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   Preface   

 Since several decades ago, breast cancer has been recognized as the most frequent 
malignant tumour among women in the world. Although it is an extremely known 
and frequent health problem in developed societies it has been recently emerging as 
a new situation in developing countries. These latter have witnessed a sustained 
translocation of cervical cancer moving downward from the fi rst place in their 
cancer rankings while breast cancer aroused fi rmly to the top. Such changes have 
usually taken place together with the positive evolution of certain indicators of 
human development. Breast cancer 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. 

 From the beginning of our epidemiologic research on breast cancer next to two 
decades ago up to now, we still believe like then that the disease constitutes a major 
intellectual challenge of oncology. It is so in all its features, from the molecular and 
biological ones, through the clinical ones such as its diagnosis and therapy up to the 
prevention. Why? Because breast cancer, which is a complex hormonal, metabolic 
and immune problem, does not offer the possibility of a simple diagnosis like a 
cancer of the cervix uteri, nor a preventive strategy can be so effi cient as smoking 
ceasing is for prevention of lung cancer. Breast cancer is much more complex than 
that. Perhaps we only are in the way towards better solutions to the problem. 

 Breast cancer is an essentially preventable tumour, through the different ways 
that prevention can be developed. Although secondary prevention or screening is 
currently the accepted way to impact on mortality due to diagnosis of early and even 
non-palpable tumours, primary prevention has begun lately to emerge as a useful 
tool to face the problem. Primary prevention attempts to reduce the incidence of the 
disease through a reduction in the exposure to risk factors, through an increase in 
exposure to protective factors, or both combined. The risk reduction through infl u-
encing on dietary factors could reach a base of 30–35%, which is non-negligible and 
could overcome a 60% when including body composition, physical activity, metabolic 
diseases such as insulin resistance, hypovitaminosis D, diabetes and also psychosocial 
stress. What we are proposing to do in primary prevention is mainly a quantitative 
and qualitative change in the bioavailability and exposure to estrogens. 
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 Epidemiologic case-control studies on nutrition and breast cancer carried out in 
Uruguay since 1994 to the present time, allowed us to explore and identify the main 
risk and protective factors for the disease in this country. Research has been performed 
at institutions within the frame of public hospitals as well as of the pre-paid healthcare 
system, something that enabled us to be highly comprehensive regarding the local 
population at risk. Albeit in a small scale but mostly original, the papers generated 
by our research group have seen the light mainly through international specialized 
journals. Furthermore, a few years ago the National Academy of Medicine of 
Uruguay awarded our monography entitled “Epidemiología Nutricional del Cáncer 
de Mama” with a national Prize – which derived in the publication of a limited edition 
of a book in Spanish –. This was a new step given by our team. The logic satisfaction 
that it has meant for us is now followed by the publication of the present updated, 
expanded and improved international edition by Springer Publishers, due to which 
we feel highly encouraged and it probably represents a hallmark in our personal and 
collective research careers. 

 We believe that this technical material, supported by several hundreds of updated 
bibliographic references, will be certainly useful for all those who are interested in 
the area. Whether the book somehow contributes in expanding the knowledge and 
view of the disease among health professionals – from the prevention to the treatment 
fi elds –, our effort will have been worthwhile. 

 The editors         
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 Breast cancer (BC) in women is a major health burden worldwide. It is the most 
frequent cause of cancer among women in both developed and undeveloped societ-
ies (Fig.  1.1 ), and is responsible for more than one million of the estimated 10 million 
of cancers diagnosed worldwide each year in both sexes  [  1  ] . It is also the primary 
cause of cancer death among women globally, responsible for 23% of the total new 
cancer cases and 14% (458.400) of the total cancer deaths in 2008  [  2  ] .  

 Figure  1.2  shows the geographical variation in BC incidence worldwide, as esti-
mated for the year 2008. The highest incidence rates occur in Northern and Western 
Europe, North America, Australia and New Zealand, Israel and in Southern Latin 
American are two exceptions: Uruguay and Argentina. According to GLOBOCAN 
 [  2  ] , the incidence age-adjusted rate in the more developed areas is currently 
66.4/100.000 women compared to 27.3/100.000 in the less developed areas. Also 
mortality is higher in the developed societies, when it is compared to the one in the 
less developed countries: 15.3/100.000 vs. 10.8/100.000 respectively. Cancer survival 
tends to be poorer in developing countries, most likely because of a combination of a 
late stage at diagnosis and limited access to timely and standard treatment  [  3  ] .  

 Although BC is still a major public health issue in developed societies, its inci-
dence has been rising in several developing countries over the past few years. 
International data  [  1  ]  indicate that Uruguay is among those with the highest rates in 
the world. Furthermore, its capital city, Montevideo, displays the highest incidence 
rate for a city until new data are published. Albeit Uruguay is a South American 
developing country, it shares some features of developed societies, i.e. a very high 
level of red meat consumption  [  4  ] , a high human development index (50º in the world 
ranking according to United Nations, by factors as birth rate, infant mortality, life 
expectancy, literacy among others)  [  5  ]  and an aged population  [  6  ] . In other words, a 
developing country has displayed a high occurrence of a disease typical of developed 
countries. 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  [  7  ] . 

 Being a developed country is not mandatory for having high incidence rates: Japan, 
for example, has lower rates than the quoted countries from Northern hemisphere. 
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Conversely, countries as Uruguay and Argentina have shown higher rates in the 
region than in the rest of the Latin American developing countries. 

 As a result of the ‘westernisation’ of lifestyles (change of habits, stronger urban-
ization, increase of educational levels) the occurrence of BC increases. The inci-
dence ranking of the last years has notably changed, due to the rise. The most rapid 
rises have been seen in developing countries, including some of them which belonged 
to the former Soviet Union and some other underdeveloped ones, where BC risk has 
historically been low relative to industrialised societies  [  8  ] . Urbanization implies an 
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  Fig. 1.1    Bar graphics showing the incidence of female cancers in the world       
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increase in job types that are less active than rural ones: outdoor jobs performed by 
women, regardless of their conditions, are associated with high caloric- and fast-foods 
and this is favourable for the development of health problems such as excess weight 
and obesity. Also psychosocial stress might play a role  [  9  ] , albeit it can be diffi cult 
to quantify. Higher educational levels correspond to a reduction in the average number 
of pregnancies and births, an increase of age at the fi rst birth, as well as reduced 
times of breastfeeding. 

 Therefore, as a consequence of changing exposures to reproductive and nutrition-
related determinants over time, it should be recognized that women are at increas-
ingly high risk of BC in most regions of the world during the past few decades  [  8  ] . 
The most severely affected women from developing countries, at least within the 
Latin America region, 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. Due to such socio-economic and environmental factors, 
we have recognized that these women belong to a “fi rst world” within the third world 
 [  10  ] , in other words, women have been acquiring a profi le which is closer to that of 
women in industrialized countries. Additionally, an increased screening intensity can 
explain partially the quoted rise in incidence  [  11  ] . 

0 18.9 27.2 40.1 67.5 110
Age-standardised incidence rates per 100,000

Roll over the map for country rates.
Click onto the map and zoom with mouse wheels

GLOBOCAN 2008, International Agency for Research on Cancer

Breast Cancer Incidence Worldwide in 2008

  Fig. 1.2    Breast cancer incidence worldwide: age-standardised rates (world population) (Source: 
Ref.  [  2  ] )       

 



4 1 General Epidemiology of Breast Cancer

   Risk Factors 

 Estrogens were recognized fi ve decades ago as the main risk factor for developing 
BC  [  12  ] . Currently, the importance of other risk factors different from the classic 
ones (menstrual and reproductive factors and family history of cancer) has been 
somehow underestimated until few years ago, in our opinion. In general, the high 
rates of BC in developed societies are a consequence of a higher prevalence of the 
known “classic” risk factors for the disease, many of which – early age at menarche, 
nulliparity, late age at fi rst birth, late age at any birth, low parity, and late menopause – 
relate to the hormonal (specially estrogen) milieu to which the breast is exposed 
from menarche to the cessation of ovulation at menopause  [  13  ] . 

 Previous knowledge on classic risk factors (menstrual-reproductive 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, scientifi c research has demonstrated that diet, fat excess and a low 
level of physical activity can also strongly affect the hormonal production and avail-
ability, independently from having or not any of the quoted “classic” risk factors 
 [  14,   15  ] . The higher parity and earlier age at fi rst pregnancy of women seen in many 
developing countries might account for part of the lower incidence of BC in these 
regions relative to developed countries. The greater risk for women from affl uent 
(developed) backgrounds is, however, outweighed by their lower mortality. On the 
other hand, women from deprived backgrounds often present more advanced stages 
of the disease, and this applies not only to BC but cancers in general  [  3  ] . 

 Exposure to exogenous hormones as oral contraceptives  [  16  ]  and hormone 
replacement therapy  [  17  ]  result in an increase in the risk of BC. Incidence rates in 
some of the developed countries, including the United States, United Kingdom, 
France, and Australia, sharply decreased from the beginning of the current century, 
in part due to a lower use of combined postmenopausal hormone therapy  [  18–  22  ] . 
On the contrary, BC mortality rates have been decreasing in North America and 
several European countries over the past 25 years, largely as a result of early detec-
tion through mammography and improved treatment  [  11,   23,   24  ] . 

 Excessive alcohol intake also seems to increase risk, with a recent re-analysis of 
53 studies indicating that about 4% of BCs in developed countries might be attribut-
able to its consumption  [  25  ] . The accompanying evidence on exposure to endoge-
nous and exogenous oestrogen indicates that the lifetime length of exposure to 
endogenous oestrogen has been increasing, which is consistent with upward trends 
in incidence of BC, particularly in developed countries. 

 The changing patterns of childbearing and breastfeeding, of exogenous hormonal 
intake and of dietary factors including obesity and reduced physical activity have 
certainly contributed to trends in incidence and mortality. Currently, the experts 
suggest that maintaining a healthy body weight, increasing physical activity, and 
minimizing alcohol intake are the best available strategies to reduce the risk of 
developing BC  [  26  ] . Early detection through mammography has been shown to 
increase treatment options and at the same time to save lives, although this approach 
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is not feasible in most economically developing countries due to its costs  [  27  ] . 
Recommended early detection strategies in these countries include the promotion of 
awareness of early signs and symptoms and screening by clinical breast examina-
tion  [  28  ] . The recognition that several particular factors have contributed to the 
incidence of BC in different populations worldwide has meant a major challenge. 
The underlying reasons are multiple and interactive. The analysis of the possible 
role of nutrition as an indicator of the major factor, lifestyle, and its relationships 
with BC is the main purpose of this book, since this information has potential impact 
on public health.      
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 In the preface of this book, BC was recognized as a complex hormonal, metabolic 
and immune problem. These areas combine themselves through “bridges” given by 
lifestyle. At the same time, we can simplify the concept of lifestyle, remarking what 
is the most important: nutrition (diet and anthropometry) and physical activity. 
These elements interact among themselves and the endocrine activity of ovaries and 
adipose tissue is modifi ed by the infl uence of the former ones. 

 Anthropometric measures are considered to be linked with risk of BC. There is a 
parallelism among BC incidence, dietary caloric excesses and obesity. These latter 
are enhancers of endocrine and metabolic phenomena associated to the develop-
ment of the disease. Whichever the factors were the conditioning ones, the resultant 
fact is  a frame of high levels of bioavailable estrogens all along the reproductive 
life and even after it , in the case of postmenopausal women. 

   Growth and Menarche 

 The rates of growth and early development in women are partially determined by 
nutritional factors, within a range of genetic potential. Fast growth speeds lead to 
earlier ages of puberty, which is an accepted risk factor for BC. Fast growth and 
development are evidenced by higher heights in childhood as well as in adulthood. 

 Prospective studies examined nutritional factors in girls as potential predictors of 
age at menarche  [  1–  3  ] . Items such as energy intake, total fat, saturated fat, proteins 
and other nutrients, and also some food groups like dairy, meats, legumes, vegeta-
bles among others were analyzed. No associations between among dietary factors 
previous to onset of menarche and its age were observed. One of the studies found 
a signifi cant association of high fat intakes with an earlier menarche, taking into 
account body fat and physical activity levels. Results also described a later age for 
menarche in girls with higher sport activity. 

 A previous study had found that high meat intakes were associated with an ear-
lier age at menarche  [  4  ] . An association between menarche with high level of energy 

    Chapter 2   
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intake was found, when adjusting for body weight  [  5  ] . Besides, ecologic studies 
showed that a high-protein or a low-fi bre diet was correlated with an earlier menar-
che  [  6  ] . Additionally, vegetarian girls experienced their menarche later  [  7  ] . Besides, 
whereas fat intake has increased, the average age of menarche has decreased along 
the last century  [  1  ] . Based on an analysis of several studies, Kelsey et al.  [  8  ]  con-
cluded that the earlier menarche is, is higher the risk of BC for a woman. 

 The thesis of a protective effect based on nutritional restrictions is based on a 
study about mortality of BC in Norwegian women, in particular in the cohort exposed 
to starve during the 2nd world war  [  9  ] . Those women who were exposed under such 
conditions during age of menarche had a lesser risk (−13%) for dying due to BC. 

 Although fi ndings led to a possible role of diet in sexual maturation, the study 
could not discriminate on the possible roles of fat, meats, energy or other dietary 
features. Following a similar orientation, studies performed in the Netherlands and 
Scandinavian countries are consistent in supporting a modest association between 
height and risk of BC  [  10–  12  ] .  

 THERE    IS CONVINCING EVIDENCE THAT A FAST GROWTH 
INCREASES THE RISK OF BREAST CANCER. 

   Caloric Restriction 

 Human and animal studies have given support for possible protective effects in the 
risk of BC of dietary energy restriction, through favourable changes in circulating 
levels of insulin, leptin, sex hormone binding globulin, insulin-like growth factor-1, 
estradiol, testosterone, reactive oxygen species, and the production and secretion of 
adipokines and infl ammatory cytokines, that is, increased adiponectin and decreased 
interleukin-6  [  13  ] . 

 More than 70 years ago experimental observations on caloric restrictions in the 
diet of mice reported an increase of their life expectancy and a reduction of degen-
erative diseases and cancer, especially in the breast  [  14  ] . Through wide varieties of 
tumour models, the reduction of energy intake has substantially and consistently 
reduced the occurrence of mammary tumours  [  15  ] , independently from the fat intake. 
Other study  [  16  ]  showed a reduction of incidence of breast tumours through caloric 
restriction, also keeping constant the fat composition of diet, suggesting that reduc-
tion of BC probably involves other factors as a delay in the onset of menarche, since 
the incidence reduction included other tumour types. Nevertheless, an increase of 
risk (+ 48%) was also found in Dutch women who were severely exposed to the 
famine during the World War II compared to those who were not exposed  [  17  ] . 

 Some benefi ts were achieved in primates through caloric reduction: increased 
insulin sensitivity, lower serum insulin levels and of some cytokines produced by 
adipose tissue, lower serum levels of total cholesterol and triglycerides, lower blood 
pressure and arterial stiffness, and a higher serum level of HDL cholesterol  [  18  ] . 
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Investigations confi rmed an improvement of maximal survival and of average life 
expectancy in similar proportions to the caloric reduction, also reporting a delay in 
the aging process followed by lesser number of cancer cases. 

 Restriction of calories by 10–40% has been shown to decrease cell proliferation, 
increasing apoptosis through anti-angiogenic processes  [  19  ] . In addition, reduced 
expressions of genes in the lipid metabolism and glycolytic pathways were recently 
reported as detectable in breast tissue following dietary energy restriction  [  20  ] . 
Mechanistic studies have shown that dietary energy restriction inhibits cell prolifera-
tion, creates a proapoptotic environment, and reduces blood vessel density adjacent 
to premalignant and malignant mammary pathologies  [  21  ] . 

 Animal and human data suggest that intermittent energy restriction may have 
cancer preventative effects beyond that of chronic energy restriction and weight 
loss. It seemed that an intermittent caloric restriction (i.e. one day weekly) could be 
more effi cient in the prevention of BC than the chronic caloric restriction, some-
thing which could have potential implications at the human level  [  13  ] , for example 
on metabolic disease risk markers  [  22  ] .  

 THE    EVIDENCE SUGGESTS THAT INTERMITTENT ENERGY 
RESTRICTION HAS A PREVENTIVE EFFECT AGAINST THE RISK 
OF BREAST CANCER. 

   The Body Mass Index 

 The Body Mass Index (BMI) is a measure of relationship between height and 
weight, usually expressed by the formula: weight/height 2 , in terms of kg/m 2 . There 
is an internationally known range, which is the following:

   < 18.5 kg/m 2  = malnourished  
  18.5–24.9 kg/m 2  = normal weight  
  25–29.9 kg/m 2  = overweight  
  > = 30 kg/m 2  = obesity, which could be a morbid type (BMI > =40)    

 In the last years, the association between BMI and BC has been systematically 
examined in expert evaluations  [  23,   24  ] . The available data have shown a contrast: 
Heavier women have been found to be at increased risk of postmenopausal BC in 
most studies, whereas BMI is inversely associated with the risk of cancer among 
premenopausal  [  25–  27  ]  women. Recently, high weight and body fat in elder women 
were reported as an independent risk factor  [  28  ] . Also, fat-free mass has been found 
positively associated with the risk of BC in postmenopausal women  [  29  ] . Absence 
of association in premenopausal women has been also described for certain anthro-
pometric measures (body size, BMI, fat distribution) in some populations such as 
Chinese  [  30,   31  ] , Japanese  [  32  ] , or African American women  [  33  ] , different from 
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what has been consistently described in the Western and Caucasian societies. Recently, 
waist-to-hip ratio was also associated with an increase of risk in premenopausal 
Nigerian  [  34  ]  and Asian American women  [  35  ] . 

 The BMI is highly correlated with body fat level, but it is very unspecifi c: even a 
highly muscled woman can have a BMI that is within overweight and that constitutes 
a mistake in itself. Furthermore, if an overweight person begins with an exercise plan 
with which he/she gains muscle mass and at the same time loses adiposity, it is likely 
that the weight increases and lead this person to think that he/she is not doing ade-
quately the plan. Since muscle is more dense than fat (similar volumes of the former 
are heavier than the latter), the inner changes might not be expressed adequately by 
the weighing scale. 

 In spite of these limitations, BMI has been very popular and accepted in the epi-
demiologic research because it is known that it is strongly associated with the amount 
of body fat and at the same time is extremely practical to be done and easy to calcu-
late. When we faced the study on the fat/muscle ratio  [  36  ]  we realized that in fact, 
BMI was highly correlated with the calculated fat weight (r = .67) but we also found 
a strong correlation with muscle weight (r = .57), in both cases very signifi cantly 
(p < 0.0001). Hence, BMI does not discriminate well between both components, sug-
gesting that muscle and fat effects might cancel each other out. Then we thought that 
perhaps the observations made in large populations indicating an inverse behaviour 
of BMI among pre- and postmenopausal women could reveal something: probably 
an elevated BMI refl ects a high correlation with fat in older women (in whom fat 
mass occupies a higher fraction) and a high correlation with muscle mass in younger 
women (in whom muscle mass is a higher fraction). The same measure seems to 
indicate a risk effect among ones and a protective effect among others, but it could 
be that indirectly refl ecting a different body composition.  

 A HIGH    BODY MASS INDEX COULD INCREASE THE RISK OF 
BREAST CANCER, BUT THE EVIDENCE IS STILL NOT ENOUGH 
TO STATE IT CATEGORICALLY. 

   Body Mass and Menopausal Status 

 The associations between body mass and BC have been widely investigated. On one 
hand, as it was quoted above, some prospective studies have shown that the BMI 
was signifi cantly and inversely associated with the risk of BC among premeno-
pausal women  [  37  ] , although with weak risks. On the other side, other studies 
showed that the current body weight and the weight gain were strong predictors of 
BC in postmenopausal women  [  38  ] . Lahmann et al. reported that in postmenopausal 
women not taking exogenous hormones, general obesity was a signifi cant predictor 
of BC, while abdominal fat assessed as waist-hip ratio or waist circumference was 



13Body Mass and Menopausal Status

not related to excess risk when adjusted for BMI  [  26  ] . In the same study, weight and 
BMI showed nonsignifi cant inverse associations with BC among premenopausal 
women. In this sense, the risk increases in women with low BMI at the end of ado-
lescence and who had overweight during adulthood. The inverse situation is also 
valid, that is, a reduction of risk when in a 30 year period women moved from over 
to under median BMI  [  39  ] . 

 Besides, other case-control studies have also found an association between obe-
sity and increased risk of BC among postmenopausal women  [  40–  42  ] . Few studies 
have found an increased risk association in both pre- and postmenopausal women 
 [  23,   43  ] . The available data suggest some type of interaction between BMI and 
menstrual status. 

