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ABSTRACT 
Estrogen, a powerful hormone, is intricately linked to breast cancer 
susceptibility. This review navigates the intricate web of connections 
between dietary and environmental estrogen exposures and the 
development of breast cancer. We meticulously explore diverse 
sources, ranging from natural plant-derived estrogens like soy 
isoflavones to pervasive environmental contaminants such as 
bisphenol A, scrutinizing their potential impact on cancer risk. Our 
inquiry delves into the intricate molecular mechanisms through which 
these exposures interact with estrogen receptors, igniting 
downstream signaling pathways that fuel breast cell proliferation 
and survival. While conventional risk assessment tools provide 
valuable insights, we also shed light on modifiable lifestyle factors 
individuals can embrace to potentially mitigate their risk, advocating 
for the maintenance of a healthy weight and regular physical 
activity. Yet, amidst the scientific inquiry, we acknowledge the 
ongoing debates and limitations, particularly concerning the 
robustness of associations between specific exposures and cancer 
risk. Ultimately, we champion the dissemination of evidence-based 
knowledge, empowering individuals to make informed decisions 
about their dietary choices, lifestyle modifications, and potential 
interventions, thereby fostering a future where individuals possess 
the agency to proactively manage their breast cancer risk profile.  
Keywords: Estrogen, breast cancer, dietary estrogens, 
environmental estrogens, risk assessment, prevention, lifestyle 
modifications, informed choices 
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Introduction 
Breast cancer, the most prevalent non-skin cancer 
and the leading cause of cancer death among 
women globally casts a long shadow (Fig.1). The 
American Cancer Society estimates a staggering 
288,200 new cases of invasive breast cancer to be 
diagnosed in women within the United States for 
2024 alone. Understanding the risk factors 
associated with breast cancer development is 
paramount for early detection, preventative 
strategies, and the development of effective 
treatment options (1). 
 

Estrogen, a critical female sex hormone, plays a 
well-defined role in breast cancer. It acts as a 

growth promoter for breast cells, and breast 
cancers that possess receptors for estrogen 
(estrogen receptor-positive, ER+) rely heavily on its 
presence. This established knowledge has led to the 
successful development of hormone therapy 
treatments that either block estrogen receptors or 
reduce estrogen production (2). 
 

Beyond the naturally produced estrogen within the 
body, however, scientific inquiry is increasingly 
focused on the potential impact of exogenous 
estrogens on breast cancer risk. Exogenous 
estrogens are those we encounter from external 
sources, broadly categorized into dietary estrogens 
and environmental estrogens (3). 

 

 
Fig.1: Breast cancer 

 
Dietary estrogens are naturally occurring 
compounds present in certain foods. Examples 
include phytoestrogens found in soy products and 
mycoestrogens produced by molds on grains. 
Environmental estrogens, also known as 
xenoestrogens, are man-made chemicals that mimic 
the effects of natural estrogen in the body. These 
chemicals permeate various everyday products, 
including plastics, pesticides, personal care 
products, and industrial processes (4, 5). 
 
The potential link between these exogenous 
estrogens and breast cancer risk has sparked 
significant scientific investigation and public 
concern.  This heightened awareness stems from two 
key factors: 
 
Ubiquitous Exposure:  Modern life exposes us to a 
constant influx of these external estrogens. Dietary 
choices, the materials we use, and even the 
environment we inhabit can contribute to our overall 
exposure. This ubiquity raises concerns about the 
potential cumulative impact on breast health over 
time. 
 
Estrogen's Role in Breast Cancer:  As mentioned 
earlier, estrogen's well-established role in 
promoting breast cell growth necessitates a closer 
look at any external sources that might mimic its 

effects.  Understanding if and how these exogenous 
estrogens interact with the body's hormonal system 
becomes crucial for assessing their potential 
influence on breast cancer risk (6, 7). 
 

Aim of the Study 
This review aims to delve into the current 
understanding of how dietary and environmental 
estrogenic exposures might influence breast cancer 
risk.  We will explore the different types of these 
exposures, examine the mechanisms by which they 
might interact with the body, and analyze the 
evidence from research studies to understand the 
current state of knowledge and ongoing debates in 
this field. 
 
However, before embarking on this deep dive, it's 
important to acknowledge the complexities involved 
in researching the link between exogenous 
estrogens and breast cancer. Here are some key 
challenges: 
 
Difficulties in Quantifying Exposure: Accurately 
measuring an individual's overall exposure to 
dietary and environmental estrogens remains a 
challenge. Dietary intake varies, and environmental 
exposure depends on a multitude of factors like 
geographic location, occupation, and lifestyle 
choices. 
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Distinguishing Cause from Correlation: 
Observational studies often show associations 
between exposures and outcomes, but they cannot 
definitively prove causation. Other risk factors for 
breast cancer might confound the results, making it 
difficult to isolate the specific impact of exogenous 
estrogens. 

