectively. Current smokers reported significantly lower MCS score than those who have
never smoked or former smokers. The mean MCS score for current smokers was 34.0, 49.7 for

those who have never smoked, and 47.5 for former smokers (p < 0.001).

Stratified Analysis by Menopausal Status

Table 3 shows the analysis between plasma genistein level and HRQOL in all women.
Table 4 and 5 show further subgroup analysis by menopausal status. Results from these tables
revealed a positive borderline significant relationship between plasma genistein level and social
functioning domain score among pre-menopausal women. Premenopausal women in T3 had an
average social functioning domain score of 48.86 while women in T1 had an average score of

47.24 (p = 0.083).

13
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DISCUSSION

In this study, we analyzed the association between plasma genistein and HRQOL in
Korean breast cancer survivors. The majority of study participants were premenopausal women
and graduated high school. Women above 50 years old or those who did not graduate from
higher school had higher level of plasma genistein. The average plasma genistein level was 144.9
+ 203.6 nM (range: 1.07 to 2073). A study comparing plasma and urinary phytoestrogens in
healthy Japanese and Finnish women observed higher level of phytoestrogen in Japanese women
and the mean genistein level in healthy Japanese women was 406.8 nM (Uehar, Arai, Watanabe,
& Adlercreutz, 2000). Another study found Japanese men and women had higher concentration
of circulating phytoestrogen than individuals in the UK (Morton, Arisaka, Miyake, Morgan, &
Evans, 2002). These findings may help explain what factors may contribute to a lower breast
cancer incidence rate in Asian population than those in Western populations. One significant
factor may be dietary patterns and behaviors.

We found that women aged 50 and above reported lower PCS scores. This may be due to
a decrease of physical well-being that comes with old age. In general, older women with breast
cancer tend to be impacted more by the physical changes (Hoyer et al., 2011). Women who are
current smokers at the time of the study reported lower MCS score than former smokers or those
who have never smoked. Similar to our study, several studies examining HRQOL among breast
cancer survivors and women without breast cancer found statistically significant lower mental
health current smokers than in nonsmokers (Avis et al., 2020; Han, Robinson, Jensen, Smith, &
Yabroff, 2021). This finding highlights the importance of modifiable health behaviors in

understanding HRQOL in breast cancer survivors.

14
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Our analysis showed no significant relationship between plasma genistein level and
HRQOL. However, we were able to find a positive borderline significant relationship between
social functioning domain and plasma genistein level was found in premenopausal women.
Younger women tend to have more severe anxiety and depression symptoms (Heyer et al.,
2011). This could partly be due to some younger patients are unable to cope with the diagnosis of
cancer in their early life and this may impact their mental health. We originally hypothesized that
postmenopausal women with higher plasma genistein would have better HRQOL because of a
decreased estrogen production by ovaries and endogenous genistein may act in the body to cope
with the fluctuating hormone levels. Since most study participants were post-menopausal
women, they may experience impaired HRQOL due to many factors such as old age and
menopausal symptoms. Several studies found phytoestrogen supplementation was linked to
improved quality of life (QOL) and improvements in menopausal symptoms in women (Basaria
et al., 2009; D'Anna et al., 2007; Davinelli et al., 2017). A 12-week randomized control trial
studying the effects of high-dose isoflavones and QOL found a significant improvement in QOL
in women taking isoflavones (Basaria et al., 2009). In another 12-month randomized control
study, those who received phytoestrogen genistein had a 56.4% reduction in hot flushes than
control group (D'Anna et al., 2007).

In a cross-sectional study among 3,770 Japanese women aged 18 to 20 years old found
women consuming the traditional Japanese diet characterized by high intake of rice, miso soup,
and soy products and low intake of bread and confectionaries had lower prevalence of functional

constipation (Okubo et al., 2007).

15

www.manaraa.com



Strengths and Limitations

One advantage to our study is the direct measurement of plasma genistein, which is more
objective than the use of a food frequency questionnaire and limiting the possibility of a recall
bias. In a study looking at dietary intake and plasma concentration and urinary excretion of
phytoestrogens found measurements of plasma phytoestrogen levels are useful biomarkers of
isoflavone intakes (Arai et al., 2000). A Plasma genistein measurement is more representative of
the bioavailability, absorption, and metabolism of phytoestrogen in the body and reflect the
dietary intake of soy foods.

