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Foreword

] he Ecology of Breast Cancer is a necessary book. It is fundamentally necessary to not only
understand but also embrace the complexity of the causes of this tragic epidemic disease.

Ted Schettler persuasively argues that breast cancer is ultimately a design problem. He situ-
ates the breast cancer epidemic among the other epidemic diseases of our time. He presents
breast cancer as a model for understanding the epidemics of learning disabilities, autistic
spectrum disorders, infertility, obesity, diabetes, Parkinson’s discase, Alzheimers, asthma,
other cancers, and many other conditions.

Schettler has been a leading voice in the international dialogue that has promoted an ecolog-
ical paradigm of health. The objectivity of his science and the breadth and depth of his vision
are widely recognized.

What is the ecological paradigm of health? It is a way of understanding biological systems
as they interact with their environmental contexts. We may equally speak of multi-causal
paradigms of disease — a familiar term in medicine. We may also speak of environmental
public health — a recognized term in the public health community.

In the environmental justice community the accepted term is cumulative impact — the total-
ity of the impact of the environment on health. Complexity theory is another language that
fits well with the ecological paradigm of health. What we are doing is pointing to the infinite
complexity of interactions in nested biological systems.



If ending the epidemic of breast cancer seems utopian, Schettler’s paradigm actually sug-
gests many personal lifestyle and community design strategies that are likely to reduce the
incidence of breast cancer, increase resilience, and improve outcomes for those already

diagnosed.

The bad news about the complexity of breast cancer is that the causes are complex. The
good news is that a wide range of interventions can be beneficial—more so when they are
combined. Even better, the benefits redound to a wide range of health concerns — not just

breast cancer.

The Ecology of Breast Cancer is an heroic summary of an extremely complex body of science.
We must follow the science, embrace the complexity of breast cancer, and recognize the

promising insights that the ecological paradigm of breast cancer offers.

If we progress toward the personal, community, and global design changes that will reverse
the breast cancer epidemic, we will also reverse many of the other disease epidemics of our

time. That is a vision to live by.

Michael Lerner
Commonweal

Fall, 2013

Michael Lerner is president of Commonweal, a nonprofit center in Bolinas, California that works in
health, education, environment and justice. He is co-founder of the Commonweal Cancer Help Program,
the Collaborative on Health and the Environment, and The New School at Commonweal. He has co-led
Cancer Help Program retreats for 28 years. Most of the participants in the Cancer Help Program are

women with breast cancer.



Acknowledgements

This book and the material that it draws on are due in large part to committed efforts
of countless scientists, clinicians, public health professionals, and advocates. I am particu-
larly mindful of the challenges involved in designing and carrying out scientific studies that
shed light on the origins of breast cancer and interventions that may help to prevent it and
improve outcomes. Ihave attempted to cite carefully the extensive work that I have summa-

rized and apologize for any omissions or errors.

I am also extraordinarily grateful to those who agreed to take time from their busy lives to
review various portions of this manuscript, including Susan Braun, Suzanne Fenton, Melinda
Irwin, Michael Lerner, Nancy Myers, Carolyn Raffensperger, Cheryl Rock, Julia Rowland,
Ruthann Rudel, Louis Slesin, and Patrice Sutton. Their comments and suggestions were
extremely valuable and improved the manuscript considerably. Any errors that remain are
entirely my responsibility. Many, many thanks also to Danielle Nierenberg for her invaluable
editing assistance. I am also grateful to Heather Sarantis, who devoted considerable time and
effort to layout and design. Thope that we have succeeded in making an extensive amount of
information accessible and useful.

We are grateful to the Jenifer Altman Foundation, the Cornell Douglas Foundation, the
Forsythia Foundation, and the Passport Foundation for your generous support of this proj-
ect. The Science and Environmental Health Network also deeply appreciates the ongoing
support of other family foundations and many individuals.



Introduction

The diagnosis of breast cancer profoundly changes the lives of women, men, and their
families. At the same time that people struggle with making difficult treatment-related de-
cisions, they also commonly ask, why me? Why did this happen? The search for answers
usually raises more questions.

In important ways, like other complex diseases, breast cancer is a design problem. By that I
mean two things. First, although breast cancer is an ancient disease, it becomes much more
common in countries where people adopt industrialized, Western-styles of eating, moving
around, making and using consumer products, and general living. This strongly suggests that
as we collectively make choices about the way we live, we can actually design disturbing
breast cancer patterns into the complex fabric of society. This is not unique to breast cancer.
It also applies to diabetes, cardiovascular disease, cognitive decline, dementia, other kinds of
cancer, and asthma, among others.

Second, understanding, preventing, and treating breast cancer pose significant challenges
for designing research and interventions. To be effective, proposed solutions must confront
considerable complexity. Ideally they will connect and integrate knowledge from different
disciplines and perspectives. Science, art, health, and healing must converge in the process
of re-design.

Breast cancer is the most common invasive cancer among women in the United States, and

rates are rapidly increasing in many other countries throughout the world. After increasing



for several decades, female breast cancer incidence in the U.S. began decreasing somewhat
in 2000 and has been relatively stable in recent years. In the U.S., about one in eight women
will develop breast cancer during their lives. The disease is about 100 times less common
among men. Fortunately, death rates from breast cancer have been declining over the past
25 years, with larger decreases in women younger than 50. These decreases are probably
due to a combination of more effective treatments and earlier detection. New therapies for

some sub-types of breast cancer have especially improved.

Women and men who undertake combinations of surgical, pharmaceutical, and radiation
therapies for breast cancer often wonder what else they might do to improve their long-
term outcomes. This project began with a goal of addressing that question. A number of
studies have examined the extent to which diet, exercise, weight control, stress reduction,
and other factors are associated with recurrence and survival following diagnosis and initial
treatment. My original intent was to summarize their findings, but for several reasons that

goal soon began to seem too narrow.

Even though I have spent many years treating illnesses and injuries in medical practice, I
have long been interested in the causes and primary prevention of diseases like breast cancer
that are related in complex ways to environmental conditions. Here, by “environment” I
mean the totality of the biologic, physical, chemical, built, nutritional, and social environ-
ments that humans have participated in creating throughout the world. In addition to its
effects on breast cancer prognosis, I wanted to look more extensively into the role this com-

plex environment might play in contributing to or preventing the disease in the first place.

Beyond that, since the latency period of breast cancer—the time between earliest tumor
initiation and clinical diagnosis—is often decades long, an unknown number of people har-
bor early stages of the disease for a number of years without knowing it. In fact, some very
carly life experiences are clearly associated with breast cancer risk. For example, fetal dieth-
ylstilbestrol (DES) exposure or early onset of menarche increases breast cancer risk decades
later. Some studies also show that certain kinds of diets and exercise patterns, beginning
even in childhood, are linked to reduced risk or improved outcomes in people who develop
breast cancer much later. It is, therefore, increasingly clear that efforts to prevent breast
cancer and improve outcomes after diagnosis and treatment must begin in the earliest days
of fetal development, if not before. In short, there is no bright line between interventions
intended to make breast cancer less likely, slow its progression, perhaps even reverse its
course, and improving outcomes. As a result, the scope of this project expanded to include

breast cancer prevention.

Simply creating a list of known, probable, and plausible risk factors for breast cancer makes
it apparent that they encompass many aspects of our individual and collective lives. At the

population level, one or two variables do not stand out as overwhelmingly responsible for



changes in breast cancer incidence, although some individuals are at higher risk because
of certain susceptibility genes. Rather, breast cancer patterns are largely determined by a
complex mix of interacting, multi-level variables strongly pointing toward a more systemic

problem.

We will undoubtedly be more successful at preventing the disease and promoting healing
if we approach it through multi-level interventions. Individuals cannot do this alone. Op-
portunities and responsibilities lie within the range of activities of a large number of social,
political, and professional organizations and institutions. All health care practitioners, in-
cluding obstetricians and pediatricians, have important roles to play. Many public health
professionals who do not typically see their work as related to breast cancer will inevitably
see the connections if they step back and look at a bigger picture. Even more broadly, be-
cause of the complexity of breast cancer, decision-makers in all sectors whose activities
help to shape the conditions out of which breast cancer is more or less likely to arise can
make important contributions. They include teachers, city planners, farmers, legislators,
and business leaders whose decisions and priorities strongly influence breast cancer-related

features of the world we live in.

How this book is organized

This book is divided into three sections. Section I (chapters 1 and 2) briefly reviews the
history of breast cancer and the evolution of ideas about its origins. It concludes that an
ecological or eco-social framework is best suited to acknowledge and help clarify the com-
plexity of the disease as well as helping to design research and interventions. This section

includes a brief summary of breast cancer demographics, trends, and known risk factors.

Section II is comprised of five chapters addressing diet (chapter 3), exercise (chapter 4),
environmental chemicals (chapter 5), features of the electromagnetic spectrum including
vitamin D, light at night, and non-ionizing radiation (chapter 6), and stress (chapter 7). Each
of these reviews an extensive literature and because of that, begins with a summary of the
more detailed material that follows. In some instances, I found it particularly instructive
to review the history of research into these categories of risk factors and have occasionally
included discussions of older studies that influenced the direction and design of subsequent

investigations.

Section III (chapter 8) summarizes and begins to reassemble the various risk factors into a
more integrated whole. It explores implications for individuals, families, and communities
as well as health care providers, public health officials, and others who can make a differ-

ence.



Most of the material reviewed in this book is drawn from epidemiologic and laboratory an-
imal studies. I do not intend for it to be construed as medical advice. Nor, have I made any
attempt to review or comment on a range of conventional medical therapies or their alter-
natives. But I do hope that people interested in a comprehensive approach to breast cancer

prevention or treatment will find this material useful as they explore options.

Almost daily, medical journals and the press report new breast cancer research findings.
Undoubtedly, some of the conclusions I reach here will need to be modified as new infor-
mation becomes available. But, no matter how some of the details may change, it is my hope
that we will increasingly address breast cancer—its origins and treatment—as a systems

challenge, requiring an integrated, multi-level response.



Section 1

An Ecological Framework



Chapter 1

Toward a systems perspective of breast cancer

Breast cancer is an ancient discase. Its recorded history dates back to ancient Egypt
(3000-2500 BCE). Early documents describe what tumors looked like as they surfaced and
progressed.'? Recorded speculations about their origins appear much later. Hippocrates and
others espoused a humoral theory, thinking that imbalances among four bodily fluids—
blood, yellow bile, black bile, and phlegm—caused this to happen. Galen (130-¢.200 CE)
subscribed to Hippocrates’ bodily humors theory, persuaded that he saw breast cancer more
often in melancholy (literally, “black bile”) women who were creative, kind, and considerate.
Some thought they saw cancer more generally in women who were anxious, depressed, or
grieving.’ For Galen and many who followed, breast cancer was a systemic disorder and not
confined to a single part of the body.

In the 17" century, Italian physician Ramazzini saw that “tumors of this sort [breast cancer]
are found more often in nuns than in any other women. In my opinion, these tumors are not
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due to amenorrhea, but rather to the celibate life led by these nuns.”** Some theories pro-
posed that trauma or lymphatic or milk duct blockage was involved. But with the invention
of the microscope and emerging understanding of a cellular basis of anatomical structures,
cancer cells became visible, and breast cancer began to be seen as a more localized discase.
New anesthetic techniques aided a dramatic increase in surgery and, for decades, the radical
mastectomy, pioneered by William Halstead, dominated breast cancer treatment. Halstead
believed that removing enough tissue and precision to avoid spreading cancer cells during

surgery led to the best chances of cure.



In the late 19% century Scottish surgeon George Beatson reported that removal of the ova-
ries in several of his patients caused remission of inoperable breast cancer.®” Hormones had
not yet been characterized, but Beatson saw lactation prolonged in farm animals after their
ovaries were removed. “Lactation is at one point pcrilously near bccoming a cancerous pro-

cess if it is at all arrested,” he said.?

During ensuing years, scientists identified estrogen and other hormones.” Surgeons some-
times added removal of the ovaries, adrenals, and pituitary glands to breast cancer treat-
ment. Thus, the emphasis on the cellular basis of cancer began to include consideration of

the gcncral hormonal environment inﬂucncing tumor growth.

In his 1966 Nobel acceptance speech, Charles Huggins, a cancer biologist who studied the
hormone dependency of various cancers, observed, “The net increment of mass of a cancer
is a function of the interaction of the tumor and its soil. Self-control of cancers results from
a highly advantageous competition of host with his tumor. There are multiple factors which
restrain cancer - enzymatic, nutritional, immunologic, the genotype, and others. Prominent
among them is the endocrine status, both of tumor and host.”"" Huggins saw cancer not
just as a discase of aberrant cells but as one that requires a host environment favoring tu-
mor growth. Despite this understanding, with the development of techniques of molecular
biology that have enabled more detailed study of cells and sub-cellular parts, many cancer

biologists continued to focus their attention on the cancerous cell.

Cancer: A disease of cells or tissues?

Scientists have long been aware that cancer development is a multi-stage, multi-factorial
phenomenon. The models they use generally describe tumor initiation, promotion, progres-
sion, and metastasis. In a widely-cited paper, Hanahan and Weinberg listed six hallmarks of
cancer generally having to do with cancer cells—their response to various signals, evading
growth suppressors, activating invasion and metastasis, resisting cell death, and so on." Re-
cently, they added tumor promoting inflammation to their framework,' but basically they
privilege the original mutated cancer cell as most important, with secondary contributions
from the nearby tissue microenvironment. This is the somatic mutation theory of carcino-

genesis.

Another view holds that cancer is a tissue-based disease.'*'* It proposes that changes in the
tissue environment that normally keep cellular proliferation in check are central to the ori-
gins of cancer. Advocates of this view point out that cellular proliferation is the default state
of most cells and gene mutations and changes in gene expression are common even within
cells that do not develop into cancer. Interactions with the surrounding tissue are essential

for modulating these activities and their effects. Experimental evidence in laboratory ani-
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mals, for example, shows that tumors developing in the ductal epithelial cells of mammary
glands depend on exposure of the surrounding stroma to a carcinogen and not just epi-
thelial cell exposure.'® Moreover, using the same animal model, these authors showed that
epithelial cancer cells introduced into normal stroma could form normal, non-cancerous
mammary ducts.'® That is, the cancer cells could revert to normal. Thus, this theory holds,
stromal-epithelial interactions in the tissue environment are more important than events in
a mutated cell in the development and progression of cancer. From this it follows that an
integrated approach, whereby cancer causation occurs in all directions, namely bottom-up,
top-down, and reciprocally, will best illuminate the complexity of cancer and opportunities

for prevention.

These contrasting views differ with respect to the level of organization most appropriate
for understanding the origins of cancer. One emphasizes the primary role of aberrant cells,
while the other features an altered tissue environment and the importance of multi-level

interactions.

Breast cancer and the more general environment

The importance of the more general environment in the origins and progression of breast
cancer becomes clear after looking at evidence discussed in later chapters. We know that
latent, undiagnosed breast cancer develops over many years—in some cases over decades—
and may be undetected during life. A review of seven autopsy studies reported invasive
breast cancer in an average of 1.3 percent of 852 women ages 40-70 who had died from
other causes and were not known to have breast cancer while alive.!” The number of tissue
sections examined ranged from 9-275 per breast in five of the seven studies and was not
described in two. Carcinoma in situ (CIS)" was reported in 8.9 percent on average. Highest
percentages were reported in studies where the breasts of the deceased were examined
more thoroughly. One of the studies included 110 consecutive autopsies of young and mid-
dle-aged women (ages 20-54), finding invasive breast cancer in two (1.8 percent) and CIS

in twenty (18 percent).'

