The Breast 19 (2010) 322332

THEBREAST

Contents lists available at ScienceDirect

The Breast
—

T,

journal homepage: www.elsevier.com/brst

Review

Hormonal and metabolic modulation through nutrition: Towards a primary
prevention of breast cancer

Alvaro L. Ronco®?*, Eduardo De Stéfani €, Mario Stoll 9

2 Depto. De Epidemiologia, Facultad de Medicina, IUCLAEH, Prado and Salt Lake P.16, Maldonado 20100, Uruguay

b Instituto de Radiologia y Centro de Lucha Contra el Cdncer, Centro Hospitalario Pereira Rossell, Br. Artigas 1550, Montevideo 11300, Uruguay

€Grupo de Epidemiologia, Depto. De Patologia, Hospital de Clinicas, Facultad de Medicina (UDELAR), Av. Italia s/n y Las Heras, Montevideo 11300, Uruguay
dUnidad de Genética Molecular, Comisién Honoraria de Salud Cardiovascular, Br. Artigas 2358, Montevideo 11800, Uruguay

ARTICLE INFO ABSTRACT

Article history:

Received 22 February 2010
Received in revised form

11 May 2010

Accepted 12 May 2010
Available online 9 June 2010

Breast cancer (BC) is a polygenic and multifactorial disease for which estrogens have been recognized as
the main risk factor, and for which lifestyle plays a key role. Previous epidemiologic cancer research
performed in Uruguayan population delimited its dietary and anthropometric profiles. Recognizing the
difficulty for universalizing a nutritional basis for prevention due to different eating patterns among
regions and countries, we summarize the existent knowledge linking nutrition, estrogens, metabolism
and BC. As an attempt towards primary prevention of BC, we present recommendations mainly based on
country-specific research findings and modifiable putative risk and protective factors, proposing to
modify the intake of meats and other fatty foods — especially sources of Q-6 and Q-3 fatty acids — adding
olive oil, selected vegetables, citrus fruits and working towards adequate body fat/muscle proportions.
From a medical and ethical viewpoint, it is justified to recommend certain nutritional changes to women,
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Estrogens because no adverse side effects are expected to occur.
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Prevention

Introduction incidence ranking of the last years has notably changed, due to the

Although breast cancer (BC) is still a major public health issue in
developed societies, its incidence has been rising in several devel-
oping countries over the past few years. International data' have
located Uruguay among those with the highest rates in the world.
Moreover, the capital city, Montevideo, has displayed the highest
incidence rate for a city.? In fact, although this small South Amer-
ican country is a developing one, it shares some characteristics with
developed regions, i.e. a very high level of red meat consumption,
a high human development index (50° in the world ranking
according to United Nations, by factors as birth rate, infant
mortality, life expectancy, literacy among others)* and an aged
population.” In other words, a developing country has shown a high
occurrence of a disease typical of developed countries. The top-
ranking BC incident areas! are North America, a large part of the
European Union, Australia, New Zealand, Israel, and in Latin
America only two exceptions: Uruguay and Argentina. The
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rise in some countries belonging to the former Soviet Union, and
some other undeveloped ones.! The fact that the above quoted
countries are cattle producers and high meat consumers might not
be a coincidence: Uruguay is the country with the highest beef per
capita intake in the world.®

Being a developed country is not mandatory for being in a high-
risk situation: Japan, for example, has lower rates than the quoted
countries from Northern hemisphere. Conversely, cancer registries
in Uruguay, Argentina and Southern Brazil have shown higher rates
in the region than in the rest of the Latin American developing
countries. While the urbanization process continues, educational
levels increase and people change their habits, as a result of which
the occurrence of BC increases. This is not due to only one of these
factors, but is an outcome of several of them combined. Higher
educational levels correspond to a reduction in the average number
of pregnancies and births, an increase of age at the first birth, as
well as reduced times of breastfeeding. Urbanization implies an
increase in job types that are less active than rural ones, this being
favorable for the development of problems such as excess weight
and obesity. Outdoor jobs performed by women, regardless of the
conditions under which they are performed, are associated with
high caloric- and fast-foods, as well as psychosocial stress.
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The most severely affected women from developing countries are
those who belong to the mid-to-high socioeconomic and cultural
classes and who accumulate menstrual and reproductive risk factors
with some environmental ones. Because of these socioeconomic and
environmental factors, these women belong to a “first world” within
the third world. The situation is not the same in all these countries,
nevertheless. In Uruguay, Argentina and Southern Brazil there is
a high consumption of red meat, cooked by direct heat, like
barbecue, beefsteak, hamburgers and fried meat. In this region of the
world, meat is the axis of the daily meal and it is cheaper than in the
Northern hemisphere. Average salaries are lower but so are the
prices of meat. It is obvious then why women of low social strata in
other Latin American countries, conversely, have not got such high
BC rates: while they display protective reproductive factors, their
dietary profiles have a higher proportion of plant foods, and meat is
not so accessible due to its high price. In our opinion, the “first
world” situation can also be applied to a small section of the Uru-
guayan society: as an example, the coastal strip of mid-to-high
residential neighborhoods in Montevideo has a twice higher inci-
dence than the rest of the city, according to a study from 2002.”

We and others have thoroughly studied possible links of nutri-
tion and BC, from the dietary viewpoint®=2° as well as from an
anthropometric one.?"?? Uruguay has been recognized as the Latin
American country with more specialized studies on diet and BC.?3
The main objective of this analysis is to consider, within realistic
terms, the current background to support the idea of a primary
prevention of BC that could be expected to take place in a near
future. Our work is not focused only on pure theoretical basis of the
problem, but we also attempt to improve the probabilities of facing
it from a practical viewpoint.

Recognition of the problem

Estrogens were recognized five decades ago as the main risk
factor for developing BC.2* However, their assessment has been
relatively limited to a “traditional” exposure analysis that is, based
on menstrual and reproductive factors and family history.
Currently, the importance of other risk factors different from such
classic ones is somehow underestimated. Nevertheless, it is
a positive fact to recognize that BC is an essentially preventable
tumor, through the different ways that prevention can be devel-
oped. Primary prevention attempts to reduce incidence through
a reduction in the exposure to risk factors and/or through an
increase in exposure to protective factors.

The attributable risks related to BC can be summarized as
follows: A responsibility of 5% and no more than 15% of all cases is
recognized for the family history of cancer. A high-risk family
history, based on certain demonstrated gene mutations, accounts
for between 2 and 5% of all cases. Menstrual and reproductive
factors (early menarche, nulliparity, late first delivery, short
breastfeeding time, late menopause, as major factors) are thought
to account for 25% of the cases of BC. Considered together, these
classic factors explain between 30 and 40% of the incidence. The
rest are mostly environmental modifiable factors, and they corre-
spond to a 60—70%. Of these, diet is considered the most important
one. It is accepted that a risk reduction through influencing dietary
factors can reach a 30—35% of the whole risk. The rest of factors
include excess weight and obesity, metabolic factors (i.e. insulin
resistance, low serum vitamin D level, dislypidemia, diabetes),
sedentariness or low level of physical activity and psychosocial
stress among other possible factors.

