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ABSTRACT

There has been a growing number of cases of women with breast cancer over age 50. My test question is to what
extent do dietary products with estrogenic properties affect the development of breast cancer in women over the age
of 50 in the United States? Therefore, from this research question, my hypothesis is that breast cancer risk and diets
that increase estrogen levels are correlated strongly with one another for women over age 50. I utilized correlational
research to analyze if foods that women eat on a daily basis correlate with their levels of estradiol in one data set and
thus analyze if these increased estradiol levels affect breast cancer risk. In order to do this, I looked at pre-existing
data from a variety of medical journals. Through my results, it seemed that as estrogen dietary pattern score increased,
the breast cancer risk increased. It was also seen that a western diet (red meat, high estrogenic diets) can increase
breast cancer risk significantly and that a prudent diet (vegetables, fruits) does not affect the risk. During this research
study, the most important limitation is that only studies from published medical journals were used. Some studies
were not published online meaning the results remained private. Overall, my results of this study suggested that breast
cancer risk and diets that increase estrogen levels are in fact correlated strongly with one another for women over age
50. The results of this study inspire further inquiry into medical applications of diets with estrogenic properties. Ad-
ditionally, more studies can show how other hormones are correlated with breast cancer risk, and if so which kind of
foods. Also, some future actions include motivational counseling techniques and education about healthy lifestyle
choices.

Introduction

A high frequency of breast cancer in the population is one of many health concerns in American women over the age
of 50 (1). In the month of January in 2020, the American Cancer Society reported that approximately 39.5% of women
will be diagnosed with cancer at some point during their lifetimes (1). As statistically reported in a case study, almost
one-quarter of all cancer deaths are due to lung cancer, more than breast, prostate, and colorectal cancers combined
(2). Despite these cancers being different, the most common factors/carcinogens (toxic substances that can cause
cancer) that can lead to the development of these cancers, specifically breast cancer are the same and include: smoking,
an unhealthy diet, and even involuntary factors such as genetics (3). Malignant cancer (a type of cancer where the
cells are cancerous and can spread to other tissues and organs) is the most detrimental type of cancer, while benign
(where cancer cells remain intact in the cell) cancers are not as dangerous. According to the National Cancer Institute,
one-quarter of these new malignant cancer cases are diagnosed in women aged 65 to 74 (2). A similar pattern is seen
for many common cancer types. For example, the median age at diagnosis is 61 years for breast cancer, 68 years for
colorectal cancer, 70 years for lung cancer, and 66 years for prostate cancer for women (2).

As the female baby boomers age, there has been a significant increase in many types of breast cancers in that
age group (2), so researching what happens in female cancer patients over age 50 can control this cancer prevalence
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and be a major scientific breakthrough. Some reasons why cancer (specifically breast cancer) occurs in older age may
be due to menopause, since a higher lifetime exposure to estrogen may increase breast cancer risk(4). Researchers
have also shown how factors such as eating and having unhealthy habits can contribute to cancer and increase the
mortality rate of patients (5). Some of these unhealthy habits include eating red meat, soy, and consuming sugary
drinks. However, not many researchers have identified why women can still eat healthy, but still develop cancer. For
example, not many researchers have not yet defined if eating various sources of fruits and vegetables is effective for
preventing cancer, since many healthy women still are diagnosed with cancer. Some specific examples of this can be
mirrored using mice (3).