* There are two kinds of carcinoma in situ, ductal and lobular. Ductal carcinoma in situ (DCIS) refers to
breast duct epithelial cells that have become “cancerous,” but still reside in their normal place. Lobular
CIS (LCIS) refers to cells in the lobules that have undergone similar changes. In this setting cancerous
means that there is an abnormal increase in the growth of the cells. CIS is nonlethal because it stays in
place, but is important because it may progress to invasive breast cancer. However, some cases of CIS
do not progress to invasive disease and predicting which ones will and when that may happen is difficult.
DCIS is commonly first identified by mammography since it frequently contains calcium deposits that
show up on the image. See also http://www.ncbi.nlm.nih.gov/pubmed/20956817 for access to a more
complete discussion.

The Ecology of Breast Cancer 8 Toward a systems perspective
of breast cancer


http://www.ncbi.nlm.nih.gov/pubmed/20956817

Although CIS is considered a precursor of breast cancer, some cases do not progress to in-
vasive discase. Recently, some medical professionals have argued that the term “carcinoma”
should not even be used in the name of this lesion since it contributes to over-diagnosis and
over-treatment."” Predicting which ones will progress is an unsolved important problem.
For those that do progress to invasive breast cancer, whether some may actually sponta-

neously regress and disappear is unclear but of intense interest.

To help to address this question, scientists in Denmark compared breast cancer incidence in
women of comparable ages before and after breast cancer screening by mammography was
introduced.” They reasoned that if mammography was simply going to enable a diagnosis of
breast cancer earlier, one would expect to see a drop in age-adjusted incidence in screened
women sometime after screening was initiated. They found that the increase in incidence
of breast cancer was closely related to the introduction of screening, but that little of this
increase was compensated for by a drop in incidence in previously screened women. They
concluded that one in three invasive breast cancers detected in a population offered screen-
ing mammography will not lead to symptoms or death. The percentage was considerably

higher (52 percent) when CIS was included.

This report sparked debate, and critics suggested that the findings could be explained by the
discontinuation of hormone replacement therapy that coincided with the study period. In
response, the study was repeated using data from an earlier period, when few women were
using hormone therapy.?’ The study compared breast cancer incidence in two groups of
women aged 40-69 years. One group was screened repetitively during a six-year period and
a matched control group was screened only once, at six years. The research team hypothe-
sized that cumulative breast cancer incidence should be similar in the two groups after the
follow up period if no tumor regression occurred. They found 14 percent higher incidence
in the repetitively screened group, suggesting that some invasive breast cancers would re-

gress spontaneously if not diagnosed at screening,”

What are we to make of this? What does it tell us about the natural history of breast cancer?
Here are some things we know. CIS is rclativcly common. Some CIS progresses to invasive
breast cancer but some does not. CIS and invasive breast cancer can begin at a relatively
carly age. The time that elapses between the initiation of breast cancer and when it becomes
clinically apparent—the latency period—rvaries considerably but can be spread out over

decades.” Screening studies conclude that some breast cancers will spontancously regress.

* Another explanation could be that repetitive screening actually caused the increased breast cancet in
that group. It’s unlikely because a six yeat follow up is generally too short to see cancer as a result of
radiation exposure, although it’s not out of the question. But this raises an important question about the
relative safety of using a known carcinogen (ionizing radiation) to diagnose breast cancer. New diagnos-
tic methods are urgently needed.
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The general physiologic environment also influences the course of breast cancer after diag-
nosis. The internal environment is shaped by diet, activity levels, exposure to environmental
chemicals, stress, sleep, and other variables. They influence immune system function, levels
of inflammation, hormones, and various growth factors that promote tumor cell growth or
death. They establish a milieu intérieur (the environment within), a phrase coined by physiol-
ogist Claude Bernard. It is the context—Huggins’ “soil”—that favors or discourages cancer

development and growth.

As we will see, community and societal characteristics can also strongly influence this inter-
nal environment. Breast cancer is not only a disease of individuals, but also of communities.
Breast cancer patterns arise out of the societies that we design. In that way, breast cancer is
profoundly a public health concern requiring a public health response (see Box 1.1). A larg-
er framework that includes multiplc levels of organization—thc individual, farnily, commu-
nity, ecosystem, and society—and reciprocal interactions among them, is arguably essential

for better understanding the origins and prevention of breast cancer.

Breast cancer as an ecologic disorder

Ecologists often use a nested hierarchy of levels of organization to construct models and
design studies (see Figure 1.1).% Here, hierarchy does not refer to importance or power but
is a way of describing relationships within a complex system. In that tradition, some epide-
miologists advocate an eco-social framework to help design investigations into the origins of

discases as well as medical and public health interventions to prevent or treat them.>6*’

An eco-social” framework recognizes that context matters. It acknowledges the ways that
family, community, and societal experiences shape the health of individuals and populations.
What I eat may seem to be mostly a personal choice, but it’s not entirely. What the food sys-
tem produces, the price and availability of various kinds of food, opportunities I may or may
not have to grow my own food, and the impact of media and advertising will also strongly

influence my diet.

Similarly, my internal physiologic response to walking alone at night in an unlit urban ncigh—
borhood or forest will be conditioned by how safe I think it is. If T live in a neighborhood that

I think is unsafe, I will most likely live in a state of constant vigilance that chronically raises

* This is sometimes called an ecologic or complexity framework. Terminology varies to some extent
because of the variables included in the model and also because of connotations associated with various
words. But the important commonality is the attempt to incorporate multiple level variables in a richly
interactive system undergoing change over time.
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markers of stress measureable in my blood that increase my risk of various diseases. If T can

sometimes walk amongst trees and listen to bird songs that impact is diminished.?

The point is that societal and community level variables intimately influence the biology
of individuals, even at the sub-cellular level. Thus, within an eco-social framework, when
investigating the origins of breast cancer or other complex diseases, it is essential to con-
sider the social, cultural, economic, and political environments within which cells, tissues,

individuals, and families live.

Long ago, microbiologist René Dubos pointed out that every civilization creates its own
diseases. In recent decades, population growth, technological achievements, and industrial-
ization have dramatically altered energy production and use, transportation, buildings, the
nature and availability of consumer products, food and agriculture, and social, political,
and economic structures. No place on earth or in the atmosphere surrounding the planet
is untouched by human activities. The nature of work and leisure activities is profoundly
changed. Within this context the patterns and distribution of breast cancer and other com-
mon diseases have arisen. It is increasingly clear that a multi-level framework is essential to

study and address them.

Figure 1.1: Ecological (eco-social) model of nested relationships from sub-
cellular to ecosystem

Cell signaling;
biochemistry

Individual Tissue/Organ Organelle
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Box 1.1: Ecology, ecosystems, and regime shifts

Ecologists have long grappled with complex models to describe and study ecosystems. Their models feature
interactions among multi-level variables—microbes, soil, trees, forests, grasses, water, region, climate, di-
verse wildlife, people, farms, cities, and so on. In these models, interactions and feedback loops are primary
phenomena—not secondary. Impacts cascade through parts and subparts of this complexity over varying
timeframes. Interactions among mixtures of variables determine system structure and function—resilience or
vulnerability. These are science-based models that attempt to represent current understanding of ecosystem

dynamics.

Ecosystem disturbances can come from various levels—from changes somewhere in the internal food web
or a hurricane. A resilient ecological system is able to absorb and adapt to disturbances while maintaining
essential functions, structures, and feedback loops. A vulnerable system is operating close to a threshold,
where even small disturbances can push it beyond a tipping point so that structures and functions change
fundamentally. When that happens, a new relatively stable set of operating conditions makes it difficult, if not

impossible, for the system to revert to its previous state, even if a triggering event is removed.

There are many examples of this phenomenon. After a long period of fluctuating but slowly declining vegeta-
tion the Sahara region collapsed suddenly into a desert.”’ A lake gradually but inexorably receiving excessive
nutrient loading from fertilizer runoff suddenly transforms from being fish-rich to fish-poor. Algal blooms
and plant growth accelerate, oxygen levels crash, a threshold is crossed, and the entire food web changes,
resulting in massive fish kills. This is a regime shift—the operating conditions of the lake have fundamentally
changed; its structure and function are different. New conditions in the lake are exceedingly stable and simply
stopping the flow of nutrients will not re-establish previous conditions in the short term. This kind of abrupt
and irreversible change can happen in vulnerable communities and people who are burdened with one or

more stressors.

Ecological scientists note that regime shifts can also occur as a result of crossing several smaller-scale thresh-
olds within a complex system.30 For example, small-scale social, economic, and ecologic changes in an ag-
ricultural region can cause threshold interactions that result in major system transformation—the regional
ecosystem, including its human communities, fundamentally changes.3 ! For most people living and working

in the region it’s a collapse.

Here are a few lessons from extensive information about ecosystem structure, function, and behavior:
* Complex system characteristics differ from those in simpler systems in many important
ways (see Table 1.1);
* Resilience or vulnerability are characteristics of system operating conditions; vulnerable
ecosystems are less able to absorb and adapt to disturbances than resilient ecosystems;
* System operating conditions are largely determined by interactions among multi-level vari-

ables, acting over varying timeframes; not by single variables in a constrained timeframe;
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* Slow-acting variables, over time, can set the stage for vulnerability to a fast-acting variable;

* Fundamental changes in ecosystem structure and function can be caused by large single or
multiple small disturbances coming from the outside or from within;

* Studying this complexity requires models and techniques designed for the task rather than

simplifying the complexity to accommodate models suited for simpler systems.

Table 1.1 System characteristics: simple vs. complex

Simple Complex

* Homogeneous * Heterogeneous

* Linear Behavior * Interactions; feedback loops

* Deterministic * Non-linear behavior

* Static » Causal cascades

* Lack feedback loops * Dynamic, adaptive, self-organizing
* Tipping points (system behavior change)
* Emergent properties not predictable from individual parts
* Resilience, vulnerability

What does this have to do with breast cancer? It’s a way of gaining further insight into the patterns that we
see. In the ecological sciences, single variables rarely explain system behavior—interactions and relationships
are of primary importance. Vulnerability can develop over time, making a system much more susceptible to a

later disturbance. Resilience varies.

Breast cancer fits well within this framework. Many, multi-level environmental factors interact with human
breast biology, beginning with early development and continuing throughout life. Breast cancer is an ecolog-
ical disease as much as it is a disease of abnormal cellular growth. It arises from system conditions. Early life
nutrition influences the vulnerability of the breast to exposure to a chemical carcinogen later in life. Stress
alters BRCA gene expression. Nutrition, exercise, and stress levels collectively influence response to breast
cancer treatment and likelihood of recurrence. And, so on. Failures to account for dynamic interactions
among multi-level variables limit the utility of many epidemiologic studies that were painstakingly carried out

over many years .

In large part, this is a design problem—an ongoing commitment to a familiar reductionist approach rath-
er than turning to alternative ecological models. The reductionist approach makes something com-
plex into something simpler by taking it apart into constituent pieces. That’s how science is often done,
and it has yielded enormous, valuable insights. But it comes up against its limits when it fails also to ex-
amine the reassembled pieces. It lacks insights from geometry, topology, and ecosystem dynamics.
This is now beginning to change. New complex-system models will hopefully shed additional light not

only on the functioning of ecosystems, but also on the origins of complex diseases like breast cancer.
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Breast cancer: An ecologic perspective

Breast cancer is a diverse group of diseases of different sub-types. Their biology differs with
respect to hormone-receptor features, menopausal status, and invasiveness. The origins of
breast cancer are multi-factorial, and risk factors among sub-types differ. Opportunities for

prevention and response to treatment vary.

One way to think about this is that different combinations of multi-level variables over time
create the conditions in which breast cancer can develop and progress. In many ways, this is
like a complex ecosystem and scientists are continuing to develop new models for studying

the disease that reflect this complexity (see Box 1.1).

One example moving in this direction is an evidence-based complex model of postmeno-
pausal breast cancer causation developed by scientists at the University of California San
Francisco. It includes biologic, societal/ cultural, behavioral, and physical/ chemical dimen-
sions.” It also includes estimates of the strength of the associations and quality of evidence

that link these many variables together in a complex, interactive network.

This model is a step forward. The complexity becomes clear, and immediately we begin to
imagine new and different study designs and interventions. It’s not truly multi-level in that
it generally addresses variables at the individual- but not community- or socictal-levels.
Assessments of neighborhood safety, for example, will influence activity levels and stress.
Federal farm crop subsidies can alter cancer risk through their influence on food prices and
availability. These additional levels could be included in system models.” They highlight
additional opportunities not only for understanding the origins of diseases but also for in-

tervening in system dynamics.

Complex system models often look like a tangle of arrows with everything so interconnect-
ed that at first glance it scems impossible to sort out. But, these models serve a number of
different purposes. They acknowledge and communicate complexity, confirming the ines-
capably messy, systemic nature of the problem. Complex system models also provide a basic
architecture for organizing facts and categories. Once the top-level architecture is grasped,
it becomes easier to identify relevant variables and plan an approach for further study or

intervention.

These models also make clear that complex systems cannot be tightly micro-managed.
Quantitative impacts of changes in single variables will often be difficult to predict and even
to identify. Moreover, in order to prevent the development of cancer or improve outcomes
after diagnosis, broad and diversified strategies will be necessary to change the dynamics of
the system. Closer study of a complex model reveals features that help in deciding how and

where to intervene most effectively in the system—at multiple levels, leverage points, feed-
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back loops, and causal cascades. Combinations of multi-level interventions are more likely

to bring about outcomes as close to what we want as possible (See Box 1.2).

Box 1.2: Individual Health—Public Health:The North Karelia Project

Public health practitioners have long recognized the benefits—or risks—associated with small shifts in
determinants of health within populations. In 1985, epidemiologist Geoffrey Rose observed that a large
number of people at a small risk will give rise to more cases of a disease than a small number of people
at a large risk.** The causes of cases of a disease in individuals, he said, differ from the causes of incidence
of that disease in a population. Why some individuals have hypertension is a different question from why

some populations have much hypertension, while in others it is rare.

Rose was interested in strategies for disease prevention. He recognized that small downward popula-
tion-wide shifts in blood pressure where hypertension was common could have large public health bene-

fits. Community-level interventions differed from what individuals could do to accomplish the same goal.

The North Karelia project in Finland put these ideas to work about 25 years after demographer, Vaino
Kannisto, published his doctoral thesis pointing out that eastern Finland had the highest heart disease
mortality in the world.® By this time, the Framingham Heart Study, started in 1948, had begun to iden-
tify risk factors that contribute to cardiovascular disease by following its development over a long period
of time in a large group of participants. Based on Framingham findings, population-wide efforts to reduce
smoking, cholesterol, and blood pressure were undertaken in N. Karelia. Efforts involved not only indi-
vidual education and treatment but also work with the media, supermarkets, and agriculture. The results
were dramatic. In 35 years the annual age-adjusted coronary heart disease mortality rate among 35-64
year-old men declined 85 percent. Cancer-related mortality was also reduced, and all-cause mortality

reduced for men and women.