An experimental study from 1942 found a higher incidence of
BC in rats fed with a fat-rich diet.?> Over time, this concept has been
changing and expanding. Then some of the most powerful indica-
tors relating diet to the etiology of BC emerged from ecologic and

migrant studies. In fact, the latter showed that migrants acquired
the cancer patterns of the host countries within some given time
periods, hence, they constituted a support to the hypothesis that
primary prevention of BC could be a realistic option. Several studies
on migrants reported that BC incidence could not be substantially
changed for first-generation immigrants, though this was possible
for the second and third generations.?® Such delay would indicate
a stronger influence of lifestyle factors — i.e. diet — during child-
hood on the risk of BC, and it would agree to the existence of a long
latency period for the disease during which carcinogen factors
(known or unknown) would exert their deleterious action. Studies
on migrants in Uruguay revealed a risk increase for the foreign
residents in the country compared to that of their home countries,
Spain and Italy?’ and an older mean age for cancer mortality in
foreign women compared to Uruguayan ones.”® These studies
agreed with the existing literature.

Specialized scientific literature from 1997%° stated that dietary
aspects and their relationship with BC were still not well estab-
lished, except for a few factors. Moreover, recent opinions of an
expert panel confirmed the aforementioned concepts.>® The
international experts have usually made general recommendations,
promoting a reduced intake of red meats replacing them with
white meats, and a frequent intake of vegetables and fruits. This can
be easy to understand for everybody and supposes a minimal
strategy of primary prevention.

A considerable limitation derived from the information
proceeding from specialized scientific studies, however, is that they
come mostly from developed countries (i.e. North America, Euro-
pean Union), which is acceptable because they are countries with
high incidence of the disease. But environmental factors — including
diet — are not the same in the developing world than in the devel-
oped one. Ethnicity also differs within the local or regional factors,
and this can influence the process. All that information is not always
applicable in the case of developing countries. There are some
aspects that have reached a universal status (as menstrual and
reproductive factors), but nutrition has not. Genomic research has
been weakening the existent paradigm of the “average subjects”,
leading to a new vision of constitutive differences among individuals.

From a nutritional perspective, cancers are associated mostly to
excesses or defects. Excesses are represented by typical dietary
patterns in the Rio de la Plata (Uruguay, Argentina) and Southern
Brazilian regions, since they have high meat consumption (several
dozens of kilograms per capita per year) with an excessive caloric
intake based on certain fats and refined sugars. Defects also charac-
terize these countries, since they are recognized as populations with
low intake of fish, vegetables and fruits. The resulting imbalance of
such excesses and defects enhance some susceptible organisms to
create the proper environment to initiate and develop carcinogenesis.

Based on what we have described, the knowledge has routed
towards multifactoriality: elements at different levels (biological,
socio-cultural, environmental) of a woman interact during years,
because of which in certain given conditions a BC will be initiated
and promoted. There is currently enough epidemiologic, clinical
and experimental evidence to state that BC is a complex hormonal,
metabolic and immune problem. However, since estrogens have
already been recognized as the main risk factor for developing BC, it
seems that most factors converge towards an inadequate exposure
to some of them during an inadequate time period.

Previous knowledge on classic risk factors (menstrual-repro-
ductive history and family history) has led to the idea that women
who have been exposed for a longer time period or more intensely
to endogenous estrogens will have an increased risk of BC.
However, scientific research has demonstrated that diet, fat excess
and a low level of physical activity can also strongly affect the
hormonal production and availability,>3? independently from



324 A.L Ronco et al. / The Breast 19 (2010) 322—332

having or not any of the quoted “classic” risk factors. The ultimate
goal of the strategy should be to achieve a hormonal and metabolic
modulation through nutritional factors, which are the ones playing
a major role within lifestyle.

The good and bad estrogens

The estrogens issue is not restricted only to what has been said.
It is, in fact, a problem of excess of estrogenic “capital”. This
excessive amount conditions the nourishment of the mammary
tissue in such a way that it generates a dependence of this tissue on
the estrogens. After some estrogens (estradiol and estrone) are
synthesized their life follows one of 2 possible pathways leading to
catechol hormones: they can derive into very active metabolites,
the 16- and 4-o-hydroxyestrogens (the “bad” ones), or they can
form low active compounds, the 2a-hydroxyestrogens (the “good”
ones).3> Cells have a structure, the phase I enzyme cytochrome
P-450 (CYP450), a kind of metabolic switch which depending on its
state derives the production of metabolites towards one or the
other3* The initial findings have led other authors to develop
a theory, which has been supported by newer findings.>>~3”

The “bad” estrogens are believed to participate in the initiation
process (they are genotoxic) as well in the promotion (enhancing
cell proliferation). Altogether, having a dual role as substrate for
phase I enzymes CYP450 (CYP 1A1 and 1B1) and as ligands for
estrogen receptors they promote events that increase the risk of BC.
Furthermore, such enzymes oxidize catechol estrogens to semi-
quinones and quinones, substances which have been recognized as
having common features of many chemical carcinogens.383° In
particular 3,4-quinones were recently postulated as a possible
independent risk factor.? It has also been postulated that the
genotoxicity caused by the oxidative metabolism of estrogens can
be decreased by reactions of metabolites with phase Il enzymes,
like catechol-o-methyl-transferase (COMT)*! and glutathione
S-transferase P1 (GSTP1).*> Women who metabolize a large
proportion of their estrogens via the 16a hydroxylation pathway
could be at a higher risk of BC.*> Women with cancer, besides, have
an increased production of “bad” estrogens (16- and 4-oOH
metabolites), but healthy women produce them constantly. Inter-
estingly, the main conversion to 4-¢.0H estrogens has been detec-
ted in uterine myometrium and benign myomas** and in benign
and malignant mammary tumors.*> The 16-¢OH metabolites have
a higher affinity for the estrogen receptor (ER) than the 2-a0H
metabolites, while these latter may inhibit angiogenesis.*®

A recent study suggested that the ratio of 2/16-0.0H metabolites
may be a marker for lifestyle influences on estrogen metabolism
associated with westernization.#’ In addition, Parl et al.*°, having
recognized that each of the phase I and Il enzymes contains genetic
polymorphisms,*®4° proposed that it could be possible to develop
more refined predictive models by integrating known reproductive
and lifestyle factors with predicted exposure to estrogen-3,4
quinones —determined by inherited variations in genes involved in
estrogen metabolism—. On the contrary, “good” estrogens are also
weakly anti-estrogenic. The group of “good” estrogens is the one
which can be modified. Items associated with the synthesis of
2-00Hestrogens are the following.>%>!