According to Science Daily, the findings reveal how mice can mimic breast cancer tissue and its genes (3).
In order to research more about this topic while considering ethics, this study can first use mice by giving them healthy
and unhealthy products. The researcher can then measure the effectiveness of these dietary factors and the approximate
decline of cancer risk in older female mice. This study begins with a discussion of the various types of cancer and
investigates the root causes of these illnesses through the investigation of mice (6). The researcher was motivated to
investigate the “influence of obesity on the entire process of breast carcinogenesis from the stages of early proliferation
at the primary site to the formation of systemic metastases by feeding the mice a high-fat and high-calorie diet.” (7)
In this paper, the question addressed is how the development of malignant breast cancer can be prevented from dietary
products with estrogenic properties in women over the age of 50 in the United States. This study’s main focus aims to
inform women over age 50 that there is a dramatic influence of dietary factors on breast cancer, and to identify why
patients with healthy diets can still develop malignant cancer by estrogen. In 2006, researchers found that higher levels
of Insulin-like Growth Factor 1 can increase the risk of breast cancer, and that higher amounts of hormones such as
prolactin can also increase the risk of breast cancer (8). Other hormones such as estrogen are also linked to this because
some breast cancer cells need estrogen to grow and when it attaches to special proteins called estrogen receptors, these
cancer cells with the receptors grow (9). A study conducted in 2018 published in the International Journal of Cancer
Research and Treatment, a journal publishing significant clinical studies from cancer programs around the world,
found that since estrogen feeds and fuels 80 percent of all breast cancers via estrogen binding to an estrogen receptor
on the cell’s surface, the goal of some therapies is to reduce estrogen levels in the body and to keep it out of the
receptors (like tamoxifen does) (10). In 2018, the author linked estrogen to the amount of menstrual cycles a woman
goes through (11). For example, according to a group of researchers in the National Institute of Environmental Health
Sciences, “Every month a woman’s menstrual cycle stimulates breast tissue with estrogen that can attach to hormone
receptors of breast cancer cells, so the less menstrual cycles you have, the lower your risk for ER positive breast
cancer.” (4). A woman’s menstrual cycle is divided into 4 phases: the menstruation phase, follicular phase, ovulation
phase, and luteal phase (10). In fact, breast cancer proliferation was found to be the most prevalent in the luteal phase
then the follicular phase (11). The luteal phase is when the ruptured follicle closes after releasing the egg and forms a
structure called a corpus luteum, which produces increasing quantities of progesterone (12). According to the Ameri-
can Association for Cancer Research (the world's oldest and largest professional association related to cancer re-
search), due to these irregular menstrual cycles in some women, women who spend a smaller proportion of their
menstrual cycle in the luteal phase may have a reduced risk of breast cancer (6). Therefore, as women age and have
more menstrual cycles, the risk for breast cancer increases regardless if the patient is healthy. However, an article
published from the American Association for Cancer Research Journals, “believes that increased age is regularly
linked with heightened cancer risk, but recent research suggests a flattening around age 80 in women.”(6). This article
only discusses all types of cancers, and not just breast cancer which is dependent on estrogen levels. Even though
women are not having menstrual cycles at age 80, they still have a buildup of estrogen from before menopause. This
buildup of estrogen often comes from what one eats as a study has concluded with mice (13).

In order to obtain nutrition to promote a healthy level of estrogen being released, dietary products have been
studied and found to be either beneficial or detrimental for prevention of breast cancer. In fact, according to a clinical
study published in the US National Library of Medicine in 2016, “nutrition influences cancer etiology in about 35%
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of cancer cases.” (5). Some of the products that many sources have proved to avoid include butter, processed meats,
soy, and red clover, while products such as fruits and vegetables should be encouraged (9).

However, some articles have contrary findings stating that “recent large studies have not found that soy food intake
affects breast cancer coming back or survival rates. While eating soy foods doesn’t seem to pose a risk, the evidence
regarding the effects of taking soy or isoflavone supplements is not as clear.” (8). In fact, it has been concluded that
“the safest way to consume soy if you're trying to prevent cancer (and have never had it before) is to eat unprocessed
or fermented soy, such as edamame, tofu, or miso”’(14). From the previous studies mentioned, it is clear that a woman’s
diet does have a great impact on the amount of estrogen their body releases, which can in turn have an effect on their
risk for breast cancer. Therefore, my hypothesis is that breast cancer risk and diets that increase estrogen levels are
correlated strongly with one another for women over age 50.

As stated previously, it has been identified that increased estrogen exposure as women age through menstrual
cycles have a significant impact on breast cancer risk. Studies have also proven that breast cancer is related to the diet
a woman adopts (5, 8, 9). Therefore, the purpose of this paper is to find how estrogenic foods can cause breast cancer
and to what extent this can happen. Many studies have published that items such as soy and foods with added sugar
are detrimental (15), but not many have identified how the estrogen levels of these foods play a role in breast cancer
risk.