One early commentary on the North Karelia project critically called it “shot-gun prevention.”” But, it
worked. It showed the value of multi-level interventions in a population rather than focusing on individ-
uals at highest risk. Data from five different surveys showed that an estimated 20 percent of the coronary
heart disease mortality could be prevented by reducing cholesterol levels in the entire population by 10
percent, while a 25 percent cholesterol reduction in only those with the highest levels would reduce mo-
rality by only five percent. Lifestyle changes, they concluded, are not just responsibilities of individuals

but also of communities.

We often debate which public health interventions should be directed at entire populations or focused
more on individuals at risk to address disorders such as cancer, diabetes, cardiovascular disease, obesity,
and dementia, among others. But it’s undeniably clear that prevention of complex diseases cannot be

achieved by individuals alone. Community- and societal-level interventions are also essential.
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Historically, epidemiologic studies investigating the causes of breast cancer have typically
controlled for various confounders and other factors known to independently influence risk
while attempting to isolate the impact of a particular variable of interest. They have tended,
for example, to focus on particular aspects of diet, a specific chemical or physical exposure,
or exercise. They have contributed valuable information. Most basically, we have learned
that, for breast cancer, there is no smoking gun like the tobacco-lung cancer connection. It’s

truly a systemic problem. New study designs and interventions are urgently needed.

In 2008, Congress passed the Breast Cancer and Environmental Research Act, which re-
quired, among other provisions, the establishment of an interagency committee comprised
of scientists from Federal agencies, universities, and other non-Federal organizations to ex-
amine the status of breast cancer research in the United States and make recommendations
for improving it. This committee, known as the Interagency Breast Cancer and Environmen-
tal Research Coordinating Committee (IBCERCC), issued its final report in 2013, with a

clear call for prioritizing the prevention of breast cancer.” They said:

* The complexity of breast cancer necessitates increased investment in research to
explore mechanisms underlying breast cancer over a person’s life span. Exploration
of the impact of environmental factors on breast development is needed, as altered
development may influence breast cancer risk. Gene-environment interactions and
epigenetic alterations — heritable changes that do not involve changes in DNA

sequence — that occur over the lifespan deserve more attention.

* Research must evaluate the impact of multiple risk factors and periods when the
breast may be most susceptible to exposures, and investigate how certain popula-
tions, such as underrepresented minorities, have disproportionate exposures and
different levels of breast cancer risk. By engaging researchers from many disci-

plines, new ways of thinking about breast cancer prevention can be developed.

* Research must include investigations into the effects of chemical and physical fac-
tors that potentially influence the risk of developing, and likelihood of surviving,
breast cancer. Characterizing the myriad of exposures in our environment in di-

verse population groups is part of this important challenge.
The committee called for:

. Trans—disciplinary coordination; and

* Transparency and inclusion of representatives of the general public and health af-
fected groups in planning, implcmcntation, and translation of research findings,
built from the start into every funded program that focuses on breast cancer and

the environment.
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This committee is promoting new models for understanding the origins and treatment of

breast cancer. They emphasize the importance of a life-course approach, the timing of expo-

sures, and exposure to mixtures of risk factors. Multi-level, ecological frameworks are best

suited to this complex task.
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Chapter 2

Breast cancer trends and risk factors

Breast cancer is the most common cancer in women and the second leading cause of can-
cer death in women after lung cancer in the United States." It is the leading cause of cancer
death in women worldwide.? Breast cancer also occurs in men, though it is rare, accounting
for less than one percent of all breast cancer in the U.S.

The National Cancer Institute and the Center for Disease Control’s National Program of
Cancer Registries regularly collect information to produce estimates of cancer incidence
and mortality. Data collected by these surveillance systems indicated that approximately
227,000 new cases of invasive breast cancer and 63,000 new in situ cases would be diagnosed
in U.S women in 2012, with 2,200 new cases of breast cancer in men.” Forty thousand wom-
en and 400 men were expected to die from breast cancer — 14 percent of all cancer deaths.

The risk of breast cancer increases with age, and the majority of women are diagnosed after
menopause. About half of all female breast cancer patients are diagnosed by age 61, and ap-
proximately 12 percent are diagnosed at ages younger than 45.*

Data from the National Cancer Institute show breast cancer trends in the U.S. since 1975
and age-related incidence rates (See Figures 2.1 and 2.2). They show an increase in breast
cancer in individuals ages 50 and older until about 2003 when incidence rates began to
decline, most notably in white women. This was shortly after the Women’s Health Initia-
tive randomized study identified combined (estrogen plus progestin) hormone replacement
therapy as a risk factor for breast cancer and many women discontinued its use.” Most ana-



lysts believe that this helps explain the observed decline shortly thereafter. These data also
show that invasive breast cancer incidence rates have been almost unchanged since 1975 in
women ages 20—49. However, the incidence rate of breast cancer in situ (CIS) has been ris-
ing since the introduction of mammography screening in the 1980s.¢ Since CIS is a precursor
of invasive breast cancer, but not all CIS will progress to invasive breast cancer, individuals

and their medical providers face difficult treatment decisions when CIS is diagnosed.

Figure 2.1:" SEER Observed Incidence, SEER Delay Adjusted Incidences and
U.S. Death Rates” Cancer of the Female Breast by Age and Race
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* Source: SEER 8 areas and US Mortality Files {Mational Center for Health Statistics, CDE).
Rates are age-adjusted to the 2000 US Std Population {19 age groups - Census P25-1103).
Regression lines and APCs are calculated using the Joinpoint Regression Program Version 4.0.3, April 2013, Mational Cancer Institule
The APC is the Annual Percent Change for the regression line segments. The APC shown on the graph is for the most recent trend.

" The APC is significantly different from zero (p < 0.05).

Breast cancer trends before 1975 are somewhat less certain because of a lack of systemat-
ic record keeping prior to the establishment of cancer registries. In Connecticut—which
has the oldest cancer registry in continuous operation in the United States—age-adjusted
incidence rates of breast cancer rose by about 1.2 percent per year from 1940 to the carly
1980s.8

Breast cancer risk and mortality varies significantly by race and ethnicity. Incidence rates are
highest for white women, next highest for black women, followed by Hispanic, Asian and
Pacific Islander, and American Indian and Alaskan Native women.” Black women experience
the highest death rate from breast cancer despite lower incidence than white women. The
reasons for this disparity are not fully understood but likely include combinations of more
aggressive tumor types in many black women, later stage at diagnosis, and factors related to

access to care and optimal treatment.'" "'
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Figure 2.2:” Cancer of Female Breast, Incidence Rates, 1975-2010, In situ vs
Malignant, by Age, All Races, Females
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Breast cancer risk factors

In addition to female gender and aging, other established risk factors include:
Family history

According to the American Cancer Society, having one first-degree relative (mother, sister,
or daughter) with breast cancer approximately doubles a woman’s risk. Having two first-de-
gree relatives increases her risk about 3-fold."> However, fewer than 15 percent of women
with breast cancer have a family member with the disease.

Genetic factors

About five to 10 percent of breast cancer cases are thought to be the result of inherited
genetic susceptibility. The most common genetic mutations known to increase breast cancer
risk are in the BRCA 1 and BRCA 2 genes. Normally, these genes have tumor suppressor
functions, but when mutated, that function is reduced and breast cancer risk sharply increas-
es. In the U.S., BRCA mutations are more common in Jewish women of Ashkenazi origin
but they occur in individuals of all racial and ethnic groups. A recent study of African-Amer-
ican women with breast cancer revealed a higher frequency of mutations in breast cancer-re-
lated susceptibility genes than expected or previously reported.'
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Personal history of breast cancer

Having cancer in one breast increases the risk of developing a new cancer in the same or

other breast.
Dense breast tissue

Dense breast tissue, as seen on a mammogram, contains more glandular and fibrous tissue
and less fatty tissue. Dense breast tissue is associated with a higher risk of breast cancer.
Other than age, pregnancy, menopausal status, and genetics, the reasons for dense breast

tissue are not fully understood.
Late age of first pregnancy or having no children (nulliparity)

Women who have had no children or who had their first child after age 30 have a slightiy
higher breast cancer risk. Having many pregnancies and becoming pregnant at a younger age
reduces breast cancer risk. Maturational changes in the breast associated with pregnancy and
lactation are thought to reduce the susceptibility of breast tissue to cancer. Reduced number

of menstrual cycles may also play a role.
Early age of puberty

Earlier onset of menarche (menses) increases the risk of breast cancer. In the U.S. and many
other countries, the age of puberty in girls has been significantly declining, although the
reasons for this are not well understood." Most of the acceleration in the timing of puberty
is associated with earlier breast development (thelarche) while the timing of the onset of

menses has not declined as much.
Later age of menopause

Menopause after age 55 also slightly increases breast cancer risk. One plausible explanation
holds that earlier menarche and later menopause results in higher lifetime estrogen and

progesterone exposures.
Chest radiation

lonizing radiation (e.g., X-rays) is known to increase the risk of breast cancer. According
to Breast Cancer and the Environment,'® a report from a committee convened by the Institute
of Medicine (IOM), some of the strongest evidence supports a causal association between
breast cancer and exposure to ionizing radiation. The committee also noted that population

exposures to ionizing radiation in medical imaging are incrcasing. Standards intended to
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minimize exposures from mammography exist and new imaging technologies could reduce
or eliminate that source. In addition, more needs to be done to minimize radiation ex-
posures from other medical procedures. Breast cancer risk is higher if radiation exposure
occurs during adolescence as the breasts are developing, This is particularly a concern when
chest radiation is used to treat another cancer during that time. Age-related windows of vul-
nerability to radiation and other environmental exposures are a recurrent theme explored

more fully in later chapters.
Recent oral contraceptive use

According to the IOM committee report, oral contraceptives modestly increase the risk of
breast cancer among current users—but this increased risk disappears within four years fol-
lowing cessation. However, the committee also notes that oral contraceptives are associated

with a long-term reduced risk of endometrial (uterine) and ovarian cancers.
Combination hormone therapy

The IOM committee concurred with the prevailing opinion that combination estrogen-pro-
gestin hormone replacement therapy increases the risk of breast cancer. This increased risk

was identified in the Women’s Health Initiative study.
Cigarette smoking

Some major studies and reviews have concluded that active smoking increases breast cancer
risk. Evidence is also growing that being exposed to secondhand tobacco smoke (passive

smoking) increases the risk of breast cancer."’
Other factors reviewed by the IOM committee

Among other factors reviewed by the IOM committee,” those most clearly associated with
increased breast cancer risk in epidemiologic studies are overweight and obesity among
post-menopausal women and alcohol consumption. Greater physical activity is associated
with decreased risk. These and other potential risk factors are more fully discussed in later

chapters.

With this as background, the following chapters address additional risk factors in more

detail. Evidence is often limited and sometimes conﬂicting. chping in mind the Ccological

* The committee limited their review to a select group of potential risk factors. It was not intended to
be a comprehensive review.
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framework discussed in chapter 1, we are learning that much of the available epidemiologic
research is limited to some extent by various features of study design that did not (and often,
could not) account for the complexity. For example, as noted in chapter 3, after decades of
research on diet and breast cancer, it became clear that much of that work was limited by
its failure to account for confounding or effect modification by exercise.' That is, exercise
can independently influence both diet and breast cancer risk. Thus, it can be a confounder
of the relationship. Exercise can also influence biologic pathways that do link diet to breast
cancer—for example, inflammation and oxidative stress. Thus, exercise is a potential effect
modifier of any relationship between diet and breast cancer. This has practical importance
beyond complicating epidemiologic study design. It means that well-designed interventions
can be mutually reinforcing and have benefits that may exceed what would be predicted by

considcring them individually.

As noted by the IOM committee report, more complex models “which attempt to depict
the multiplicity of factors that seem to have a role in breast cancer, help underline the bio-
logical complexity of the pathways along which those factors may be acting, the difficulty
of distinguishing truly causal effects from associations with intermediate factors, and the
challenges of designing, conducting, and interpreting studies that try to evaluate risk factors
for the various forms of this discase.' Although these challenges share similarities across the
spectrum of risk factors evaluated in this report, they may be particularly acute for evaluat-

ing risk relationships from exposures to environmental chemicals.”
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Looking Within the Complexity



Chapter 3

Diet, nutrition, and breast cancer

Chapter Summary

For many years, the relationship between diet and breast cancer has been of great interest. Scientists have
studied this connection particularly intensively over the past 30 years. Initial case-control studies were
followed by the addition of large prospective cohort observational studies and occasional intervention
trials. Inconsistency in findings is a recurrent theme. Perhaps this is inevitable for at least two reasons.
Breast cancer is not a single disease. It is comprised of different subtypes—classified according to
menopausal status, hormone receptor status, or other markers—with differing and complex biology.
Many studies attempting to shed light on their origins make no distinction. Beyond that, studies with a
singular focus on diet, by their design, often prevent understanding the ways diet can interact with other
risk factors such as exercise or exposure to environmental chemicals. The research agenda has largely

featured a reductionist approach—but that is slowly beginning to change.

At the outset, studies largely examined the influence of single dietary variables or macronutrients on
breast cancer risk and prognosis. Initial enthusiasm surrounding the role of dietary fat waned as results
from prospective cohort and intervention studies did not confirm findings from case-control studies
showing an association between higher dietary fat and breast cancer risk. Subsequent studies examined
the role of fruits, vegetables, soy, carbohydrates, dairy, and fiber. Occasional more recent studies examine

dictary patterns.




Most analyses have assumed that if a nutrient group is related to breast cancer, the relationship will be in
the same direction—that is, if some particular food is beneficial, more will be more beneficial; or if some
is harmful, more will be more harmful. But that assumption may be incorrect. There may be optimal
amounts of nutrient groups or micronutrients, above and below, which breast cancer risk increases or
prognosis is poorer. This gives a J-shaped dose response curve that most existing epidemiologic studies

do not consider in data analyses.'

With a few exceptions, almost all early epidemiologic studies examined the influence of adult diet on
breast cancer risk. Most concentrate on current or fairly recent diet. But if most breast cancer has a
latency of 15-20 years or even longer, as experts generally agree, recent dietary information tells us
more about associations with cancer progression than initiation. Laboratory animal and more recent
human epidemiologic studies now show that diet in childhood and adolescence has a stronger link to
breast cancer risk—perhaps more than diet in adulthood. This has striking implications for breast cancer

prevention, as well as posing challenges for the design of future research.

Recent studies also show that exercise, which is often ignored in dietary studies, is a significant
confounder and may modify the effect of dietary variables on breast cancer risk. Exercise influences
what and how much individuals eat and is also independently associated with breast cancer risk. Exercise
influences some of the same biologic pathways through which dietary variables may act. The few
studies that consider diet and exercise together show the magnified value of eating well and exercising.
These reinforce the idea that breast cancer is a disease arising out of system conditions—the result of
interacting multi-level variables that begin early and extend throughout life. More complex analyses hold
the most promise for better understanding and designing interventions that help to prevent the disease

and improve outcomes.