This study has a number of limitations. While plasma genistein may be a more objective
measure it could only reflect the short-term soy intake. Circulating endogenous estrogen levels
could affect the body's genistein function, but the level of endogenous estrogen was not
measured. Since we only included one type of phytoestrogen in our analysis, we cannot
determine how other types of phytoestrogen may affect plasma genistein level. Due to the nature
of the cross-sectional study design, we were unable to establish a causal relationship between
plasma genistein and HRQOL score. While SF-36 is a non-disease-specific and versatile
questionnaire to measure HRQOL, it may not reflect specific symptoms impairing quality of life
in women with breast cancer. Other breast cancer or menopausal specific questionnaires may be
more appropriate in measuring HRQOL. Lastly, other comorbidities were not recorded at study

enrollment and may have affected the analysis.
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CONCLUSIONS

The objective of this cross-sectional study was to examine the association between
plasma genistein and HRQOL among breast cancer survivors. The results of this study showed
that plasma genistein score has a positive borderline significant relationship with social-
functioning domain score. The implication of this study is to urge future research to analyze the
association between plasma levels of all phytoestrogens in combination with endogenous
estrogen and HRQOL. Exploring factors that may improve HRQOL may help health

professionals choose interventions that will lead to better patient overall outcome.
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APPENDIX A: FIGURES

BC survivors enrolled in

March 2015 - May 2019
N =785 Excluded (N=86):

stage 0 or IV

had a recurrence or metastasis
before enrollment
v had a surgery within 6 months

had a previous cancer
BC survivors with stage I-111

N =698
| Excluded (N = 165)
did not have genistein
l measurement

BC survivors with stage I-111
and genistein measured
N =533

Excluded (N = 126)
did not complete SF-36

A 4

BC survivors with stage I-111
and genistein measured and
completed SF-36
N =407

Total: N=407
Pre-menopause: N= 59
Post-menopause: N= 348

Figure 1 Flow diagram of cohort selection.
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APPENDIX B: TABLES

Table 1: Characteristics of study participants according to tertile of plasma genistein

Total T1 T2 T3 p-value
Variables Categories N % N % N % N %
Study Population 407 100 129 31.7 | 138 33.9 | 140 34.4
Age at consent (years) 20 - <40 20 4.9 14 70.0 | 4 200 |2 10.0 <.0001
40 - <50 140 344 |56 40.0 |52 371 |32 22.9
50 - <60 176 432 |46 26.1 | 62 352 | 68 38.6
60+ 71 174 |13 183 |20 28.2 |38 53.5
Body mass index (kg/m2) <18.5 8 2 4 500 |3 375 |1 12.5 10.328
18.5-<23 168 413 |54 32.1 |50 29.8 | 64 38.1
23 -<25 90 22.1 |25 278 |35 389 130 333
25-<30 123 30.2 |39 31.7 |41 333 |43 35.0
30+ 18 4.4 7 389 |9 500 |2 11.1
Menopausal status at diagnosis | Premenopausal 269 66.1 |93 346 190 335 |86 32.0 ]0.176
Postmenopausal 138 339 |36 26.1 |48 348 |54 39.1
Current menopausal status Premenopausal 59 145 |26 44.1 19 322 |14 23.7 10.059
Postmenopausal 348 85.5 103 29.6 | 119 342 | 126 36.2
Education Less than high school 96 23.6 |19 19.8 |34 354 |43 44.8 10.038
High school graduate 189 464 | 65 344 | 66 349 |58 30.7
Some college or more 122 30 45 369 |38 31.1 139 32.0
Marital status Married or cohabitation | 323 79.4 1103 31.9 | 108 334 | 112 347 10.601
Single 17 4.2 8 471 |5 294 |4 23.5
Divorce or widow 67 165 |18 269 |25 373 |24 35.8
Smoking Never 373 91.6 | 114 30.6 | 132 354 | 127 34.0 |0.261
Former 24 59 10 417 |5 208 |9 37.5
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Current 10 2.5 5 500 |1 10.0 |4 40.0

Alcohol Never 167 41 42 25.1 | 64 383 |6l 36.5 ]0.137
Former 156 383 |54 346 |47 30.1 |55 353
Current 84 20.6 |33 393 |27 321 |24 28.6

Dietary supplement use No 134 329 |45 33.6 |48 35.8 |41 30.6 | 0.528
Yes 273 67.1 | 84 30.8 190 33.0 199 36.3

Family history of breast cancer | No 346 85 108 31.2 | 119 344 | 119 344 10.848
Yes 61 15 21 344 |19 31.1 | 21 34.4

Cancer Stage I 204 50.1 |56 275 |65 319 |83 40.7 10.105
II 161 39.6 | 57 354 |58 36.0 |46 28.6
I 42 103 |16 38.1 |15 357 |11 26.2

Time since surgery (year) 1-<2 170 41.8 |59 347 |53 312 | 58 34.1 ]0.804
2-<Sy 157 38.6 |47 29.9 |57 36.3 |53 33.8
S5y + 80 19.7 |23 28.8 |28 35.0 129 36.3