Results

The first segment of the research was to explore more about what estrogen contains that causes breast cancer risk and
what common foods contain estrogen on health websites that are credible and have a medical background. I needed
to access specific health publishers like the National Cancer Institute, Susan G. Komen, National Library of Medicine,
and International Journal of Cancer Research and Treatment, and even utilized Google Scholar which I accessed
through my expert advisor. I then compiled all of my data in one google document and assessed which ones provided
the most important results. After narrowing down the studies, I used the graphs to find a correlation between the two
variables to see if the foods that the women eat on a daily basis correlate with their risk for breast cancer. I then looked
through the studies that answered my research question a few weeks later after collecting data to determine if there is
a link between elevated estrogen levels in women and their diet. To make sure the data is viable, I recorded the findings
discussed in the meetings with my expert advisor to ensure that the correlation is accurate and precise. To be fit inside
the research paper, the data for only women over age 50 was organized in tables for each research study (totaling up
to 75 participants) which was included in my research paper. Since the data I utilized was online and no human subjects
were involved, no face-to-face communication was required therefore increasing confidentiality.’

One study that tried to find a link between diets specifically Mediterranean types and breast cancer was
published in the American Journal of Clinical Nutrition, a monthly peer-reviewed biomedical journal (14). The re-
searchers cited in the journal found that “postmenopausal women who reported the highest intakes of dietary lignans
were 14 percent less likely to develop breast cancer than those with low intakes.” (17). The researchers concluded that
the Mediterranean diet “cuts deadly breast cancer risk by 40% in postmenopausal women due to its lack of estro-
gen.”(18). This means that estrogen in diet does play a role in a woman’s risk for breast cancer.Another study that has
narrowed their population to post-menopausal woman was the National Cancer Institute (13). The study listed their
method stating that “computerized search of the English language literature on estrogen/estradiol and dietary fat in-
tervention studies published from January 1966 through June 1998 was conducted using the MEDLINE database.
Pooled estimates were derived from the change in estradiol levels associated with fat reduction from 13 studies. Anal-
yses were conducted separately for premenopausal and postmenopausal women and in both groups combined (13). It
was found that higher dietary fat consumption (Quartile 5) was correlated with higher estradiol levels and lower dietary
fat consumption (Quartile 1) was correlated with lower estradiol levels.

The reason why women over the age of 50 were chosen specifically for my research was because in a Cancer Statistics
Review in 2009, the percent risk was 2.38% at age 50 and increased to 3.82% at age 60 (19).This is a dramatic increase
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since at age 30, the percent risk was only .44% at age 30 (19). Also, age 50 is the borderline age for menopause which
serves a significant purpose when determining breast cancer risk (20). According to the University of Texas MD
Anderson Cancer Center, it has been discovered that “if a woman goes through menopause after age 50, their risk for
breast cancer is slightly higher than the other women who went through it from age 45-50” (21).

Table 1: Relative risk of breast cancer by estrogen dietary pattern score among women (22)

Quartiles Cases Age-Adjusted
Continuous N/A 1.03 (1.01-1.05)
Quartile 1 363 1.00 (reference)
Quartile 2 401 1.10(0.92-1.30)
Quartile 3 414 1.13(0.96-1.35)
Quartile 4 425 1.30(1.10-1.55)
p-trend N/A 0.003

The table above shows quartile 1 as the people with a low estrogenic diet and quartile 4 as the people with a high
estrogenic diet. The numbers in the table indicate the percent increase risk of breast cancer. For example, in this table,
women in the highest quartile of estrogen pattern score (Quartile 4) had a 30% (from 1.30) increased risk of breast
cancer overall compared to women in the lowest quartile of estrogen pattern score (1.00) (22). Since the age-adjusted
column has a p-trend lower than .05, this shows that that column is reliable and statistically significant meaning that
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there is a significant difference between the different quartiles. Also, it is known that age is a factor of breast cancer,
but this table shows that independent of age, the group with higher estrogen levels has a higher risk of breast cancer.

Table 2: Estradiol Levels By Quintiles of Prudent Pattern Score (23)

4 h

Estradiol (pg/mL)

Q1 Q2 Q3 Q4 Q5 P-value

6.6(1.1) 74(1.1) 75(1.1) 67(1.1) 6.1(.1) 020

= )

The numbers in the box indicate the estradiol levels of each quintile in pg/mL for a prudent diet. Quintile 1 contains

women who eat the least prudent diet and quintile 5 contain the women who eat the most prudent diet (23). The p-
value is listed to the right.