Overweight and obesity are associated with an increased risk of post-menopausal breast cancer and
less favorable prognosis after diagnosis and initial treatment. Excess body weight typically has multiple
contributing causes, but dietary interventions, along with exercise, can help maintain a healthy body
weight and reduce risk. For premenopausal breast cancer, however, overweight and obesity are associated

with a slightly decreased risk.?
Dietary fat

Independent of weight gain, most analysts conclude that total dietary fat, within the range common in
the Western diet, has a weak, if any, association with breast cancer risk in general.” Evidence linking
higher total dietary fat to breast cancer is stronger in post-menopausal women. Some evidence shows
that reducing total dietary fat to 20 percent or less of total calories, an uncommonly low level in the
United States, is likely to lower breast cancer risk.* Higher amounts of saturated fat and trans-fats

modestly increase breast cancer risk. Trans-fats are, to a large extent, the result of partial hydrogenation

The Ecology of Breast Cancer 28 Diet, nutrition, and
breast cancer



of vegetable oils used in processed foods although some are present in trace amounts in meat and dairy.

In addition, trans-fats are clearly linked to cardiovascular disease risk and should be avoided.

Diets high in omega 6 fatty acids (FAs) (e.g., from corn, safflower, and soy oils; processed foods) that do
not also contain adequate amounts of omega 3 FAs (e.g., from wild fish, fish oil, flax, walnuts) are likely
to increase breast cancer risk. Laboratory animal studies clearly show this to be true, but epidemiologic
studies are somewhat inconsistent. Ideally, some omega 6s should be replaced with omega 3s and mono-
unsaturated FAs, like oleic acid in olive oil, which is prominent in the Mediterranean diet.” Excessive
dietary levels of omega 6 FAs may be particularly problematic in individuals who disproportionately

metabolize them into higher levels of pro-inflammatory substances, based on genetic variability.
Meat

Results of studies of dietary meat in adulthood and breast cancer risk have been inconsistent and
largely negative. However, the Nurses’ Health Study (NHS) II found a strong association of higher meat
consumption during adolescence with increased premenopausal breast cancer risk. This is consistent
with additional findings described in this and other chapters suggesting that early-life experiences help
shape susceptibility to breast cancer. They provide strong support for beginning efforts to prevent breast

cancer early in life and continuing through adolescence and adulthood.
Fruits and vegetables

Despite inconsistent evidence in early studies, more recent analyses show that higher dietary levels of
fruits and vegetables significantly reduce the risk of developing breast cancer. Inconsistencies in the
evidence may be due to different ways of estimating consumption. Studies using serum measures of
carotenoids as a marker for fruit and vegetable consumption, rather than food-frequency questionnaires,
find a significant protective association with higher levels. The Women’s Healthy Eating and Living
(WHEL) intervention study and others also showed improved prognosis after breast cancer diagnosis in

individuals with the highest baseline levels of carotenoids.

Dietary pattern studies fairly consistently show modest risk reduction with a diet featuring plant-based
foods. And, aWHEL analysis of postmenopausal women with breast cancer found that a diet with more
than five servings of fruits and vegetables daily, combined with a level of exercise equivalent to brisk

walking 30 minutes daily, six days/week, reduced mortality risk by half over a 10 year period.’

* It should be emphasized that omega 6s and 3s are both essential fatty acids (FAs). But based on a large number of
animal studies and less consistent human data, high omega 6 FA intake in the setting of low omega 3 FA intake is likely
to increase the risk of breast cancer.
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It is increasingly clear that higher soy consumption decreases the risk of breast cancer, although the level
at which risk reduction becomes significant is uncertain, and the kind of soy-derived food is an important
consideration (Although not reviewed here, an expert panel concluded that higher soy consumption also
reduces the risk of uterine cancer.®). Higher soy consumption more persuasively lowers breast cancer
risk in Asians than in Westerners, perhaps because Asians traditionally eat whole soy foods and consume
10-100 times more soy-derived isoflavones than Westerners. In many studies these larger amounts
appear to confer more significant protection. The traditional Asian diet includes tofu and fermented
soy products, such as miso and tempeh made from the whole bean. Soy oil and soy protein isolates are
more common in the United States, particularly in processed foods. Health benefits from this heavily

processed soy should not be inferred from the results of studies of more traditional soy-based food.

Available studies consistently show that higher soy consumption during childhood and adolescence is
associated with lower breast cancer risk than higher dietary levels in adulthood. The findings are striking.
Multiple mechanisms are likely to be involved. Here again, it looks as if early life experience may
influence breast cancer risk years later. This has profound implications for breast cancer research and

public policy.

Despite evidence in laboratory studies that genestein can cause breast cancer cells to proliferate,’
three well designed, prospective studies with follow up periods of up to six years conclude that higher
soy consumption post-diagnosis and treatment is associated with improved survival and lower risk of
recurrence. The association is strongest in Asians, who may have been consuming traditional soy products
throughout life. These findings cannot, however, be generalized to include soy supplements or purified
isoflavones that may be added to processed, non-traditional soy food products. There is no evidence
that soy consumption at current levels in Westerners or Asians post-diagnosis interferes with tamoxifen

therapy and efficacy.
Other foods

Consistent, but limited, evidence from laboratory animal and epidemiologic studies points to a beneficial
role of dietary seaweed in breast cancer prevention—even more in combination with soy, fish, fruits,
and vegetables. Data also show a protective effect of mushrooms, which are commonly included in

traditional Asian diets in countries where breast cancer is less common.

The role of carbohydrates, glycemic index, and glycemic load in the origins or prognosis after treatment
of breast cancer is unclear. To the extent that refined carbohydrates, independently or along with other
dietary features, promote elevated blood sugar, insulin resistance, metabolic syndrome, or overt diabetes,
breast cancer risk will increase and prognosis after diagnosis will be less favorable. Comprehensive
efforts to improve normalize blood sugar, improve insulin sensitivity, and reduce insulin levels are 1ikcly

to be protective and beneficial.
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Dietary patterns

Some epidemiologic studies have addressed the association of breast cancer with dietary patterns rather
than single nutrient groups. In general, diets featuring higher amounts of fruits and vegetables, particularly
those that are darkly colored, traditional soy products, whole grains and less refined carbohydrates,
low-fat dairy, with poultry and fish and less red meat are associated with lower breast cancer risk. In
some studies, where tumor subtypes are considered, this relationship is stronger for estrogen-receptor

negative (ER-) breast cancer.

A number of observational and two large intervention studies provide varying levels of evidence that
lower levels of dietary saturated fat and higher amounts of fruits and vegetables may reduce or delay
cancer recurrence and improve survival. Higher amounts of dietary soy pre- and post-diagnosis are

associated with decreased mortality and may be associated with decreased likelihood of recurrence.

When combined with weight loss in people who are overweight and regular exercise, benefits of this

dietary pattern increase (See Appendix A).
Conclusions

Efforts to prevent breast cancer should begin in utero and continue throughout infancy, childhood,
adolescence, and adulthood. Significant opportunities to reduce breast cancer risk through dietary
interventions begin early in life and may be even more effective than steps taken later. That said, dietary
interventions in adulthood can also reduce risk and importantly, improve prognosis after the diagnosis
of breast cancer. Strong evidence shows that obesity is a significant risk factor for developing post-
menopausal breast cancer and for progression of pre- and post-menopausal breast cancer. Dietary

changes can be combined with other efforts aimed at weight control.

Brcast cancer is less common in countries where pcoplc consume less meat and fat. But
many aspects of lifestyle are also markedly different in these countries than in affluent West-
ern countries, including physical activity, body composition, diet other than meat and fat
consumption, and exposures to other environmental agents. Thus, cross-country compari—
sons are useful for generating hypotheses, but they are subject to considerable confounding

and more detailed studies are needed.
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Studying the impact of diet on breast cancer risk is complicated. Data are difficult to gather
and their quality varies significantly. Unlike laboratory animal studies, where careful dietary
control allows close monitoring of impacts, human studies are less precise. They often rely
on food frequency questionnaires to reconstruct dietary histories, even from the distant
past. Prospective studies can use food diaries since current eating patterns can be record-
ed more accurately than past practices can be recalled, but these too are often inaccurate.
Moreover, in a population where the differences in dietary fat or food groups may not vary
dramatically between the highest and lowest consumers, influences on cancer risk may be

difficult to identify, even when they exist.

In recent years it has become increasingly apparent that nutrition, along with other environ-
mental exposures, during fetal development, infancy, childhood, and adolescence influences
subsequent breast cancer risk—perhaps even more than adult diet. This conclusion is based
on diverse threads of evidence. Animal studies show that maternal diet during pregnancy
significantly alters mammary cancer risk in female offspring—including susccptibility to

mammary carcinogens before or after a first pregnancy.®’

A prospective cohort study of 3,834 people who took part in a family diet and health sur-
vey between 1937 and 1939 reported increased cancer mortality, including breast-cancer
related deaths, associated with higher levels of total childhood energy intake.'” An ecologic
study found that during World War 1T in Norway, peri-pubertal women whose diets were
calorie-restricted but otherwise adequate had decreased risk of subsequent breast cancer

compared with women exposed to both severe calorie restriction and poor food quality."

A retrospective analysis from Nurses’ Health Study (NHS) II found decreased risk of breast
cancer with higher intakes of vegetable fats (RR=0.58) and vitamin E (RR=0.61) in ado-
lescence and increased risk with a high glycemic diet (RR=1.47)." Another analysis from
NHS 1I found that a higher level of meat consumption in adolescence increases the risk of
breast cancer (RR=1.34). Several studies show that increased soy consumption in childhood

decreases risk (see below).

These findings are among the increasingly persuasive evidence pointing to the developmen-
tal origins of adult diseases. They are consistent with studies of survivors of the atomic
bombing of Japan in WWII showing that radiation exposure during childhood and adoles-
cence most strongly increased breast cancer risk while exposure after age 40 had a much

smaller effect.?

Migration studies show that breast cancer risk remains low in first generation immigrants
who have spent their early life in a country with low risk of breast cancer, but increases
among second generation immigrants who spend their childhood in a country with higher

risk." And, in a study that was able to determine the age of participants at the time of ex-
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posure to the insecticide DDT, higher exposures before age 14 were associated with much
higher breast cancer risk but not in women who were older when exposed (see chapter 5)."
These findings are biologically plausible inasmuch as puberty and adolescence are times of
unique susceptibility to environmental exposures because of rapid cellular proliferation and
development of tissue architecture in the breast prior to pregnancy. Unique events during
fetal development are also likely to contribute. But as important as it may be, accurate infor-
mation about maternal, childhood, and adolescent nutrition can be extremely challenging

to acquire decades later.

In general, nutritional studies tend to control for other variables that influence breast can-
cer risk, such as age at menarche and menopause, history of pregnancies, and alcohol and
tobacco use, but some do that more rigorously than others. To add to the complexity, diet
probably has different influences on pre- and post-menopausal cancer risk, but many studies

do not report data by menopausal status, making interpretation difficult.

Case-control epidemiologic studies dominated early investigations. These compare diets of
people with breast cancer to a control group without cancer. They depend on dietary re-
call. Prospective cohort studies, which assemble a group of participants without cancer,
gather dietary and other relevant information, and periodically check on health status, soon
followed. In general, case-control studies are subject to more dietary recall bias than co-
hort studies, which may explain at least some of the differences in their findings. Popula-
tion-based, nested case-control studies are also fairly common in breast cancer research.
Even though they are of case-control design, they have the advantage of being drawn from
a fairly 1argc, prcviously defined population bcing followed prospcctivcly. Thcy minimize
some of the difficulties associated with matching cases with controls and controlling for

recall bias.

The following sections summarize the results of many studies, most of which examined the
independent influence of dietary fat, meat, soy, or fruits and vegetables on breast cancer
risk or outcomes. Dietary pattern analysis shows up in more recent studies. This approach
may add value since people eat complex diets with important interactions among nutrients
that are likely to be missed when concentrating on single nutrient groups. Information from

studies looking at dietary influences on breast cancer outcomes following diagnosis is also

included.

The emphasis here is on prospective observational cohort studies and intervention trials,
although occasional case-control studies are included, along with some laboratory animal
data. Inconsistencies in findings are common, some of which are undoubtedly due to differ-
ences in study design. Moreover, virtually none of these studies considered exercise or ac-
tivity levels as a potential confounder or modifier of the effect of diet on breast cancer risk.

This is a regrettable shortcoming since the intertwined biologic effects of diet, exercise, and
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body weight can strongly influence breast cancer risk. Analyzing dietary data independently,
without accounting for interactions with exercise or other relevant variables, can obscure

its relevance.

Dietary fat and breast cancer

Initial enthusiasm for the idea that higher amounts of dietary fat would explain most of the
elevated incidence of breast cancer in some countries has waned to a large degree, based
on inconsistent results from a number of prospective studies. Until recently, however, these
studies almost always evaluated diets in adults rather than childhood or adolescence. Despite

inconsistent results, some conclusions can be drawn:

* Reduced dietary saturated fat and total fat may modestly reduce breast cancer risk,
particularly in post-menopausal women. In the Women’s Health Initiative inter-
vention study of post-menopausal women, reduced fat consumption was associated
with most risk reduction in women who had higher baseline levels of dietary fat.

Increasing trans fat consumption is associated with increased risk.'®

* The NHS II found a significantly increased risk of premenopausal breast cancer
with higher dietary levels of animal fat. Premenopausal breast cancer risk was also
higher in women who had higher dietary levels of fat or red meat consumption
during adolescence. This will be important to keep in mind, along with other ad-
olescent dietary patterns discussed below, because childhood and adolescent diets

may have a greater influence on breast cancer risk than diets later in life.

* Studies examining the effect of total polyunsaturated FAs (PUFAs) on breast cancer
risk are inconsistent, but some studies with PUFA subtype analyses show that high
intake of omega 6 FAs combined with low levels of dietary omega 3s increase risk.
Relatively new evidence of individual differences in metabolism of omega 6 FAs
suggests the possibility that high dictary levels of omega 6 FAs may increase risk
more in people who, because of genetic variability, metabolize them more com-
pletely into pro-inflammatory compounds associated with a number of chronic
diseases, including cancer. In order to address this, reducing dietary omega 6 FAs
and adding long chain omega 3 FAs from fish or monounsaturated fats from, for
example, olive oil are likely to be most helpful, not only to reduce breast cancer

risk but also other chronic diseases in which inflammation plays a role.
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Study descriptions: Dietary fat and breast cancer

Many studies have examined the relationship between dietary fat and breast cancer risk
because the two are highly correlated at the national level, particularly for animal fat con-
sumption.'” Considerable laboratory animal data show that dietary fat can significantly en-
hance mammary tumor growth, apart from total calories consumed. In fact, a relationship
between dietary fat and breast cancer risk may begin as early as fetal development, and

changes in hormone levels may play a role.

In rodents, high levels of maternal dietary omega 6 FAs during pregnancy and lactation al-
ters breast development in offspring, increasing susceptibility to cancer later in life.'"” High
levels of maternal dictary omega 6 FAs are also associated with higher estrogen levels in
pregnancy. A meta-analysis of animal studies concluded that omega 6 FAs had the strongest
mammary gland tumor promoting properties, while the effect of saturated fat was some-

what less, and omega 3 FAs seemed slightly protective.?

One study of 189 women who gave birth to single female babies showed that higher intake
of omega 6 FAs was associated with significantly higher umbilical cord blood levels of estriol
and testosterone.”’ Higher dietary omega 3 FAs were linked to lower levels. A meta-analysis
of ten intervention studies found that a low-fat, high-fiber diet had an estrogen-lowering ef-
fect in premenopausal women.? This occurred both in studies in which women lost weight
and when they did not. A recent study in Japan found higher dictary saturated fat intake

associated with higher estrogen levels in premenopausal adult women.”