ER status No 92 226 |25 272 140 43.5 |27 29.3 10.880
Yes 315 774 | 104 33.0 |98 31.1 | 113 35.9

PR status No 127 31.2 |33 26.0 |54 425 140 31.5 ]0.041
Yes 280 68.8 196 343 | 84 30.0 | 100 35.7

Radiation therapy No 146 359 |51 349 |53 36.3 |42 28.8 | 0.198
Yes 261 64.1 |78 29.9 |85 32.6 | 98 37.5

Chemotherapy No 95 233 |29 30.5 |27 284 |39 41.1 |0.253
Yes 312 76.7 | 100 321 | 111 35.6 | 101 324

Endocrine Therapy No 92 226 |28 304 |37 40.2 |27 293 0311
Yes 315 774 | 101 32.1 | 101 321 | 113 35.9

HER?2 therapy No 342 84 107 31.3 | 116 339 119 34.8 10.900
Yes 65 16 22 33.8 |22 33.8 |21 323

Anti-hormone use Never 86 21.1 |26 302 |36 419 |24 279 10.179
Ever 321 78.9 1103 32.1 1102 31.8 | 116 36.1

Abbreviation: T, tertile
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Table 2: Characteristics of study participants according to summary component scores

| Variable PCS MCS
N Mean | Std p-value | N Mean Std p-value

Study Population | 407 495 | 7.1 407 49.2 9.8

Genistein Tl 129 499 168 0.684 129 49.1 9.6 0.973
T2 138 49.7 7.6 138 49.4 9.8
T3 140 49.1 |7 140 49.1 10.2

Age at consent 20 - <40 20 50.7 6.7 0.045 20 47.1 11.2 0.722
40 -<50 140 50.8 6.7 140 49.5 8.5
50 - <60 176 48.8 | 7.1 176 49.4 10.4
60+ 71 48.7 7.8 71 48.7 10.6

Body mass index (kg/m <18.5 8 49.7 7.6 0.069 8 45.6 12.6 0.698
18.5 - <23 normal | 168 502 | 6.6 168 49.3 10.1
23 - <25 normal 90 505 |73 90 49.5 8.8
25 -<30 123 48.1 7.6 123 49.4 94
30+ obesity 18 482 169 18 46.9 14.1

Current menopausal status Premenopausal 59 514 6.2 0.034 59 51.2 8.1 0.099
Postmenopausal 348 492 172 348 48.9 10.1

Menopausal status at diagnosis | Premenopausal 269 50.1 6.8 0.028 269 49.1 9.9 0.831
Postmenopausal 138 485 | 7.7 138 49.4 9.8

Education Less than high 96 48 7.7 0.059 96 47.4 10.9 0.064
High school 189 50.1 [6.6 189 49.2 9.9
Some college or 122 499 173 122 50.6 8.7

Marital status Married or 323 494 | 7.2 0.695 323 49.5 9.5 0.429
Single 17 489 6.7 17 49.1 9
Divorce or widow | 67 502 | 6.7 67 47.8 11.7

Smoking Never 373 496 | 7.1 0.445 373 49.7 9.5 <.001
Former 24 495 |72 24 47.5 9.3
Current 10 46.7 |8.7 10 34 12.7
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Alcohol Never 167 49 7 0.036 167 49.6 9 0.674
Former 156 492 |75 156 49.1 10.4
Current 84 513 |64 84 48.5 10.5

Dietary supplement use No 134 494 6.6 0.798 134 48.9 10.4 0.695
Yes 273 49.6 |74 273 49.3 9.6

Family history of breast cancer | No 346 498 | 7.1 0.057 346 49.3 9.9 0.846
Yes 61 479 172 61 49 9.5

Cancer stage I 204 49.8 16.6 0.136 204 49.6 9.3 0.339
II 161 498 7.7 161 49.3 10.4
I 42 475 173 42 47.1 10.2

Time since surgery (year) 1 <2y 170 48.7 | 7.1 0.121 170 49.4 9.7 0.375
2 -<Sy 157 503 169 157 48.4 9.9
Sy+ 80 499 174 80 50.3 10

Radiation therapy No 146 49 7.3 0.251 146 49.5 9.2 0.663
Yes 261 498 |7 261 49.1 10.2

Chemotherapy No 95 513 |e6.1 0.007 95 51.8 7.9 0.004
Yes 312 49 7.3 312 48.4 10.2

Endocrine therapy No 92 494 | 7.1 0.828 92 49.5 9.6 0.758
Yes 315 49.6 |72 315 49.1 9.9

HER?2 therapy No 342 49.7 7.1 0.208 342 49.5 9.9 0.203
Yes 65 48,5 |75 65 47.8 9.7