 
Diversity of Estrogenic Effects: Exogenous estrogens 
exhibit varying potencies and may even have anti-
estrogenic properties in certain circumstances. 
Understanding the specific effects of different 
exposures adds another layer of complexity to the 
research. 

 
Despite these challenges, ongoing research is 
shedding light on the potential influence of 
exogenous estrogens on breast cancer risk. This 
review aims to present a comprehensive overview 
of this evolving field, highlighting the key findings, 
controversies, and areas for further investigation. 
By exploring this complex relationship, we can 
contribute to a more informed understanding of 
breast cancer risk and potentially identify new 
strategies for prevention. 

 

2. Estrogenic Exposures: A Complex 
Landscape 
Estrogenic exposures encompass a wide range of 
natural and man-made compounds that can mimic 
the effects of estrogen in the body. These exposures 
can be broadly categorized into two main groups: 
dietary estrogens and environmental estrogens (8). 
Understanding these exposures and their potential 
impact on breast cancer risk is crucial for a more 
comprehensive picture of breast health (9). 

 
2.1 DIETARY ESTROGENS: A NATURAL MIX FROM 
PLANTS 
Dietary estrogens are naturally occurring 
compounds found in various plant-based foods. 
While considerably weaker than endogenous 
estrogen, they can bind to estrogen receptors and 
exert weak estrogenic or anti-estrogenic effects 
depending on the specific compound and the 
overall hormonal milieu (10, 11). Two main types of 
dietary estrogens are of particular interest: 

 
Phytoestrogens: These are plant-derived 
compounds with structural similarities to estradiol, 
the most potent form of natural estrogen. Common 
dietary sources include soybeans and soy products 
(tofu, tempeh), legumes (lentils, chickpeas), 
flaxseeds, and certain grains (whole grains, oats) 
(12). 
 

The health effects of phytoestrogens are a subject 
of ongoing research. Some studies suggest potential 
benefits like reducing the risk of heart disease and 
menopausal symptoms. However, the impact on 
breast cancer risk is less clear. While some studies 
show no association, others suggest a possible 
protective effect at moderate intake levels (13). 
 

Mycoestrogens: These are estrogenic compounds 
produced by molds that can grow on grains and 
other stored foods under warm and humid 
conditions. Zearalenone and deoxynivalenol (DON) 
are two commonly encountered mycoestrogens. 
Exposure can occur through the consumption of 
contaminated grains or food products (14, 15). 
 

The potential health risks of mycoestrogens are of 
concern, with some evidence suggesting they might 
contribute to hormonal imbalances and even some 
cancers. However, the specific link to breast cancer 
risk remains inconclusive and requires further 
investigation (15). 
 
2.2 ENVIRONMENTAL ESTROGENS: XENOESTROGENS 
IN OUR SURROUNDINGS 

Environmental estrogens, also known as 
xenoestrogens, are man-made chemicals that can 
mimic the effects of natural estrogen. Table 1 
illustrates the relationship between geographical 
variations in estrogen exposure levels and the 
corresponding prevalence of breast cancer across 
different regions. Estrogen exposure data is 
categorized based on dietary and environmental 
sources, including plant-based estrogens and 
environmental contaminants such as bisphenol A. 
Breast cancer prevalence rates are presented 
alongside, allowing for an analysis of potential 
correlations between estrogen exposure and 
disease incidence. This comparative analysis sheds 
light on the complex interplay between 
environmental factors and breast cancer risk across 
diverse geographical contexts. They are ubiquitous 
in modern life and can be found in various products 
and environmental sources: 
 
Plastics: Certain types of plastics, particularly those 
containing bisphenol A (BPA) or phthalates, can 
leach out xenoestrogens when heated or exposed 
to sunlight. These chemicals can then contaminate 
food and beverages stored in plastic containers (16). 
 
Pesticides: Some commonly used pesticides, such as 
DDT and atrazine, have been shown to exhibit 
estrogenic activity.  Dietary exposure can occur 
through the consumption of produce treated with 
these pesticides (17). 
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Personal Care Products:  Certain ingredients in 
cosmetics, lotions, and sunscreens have been 
identified as potential xenoestrogens. Absorption 
through the skin or inhalation can be potential routes 
of exposure (17). 
 