 A review of some years ago recognized that some of these epidemiologic studies 
in postmenopausal women indicate a relatively higher risk for obese women than in 
other studies  [  44  ] , but it is also evident that a clear cutpoint of BMI still does not 
appear and this latter cannot be managed as a fi x international reference, since there 
is so much variability among populations as currently exist. It is obvious that mor-
phologic differences between Anglo-Saxon and Hispanic women could turn inac-
curate the same cutpoints of BMI: for example, “overweight” can be a very clear 
strip among the former ones and not so much in the latter. 

 Concerning the inverse relationship between body weight and risk of BC in pre-
menopausal women (the higher BMI, the lesser risk and viceversa), the specialized 
literature hypothesized that it could be due to an effect of obesity on the anovulatory 
cycles. Less ovulatory cycles could be associated with a reduced risk of BC  [  45,   46  ]  
and obesity could derive into a state of frequent anovulation  [  47  ] . 

 Regarding postmenopausal women, we will repeat again further in the present 
book that obesity can increase the risk of BC by changing the endogen estrogenic 
levels through a higher androgen aromatization. Adipose tissue does not have the 
capability of synthesizing hormones de novo, but in compensation it accounts for the 
appropriate biochemical machinery to transform circulating steroid hormones, par-
ticularly those produced at adrenal glands. More than 20 years ago, it was reported 
that premenopausal women from countries with caloric excesses (North America, 
some Western European countries) had higher hormonal levels compared to those of 
women from countries without caloric excesses, as rural Chinese women  [  48  ] . These 
differences were also observed in postmenopausal women: the more advanced was 
the age, the higher were such differences. 

 Particularly in the postmenopausal woman, from the moment of the permanent 
cessation of  ovarian  function, the estrogen synthesis will be produced mostly by 
adrenal glands and the adipose tissue. In the last two decades, it has been recognized 
that the adipose tissue, far from being only a compartment of fat reserves, is a func-
tionally active organ. When it is exceeded in its fat content, the adipocytes produce 
pro-infl ammatory cytokines, which stimulate the insulin resistance and promote the 
development of new vessels (pro-angiogenic), among other capabilities. The envi-
ronment around the adipose tissue is unique in the sense that it offers a growth devel-
opment for transformed cells, such as BC cells. In addition, adipose tissue is the only 
organ with an unlimited growth potential at any stage of human life. In order to 
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 accomodate the fat depots (mostly triglycerides) the adipocyte can increase its diameter 
up to 20 times, equivalent to a possible volume increase in hundreds of times.  

 A LARGER    BODY MASS PROBABLY INCREASES THE RISK 
OF BREAST CANCER, BUT RESTRICTED TO THE 
POSTMENOPAUSE. 

   Weight Gain 

 Along the past decade, several studies have remarked that weight gain between 
adolescence and adult age is linked to BC. Having as base age 18 years old – the age 
in which the body development of a woman has the basic adult build-weight gain 
is generally associated with an increased risk of BC  [  38  ] . A double risk has been 
reported for a gain of 25 kg compared to those women that increased only 2 kg  [  49  ] , 
although this was observed only among women who had not received hormones in 
the climacteric. An increase of 77% was observed in Uruguayan women of mid-to-
high social classes who gained more than 12 kg between age 18 and adulthood, 
when compared to the lowest tertile (from weight loss up to 3 kg of weight gain) 
The studied subpopulations differ notably, since in around 2,000 patients recruited 
at public hospitals (where low social strata are admitted), weight gain does not keep 
association with the risk of BC  [  50  ] . 

 Body fatness at young ages has a strong and independent inverse relation to BC 
risk throughout life  [  51  ] . We can state that in general there is an agreement about the 
fact that an important weight gain through adulthood is associated to a risk increase 
 [  52  ] , apparently also the same among BRCA 1/2 mutation carriers  [  53,   54  ]  and that 
the maintenance of a normal weight as well as the reduction of an overweight are 
associated to a reduction of BC risk. Talking about body weight, we are taking into 
account mainly the weight of body fat, which has been the major body component 
associated to the disease.  

 AN EXCESSIVE    WEIGHT GAIN FROM THE ADOLESCENCE TO 
ADULTHOOD INCREASES THE RISK OF BREAST CANCER. 

   Central Obesity 

 There have been studies which examined regional adiposity (localized) and the risk 
of BC  [  55–  59  ] . In these works – except for the Dutch study  [  58  ]  – a positive associa-
tion of central adiposity (abdominal, android type) with the risk of BC was found: the 
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more adiposity, the higher the risk. Among premenopausal women the association 
was weaker although positive too. Several studies have shown an increased risk asso-
ciated with fat distribution in the upper body parts  [  33,   55–  57,   60–  65  ] . Besides, more 
than three decades ago Levshin  [  66  ]  had reported the usefulness of 14 anthropometric 
measurements and certain selected indexes in the study of BC. This author remarked 
then a positive association between obesity and BC in both extreme age groups (young 
women and elder women). 

 An upper or central distribution of body fat is associated to multiple metabolic and 
hormonal changes, including insulin resistance, hyperinsulinism, a reduction in SHBG 
(sexual hormone binding globulins) levels, increase in the androgens and increase of 
aromatization  [  67,   68  ] . Hence, international scientifi c literature – proceeding mostly 
from developed societies – recognizes that women having this body pattern which is 
associated to an increased risk of type II diabetes  [  69  ] , blood hypertension and cardio-
vascular disease  [  70  ] , can have a higher risk of BC and also a higher risk of endome-
trial cancer  [  71  ]  than those women whose fat is mainly distributed in hips, buttocks 
and lower limbs. The global evidence seems to be in favour of this hypothesis, although 
the studied Uruguayan population does not fi t entirely these patterns, according to a 
recent study on somatotype and risk of BC  [  72  ] . Anyway, since BC is a multifactorial 
disease, it is admissible that Western lifestyle may act on the incidence of the disease 
through an infl uence on body fat distribution and the resulting changes in sex hor-
mones availability  [  73  ] .  

 ABDOMINAL    (CENTRAL) FAT ACCUMULATION HAS BEEN 
ASSOCIATED TO AN INCREASE OF RISK OF BREAST CANCER 
PREFERENTLY IN DEVELOPED SOCIETIES. 

   Physical Exercise 

 Analytic studies have investigated some aspects of the relationship physical activity – 
BC. The cohort studies have shown increased risks in non-athlete subjects com-
pared with athletes  [  74  ] , increased risk in women with low-physical activity occu-
pations  [  75  ] , and also the absence of association  [  76  ] . Case-control studies agreed 
with previous fi ndings, in the sense of a reduction of BC risk associated to more 
physical activity  [  77  ] , also taking into account the occupation mentioned in the 
death certifi cates and classifi ed according to occupational physical activity  [  78  ] . 
Among women with a diagnosed and treated BC, it has been described as associated 
to a reduction of the recurrence risk and of mortality risk  [  79  ] . 

 The plausible biologic mechanisms that account for the inhibitory effects of phys-
ical activity on the carcinogenic process are reduction in fat stores, activity related 
changes in sex-hormone levels  [  80  ] , altered immune function i.e. in T lymphocytes 
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and Natural Killers  [  81,   82  ] , effects in insulin and insulin-like growth factors, reduced 
free radical generation, and direct effect on the tumour  [  19  ] . 

 In response to muscle contraction, some cytokines called “myokines”  [  83,   84  ]  
such as Interleukin-6 [IL-6], IL-8, and IL-15 are produced. They can modulate the 
metabolic and immunological response to exercise in several tissues. After the release 
of IL-6 into the circulation, it works in a hormone-like fashion inducing lipolysis and 
fat oxidation. It mediates anti-infl ammatory effects by stimulating the production of 
anti-infl ammatory cytokines and by suppressing TNF-alpha production  [  85  ] . Some 
differences observed between normal and obese animals suggest that IL-15 may play 
an important role in the control of fat deposition in adipose tissue  [  86  ] . It is involved 
in the reciprocal metabolic regulation between adipose tissue and skeletal muscle. It 
stimulates muscle fi bers to accumulate increased amounts of proteins  [  87  ] , induces 
T-cell proliferation  [  82  ] , enhances NK cell cytotoxicity  [  88  ] , and protects these 
immune cells and neutrophils from apoptosis  [  89,   90  ] . Since two decades ago, animal 
experimentation has agreed with the facts observed in humans  [  91,   92  ] , in the sense 
of a protective effect of exercise against BC. 

 Because physical activity, body size, and metabolic effi ciency are highly related 
to total energy intake and expenditure, it is diffi cult to assess the independent effect 
of energy intake on cancer risk  [  93  ] . Caloric restriction and physical exercise seem 
to exert their effects on mammary carcinogenesis through distinct pathways  [  94  ] .  

 IT    IS ACCEPTED THAT PHYSICAL ACTIVITY PROBABLY 
REDUCES THE RISK OF BREAST CANCER, ESPECIALLY IN THE 
POSTMENOPAUSE. 
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   Vegetables and Fruits 

 The associations between intake of fruits and vegetables and the risk of breast cancer 
(BC) have been examined in several papers. The studies have reported confl icting 
evidence on the role of fruit and vegetables in BC prevention. A study in California 
reported essentially null associations for total vegetables, total fruits, dark leaf and 
yellow leaf vegetables  [  1  ] . Other study in Canada communicated a non signifi cant 
risk reduction for the high intakes of vegetables and fruits rich in carotenoids and 
vitamins  [  2  ] . In other studies, on the contrary, most researchers have found signifi -
cant associations in a protective sense for one or more categories of vegetables and/
or fruits  [  3–  6  ] . Such studies were performed in the United States, Switzerland, Japan, 
Argentina, Canada, Italy, Poland and Greece. Similar associations were also observed 
in the study performed in Uruguay  [  7  ] . 

 More recently, a multisite study carried out in this population  [  8  ]  showed that a 
high intake of fruits and vegetables combined was associated with a decreased risk 
of BC (OR = 0.47, 95% CI: 0.31–0.71). Estimates were slightly more protective for 
total vegetables (OR = 0.53, 95% CI 0.35–0.81) than for total fruits (OR = 0.60, 95% 
CI 0.42–0.87). 

 The global consideration of more than 20 epidemiologic studies  [  9  ]  determined 
70 associations: these are related with different types of vegetables and fruits, as well 
as also in some studies there were results derived from the analysis of diet according 
to age groups, age at diagnosis, country of origin of the studied women and even 
with the comparison of pre- and postmenopausal women. Of the 70 associations 
found, 37 risk estimations suggested a protective association and 30 were labelled as 
“without association”. Only 3 results displayed an increase of risk, higher than 1.5. 

 Considering total vegetables as a general category, most studies which analyzed 
them found RR from 0.3 to 0.8 for the highest intakes  [  9–  11  ] . A minor fraction of 
those studies did not communicate risk associations between BC and total vegeta-
bles  [  12,   13  ] . Besides, most studies which analyzed the intake of green leaf vegeta-
bles observed statistically signifi cant protective associations, with RR from 0.2 to 
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0.5 for the high intakes  [  14,   15  ] . Also here few studies reported absence of association 
 [  13,   16  ] . 

 Some studies examined specially the intakes of cruciferous vegetables – which 
are of particular interest in BC due to the presence of indole compounds, as indol-
3-carbinol – which exert some effect on the estrogen metabolism, and therefore on 
the risk of BC. Except one of them, the rest observed risk reduction (RR = 0.6) for 
the highest consumptions of cruciferous. The intake of carrot has suggested risk 
reduction for the highest levels, although they were not signifi cant  [  6,   17  ] . The 
intake of onion was reported by a study as reducing the risk to the half, among high 
consumers  [  17  ] . Finally, the preparation condition of vegetables does not enable to 
be conclusive about the association degree: a study revealed a risk reduction for the 
intake of raw vegetables and absence of association in cooked ones  [  18  ] , but other 
study showed also a risk reduction even for the intake of cooked vegetables  [  19  ] . 

 Of those studies which examined the intake of fruit or raw fruit in general, 
around half have reported a null association  [  12,   17,   20  ] . One part observed risk 
reduction among the highest intake levels  [  10,   21  ] . There were also studies which 
found a risk reduction among pre-menopausal and risk increase among postmeno-
pausal women  [  22  ] . Most studies have not reported an association with the intake 
of oranges or citrus fruits. 

 A study of around two decades ago studied the relationship between the intake of 
vegetables and fruits and vegetables with the prognosis and survival in women who 
were surgically operated in small BC cases. Those who had previously eaten more 
vegetables and fruits had tumours with more favourable prognostic features, includ-
ing among others, more normal cell differentiation, less vascular invasion, a smaller 
size and positive estrogen receptors  [  23  ] . 

 Experimental studies have demonstrated that the inclusion of different vegetables 
in the diet of rats resulted in a lesser incidence of experimentally induced mammary 
tumours  [  24,   25  ] . These studies involved a feeding based on cabbage, caulifl ower, 
Brussels sprouts or broccoli, generally in levels around 5–20% of total diet. The inclu-
sion of orange oil in a proportion of 1–5% of diet produced a lesser incidence of 
tumours and a lesser number of tumours per animal  [  24  ] . 

 A meta-analysis found evidence that fruit intake was negatively associated with 
the risk of BC in cohort studies, but not in case-control studies  [  26  ] . Conversely, in 
the case of vegetables this analysis described that there was an inverse association 
among case-control studies, but not cohort studies. In a pooled analysis of eight 
cohort studies there was evidence only of a possible weak effect of fruit and vegeta-
ble intake  [  27  ] . In a large American cohort there was a slight positive association 
with vegetables, but a slight inverse association with fruit intake  [  28  ] . 

 The contribution of vegetables in general, albeit it has been favourable, has not been 
so much remarkable as the other large group proceeding from plants, which are the 
fruits. Several substances contained in vegetables have potential actions as anti-tumour, 
antioxidant and bioactive. There have been long and comprehensive epidemiologic 
studies whose analyses have not shed so good results as it could be expected, just as the 
EPIC study where was little evidence of an association  [  29  ] , although they have given 
evidence of risk reduction  [  30  ] . The AICR/WCRF report  [  31  ]  stated that the data 
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on fruits and vegetables and BC were limited or inconsistent for any conclusion, 
something that clearly indicates that the issue is far from being defi ned. 

 A dietary pattern based on “salad” type vegetables (raw vegetables with olive oil) 
has been recognized as protective among Italian women  [  32  ] , although the protec-
tion was restricted to those ones who had normal weight (BMI <25 kg/m2). A study 
carried out in German women under age 50 found a risk reduction for the intake of 
total vegetables intake  [  33  ] . Other study performed in Chinese women  [  34  ]  found a 
protective effect for vegetables as a group, however no effect was described for indi-
vidual foods. A protective association was also described for the plant foods only in 
postmenopausal but not in pre-menopausal ones  [  35  ] . Also a protective effect was 
seen for raw vegetables but not for cooked ones  [  36  ] . According a more recent study 
 [  37  ] , there could be differences in risk reduction depending on the receptor status of 
tumours, that is, if they are ER + (positive for estrogen receptors) or ER- (negative 
for estrogen receptors).  

  A      DIET RICH IN VEGETABLES AND FRUITS PROBABLY 
REDUCES THE RISK OF BREAST CANCER.  

   Legumes 

 Most case–control  [  7,   34,   38–  40  ]  studies and a cohort study  [  41  ]  suggested signifi -
cant or nonsignifi cant 20–30% reductions in BC risk with high legume intake. 
A Japanese cohort study revealed a risk reduction of BC associated with a high 
intake of a soup made with soybean paste  [  2  ] . Other study performed in Singapore 
showed a RR = 0.4, that is, a risk reduction of 60% of BC in pre-menopausal women 
who had the highest intake of soy products, although it did not show association 
among postmenopausal ones  [  42  ] . 

 Some previous case–control studies  [  43,   44  ]  found no association between 
legume intake and BC risk. In China, case-control studies did not showed associa-
tion for the intake of soy protein, neither for soymilk or tofu  [  45  ] . 

 A recent multisite study performed in Uruguay  [  46  ]  reported absence of associa-
tion with the risk of BC for legumes (OR = 0.89, 95% CI 0.65–1.20) neither for beans 
or lentils separately (OR = 1.06, 95% 0.77–1.46 and OR = 0.86, 95% CI 0.66–1.21 
respectively). 

 At an experimental level, a reduction in the incidence of BC in rats fed with 50% 
of soybeans compared with the control group was observed after being irradiated 
 [  47  ] . Also a reduction of chemically induced tumours in rats was observed when soy 
was administered in the diet  [  48  ] . 

 As it will be mentioned in the chapter  Vitamins and bioactive substances , soy-
beans have large amounts of isofl avones, so it is reasonable to think that its consump-
tion could inhibit cancers in whose promotion participate estrogens. Menstrual cycles 
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in young women were described as correlated with their intakes of polyunsaturated 
fats, soy and dietary fi bre  [  49  ] , something that gives plausible bases for the protective 
action of soy-derived products. A recent meta-analysis recognized that even though 
a general trend towards a risk reduction with soy intake has been found, it is still 
premature recommend the supplementation of high doses of isofl avones to reduce 
the risk of developing a BC or for preventing its recurrence  [  50  ] . There is some evi-
dence that the intake of soy is not dangerous for BC survival  [  51  ] .  

   ALTHOUGH      THE EVIDENCE BETWEEN LEGUMES AND THE 
RISK OF BREAST CANCER IS LIMITED, THEY COULD BE 
PROTECTIVE.   

   Meats, Poultry, Fish 

   Meat 

 Along the decade of the 90s the most conclusive studies on meat consumption and 
who investigated its eventual association with the risk of BC were carried out. A 
study in New York revealed a moderately high risk associated with the intake of 
red meat and adjusted for calories (RR = 1.9) for the group with highest intake, 
although no signifi cant statistical relationship with total fat or some particular fat 
was seen  [  52  ] . 

 Some cohort studies reported also a risk increase  [  2,   53  ] . Two previous meta-
analyses of several case-control studies and cohort studies on meat consumption 
and BC risk found evidence of increased risk. The former one reported a signifi cant 
RR = 1.54 for the highest intake of red meat  [  54  ]  and the more recent one, based on 
22 case-control studies and 9 cohort studies, found a summary RR of 1.17 (95% CI: 
1.06–1.29) for high vs. low total meat intake  [  55  ] . 

 Nevertheless, other cohort studies did not reveal any association between BC risk 
and red meat consumption  [  56,   57  ] . In addition, a pooled analysis of seven cohort 
studies reported no association  [  58  ] . More recent studies have also found confl icting 
results, with some case-control  [  38,   59,   60  ]  and cohort  [  61–  63  ]  studies reporting 
positive associations while others found no association  [  64–  66  ] . 

 One of the Uruguayan studies  [  67  ]  indicated a fourfold RR among the highest 
consumers of red meat, after adjusting for calories. The risk increase was even higher 
with fried and barbecued meats, something that led the authors to propose a possible 
effect of the cooking method using high temperatures. This hypothesis was empha-
sized in our following case-control study, through the estimation of the production 
of Heterocyclic Amines (HAs) in the cooking process  [  68  ] . 

 Other study assessed the exposure to HAs by interrogating individuals with ques-
tions supported with photographs which showed different cooking levels for the 
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meats  [  69  ] . This study displayed a fourfold risk of BC among those consumers of 
well-done meats compared to the consumers of intermediate or less cooked meat. 

 Recently, a multisite study on meat and the risk of cancer  [  70  ]  reported moderate 
to strong increases in the risk of BC with high intakes of total meat (OR = 2.05 
[1.23–3.42]), red meat (OR = 1.97 [1.04–3.75]), beef (OR = 1.58 [1.11–2.24]), lamb 
(OR = 1.88 [1.12–3.15]) and processed meat [OR = 1.53 [1.01–2.30]). Besides, 
another multisite study in Uruguay  [  71  ]  has not reported an increased risk of BC for 
high intake of salted meat (OR = 1.16 0.87–1.53). On the other hand, other studies 
have reported an increased risk for processed meats (sausage, saucisson, etc.)  [  72  ] , 
as well as with the intake of salami  [  73  ] . 

 An old ecologic study reported strong correlations (r = 0.7–0.8) between meat 
consumption and BC  [  74  ] . Other ecologic study communicated that among the 
members of the Adventist Church in the United States – who have a low meat 
intake – the BC mortality was slightly lower (around 10%) compared with the 
mortality occurring in North American white women with similar socio-economic 
status  [  75  ] . 