Table 3: Estradiol Levels By Quintiles of Western Score (23)

a N\

Estradiol (pg/mL)

Q1 Q2 Q3 Q4 Q5  P-value

Multivariate 6.3 (1.1) 6.6 (1.1) 7.0(1.1) 7.1(1.1) 7.3(1.1) 0.01

= /

The numbers in the box indicate the estradiol levels of each quintile in pg/mL for a western diet. Quintile 1 contains

women who eat the least western diet and quintile 5 contains the women who eat the most western diet (23). The p-
value is listed to the right.
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Figure 4: Relative Risk of Breast Cancer in 238 Postmenopausal Women, According to the Serum Estradiol Concen-
tration (24).

Relative Risk
H

= 8.6 (7.3} 8.6-11.5(9.8) =11.5{17.0}
Serum Estradiol {pg/ml)

Mo, oF VWomEN

With cancer 7 19 34
Without cancer 59 &2 57

In this case—control study, 60 women with newly diagnosed cases of breast cancer and 178 controls participated in the
study (43). The bar graph above shows the amount of serum estradiol (in pg/mL) in each group’s bloodstream on the
horizontal axis and the relative breast cancer risk on the vertical axis. For example, women with a serum estradiol of
greater than 11.5 pg/mL in the bloodstream have a relative risk of scale 5 according to the graph (43).

Discussion of Results

This study’s overall goal was directed towards finding a correlation between estrogenic diets and breast cancer risk.
In the first table, Quartile 1 is labeled as the people who have the lowest estrogen pattern score and Quartile 5 is
labeled as the people who have the highest estrogen pattern score (Table 1). The age-adjusted column was chosen
since even though age is already known to be a factor of breast cancer, this table shows that the data was independent
of age, therefore the data remains unaffected by that factor (Table 1). It shows that Quartile 1 has a hazard ratio of
1.00 (0% increased risk of breast cancer), Quartile 2, a hazard ratio of 1.10 (where it is a 10% increased risk of breast
cancer), Quartile 3, a hazard ratio of 1.13 (where it is a 13% increased risk of breast cancer), and Quartile 4, a hazard
ratio of 1.30 (a 30% increased risk of breast cancer) (Table 1). Since Quartile 5 has the highest estrogen diet pattern
score, it is shown that they have an increase of 30% risk showing that there is a link between estrogenic diet and breast
cancer risk (Table 1). In table 2, the prudent diet (which contains fruits, proteins, and veggies) were studied through
estradiol levels. Quintile 1 which contains the people who eat the least prudent diet are shown to have estradiol levels
of 6.6 pg/mL, Quintile 2 with 7.4 pg/mL, Quintile 3 with 7.5 pg/mL, Quintile 4 with 6.7 pg/mL, and Quintile 5 with
6.1 pg/mL (Table 2). This shows that there is no correlation between the estradiol levels and a prudent diet, since there
is no clear increase or decrease in the data and as indicated by the p-value of .20, showing no statistical significance,
since it is greater than .05 (Table 2). In table 3, the western diet (which contains foods with high estrogen, red meat,
high sugar drinks, and fried foods) were studied through estradiol levels (Table 3).
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Quintile 1 which contains the people who eat the least western diet are shown to have 6.3 pg/mL of estradiol,
Quintile 2 with 6.6 pg/mL, Quintitle 3 with 7.0 pg/mL, Quintile 4 with 7.1 pg/mL, and Quintile 5 with 7.5 pg/mL
(Table 3). This shows that there is a correlation between estradiol levels and a western diet, since there is a clear
increase as indicated by the p-value (which is .01), a p-value that shows statistical significance. In figure 4, relative
risk of breast and serum estradiol are graphed amongst each other. With serum estradiol levels less than 8.6 pg/mL,
the relative risk is 1, while with levels greater than 11.5 pg/mL, the relative risk is 5 showing that if estradiol levels
are increased by about 3 pg/mL, the risk of breast cancer increase by 5 times (Figure 4). Through these results, it is
clear that western diets can increase estradiol levels, and estradiol levels can increase breast cancer risk significantly.
It is also clear from the graph about prudent diets that the risk of breast cancer stays relatively constant, even after
consumption (Table 2). In the first table, the relative risk of breast cancer tends to increase with an estrogen dietary
pattern score (Table 1). Therefore, from these correlations, it is clear that foods containing high estrogen levels (west-
ern diets to be specific) increase risk of breast cancer significantly in women over age 50.