a) Factors which increase BC risk by reducing the 2/16-aOH
estrogens ratio: sedentariness, heritage, obesity, high-fat
diet, human papilloma virus, dimethylbenzanthracene,
polycyclic aromatic amines and high intake of Q-6 fatty acids

b) Factors which reduce BC risk by increasing the 2/16-aOH
estrogens ratio: physical exercise, muscularity, slenderness
(low BMI), oil fish, cruciferous vegetables, indole-3-carbinol,
diindolylmethane, high intake of Q-3 fatty acids

Estrogen synthesis takes place not only in the ovaries: in
particular after menopause, the suprarenal glands and adipocytes
are major sources. If body fat is excessive there is an increased
hormonal bioavailability. In addition, in the adipose tissue andro-
gens which are gathered from the circulation are also transformed
into estrogens through the action of the aromatase (also an enzyme
of CYP450), in the process known as “androgen aromatization”.
Modern hormone therapy is attempting to inhibit this process with
drugs such as letrozol or anastrozol. In addition, obesity creates
a doubly favorable environment for mammary carcinogenesis,
since insulin requirements and androgen aromatization are stim-
ulated and increased, the latter for producing more estrogens.
Aromatization is stimulated bearing an excessive adipose mass,
especially in the thighs, buttocks and abdominal-pelvic regions
(gynoid obesity), with a high intake of Q-6 polyunsaturated fatty
acids (PUFAs) and having increased circulating glucocorticoids®?
(produced under stress, also administered to treat inflammatory
processes). Women would require supplemental Indole-3-Carbinol
(I3C) at 300—400 mg/day to significantly increase the 2/16-
aOHestrogens ratio.>> Animal studies showed that it is not 13C but
diindolylmethane the active promoter of greater 2-hydroxylation of
estrogen associated with a cancer-resistant estrogen metabolism.>°

As it can be seen, the main problem for women is more complex
than simply being highly exposed to hormones. The point is to be
exposed to high levels of some of them in particular, in addition to
the exposure time. It is an accumulative effect, in the sense of
amount x time. Excessive and/or “bad” estrogens bind their cor-
responding receptors in those cells where they must take action
and generate a cascade of molecular events which after years of
influence might increase the risk of developing a cancer. Further-
more, when there is an excess of estrogen, although it is eliminated
through the bile duct to the intestines, part of it is captured by the
liver and returns to the blood system—the process known as
enterohepatic circulation—and becomes available once again. The
aforementioned situation is even more intense when women are
afflicted by slow intestinal transit: the more the stools remain in the
large bowel, the higher the opportunity of being reabsorbed and
reutilized. Women should reassure themselves that what seems to
be eliminated is actually eliminated. Among other reasons, the
latter is useful to recognize the benefits of an adequate fiber intake
derived from eating fruits and vegetables.

In a publication from the last decade,'® we showed that food
intake was a better discriminant between the BC cases and healthy
controls, when compared with other variable groups (menstrual-
reproductive, family history of cancer, sociodemographics). Hence,
the nutritional profile might be playing some role despite the fact
that we do not know exactly which it is. This can be one way of
contributing to defining a risk population, through their nutritional
profile.

In view of the preceding arguments, it could be more under-
standable why Uruguayan women belonging to the lowest socio-
economic classes —also usually having a more favorable
menstrual-reproductive history (several births beginning at early
ages, long periods of breastfeeding, etc)— could also be prone to
developing cancer: they tend to be overweight or obese, have
a sedentary lifestyle and display dietary patterns which are more
typical of Western developed societies. Should their reproductive
history be protective, it seems insufficient to antagonize their
environmental/lifestyle risk factors.

The following scheme (Fig. 1) details the probable implications
of the current Western nutritional style and its derived conse-
quences, which we have already described for Uruguayan
women.”* In the central picture two key elements appear: exces-
sive dietary cholesterol and an inadequate Q-6/Q-3 PUFA ratio. The
long chain of metabolic and hormonal events resulting from these
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Fig. 1. Possible consequences of a Western diet.

two excesses can finally facilitate the beginning and development
of several cancers, among them BC, as well as several pathologic
states involved in the metabolic syndrome.

Although the literature suggests that high-fat diets can increase
the risk of the disease and there are acceptable mechanisms with
biological plausibility, there has been some inconsistency in terms
of results.?®3% On this basis, but at the same time attempting to
somehow clarify the influence of nutritional elements on the origin
of BC (which can be mostly modifiable), apparently healthy women
could be encouraged to try some changes in their diet and lifestyle.
These are the challenges of a primary prevention.

Dietary basis

It has been suggested that diet is an important determinant of
cancer.>® In fact, expert reviews have shown that the risk of BC
varies with diet.3° Nevertheless, people eat different foods con-
taining several combinations of nutrients and non-nutrients. It is
often difficult, therefore, to identify a single nutrient or food item as
related to the risk of a disease. As a consequence, the analysis of
individual nutrients, food items, or food groups may result in
missing an association between diet and disease.

Foods and food groups

Vegetables

Experimental research has demonstrated that the inclusion of
different vegetables in the diet of rats was followed of a lower
incidence of induced mammary tumors.”®>” Although studies in
Italian®® and German®® women also found protective effects for it,
vegetable consumption and the risk of BC have been examined by
expert panels, suggesting that there is still limited evidence and
they can not be conclusive about this.>°

In Uruguay, the highest quartiles of total vegetable consumption
(OR =0.41,95% C10.26—0.65), green leaf vegetables (OR = 0.36, 95%
CI 0.23—0.55) and raw vegetables (OR = 0.51, 95% CI 0.33—0.79) as
well as cooked ones (RR = 0.58, 95% CI 0.36—0.94) were inversely
associated with the risk of BC.!? Also the highest consumers of
vegetable-derived fiber!! displayed a significant negative associa-
tion (OR = 0.56, 95% CI 0.34—0.92, p for trend = 0.005). On the
contrary, cruciferous vegetables did not display an association.'?
We found two protective dietary patterns'®: A factor labeled as
“traditional”, which loaded high for boiled meat, grains, cooked
vegetables and tubers (OR for high intake = 0.53, 95% C1 0.35—0.79),

and a factor labeled as “healthy”, featured by high loadings of white
meat, raw vegetables, cooked vegetables and total fruits (OR = 0.46,
95% CI 0.31-0.69). More recently, a multisite study performed in
Uruguay displayed a protective effect for the highest consumers of
vegetables and fruits combined (OR = 0.47, 95% CI: 0.31—0.71).59