 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. But the study of Toniolo et al. from 1994 
 [  52  ]  found that the intake of meat (but not of total fat or protein) increased signifi -
cantly the risk of BC. Then it is possible, that if meat consumption plays some role 
in the etiology of BC, the risk cannot be related with meat as a source of fats and 
proteins, but mainly as a source of mutagens and/or carcinogens, specifi cally HAs, 
N-Nitroso compounds and Polycyclic Aromatic Hydrocarbons. Some HAs are pow-
erful breast carcinogens in rodents and could be risk factors in humans. In addition, 
some HAs distribute themselves in the mammary gland, they provoke alterations and 
cause cancer in rats  [  76  ] .  

   DIETS      RICH IN MEAT, IN PARTICULAR RED MEAT COOKED 
WITH DIRECT HEAT, INCREASE THE RISK OF BREAST 
CANCER.   

   Poultry 

 A meta-analysis done on a basis of case-control and cohort studies reported that the 
intake of poultry did not keep relationship with the risk of BC, having found a non 
signifi cant RR = 0.94  [  54  ] . Two cohort studies done after that meta-analysis did not 
fi nd an association between poultry intake and BC either  [  52,   77  ] . A case-control 
study in Chinese women did not show signifi cant associations between poultry 
intake and the risk of BC  [  78  ] . No associations were observed either with consump-
tion of chicken regarding circulating concentrations of Steroid Hormon Binding 
Globulins (SHBG) and estradiol  [  79  ] . Nevertheless, also a positive and signifi cant 
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association has been reported  [  80  ] . A recent review poses that a high intake of 
poultry (among other items) may play a causative role in this disease  [  81  ] . 

 In the last decade we studied in Uruguay the intake of chicken at a medical institu-
tion belonging to the pre-paid healthcare system  [  82  ] . It was possible to observe 
important differences in the consumption style of white meat: chicken with skin pre-
vailed in the BC cases (p < 0.001), while women with normal mammograms had pref-
erence for skinless chicken (p = 0.0000). In the chapter corresponding to the research 
performed in Uruguay are detailed the estimated risks for each one of the consump-
tion modalities. 

 The preparation and/or consumption modality is a possible factor for the absence 
of association evidence in several studies, even in the own Uruguayan studies per-
formed in population admitted at public hospitals, perhaps based on the presence of 
saturated, monounsaturated and Ω-6 polyunsaturated fats (PUFA) in the chicken 
skin, as well as on the production of HAs in the surface of the skin due to the frying 
or to the barbecue process. It is not unlikely that the studies which asked about 
poultry consumption without discriminating the preparation method could have 
covered an eventual protective effect of the skinless poultry or even an eventual risk 
increase of such meat with skin.  

   THERE      IS NO CERTAINTY THAT POULTRY INTAKE IS RELATED 
TO BREAST CANCER. THE PREPARATION METHOD CAN BE 
ASSOCIATED WITH THE DISEASE.   

   Fish 

 Few epidemiologic studies have investigated the associations between fi sh (or oil 
fi sh) intake and BC. The prospective studies have reported lack of association  [  52  ]  or 
a weak protective effect  [  83  ] . A Japanese case-control study has also communicated 
a weak protective effect  [  5  ] . Our study in Uruguayan women affi liated to the prepaid 
health system  [  82  ]  showed a signifi cant increase of risk for the highest intake of fried 
fi sh (OR = 2.0) whereas there was a signifi cant negative association for the high 
intake of not fried fi sh (OR = 0.50). 

 The ecologic studies have reported fi ndings in the same sense of the other epide-
miologic studies: absence of association  [  84  ]  or a protective effect  [  85  ] . At an experi-
mental level, results support a possible protective effect for the oil fi sh in the mammary 
tumorigenesis  [  86  ] . The contribution of PUFA W-3 type, just as it is described in the 
corresponding chapter, can be an important reason for the observed protective effect. 

 Again, in the same sense that we observed for chicken consumption, we have the 
opinion that similar considerations can be done regarding the preparation forms and 
intake of fi sh. When this item is queried as an only variable, several studies could 
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have possible not shown the differences which actually exist, due to reciprocal 
 cancellation of effects. It should not be forgotten that fried forms of cooking imply 
the association of PUFA Ω-6 type to the fi sh, with which the balance Ω-6/Ω-3 
would direct towards values which are potentially harmful.  

   DIETS      RICH IN FISH COULD REDUCE THE RISK OF 
BREAST CANCER, BUT THE EVIDENCE SEEMS TO BE STILL 
INSUFFICIENT.   

   Dairy Foods 

 Several epidemiologic analytic studies analyzed the relationship between dairy prod-
ucts and the risk of BC. In the case of milk, a relative majority of studies reported an 
elevation of risk with large intakes  [  15,   53,   87  ] , in similar proportions to those stud-
ies which have not found a relationship  [  88,   89  ] . Only some of them found a risk 
reduction  [  72,   90  ] . Among the cohort studies, most of them communicated an 
absence of association and only a few of them found an increase of risk or a risk 
reduction  [  77,   90,   91  ] . 

 Respect of the cheese intake, the proportion of fi ndings is rather similar to the 
one of milk: reasonably similar proportions have described an increase of risk 
 [  12,   17  ]  and absence of association  [  88,   90  ]  and on the other hand, some isolated 
study found a risk reduction  [  92  ] . 

 A meta-analysis of cohort and case-control studies communicated that a high milk 
and cheese intake was associated with very weak increases of BC risk (RR = 1.20)  [  54  ] . 
Besides, ecologic studies have usually found positive correlations between milk or 
dairy consumption and the incidence of BC  [  74,   93  ] . Dairy foods together were 
examined by a cohort study like a general category of foods, and from there was 
reported a moderately protective association, with a RR = 0.6 after adjusting for 
energy, considering the quintile of higher consumption. 

 Fats, which are usually present in milk and dairy foods, possibly increase the risk 
of BC, although on the other hand, these foods are good sources of calcium and 
conjugated linoleic acid, a fatty acid which has showed its partially protective capa-
bility against chemically induced mammary tumours in animals  [  94  ] . 

 In the corresponding chapter, the results obtained in a case-control study carried in 
Uruguay in the last decade about the role of dairy foods and the risk of BC  [  95  ] . 
Summarily, whole milk, chocolate milk and Gruyere cheese were associated with 
signifi cant risk increases of BC, whereas the intake of ricotta cheese and skimmed 
yoghurt were associated with signifi cant reduced risk. Low-fat and fermented dairy 
foods seemed to be the most protective ones. Concerning this point, our results sug-
gested us the convenience for the future to continue making separate queries and 
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analyses for milk, yoghurt and cheese types, since the combined inclusion could lead 
results to the null.  

   THE      EVIDENCE OF DAIRY CONSUMPTION AND BREAST 
CANCER IS INCONSISTENT. SKIMMED AND FERMENTED 
PRODUCTS COULD REDUCE THE RISK OF BREAST CANCER.   

   Sweet Foods 

 The possible role of sweet foods and sugar on the risk of BC has been analyzed in 
several types of scientifi c studies, but results are inconsistent. Some of the ecologic 
studies found a positive correlation between sugar or sweet intakes and incidence or 
mortality from BC  [  96  ] . Also case-control and cohort studies reported positive asso-
ciations between sweet foods and the risk of BC  [  53,   90,   97–  101  ] , but there were 
also papers reporting absence of or no consistent associations  [  12,   16–  18,   72,   73, 
  102–  105  ] . 

 The positive risks found were usually modest (up to OR = 1.5), with the excep-
tion of the Spanish study  [  98  ] , with an OR = 2.3 for the highest intake of sweets. 
Apparently, none of the studies found a protective effect of these foods suggested by 
results. As in other epidemiological studies, some inconsistencies might rely on dif-
ferent approaches to data analysis and interpretation, also on possible biases, but we 
emphasize the actual differences in the recipes among populations all over the world 
as well as in the composition of sweet foods. Even mono- or disaccarides did not 
show either consistent associations with BC risk  [  22,   106  ] . 

 It is diffi cult to analyze completely separated the sweets due to high collinearity 
among several foods and nutrients playing different possible roles  [  107  ] . Some of 
the sweet foods like desserts are also rich in saturated fats, which have been associ-
ated with BC risk  [  27  ]  as well as in trans-fats, which are considered unhealthy 
 [  108  ] . In addition, the effect of high-energy dietary patterns cannot be excluded 
from the considerations about the sweet foods. 

 A simultaneous reduction in the intake of favourable foods substituted by sweets 
may lead directly (through the intake of sugar) or indirectly (through the increase of 
Insulin-like Growth Factors) to an increase of insulin, promoting carcinogenesis 
and chronic infl ammation, which is also linked to the cancer origin and a critical 
component of tumour progression  [  109–  113  ] .  

   THE      INTAKE OF SWEET FOODS MIGHT INCREASE THE 
RISK OF BREAST CANCER BUT THE EVIDENCE IS STILL 
INCONSISTENT.   
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   Carbohydrates 

 Carbohydrates have not been intensively investigated in epidemiological studies of 
diet and cancer. According to a recent review, the available data on carbohydrates 
and other cancers than colorectal cancer are too sparse to draw even tentative con-
clusions  [  1  ] . The issue deserves a separate analysis in relation to breast cancer (BC) 
and that is the reason of this next part of the present chapter. 

   Starch 

 In a previous stage of research, ecologic studies had shown negative correlations 
between mortality rates of BC and per capita intake of starch  [  2  ] . Afterwards, some 
analytic studies have investigated the association between the intake of starch and 
the risk of BC. On one hand, two studies have communicated small variations in the 
risk  [  3,   4  ]  although an Italian study  [  5  ]  found a signifi cant but small (40%) increase 
in risk for the group with highest consumption (more than 191 grams per day), having 
controlled for confusion factors. In Italy white bread and pasta are recognized as the 
most important sources of starch. Although initially was not possible to fi nd a plau-
sible explanation for the fi nding, the metabolic link with high-glycemic foods, insu-
lin peaks, infl ammation and the development of cancers should be taken into 
account. Besides, starchy foods have been associated with an increase of risk of BC 
 [  6,   7  ]  and with reduced risk in other study  [  8  ] . The results of a study on dietary pat-
terns suggested that a diet characterized by a low intake of starches and a high 
intake of legumes is associated with a reduced risk of BC in Asian Americans  [  9  ] . 
Lack of association for starch intake among postmenopausal women, including by 
hormonal status, was reported by a Danish study  [  10  ] .  

    Chapter 4   
 Nutrients               
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   THE      EVIDENCE RELATING STARCH CONSUMPTION AND THE 
RISK OF BREAST CANCER IS STILL INCONSISTENT.   

   Dietary Fibre 

 The hypothesis that fi bre-rich diets could be protective against BC has been postu-
lated, but not many epidemiologic studies have analyzed the association. Cohort 
studies have shown absence of association or borderline situations  [  11,   12  ] , as well 
as a 30% risk reduction for the group of highest consumption  [  7  ] . A meta-analysis 
on ten case-control studies reported a weak although signifi cant protective associa-
tion, given by a 15% reduction for consumers of 20 or more grams per day  [  13  ] . 

 Other studies have also communicated protective associations for components of 
diet which are rich in fi bre, for example, in the case of cellulose  [  14  ] , raw fi bre  [  15  ] , 
and the fi bre proceeding from vegetables and fruits but not from cereals  [  16  ] . High-
fi bre bread was signifi cantly associated with a decreased BC incidence (OR = 0.75, 
95% CI 0.57–0.98, for highest compared with lowest quintile) in Swedish women 
 [  17  ] . A British study reported in pre-menopausal, but not post-menopausal women 
a statistically signifi cant inverse relationship between total fi bre intake and risk of 
BC (OR = 0.48, 95% CI 0.24–0.96) compared with the lowest quintile  [  18  ] . On the 
other hand, an Italian study did not show relationship with total dietary fi bre  [  5  ] . 

 When we compare the levels of fi bre consumption in some parts of the World, 
just as rural Chinese population (70–80 g/day) with the observed intake in Western 
countries (5–20 g/day), such intake is very low in the latter, therefore, the probability 
of fi nding an association is also reduced from a statistical viewpoint. The Uruguayan 
study on fi bre and BC  [  19  ]  found a protective for the highest consumption (between 
23 and 44% of protection depending on the source foods). Nevertheless, in the inter-
viewed population a very low intake of fi bre-rich foods was found, thus, we experi-
enced a similar risk of other studies, in the sense that possible differences between 
cases and controls tended to the null. Animal research supports also the epidemio-
logic fi ndings, since a fi bre-rich diet was seen as associated to a reduced incidence 
of chemically induced BC  [  20  ] . 

 Several biologic mechanisms were proposed, through which fi bre could prevent 
BC  [  21  ] . There are non-soluble components of fi bre which are excreted relatively 
unchanged, and on the other hand, several soluble fractions have varied biologic 
effects. Fibre can reduce the intestinal reabsortion of estrogens which are excreted 
through the bile  [  22  ] . Also, fi bre could act more indirectly through benefi cial effects 
as the reduction of body weight or improving the sensibility to insulin  [  23  ] , each 
one of them could be playing a certain role in the etiology of BC. In addition, it has 
been recognized that other bioactive components of fi bre-rich foods, such as carote-
noids, isofl avones or lignans, could explain at least partially the epidemiologic asso-
ciations between the fi bre and the risk of BC.  
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   THE      AVAILABLE EPIDEMIOLOGIC EVIDENCE AND THE 
BIOLOGIC PLAUSIBILITY SUGGEST THAT DIETARY FIBRE 
POSSIBLY REDUCES THE RISK OF BREAST CANCER.   

   Sugar 

 Sugar is part of foods with high glycemic index (together with ice cream, potatoes, 
bread, bakery, etc.), the products whose ingestion cause the major increase of blood 
sugar. Therefore, they fi nally imply high glucose loadings. The results of several case-
control studies which have included in their analysis the relationship between sugar 
consumption and BC are inconsistent. The intake of sugar and confi tures were reported 
as associated to a risk increase  [  24  ] , non signifi cant risk increase  [  25  ] , absence of 
association  [  4,   5,   26  ]  and even protective effects  [  14  ] . 

 Mortality rates due to BC and the per capita intakes of glucose and sucrose dis-
played direct correlations, which were reported in international ecologic studies  [  27  ] . 

 Insulin could be involved in the development of BC  [  28,   29  ] , as an expression of 
insulin resistance syndrome, in which high insulin levels are associated with an 
increased risk of BC  [  30  ] . The point is developed in the chapter on Metabolism and 
Breast Cancer.  

    THE      EVIDENCE OF ASSOCIATION BETWEEN SUGAR AND 
BREAST CANCER IS CURRENTLY STILL INCONSISTENT. IT 
CANNOT BE CONCLUSIVE.    

   The Glycemic Index 

 The Glycemic Index (GI) has proven to be a useful nutritional concept since it con-
tributes to have a new view of the relationships between foods and chronic diseases 
like cancer. The GI is the measure of entrance of different carbohydrates sources 
into the bloodstream. The faster the Index is the higher is the effect on the insulin 
secretion. Examples of high GI are white bread, white rice, potatoes, soft drinks, dry 
fruits. Examples of median GI are: orange juice, banana, sweet potato, chocolate, 
fruit cocktail, spagetti. Finally, some foods with low GI include: skimmed yoghurt, 
plums, apples, beans, lentils and tomatoes. 

 Also the concept of Glycemic Load (GL) exists, which is the product of multi-
plying the GI of a given food by its carbohydrates contents. A diet with a high GL 
can contribute to a metabolic environment prone to carcinogenesis, beginning with 
the stimulation on the insulin and the insulin-like growth factors (IGF-1, i.e.). 
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 The results of studies on foods with high GI or high GL are not conclusive. There 
is evidence of risk increase for foods which are rich in carbohydrates having high 
GI  [  31–  33  ] , as well as absence of association  [  34–  36  ] . Some effects were observed 
only in pre-menopausal  [  37  ]  or only in postmenopausal women  [  38  ] , and even 
showing opposite effects according BMI  [  39  ] .  

   FOODS      WITH HIGH GLYCEMIC INDEX OR WITH HIGH 
GLYCEMIC LOAD CAN INCREASE THE RISK, ALTHOUGH THE 
EVIDENCE IS STILL NOT CONCLUSIVE.   

   Fats and  Cholesterol 

   Total Fat 

 The main dietary hypothesis related with BC has been by far that fat-rich diets 
increase the risk of the disease. Although such hypothesis had its experimental sup-
port almost seven decades  [  40  ]  where fat-rich diets increased the occurrence of 
mammary tumours in rodents, it was reinforced on a basis of strong statistical cor-
relations (r = 0.7–0.9) which were shown in international ecologic studies, based on 
food disappearance from market  [  41,   42  ] . This hypothesis, in addition, has been 
subject of large controversies along the last two decades. 

 A large series of prospective and case-control type studies examined the relation-
ship between the intake of fats, cholesterol and the risk of BC. Most of prospective 
studies, performed in cohorts of Western developed countries (where is usual 30% 
or higher of dietary energy coming from fats) showed elevated risks but not statisti-
cally signifi cant, for the group of highest intake respect the one of least intake in 
each studied population sample. We mention herewith some of them  [  12,   43,   44  ] . 
The results implied previously adjustments by variables of reproductive history and 
family predisposition to cancer, as well as by alcohol intake or other factors such as 
body mass and education. When a part of these studies were analyzed in a meta-
analysis  [  45  ] , no increase of risk was observed with the highest intake of fat or a risk 
reduction with intakes lesser than 20% of total energy coming from fat. More recent 
prospective cohort studies  [  46–  49  ]  have shown no association either. 

 Besides, the case-control studies have shown inconsistent results. The fraction of 
highest intake was associated with an increase of risk  [  8  ]  or absence of signifi cant 
association  [  50–  52  ] , having controlled for the main confounding variables. A meta-
analysis of 12 case-control studies  [  13  ]  displayed elevated risks for high intakes of 
total fat (>100 g/day), with a stronger association among postmenopausal than 
among pre-menopausal women (RR = 1.5 vs. RR = 1.1 respectively). Based on such 
numbers, the authors proposed that (at least in North America) a reduction of aver-
age consumption of total fat around 25–30% could lead to a reduction of the BC 



39Fats and  Cholesterol

incidence of 24% and 16% among post- and pre-menopausal women respectively, 
assuming that those observed association were causal. 

 Other meta-analysis including 23 studies on dietary fat and BC  [  53  ]  did not use the 
data of the original studies but averaged the relative risks of the groups with highest 
intake. With this methodology, the authors obtained a weak but signifi cant risk increase 
(RR = 1.12, CI 1.04–1.21) for total fat. A further meta-analysis of 45 epidemiologic 
studies (14 cohort studies and 31 case-control studies) by the same principal investiga-
tor  [  54  ]  found again a weak but statistically signifi cant relation between high fat intake 
and greater BC risk. A Recent study  [  55  ]  found no signifi cant association of BC with 
total, monounsaturated, or polyunsaturated fat. Finally, another recent meta-analysis 
and review of epidemiological cohort studies  [  56  ]  reported no signifi cant association 
comparing the highest category of animal fat intake with the lowest, and no signifi cant 
association between a 5% increment of energy from animal fat intake and BC either. 

 The discrepancies observed between the fi ndings obtained from cohort and from 
case-control studies, have been matter of controversy, based on the possibility that 
the information in some cases could have been biased to null due to methodological 
errors or due to factors which are not easily assessed. The persistency of such con-
troversies was confi rmed in a review on diet and BC  [  57  ] . 

 Even after adjusting by per capita gross product and by mean age at menarche, 
the intake of total fat in international indexes keeps a close correlation with BC rates 
 [  58  ] . Nevertheless, other heavy known risk factors for BC such as late age at fi rst 
delivery, low number of births, high body mass index and high stature are also more 
common in developed societies and they could confound the ecologic association 
between dietary fat and BC. This viewpoint should be taken into account when ana-
lyzing what happened in Japan along the XXth century, in which the fat consump-
tion has increased parallel to BC rates  [  59  ] . The increase could be linked to a higher 
prevalence of reproductive risk factors, as well as to other dietary and public health 
changes associated to faster growth rates and higher increases of body weight in 
adult population. The increases in mortality rates of BC in Japanese women show a 
cohort birth effect: a small increase occurred among women born around 1925  [  60  ] , 
suggesting that the fat consumption in adults does not infl uence substantially the risk 
of BC. In the same study, even though it could be argued that older women have not 
changed their lifestyle and diet, the notable increases in mortality due to colon can-
cer at all ages suggest that such explanation is unlikely. 