Industrial Chemicals:  Specific chemicals used in 
industrial processes also exhibit estrogenic activity.  
Occupational exposure can be a concern for 
workers in related industries. 

The widespread presence of environmental 
estrogens raises concerns about their potential 
cumulative effects on human health, particularly 
breast cancer risk. However, research findings are 
mixed. Some studies suggest a possible link 
between exposure to certain xenoestrogens and an 
increased risk of breast cancer, while others haven't 
found a clear association (18). 

 
Table 1: Mapping of estrogen exposure to geographical variations and breast cancer prevalence 

Geographic Region Estrogen Exposure Level Breast Cancer Prevalence 

North America High Moderate 

Europe Moderate High 

Asia Low Low 

South America Moderate Moderate 

Africa Low Moderate 

 
2.3 CHALLENGES IN ASSESSING ESTROGENIC 
EXPOSURES 
Studying the link between dietary and 
environmental estrogens and breast cancer risk 
faces several challenges: 
 
Difficulties in Quantifying Exposure: Accurately 
measuring an individual's overall exposure to 
various estrogens is complex. Dietary intake can 
vary significantly, and environmental exposures can 
depend on factors like location, occupation, and 
lifestyle choices. 
 
Distinguishing Cause from Correlation: 
Observational studies often show associations 
between exposures and outcomes, but they cannot 
definitively prove causation. Other risk factors for 
breast cancer might influence the results, making it 
difficult to isolate the specific impact of estrogens. 
 
Diversity of Estrogenic Effects:  Different estrogens 
have varying potencies and may even exhibit anti-
estrogenic properties in specific contexts. 
Understanding the specific effects of different 
exposures adds another layer of complexity to the 
research (17, 18). 
 

3. Mechanisms of Action: How 
Estrogenic Exposures Might Influence 
Breast Cancer Risk 
The potential link between dietary and 
environmental estrogens and breast cancer risk 
hinges on their ability to interact with the body's 
hormonal system. Here, we delve into the proposed 
mechanisms by which these exogenous estrogens 
might influence breast cancer development: 

3.1 ESTROGEN RECEPTOR BINDING 
The primary mechanism involves binding to estrogen 
receptors (ERs). These are proteins located within 
the cells, particularly in breast tissue. When natural 
estrogen binds to ERs, it triggers a cascade of 
cellular signaling pathways that regulate growth, 
proliferation, and differentiation.  Dietary and 
environmental estrogens, with their structural 
similarities to natural estrogen, can also bind to ERs, 
albeit with varying affinities (19). 
 

There are two main types of ERs: ER alpha (ERα) 

and ER beta (ERβ).  ERα is considered the primary 

driver of breast cancer growth, while ERβ can have 

opposing effects, potentially acting as a tumor 
suppressor. The specific type of ER an estrogen 
binds to and the resulting cellular response can 
significantly influence its impact on breast cancer 
risk (19). 
 
Agonistic vs. Antagonistic Effects:  Depending on 
the specific estrogen and its affinity for ERs, the 
effects can be either agonistic (mimicking natural 
estrogen) or antagonistic (blocking the effects of 
natural estrogen) (20). 
 

Xenoestrogens with high ERα affinity: These 

xenoestrogens can act as agonists, stimulating 
similar growth-promoting pathways as natural 
estrogen, potentially increasing breast cancer risk. 
 
Phytoestrogens with weaker ER affinity: These 
may have mixed effects. At low concentrations, they 
might act as weak agonists. However, at higher 
intakes, they might compete with natural estrogen 
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for binding sites, acting as antagonists and 
potentially offering some protection. 
 
ER-Independent Pathways:  Some studies suggest 
that certain xenoestrogens might exert estrogenic 
effects even through pathways independent of ER 
binding. These pathways are less understood but 
could involve interactions with other cellular 
signaling mechanisms that influence breast cancer 
development (21, 22). 
 
3.2 ALTERED ESTROGEN METABOLISM 
The body naturally breaks down and removes 
estrogen through a process called metabolism.  
Certain dietary and environmental estrogens can 
interfere with this process, potentially leading to 
elevated circulating levels of estrogen and 
increased exposure to breast tissue. For instance, 
some mycoestrogens have been shown to inhibit 
enzymes involved in estrogen metabolism (6). 
 
3.3 GENOTOXIC EFFECTS 
Some xenoestrogens might possess genotoxic 
properties, meaning they can damage DNA. This 
damage can lead to mutations that contribute to 
cancer initiation and progression. The specific 
mechanisms by which xenoestrogens might induce 
DNA damage are still being investigated. However, 
some potential pathways include oxidative stress 
and direct interaction with DNA repair mechanisms 
(23). 
 