Fruits

Some studies that examined fruit consumption have commu-
nicated null associations®"®? and a risk reduction in the highest
intake levels®364 or risk increase for low intake.?> A case-control
study carried out at Uruguayan public hospitals,'> which focused on
plant foods and their nutrients showed a negative association with
high intake of total fruits (OR = 0.57, 95% CI 0.36—0.89). Another
study performed in the Uruguayan prepaid healthcare system
focused especially on fruits consumption.?® The main findings of
this study were a significant protective effect observed in the
highest tertiles of total fruits (OR = 0.44, 95% CI 0.23—0.86), oranges
(OR = 0.51, 95% CI 0.26—0.98), orange juice (OR = 0.26, 95% CI
0.13—0.54) and citrus fruits (OR = 0.27, 95% CI 0.13—0.55). On the
other hand, negative but not significant associations were found for
green apples (Granny Smith type) with a borderline (OR = 0.55, 95%
CI 0.31-1.01) and plums (OR = 0.62, 95% CI 0.34—1.11). Besides,
when a term for vitamin C was included in the regression model,
the protective effect was improved in all of them, in particular in
orange intake (OR = 0.22, 95% CI 0.08—0.64) and citrus fruits
(OR = 0.13, 95% CI 0.05—0.33), suggesting a possible co-responsi-
bility of other substances, as flavonoids. Diets rich in vegetables and
fruits probably reduce the risk of BC, according to the existing
literature.%® The intake of vitamin C among Uruguayan women
derived from citrus intake suggests a protective effect within their
dietary patterns. Besides, the highest consumers of fruit-derived
fiber!! displayed no association (OR = 0.77, 95% CI 0.48—1.24). The
potential biologic mechanisms through which the vitamin could
protect against BC involve its roles as antioxidant, as well as those
in the protein synthesis of conjunctive tissue and in immunologic
surveillance. Furthermore, a low intake could increase the risk,
which would be related to a reduction in telomere length.5”

Legumes

Our studies in Uruguay showed different results regarding the
associations between legumes intake and the risk of BC: The
highest vs. the lowest quartile displayed a significant (OR = 0.42,
95% CI 0.26—0.66)'? and an also significant OR = 0.53 (95% CI
0.35—0.81),' both with a significant trend (p = 0.004). The legumes
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included in our questionnaires were: lentils, beans, common peas
and garbanzo peas. A recent study on legumes and cancer risk,%®
whose data were extracted from lentils and beans, found no asso-
ciation for high legume consumers and BC risk (OR = 0.89, 95% CI
0.65—1.20). The evidence linking legumes and the risk of BC is
limited, but they could be protective.

Red meat

The evaluation of meat as a risk factor for BC was initially
focused on its role as a source of dietary fat or animal protein.
However, the study by Toniolo et al.®*found that meat intake but
not of total fat or protein increased the risk of BC significantly.

One of the Uruguayan studies® reported an OR = 4.16 (95% CI
2.26—7.67) among the highest red meat consumers, after adjusting
by calories. The increase of risk was even stronger for fried
(OR = 5.31,95% CI 2.77—10.2) than for broiled meat (OR = 2.21, 95%
CI 1.18—4.14), however, there was no effect found for boiled meat,
characteristic of stew (OR = 1.02, 95% CI 0.47—2.20). A possible
effect of cooking at high temperatures was posed, a hypothesis
sustained in our next paper by estimation of production of
heterocyclic amines (HCAs) in the cooking process.’ These
substances (imidazoquinolin [IQ], fenylimidazopiridin [PHiP] and
methylimidazo-quinoxalin [MelQx]) displayed significant 2- to
3-fold risk increases for the high consumers. The risk associations
were: for IQ an OR = 3.34 (95% CI 1.85—6.02), for PHiP an OR = 2.59
(95% CI 1.42—4.70) and for MelQx an OR = 2.13 (95% CI 1.27—3.55).
Among postmenopausal women, the increases of risk were even
stronger for IQ (OR = 3.80, 95% CI 1.90-7.60) and for PHiP
(OR = 3.31, 95% CI 1.60—6.87).

If meat consumption plays any role in the etiology of BC, it is
possible that the risk could be related to meat, not as a fat and
protein source, but preferably as a source of mutagens and/or
carcinogens, specifically HCAs, N-Nitroso compounds and poly-
cyclic aromatic hydrocarbons. Some HCAs are powerful mammary
carcinogens in rodents,’ have affinity for the mammary gland and
could be risk factors for BC in humans. Currently, we accept that
meat-rich diets, in particular red meat cooked with direct heating,
increase the risk of BC.

Poultry

The literature has been relatively inconclusive about the rela-
tionship between poultry consumption and BC risk. In general, no
association was found between the intake of poultry and the
disease.”! We studied the intake of chicken!® in Uruguay, as a result
of which important differences were described. Firstly, chicken
with skin prevailed among BC cases, whereas controls without
cancer preferred mostly skinless chicken (p = 0.0008). The high
intake of chicken with skin displayed an increase of risk (OR = 1.54,
95% C10.86—2.77, p for trend 0.02), while the high intake of skinless
chicken was associated to a reduction of risk (OR = 0.42, 95% CI
0.23—-0.79, p for trend 0.04). In contrast, total chicken was associ-
ated to a non-significant reduction of risk of BC (OR = 0.78, 95% CI
0.42—1.47, p for trend 0.056). The preparation and consumption
forms constitute a probable explanation for the absence of associ-
ation reported in studies, including the prior Uruguayan studies.
This could be based on the presence of fats in the chicken skin, as
well as the production of HCAs in the skin surface, due to the
cooking method. It is not unlikely that despite the preparation form,
potential protection might derive from skinless poultry meat as
well a potential damage could derive from this meat having its skin.

Feeding conditions for animals might represent an additional
reason for the inconsistencies reported in the literature. Currently,
poultry are usually exposed to special methods to enhance their
growing process and development, which include supplements of
corn seeds and other products while they are confined to reduced

spaces. As consequence, their flesh can accumulate high contents of
Q-6 PUFAs instead of the natural Q-3 PUFAs that would derive from
eating a variety of their animal and vegetable sources if they could
grow free in farms. In conclusion, it has still not been defined
whether diets high in poultry have any association with BC. Prep-
aration forms could be related to the disease.

Fish

Some epidemiologic studies suggest that high consumption of
fatty fish is associated with a reduced risk for breast cancer®’? but
usually results refer lack of association to BC.”>~7> Moreover, most
experimental research supports a possible protective effect for the
fish oil in the mammary tumorigenesis’® The contribution of Q-3
PUFAs, as will be described further, could be a possible explanation
of the observed protective effects.