 Probably the most controversial side of the relationship between dietary fat and 
experimental mammary carcinogenesis is the relative importance of caloric intake. 
Since fat is the most dense macronutrient in terms of calories, diets which are fat-
rich derive into higher intakes of calories, unless there is an adequate surveillance 
on having constant the energy. A considerably strong association between a high 
caloric intake and carcinogenesis has been observed in rats  [  61  ] , as well as a power-
ful effect of caloric decrease in the tumour reduction, but no independent effect of 
fat related to body gain or tumour incidence was described  [  62  ] . 

 The dietary fat could play some role in the development of BC through effects on 
the hormonal metabolism. The endogen estrogenic levels are considered to be 
related with the risk of BC. An increased exposure to sexual hormones, in particular 
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estrogens, could lead to a situation of increased risk of BC through effects on the 
mammary proliferation. We analyzed thoroughly this issue in a recent review  [  63  ]  
and there is a background to discuss in the chapter on  Primary Prevention of Breast 
Cancer . Vegetarian women, consuming higher amounts of fi bre and lesser amounts 
of fat compared to non vegetarians, display lower blood levels and reduced urinary 
excretion of estrogens, apparently due to an increased faecal excretion  [  64  ] . 

 Alternatively, any mechanism for a role of dietary fat in the BC can be less direct. 
For example, dietary styles which are fat-rich could lead to a larger body mass or 
also to obesity, a probable risk factor for BC in postmenopausal women. Also, a 
higher fat intake during childhood or adolescence could promote a faster growth and 
an earlier onset of menarche, both risk factors already established for BC, however, 
this relationship has not been still established. If diet at early and young ages is an 
important factor, this could be the explanation of why were reported so many incon-
sistent results from epidemiologic studies in which only adults’ diet was measured.  

   TOTAL      FAT-RICH DIETS POSSIBLY INCREASE THE RISK OF 
BREAST CANCER. THERE ARE INCONSISTENCIES IN RESULTS 
BUT THERE ARE PROPOSED BIOLOGICAL MECHANISMS, 
WHICH ARE PLAUSIBLE.   

   Saturated Fats 

 Its high caloric content is a reason why a fat-rich diet can imply a risk for the breast. 
In fact, a diet which is low in calories can protect against BC. But perhaps the main 
danger of saturated fats is in particular its capability to increase the insulin resis-
tance. The main saturated fats are present in whole dairy foods and fatty red meats. 

 An analysis of seven cohort studies on BC  [  11  ]  indicates that there were no asso-
ciations between saturated or animal fat with the disease. Besides, other analysis of 
12 case-control studies reported a risk increase for high intake of saturated fat among 
postmenopausal women (RR = 1.57), adjusted for total fat  [  13  ] . 

 Most prospective and case-control studies have examined the intake of saturated 
or animal fat, and at the same time, most of them have displayed statistically non 
signifi cant associations with BC, with Relative Risks in the range of 0.9–1.7 for the 
highest percentiles of intake. Five of 17 case-control studies which examined the 
intake of saturated fat reported a signifi cant dose-response or a signifi cant increase 
of risk for the highest consumption level, with RR between 1.8 and 3.6 for the high-
est intake levels. These studies were conducted in Canada, Hawaii, Italy, Argentina 
and France  [  6,   65–  67  ] . Of all Relative Risks found in the 17 studies above quoted, 
fi ve were between 1.6 and 1.9 and six were 2.0 or higher. When these data are com-
pared with those on total fat, a higher proportion of data from saturated or animal fat 
suggest a strong increase in risk. In addition, there were no studies indicating a nega-
tive association, that is, some protective effect from the consumption of animal fat. 
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 A Recent study  [  55  ]  found an association between high saturated fat intake and 
greater breast cancer risk was found [HR = 1.13 (95% CI 1.00, 1.27; p for 
trend = 0.038)] but in menopausal women, the positive association with saturated fat 
was confi ned to nonusers of hormone therapy at baseline. Another recent European 
cohort study reported an increased risk of BC associated with high saturated fat 
intake  [  68  ] .  

   DIETS      HIGH IN SATURATED FATS PROBABLY INCREASE THE RISK 
OF BREAST CANCER, ALTHOUGH CERTAIN INCONSISTENCIES 
OF RESULTS TURN DIFFICULT A CONCLUSION.   

   Monounsaturated Fats 

 An analysis of seven cohort studies on BC  [  24  ]  has not found associations between 
monounsaturated fat and the disease. In the same way that with saturated fats, an 
analysis of 12 case-control studies reported also an elevated risk of BC among post-
menopausal women with high intake of monounsaturated fat (signifi cant RR = 1.4). 
In addition, the risk assessment in prospective studies is divided, in the sense of risk 
increase with high intake of monounsaturated fat, as well as a signifi cant dose-
response. Recent research reported no effect or even a positive association with BC 
 [  46–  48,   69  ] . 

 Some cohort studies reported a protective effect of monounsaturated fat intake 
on BC risk  [  49,   70–  72  ] . There were also case-control studies in which an important 
number of investigations where no statistical associations between BC and the 
intake of monounsaturated fat were communicated, just the same as the fi ndings of 
an international ecologic study which did not fi nd correlation between monounsatu-
rated fat intake and BC incidence  [  42  ] . 

 Some ecologic studies which have analyzed the olive oil – where fat is almost 
exclusively monounsaturated oleic acid – showed protective associations. Since BC 
is less common in Mediterranean countries than in North America and North-
Western Europe, there were authors proposing the more frequent intake of olive oil 
as a possible reason for such difference  [  73  ] . The evidence appears in three case-
control studies expressed by a signifi cant reduction in risk with high intake of the oil 
 [  74–  76  ]  and consistent with fi ndings derived from previous animal experimentation 
 [  77  ] . Of the case-control studies, the fi ndings in Greek women are remarkable, in 
view of a 25% risk reduction of BC among those ones whose intake of olive oil was 
more than once a day  [  76  ] . 

 A recent study  [  78  ]  reported that elevated adipose monounsaturated fatty acids and 
oleic acid (in gluteal adipose tissue) were found associated with reduced odds of BC 
(OR = 0.15; 95% CI 0.03–0.64, and OR = 0.18; 95% CI 0.04–0.71, respectively). 

 The belief that the protective effect of olive oil was based on its high average 
content (72%) of the monounsaturated fat oleic acid, as we mentioned before, has 
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its weakness. Such fat is also found in the fat of a beefsteak, in chicken (also in the 
skin) in non negligible amounts (22–53%), as well as in other common vegetable 
oils as of corn, peanut, soy and sunfl ower, in the range of 23–50%. The point is that 
several other fats and oils which are rich in oleic acid are very associated with 
increased risk of BC and colon cancer in humans. Therefore, it is assumed that this 
monounsaturated fat cannot completely account for the protective effect or for the 
absence of promotion effect in the development of cancer  [  79  ] . Furthermore, a case-
control study on individual storage of monounsaturated fatty acids in the adipose 
tissue in relation with BC in women indicated that the oleic acid in the olive oil did 
not show any protective property of this oil  [  80  ] . 

 In the last years there is a substance that was proposed as the hypothetical respon-
sible for the protective effect of olive oil: the  squalene,  a triterpene which is present 
up to a 0.7%, of particularly high concentration compared to other human and ani-
mal fats and oils  [  81,   82  ] . Sharks have highest known tissue concentration of 
squalene (40% or more in the liver oil)  [  82  ]  and such concentration has been con-
sidered as an attribute for their particular resistance against cancer  [  83  ] . Squalene is 
an intermediate step in the way of steroid biosynthesis in plants and in animals, and 
a hypothetical mechanism for its antitumour activity was proposed  [  84  ] . 

 Although theoretically a diet with an increase of dietary squalene could poten-
tially increase the production of cholesterol and bile acids – and as a consequence 
being an enhancer for atherosclerosis –, on the contrary, the available data of human 
epidemiology derived from short-term studies on supplementation with squalene in 
humans, and experimental studies in animals suggest that an increased intake of 
squalene does not represent of hypercholesterolemia. Moreover, the high differ-
ences recognized in the average daily intake of squalene between Mediterranean 
countries and the United States (from 7 to 13 times higher in Europe) could be one 
of the factors which are related with a lower mortality of cancer in those populations 
sited at the Mediterranean basin  [  85  ] .  

   DIETS      RICH IN MONOUNSATURATED FAT COULD BE NOT 
RELATED WITH HIGH RISK OF BREAST CANCER. HOWEVER, A 
HIGH INTAKE OF   OLIVE OIL   PROBABLY REDUCES THE RISK 
THROUGH MECHANISMS NOT RELATED WITH OLEIC ACID.   

   Polyunsaturated Fatty Acids (PUFA) W-6 and W-3 

 Although in the previous years it was already recognized that the experimental evi-
dence favoured the existence of a possible relation between BC and PUFA Ω-6 and 
Ω-3, the literature is not conclusive: there are works which show no association with 
the risk of the disease and the evidence is still not large. As it usually happens, dif-
ferent methodologies and estimations of the fat consumption could be underlying 
the different results that were observed. 
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 In 2002 two studies  [  86,   87  ]  measured the content of these fats in human mammary 
tissue, in patients with BC and in women without cancer: those affl icted with BC 
had a reduced content of Ω-3 and a higher content of Ω-6 compared with healthy 
women. Other epidemiologic studies have reported a risk reduction for a diet rich in 
Ω-3 or with an adequate Ω-6/Ω-3 ratio  [  88–  90  ] . Nevertheless, more recent studies 
and reviews have not found association between the intake of PUFA and the risk of 
BC  [  91–  93  ] . Since one of these papers  [  93  ]  reported no association for any fatty 
acid in particular and also found a statistically signifi cant interaction between Ω-6 
PUFA intake, marine-derived Ω-3 PUFA may be more important for such risk than 
individual dietary amounts of these fatty acids. 

 Facing this evidence, the issue remains controversial since the experimental evi-
dence in favour of the described associations is very important. 

 The possible role of essential PUFA (linoleic acid [LA] and  a -linolenic acid 
[ALA])  [  94  ]  and the risk of BC was analyzed in Uruguayan population. PUFA were 
signifi cantly and inversely associated with the risk of BC (OR = 0.38 for the group 
with highest intake), equivalent to a risk reduction of 62%. LA was associated with 
a signifi cant risk reduction (OR = 0.24). On the contrary, ALA was signifi cantly 
associated with a risk increase (OR = 2.76). Regarding this latter, it is worthy to 
remark that even though ALA is a Ω-3 PUFA, several animal and vegetables sources 
are its contributors. There were studies recognizing ALA as a marker of high intake 
of red meat, for example. There is no countersense if a high intake of this Ω-3 fatty 
acid is found positively associated with the risk of BC. 

 In particular, the fi nal and long-chain PUFA (EPA and DHA) were also studied in 
the last decade among Uruguayan women  [  95  ] . A threefold risk of BC was found 
among those consumers of a ratio Ω-6/Ω-3 higher than 50, compared to those consum-
ers of a low or modest ratio between both types of PUFA. Anyway, it should be recog-
nized the fact that those populations who consume abundantly foods that are sources 
of Ω-3 PUFA, in Europe as well as in Asia and America, are not so affl icted by BC 
 [  96  ] . In this sense, experimental research conducted in the last years has found that the 
combination of high level of Ω-3 (in seafood and fi shes), a low level of Ω-6 (in vege-
table oils and fats) and a high intake of monounsaturated fats (in olive oil), which are 
present in the Mediterranean diet, is a powerful “anti-HER-2” cocktail  [  97  ] .  

   THE      EVIDENCE IS STILL NOT CONCLUSIVE, BUT IT SUGGESTS 
A POSITIVE RELATION OF  Ω -6 FATS AND A NEGATIVE ONE OF  
Ω -3 FATS WITH BREAST CANCER.   

   TRANS Fatty Acids 

 The trans-fatty acids (TFA) are  W -6 fatty acids, which have been chemically modifi ed 
through a process of hydrogenation. They are artifi cially created and exist in those 
foods whose labels show the words “hydrogenated fats” or “partially hydrogenated 
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fats”. Their main application is to increase the conservation period of certain foods 
and to make the fat become more solid. They are constituents of French fries and 
other snack-type products, as well as in cookies, cakes, bakery and other popular 
sweetened products. These fats have infl uence on infl ammation and endothelial bio-
markers as Reactive C-Protein, IL-6 and others  [  98  ] , something that locates these 
artifi cial products not only as potentially dangerous for the vascular structures but 
also from the metabolic and oncologic viewpoint. 

 There is confl icting evidence concerning the possible role of TFA in breast cancer. 
A cohort study on BC in the United States analyzed the intake of TFA and reported 
the absence of association, with a non signifi cant RR = 0.9 for the highest intake 
level  [  71  ] . The issue is under continuous revision since some years and is still con-
troversial  [  99  ] . However, the concentration of TFA in gluteal adipose tissue was 
positively associated (OR = 1.4) with the BC risk in European postmenopausal 
women  [  100  ]  as part of the EURAMIC study (European Community Multicentre 
Study on Antioxidants, Myocardial Infarction, and Breast Cancer). The positive 
association was not attributable to differences in age, body mass index, exogenous 
hormone use, or socio-economic status.  

   TRANS     -FATTY ACIDS POSSIBLY INCREASE THE RISK OF BREAST 
CANCER, BUT DATA DO NOT ENABLE US TO BE CONCLUSIVE.   

   Cholesterol 

 None of the 5 prospective studies on BC which examined the relationship with cho-
lesterol intake did show any signifi cant statistical association. In 4 of them, the RR 
for the level of highest consumption ranged between 0.7–1.2 and in the remaining 
study  [  43  ]  the RR reached a value of 2.2. The analysis of 7 cohort studies conducted 
by Hunter et al.  [  45  ] , already quoted, did not show an association with the intake of 
cholesterol. 

 Most case-control studies which examined the intake of cholesterol have not 
either reported any signifi cant association, having found for the level of highest 
consumption a RR between 0.5 and 1.3  [  101  ] . 

 Regarding the role of mammographic density as a risk factor for BC, a recent 
study found no evidence indicating any association between dietary and serum cho-
lesterol levels and mammographic density  [  102  ] . 

 An experimental study examined the role of cholesterol in the regulation of 
tumour progression in a mouse model of mammary tumour formation  [  103  ] , sug-
gesting that cholesterol accelerates and enhances tumour formation. In addition, 
tumours were more aggressive, and tumour angiogenesis was enhanced. It was also 
observed that plasma cholesterol levels were reduced during tumour development 
but not prior to its initiation. These data provide new evidence for an increased 
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 utilization of cholesterol by tumours and for its role in tumour formation. Taken 
together, the results of this recent work imply that an increase in plasma cholesterol 
levels accelerates the development of tumours and exacerbates their aggressiveness. 

 As it will be shown further in the Uruguayan studies, the analysis of fats and risk 
of BC  [  94  ]  showed that the highest consumers of cholesterol experienced signifi cant 
increases of risk (OR = 4.3), stronger than for other fat components. We have sug-
gested that the combination of high cholesterol intake together with an imbalance of 
 W -6/ W -3 PUFA is something characteristic of Western dietary styles  [  63  ]  and it 
could increase the risk of BC since the latter imbalance makes diffi cult the bile 
elimination of cholesterol. 

 The estrogen action exerted by a hydroxylated derivative of cholesterol, in par-
ticular 25-hydroxycholesterol (25HC) may be considered as an additional factor 
involved in the progression of breast and ovarian tumours, according to an experi-
mental research  [  104  ] . This study demonstrated that the  a -estrogen receptor ( a -ER) 
mediates gene expression changes and growth responses induced by 25HC in breast 
and ovarian cancer cells. These facts could explain partially the positive associations 
between BC and cholesterol that studies like the Uruguayan one have reported.  

   CHOLESTEROL     -RICH DIETS COULD BE RELATED WITH THE 
RISK OF BREAST CANCER, BUT ANY STRONG STATEMENT IS 
STILL PREMATURE.   

   Proteins 

   Total Proteins 

 Since the research focused mainly on fat intake, protein consumption has been usu-
ally somehow underreported, in case-control as well as in cohort studies. A prospec-
tive cohort study of 1994  [  44  ]  which showed a risk increase related with meat 
consumption, did not reveal an infl uence of protein consumption, after adjusting for 
calories intake. An analysis of 12 case-control studies published two decades ago 
has not either shown any effect in the risk of BC from the intake of total protein, 
even if it was adjusted for fat intake  [  13  ] . 

 Just as it happened with dietary fat, the ecologic studies exhibited strong correla-
tions between consumption of total and animal protein and national mortality rates 
of BC (r = 0.6 and 0.9 respectively)  [  41  ] . A study on health in China has not found 
an association similar to the one before quoted  [  105  ] . The consumption levels along 
the 65 provinces included in this study were in general lower than those of countries 
belonging to the Western culture. Therefore, if a threshold effect exists, for which 
only intakes over a given and relatively high level affect the risk, an actual associa-
tion could not become detectable within the studied Chinese populations.  
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   CURRENTLY     , ANY JUDGMENT ON POSSIBLE EFFECTS OF TOTAL 
PROTEINS IS NOT POSSIBLE TO BE ESTABLISHED. PROBABLY 
THEIR ANIMAL OR VEGETABLE SOURCE MEAN DIFFERENCES 
IN SUCH EFFECTS.   

   Animal Protein 

 At least four case-control studies on BC have analyzed the intake of animal protein. 
An Italian study showed a signifi cant RR = 2.9 for the level of highest consumption, 
an association which was evident for pre- as well as for postmenopausal women and 
remaining after adjustment for saturated fat intake  [  44  ] . A Hawaiian study also 
showed risk increase (a signifi cant RR = 1.6) only among Japanese but not in 
Caucasian women, and also among those who had had an early menarche  [  106  ] . 
Another two studies, performed in Asian populations as Singapore and Japan did 
not show signifi cant associations in relation to the consumption of animal protein. 
In addition, the Japanese study did not show a relationship even when only the post-
menopausal subset was considered. Differences between cases and controls were 
not either observed when the intake of foods which are sources of animal protein – 
such as meat, poultry, eggs and dairy – were analyzed. 

 International correlations between the intake of animal protein and rates of inci-
dence and mortality of BC, as well as of other hormone-related cancers such as 
ovary, endometrium and prostate have been reported  [  41  ] . 

 According to animal experimentation with rodents, diets with animal protein 
showed relationships with biological facts. When the intake level was notably low, 
the rates of body growth and sexual maturity were reduced and the tumour inci-
dence also fell, when compared to the usual level of protein consumption on a basis 
of dairy casein  [  107  ] . The effect of tumour promotion derived from the dietary ani-
mal protein seems to be more pronounced during early stages of life, especially 
during sexual maturation and during the development of mammary glands, which 
are periods when hormonal activities are particularly signifi cant  [  108  ] .  

   THE      EVIDENCE, ALTHOUGH STILL NOT ENOUGH, SUGGESTS 
THAT DIETS RICH IN ANIMAL PROTEIN COULD INCREASE THE 
RISK OF BREAST CANCER.   

   Vegetable Protein 

 An Italian case-control study reported a moderate reduction in the risk of BC (a signifi -
cant RR = 0.7) for the quartile with the highest intakes of protein having vegetal 
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source  [  109  ] . As it was already quoted above, such study also showed a risk increase 
for animal protein. A case-control study in Singapore analyzed the intake of soy protein 
and found a strong association in the protective sense: a signifi cant RR = 0.4 for total 
soy protein and a signifi cant RR = 0.3 for the soy proportion in total protein  [  110  ] .  

   BASED      ON A SMALL EVIDENCE, IT IS STILL NOT POSSIBLE 
MAKE A JUDGEMENT ON THE ROLE OF VEGETABLE PROTEINS.   
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   Vitamins    

   Carotenoids 

 The relationship between ß-carotene or carotenoids and the risk of BC has been 
assessed in different types of studies. Some cohort studies reported non signifi cant 
RRs of 0.8–0.9 for the highest consumptions of carotenoids  [  1,   2  ] . A sample of 
women analyzed in the Women’s Health Initiative study reported that the analyses of 
repeated measurements indicated that serum  a -carotene and ß-carotene were inversely 
associated with BC  [  3  ] . 

 A Swedish cohort study reported that dietary carotenoids were not signifi cantly 
associated with the risk of BC overall or with any subtype defi ned by estrogen 
receptor (ER) and progesterone receptor (PR) status. However, dietary  a -carotene 
and ß-carotene were inversely associated with the risk of ER-PR-BC among ever 
smokers  [  4  ] . No signifi cant associations between BC risk and serum carotenoids 
were also reported in other European cohort study  [  5  ] . 

 Of 14 case-control studies which examined the intake of carotenoids, 6 have 
communicated strong or moderate associations in a protective sense, with RRs rang-
ing between 0.2 and 0.7 (three of them were signifi cant) for the highest levels of 
intake. In addition, 4 studies reported a non signifi cant RR = 0.8 and the rest reported 
risks between 1.0 and 1.2, which were not signifi cant either  [  6  ] . 