Initial epidemiologic studies supported a link between dietary fat and breast cancer risk.
A large 2003 meta-analysis of 45 case-control and cohort studies concluded that higher
amounts of dietary fat during adulthood increased the risk of breast cancer by about 13
percent, largely attributable to saturated fat.* But findings from several large, prospective
cohort studies have not been entirely consistent, and differences in study design make inter-

pretation more uncertain.

Prospective cohort studies

Nurse’s Health Studies: The NHS, established in 1976, is a prospective cohort study
consisting of 121,701 U.S. registered nurses aged 30—55 years at baseline. At enrollment,
women completed a mailed questionnaire regarding their medical histories and lifestyles.
Follow-up questionnaires are mailed every two years in order to update information on
health and lifestyle. In 1980, a food frequency questionnaire was added. A second Nurse’s
Health Study (NHS II) consisting of 116,671 female nurses 25-42 years old was begun in
1989. The NHS II racial/ ethnic distribution is about 96 percent white with the remainder

bcing roughly similar numbers of African-Americans, Asians, and Hispanics.
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* NHS: dietary fat and breast cancer: NHS: 89,494 women 34-59 yrs old;
cight year follow up; 1,439 cases of breast cancer, including 774 post-meno-
pausal; adjusted for age, established risk factors; no positive association between
total fat intake and breast cancer incidence in the entire group or among just

post-menopausal women; no evidence of protective effect of dietary fiber.”

* NHS: Dietary fat and post-menopausal breast cancer: NHS; Over 80,000 par-
ticipants; average 20 years follow-up; no relationship between mid- to later life di-
etary fat and postmenopausal breast cancer risk. This was also true for specific kinds
of fat with the exception of trans fat intake where the risk of breast cancer increased by

8 percent for every 1 percent increase of trans fats as a percentage of total calories.*

* NHS II: Dietary fat and premenopausal breast cancer: NHS 1II; 90,655 pre-
menopausal women ages 26-46 years; >90 percent Caucasian; fat intake was
assessed with food-frequency questionnaires; eight years of follow-up; 714 cas-
es of pre-menopausal breast cancer; 25 percent increased risk of breast cancer
with total dietary fat although this was not statistically significant (RR 1.25;
95 percent CI 0.98-1.59); 33 percent increased risk associated with higher in-
take of animal fat. Higher intake of red meat and high-fat dairy each associat-
ed with increased risk of breast cancer, but this was largely attributable to
higher amounts of animal fat in general.”” The association between dietary ani-
mal fat and breast cancer was stronger in women who were using or who had

ever used oral contraceptives and in women whose tumors were ER+ or PR+.

* NHS II: Adolescent diet and premenopausal breast cancer: NHS II; 39,268
premenopausal women completed a 124-food item questionnaire about their di-
ets during high school; 7.5 yrs follow up; 455 cases of breast cancer occurred;
35 percent increased risk of breast cancer in the group with the highest total fat
consumption in adolescence compared to the lowest.”® The risk was higher for hor-
mone-receptor ncgativc tumors than hormonc—rcccptor positivc tumors. Risk also
increased (34 percent) with highest red meat consumption during adolescence.” In
this case, the increased risk associated with higher amounts of meat consumption
was not explained by higher amounts of animal fat alone—red meat independently
was associated with higher risk. Adolescent dietary milk, dairy, total carbohydrate,

glycemic index, dietary fiber were not associated with breast cancer risk.

Canadian National Breast Screening Study: 56,837 women;” 40-59 yrs. old at en-
rollment; dietary information obtained by questionnaire at the time of enrollment; over five
years of follow-up, 519 cases of breast cancer diagnosed; menopausal status of cases was
not specified, but most were post-menopausal at diagnosis. When dictary fat was treated

as a continuous variable in the statistical model, there was a 35 percent increased risk of
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breast cancer per 77 gm of dietary fat, (which represented the differences in dietary fat
between the highest and lowest quartiles; 47 percent vs. 31 percent of total calories from
fat), independent of total calories consumed; no evidence of an association with protein or

carbohydrate intake.

Swedish Women’s Lifestyle and Health Cohort:* 49,261 women enrolled; 30-49 yrs.
old; 9 percent post-menopausal at enrollment; dietary history over the past six months ob-
tained by questionnaire; average follow up 13 years; 974 cases of breast cancer; 432 occurred
before the age of 50. Total fat was not associated with breast cancer risk before or after age 50;
compared to the lowest intakes, highest intake of monounsaturated fat was associated with a
significant 55 percent decreased risk of breast cancer after age 50; higher polyunsaturated fat
also associated with decreased risk while higher amounts of saturated fat associated with in-
creasedriskafterage 50; the decreased risk with PUFAs most marked in ER +and PR+ tumors.

Swedish Mammography Screening Cohort study:” 61,471 women enrolled; 40-
76 yrs old; 4.2 years average follow up; 674 cases of breast cancer diagnosed; dietary his-
tory over past six months obtained by questionnaire. There was no association of breast
cancer risk with total dietary fat, adjusted for total calories. However, when treated as
continuous variables, increasing amounts of monounsaturated fat was associated with de-
creased risk of breast cancer whereas increasing amounts of PUFAs was associated with

increased risk. Results based on quartiles were in the same direction but not significant.

The European Prospective Investigation into Cancer and Nutrition (EPIC): EPIC
isa large prospective study in ten countries in the EU; 319,826 participants; average 8.8 years
follow up; diet assessment through food frequency questionnaires and 24 hr. food recall in-
terviews in a subset. The study found a 13 percent increase in breast cancer risk for the high-
est consumers of saturated fat.” This association did not vary with BMI or menopausal status
although in post-menopausal women, it was stronger among those who never used hormone
replacement therapy. No association with total fat, monounsaturated, or polyunsaturated fat
was found. Higher BMI* and lower amounts of exercise® were associated with increased
risk. No consistent findings with meat, dairy, egg consumption.” In subgroup analyses, higher
processed meat consumption associated with 13 percent increased risk of BC in post-meno-
pausal women; no association with red meat consumption over all, but in countries where
red meat is typically cooked at higher temperatures, consumption associated with higher risk
of breast cancer. This suggests that carcinogens, such as heterocyclic amines and polyaromat-
ic hydrocarbons, produced by high temperature cooking, may play a role. In this study higher
butter consumption was also associated with increased risk of breast cancer in premenopausal

women. EPIC did not identify or analyze data by hormone receptor status of breast tumors.
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National Institutes of Health-AARP Diet and Health Study: dietary fat and
postmenopausal breast cancer: A U.S. study of 188,736 postmenopausal women
who completed a 124-item food-frequency questionnaire in 1995-1996; approximately
88 percent white, 6 percent African-American, 2 percent Hispanic; average follow up 4.4
years; 11 percent higher incidence of BC in women in highest quintile of total fat compared
to lowest; this association was also observed for all fat subtypes.”” There was no associa-

tion of meat intake or meat cooking methods with breast cancer after 8 years follow up.”

Women’s Health Initiative Dietary ModificationTrial (an intervention study):
The Women’s Health Initiative (WHI) trial is a prospective, randomized, intervention study
of 48,835 postmenopausal women, aged 50-79 years;” 81 percent white, 11 percent Afri-
can-American, 4 percent Hispanic; 4 percent Asian/Pacific, American Indian. Intervention
group: reduction of dietary fat to 20 percent of total energy, increased consumption of
fruits, vegetables, whole grains. Control group: given health related printed materials but
not advised to make any dietary changes; average follow up 8.1 years. Results: 9 percent
lower risk of breast cancer in intervention group although this was not statistically signifi-
cant; however, in subgroup analyses, women who had higher baseline percentages of total
energy from dietary fat experienced 22 percent reduction of risk of breast cancer from the
intervention; risk reduction from intervention much greater in ER+/PR- tumors. Only 14
percent of women met the dietary target of 20 percent of energy from fat. Fat mass reduc-

tion was greater in women in the intervention group than in controls.*

In the WHI prospective intervention study, breast cancer incidence was more dramatically
reduced by a low-fat diet in women who had experienced hot flashes compared to women
who had not (73 percent vs. 58 percent reduction).* This finding was specific for ER+/
PR+ tumors and suggests that some post-menopausal women may particularly benefit from

low-fat dietary intervention.
Pooled analyses of prospective studies of dietary fat and breast cancer

A pooled analysis of 8 prospective cohort studies including 7,329 cases of breast cancer
among over 350,000 women concluded that the risk of breast cancer increased modestly
with increased saturated fat consumption (9 percent for every 5 percent increase in saturated

fat as a percentage of total caloric intake).* Menopausal status did not alter this association.

A recent pooled analysis of data from 52 cohort and case control studies examining the rela-

tionship between dietary fat and breast cancer, published over the past 20 years concluded:*

* In studies that did not distinguish by menopausal status, there is a small but signif-
icant increased risk of breast cancer with increased amounts of dietary PUFA and
total fat;
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* Among post-menopausal studies only, breast cancer risk increases with higher di-
etary PUFA and total fat;
* Among pre-menopausal studies only, no increased risk of breast cancer with total

dictary fat or any subtypes.

Polyunsaturated fatty acids and breast cancer risk

A 2006 review of omega 3 FAs and cancer risk included analysis of 8 prospective studies
of breast cancer.* Two of four using fish consumption as a marker for omega 3s found no
association with breast cancer risk, one found an increased risk, and one a decreased risk.

Studies that included omega 3s from all sources found no association.

A 2013 meta-analysis of 21 prospective cohort studies including 20,905 cases of breast
cancer among 883,585 participants found the highest level of dietary marine omega 3 FA
was associated with a 14 percent reduction in breast cancer risk, whether measured as di-
etary intake or as tissue biomarkers.* This association was stronger in studies that did not
adjust for BMI. No significant association was observed for dietary fish or exposure to alpha

linolenic acid (a somewhat shorter-chain omega 3 FAs compared to marine omega 3 FAs).

Occasional studies examine breast cancer risk associated with varying combinations of ome-
ga 3 and omega 6 FAs. The large prospective Singapore Chinese Health Study of over 35,000
women 45-74 yrs of age found that higher intakes of omega 3 FA, primarily from fish/
shellfish was associated with a 24 percent lower risk of developing breast cancer. Moreover,
among women whose omega 3 FA intake was low, high levels of dictary omega 6 FAs was
associated with a near doubling of breast cancer risk.* This was also reported in another

large prospective study in France.?

Several things could explain inconsistent outcomes of studies of the impacts of omega 6 and
omega 3 FAs. In Asian populations with low breast cancer incidence, marine fish are a major
source of long chain omega 3 FAs. In laboratory and some epidemiologic studies these have
the most protective effect with respect to breast cancer risk. In the typical Western diet,
alpha-linolenic acid, a shorter chain omega 3 FA, is dominant. Humans do not biochemi-
cally convert this FA to the longer chain omega 3 very efficiently. As a result, the omega 3
FAs in diets that do not contain marine fish may not be as protective. Traditional Asian diets
also often contain soy products and seaweed, which seem to confer additional protection,

as discussed below.

In addition to being incorporated into cell membranes throughout the body, omega 6 and
omega 3 FAs are enzymatically converted into a family of chemicals called eicosanoids,
which are signaling molecules that influence a number of biologic processes, including in-

flammation and immune system function. Omega 6 FAs are converted largely, although
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not entirely, into eicosanoids that promote inflammation. Omega 3 FAs, however, are con-
verted almost exclusively into anti-inflammatory compounds. Thus, a diet featuring higher
amounts of omega 6s and low amounts of omega 3s would generally be pro-inflammatory.
It is increasingly clear that chronic inflammation plays an important contextual role in car-
cinogenesis and cancer progression, as well as a number of other chronic diseases, including
cardiovascular disease, diabetes, metabolic syndrome, arthritis, asthma, Alzheimer’s disease,

and other neurodegenerative disorders.*+

The dominant dietary omega 6 FA, linoleic acid, obtained from some vegetable oils, mar-
garine, and processed foods, is partially converted enzymatically into arachadonic acid, an
essential but inflammation-promoting eicosanoid. Early studies generally concluded that
only a small portion of dietary linoleic acid was converted into arachadonic acid, but now
it appears that enzyme levels influencing this conversion (FA desaturase) vary with genetic
inheritance. A recent study showed that the genetic variations responsible for higher enzyme
levels leading to higher levels of arachadonic acid production are much more common in
people of African than of European ancestry.” The implications could be profound, since Af-
rican and African-American women are at highcr risk of more aggressive and hormone-re-

ceptor-negative tumors than white American women.>

5-lipoxygenase is an additional enzyme that converts arachadonic acid to various inflam-
matory mediators called leukotrienes. The 5-lipoxygenase pathway has been implicated in
carcinogenesis and tumor progression in several different tissues.” A case-control study of
White, Latina, and African-American women with breast cancer in the San Francisco area
found that women with a particular polymorphism of genes responsible for levels of this
enzyme and its activating protein were at an 80 percent increased risk of breast cancer only
if their diet contained high levels of linoleic acid, the most prominent omega 6 polyunsatu-
rated FA.** In this study, the polymorphism associated with increased risk was rare in Afri-

can-American women and much more common in White and Latina participants.

Thus, health risks associated with high dietary levels of omega 6 FAs may be most marked
in people who more readily metabolize them into arachadonic acid and other pro-inflam-
matory compounds. Since linoleic-to-arachadonic acid conversion appears to be more pro-
nounced, on average, in African-Americans, this could help to explain black-white health
disparities for a number of diseases, including various kinds of cancer, where those differ-
ences cannot otherwise be fully accounted for. Gene-related differences in FA metabolism
may also help explain some of the inconsistency in the studies examining the relationship

between omega 6 FAs and breast cancer risk.
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Dietary meat and breast cancer

Among many case-control and cohort studies, evidence linking meat consumption to breast
cancer risk is inconsistent. Prospective studies generally find little or no relationship be-
tween meat consumption in mid- or later-life and breast cancer risk. But these studies usu-
ally determine meat consumption at baseline and perhaps one time thereafter in relatively
short periods of follow up and cannot shed light on the extent to which earlier life meat

consumption influences breast cancer risk. .

The NHS II found a significantly increased risk of pre-menopausal breast cancer with in-
creased meat consumption during adolescence. Moreover, several studies find that high-
er amounts of dietary meat in childhood are associated with carlier age at menarche—a

well-recognized risk factor for breast cancer (See Box 3.1).

Increased breast density is strongly associated with increased breast cancer risk. Data linking
meat consumption with increased breast density are mixed (See Box 3.2). Inconsistent find-
ings may be due to differences in study design, including the potential for “over controlling”

for age of menarche when analyzing data.

Thus, higher levels of meat consumption in childhood and adolescence may increase the risk
of premenopausal breast cancer significantly while meat consumption in mid-life and later is
probably not independently associated with breast cancer risk much, if at all. That said, other
reasons for keeping red meat consumption low, even in adulthood, include a reduced risk of

5556 as well as environmental benefits.?’

diabetes and cardiovascular disease
It should also be noted that the nutritional profile of beef varies with production methods.
The omega 3 FA content is higher in grass-fed animals than in those fed corn.”** To my
knowledge, no study has examined the influence of variable kinds of animal feed or the use

of hormones during meat production on breast cancer risk.
Dietary meat and breast cancer study descriptions

The NHS II (see above) found an increased risk of premenopausal breast cancer with higher

levels of red meat consumption during adolescence.