Anti-hormone use Never 86 498 |7 0.687 86 49.4 9.8 0.841
Ever 321 495 172 321 49.2 9.9

Abbreviation: PCS, physical component summary; MCS, mental component summary; Std, standard deviation
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Table 3: Health-related quality of life scores according to plasma genistein levels in all study participants

T1 T2 T3 p-value
Physical component summary 47.61 [45.37,49.85] 47.71 [45.37, 50.05] 47.54 [45.21,49.87] 0.361
Physical functioning 45.89 [43.46,48.31] 45.26 [42.73,47.79] 45.14 [42.62, 47.66] 0.654
Role physical 46.18 [43.34,49.01] 46.10 [43.13,49.06] 45.51 [42.56, 48.46] 0.227
Bodily pain 48.30 [45.47, 51.14] 48.59 [45.62, 51.56] 48.56 [45.60, 51.52] 0.966
General health 45.07 [42.27, 47.88] 45.42 [42.49, 48.36] 46.16 [43.24, 49.08] 0.960
Mental component score 44.28 [41.21, 47.36] 43.97 [40.76, 47.19] 44.21[41.01, 47.42] 0.856
Vitality 46.11 [42.76,49.47] 46.06 [42.55,49.57] 45.43 [41.94, 48.93] 0.549
Social functioning 47.07 [44.59, 49.55] 47.49 [44.90, 50.09] 48.07 [45.48, 50.65] 0.198
Role-emotional 44.86 [41.56, 48.16] 44.30 [40.85, 47.76] 43.87 [40.43,47.31] 0.907
Mental health 42.92 [39.69, 46.15] 42.33 [38.95,45.71] 42.98 [39.62, 46.35] 0.716

Abbreviation: T, tertile
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Table 4: Health-related quality of life scores according to plasma genistein levels in premenopausal women

Tl

T2

T3

p-value

Physical component summary

48.16 [45.70, 50.62]

47.92 [45.27, 50.57]

48.71 [46.11, 51.32]

0.926

Physical functioning

46.73 [43.94, 49.52]

45.87 [42.87, 48.88]

46.35 [43.40, 49.30]

0.647

Role physical

4592 [42.71,49.12]

44.98 [41.52, 48.44]

45.73 [42.34, 49.13]

0.312

Bodily pain

48.34 [45.23, 51.46]

47.69 [44.32, 51.05]

49.02 [45.72, 52.33]

0.644

General health

47.44 [44.40, 50.47]

48.52 [45.25, 51.79]

49.46 [46.25, 52.67]

0.298

Mental component score

45.10 [41.46, 48.73]

44.26 [40.34, 48.18]

45.48 [41.63, 49.33]

0.504

Vitality

47.00 [43.16, 50.83]

45.49 [41.35, 49.63]

47.44 [43.38, 51.50]

0.763

Social functioning

47.24 [44.39, 50.09]

47.92 [44.85, 50.99]

48.86 [45.84, 51.87]

0.083

Role-emotional

44.56 [40.75, 48.37]

43.23 [39.11, 47.34]

43.72 [39.68, 47.75]

0.998

Mental health

44.79 [41.08, 48.51]

43.91 [39.90, 47.92]

45.16 [41.22, 49.09]

0.494

Abbreviation: T, tertile
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Table 5: Health-related quality of life scores according to plasma genistein levels in post-menopausal women

Tl

T2

T3

p-value

Physical component summary

45.76 [41.01, 50.51]

47.05 [42.50, 51.60]

45.20 [40.67, 49.73]

0.220

Physical functioning

42.69 [37.74, 47.64]

43.19 [38.45, 47.93]

41.99 [37.27, 46.72]

0.992

Role physical

45.33 [39.73, 50.93]

47.65 [42.29, 53.01]

45.29 [39.95, 50.64]

0.484

Bodily pain

45.71 [39.76, 51.67]

48.48 [42.77, 54.18]

46.18 [40.50, 51.86]

0.592

General health

40.69 [34.63, 46.75]

39.79 [33.99, 45.59]

39.49 [33.71, 45.27]

0.357

Mental component score

39.60 [34.04, 45.16]

41.04 [35.71, 46.36]

39.83 [34.52, 45.14]

0.470

Vitality

40.16 [33.72, 46.60]

44.72 [38.55, 50.89]

40.49 [34.35, 46.64]

0.127

Social functioning

46.05 [41.10, 51.00]

45.46 [40.71, 50.20]

45.12 [40.40, 49.85]

0.851

Role-emotional

43.33 [36.95, 49.70]

45.2239.12, 51.33]

43.70 [37.62, 49.79]

0.813

Mental health

35.69 [29.55, 41.84]

36.43 [30.55, 42.32]

35.91 [30.05, 41.77]

0.708

Abbreviation: T, tertile
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