 A combined analysis of 8 case-control studies involving more than 6.000 cases 
found a weak but statistically signifi cant protective association for the highest level 
of ß-carotene intake  [  7  ] , an association which seemed to be limited only to post-
menopausal women. Although such association is weak, it is consistent with the 
fi ndings of the above quoted cohort studies. 

 A study in Uruguay  [  8  ]  showed negative associations for the intake of all carote-
noids and the risk of BC, but the most protective one was Lycopene (OR = 0.30) fol-
lowed by  a -Carotene and ß-Criptoxanthin, both with an OR = 0.52. In all cases, these 
estimates for the highest quartiles of consumption were statistically signifi cant. 

    Chapter 5   
 Vitamins and Bioactive Substances               
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 Dietary but not supplemental beta-carotene showed a protective effect against 
lobular BC (incidence rate ratio (IRR): 0.72, 95% CI 0.57–0.91)  [  9  ] , albeit this study 
found no association between overall BC and any micronutrients. A study on nutri-
ent patterns and BC  [  10  ]  reported also a protective effect against non-ductal BC of 
the so-called “antioxidants” pattern, which displayed a high loading for carotenoids. 
Dietary ß-carotene was associated with a decreased risk in postmenopausal women 
with high alcohol intake  [  11  ] . No associations among premenopausal (OR = 1.04, 
95% CI 0.85–1.27) or postmenopausal women (OR = 0.93, 95% CI 0.82–1.04) were 
found. In addition, a study restricted to invasive BC reported a signifi cant and inverse 
association among premenopausal women for high levels of vitamin A,  a -carotene, 
ß-carotene and lutein/zeaxanthin, whereas such inverse association was not observed 
among postmenopausal women  [  12  ] . 

 Women with BC tended to have lower levels of plasma carotenoids than matched 
controls, but no signifi cant associations were found among a multiethnic cohort 
 [  13  ] . Interestingly, the Nurses’ Health Study reported that there was no inverse asso-
ciation between carotenoids and BC risk among women with low mammographic 
density, however, among women with high mammographic density, high levels of 
circulating alpha-carotene, beta-cryptoxanthin, lycopene, and lutein/zeaxanthin 
were associated with a signifi cant 40–50% reduction in BC risk  [  14  ] . 

 In addition, 2 studies of survival of BC have communicated that women with 
higher intakes of ß-carotene had a lower risk of dying because of their cancer, with 
a RR = 0.5 comparing the highest with the lowest level of intake  [  1,   15  ] . Besides, 
women with high plasmatic levels of carotenoids (specially eating more tomatoes, 
carrot, red pepper) reduced signifi cantly their recurrence risk compared to those 
ones with low levels  [  16,   17  ] . The potential biologic mechanisms through which 
carotenoids could protect against BC include antioxidant activity, among others. 
Moreover, phase I enzyme inhibition and phase II enzyme induction were the under-
lying chemoprotective mechanisms of lycopene against Polycyclic Aromatic 
Hydrocarbons-induced toxicity, according to a recent experimental study  [  18  ] .  

   HIGH      DIETARY LEVELS OF CAROTENOIDS PROBABLY REDUCE 
THE RISK OF BREAST CANCER.   

   Vitamins B 

 Vitamins which belong to the B group such as folate, B-6 and B-12 work as coen-
zymes in one-carbon metabolism, which has been recognized as critical for DNA 
synthesis and methylation  [  19–  22  ] . One-carbon metabolism is a network of interre-
lated biological reactions that provide essential cofactors for the production of 
S-adenosylmethionine, the primary methyl donor for methylation, as well as the 
methyl group in methylation of dUMP to dTMP for DNA synthesis  [  23  ] . The three 
vitamins are involved in different aspects of the metabolism of homocystein and 
 therefore their defi ciency may interfere with DNA methylation and synthesis, leading 
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to aberrant gene expression and DNA instability and eventually the development of 
cancer  [  24,   25  ] . In addition to the quoted genetic risks, we should emphasize that DNA 
methylation involves potential epigenetic alterations, which could also be inherited. 

 Several studies have thoroughly analyzed the associations between folate, vita-
min B-6, and vitamin B-12 and the risk of BC. Historically, an association between 
low plasmatic vitamin B-6 levels and BC was described more than three decades 
ago  [  26  ] . But a non signifi cant increase of risk for high level of vitamin B-6 was also 
reported  [  27  ] . Some case-control studies have reported a negative association 
between dietary intakes of folate or other B vitamins and BC  [  8,   27–  33  ] . 

 Also part of the prospective cohort studies observed a negative association 
between folate intake and BC risk among alcohol consumers  [  34–  38  ]  and among 
current smokers  [  39  ] . Nevertheless, most of the studies have not found an overall 
association between intakes of folate or vitamins B-6 and B-12  [  27,   34–  41  ]  neither 
of all B vitamins  [  42  ]  and BC risk. 

 Data relating circulating concentrations of folate to BC risk are restricted to a 
few studies  [  43–  46  ] , where the three latter  [  44–  46  ]  suggested an inverse association 
between circulating folate concentrations and BC risk. Two recent meta-analysis 
studies concluded no clear association between folate intake and folate concentra-
tions and BC risk  [  47,   48  ] , suggesting that high folate status may be associated with 
little or no risk reduction of BC. On the other hand, also positive associations were 
seen in plasma folate and the risk of developing premenopausal BC and Estrogen 
Receptor (ER) positive or Progesterone Receptor (PR) positive breast tumors  [  27  ] . 
Other recent study  [  49  ]  found a positive association between plasma folate concen-
tration and ERbeta- BC but not in other BC groups defi ned by ER status. 

 Experimental animal research suggests that folate may have dual effects on BC 
development, depending on its timing  [  25  ] . Folate administration can prevent tumor 
development before the existence of preneoplastic lesions and increasing tumori-
genesis once preneoplastic lesions are established. Experimental data suggest that 
the interaction between folate and estrogen is complex  [  50–  53  ] . 

 In addition, a randomized trial of folic acid supplementation during pregnancy 
reported that women who received such supplements had a non signifi cantly 
increased risk of BC mortality compared with those in the placebo group  [  54  ] . 
Notably, in this study those women who received the highest dose (5 mg/day) had 
the highest mortality risk (RR = 2.02; 95% CI 0.88–4.02), although the association 
was not statistically signifi cant either. 

 Since alcohol is well recognized as a risk factor for BC  [  55  ] , genetic polymor-
phisms in folate and alcohol metabolic pathways might infl uence the risk of the 
disease  [  56  ] . From a public heath perspective, it is important to identify risk factors, 
such as a low B vitamin consumption, that may guide an effective prevention strat-
egy against the disease  [  57  ] . It should be also taken into account that food sources 
may have stronger anti-carcinogenic effects than the synthetic B vitamins found in 
supplements. 

 In spite of its main capabilities (DNA integrity and stability maintenance), the 
role of folate in cancer prevention deserves to be further reanalyzed. The question 
of folate intake through foods or supplements remains to be answered, and this is a 
pending issue to be solved.  
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   A DEFINITE      ROLE FOR FOLATE AND OTHER VITAMINS OF THE 
B GROUP HAS NOT BEEN ELUCIDATED REGARDING THEIR 
RELATIONS WITH THE RISK OF BREAST CANCER.   

   Vitamin C 

 Some prospective studies performed during the 90’s in North America examined the 
intake of ascorbic acid (vitamin C). A null association or absence of association was 
reported in them, with RR = 1.0 or close to it  [  2,   58  ] . However, certain case-control 
studies  [  32,   59  ]  and one meta-analysis  [  60  ]  reported a signifi cant inverse association 
for vitamin C intake. 

 On the other hand, some of the case-control studies have reported moderate pro-
tective associations or absence of association too  [  1,   61–  67  ] , as well as a non signifi -
cant increase of risk  [  68,   69  ] . A combined analysis of 9 case-control studies which 
involved almost 7.000 cases, reported a signifi cant RR = 0.69 for the highest quintile 
of vitamin C consumption  [  7  ] . This association remained after adjusting for intakes 
of fi bre and ß-carotene (RR = 0.73). The BC risk was found not related to intakes of 
any vitamin supplement either  [  70–  72  ] . 

 Two survival studies on BC which were quoted above regarding carotenoid intake, 
revealed that women with the highest intake of vitamin C had less risks of dying 
because of their cancer (RR = 0.4–0.7) when the highest consumption was compared 
to the lowest  [  1,   14  ] . The levels of the antioxidant enzymes catalase, superoxide dis-
mutase, glutathione peroxidase and glutathione-S-transferase were signifi cantly nor-
malized by vitamin C treatment  [  73  ] , something that could partially explain the better 
survival of vitamin C-treated postmenopausal BC patients compared with normal 
individuals. 

 A recent cohort study  [  10  ]  reported that dietary intake of vitamin C was not asso-
ciated with BC risk in premenopausal (RR = 1.12, 95% CI 0.92–1.36) and post-
menopausal women (RR = 0.98, 95% CI 0.87–1.11). However, in postmenopausal 
women using exogenous hormones, high intake of vitamin C (RR = 0.88, 95% CI 
0.72–1.07, P-trend 0.05) was associated with reduced BC risk. 

 The experimental evidence is not consistent with the epidemiologic fi ndings, 
since no effect was observed after the administration of vitamin C on the growth of 
induced or transplanted mammary tumours  [  74  ] . 

 The potential biologic mechanisms through which vitamin C could protect 
against BC involve its roles as antioxidant, in the protein synthesis of conjunctive 
tissue and in the immunologic surveillance.  

   A HIGH      DIETARY LEVEL OF VITAMIN C COULD REDUCE THE 
RISK OF BREAST CANCER, BUT MORE EVIDENCE IS STILL 
NECESSARY.   
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   Vitamin D 

 Vitamin D (VD) is a powerful inhibitor of the cellular capability to divide itself and 
grow. It also helps mammary cells in the maturation process, with which they become 
less vulnerable to the action of harmful elements that have some participation in the 
development of BC. The major part of this hormone should proceed from foods and 
from the exposure to sunlight. Regarding this latter, it is accepted that an exposure of 
15 min three times per week is a convenient degree, while it is unnecessary to remain 
exposed to the sun during a long time nor provoking a burning either. 

 Epidemiologic studies, in particular the ecologic ones, investigated correlations 
between incidence rates of BC  [  75  ]  or mortality rates of the disease and the expo-
sure levels to solar radiation  [  76  ] . On the base of such studies, the lack of solar 
exposure – which would mean a defi ciency of VD – has been suggested as a possi-
ble risk factor for BC. Other studies found a strong inverse correlation between BC 
and the availability of solar radiation in an amount which is effective for the produc-
tion of VD in the skin  [  77,   78  ] . When also is associated to a low average intake of 
VD, these authors suggested that an inadequate amount of VD could be a signifi cant 
risk factor for BC. Data from the NHANES study support the hypothesis that sun-
light and dietary VD reduce the risk of BC  [  79  ] . In addition, other ecologic study 
has found regional mortality rates of BC which were inversely correlated with the 
local intensity of sunlight, in other words, the more light less frequent cancer and 
vice versa  [  80  ] . 

 The fi nding of low serum values of VD in Uruguayan women, following a sea-
sonal fl uctuation pattern  [  81  ] , enabled the authors to suppose that in the latitude of 
temperate weather several population risks are present, such as of osteoporosis, 
colorectal cancer and eventually of BC too, if the results of the samples are extrapo-
lated to the general population. Besides, a recent French study  [  82  ]  reported that 
dietary and supplemental VD intakes were not associated with BC risk in regions 
with high ultraviolet radiation; nevertheless, the authors found a signifi cantly lower 
BC risk among postmenopausal women with high dietary or supplemental VD 
intake when they were compared to women with the lowest VD intake. 

 A Norwegian study on breast, colon and prostate cancers found that adequate 
levels of VD3 at the moment of diagnosis (in Summer and Fall) and during the ther-
apy were associated with lower risk of death  [  83  ] . An association of VD and calcium 
intake with the reduction of radiologic mammary density, suggests that both could 
reduce the risk of BC through an infl uence on the morphology of mammary tissue 
 [  84  ] . A more recent analysis, besides, recognized the potential role of VD in the pre-
vention of BC  [  85,   151  ] , although new studies are needed in order to fi nd an optimal 
status of VD and to defi ne its appropriate biomarkers in relation to the protection 
against BC  [  86  ] . Furthermore, a recent experimental research  [  87  ]  reported that the 
addition of VD to tumour cell cultures induced the regression of certain typical mor-
phologic features of more aggressive and of worse prognosis mammary cancers. 

 Besides, the incidence of BC in the Western world runs parallel to that of the major 
components of the insulin resistance syndrome, as hyperinsulinemia, dyslipidemia, 
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hypertension, obesity and atherosclerosis. The growth of BC is enhanced by specifi c 
dietary fatty acids, visceral fat accumulation and insuffi cient physical activity, all of 
which are thought to interact in favouring the development of the insulin resistance 
syndrome .  

 The available literature enables the VD to be closely linked to some of the main 
features of the insulin resistance syndrome  [  88,   89  ] . A relationship between VD and 
insulin secretion was suggested more than two decades ago  [  90  ] , and it was more 
recently analyzed  [  91–  93  ] . Finally, the relationship with body fat content has been 
also investigated. Obesity increases the risk of VD defi ciency  [  94  ] . Once VD is 
synthesized in the skin or ingested, it is deposited in body fat stores, making it less 
bioavailable to subjects having large of such fat stores. 

 All the preceding metabolic context gives us biologic bases to think that the fre-
quent situation of insulin resistance, BC and low level of VD keep relationships among 
themselves. Since human mammary cells have receptors for VD, there is a plausible 
biologic base for the hypothesis that VD can contribute to the protection against BC.  

   THERE      IS CURRENTLY IMPORTANT EPIDEMIOLOGIC AND 
EXPERIMENTAL EVIDENCE SUPPORTING A PREVENTIVE 
ROLE FOR VITAMIN D.   

   Vitamin E 

 Several types of studies have examined possible associations between the intake of 
 a -tocopherol (vitamin E) and BC. Some prospective studies on BC have essentially 
reported an absence of association for dietary vitamin E  [  1,   58  ] . In one of them, a 
weakly protective association suggested initially disappeared completely when 
vitamin A was included in the analysis model  [  2  ] . Of fi ve case-control studies, 3 
communicated weak protective effects for the highest consumption  [  28,   95  ] , and on 
the other hand 2 studies reported risk around 1 (no association)  [  69,   96  ] . 

 A survival study reported that those women with the highest intakes of vitamin 
E previously to the onset of the disease, had a lower risk of dying of their cancer 
 [  15  ] . Some intervention studies from the 80’s who used dietary supplements com-
municated the absence of effects of supplementation with vitamin E en prevalent 
cases of benign breast disease  [  97,   98  ] . 

 A reviewed series of experimental studies performed in rats  [  99  ]  showed com-
bined results. Some of them revealed a protective effect, some absence of effects, 
but none showed a harmful effect. A study showed that vitamin E inhibited the BC 
when the experimental diet was rich in PUFA, however, other study did not confi rm 
this fi nding. Several studies showed that the vitamin empowered the capability of 
selenium in inhibition of cancer development. 

 In the last years, additional evidence for the action of vitamin E in relation to BC 
has been produced. A review on the issue remarks that this vitamin can stimulate the 
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apoptosis (programmed cell death) in tumour cells as well it can increase the anti-
metastatic action of specifi c drugs  [  100  ] , probably due to its anti-angiogenic capa-
bility  [  101  ] . Also chemical analogues of the vitamin have achieved an experimental 
reduction of metastatic capability of tumours  [  102  ] . Besides, its lack of relationship 
with the risk of BC in pre-menopausal women has been observed  [  39  ] . In addition, 
it does not seem recommendable its supplementation together with tamoxifen, due 
to the infl uence on estrogen receptors  [  103,   104  ] .  

   A HIGH      LEVEL OF DIETARY VITAMIN E COULD HAVE 
RELATIONSHIP WITH A LESSER RISK OF BREAST CANCER, 
BUT THE EVIDENCE IS STILL NOT SUFFICIENT.   

   Bioactive Substances 

   Phytoestrogens 

 Phytoestrogens are weak estrogens of mainly vegetable origin. They are present in 
particular in soybeans and in whole grain cereals, as well as in some seeds (fl axseed, 
specially). The major phytoestrogens are the isofl avones (daidzein, genistein), the 
coumestans and the lignans (enterolactone and enterodiol). Also cereals and dietary 
fi bre constitute an important source of lignans, and is remarkable their high content 
in legumes. In Uruguay, the authors have investigated this issue  [  105  ] , centered 
mainly in exploring lignans – which are the most common phytoestrogens in a 
Western diet like the Uruguayan. Lignans showed a strong reduction of risk of BC: 
the study reported a signifi cant protection for the highest quartiles of intake of total 
lignans and enterodiol (OR = 0.43 for both substances), of enterolactone (OR = 0.55) 
and also of isofl avones (OR = 0.62). More recently, lignans appear as linked to the 
protection in postmenopausal ER- and PR + women  [  106  ] . 

 The presence of non steroidal substances in certain plants having estrogenic 
activity was recognized since the 40’s decade  [  107  ] . In those times, studies con-
ducted in Western Australia  [  108  ]  identifi ed reproductive disruptions in sheep which 
were fed with a subterranean vegetable. Females experienced sterility and the cause 
was attributed to the intake of certain estrogenic substances in the clover. Since 
then, it has been recognized that hundreds of plants had compounds which expressed 
certain degree of estrogenic activity  [  109,   110  ] . The knowledge on the chemical 
structure, dietary sources and physiologic effects of phytoestrogens has grown con-
siderably from that moment up to the present time  [  107,   111–  113  ] . 

 The potentially preventive actions of phytoestrogens (isofl avones and lignans) in 
BC have been intensely investigated in the past decade  [  111,   114–  116  ] . Moreover, 
until 1996 there were no epidemiologic studies which have examined intakes of 
isofl avones or lignans per se. The literature has recently grown, suggesting mostly 
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protective effects  [  117–  121  ] , albeit new revisions continue quoting the presence of 
controversial results  [  122–  124  ] . Caution is required for the prescription under cer-
tain circumstances, since the effects could be opposite to those wanted  [  125  ] . 

 A postulated anticarcinogenic mechanism involves a weak estrogenic activity of 
these compounds, estimated around a 0.1% of conjugated estrogens. Phytoestrogens 
can bind estrogen receptors without producing any major response, whereas they can 
block at the same time the binding of more powerful estrogens. These compounds 
are structurally similar to Tamoxifen, an antiestrogen used in hormonal therapy of 
BC and being assessed as an agent of primary prevention.  

   PHYTOESTROGEN     -RICH DIETS PROBABLY REDUCE THE RISK 
OF BREAST CANCER.   

   Antocyanins 

 Not only vitamin E participates in the protection against angiogenesis. There is a 
group of substances among fl avonoids called ANTOCYANINS, which have a pow-
erful anti-angiogenic capability. They are components of a fruit group whose name 
ends in “berry”. Probably the strawberry is better known than any other one, but 
there are also the elderberry, blueberry, bilberry, cranberry and raspberry. “Berries” 
are then fruits whose high content in antocyanin is benefi cial for its antioxidant 
capability, because they help to prepare the cellular DNA and to protect its integrity 
 [  126  ] . The reduction of oxidative stress has also as collateral benefi cial effects the 
improvement of neural and cognitive functions, thinking of the prevention of brain 
aging and of neurodegenerative pathologies.  

   Inositol Hexaphosphate 

 The inositol hexaphosphate (IP6), also known as phytic acid, is a polyphosphored 
carbohydrate which is naturally found in foods which are rich sources in fi bre, as 
legumes, peas, integral cereals (oat, wheat, rye), wheat bran and soyfoods. The soy-
beans have the highest content known among legumes. IP6 is usually attached to the 
bran, the not soluble fi bre, which is hard to digest. It is assumed that foods must be 
cooked to release IP6 from fi bre and to allow it to be digested, however, the cooking 
process is thought that can destroy it. 

 In addition, IP6 is found not only in plants but in almost every cell of mammalians – 
although in much less amount – where is important for the regulation of vital cell 
functions just as signal transduction, cell proliferation and differentiation. During a 
long time, IP6 was recognized as a natural antioxidant, but it has also other benefi cial 
qualities for human health, as the capability of enhancing the immune system, 
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 preventing the pathologic calcifi cation and renal lithiasis, lowering the hypercholes-
terolemia and reducing the pathologic thrombocyte activity  [  127  ] . More recently, IP6 
has received more attention for its role in cancer prevention and in the control of 
tumour growth, progression and metastasis at an experimental level  [  128  ] . As a con-
sequence, it is currently defi ned as a substance with anti-angiogenic  capability  [  129  ] . 