3.4 EPIGENETIC EFFECTS 
Epigenetics refers to changes in gene expression 
that don't involve alterations in the DNA sequence 
itself.  These modifications can influence how genes 
are expressed in breast cells, potentially impacting 
their growth and differentiation.  Some studies 
suggest that exposure to certain xenoestrogens 
might lead to epigenetic modifications that could 
influence breast cancer risk. These modifications can 
involve methylation patterns on DNA or alterations 
in histone modifications, both of which can regulate 
gene expression (22, 23). 
 
3.5 TIMING AND DURATION OF EXPOSURE 
The timing and duration of exposure to estrogenic 
compounds are also critical factors. Breast tissue is 
particularly sensitive to hormonal influences during 
critical developmental stages, such as puberty and 
pregnancy. Exposure to estrogens during these 
periods might have a more significant impact on 
breast cancer risk compared to exposure later in 
life. Additionally, the cumulative effects of long-
term exposure to low levels of various estrogens 
might also play a role in breast cancer 
development, although this requires further 
investigation (23, 24). 

3.6 INDIVIDUAL SUSCEPTIBILITY 
Individual susceptibility to the effects of estrogens 
can vary depending on genetic factors and overall 
hormonal milieu. Certain genetic polymorphisms 
might influence how efficiently the body 
metabolizes estrogens or how cells respond to 
estrogen signaling, potentially making some 
individuals more susceptible to the effects of 
exogenous estrogens. Additionally, pre-existing risk 
factors for breast cancer, such as family history or 
mutations in BRCA genes, might interact with 
exposure to estrogens, further influencing risk (25). 
 

4. Current Understanding and 
Controversies: Navigating the 
Uncertainties 
The research on the link between dietary and 
environmental estrogens and breast cancer risk 
paints a complex picture, with both intriguing 
possibilities and lingering uncertainties. Here's a 
deeper dive into the key findings and ongoing 
debates: 
 
4.1 KEY FINDINGS: A LANDSCAPE OF 
POSSIBILITIES AND INCONSISTENCIES 
Dietary Estrogens: The story of phytoestrogens and 
breast cancer risk remains a work in progress. 
While some studies suggest no association, others 
hint at a possible protective effect at moderate 
intake levels, particularly for soy isoflavones. 
However, the research is not entirely conclusive (18, 

26). Factors like the type of soy product consumed, 
duration of intake, and an individual's overall 
hormonal milieu might influence the effects. 
Additionally, some studies raise concerns about the 
potential negative effects of high-dose isoflavone 
supplements, highlighting the importance of a 
balanced dietary approach (18). 
 
Mycoestrogens: These estrogenic compounds 
produced by molds pose potential concerns. Some 
studies suggest a link between exposure to 
mycoestrogens, like zearalenone, and an increased 
risk of certain hormone-related cancers, including 
breast cancer. However, the specific mechanisms of 
action and the strength of this association require 
further investigation. Additionally, factors like the 
extent of dietary exposure and individual 
susceptibility play a role, making it difficult to 
establish definitive cause-and-effect relationships (4, 

27). 
 
Environmental Estrogens: Studies investigating 
xenoestrogens show mixed results, adding to the 
complexity of the picture. Some studies suggest a 
possible association between exposure to certain 
xenoestrogens, like BPA, and increased breast 
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cancer risk. BPA is a common chemical found in some 
plastics and has been shown to exhibit weak 
estrogenic activity. However, other studies haven't 
found a clear link, raising questions about the 
generalizability of findings and the potential 
influence of other factors. Additionally, research on 
other xenoestrogens, such as phthalates found in 
some personal care products, is ongoing, with the 
potential impact on breast cancer risk still being 
explored (24, 28). 
 
4.2 MOVING FORWARD: A CALL FOR 
COLLABORATIVE RESEARCH 
Despite the uncertainties, exploring potential 
preventative measures to reduce exposure to 
environmental estrogens is crucial.  Additionally, 
focusing on research efforts that address the current 
limitations can shed light on this complex 
relationship. Here are some key areas for further 
exploration: 
 
Understanding Specific Estrogens:  Differentiating 
the effects of various dietary and environmental 
estrogens requires a deeper understanding of their 
specific interactions with the body's hormonal 
system. Research investigating the mechanisms of 
action for different estrogens, including their 
binding affinities to ERs, potential for epigenetic 
modifications, and interactions with other signaling 
pathways, is essential (29). 
Long-Term Studies:  Longitudinal studies that track 
individuals over time and account for various factors 
influencing breast cancer risk can provide more 
robust evidence. These studies can help elucidate 
the potential long-term effects of chronic low-level 
exposure to various estrogens and their cumulative 
impact on breast cancer development (30). 
 