A 2002 pooled analysis of data from eight prospective studies found no significant rela-
tionship between mid- or later life dietary meat and risk of pre- or post-menopausal breast

cancer.®’ None of these eight studies attempted to estimate meat consumption earlier in life.
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Box 3.1: Should studies of diet and breast cancer always control for age at menarche?

Most investigations into impacts of environmental factors on breast cancer risk use statistical methods to con-
trol for known risk factors, such as age at menarche, age at first pregnancy, number of pregnancies, use of oral
contraceptives, and so on. This is intended to isolate the influence of the variable of interest, by mathematically
holding the other risk factors “constant.” In some circumstances, however, this might be an example of inappro-

priate “over-controlling” Here’s why.

Although in NHS II, information was gathered about diet during high school, when presumably most partici-
pants had already undergone menarche, a study examining childhood dietary influences on breast cancer risk
that controlled for age at menarche would tend to miss the impacts of diet on both age of menarche and breast
cancer risk. For example, if higher childhood meat consumption advances the age of menarche and thereby, the
subsequent risk of breast cancer, controlling for age of menarche in statistical data analyses will tend to obscure

the influence of childhood dietary meat on cancer risk.

This is not just a theoretical concern. A prospective study of more than 3,000 girls in the United Kingdom,
followed since birth, found that earlier menarche was strongly associated with higher consumption of red meat,
total protein, animal protein and total energy measured at ages three and seven. There was no impact of total

dietary fat or fruit and vegetable consumption on age at menarche in this group.

A similarly designed study of 67 white girls born in Boston in the 1930s and 1940s found that age at menarche
was earlier with higher amounts of dietary animal protein at ages three-five and five-eight years and delayed with

higher vegetable protein intakes at three-five years.” There was no association with total energy or fat intake.

A cross-sectional study in the UK found no difference in age at menarche among women who were life-long
vegetarians vs. those who became vegetarian as adults. However, age at menarche was later in those who became

vegetarian at age 10-14 years.*

Studies that measure protein intake around the time of menarche rather than earlier in childhood generally do

not find an association with the onset of menses.*®

A second example arises from concerns that low levels of vitamin D may increase breast cancer risk (see chapter
6). Considerable evidence supports this relationship although epidemiologic studies are somewhat inconsistent.
However, a recent prospective study of 242 girls in Bogata, Columbia found that lower serum levels of vitamin

D were associated with significantly earlier menarche.®

This association remained after controlling for BMI. If
follow-up studies confirm this relationship, controlling for age of menarche when examining the link between

vitamin D and breast cancer would be inappropriate.

As more studies begin to look at the influence of early life diet or other environmental factors on breast cancer
risk, it will be important to avoid “over-controlling” for risk factors, like early onset of menses, which may actu-

ally be driven by the exposures of interest.
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A more recent meta-analysis of 10 studies found a significant 24 percent increased risk of
premenopausal breast cancer with increased meat consumption.”’ This finding was largely
driven by case-control rather than cohort studies, which generally find no association when
meat consumption at study baseline is used as an estimate. One population—bascd case-con-
trol study that found an increased risk concluded that the association was particularly strong
with a high intake of well-done meat.®” This is consistent with the EPIC study, discussed

above.

The large, prospective NIH-AARP study of 120,755 post-menopausal women identified
3,818 cases of breast cancer in eight years of follow-up.®” Information on diet at baseline was
obtained by questionnaire, with follow-up at six months, including questions about meat
preparation and degree of “doneness.” Age-adjusted or fully-adjusted data analysis showed
no significant associations between meat consumption or methods of meat preparation and

breast cancer risk. Fully adjusted models controlled for age, BMI, height, age at first men-

Box 3.2: Diet and breast density

Increased breast density is strongly associated with increased risk of breast cancer’® and investigators
have wondered if childhood diets can influence breast cancer density in adulthood. Study results are

inconsistent.

A study of 250 women of Chinese ancestry who had migrated to the U.S. in adulthood found that in-
creased breast density after age 40, as determined by mammography, was strongly associated with higher
meat intake during adolescence.” Interestingly, age at menarche was not associated with breast density
and was not adjusted for in the models examining the relationship between dietary meat and breast den-

sity.

The Minnesota Breast Cancer Family study found no association between diet at age 12 and later breast
density. 2 This study did adjust for age at menarche in the final analysis. Was that appropriate or is it an
example of over-controlling in data analysis? Neither of these studies had information about diet in ear-

lier childhood.

A prospective study of 1,161 women in the UK collected data on dietary habits at age 4 and again at
several times during adulthood.” The authors found no association between diet at age 4 and breast
density on mammography in adulthood. However, dietary patterns at age 4 were classified as breads and
fats, fried potatoes and fish, and milk, fruit, biscuits, with no attempt to examine the impact of meat in-
dependently. Moreover, data analyses were adjusted for age at menarche, potentially obscuring the effect
of childhood meat consumption on age at menarche. In this study, higher total energy in mid-adulthood

was associated with higher breast density 15 years later.
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strual period, age at first live birth, age at menopause, number of breast biopsies, family
history of breast cancer, menopausal hormone therapy, education, race, total energy intake,

saturated fat, alcohol, physical activity, and smoking,

In the prospective study of over 60,000 women in the Swedish Mammography Cohort over
an average of 17 years of follow up, no association was found between risk of breast cancer
and red meat consumption.” However, higher consumption of pan-fried meat was associa-

tion with a 45 percent increased risk of breast cancer for ER+/PR- tumors.

Dairy product consumption and breast cancer risk

A relationship between breast cancer risk and milk and dairy consumption has been proposed
for many years and is biologically plausible. In addition to its nutritional composition, milk
contains various hormones and growth factors that are potentially associated with increased
breast cancer risk, including estrogens, progesterone, and insulin-like growth factors (IGFs).
Earlier age of menarche, a risk factor for breast cancer, is weakly associated with higher total
dairy consumption.” In adolescent girls, milk consumption results in highcr IGF-1 levels.™
IGF-1 promotes cellular proliferation and impedes apoptosis and higher levels may be as-
sociated with increased risk of breast cancer, although study results are inconsistent. In a
prospective study of pre-menarchal girls, higher levels of dairy consumption were associated

with more rapid height growth,” which in turn is related to increased breast cancer risk.

But, epidemiologic studies have yielded inconsistent results regarding dairy consumption
and breast cancer, ranging from increased risk to reduced risk.™"* Childhood or adolescent

milk consumption is associated with decreased risk in several studies. %%

In laboratory studies, dietary milk in adulthood inhibits the regression of chemically in-
duced mammary gland tumors in rodents.?* On the other hand, dictary milk administered
to rodents before puberty reduced susceptibility to tumor development after administration
of a carcinogen (DMBA) in adulthood.® Similarly, diethylstilbestrol, a synthetic estrogen,
administered in the neonatal period reduces susceptibility to a mammary gland carcinogen
(DMBA) administered in adulthood,* whereas prenatal exposure increases mammary gland
cancer risk. This suggests that the impact of dietary cow’s milk on breast cancer risk, as
with other hormonally-active substances, may depend on life-stage and the relative timing
of other exposures. Dietary dairy products containing hormones and other growth factors
could promote tumors that have already been initiated, for example. The nature and timing
of co-exposures may underlie the inconsistencies of epidemiologic studies looking at dairy

products and breast cancer risk.
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Fruits and vegetables and breast cancer risk

Higher amounts of fruit and vegetable consumption appear to reduce breast cancer risk,
along with many other well-established benefits. Carotenoids are pigmented compounds in
many fruits and vegetables—particularly yellow and orange fruits and vegetables and green,
leafy vegetables. They are antioxidants; some inhibit cellular proliferation, induce apoptosis
(programmed cell death), and have other beneficial effects on physiology and metabolism.*
Beta-carotene, one of the major carotenoids, may be particularly important because it is
converted to vitamin A. Vitamin A is in turn converted to retinoic acid, which tends to re-
duce cellular proliferation and encourage cellular differentiation. Thus, dietary carotenoids
may not only reduce breast cancer risk but also be beneficial after breast cancer diagnosis.”
Carotenoid absorption from the intestine and the extent to which it is converted to vitamin
A is highly variable and can be affected by the food matrix, food-processing, and amounts of

dictary fat and fiber, as well as genetic differences in carotenoid metabolism.*®

Enterolactone and enterodiol are two dictary lignans formed in the intestine from precur-
sors in whole grains, vegetables, fruits, and berries. Some data show that higher serum levels
of enterolactone are associated with reduced risk of post-menopausal breast cancer®” and

improved survival after diagnosis.()“

Studies show that women ecating a vegetarian diet excrete higher levels of estrogen in their
feces than do omnivores, reducing circulating levels.” Lower levels of estrogen are likely to

contribute to lower breast cancer risk.

A meta-analysis of 26 studies looked at the role of dictary vegetables, fruit, carotene, or
vitamin C.” It included more case-control than cohort studies of both pre- and post-meno-
pausal breast cancer. Study designs varied considerably, including dietary assessment ranging
from current diet to one, two, and five years prior to interview. All studies used a food-fre-
quency questionnaire to obtain information on diet, although there were large differences
in the number of food items listed. Data were analyzed in a number of ways and subject to
sensitivity analysis. The results showed a moderately protective role, particularly for higher

intake of vegetables, which showed a 25 percent reduction in breast cancer risk.

An analysis of eight prospective cohort studies from North American and Europe observed
only a weak, non-significant protective effect of fruits and vegetables in the adult diet, with
follow up ranging from five-10 years.” Similarly, a large prospective study in the EU in

which most participants were 35-70 yrs old when entered, found no protective effect of

* The effects of dietary carotenoids may be quite different from effects of supplements, which may
not be beneficial.
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higher dietary fruits and vegetables after a relatively short average follow up period of 5.4

years.”

A number of studies have investigated associations of dietary carotenoids with breast cancer
risk. Two meta-analyses have been reported. The first pooled the results of seven case-con-
trol and four cohort studies and found that higher dietary levels of beta-carotene were as-
sociated with a 20 percent reduced risk of breast cancer.” The second meta-analysis con-
sidered data from 33 studies—a mixture of case-control, nested case-control, and cohort
designs—and found a six percent reduced risk with the highest amounts of dietary beta-car-
otene and nine percent reduced risk with highest amounts of alpha-carotene. These studies
generally obtained dietary information in adulthood from food-frequency questionnaires.
In some cases, scientists have measured blood levels of carotenoids at the beginning of a
study and then followed participants over a period of time to see if there is an association
with subsequent development of breast cancer. A recent study analyzed data from eight pro-
spective studies using that approach.” The time between blood collection and breast cancer
diagnosis ranged from 0.8 to 13.7 years, with an average of 4.3 years. The analysis included
3055 cases of breast cancer and 3,956 controls. Mean age at blood collection for cases was
51.3-66.0 in the cight studies, and 67 percent of all participants were postmenopausal.
The authors reported statistically significant decreased risk of breast cancer in women with
higher baseline levels of alpha-carotene (RR=0.87), beta-carotene (RR=0.83), lutein +
zeaxanthin (RR=0.84), lycopene (RR=0.78), and total carotenoids (RR=0.81).

Among the limitations of these studies is the lack of information about diet during childhood
and adolescence. Studying adult dietary habits will not help to clarify potential benefits (or
risks) associated with fruit and vegetable consumption during vulnerable periods of breast

development earlier in life.

Dietary soy and breast cancer risk

The effect of dietary soy on breast cancer risk has long been of interest primarily because
Asian women, living in their ancestral countries, whose diets traditionally include a variety
of soy products, are much less likely to develop breast cancer than women consuming a
more Western diet. The studies summarized below show that dietary soy appears to have
a protective effect against breast cancer and higher amounts in childhood and adolescence
seem to be particularly beneficial. That conclusion does not extend to soy formula in infancy
and subsequent breast cancer risk, which has not been investigated. It also does not extend
to highly processed soy components, common in processed food in the U.S., or to soy sup-

plements.”
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The biologic effects of soy isoflavones

Although the mechanisms by which dietary soy may be protective are not completely un-
derstood, animal studies show that pre-pubertal exposures to soy isoflavones, a family of
compounds in soy products, promote cellular differentiation so that the resulting tissue
structure is more mature and less likely to develop cancer. Pre-pubertal exposures also alter
the expression of a number of different genes, thereby influencing hormone receptor levels
and various other chemical signaling molecules and pathways in ways that would be expect-

ed to inhibit tumor development and progression (also reviewed in Warri, 2008).”

Soy isoflavones are sometimes called phytoestrogens because they have structural similarities
to the hormone estrogen and have some estrogenic activity, although it differs in important
ways from endogenous hormones. The impact of isoflavones on breast cancer risk deserves
a close look because of concerns that estrogenic stimulation may actually promote cancer
growth. But studies show that soy isoflavones have a diverse array of biologic activities,
including blocking cell signaling mechanisms important in cancer dcvcloprncnt, rcducing
cellular prolifcration, inducing apoptosis, altcring hormone metabolism, and anti-oxidant

effects, among others.”'"

Estrogen-like compounds influence gene expression through multiple mechanisms. Estro-
gen receptor (ER)-alpha and ER-beta activation are among several receptor-mediated path-
ways—others include cell membrane bound receptors and estrogen-related receptors. Each
of these has different biologic activity when activated. (Chapter 5 discusses the influence
of bisphenol A, an environmental chemical, on these receptors and how it might influence
breast cancer risk by mechanisms independent of its activation of the classic estrogen recep-
tor).

Genestein and daidzein are two isoflavones at relatively high concentrations in soybeans and
soy products, particularly miso and tempeh. Several others, including glycitein, are present
in lower amounts. Intestinal bacteria can metabolize daidzein into another isoflavone called
equol. Equol has a particular affinity for the ER-beta receptor. This may be important be-
cause, in many studies, ER-beta activation inhibits breast cancer cell proliferation in tissue
cultures, while ER-alpha activation promotes proliferation.'”" Equol also has anti-androgenic

activity.

Studies show that only 20-30 percent of Western adults harbor intestinal bacteria that me-

tabolize daidzein to equol, compared to 50-60 percent of Asian adults.'®

Among Western
adults, vegetarians are more common equol-producers. This suggests that regular consump-
tion of larger amounts of soy products can modify intestinal bacterial composition, which
may help to explain discrepancies in the relationship between diet and health outcomes in

populations with different amounts of soy in their daily diets.
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Study summaries: Dietary soy and breast cancer risk

Individual and groupcd cpidcmiologic studies, including some looking at differences in
Asian and Western populations, have produced different results. A 2006 meta-analysis of
18 studies (12 case- control, 6 cohort or nested case-control) found a 14 percent reduc-
tion of breast cancer risk associated with higher dietary soy intake.'” The magnitude of the
risk reduction was similar in Asian and Western populations and was slightly stronger for

pre-menopausal breast cancer. In this study, the Western category included Asian Americans.

A 2008 meta-analysis looked at 8 studies conducted in Asia and in Asian Americans (1 co-
hort; 7 case-control) and separately, at 11 studies (4 cohort, 7 case-control) in Western
populations. Studies of Asians, including women living in Asia and Asian Americans, showed
a significant 29 percent reduction in both pre- and post-menopausal breast cancer risk in
women with highest soy consumption compared to those with the lowest.'™ The meta-anal-
ysis of studies of Western populations, which did not include Asian Americans, found no

significant relationship between dietary soy and breast cancer risk.'"