 Its anticarcinogenic activity has been mainly observed at an experimental level 
in tumours of different sites: melanoma  [  130  ] , colon  [  131,   132  ] , prostate  [  133,   134  ] , 
pancreas  [  135  ] , soft tissue sarcomas  [  136  ]  and breast  [  137–  139  ] . In addition, an 
enhancement of antineoplastic activity of adriamicin and tamoxifen has been also 
reported  [  140  ] . 

 Although its lack of clinical evidence, experimental fi ndings have open a possi-
bility for its therapeutic application, which could be assessed in the future. In the 
interim, its frequent inclusion in the diet seems recommendable, because it could be 
one of the possible explanations for the protective effect found in the intake of those 
foods which have it as a component.  

   Indol-3-Carbinol 

 Undoubtedly, there is a group of vegetables which notably outstands and they are 
the cruciferous (caulifl ower, cabbage, broccoli, Brussels sprouts, i.e.). Cruciferous 
vegetables are a rich source of glucosinolates and their hydrolysis products. 
Isothiocyanates and indoles derived from the hydrolysis of glucosinolates, such as 
sulforaphane and indole-3-carbinol (I3C), have been implicated in a variety of anti-
carcinogenic mechanisms  [  141  ] . These hydrolysis products alter the metabolism or 
activity of sex hormones in ways that could inhibit the development of hormone-
sensitive cancers, in particular enhancing the synthesis of “good” estrogens (the 
weak ones, from the group of 2- a -hydroxyestrogens). Few days after having a con-
stant intake of these vegetables, the production level of the quoted hormones 
increases markedly  [  142  ] . Besides, the fact that the intake of vegetables correlates 
positively with the presence of carotenoids in serum and adipose tissue  [  143  ]  sup-
ports the hypothesis of potential protection of these foods, perhaps through the com-
bined effects of several components of vegetables.  

   Isothiocyanates 

 The isothiocyanates are non-nutrient substances which together with the indols derived 
from cruciferous have growth inhibitor activity and apoptosis inductor in cancerous 
cell lines, in vitro  [  144,   145  ] . The most known compound is Sulphoraphane. Among 
the capabilities of isothiocyanates at a molecular level is the induction of phase II 
enzymes (i.e. glutathione-S-transferases), the disruption of steroidal hormones metab-
olism, the regulation of responses of estrogen receptors and the stabilization of cell 
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proliferation  [  146–  149  ] . In addition, an anti-angiogenic capability has been lately 
described  [  150  ] . 

 Their anticarcinogenic action is recognized for several types of cancers. They are 
described as associated to a BC risk reduction, as it was mentioned from the intake 
of cruciferous vegetables in case-control studies performed in the US, Sweden and 
China  [  146,   151,   152  ] . These studies found that measures of cruciferous vegetable 
intake were signifi cantly lower in women diagnosed with BC than in cancer-free 
control groups. Nevertheless, cruciferous vegetable intake was not associated with 
BC risk in a pooled analysis of seven large prospective cohort studies  [  153  ] . 
Epidemiologic studies have indicated that the human exposure to isothiocyanates 
can reduce the risk of cancer, but the protective effects can be infl uenced by genetic 
variations (polymorphisms) in the metabolism and elimination from body of the 
isothiocyanates  [  141,   154  ] .       
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   Alcohol Drinking    

 Around three decades ago, two case-control studies showed an association between 
high intake of alcohol and increased risk of breast cancer (BC)  [  1,   2  ] . Since then, the 
hypothesis postulating that the alcohol consumption increases the risk of BC has 
been intensely studied. According to expert opinions of an IARC Working Group on 
the Evaluation of Carcinogenic Risks to Humans more than 100 epidemiological 
studies – two thirds case–control and one third cohort – have evaluated the associa-
tion between the consumption of alcoholic beverages and the risk for BC. In addi-
tion, two pooled analyses, the largest of which included data from more than 
50 studies, have been conducted  [  3  ] . 

 The Collaborative Group on Hormonal Factors on Breast Cancer made a pooled 
analysis of individual data from 53 studies on 58 515 women with BC, which com-
piled most of the evidence available worldwide a decade ago  [  4  ] . Results showed a 
linear increase in risk for BC with increasing levels of alcoholic beverage con-
sumption, with a relative risk of 1.46 (95% CI, 1.34–1.60) for women who drank 
 ³  45 g/day of alcohol (median 58 g/day) compared with non-drinkers. This corre-
sponds to an increase of 7.1% (95% CI, 5.5–8.7%) per 10 g/day. This study also 
reported that the association of alcoholic beverages with the risk for BC was not 
modifi ed by tobacco smoking, age at diagnosis, reproductive factors, a mother or 
sister with a history of BC, use of oral contraceptives or use of hormone replace-
ment therapy. 

 The largest of the cohort studies comprised in the quoted technical monograph 
 [  3  ] , which was conducted by the European Prospective Investigation into Cancer 
and Nutrition (EPIC) and based on 4300 cases, reported a signifi cant 13% increase 
in risk for BC for intakes of  ³  20 g/day of alcohol, which corresponds to an increase 
in risk of 3% per 10 g intake of alcohol per day (95% CI, 1–5%)  [  5  ] . On the other 
hand, according to the amount of alcohol intake per day, a higher amount ( ³ 15.0 g/
day) had no signifi cant relation to BC risk (RR = 0.87, 95% CI 0.40–1.91; P for 
trend = 0.85) among Japanese women  [  6  ] . 

    Chapter 6   
 Alcohol and Other Beverages               
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 Concerning this point, although some information proceeding from interna-
tional ecologic correlation studies exists, the experts agree in recognizing that they 
are not a considerable contribution in the particular case of alcohol intake among 
women  [  7  ] . A decade ago, the estimated age-adjusted attributable fraction for 
alcohol and BC was 2.1% among American women  [  8  ] . A recent study performed 
on the EPIC population, stated that 5% (2–8%) of cases of BC in women could be 
associated with total alcohol consumption  [  9  ] . Besides, Boffetta and Hashibe esti-
mated that among women in Central and Eastern Europe, BC comprises 60% of 
alcohol attributable cancers  [  10  ] . These authors estimated in Europe in 2002 that 
28,300 cases of BC, representing 7.7% of all BCs, were attributable to alcohol 
consumption. Concerning the attributable fraction of BC in France  [  11  ] , 9.4% 
could be attributed to alcohol consumption, rather similarly to physical inactivity 
with 10.1% but almost doubling the estimate for changes in reproductive factors 
(5.4%). 

 More than two decades ago  [  12  ] , a study reported that American women who 
had consumed alcohol before the age of 30 and afterwards ceased their intake expe-
rienced an elevation in their risk, which was similar to those ones who continued 
drinking. Another American study, but a cohort one  [  13  ]  reported an increase of BC 
risk among former drinkers compared to non-drinkers (RR = 2.2), although the study 
lacked of age of quit. 

 Concerning intensity of intake, some studies have examined the effect of life-
time alcoholic beverage intake by total amount  [  4,   14–  17  ]  or by an intake of 10 g/
day of alcohol  [  15,   18,   19  ]  on the risk for BC. One large case–control study reported 
a 31% increase in risk for an alcohol intake of 13 g/day  [  15  ] . Conversely, the EPIC 
cohort found no association with lifetime alcoholic beverage intake after adjust-
ment was made for current alcoholic beverage intake  [  5  ] . Most studies that exam-
ined the risk for BC and the age at which a woman began drinking reported no 
association  [  5,   14,   20–  25  ] . 

 The fi ndings of a study on Mexican women support evidence that any alcohol 
intake increases risk of BC (ever vs. never drinking, OR = 1.25, 95% CI 0.99–1.58) 
 [  26  ] . Insuffi cient intake of folate may further elevate risk for developing BC among 
women who consume alcohol, according to this study (OR for lower folate 
intake = 1.99, 95% CI = 1.26–3.16). 

 Of some studies which examined the relationship of alcohol consumption and 
menopausal status of patients with BC, part suggested increased risk of BC in pre-
menopausal but not in postmenopausal women  [  27  ] , part suggested increased risk 
in both situations  [  28  ]  and part suggested absence of relationship of any kind, or 
reduced risk among premenopausal women  [  29  ] . Therefore, clear evidence that 
some effect of alcohol is modifi ed by menopausal status does not exist. 

 The types of alcoholic beverage were also studied, in order to clarify whether the 
increase of BC risk associated to increasing alcoholic consumption, occurred regard-
less of the beverage type  [  30  ] . Estimates from a pooled analysis of six cohort studies 
showed risks of 11%, 5% and 5% per 10 g intake of beer, wine and spirits per day, 
respectively  [  18  ] , which suggested that the effect is mainly due to the presence of 
alcohol. 
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   Tumour Type 

 Some studies examined whether the association between alcoholic beverage intake 
and risk for BC differed by estrogen receptor (ER) or progesterone receptor (PR) 
status. Three cohort studies  [  31–  33  ]  evaluated such association and all of them 
reported a signifi cant association between alcoholic beverage consumption and risk 
for BC for the most common subgroup of ER + tumours; the small number of cases 
in the other subgroups may limit the power to detect signifi cant differences between 
different tumour subtypes. The Iowa Women’s Health Study  [  31,   34,   35  ]  reported a 
higher risk with increasing alcoholic beverage intake for ER–/PR– tumours and the 
Swedish Mammography Cohort Study found a higher risk for ER+/PR + and ER+/
PR– tumours  [  33  ] ; both studies reported stronger associations for users of hormone 
replacement therapy compared with non-users, although these were based on small 
numbers of cases and caution is needed in the interpretation of results. 

 Of the case–control studies, only one reported a stronger association for ER+/
PR + tumours than for ER–/PR– tumours in premenopausal women (RRs 1.4 and 
0.9, respectively, for  ³ 3.5 drinks/week versus non-drinkers), although no signifi cant 
difference was found in postmenopausal women  [  36  ] . 

 More recently, the intake of  ³ 7 servings/week of alcohol represented a RR = 1.26 
(95% CI 1.06–1.50) among triple-negative (ER-/PR-/Her2-) BC in a cohort of post-
menopausal women  [  37  ] . Another study which made an analysis by cancer subtype 
reported that women who also consumed  ³ 7 servings/week of alcohol had a higher 
risk of hormone receptor-positive invasive lobular carcinoma (RR = 1.82, 95% CI 
1.18–2.81) but not a statistically signifi cant increased risk of hormone receptor-
positive invasive ductal carcinoma (RR = 1.14, 95% CI 0.87–1.50) compared with 
never drinkers  [  38  ] . These authors conclude that alcohol use may be more strongly 
associated with risk of hormone-sensitive BCs than hormone-insensitive subtypes, 
suggesting different etiologic pathways for these two cancer subtypes. 

 In addition, in a large cohort study of postmenopausal women, alcohol intake was 
not associated either with risk of high-grade or low-/moderate-grade Ductal Carcinoma 
In Situ (RR = 0.87, 95% CI 0.50–1.51)  [  39  ] . Besides, a recent study suggests that 
alcohol consumption does not appear to increase BC risk in women carrying a BRCA 
gene mutation  [  40  ] , hence, there is a need of further studies to elucidate these points. 

 Primary prevention of the disease is not the only side of research on alcohol and 
BC: Consuming three to four alcoholic drinks or more per week after a BC diagno-
sis may increase risk of recurrence, particularly among postmenopausal and over-
weight/obese women, according to Kwan et al.  [  41  ] .  

   Alcohol and Breast Cancer in Uruguayan Studies 

 We have performed a case-control study on a large database proceeding from the 
public hospitals healthcare system. The analyzed sample comprised 2.520 newly 
diagnosed BC cases and 2.434 hospitalized controls, admitted to the major public 
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hospitals in Montevideo, Uruguay during the years 1988–2004. More than half of 
cases as well as controls were residents in Montevideo (57% and 58% respectively). 
The urban fraction was 66.8% and 66.6% respectively for cases and controls. The 
logistic regression model included the following terms: age (continuous), residence 
(categorical), education (categorical), family history of BC (categorical), menopausal 
status (categorical), age at menarche (categorical), parity (categorical), smoking 
 (categorical) and the alcohol variables. 

 In the following Table  6.1  the odds ratios of BC for intensity, years of drinking, 
and cumulative exposure to alcohol are shown:   

   Effect of Alcohol Duration in the Etiology of Breast Cancer 

 In the study conducted in Uruguay, years of drinking were directly associated with 
BC risk. It is noteworthy that most previous studies have focused on intensity of 
consumption of alcohol. Alcohol duration suggest that this risk factor is a marker of 
the stage of initiation of breast carcinogenesis. According to this hypothesis, alco-
hol consumption is a complete carcinogen, acting in the initiation and promotion of 
breast carcinogenesis. 

 The following variables could act as effect modifi ers of the relationship between 
alcohol drinking and BC risk: menopausal status, age at menarche, parity, and fam-
ily history of BC among fi rst-degree relatives. In the following Table  6.2  the interac-
tion between family history of BC and alcohol drinking are shown:  

 The fi ndings for the interaction between parity and alcohol drinking are shown in 
Table  6.3    .  

 The effect of alcohol drinking for different parity strata combined with family 
history of BC is shown in Table  6.4 .  

 In spite of the additive or multiplicative nature of estimations, results suggest that 
nuliparae women having a family history of BC might constitute a potential high-
risk subset of female population if in addition they are alcohol drinkers. 

   Table 6.1    Alcohol consumption features of the studied population   

 Alcohol variable  Category  OR  95% CI 

 Alcohol drinking  Never drinkers  1.0  Reference 
 1–30  1.24  0.94–1.65 
 31+  1.26  1.02–1.55 
 p-value for linear trend  0.01 

 Alcohol duration  Never drinkers  1.0  Reference 
 1-29  1.09  0.86–1.39 
 30+  1.42  1.13–1.79 
 p-value for linear trend  0.003 

 Alcohol years  Never drinkers  1.0  Reference 
 1–29  1.16  0.91–1.47 
 30+  1.31  1.07–1.68 
 p-value for linear trend  0.006 
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 We also analyzed the possible interactions with red meat, white meat, total 
vegetables and fruit, raw vegetables, saturated fatty acids, fried red meat and benzo-
pyrene, but there was no effect modifi cation. All these foods and nutrients resulted 
in a modest attenuation concerning the risk of alcohol drinking in BC.   

   Postulated Mechanisms of Action 

 The biological mechanisms possibly involved in the development of BC are 
going to be elucidated. Several pathways have been proposed, including effects 
on the permeability of cell membranes in the breast, an increased hepatic metab-
olism of carcinogens by enzymes which are induced by ethanol, and inhibition of 
repair mechanisms of DNA. An infl uence on hormonal metabolism has been 
seen: alcohol increases the levels of endogenous estrogen in women, indepen-
dently of menopausal status  [  42,   43  ] . Another study showed elevation of estrone 
sulphate, an indicator of estrogenic levels, among women which were regular 

 Table 6.2    Interactions 
between alcohol drinking 
and other menstrual 
variables and family 
history of breast cancer  

 Family history of BC 

 No  Yes 

 Alcohol drinking  Alcohol drinking  Total 

 OR  95% CI  OR  95% CI  OR  95% CI 

 1.0  Reference  1.7  1.5–2.0  1.0  Reference 
 0.8  0.5–1.2  1.8  1.1–3.0  1.2  0.9–1.5 
 0.9  0.6–1.3  2.0  1.2–3.2  1.9  1.6–2.1 

  1.0    Reference    1.9    1.6–2.1    Heterogeneity = 0.002  

 Parity 

 Para  Nuliparae 

 Alcohol drinking  Alcohol drinking  Total 

 OR  95% CI  OR  95% CI  OR  95% CI 

 1.0  Reference  1.0  0.8–1.2  1.0  Reference 
 0.8  0.5–1.2  1.3  0.7–2.5  1.2  0.9–1.5 
 0.9  0.6–1.3  2.1  1.2–3.7  1.4  1.4–1.7 

  1.0    Reference    1.1    0.9–1.3    Heterogeneity = 0.02  

 Table 6.3    Interactions 
between alcohol drinking 
and parity  

   Table 6.4    Effects of alcohol 
drinking stratifi ed by parity 
and family history of breast 
cancer combined      

 Alcohol drinking 

 Parity  Family history  OR  95% CI  OR  95% CI 

 Para  No  0.7  0.4–1.1  0.7  0.4–1.2 
 Yes  1.2  0.9–1.7  1.4  1.0–1.9 

 Nuliparae  No  1.3  0.4–3.8  1.9  0.7–5.1 
 Yes  1.9  0.9–4.0  2.8  1.4–5.4 
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alcohol drinkers  [  44  ] . The major source of postmenopausal estrogens is from the 
aromatization of androgens, and alcohol has been reported to increase the rate of 
aromatization  [  45  ] . A polymorphism in alcohol dehydrogenase type 3 (ADH3) 
affects the kinetics of alcohol oxidation and thereby could infl uence the effect of 
alcohol consumption on hormone levels  [  46  ] . Although elevated circulating pro-
lactin levels have been suggested to be associated with BC  [  42  ] , other authors 
 [  44  ]  found no effect of alcohol consumption on plasma prolactin levels and in 
postmenopausal women. 

 Alcohol consumption was found associated with DNA methylation in postmeno-
pausal breast tumors, suggesting that the association of alcohol and BC may be 
related, at least in part, to altered methylation, and may differ by drinking pattern  [  47  ] . 
Emerging data suggest that the epidermal growth factor receptor (EGFR) tyrosine 
kinase may contribute to BC genesis and progression  [  48  ] . 

 Additionally, the effects of alcohol may be mediated through the production of 
prostaglandins, lipid peroxidation and the generation of free radical oxygen species. 
Reactive metabolites of alcohol, such as acetaldehyde may be carcinogenic: Cytosolic 
and microsomal in situ bioactivation of ethanol to acetaldehyde and free radicals and 
the resulting stimulation of oxidative stress could be a signifi cant early event related 
to tumor promotion  [  49  ] . 

 Aside from reactive oxygen species and other ethanol metabolites, studies using 
cultured human tumor cell lines have identifi ed signaling molecules that may contrib-
ute to the effects of alcohol, including matrix metalloproteases, the ErbB2/Her2/Neu 
receptor tyrosine kinase, cytoplasmic protein kinases, adenylate cyclase, E-cadherins, 
estrogen receptor, and a variety of transcription factors  [  48  ] . Alcohol also acts as a 
solvent, enhancing penetration of carcinogens (like Benzo a Pyrenes) into cells. In 
vitro results showed that alcohol exposure increased the invasiveness of BC cells in a 
dose-dependent manner  [  50  ] . Exposure to ethanol drastically enhanced the adhesion 
of MCF(ErbB2) cells to fi bronectin and increased the expression of focal adhesions 
 [  51  ] , facilitating the metastasis process. 

 Anyway, no strong relations between genotype and environmental risk factors 
(comprising alcohol intake) were detected, suggesting that the low-penetrance sus-
ceptibility loci investigated in the Million Women Study do not generally affect BC 
risk through mechanisms involving these environmental factors  [  52  ] .  

   Conclusions 

 There is a large body of evidence consistent with alcohol consumption increasing 
the risk of BC  [  3,   53  ] . Furthermore, there is also consistent evidence from large, 
prospective studies that even moderate alcohol consumption increases the risk of 
the disease  [  3  ] , which was fi rst shown by Willett almost 25 years ago  [  54  ] . Since the 
relative risk of BC associated with alcohol general consumption is quite small, and 
the level of alcohol intake among women is moderate in several countries, the pro-
portion of BC attributable to alcohol intake is also small. Therefore, widespread 
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efforts to reduce alcohol consumption appear as not having a potential substantial 
impact on BC rates in some populations.  

 ALCOHOL    CONSUMPTION IS AN ESTABLISHED RISK FACTOR 
FOR BC. IT IS UNKNOWN AT THE PRESENT TIME WHETHER 
THE INCREASED RISK OF BC ASSOCIATED WITH ALCOHOL 
CONSUMPTION STOPS OR IS REDUCED. 

   Coffee 

 More than three decades ago a research reported that the elimination of caffein from 
diet led to the relief of symptoms in women affl icted with benign breast diseases 
 [  55  ] , something which sparked the interest in caffein as a possible risk factor for 
BC. Since then began the study on the intake of coffee (main contributor of caffeine 
in several diets) as a potential risk factor for BC. 