A study in Uruguay'® revealed that the intake of not fried fish
prevailed among controls (p = 0.008). While the latter was signif-
icantly protective (OR = 0.48, 95% C1 0.24—0.93), fried fish increased
the risk of BC significantly (OR = 1.99, 95% CI 1.02—3.88)'® Such
difference in cooking methods might be also based on the imbal-
ance of Q-6/Q-3 PUFAs they imply: fried fish usually belong to lean
species (which are low Q-3 contributors), and at the same time, the
most common oils used to fry are sunflower and soy oil (which are
high Q-6 contributors). Hence, the result of this cooking method
represents each time an intake of several Q-6 grams which are not
counterbalanced by dozens of Q-3 milligrams.

Again, as it happens with poultry, similar considerations can be
made about fish preparation and consumption forms: when they
are queried together, several studies possibly do not show the
difference that might actually exist, due to partial or total effect
cancellation. It should be taken into account that cooking methods
involving frying may determine the association of Q-6 PUFAs to
fish, with which the Q-6/Q-3 PUFAs ratio would lead to values that
are potentially deleterious. Also, most studies on fish consumption
and BC are limited by their lack of distinction between fatty (blue)
and lean (white) fish. In short, although the evidence is considered
still insufficient, fish-rich diets could reduce the risk of BC.

Dairy

Several studies analyzed the relationship between dairy prod-
ucts and the risk of BC. Evidence from more than 40 case-control
studies and 12 cohort studies does not support an association
between dairy product consumption and the risk of BC.”’

A Uruguayan study'® reported several associations between
dairy foods and the risk of BC, most of them with an increase in risk:
whole milk (OR = 2.84, 95% CI 1.38—5.84), chocolate milk
(OR = 2.85, 95% CI 1.06—7.69), total milk (OR = 1.99, 95% CI
1.04—3.83), dambo cheese (OR = 1.66, 95% CI 0.86—3.19), gruyere
cheese (OR = 1.93, 95% CI 1.05—3.55) and ice cream (OR = 1.98, 95%
CI 1.07—3.66), mainly displaying a dose-response pattern. Besides,
an inverse and significant association was found with skimmed
yoghurt (OR = 0.29, 95% C1 0.15—0.58), total yoghurt (OR = 0.41, 95%
C10.22—-0.79) and ricotta cheese (OR = 0.45, 95% CI1 0.24—0.83), also
with a dose-response pattern. Although the fat intake pattern
suggested by the dairy consumption might keep an obvious rela-
tionship, butter—the food item with the highest fat con-
tent—displayed an unexpected lack of association, suggesting that
other components than fats could be also responsible for the risk
association. Both intakes at age 18 showed rather similar results
than in adulthood: while milk consumption was positively associ-
ated (OR = 2.66, 95% CI 1.39—5.08), butter consumption displayed
a non-significant negative association (OR = 0.49, 95% CI
0.23-1.07).

Since other items (milk + yoghurt, total cheese, dairy) showed
no association, results suggested that perhaps when epidemiologic
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studies included items labeled as “milk”, “cheese” and “yoghurt”
possible hidden differences coming from their varieties could have
led results to the null. To summarize, the evidence on dairy
consumption and BC is inconsistent, but according to our results
skimmed and fermented products could reduce the risk of the
disease.

Nutrients and bioactive substances

Fats

High-total fat diets possibly increase the risk of BC. Inconsis-
tencies are shown by opposite results in different kinds of epide-
miologic studies, but there are also directly or indirectly plausible
biological mechanisms which have been proposed. Perhaps dietary
fat intake may have more influence on BC risk when it occurs
within an estrogen-rich environment. The relative distribution of
various fatty acids seems to be more important as a risk factor for
BC development than a high fat intake3! In particular, mono-
unsaturated fat and the Q-6/Q-3 PUFAs ratio demonstrate more
potential to influence BC risk.>? Nevertheless, total fat has also been
found to be associated to the risk of the disease.”®”® Our study on
fat intake!® showed a non-significant increase in risk for the highest
consumers of total fat (OR = 153, 95% CI 0.89—2.62), with
a significant trend (p = 0.01).

Saturated fats

Since there are evidences of a positive association,®° lack of
association®! and a protective effect of stearate3>83 the evidence is
not conclusive.>® The Uruguayan study'® showed no association
between saturated fat intake and the risk of BC (OR = 0.89, 95% CI
0.34—2.07, p for trend 0.56).

Monounsaturated fats

In countries where populations have a typical Mediterranean
diet (such as Spain, Greece and Italy, where virgin olive oil is the
principal source of fat) cancer incidence rates are lower than in
northern European countries.®* The belief that the protective effect
of olive oil is based on the high content (72% in average) of
a monounsaturated fatty acid (MUFA), oleic acid, has its weakness.
Such fat (also called Q-9 fat) can be found in non negligible
amounts (22—53%) in the fat of beef, chicken (even in the skin) and
also in other vegetable oils as corn, peanut, soy and sunflower ones,
within the range of 23—50%. The problem is posed by the fact that
several fats and oils rich in oleic acid are highly associated with
increased risks of breast and colon cancer in humans. In fact, our
study on fat intake!® showed a non-significant increase of risk for
the highest quartile of MUFA (OR = 1.50, 95% CI 0.69—3.23, p for
trend 0.55), which could be expected having in Uruguay staple
foods as meat and sunflower oil. Besides, recent studies remark that
oleic acid can suppress the overexpression of HER2 (erbB-2), a well-
characterized oncogene playing a key role in the etiology, invasive
progression and metastasis in several human cancers.>86

Polyunsaturated fats

The Q-6 (linoleic) and Q-3 (a-linolenic) PUFAs are essential fatty
acids. Arachidonic acid is the final Q-6 PUFA, as well as docosa-
hexaenoic (DHA) and eicosapentaenoic acid (EPA) are the final Q-3
ones. While arachidonic is easily synthesized, the human body has
inefficient mechanisms to convert a-linolenic acid into DHA and
EPA. Original sources of DHA and EPA are fishes like salmon,
herring, trout, tuna, sardines, mackerel and codfish. The benefic
role of sufficient Q-3 PUFAs and the deleterious one of excessive
Q-6 PUFAs is due to their derived eicosanoids (prostaglandins,
tromboxanes, leukotrienes), which are the final effectors of the
PUFAs’ actions.” Some populations which have a high intake of

foods that are Q-3 sources are less afflicted with BC.3* Recent
research found that the combination of a high level of Q-3 (in sea
animals), low level of Q-6 (in vegetable fats) and a high intake of
monounsaturated fats (in olive oil)—which are components of
Mediterranean diet—were a potent “anti-HER 2 cocktail”.8