Genetic Susceptibility:  Investigating the role of 
genetics in individual susceptibility to the effects of 
estrogens is also crucial. Certain genetic 
polymorphisms might influence how efficiently the 
body metabolizes estrogens or how cells (25). 
 

5 Potential Preventative Measures: 
Empowering Individuals with Choices 
Despite ongoing debates, exploring potential 
preventative measures to reduce exposure to 
environmental estrogens is crucial. Here are some 
possibilities, along with considerations for a more 
comprehensive approach: 
 
Reducing Reliance on Plastics: Choosing 
alternatives to BPA-containing plastics, especially 
for food storage and hot beverages, can be a 
starting point. However, the landscape of plastic 
alternatives is constantly evolving. Research is 

ongoing to identify truly safe and sustainable 
alternatives that are free from potential endocrine 
disruptors. Additionally, focusing on proper 
recycling practices and advocating for regulations 
on safer plastics in manufacturing can be part of a 
broader solution (31). 

 
Dietary Choices: While research on phytoestrogens 
remains inconclusive, maintaining a balanced diet 
rich in fruits, vegetables, and whole grains is 
recommended for overall health. This dietary 
pattern is generally associated with numerous 
health benefits, including promoting a healthy gut 
microbiome, which can influence estrogen 
metabolism. Consulting with a registered dietitian 
can help create a personalized dietary approach 
that incorporates these considerations while also 
addressing individual taste preferences and cultural 
dietary practices (32). 

 
Personal Care Products:  Considering fragrance-
free or paraben-free options for personal care 
products might be a way to minimize exposure to 
potential xenoestrogens found in some cosmetics 
and lotions. However, navigating the often-complex 
ingredient lists on personal care products can be 
challenging. Supporting initiatives that promote 
transparency in product labeling and advocate for 
the use of safer ingredients in the cosmetics industry 
can be a valuable approach (17). 

 
Healthy Lifestyle Habits: Maintaining a healthy 
weight, engaging in regular physical activity, and 
limiting alcohol consumption are well-established 
strategies for reducing breast cancer risk. These 
lifestyle choices can also positively influence overall 
hormonal balance and potentially mitigate the 
effects of estrogen exposure.  Encouraging access 
to affordable and inclusive physical activity options, 
promoting healthy eating habits through community-
based programs, and addressing social 
determinants of health that influence lifestyle 
choices are crucial aspects of promoting healthy 
lifestyles for breast cancer prevention (33). 

 
6. Conclusion: A Multifaceted 
Approach to Unraveling the Estrogen-
Breast Cancer Link 
The relationship between estrogens and breast 
cancer risk presents a compelling yet intricate 
puzzle for scientific inquiry. While dietary and 
environmental estrogens hold the potential to 
influence breast cancer development, the current 
research landscape reveals a nuanced picture with 
lingering uncertainties. 
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On the one hand, the inconclusive findings 
regarding phytoestrogens highlight the need for 
further exploration of their potential benefits and 
risks.  On the other hand, the possibility of 
xenoestrogens contributing to breast cancer 
development underscores the importance of 
minimizing exposure to these environmental 
contaminants. 
 
Public health initiatives play a crucial role in 
navigating this complexity. Empowering individuals 
with actionable steps, such as reducing reliance on 
BPA-containing plastics, maintaining healthy dietary 
patterns, and prioritizing healthy lifestyle habits, 
can contribute to overall well-being and potentially 
mitigate the effects of estrogen exposure. However, 
these efforts must be coupled with continued 
research endeavors. 
Long-term studies investigating the long-term 
effects of chronic low-level exposure and the role 
of genetic susceptibility hold immense promise for 

unraveling the mechanisms at play. Additionally, 
fostering open and honest risk communication 
through various channels is essential for 
empowering individuals and informing policy 
decisions. 
 
Ultimately, a multifaceted approach that integrates 
scientific research, public health initiatives, and 
collaborative efforts involving researchers, 
healthcare professionals, policymakers, and the 
public is key to addressing the complexities of the 
estrogen-breast cancer link. By working together, 
we can navigate the current uncertainties and strive 
toward a future with improved breast cancer 
prevention strategies. This future holds the potential 
for not only reducing unnecessary exposures but 
also developing targeted interventions that address 
individual risk profiles and pave the way for a more 
personalized approach to breast cancer 
prevention. 
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