 At the beginning of the 90’s a work group of IARC  [  56  ]  reviewed 7 case-control 
studies of BC which had examined the intake of coffee, concluding that all studies 
had risk estimates next to 1.0 and none suggested the existence of any association 
between the risk of BC and the intake of coffee. Moreover, there was no association 
either for instant coffee or for decaffeinated coffee, when results were presented 
separated. The fi nal evaluation was that “there was evidence suggesting absence of 
carcinogenicity of the habit of coffee drinking on the female human breast”. 

 Cohort studies performed in the United States and Norway have not shown rela-
tive risks far from 1.0 for the highest levels of intake. In a cohort of Norwegian 
women, while a clear association was not observed, an interaction with body mass 
did was seen, in such way that the coffee intake was associated with a reduced risk 
in women with small mass (signifi cant RR = 0.5), but increased in those with large 
body mass (non signifi cant RR = 2.1)  [  57  ] . 

 During the decades of 80s and 90s case-control type studies were carried out in 
several countries (Canada, United States, New Zealand, United Kingdom, France, 
Israel, Italy, Japan, Spain, Sweden, Switzerland, Uruguay, among others), in which 
almost no report on the existence of any association between coffee and BC was 
made. When evaluating these studies and the rest of epidemiologic studies, 34 asso-
ciations between BC and coffee were observed, independently from the statistic 
signifi cance  [  58  ] . There were no risk estimates over 1.5, 30 were between 0.75 and 
1.5 (or no association was concluded) and 4 were relative risks under 0.75. Therefore, 
the epidemiologic evidence, almost without exception, showed the absence of rela-
tionship between coffee intake and risk of BC. 

 An old international ecologic study reported that there was no correlation between 
BC mortality and coffee intake  [  59  ] , whereas other study communicated a moderate 
positive correlation between coffee intake and BC incidence (non signifi cant r = 0.4) 
 [  60  ] . Finally, in experimental studies caffeine was observed stimulating as well as 
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suppressing mammary tumours, depending on the involved animal species and the 
tumour phase in which the substance was administered.  

 THERE    IS A CONVINCING EVIDENCE THAT THE INTAKE OF 
COFFEE DOES NOT KEEP RELATIONSHIP WITH THE RISK OF 
BREAST CANCER. 

   Black Tea 

 Tea consumption was also analyzed by the Work Group of IARC, who found that 
none of 5 epidemiologic studies on BC showed any association with such intake  [  56  ] . 
After that review from IARC, at least 4 prospective studies analyzed this possible 
association. 

 One of the studies in postmenopausal women reported the absence of association 
between the intake of black tea (RR = 1.1) for 2 or more daily cups, compared with a 
monthly intake or never  [  61  ] . A comprehensive study carried out in the United States, 
the Nurses Health Study, reported a moderate protective association (RR = 0.7) for 4 
or more daily cups, compared to 1 or less. 

 Aside from the methylxantines (caffeine, theobromine) the tea has also variety of 
antioxidant polyphenols which were seen in animal experimentation and in vitro 
models, as having anticarcinogenic properties  [  62  ] .  

 THE    INTAKE OF BLACK TEA POSSIBLY DOES NOT HAVE ANY 
RELATIONSHIP WITH THE RISK OF BREAST CANCER. 

   Green Tea 

 Several epidemiologic and experimental studies, just in vitro as well as in vivo  [  63  ]  
have suggested that the intake of green tea can reduce the risk of several cancers, such 
as lung, prostate and breast. This preventive potential of green tea is attributed to 
biologically active fl avonoids called catechines, which are chemically included as 
polyphenols. Of them, the most important is the EGC3G (epigallocatechine 3-o-galate) 
and it is a mediator of physiologic and pharmacologic actions which participate in 
tumour regression  [  64–  67  ] , apart from reducing the risk of cardiovascular diseases. 
Among the actions, it can be found the stimulus of tumour apoptosis and the inhibi-
tion of growth factors as Vascular Endothelial Growth Factor (VEGF). Thus, it could 
be summarized into a simultaneous antiproliferative and anti-angiogenic capability. 
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 The evidence favouring a protection against BC has been accumulating in recent 
years, and although it is still not concluding, it is outstanding mainly in experimental 
studies  [  68–  74  ]  as well as in epidemiologic ones  [  75–  79  ] , usually with better results 
than with black tea  [  80,   81  ] . There are bases to think on green tea as having a prob-
able coadjuvant therapeutic use, since it has been confi rmed an inhibitor impact when 
there was overexpression of the Her-2-neu gene  [  82,   83  ] , and also from a potential 
anti-angiogenic capability, working on the VEGF  [  84  ] .  

 THE    INTAKE OF GREEN TEA PROBABLY REDUCES THE RISK 
OF BREAST CANCER. 
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 Most nutritional research has focused on the effects of individual foods and nutrients, 
as well as of food groups. However, from an epidemiologic viewpoint, foods and 
nutrients are never eaten isolated and their effects are likely to interact  [  1  ] . These 
facts have led to the acceptance of a more holistic approach to diet, which is imple-
mented by the identifi cation of patterns of dietary intake in order to represent the 
complex interactions between foods and nutrients and avoid confounding effects that 
may mask true associations  [  1  ] . Several studies have used factor analysis or principal 
components analysis to derive dietary patterns. 

   Defi nition    of Factor Analysis 

 Factor analysis has been defi ned as a method which is used for reducing a large 
number of variables to a smaller number of factors for modeling purposes. In itself 
a dependent variable is not specifi ed. The factors represent broad eating patterns of 
the population being studied. 

   Historical Perspective 

 Since the pioneer studies of Spearman  [  2  ]  and Pearson  [  3  ] , factor analysis has been 
employed in the fi elds of psychology and sociology. Later on, factor analysis was 
expanded in the fi elds of economy and other specialties. In 1992, Randall et al.  [  4  ]  used 
for fi rst time factor analysis aiming to clarify the relationship between colon cancer and 
factors (or patterns) derived from this method. After that, factor analysis was involved 
in numerous studies in cancer epidemiology and other chronic diseases. 

 Perhaps colon cancer was the main target but other malignancies like cancer of 
the breast, stomach, lung, esophagus (squamous cell carcinoma and adenocarci-
noma), renal-cell, bladder, prostate, and larynx were submitted to factor analysis 
with rewarding results.  

    Chapter 7   
 Dietary Patterns               
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   Methodological Issues 

 Although this Chapter intentionally avoided the complexities of matrix analysis and 
algebraic foundations, we intend to defi ne some important points. The factor load-
ing matrix is an essential point. Whereas each row represents a variable, each col-
umn corresponds to a factor. Thus factor loading matrix could be represented as 
follows in Table  7.1 :  

 This entirely hypothetical example displays a study in which factor analysis 
retained two factors (or patterns): the  Western  pattern and the  prudent  pattern. The 
fi rst one is associated with an increased risk of a given malignancy, whereas the  pru-
dent  pattern was strongly protective. Each cell is fi lled with a loading which varies in 
magnitude and, more important, loadings are clustered in each column. For example, 
the  Western  pattern showed high loadings for beef and processed meat, whereas the 
 prudent  pattern clusters white meat (poultry, fi sh) and vegetables and fruits.   

   Defi nition of High Loading 

 Although the criteria for defi ning a high loading is variable, loadings higher than 
0.39 are considered as signifi cant values and frequently are typed in bold. In the 
above example the  Western  pattern displayed high loadings for beef and processed 
meat, whereas the  prudent  pattern showed high loadings for poultry, fi sh, and total 
vegetables and fruits. It is important to avoid the frequent confusion between load-
ing and correlation, since loading derive from the variance matrix.  

   Defi nition of Simple Structure 

 Thurstone  [  5  ]  was responsible for the criterion of simple structure for the rotation of 
factors. Thurstone’s criteria were as follows:

    1.    Each row of the rotated matrix should contain at least one zero.  
    2.    In each factor the minimum number of zero loadings should be the number of 

factors in the rotation.  

 Variable  Factor 1  Western   Factor 2  Prudent  

 Beef   0.80   0.01 
 Poultry  −0.10   0.65  
 Fish  0.02   0.73  
 Processed meat   0.60   −0.07 
 Vegetables and fruits  −0.05   0.75  

 Table 7.1    Theoretical 
 example of a factor 
loading matrix  
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    3.    Simple structure factors are usually simple to interpret because they have only a 
few high loadings.  

    4.    Simple structure factors are replicable (reproducible).      

   The Importance of Rotation 

 As a result of a factor analysis, the factor loading matrix results in non-rotated factors. 
Sometimes a non-rotated matrix is adequate, but in most instances rotation is needed 
in order to clarify the picture. On other words, rotation results in the clustering of 
related variables, which is easier and convenient for the interpretation of the factors as 
shown in the Table above. Essentially, there are two rotation methods (and infi nite 
variants for each rotation): orthogonal rotation (usually called varimax rotation), and 
oblique rotation (usually called promax rotation). By far the varimax rotation is more 
frequently used, since oblique rotation implies that factors are correlated.  

   Foods and Nutrients 

 Foods or nutrients are employed in a given factor analysis. Most studies have used 
foods or food groups, being the use of food groups more frequent. Nevertheless, 
some recent studies have used individual foods  [  6,   7  ] . Some specialists have dis-
played some concerns about the use of nutrients for a factor analysis  [  8  ] . An Italian 
group has performed numerous studies on some cancers employing nutrients as vari-
ables for factor analysis  [  9  ] . An important drawback related with the use of nutrients 
is related with the diffi culties in clarifying the meaning of nutrient factors.  

   Breast Cancer: An Important Field for Dietary Patterns 

 To our knowledge at least 28 studies  [  1,   9–  35  ]  have employed factor analysis in 
order to elucidate the etiology of BC. In fi rst place we will use as examples the stud-
ies conducted by our group. The fi rst of them was performed in 2006 with the objec-
tive of examine the role of red meat, vegetables and fruits in the etiology of BC  [  13  ] . 
Table     7.2  corresponds to the factor loading matrix (among controls):  

 Thus, the factor analysis retained six factors (patterns) namely  traditional, 
healthy, Western, stew, high-fat foods , and  drinker . Moreover the model explained 
58.3% of the total variance. The patterns were scored using the regression 
method of Thomson  [  36  ]  and applied to cases and controls. Then, they were 
analyzed by unconditional multiple logistic regression. Whereas the  healthy  and 
 traditional  were strongly protective, the  Western  pattern was directly associated 
with BC risk. The  stew  pattern was protective only among postmenopausal 
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women. Furthermore, the  high fatty foods  and the  drinker  patterns were not 
associated with risk of BC. The categorical OR’s of  Western  and the  prudent  
patterns are shown in Fig.  7.1 .  

 The continuous estimates for the same dietary patterns, stratifi ed by menopausal 
status are presented in Fig.  7.2 .  

 The second study was conducted using nutrients  [  33  ]  (Table  7.3 ).  
 The fi rst factor was called  high-meat  nutrients, whereas the second pattern was 

labeled as the  antioxidants  one. Concerning the  high-meat  pattern, the higher load-
ings were observed for protein, saturated fat, monounsaturated fat, linoleic acid, 
 a -linolenic acid, cholesterol, and the heterocyclic amines. The  antioxidants  pattern 
displayed high loadings for glucose, fructose, vitamin C, vitamin E, beta-carotene, 
other carotenoids, fl avonoids, and phytosterols. The  high-meat  pattern was posi-
tively associated with BC (OR = 3.50), whereas the  antioxidants  pattern was 
inversely associated with risk of BC (OR = 0.44). In Fig.  7.3  the reader can fi nd a 
graphic representation of the categorical estimates for both nutrient patterns. 
Concerning nutrients, linear trends as well as dose-response effect seemed to be 
better than the dietary patterns described before.  

   Table 7.2    Factor loading matrix for the six factors retained among controls a    

 Food groups 
 Factor 1 
traditional 

 Factor 2 
healthy 

 Factor 3 
Western 

 Factor 4 
stew 

 Factor 5 
high-fat 
foods 

 Factor 6 
drinker  Communalities 

 Fried red meat  −0.04  0.04   0.81   −0.10  0.03  −0.07   0.68 
 Barbecue  0.30  −0.06   0.66   0.04  −0.12  0.05   0.56 
 Boiled meat   0.51   −0.12  0.01   0.59   −0.11  −0.03   0.64 
 White meat  0.02   0.47   −0.22   −0.31    0.32   0.15   0.49 
 Processed 

meat 
 0.15  0.26   0.47   0.24  0.22  0.18   0.45 

 Dairy foods  −0.05  0.06  −0.03  0.23   0.70   −0.23   0.61 
 Eggs  0.15  −0.19  0.04  −0.16   0.61   0.07   0.46 
 Desserts  0.16  0.36  0.15  0.24   0.34   0.21   0.40 
 Grains   0.77   −0.00  0.07  0.10  0.05  0.08   0.62 
 Raw 

vegetables 
 −0.07   0.77   0.01  0.09  −0.06  −0.06   0.61 

 Cooked 
vegetables 

  0.51    0.48   0.16  0.02  0.07  0.01   0.52 

 Total fruits  0.30   0.51   0.04  0.10  −0.09  −0.11   0.49 
 All tubers   0.83   0.05  0.05  0.02  0.02  −0.02   0.71 
 Legumes  0.02  0.11  −0.04   0.84   0.11  0.10   0.75 
 Alcohol  0.01  −0.02  −0.01  0.06  −0.06   0.92    0.86 
 Variance (%)  18.7  9.8  8.7  7.3  7.1  6.7   58.3   b   
 N° of zeros  6  6  7  5  7  8 
 N° of high 

loadings 
 4  4  3  3  4  1 

   a  Loadings higher than 0.39 are typed in bold 
  b  Total variance explained by the model  
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 Finally, we conducted a factor analysis on ductal carcinoma of the breast  [  34  ] . 
In fact, this is the fi rst study focused on the most frequent histologic type of BC. 
The most important conclusion is related with the similarities between this study 
and other studies which did not discriminate by histologic type. This study was 
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   Table 7.3    Factor-loading matrix among controls a, b    

 Nutrient 
 Factor 1 
high-meat 

 Factor 2 
antioxidants  Communality 

 Protein   0.68   0.33  0.77 
 Saturated fat   0.92   0.05  0.88 
 Monounsaturated fat   0.95   0.02  0.91 
 Linoleic acid   0.91   0.03  0.85 
 Linolenic acid   0.88   0.11  0.87 
 Cholesterol   0.77   0.21  0.67 
 Glucose  −0.13   0.85   0.66 
 Fructose  −0.16   0.82   0.58 
 Vitamin C  0.03   0.84   0.73 
 Vitamin E  0.33   0.71   0.82 
 Beta-carotene  −0.03   0.65   0.41 
 Other carotenoids  −0.11   0.78   0.55 
 Flavonoids  0.16   0.66   0.55 
 Phytosterols  0.03   0.73   0.56 
 IQ c    0.92   −0.24  0.72 
 MeIQx d    0.75   −0.17  0.50 
 PhIP e    0.79   −0.13  0.56 
 Variance (%)  0.45  0.36  0.81 f  

   a  Loadings higher than 0.59 are typed in bold 
  b  Sampling adequacy (KMO statistic) = 0.84 
  c  (2-amino-3-methylimidazol[4,5- f ]quinoline) 
  d  (2-amino-3,8-dimethylimidazol[4,5- f ]quinoxaline) 
  e  (2-amino-1-methyl-6-phenylimidazol[4,5- b ]pyridine) 
  f  Total variance (including error variance): 81%  
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based on 111 cases and 222 controls. Importantly, the controls were healthy 
patients at difference with previous studies. The factor analysis retained six fac-
tors. These factors were labeled as follows:  low fat, fried white meat, non-alcoholic 
beverages, Western, fatty cheese , and  prudent . In the following Table  7.4 , the risk 
of BC is shown:  

 As it was shown in a recent review  [  1  ]  the results of most performed studies can 
be additionally summarized into two main patterns: The fi rst one is the  Prudent/
Healthy , and the second one is the  Western/Unhealthy.  The former was associated 
to a risk reduction in case-control studies (OR = 0.84, 95% CI 0.67–1.04) and cohort 
studies (OR = 0.93, 95% CI 0.88–0.98) independently and combined (OR = 0.89, 
95% CI 0.82–0.99). The latter displayed an increase of risk only in case-control 
studies (OR = 1.31, 95% CI 1.04–1.63) but lacked of association in cohort studies 
(OR = 0.99, 95% CI 0.90–1.08). When both types of studies were pooled, a non-
signifi cant increase in risk was found (OR = 1.09, 95% CI 0.98–1.22). The compari-
son of results belonging to both major patterns is shown in Fig.  7.4 .  

 Nutrient pattern  OR  95% CI  p-value 

  Low fat   0.73  0.58–0.93  0.001 
  Fried white meat   1.40  1.09–1.81  0.009 
  Non-alcoholic beverages   0.78  0.60–1.00  0.04 
  Western   1.44  1.10–1.89  0.03 
  Fatty cheese   1.64  1.24–2.16  <0.0001 
  Prudent   0.95  0.75–1.21  0.77 

 Table 7.4    Odds ratios 
of ductal carcinoma of 
the breast for dietary 
patterns (corresponding 
to Ref.  [  33  ] )  
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 We have graphically expressed the risk estimations presented in the meta-analysis 
of Brennan  [  1  ] , ordered from the highest to the lowest OR’s. The comparison of 
results obtained by case-control studies displays evident differences (Fig.  7.5 ) for the 
two selected major patterns. On the contrary, cohort studies did not reveal differences 
between the patterns (Fig.  7.6 ), explaining why there was no association found.   

 Despite the methodological issues involved in such different estimates from 
case-control and cohort studies, which could explain partially the results, each of 
the two major patterns found have common items to be remarked. The  Prudent/
healthy  pattern had high loadings for plant foods and low loadings for red meat and 
processed meat. On the other hand, the  Western/ Unhealthy  pattern showed high 
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loadings for meat and fatty foods. The preparation and cooking methods could be 
very different among populations and this fact might explain the unexpected lack of 
association found. 

 In conclusion, we can say that Factor analysis is considered as a powerful statis-
tical method and it has been reported as more effi cient than the traditional reduc-
tionist approach  [  37  ] . This type of analysis has shed some light on the links between 
diet and BC, in part differing from what the panel of experts stated before in the 
World Cancer Research Fund report  [  38  ]  about the insuffi ciency of evidence for 
dietary patterns. While there is no clear evidence that any specifi c dietary compo-
nent can effectively reduce BC risk  [  39  ] , the fact that several foods have conver-
gence on a few dietary patterns – and probably beyond these latter could be even 
fewer nutrient patterns  [  33  ]  – is something we could probably profi t from, thinking 
of recommendations for potential nutritional prevention such as those we have 
recently proposed  [  40  ] .      
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 The Ω-6 and Ω-3 polyunsaturated fatty acids (Ω-6 and Ω-3 PUFA) became in the 
last years co-responsible of one the most important advances in the medical knowl-
edge, in our opinion. Undoubtedly, the responsibility attributed to these fatty acids 
in the genesis of several and important chronic non-communicable diseases, which 
have high impact in modern society, is high  [  1  ] . A high Ω-6/Ω-3 ratio, as is found 
in current Western diets, promotes the pathogenesis of many diseases, including 
cardiovascular disease, cancer, osteoporosis, arthritis, infl ammatory and autoim-
mune diseases, whereas increased levels of Ω-3 PUFA (a lower Ω-6/Ω-3 ratio), 
exert suppressive effects. The relationships between breast cancer (BC) and the 
quoted PUFA will be analyzed in this chapter. 

 Numerous scientifi c (anthropologic, nutritional, genetic) studies indicate that 
humans’ dietary patterns have experienced great changes over the last thousands of 
years  [  2–  4  ] . Ω-3 PUFA have been a part of the human diet for millennia. It has been 
estimated that the Ω-6/Ω-3 ratio in the diet of early humans was 1:1  [  1  ] . Instead of a 
balanced 1/1 Ω-6/Ω-3 ratio (as with wild animals and presumably in humans during 
their long evolution of millions of years), this ratio rises to 10/1, 15/1 or even higher. 
Probably the main changes took place along the past decades, specifi cally from the 
middle of the twentieth century under the infl uence of the food industrialization and 
the agribusiness, which provided the economic stimulus for such changes  [  2–  4  ] . It 
has been estimated that the present Western diet is “defi cient” in Ω-3 PUFA. 