Our study on essential fatty acids,'? performed in women of the
public hospital system reported an increase of risk associated to
high intake of a-linolenic acid (OR = 2.76, 95% CI 1.08—7.03) and
also a risk reduction for high intake of linoleic acid (OR = 0.24, 95%
CI 0.12—0.45). Another study in women of the prepaid healthcare
system in Uruguay'” has also found a stronger negative association
of high consumption of Q-3 PUFAs (EPA + DHA) among younger
women (less than 54 yrs old) than for the older ones (OR = 0.20,
95% CI1 0.04—0.96 vs. OR = 0.67, 95% CI 0.26—1.76 respectively). The
odds ratio for the highest tertile of intake of Q-6 PUFAs was also
higher among the younger subset than the older one (OR = 7.20,
95% CI 1.45—35.7 vs. OR = 4.05, 95% CI 1.65—9.94 respectively). As
a consequence, the highest tertiles of Q-6/Q-3 ratio displayed
a positive association among pre-menopausal women (OR = 5.51,
95% CI 1.77—17.2), but not among postmenopausal ones (OR = 1.09,
95% CI 0.55—2.13). The evidence suggests a risk association of Q-6
PUFAs and a protective effect of Q-3 PUFAs with the risk of BC.

Cholesterol

The analysis of several cohort studies has not shown an asso-
ciation with cholesterol intake. Although most studies which
examined cholesterol intake?>3%8% have not communicated any
significant association either, in the Uruguayan study'® the highest
cholesterol intake showed significant risk increase (OR = 4.31, 95%
CI 2.11-8.81), stronger than for other fat components like a-lino-
lenic acid (OR = 2.76, 95% CI 1.08—7.03), monounsaturated fat
(OR = 1.50, 95% CI 0.69—3.23) or saturated fat (OR = 0.84, 95% CI
0.34—2.07). We accept that cholesterol-rich diets could be associ-
ated with the risk of BC, but any conclusions seem premature.

Carotenoids

The relationship between B-carotene or carotenoids and the risk
of BC has been assessed in different studies.”®~%° Lycopene intake
was one of the strongest protective habits in Uruguayan women'’s
diet (OR = 0.30, 95% C10.19—0.47). Also B-cryptoxanthin (OR = 0.52,
95% CI 0.34—0.80) and a-carotene (OR = 0.52, 95% CI 0.34—0.80)
were significantly associated. Lutein/Zeaxanthin (OR = 0.66, 95% CI
0.43—-1.01) and f-carotene (OR = 0.72, 95% CI 0.47—1.10) also
showed negative but non-significant associations.'? Since lycopene
could partially explain the effect of total vegetables, and taking into
account that this carotenoid prevails in tomatoes, we analyzed the
risk associated with tomato and rich-tomato foods (i.e. pasta,
pizza). The intake of fresh tomatoes was associated with
a moderate and non-significant risk reduction (OR = 0.62, IC
0.36—1.06), whereas foods dressed with tomato sauce displayed
a strong and significant protective effect (OR = 0.30, IC 0.17—-0.52).
Results were consistent with Howe et al’s, who stated that lycopene
in tomato products cooked with oil were better absorbed than from
raw tomatoes.”® Considering the evidence, we accept that high
dietary levels of carotenoids probably reduce the risk of BC.

Phytoestrogens

Phytoestrogens are weak estrogens whose source are mainly
vegetables and can be found in soybeans and unrefined cereals, as
well as in some seeds (flaxseed, especially). The main phytoes-
trogens are isoflavones (daidzein, genistein), coumestans and
lignans (enterolactone and enterodiol). Cereals and dietary fiber
constitute an important source of lignans, and are high in legumes.
Foods which are sources of phytoestrogens also were negatively
associated to BC risk'*: cereals (OR = 0.27, 95% CI 0.12—0.59),
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vegetables (OR = 0.47, 95% CI 0.30—0.73), legumes (OR = 0.53, 95%
CI 0.35—-0.81) and fiber (OR = 0.29, 95% CI 0.19—0.46). Tubers did
not show a protective effect (OR = 0.91, 95% CI 0.56—1.51). In
Uruguay, research focused mainly in exploring lignans,' the most
common ones in the Uruguayan diet. These substances displayed
strong risk reductions for the highest intake levels: enterodiol
(OR = 0.43, 95% CI 0.27—-0.66), enterolactone (OR = 0.55, 95% CI
0.36—0.85), total lignans (OR = 0.43, 95% CI 0.27—0.67) and also
isoflavones (OR = 0.62, 95% CI 0.40—0.95). Of them, significance
was found only among postmenopausal women.

Vitamin D

Lack of sun exposure, which would mean a deficiency of vitamin
D (VD), has been suggested as a possible risk factor for BC. Some
studies found a strong inverse correlation between BC and avail-
ability of sun radiation necessary for VD synthesis in the skin.9%8
These authors suggested that inadequate amounts of VD -associ-
ated to a low average intake- could be a significant risk factor for BC.
Besides, a recent analysis recognized the potential role of VD in the
prevention of BC.”> However, new studies are needed for example,
to find an optimal VD status and to define its appropriate
biomarkers in relation to protection against BC.!°C The relationship
with body fat content has been also studied: obesity increases the
risk of VD deficiency.®! Once the vitamin is synthesized in the skin
or orally administered it is stored in the body fat depots, making it
less available for subjects with high depots. Studies performed in
Uruguay in healthy pre-menopausal women'®? and in post-
menopausal women,'?? revealed insufficient levels of serum VD
with more marked deficit in the cold seasons. This fact led the
authors to consider the quoted low level of the hormone as
a potential risk factor or BC for Uruguayan women, which was cited
in a recent review on VD and BC.!®

The literature links VD tightly with some of the major features of
the insulin resistance syndrome. This metabolic frame provides
a biological basis to think that the frequent situations of insulin
resistance, BC and low VD levels are related to each other.
Considering that human breast cells have VD receptors, and that
many tumors express higher receptor levels than healthy tissues,
there is a biologically plausible basis for the hypothesis that VD has
a protective effect against BC. In summary, there is currently
important epidemiologic and experimental evidence supporting
a preventive role for vVD.!°

Anthropometric basis

Anthropometry is considered to be associated with the risk of
BC. In the last years the association between body mass index (BMI)
and BC was systematically examined by experts.2?3% The evidence
is showing a strong contrast: heavier women are at an increased
risk of postmenopausal BC in most studies, whereas a high BMI
represents a reduced risk among pre-menopausal women.!%4~106
Studies in pre-menopausal women revealed a lack of association
for some anthropometric measures (body size, BMI, fat distribu-
tion) in some populations, such as Chinese,'%%1% japanese,'%? or
African-American women."'? Different results were reported in
Caucasian women from Western nations. Recently, waist-to-hip
ratio was also associated with an increase of risk in pre-menopausal
Nigerian'"" and Asian-American women.!!?