A 2011 meta-analysis of 14 prospective studies (cohort or nested case-control; average fol-
low-up 2-13 years) of dietary soy and breast cancer found higher isoflavone intake associated
with a 24 percent risk reduction in Asian but not Western populations.'” Risk reduction was

gl"C&tCl" among post—mcnopausal women.

These apparently inconsistent results may be reconcilable. Soy consumption was dramatical-
ly different in the two different populations in the 2008 meta-analysis. In the Asian studies,
20 mg. or more daily isoflavones in the highest vs. 5 mg. or less in the lowest subgroup com-
pared to 0.8 mg, or more vs. 0.15 mg, or less in the Western population studies—a 25-fold
difference. Moreover, participants in the Western studies were more likely to obtain their
dietary isoflavones from soy fillers in baked goods and canned products, whereas Asians
were more likely to be consuming tofu and other traditional Asian products. The amount and
ratios of isoflavones in soy-containing food can vary considerably depending on whether or

not the whole bean or just the protein isolate is used.'””

These findings are consistent with a protective effect in Asian and Asian American women
who consume soy on a daily basis and who may well have been regularly consuming soy
products throughout their lives. It is entirely plausible that a protective effect is also realized

by Western women under similar circumstances.
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Dietary soy in childhood and adolescence and subsequent breast cancer risk

A number of laboratory animal studies show that early life exposure to soy isoflavones can
influence mammary gland development and in some instances protect the mammary glands,

1% Tn ro-

reducing the risk of cancer after later exposure to known mammary carcinogens.
dent studies, however, the effects of genestein on growth and development depend on the
dose, timing, and route of exposure. This is particularly important because many infants in

the U.S. consume soy formula soon after birth.

In mice treated with genestein soon after birth, a high dose caused a decrease in the number
of terminal end buds (TEBs) and decreased branching in the mammary gland at puberty,
while a low dose caused increased branching and ductal elongation.'” The high-dose chang-

es persisted into adulthood.

In rats, pre-pubertal genestein exposure decreased the number of TEBs in the mammary
glands of adults and increased the number of more mature lobules."” Animals treated with
genestein pre-pubertally also had reduced numbers of mammary gland tumors after treat-
ment with DMBA, a mammary carcinogen. Another rodent study showed that higher expo-
sures to an isoflavone-rich or genestein-rich diet in utero and up to young adulthood reduced

mammary gland responsiveness to estrogen.'"!

These findings are all consistent with the hypothesis that dietary soy during childhood may
contribute to earlier breast tissue differentiation and reduced susceptibility to cancer. They
are also consistent with results of several epidemiologic studies published within the past

10 years.

A population-based case-control study of women of Chinese, Japanese, or Filipino descent
living in California or Hawaii examined the impact of dictary soy during childhood and
adolescence on subsequent breast cancer risk."? The study included 597 cases and 966 con-
trols all of whom were 22-55 yrs old. Seventy-three percent of cases were premenopausal
at diagnosis. Dietary histories were obtained from participants and when possible, from
their mothers. Comparing highest soy intake with the lowest in childhood, adolescence,
and adulthood, breast cancer risk was reduced by 60 percent, 20 percent, and 24 percent
respectively. The risk reduction associated with higher soy intake in childhood was highly
significant, seen in women from all three countries, in all study sites, and women born in

Asia and the U.S.

Two studies of Asian or Asian American women in the 2008 meta-analysis mentioned above
had asked and found that higher soy consumption during adolescence had a more protective

association than high consumption in adulthood.">"*
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The Shanghai Women’s Health Study was included in the 2011 meta-analysis.'” This is a
prospective study of more than 70,000 women, 40-70 years old, with an average follow-up
of 7.4 years. Higher intake of soy protein and isoflavones was associated with a lower risk
of breast cancer, and this association was particularly strong for pre-menopausal women.
Information about the adolescent diet of participants had also been collected. Higher soy
intake during adolescence was highly significantly associated with lower breast cancer risk
in adulthood, independent of adult soy intake. Women with the highest adolescent and adult
soy intake showed the most dramatic reduction in breast cancer risk—60 percent lower than

women in the lower intake categories.

Similarly, in a population-based case control study of non-Asians in Canada, higher intake
of isoflavones, lignans, and total phytoestrogens in adolescence were each associated with
lower risk of breast cancer.' Lignans are the principal phytoestrogen in typical Western

diets—present in grains, nuts, fruits, vegetables, tea, and coffee.

Thus, each study that examines the relationship between dietary soy in childhood and sub-
sequent breast cancer risk finds a protective association—higher intake is associated with
lower risk. Evidence consistently shows that higher soy intake in childhood and adolescence
is associated with even greater reduction of risk than higher amounts in adulthood. Most
laboratory animal studies also show a preventive effect of early-life soy isoflavone exposure

on mammary tumor development.'”’

Whether or not soy formula in infancy has an influence on breast cancer risk is an important
question that is largely unexplored. In addition, it is important to note that the findings in
these epidemiologic studies do not mean that soy supplements will be beneficial and pro-
tect against breast cancer. Dietary soy is consumed as part of a complex meal pattern. In
one study of soy supplements for six months in women at risk for breast cancer, aspirates
of breast epithelial cells showed a small increase in cellular proliferation in premenopausal
women using the supplements, suggesting an estrogenic effect."® Whether or not this will

increase breast cancer risk is unknown.

Seaweed, mushrooms

Soy content is not the only difference between traditional Asian and Western diets. In Japan,
where breast cancer incidence has historically been quite low, although increasing in recent
years, diets regularly contain fish, seaweed, mushrooms, rice, and fruit as well as soy prod-
ucts.'"” Sushi wrappings, seasonings, condiments, and other dishes contain seaweed, and it

can be a significant part of the daily diet.
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Brown, green, and red seaweeds are rich in unique polysaccharidcs (fucans), iodine, miner-
als, vitamins, and dietary fiber."*'?! Thirty years ago, cancer researcher Jane Teas wondered
if scaweed in the Japanese diet might help explain the low incidence of breast cancer in
that country compared to others.'” She proposed that alteration of cholesterol and hor-
mone metabolism, alteration of intestinal flora, increased consumption of iodine and other
trace minerals, and anti-oxidant properties might explain a protective effect. Anti-oxidant
and anti-tumor effects of seaweeds have been reported in studies in vitro and in vivo since
then.'®'** For example, extracts from two different kinds of seaweed, wakame and mekabu,
administered in drinking water dramatically reduced carcinogen-induced mammary tumors

in rodents.'®

A case-control study in Korea found that increasing amounts of dietary seaweed (gim) were
associated with decreased breast cancer risk in both premenopausal and postmenopausal
women.'* This association was less robust when dietary soy, mushrooms, and vitamins were

taken into account—suggesting that dictary patterns are important.

Studies of Japanese postmenopausal breast cancer survivors report serum estrogen levels far
lower than in postmenopausal breast cancer survivors in the U.S."*"® A double blind cross-
over study of 15 healthy non-Asian post-menopausal U.S. women showed that seaweed-soy
supplements caused significantly lower serum estrogen levels with a sharp increase in estro-
gen excretion.'” The amounts of seaweed associated with this effect are about four to seven
gm. daily, depending on body weight—well within the typical range of seaweed consump-
tion in Japan. Since higher estrogen levels drive cellular proliferation in ER+ breast cancer,
diets regularly containing soy and seaweed that reduce estrogen levels may therefore be

beneficial not only for breast cancer prevention but also after diagnosis.

Mushrooms are also more common in the Asian than American diet. A case-control study in
Korea found that post-menopausal women who ate mushrooms at least three times a week
had a sharply reduced breast cancer risk compared to women who ate few or no mush-
rooms.'” A subsequent study found reduced risk in both pre-menopausal and post-meno-
pausal Korean women."" Risk reduction was highest for ER+/PR+ tumors in pre-meno-
pausal women. A protective effect of dietary mushrooms is plausible since studies show that
mushroom extracts reduce oxidative stress, inhibit cell proliferation, and reduce aromatase
activity, an enzyme essential for estrogen production. Aromatase inhibitors are now used to

treat some kinds of breast cancer.'*

Carbohydrates and breast cancer

Studies investigating dietary carbohydrates and breast cancer risk have inconsistent results
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but gcncrally find no significant rclationship. Occasional studies find an increased risk
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associated with higher consumption of sucrose-containing foods, including desserts. For ex-
ample, the Long Island Breast Cancer study found a 27 percent increased risk with higher
consumption of desserts, sweetened beverages, and added sugars.'” The risk was about
50 percent higher when just desserts were considered and was higher for pre-menopausal
than post-menopausal breast cancer. Other case-control studies have also found a modestly
increased risk of premenopausal breast cancer with higher intake of sweet foods and bever-

136,137,138 139,140

ages. However, some studies find no relationship.

Dietary patterns

In recent years studies have begun to evaluate dictary patterns rather than concentrating
almost exclusively on individual nutrients.'*! Intuitively, this makes sense. People eat food
and meals—mnot individual nutrients. Complex combinations of nutrients and food groups
have biologic effects that are independent of the contribution of individual nutrients in iso-
lation and cannot be predicted easily. One nutrient may influence the intestinal absorption
of another. Or, one may increase cancer risk while others are protective, and their impacts
in the aggregate will matter most. Dietary patterns also influence the composition of the
microbial inhabitants of the intestine (the intestinal microbiome), which in turn influences

systemic hormone levels.'*

From a research perspective, the high degree of correlation of some nutrients also makes
it difficult to study their effects independently. The effect of a single nutrient may be too
small to detect, but combinations of nutrients may have a larger effect easier to see. These

are among the reasons that dietary pattern analysis has entered into breast cancer research.

But, dietary pattern analysis also presents new research challenges. How is a pattern de-
fined? Researchers often group dietary components together in various ways and name
them—for example, the “prudent healthy diet,” the “Mediterrancan diet,” the “recommend-
ed food score,” among others—with the hope that useful groupings will become apparent

and move our understanding forward.

With few exceptions, dietary pattern analyses show reductions in breast cancer risk in wom-
en whose diets feature more plant based foods and seafood and less meat. The reduced risk in
some studies is small but in others quite dramatic. Overall the findings are quite consistent.
No research has yet addressed patterns of childhood and adolescent diets and breast cancer

risk.
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Study summaries: Dietary pattern analysis and breast cancer risk

In 2010, a meta-analysis of 39 case-control and cohort studies reported on dietary patterns
and breast cancer risk, using the prudent healthy, Western/unhealthy, and drinker dictary
patterns for analysis.'*® The prudent/healthy pattern tended to have higher amounts of fruit,
vegetables, poultry, fish, low-fat dairy, and whole grains. Western/unhealthy dictary pat-
terns had higher amounts of red and/or processed meat, refined grains, potatoes, sweets,
and high-fat dairy. Drinker dietary patterns had higher amounts of wine, beer, and spirits.
In general the dietary information obtained in these studies was restricted to current or
fairly recent dietary habits. The analysis found a significant 10 percent decreased risk of
breast cancer among women in the highest compared with the lowest categories of intake of
the prudent/healthy diet. Higher intake of an unhealthy/Western diet was associated with
a slight increase in risk that was not statistically significant. The four studies identifying a

drinker dietary pattern collectively showed a 20 percent increased risk.

The analysis included a long-term follow up of participants in the NHS. It found a reduced
risk of ER-postmenopausal breast cancer with stronger adherence to the alternative Medi-

terranean Diet,” Alternative Healthy Eating Index, and Recommended Food Score.*'*

The reduced risk was mostly explained by the vegetable component and higher polyunsat-
urated:saturated fat ratio of the Alternative Healthy Eating Index. The higher monounsat-
ured:saturated fat ratio in the Alternative Mediterranean Diet Score explained most of its
reduced risk. No association was observed with the nuts and soy component, cereal fiber,
white: red meat ratio, trans-fats, multivitamin use, or the alcohol component of that dictary
pattern. The vegetable component explained most of the reduced risk associated with the

Recommended Food Score.

* The Mediterranean diet scale is based on the intake of vegetables, legumes, fruits and nuts, dairy, ce-
reals, meat and meat products, fish, alcohol, and the monounsaturated:saturated fat ratio. Lower intake
of meat and dairy scores higher. The alternative Med diet excludes potato products from the vegetable
group, separates fruits and nuts into 2 groups, eliminates the dairy group, includes whole-grain products
only, includes only red and processed meats for the meat group, and assigns 1 point for alcohol intake
between 5 and 15 g/day

T The Healthy Eating Index contains 10 components consisting of grains, vegetables, fruit, milk, meat,
total fat, saturated fat, cholesterol, sodium, and diet variety. It reflect recommendations based on the
USDA Food Guide Pyramid and the 1995 Dietary Guidelines for Americans. The AHEI differs by re-
moving potatoes from vegetables, and including fruit, nuts and soy, white/red

meat ratio, trans fat and the polyunsaturated:saturated fat ratio, cereal fiber, and adding long-term mul-
tivitamin use, and alcohol intake.

T The RFS features fruits, vegetables, whole grains, lean meats or meat alternates, and low-fat dairy
products
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A more recent analysis of dietary data from 86,620 participants in the NHS examined
whether a low carbohydrate or the DASH (Dietary Approaches to Stop Hypertension) diet
was associated with postmenopausal breast cancer risk.'* The DASH diet features plant
proteins, fruits and vegetables, moderate amounts of low-fat dairy, and limited sugary foods
and salt. In up to 26 years of follow up, neither low-carbohydrate diets nor the DASH diet
were associated with overall incidence of breast cancer or ER+ breast cancer. But both the
vegetable/low-carbohydrate diet and the DASH diet were associated with decreased ER-

breast cancer risk.

A recent large prospective study of women 35-79 years of age in the UK found that stronger
adherence to a Mediterranean Diet was associated with a 35 percent reduced risk of devel-
oping breast cancer in pre-menopausal women over an average follow up period of nine
years, although the result did not quite reach statistical significance.'* The Mediterranean
Diet includes higher intakes of vegetables, fruits, legumes, whole grains, fish, and moderate

amounts of red wine during meals.

A prospective study of 20,967 women in the Melbourne (Australia) Collaborative Cohort
Study'¥’; 27-76 years old at baseline; average follow-up 14.1 years; dietary habits ascertained
through food frequency questionnaire and 121 food items analyzed using principal factor
analysis, a technique for identifying groups of variables that explain most of the variability
in the diets of participants. For example, some groups of variables correlate well with high
vegetable intake, while others correlate with high intakes of fruits, cereals, or meat. These
were called the vegetable, fruit and salad, traditional Australian, and meat diets. Results: The
fruit and salad pattern correlated with reduced risk of breast cancer. The correlation was

much strongcr for hormone receptor ncgativc tumors.