Methods

The first segment of the research was to explore more about what estrogen contains that causes breast cancer risk (for
premenopausal and post-menopausal women), specifically from websites such as the National Cancer Institute, Na-
tional Library of Medicine, and Susan G. Komen in order to ensure that the purpose of the study is viable (13, 22). 1
also researched more about the common foods containing estrogen on health websites (some examples include soy,
edamame, red meat, western diet etc.) through health websites, published journals, and published blogs that are cred-
ible and have a medical background or reputation. In order to get a better idea on estrogen’s relation to breast cancer
and to also explore more on how diet can affect the risk and some common foods to avoid, I selected a book called
“How Not to Die” by Michael Greger (25). I read approximately 10 pages of this per night for approximately 3 days
as the section pertaining to breast cancer is not that lengthy. In order to answer my research question effectively, I first
needed access to specific databases (GALE, Proquest), and health publishers like the National Cancer Institute, Susan
G. Komen, National Library of Medicine, and International Journal of Cancer Research and Treatment. These sources
were just a starting point, meaning that I needed to explore more sources since none of them addressed my topic
extensively.

I first was interested in finding how breast cancer, estrogen, and diet relate to one another if at all. First, by
searching the keywords breast cancer, estrogen, and dietary pattern score, the 2nd source that came up on Google
Scholar (accessed through my expert advisor) was by the International Journal of Cancer Research and Treatment, a
well-known global medical journal. I then found many tables that matched my topic from this source (diets with
estrogenic properties and breast cancer), but one specific table titled “Relative risk of breast cancer by estrogen dietary
pattern score among women” contained the exact information I was striving to include (22). To add more information
to this data I obtained, I then searched up the keywords dietary patterns and plasma sex hormones and found a couple
of sources by the National Library of Medicine at first. However, these were graduate school level articles, and they
did not interpret the information in a clear manner. After browsing these sources, I then found a source by the Inter-
national Journal of Cancer Research and Treatment explaining how prudent diets (veggies, fruits) and western diets
(diets with estrogenic properties and red meats) affect breast cancer risk (23). Since I wanted to see if there was a link
between western and prudent diets and estradiol levels in this research study, I decided to utilize that source. After
finding this previous source, I then decided to search the keywords estradiol and risk of breast cancer, so I can therefore
link the estradiol levels of western and prudent diets to breast cancer risk. I found a chart from the New England
Journal of Medicine after browsing through a few medical journals explaining the relationship between estradiol levels
and breast cancer risk (24). This served as a great figure to sum up my correlational research.

Before analyzing my collected data and finding correlations, a meeting with my expert advisor was scheduled
about this analysis, so I can confirm that the data I collected was measuring what I thought it was. Since the data I
utilized was online and no human subjects were involved, no face to face communication was required therefore
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increasing confidentiality (26). However, one anticipated challenge I partially faced included being too repetitive with
studies, since many of the studies I decided to use all had similar objectives. My method intends to find how diets
with high estrogen levels can increase breast cancer risk, so each study may have been very similar with minimal
objective differences. My proposed research methods are ethical because it does not include any human subjects and
is just researching about women's diets and how it is linked to breast cancer risk (27). Since I browsed through public
databases, peer-reviewed journals, and health scholarly journals, the studies posted have been approved by the IRB
Committee meaning they followed ethical processes (informed consent, debriefing, etc) (27). I also made sure I cited
each source and gave credits to all the authors for these sources as well in order to demonstrate credibility of the
information.

Next, after obtaining the sources I described above, I analyzed if foods that the women eat on a daily basis
correlate with the levels of estradiol and thus analyze if that estradiol level increases or decreases their risk of breast
cancer. However, each participant had to be above 50 to be counted in my study. I then looked through the studies
and first checked if there was a correlation between diet and their estrogen levels and next, between estrogen levels
and breast cancer to determine if the particular diets high in estrogen increase breast cancer risk. To make sure the
data is viable, I recorded the findings discussed in the meetings with my expert advisor to ensure that the correlation
was accurate and precise. To be fit inside the research paper, the data was organized in tables for each research study
(totaled up to 300 participants) which was included in my research paper. The setting used in all of the sources I
obtained data from were all closed settings, therefore increasing the statistical significance of the results (28). I then
recorded my findings in the discussion section of the academic paper which included a proofread from my expert
advisor to ensure validity.
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