Body composition was associated with 2-¢OH- and 16-aOH-
estrone levels: while thicker skinfolds were associated with higher
16-0:0H levels,' an increase in lean body mass was associated with
an improvement in 2/16-¢OH estrogens ratio.'® It has been sug-
gested that women at higher risk for developing BC due to low
2/16-00H estrogens may reduce their risk by participating in life-
style interventions such as exercise/calorie restriction.!®

Body composition

A recent Uruguayan study?? reported a negative association of
muscle fraction with the risk of BC (OR = 0.23, 95% CI 0.15—0.34),
while the fat fraction and the fat-to-muscle ratio (FMR) were
positively associated with this risk (OR = 3.90, 95% CI 2.62—5.80
and OR = 4.45, 95% CI 2.99—-6.62 respectively), always displaying
significant linear trends (p < 0.0001). The positive association of
FMR was found stronger among obese women (OR = 6.09, 95% CI
2.66—13.9) than in overweight ones (OR = 4.86, 95% CI 2.20—10.7)
or in normal weight ones (OR = 3.10, 95% CI 1.70—5.66). Increase of
risk found for FMR suggested us that both, fraction and amount of
the original components of weight, might play a role as possible
risk factors. Our findings related to the muscle fraction lead to think
about a protective role for the muscle mass. In response to
contraction the muscle produces some cytokines called “myo-
kines"116117 which are able to modulate the metabolic and immu-
nological response to exercise in several tissues. One of them,
Interleukin (IL)-6 works in a hormone-like fashion inducing lipol-
ysis and fat oxidation, also enhancing the synthesis of anti-
inflammatory cytokines and suppressing TNF-alpha production.'’®
Besides, IL-15 participates in the reciprocal metabolic regulation
between adipose tissue and skeletal muscle, by stimulating muscle
fibers to accumulate increased amounts of proteins,'® inducing
T-cell proliferation,®® enhancing NK cell cytotoxicity'' and pro-
tecting these immune cells and neutrophils from apoptosis.!?>123
IL-15 could play an important role in the control of fat deposition
in adipose tissue according to animal studies which showed
differences between normal and obese animals.'?*

Skeletal muscle is able to produce and release glutamine in
significant amounts (70—90% of the whole body pool).!>> Leuko-
cytes use glutamine at high rates'?® and the differentiation of
B-lymphocytes into antibody synthesizing and secreting cells is
glutamine-dependent.'?” On this basis we have hypothesized that
women with reduced and low active skeletal muscle mass
(sedentary ones) might have higher risks of BC, since they could
have been chronically exposed to a double inadequacy: a reduced
glutamine support for their immune cells as well as a lesser control
on lipolysis and fat deposition.??

Somatotype

A greater upper or central body fat distribution has been reported
in the literature mainly as associated with multiple hormonal and
metabolic changes including insulin resistance, hyperinsulinemia,
reduction of sex hormone-binding globulin levels, increase in
androgen levels, and the conversion of androgen to estrogen in
adipose tissue.'?8~130 Therefore, women having this pattern associ-
ated with increased risk for diabetes mellitus, hypertension and
cardiovascular disease may have theoretically higher risks of BC than
women whose fat is mainly distributed over hips, buttocks, and
lower extremities. Since BC is a multifactorial disease, a Western
lifestyle may act on the incidence of BC through an influence on body
fat distribution and resulting changes in sex steroid availability.">!

Besides, we have found that certain body measurements were
associated with BC risk among the Uruguayan population, regard-
less of the menopausal status and BMI level, using the somatotype
method.?! To our knowledge, this was the first report on anthro-
pometry and BC using this method. Cancer cases showed a higher
endomorphy (adipose concentration mainly in hips, buttocks and
thighs) than healthy controls. Endomorphy displayed positive
associations with BC risk for the whole sample (OR = 2.82, 95% CI
1.70—4.70), stronger among pre-menopausal women (OR = 4.98,
95% CI 2.25—11.0) and among women with normal body weight
(OR = 5.12, 95% CI 1.38—19.0), with a dose-response pattern in all
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analyses. However, heterogeneity tests have not demonstrated
differences between subsets in any of both analyses. Taking into
account, on one hand, that mean weight values for cases and
controls were similar and, on the other hand, that the selected
skinfolds were notably thicker among cases, there is evidence for
a different distribution of their weight, taking into account the
adipose component.

We found that a high endomorphy (quite similar to the gynoid-
type obesity) was positively associated with the risk of BC. Regarding
this, a higher aromatase activity occurring in these body regions'>?
could be a plausible explanation for the reported results. We also
found similar waist-to-hip ratios in cases and controls, not sug-
gesting differences regarding their central-type obesity. These
somehow unexpected results enable us to think that ethnicity
factors should be taken into account, in view of the different
ancestries that Uruguayan women have when compared with North
Americans, Scandinavians or others from first world countries.

Facing the future

Favorable evidence has been reported in the last years, regarding
the potential utility of diet, weight management and physical activity
in BC survival.®>~0 The rationale for using Q-3 PUFAs in cancer
prevention and treatment was discussed in a recent review.'!
According to the existing evidence, if there were positive results in
the short lapses in which survival was analyzed—disease-free and
global one—age should not be an obstacle to perform an attempt
towards primary prevention through a nutritional strategy.

There would be basically two main dietary orientations: a “far
Eastern” style (based on an increase of soy-derived products as beans,
flour, tofu) or a “Mediterranean” style (based on fish and sea foods,
olive oil, tomatoes). This latter, which is not strictly a low-fat style, is
also related to the main ancestors of the Uruguayan population (Spain
and Italy). When compared to the former style, diets having a long co-
evolution of antigen tolerance would be advantageous.?' Substitution
of common oils by extra virgin olive oil in the preparation of foods
might constitute a strong advance towards protection against BC,
considering the evidence in the last fifteen years.

From our viewpoint, the following changes could be of utmost
importance for the population: increasing the intake of Q-3 fatty
acids, tomatoes and citrus fruits; dramatically reducing the Q-6 fatty
acids by replacing common vegetable oils with extra virgin olive oil;
reducing the red meat — grilled, barbecued or fried — intake; having
an intake of white meat not prepared with direct heat; having an
intake of skimmed dairy products; including a supplementation of
vitamin D; avoiding alcohol consumption; having a low intake of
high-glycemic index foods; and achieving as well as maintaining an
adequate adipose level through some physical exercise.