Two recent studies are available from China, where breast cancer incidence is about 5-fold
lower than in the U.S. but recently increasing. In the Singapore Chinese Health Study; (a
prospective study of 34,028 women without cancer at baseline, 72 percent post-menopaus-
al; average 10.7 yrs follow-up); meat-dim sum vs. fruit-vegetable-soy dietary patterns; 30
percent decreased risk of post-menopausal breast cancer in women who highest adherence

to fruit-vegetable-soy dietary pattern compared to lowest adherence to that pattern.'*

The second is a case-control study of 438 Chinese women with breast cancer and 438
controls.'” Dietary history over the previous year was obtained with food frequency ques-
tionnaires. After adjustment for confounders, women in the highest quartile of vegetable-
fruit-soy-milk-poultry-fish dietary pattern had a 74 percent decreased risk of breast cancer
compared to the lowest quartile. The refined grain-meat-pickle pattern was associated with
2.6-fold increased risk.
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Similarly, a case-control study in Korea showed an 86 percent decreased risk of breast cancer
in women with the highest intake of the vegetable-seafood pattern compared to the low-
est.” This association was not affected by menopausal status. No significant differences in

risk were seen across the quartiles of the meat-starch pattern.

Diet and breast cancer outcomes following diagnosis

Interpreting available data addressing the relationship between diet and breast cancer prog-
nosis and survival is complex for a number of reasons. Pre-diagnosis as well as post-diagnosis
diets can influence breast cancer outcomes, and each introduces its own measurement chal-
lenges. Moreover, after the diagnosis of breast cancer, stress levels increase and individuals
often change their daily routines in various ways, including physical activity levels, diet,
and use of nutritional supplements."”' Individually and collectively these may influence out-

comes. Thus, isolating and evaluating the impacts of dietary variables is difficult.

Despite these challenges, a number of observational and two large intervention studies pro-
vide varying levels of evidence that lower levels of dietary saturated fat and higher amounts
of fruits and vegetables, combined with regular exercise and weight loss in people who
are overweight, reduces mortality following breast cancer diagnosis and treatment and may
also reduce or delay recurrence. Higher amounts of dietary soy pre- and post-diagnosis
are associated with decreased mortality and may be associated with decreased likelihood of

recurrence.

Study summaries: Dietary associations with breast cancer outcomes after diagnosis

and treatment

Conclusions from observational studies of the association between dietary fat and breast
cancer outcomes are mixed. In general, they find that higher levels of fat weakly increase the
risk of recurrence or death or that dietary fat has no discernible effect on outcomes.'>>!315*
13136158159 Obesity, however, is associated with increased risk of all-cause and breast cancer
specific mortality after diagnosis in both pre- and post-menopausal cases.'® Diet, of course,
is not the only determinant of body weight, but it plays a substantial role, and dietary chang-
es can contribute significantly to weight loss in overweight or obese individuals diagnosed

with breast cancer.

Some evidence suggests an influence of dietary fat prior to diagnosis on breast cancer out-
comes. A 1994 Canadian study of 678 women with breast cancer found that lower levels of
pre-diagnosis dietary saturated fat and higher levels of beta-carotene and vitamin C were
associated with increased survival.'®' The association with saturated fat was most marked in

post—mcnopausal women.
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A Swedish study examined the dietary patterns of 240 women recently diagnosed with
breast cancer (209 post-menopausal) and found that higher amounts of total and saturated
fat around the time of diagnosis were associated with shorter period of disease-free survival

over four years of follow-up in those with ER+ tumors.'®

Initial analyses of data from the NHS showed that higher amounts of dietary fat were asso-
ciated with a modestly increased risk of death from any cause after the diagnosis of breast
cancer.'® The NHS also found that a prudent diet, high in fruit, vegetables, whole grains,
and low-fat dairy products was associated with lower overall mortality but not breast-cancer
specific mortality.'"* Conversely, a diet high in refined grains, processed meat, high fat dairy,
and desserts was associated with higher mortality from non-breast cancer related causes.
Subsequently, however, when data were reanalyzed and included more breast cancer cases,
it became clear that the relationship between dietary fat and all-cause mortality was strongly
influenced by exercise levels.'® Higher levels of physical activity attenuated the relationship.
As it turned out, women who exercised more tended to have healthier diets with lower
amounts of fat, and more exercise, rather than lower dietary fat, largely explained the lower
mortality. In a subsequent analysis, greater adherence to the Mediterranean diet was asso-
ciated with lower overall but not breast-cancer specific mortality in women who were less

physically active.'s

A 1992 study of 103 women in the UK with breast cancer (menopausal status not specified)
showed that higher levels of vegetable, fruit, beta-carotene, and fiber consumption was asso-
ciated with more favorable characteristics in tumors at diagnosis—smaller size, more highly
differentiated cells, and less blood vessel invasion.'” Over six years of follow up, higher
intake of beta-carotene in this group, as estimated by questionnaire responses shortly after
diagnosis, was associated with improved survival.'*® Beta-carotene is a marker for fruit and
vegetable consumption and other nutrients in those foods may also be responsible for these

findings.

The Health, Eating, Activity, and Lifestyle (HEAL) study is a multicenter, multiethnic (58
percent white, 28 percent African American, 12 percent Hispanic, two percent Asian or
mixed ethnicity) cohort study of 1,183 breast cancer patients designed to examine whether
weight, physical activity levels, diet, and hormones influence breast cancer prognosis and
survival.'” A study of 688 members of the HEAL cohort (60 percent post-menopausal at
baseline), with an average follow up of 6.7 years, found no relationship between dictary
carbohydrates, glycemic load, and risk of death from any cause. However, higher levels of
dietary fiber (8.8 gm/day or more) were associated with decreased risk of death and breast
cancer recurrence, although this became statistically insignificant when adjusted for total
caloric intake. Higher dietary fiber in this study was associated with lower levels of a marker

of inflammation (C-reactive protein) in the blood, which may help to explain benefits of

fiber.'”
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Another study of 516 post-menopausal women with breast cancer found that higher levels
of dietary fiber, fruits, and vegetables, and lower levels of dietary fat in the year prior to
diagnosis was associated with significantly lower risk of death from any cause over 7 years
of follow up."

172

The Collaborative Women’s Longevity Study'”? examined the relation between post-diagno-
sis dietary factors and survival in 4,441 women with invasive breast cancer. They were 20-79
years old at diagnosis and followed over a period of 7 years. The study used food-frequency
questionnaires and adjusted data for age, state of residence, menopausal status, smoking,
breast cancer stage, alcohol, and history of hormone replacement therapy. Women in the
highest compared to lowest levels of dietary saturated fat and trans fat had a significantly
higher risk of dying from any cause [for saturated fat (HR =1.41, 95 percent CI = 1.06-
1.87); for trans fat (HR = 1.78, 95 percent CI = 1.35-2.32]. Associations were similar,

though did not achieve statistical significance, for breast cancer-specific death.
Dietary soy prior to diagnosis and breast cancer prognosis

Two fairly large studies have looked at relationships between dietary soy prior to diagnosis
and course of the discase after diagnosis. In the population-based case control Long Island
Breast Cancer study, 1,508 women with breast cancer completed food frequency ques-
tionnaires reporting on their diets for the year prior to diagnosis.'™ Over 6 years of follow
up, women with the highest intake of flavones, isoflavones, and anthocyanidins (in darkly
pigmented berries, red cabbage, eggplant) had reduced risk of death from any cause (37 per-
cent, 48 percent, and 36 percent reduction respectively) compared to those with the lowest
intake. Reductions in mortality were most marked among post-menopausal women. Breast
cancer specific mortality data were similar. Isoflavone intakes in this study ranged from very
low to 7.5 mg or more daily in the upper quintile. As previously noted, daily isoflavone in-
takes of 20 mg or more from traditional soy products are common among Asians.

In the Shanghai breast cancer study'™ of 1,459 breast cancer patients, soy food intake was
assessed using a validated food frequency questionnaire at baseline. In an average follow-up
of 5.2 years, soy intake pre-diagnosis was unrelated to disease-free breast cancer survival
and this did not differ according to ER/PR status, tumor stage, age at diagnosis, body mass

index (BMI), or menopausal status. No information on tamoxifen use was provided.

These two studies are not comparable in that the Long Island study looked at risk of death
from breast cancer or other causes, whereas the Shanghai study used discase-free survival as

the outcome of interest.
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Dietary soy after breast cancer diagnosis

Because of concerns that phytoestrogens in soy products could stimulate breast cancer cell
growth and proliferation, many patients and health care providers have understandably been
cautious about consumption after diagnosis. Three prospective epidemiologic studies have

now addressed this concern.

The Shanghai Breast Cancer Survival Study:'” population-based, prospective study; 5033
participants with diagnosis of breast cancer; all had undergone surgical therapy and com-
binations of radiation, chemotherapy, immunotherapy, hormone therapy; 20-75 years old;
dietary and other information collected at 6, 18, 36, and 60 months; average follow up 3.9
years (range 0.5-6.2); women with the highest soy protein or soy isoflavone consumption
were 20-30 percent less likely to die or experience recurrence than women with the lowest
consumption. The associations of soy protein and isoflavones with mortality and recurrence
followed a linear dose-response pattern until soy protein intake reached 11 gm/day or soy
isoflavone intake reached 40 mg/day, where it leveled off. The adjusted four-year mortality
rates were 10.3 percent and 7.4 percent and 4-year recurrence rates were 11.2 percent
and 8.9 percent respectively for women in the lowest and highest quartiles of soy protein
intake. These reductions were seen in women with either ER+ or ER- tumors and were
independent of menopausal status. Benefits of tamoxifen were seen in the low and moderate
soy consumption groups. In women consuming highest amounts of soy, tamoxifen did not
confer additional benefits. And, women who had the highest level of soy food intake and
who did not take tamoxifen had a lower risk of mortality and a lower recurrence rate than
women who had the lowest level of soy food intake and used tamoxifen, suggesting that high

soy food intake and tamoxifen use may have a comparable effect on breast cancer outcomes.

Life After Cancer Epidemiology study:'"® 1,954 women from the U.S.; included white,
black, Hispanic, and Asians; criteria for enrollment included breast cancer diagnosis within
39 months; no other cancers within 5 yrs. of enrollment. Participants were 18-79 years
old, had completed cancer treatment aside from adjuvant hormone therapy, and were free
of recurrence. Soy use since diagnosis was determined by detailed questionnaire. Over an
average 6.3 yrs follow up, there was a borderline significant decreased risk of recurrent
breast cancer with increasing intake of daidzein and glycetin. Women with the highest intake
of these isoflavones had a 50 percent lower likelihood of recurrence. In post-menopausal
women who had ever used tamoxifen, higher intake of daidzein was associated with a signif-
icant 60 percent decreased likelihood of recurrence. When examined by hormone receptor
status, the reduced risk of recurrence with isoflavone intake was limited to those with ER+

or PR+ tumors.

A recent analysis of the association of dietary soy with breast cancer prognosis in the previ-

ously mentioned WHEL study also showed that higher soy isoflavone intakes were associated
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with decreased risk of death, with a 54 percent risk reduction at the highest intake.'” No

association with cancer recurrence or metastasis was found.

Thus, three studies which vary in ethnic composition, find no adverse effects of soy foods on

breast cancer prognosis and considerable evidence of a beneficial role.
Dietary intervention studies

Beginning in the late 1980s, two large prospective studies examined the effects of particular
dietary interventions on breast cancer outcomes, supplementing results of the observational
studies described above. In the Women’s Healthy Eating and Living (WHEL) study, over
3,000 women with breast cancer were followed for an average of 7.3 years.'” About 85
percent of participants were white, 4 percent African American, 11 percent Hispanic, Asian,
or other. Eligibility criteria included diagnosis of a primary operable stage I, I, or IIIA breast
cancer within the past 4 years; age at diagnosis was between 18 and 70 years; treatment with
axillary dissection and total mastectomy or lumpectomy followed by primary breast radia-
tion; no current or planned chemotherapy; no evidence of recurrent disease or new breast

cancer since completion of initial local treatment; and no other cancer in the past 10 years.

Women in the intervention group were encouraged to adopt a daily diet including 5 vegeta-
ble servings, 16 oz. of vegetable juice, 3 fruit servings, 30 gm. of fiber and 20 percent energy
from fat. They received newsletters and were invited to cooking classes during the first year.
Women in the comparison group were advised to consume 5 servings of vegetables and fruit
daily, more than 20 gm fiber, and less than 30 percent of calories from fat. They were also
offered cooking classes and newsletters. At the beginning of the study, women randomly
assigned to both groups were already consuming about seven servings of vegetables and

fruits daily.

The intervention group increased their vegetable and fruit consumption, and their plasma
carotenoid concentrations were 73 percent higher than the comparison group at one year
and 43 percent higher at four years. But there were no differences in any breast cancer event
(local, regional, or distant recurrence, or new primary tumor) or overall mortality between
the intervention and comparison groups. However, higher blood levels of carotenoids were
associated with a significant delay in tumor recurrence, regardless of the study group.'” In
subgroup analyses, peri-menopausal and post-menopausal women who had higher levels of
estrogen at baseline were at higher risk of recurrence of disease. And women who had not
experienced hot flashes, presumably because of higher estrogen levels, were also at higher
risk of recurrence of disease.™ In an analysis of hormone levels at one year of follow up,
higher levels of dietary fiber and lower levels of fat had significantly lowered circulating es-

trogen levels in the intervention group, compared to baseline. '™
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Another large study, the Women’s Intervention Nutrition Study (WINS), was launched
in 1987."%'% This was a randomized clinical trial involving 2,437 participants examining
whether dietary fat reduction would increase relapse-free survival in women between the
ages of 48 and 79 years with early-stage breast cancer. Eligibility criteria included complete-
ly resected unilateral invasive breast cancer, baseline caloric intake from fat of >20 percent,
and additional therapy appropriate to their condition (e.g., women with estrogen-recep-
tor-positive tumors must have daily tamoxifen, other chemotherapy optional; women with
estrogen-receptor-negative tumors must have chemotherapy). Eighty-five percent of par-

ticipants were white, 5 percent Black, and the remainder Hispanic or Asian-Pacific Islanders.

At baseline, both the intervention and comparison groups obtained about 30 percent of
their calories from fat. During the trial, the intervention group succeeded in reducing
fat intake to an average of about 20 percent of calories. Although weight loss was not the
goal, the intervention group did experience significant weight reduction. After an average
follow-up of five years, relapse-free survival (lack of breast cancer recurrence at any site)
was 24 percent higher in the intervention group. In subgroup analyses, the intervention ef-
fect on relapse-free survival was greater in women with hormone-receptor negative disease
than in women with receptor-positive disease. This suggests that factors other than modified
estrogen levels are involved and may include reduced insulin levels or improved insulin

sensitivity.

WHEL /WINS interventions; summary

WHEL focused on a plant-based dietary pattern that also included reduction in fat. WINS
focused exclusively on dietary fat reduction. WHEL included women with pre- and
post-menopausal breast cancer, while WINS participants were exclusively post-menopausal.
WHEL found no effect of that dictary intervention on prognosis although highcr levels of
carotenoids, a marker for fruit and vegetable consumption, was associated with delayed
recurrence, regardless of the study group. WINS found a beneficial effect from dietary fat

reduction.

A subsequent analysis of data from the WHEL study found that the combination of higher
levels of dietary fruit and vegetables along with high levels of physical activity reduced the
risk of death over 10 years of follow up by half '** (93 percent survival in the high vegetable/
fruit; high physical activity group vs. 86-87 percent survival in the other groups). This effect
was most marked in women with hormone receptor positive tumors. Once again, this high-
lights the difficulty interpreting dietary observational or interventional studies that have not
accounted for exercise levels among participants. Looked at another way, combinations of

dietary modifications and exercise are likely to be more beneficial than either alone.
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