We should remark that, to our knowledge, there are no pub-
lished studies indicating that a prudent diet is risky or pejorative
for health: some studies report negative associations (reductions in
the risk of developing the disease or improvements in the disease-
free survival as well for the global survival), and some other studies
find no associations. No secondary effects derived from prudent
diets have been described. This is a relevant difference with testing
a pharmaceutical drug or other sort of therapy, for which we must
evaluate pros and cons, in order to assure a favorable cost/benefit
ratio for patients. Considering a vegetable- and fruit-rich eating
style, the worst possible scenario would be the absence of
a protective effect. But no health damage is expected to be suffered
as a consequence of it. Furthermore, some additional benefits
regarding cardiovascular and metabolic risks are expected to occur.
Thus, if the proposed change has no risks, there would be no solid
arguments for not encouraging women (with or without BC) to try

a nutritional change, as an attempt to reduce the risk of developing
BC or even also as an attempt to increase survival rate.

We should emphasize that the proposed nutritional changes
involve not only the woman herself (who is not always a patient) but
also the family nucleus she lives with. That will allow any kind of
dietary modifications to be more acceptable and feasible to execute.
One of the major issues is daughters: they could reduce the time of
exposure to an inadequate dietary style, if there actually was any at
present. If the woman has been afflicted with a BC, the benefit for the
daughters is high, because history of BC in the mother implies
a higher risk of the disease for those daughters. In the future it will not
be the same if a woman with a high family risk follows an adequate
nutritional style than if a woman continues displaying excessive and
defective nutritional patterns. This could be called transgenerational
prevention, and it is an obligation for authorities to think of the next
generation’s health, profiting from the existing knowledge.

Epigenetic changes of DNA and histones, as example of inher-
itable alterations in gene expression that do not involve changes
in DNA sequences, are known to be involved in cancer. Two
important epigenetic changes that contribute to disease are
abnormal methylation patterns of DNA and modifications of
histones in chromatin. Epimutations, such as the hyper-
methylation and epigenetic silencing of tumor suppressor genes,
have revealed new areas for interventions, considering therapies
or strategies for disease control. Dietary exposure during preg-
nancy and puberty may play an important role in determining
later risk by inducing epigenetic changes that modify vulnerability
to BC.¥? For example, prepubertal exposure to estradiol or gen-
istein leads to a long-lasting up-regulation of BRCA1 mRNA in the
rat mammary gland,'*® suggesting an increase in DNA repair
capacity. Therefore, the exposure of a child or adolescent daughter
to a protective dietary style will generate a stronger risk reduction
than the one achievable by adult women. All the years of differ-
ence between the ages of the mother and the daughter (namely
20 to 35 years) run favorably towards the latter. With this long-
term period of healthier exposure, the next generation could
achieve a risk level which would be lower than their prior one.
Furthermore, this concept should be expanded: intrauterine life is
now also important concerning BC risks. An experimental study
on rats showed years ago that the generation delivered by
mothers fed with high Q-6 PUFAs rich diets had puberty onset at
a younger age, more terminal end buds in their glands and
a higher frequency of BC than those ones fed with a standard
diet.!** On the contrary, a diet supplemented with Q-3 PUFAs
reduced the cancer risk in the next generation, showing more
mammary gland differentiation.’*®> An extrapolation from the
animal model to humans enabled us to think that the potentiality
of risk increase or reduction to develop the disease from intra-
uterine life is feasible and it might be modulated beginning with
a dietary style. Probably adult intake of some bioactive dietary
components reduces cancer risk increased by early life dietary
exposure, or inhibits tumour growth by reversing epigenetic
changes in various molecular targets.'**The rationale for dietary
interventions mainly centered on energy expenditure, fat intake
and plant intake was recently reviewed.'¥’

The possibilities of a tailored protective dietary style for a close
future might exist, led by nutrigenomics of BC. It would have three
potential targets to impact: hormonal, metabolic and toxic. Recent
epidemiologic studies have reported that certain genetic poly-
morphisms in several genes encoding biotransformation enzymes
are or could be associated to an increased risk of developing BC.4°
However, the identification of those who will or will not benefit
from dietary intervention strategies remains a major obstacle.
Adequate knowledge about how the responses depend on an
individual’s genetic background (nutrigenetic effects), as well as
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the cumulative effects of food components on genetic expression
profiles through nutrigenomics, may assist in identifying
responders and non-responders.

Concluding remarks

Based on all the aforementioned concepts, accepting that
a preventive strategy for BC is covered only by having periodical
medical consultations and mammograms seems inadequate.
Achieving an impact on the nutritional field means doing some-
thing else for breast health than early detection. A primary
prevention strategy added to secondary prevention will allow for
even better results, not only in reducing mortality but also
contributing to a reduction in incidence. There are several chal-
lenges (i.e. behavioural) to be faced in order to achieve the success
of such nutritional prevention. Our ultimate goal is to support an
intervention strategy for breast health promotion that is culturally
appropriate for a specific population. What we are proposing to do
in primary prevention is mainly a quantitative and qualitative
change in the bioavailability and exposure to the own estrogens, in
other words, to manage fewer and better hormones.

Mass and sustained nutritional changes are needed to achieve
any effect on the incidence of BC. Undoubtedly—at least, consid-
ering what depends on this factor—we cannot expect immediate
changes about the current situation of the disease. Assuming the
best possible scenario, if there were a mass change of habits
directed towards a healthy style, we might be able to witness
a reduction in incidence rates among some populations after the
next 20 years. These processes take long time, thus, the perspective
from the current knowledge suggests that it would be risky to
suggest such a prognosis before the aforementioned time.

The existing literature has enabled us to express the potential
convenience of some recommendations that are aligned with the
general ones suggested internationally,”>3° but that are also
different from them, since the background of ours combines
international with local evidences. Particular emphasis was placed
on findings derived from local epidemiological studies. It would be
convenient to recommend on this basis, if it is feasible to do so. It
makes no sense to wait still ten years or more to suggest recom-
mendations, when probably some significant international studies
will show positive results, especially if such recommendations are
of high additional benefit to vessels, metabolism, joints and as
protection against developing other cancers. In the meantime, it is
medically and ethically justified to recommend some nutritional
changes to patients and to healthy women. This would at least
constitute an attempt at low cost intervention without adverse side
effects, contrary to those one can expect from drug treatments.
While there is no clear evidence that any specific dietary compo-
nent can effectively reduce BC risk, '8 the fact that several measures
have convergence on the control of amount and quality of estro-
gens is something we can profit from.

Published studies show that a healthy dietary pattern and an
adequate body composition can be either protective or not asso-
ciated with the risk of BC. Nevertheless, since there are no studies —
to our knowledge — showing that an apparently healthy lifestyle
increases the risk of BC, any type of counterargument avoiding or
discouraging this possible strategy from consideration for primary
prevention of the disease sounds weak and unsupported.
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