 The primary, short-chain Ω-6 and Ω-3 PUFA belong to the group of essential fatty 
acids (EFA), that is, the human organism does not produce them. Therefore, their 
intake must be done by an exogenous way, usually through foods. Linoleic acid (LA) 
is the essential Ω-6 EFA and  a -linolenic acid (ALA) is the essential Ω-3 EFA and 
their long-chain derivatives are important components of animal and plant cell mem-
branes. LA is abundant in nearly all commonly available vegetable oils, including 
corn, sunfl ower, saffl ower and in lesser amounts, in olive oil. Sources of ALA include 
soybeans, walnuts, dark green leafy vegetables such as kale, spinach, broccoli and 
Brussels sprouts, and seeds or their oils such as linseed, fl axseed, mustard seed and 
canola; however, it is important to remark that most of these oils are also rich in LA. 

    Chapter 8   
 Omega   -3 and Omega-6 Fatty Acids 
and Breast Cancer               
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These two types of EFA are not interconvertible, are metabolically and functionally 
distinct, and often have important opposing physiological functions. 

 The human body has mechanisms to take and convert the ALA into the active 
Ω-3 PUFA, the DHA (docosahexaenoic acid) and EPA (eicosapentaenoic acid), but 
there are very long and not effi cient processes from a biochemical viewpoint which 
feature mammalian organisms. It is recognized that the human organism can achieve 
a conversion of around 0.05–0.2%  [  5  ] . This means, for example, that an intake of 
100 g of linseeds would become around 50 mg of DHA or 200 mg of EPA. The 
conversion is adequately performed by other animals belonging to different steps of 
the animal scale, for example insects which eat green leaves (where plant Ω-3 is), 
and poultry and other animals which eat vegetable seeds (where plant Ω-6 is) as 
well as those insects fed with Ω-3. In addition, mammalian cells cannot convert Ω-6 
to Ω-3 PUFA because they lack the converting enzyme, Ω-3 desaturase. On the 
other hand, the conversion from LA to arachidonic acid (AA), the long-chain active 
Ω-6 PUFA, is easily performed in the human organism. 

 On this basis, the best would be the intake of DHA and EPA from the original 
sources which have the highest contents, from blue fi shes as salmon, tuna, sardines, 
codfi sh and hering, for example. When humans ingest fi sh or fi sh oil, the EPA and 
DHA from the diet partially replace the Ω-6 fatty acids, especially AA, in the mem-
branes of probably all cells, but especially in the membranes of platelets, erythro-
cytes, neutrophils, monocytes, and liver cells  [  6  ] , due to the mutual competition that 
both Ω-6 and Ω-3 PUFA have for the same receptors or points of action, like for 
example Phospholipase A2, Cyclooxygenase (COX) and Lypooxygenase (LOX) 
enzymes. On the contrary, diets rich in common vegetable oils (such as sunfl ower, 
soybean, corn), margarines and poultry fed with seeds of those plants, derive into an 
overwhelming amount of Ω-6 PUFA, breaking the Ω-6/Ω-3 ratio. 

 Just in the same way that there are balances between “good” and “bad” substances, 
as cholesterol lipoproteins and estrogens, the Ω-6 and Ω-3 PUFA produce some sub-
stances that according to scientifi c knowledge, could be classifi ed like them. The 
human organism needs both of these fatty acids. Such substances are called  eico-
sanoids.  They are hormones derived from the PUFA of 20 carbons (the prefi x “eicosa” 
means 20) after the action of COX and LOX on the former Ω-6 and Ω-3 PUFA and 
are the fi nal effectors of the functions that feature their role. Eicosanoids infl uence 
many physiological processes, including calcium transport across cell membranes, 
angiogenesis, apoptosis, cell proliferation, and immune cell function  [  7  ] . The Ω-6 are 
mainly “bad” and the Ω-3 are mainly “good” due to the type of eicosanoids derived 
from them  [  8  ] . Because of the increased amounts of Ω-6 PUFA in the Western diet, 
the eicosanoid metabolic products from AA, specifi cally prostaglandins, thrombox-
anes and leukotrienes are synthesized in larger quantities than those formed from Ω-3 
PUFA  [  1  ] . 

 The eicosanoids from AA are biologically active in very small quantities and, if 
they are formed in large amounts, they contribute to the formation of a chronic infl am-
matory status. In the course of infl ammatory activation, pro-infl ammatory eicosanoids 
of AA metabolism are released from membrane phospholipids. This status is expressed 
among others by thrombus and atheromas, allergies, chronic pain,  autoimmune 
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 activity and cell proliferation, increasing the risk of developing a cancer. As a conse-
quence, infl ammation is now recognized as a central causative event for several of the 
most common human diseases prevailing in the developed world, such as atheroscle-
rosis, cancer, asthma, autoimmune diseases, caries, and various neuropathological 
disorders such as stroke, Alzheimer’s, and Parkinson diseases  [  9  ] . 

 In particular, infl ammation is intimately associated with cancer initiation and can-
cer progression  [  10,   11  ] . Cytokines, growth factors and mediators released in the 
above quoted chronic diseases and the developing tissue microenvironment, such as 
Interleukin-1b, Prostaglandin E2, Tumour Necrosis Factor- a , and Tumour Growth 
Factor b, have been found to have deleterious properties that pave the way for epithe-
lial mesenchymal transition, prevent apoptosis and lead to the destruction of specifi c 
host cell-mediated immune responses against tumour antigens.  

 DIET    SHOULD NOT HAVE AN EXCESS OF Ω-6 PUFA, SINCE 
THEIR EICOSANOIDS CONTRIBUTE TO THE DEVELOPMENT 
OF CHRONIC DISEASES AS BREAST CANCER. 

 Though we cannot state that there is a strong evidence to suggest an association 
between cancer incidence and intake of Ω-3 PUFA  [  12  ] , according to some human 
studies of different geographic origins a high dietary intake of Ω-3 PUFA present in 
fi sh and other marine products as well as some vegetable oils (e.g. canola and linseed 
oils) can reduce the risk of developing BC  [  13–  16  ]  and inhibit metastasis  [  17  ] . The 
data on the geographic variation in the risk for cancer development suggest a strong 
association of fi sh oil diet in preventing BC: for example, BC incidence is 4–7 fold 
higher in North American women than in Chinese or Japanese ones  [  18  ] . In addition, 
a higher incidence of BC in Japanese women years ago correlates with decreased 
consumption of fi sh and increased intake of vegetable oil rich in Ω-6 PUFA  [  19  ] . 

 Besides, fatty acid composition in breast adipose tissue was used as a qualitative 
biomarker of past dietary intake of fatty acids. There were fi ndings showing that 
Ω-3 PUFA levels in adipose tissue are inversely linked to BC risk  [  20,   21  ] , which is 
consistent with epidemiologic fi ndings. Maillard et al.  [  21  ]  reported that women in 
the highest tertile of ALA had a reduced risk when compared to women in the low-
est tertile (OR = 0.39, 95% CI 0.19–0.78). In the same way, the highest tertile of 
DHA was also negatively associated (OR = 0.31, 95% CI 0.13–0.75). The dose of 
fi sh-oil/Ω-3 PUFA needed to achieve maximal target tissue effects for BC preven-
tion remains undefi ned, but it has been recently shown that body mass index and 
baseline fatty acid concentrations modulated the dose-response effects of Ω-3 PUFA 
supplements on serum EPA and DHA and breast adipose tissue DHA  [  22  ] . 

 Nevertheless, there are studies that report either no change or even a signifi cant 
increase in BC risk among women who consumed high levels of Ω3 PUFA  [  23–  26  ] . 
In one study  [  25  ]  women in the highest quartile of fi sh intake had an increased risk 
of BC relative to women in the lowest quartile of fi sh intake (RR = 1.47; 95% CI 
1.10–1.98). The Nurses Health Study also compared the effect of marine omega-3 
FA on pre- and postmenopausal women  [  27  ] . In this study, a small increased risk of 
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BC was observed in postmenopausal women (RR = 1.09; 95% CI 1.02–1.17), but no 
signifi cant association was seen overall or for premenopausal women. 

 A study in Uruguay reported a negative association for the consumption of Ω-3 
PUFA and the risk of BC  [  28  ] . This association was stronger and signifi cant in 
the younger subset, under age 54 (OR = 0.20, 95% CI 0.04–0.96) than for the older 
one (OR = 0.67, 95% CI 0.26–1.76). In the same direction, the risk for the highest 
tertile of intake of Ω-6 PUFA 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 Ω-6/Ω-3 ratio also displayed a signifi cant 
positive association among pre-menopausal women (OR = 5.51, 95% CI 1.77–17.2), 
but no statistical association was found among postmenopausal ones (OR = 1.09, 
95% CI 0.55–2.13) (Fig.  8.1 ). The evidence suggested a risk association of Ω-6 
PUFA and a protective effect of Ω-3 PUFA with the risk of BC among Uruguayan 
women, but in this case the fi nding was especially within a subpopulation like the 
younger women in which is usually hard to fi nd nutritional links with the risk of BC. 
The point appears as an interesting issue which deserves to be further explored.  

 It should be taken into account that cooking methods involving frying may partially 
explain the association of Ω-6 PUFA to fi sh, with which the Ω-6/Ω-3 PUFA ratio 
would lead to values that are potentially deleterious, specially when lean fi sh species 
are those implied, having a low level of Ω-3 in their fl esh. A simple calculation  

 Estimated       OR’s of Ω-6/Ω-3 ratio according to age groups 

 Tertile   £  = 54 year   ³  = 55 year 

 I  1.0 –  1.0 – 
 II  1.8 (0.5–6.6)  1.0 (0.5–1.9) 
 III  5.5 (1.8–17.2)  1.1 (0.5–2.1) 

 would lead us to know that there would be some grams of Ω-6 PUFA per fried piece, 
which would not be counterbalanced by some tens of milligrams of Ω-3 PUFA pres-
ent in such species. In addition, the low content of Ω-3 is even reduced by the heat-
ing process implied in frying the fi sh. 

 The risk associations with the intake of essential PUFA (the short-chain ones like 
LA and ALA) seem to be controversial. The study in Uruguay  [  29  ]  reported an increase 
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of risk associated to high intake of ALA (OR = 2.76, 95% CI 1.08–7.03) and also a risk 
reduction for high intake of LA (OR = 0.24, 95% CI 0.12–0.45), which appear to be 
contrary to the expected results. Besides, a recent French study  [  30  ]  communicated an 
inverse association of BC risk with ALA intake from fruit and vegetables (OR = 0.74, 
95% CI 0.63–0.88) and from vegetable oils (OR = 0.83, 95% CI 0.71–0.97). Conversely, 
BC risk was positively associated to ALA intake from nut mixes (p trend 0.004) and 
processed foods (p trend 0.068), as was total ALA intake among women in the highest 
quintile of dietary vitamin E (p trend 0.036). The authors emphasize the need to con-
sider food sources, as well as interactions between fatty acids and with antioxidants, 
when evaluating associations between PUFA intakes and risk of BC. 

 One study analyzed the relationship among BC incidence, marine Ω-3 PUFA 
intake, and Ω-6 PUFA intake  [  31  ] . In this study, among subjects in the lowest 
quartile of marine Ω-3 consumption, BC risk increased signifi cantly with increasing 
levels of Ω-6 consumption (p for trend = 0.08). Relative to women in the lowest 
quartile of both Ω-6 and marine Ω-3 consumption, the odds of developing BC for 
women in both the lowest quartile of Ω-3 consumption and the highest quartile of 
Ω-6 consumption was 1.87 (95% CI 1.06–3.27). 

 Prepubertal dietary exposure to Ω-3 PUFAs could affect later susceptibility to 
BC  [  32  ] . Plausible mechanisms explaining at an experimental level why rats fed 
prepubertally a low fat Ω-3 PUFA diet are at reduced BC risk and why those fed a 
high fat Ω-3 PUFA diet are at an increased risk were studied recently  [  33  ] . 

 Experimental research on rodents showed some years ago that the generation 
delivered by mothers which had been fed with Ω-6 PUFA rich diets had: (a) a 
puberty onset at a younger age; (b) more terminal end buds in their glands; (c) more 
dense glands; (d) a higher frequency of BC than those ones fed with a standard diet; 
and (e) the lowest survival for those cancer cases  [  34  ] . Conversely, diets that were 
supplemented with Ω-3 PUFA reduced the cancer risk in the next generation, show-
ing more mammary gland differentiation  [  35  ]  (Fig.  8.2 ). Extrapolating from the 
animal model to humans led us to think that the potentiality of risk increase or 
reduction to develop BC from intrauterine life is something feasible and it might be 
modulated beginning with a given dietary style. Probably adult intake of some bio-
active dietary components reduces cancer risk increased by early life dietary expo-
sure, or inhibits tumour growth by reversing epigenetic changes in various molecular 
targets  [  36,   37  ] .  

 Animal studies showed that a high maternal consumption of corn oil consisting 
mainly of LA, an EFA, increases both circulating estradiol (E2) levels during preg-
nancy and the risk of developing carcinogen-induced mammary tumors among the 
female rat offspring  [  38  ] , possibly by altering mammary gland morphology and 
expression of fat- and/or estrogen-regulated genes. The Ω-6 PUFA-induced increase 
in maternal E2 levels indicates a mechanistic link among diet, mammary parenchy-
mal patterns, puberty onset, and BC risk  [  34  ] . Accepting the hypothesis that prena-
tal exposure to endocrine disruptors might cause cancer, the fi eld of Ω-6 and Ω-3 
PUFA brings interesting points to be considered, in the same way that different 
individual agents were analyzed  [  39  ] . 

 A recent review  [  40  ]  suggests that Ω-3 PUFA EPA and DHA found mainly in oily 
fi sh have potent anti-angiogenic effects inhibiting production of many important 



96 8 Omega   -3 and Omega-6 Fatty Acids and Breast Cancer

angiogenic mediators namely: Vascular Endothelial Growth Factor (VEGF), Platelet-
Derived Growth Factor (PDGF), Platelet-Derived Endothelial Cell Growth Factor 
(PDECGF), cyclo-oxygenase 2 (COX-2), prostaglandin-E2 (PGE2), nitric oxide, 
Nuclear Factor Kappa Beta (NFKB), matrix metalloproteinases and beta-catenin. 

 The combination of epidemiological evidence together with the demonstrated 
effects of Ω-3 PUFA on cancer in animal and cell culture models, has motivated the 
development of clinical interventions using Ω-3 PUFA in the prevention and treat-
ment of cancer, as well as for nutritional support of cancer patients to reduce weight 
loss and modulate the immune system  [  41  ] . Nowadays, suffi cient evidence is avail-
able to suggest that major clinical trials with these natural compounds as adjuncts to 
standard therapies should be undertaken as a priority  [  42  ] . Therefore, from the pre-
vention up to therapeutics and thinking specifi cally about BC, a place for coopera-
tion as anti-cancer agents arises for the quoted Ω-3 PUFA.     
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 Metabolic syndrome or insulin resistance syndrome, fi rst described by Reaven in 
1988  [  1  ]  as syndrome X, is characterized by abdominal obesity, dyslipidemia (high 
triglycerides and low HDL-cholesterol levels), high fasting blood glucose and high 
blood pressure levels. Several studies  [  2–  16  ]  have suggested a direct association 
between components of metabolic syndrome and breast cancer (BC) risk. Therefore, 
low HDL-cholesterol  [  2  ] , high blood glucose  [  3  ] , high triglycerides  [  4  ] , postmeno-
pausal overweight  [  5  ] , abdominal obesity  [  6  ] , hypertension  [  7  ] , high levels of insulin 
 [  8  ] , C peptide  [  9  ] , and insulin-like growth factor I (IGF-I)  [  10  ] , have all been associ-
ated with increased BC risk. Metabolic and hormonal factors related to metabolic 
syndrome have also been implicated in BC prognosis  [  11–  15  ] . Furthermore, the 
increase in BC incidence has occurred in parallel with a steady increase in the 
frequency of type 2 diabetes and metabolic syndrome  [  16  ] . 

 Interestingly, the metabolic syndrome was also found associated with a decreased 
risk of incident BC in women below age 50 with high body mass index, and with an 
increased risk of BC mortality in women above 60, according to a European study 
 [  17  ] . New evidence emphasizes that metabolic syndrome increases the risk mainly 
in postmenopausal women  [  18  ]  and it has been found as signifi cantly more preva-
lent in triple-negative BC patients as opposed to non-triple-negative patients  [  19  ] . 

 A case-control study designed in order to explore the associations among 
anthropometry, some specifi c items of medical history related to metabolic syn-
drome (diabetes, hypertension, dyslipidemias, hyperuricemia) and the risk of 
BC in Uruguayan women was recently performed  [  20  ] . The study reported that 
a personal history of diabetes was positively associated to the risk of BC 
(OR = 1.64 [95% CI 0.99–2.70]), being higher and signifi cant only among post-
menopausal women (OR = 1.92 [95% CI 1.04–3.54]). Among overweight post-
menopausal women having history of dislypidemia we found an OR = 7.82 (95% 
CI 1.46–41.9) in diabetic compared to non diabetic ones. Diabetes was also 
signifi cantly associated in overweight postmenopausal women with hyperten-
sion (OR = 4.95 [95% CI 1.38–17.8]) as well as with a strongly endomorphic 

    Chapter 9   
 Insulin Resistance and Metabolic Syndrome               



100 9 Insulin Resistance and Metabolic Syndrome

somatotype (adipose distribution prevailing in abdomen, buttocks and lower 
limbs) (OR = 7.59 [CI 95% 1.71–33.6]). The risk of BC in postmenopausal 
women with overweight/obesity, dislypidemia, hypertension and diabetes com-
pared to those postmenopausal ones being normoweight and without any history of 
dislypidemia, hypertension nor diabetes was very high (OR = 19.1 [95% CI 1.48–
93.8]). We suggested that the quoted results could contribute to defi ne new groups 
and individuals of high risk – for primary as well as for secondary prevention- if 
further studies confi rm the reported fi ndings, since this pathologic pattern linked to 
the metabolic syndrome is usually not taken into account for BC prevention. 

 There are several possible mechanisms by which metabolic syndrome may infl u-
ence the natural history of cancer and in particular may promote the development of 
postmenopausal BC. Although they are not completely understood, the mechanisms 
probably include the effect of insulin on the bioavailability of sex hormones and 
growth factors  [  21–  23  ]  and the effect of overweight and insulin resistance on metab-
olism and on the bioavailability of infl ammatory cytokines  [  24  ] , as major reasons. 
We will herewith summarize both suggested mechanisms. 

 First of all, metabolic syndrome should be recognized as an insulin resistance 
syndrome. Insulin resistance (IR) could be defi ned when a lower biologic response 
is given by a normal level of the hormone. The tissues which present higher IR are 
skeletal muscle, adipose tissue (mainly the visceral one) and the liver. Not all tissues 
will present IR, therefore, the concept of compensatory hyperinsulinemia (CH) 
deserves an important merit to be acknowledged. It is clear that during the situation 
of peripheral IR the pancreas increases its insulin secretion in order to maintain a 
normal glycemia, to beat such resistance and to incorporate the glucose into the 
interior of each cell. This CH will overexpress their effects on the tissues that remain 
sensitive to insulin. It is the genesis of multiple alterations which characterize the 
syndrome of IR-CH. The syndrome features are shown in Table  9.1 . The mammary 
tissue is sensitive to the action of insulin and it will become hyperestimulated in the 
quoted syndrome.  

   Table 9.1    Features of the IR–CH syndrome   

 Insulin    resistance – compensatory hyperinsulinemia 

 Abdominal obesity  Increase of PAI-1 
 Postprandial hyperglycemia  Increase of fi brinogen 
 Intolerance to carbohydrates  Blood hypertension 
 Type 2 Diabetes  Infertility 
 Increase of triglycerides  Hyperandrogenism 
 Decrease of HDL2 cholesterol  Decrease of SHBG 
 Increase of LDL type B cholesterol  PCOS (Polycystic Ovary Syndrome) 
 Postprandial hyperlipidemia 
 Hyperuricemia 

   SHBG  Sex hormone-binding globulins  
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   The Impact on Bioavailability of Sex Hormones 
and Growth Factors 

 Several studies have implicated insulin in BC development  [  23  ] . The C-peptide 
serum level – which is an indicator of pancreatic insulin production – is associated 
with increased BC risk among postmenopausal women  [  9  ] . Besides, high serum 
insulin is associated with worse prognosis in BC patients  [  11  ] . Among other ones, 
insulin has a gonadotropic effect  [  25  ] , stimulating the ovarian stroma to produce 
androgens, whose aromatization in peripheral tissues is the main source of estro-
gens after menopause  [  26,   27  ] . In addition, insulin upregulates aromatase activity 
too  [  28  ] . Therefore, both necessary conditions for the estrogen synthesis are modu-
lated by insulin. Most estrogens are produced in abdominal, breast, thigh and but-
tock adipose tissue  [  29  ] . Abdominal adipose, in particular, is an important source of 
both androgens and estrogens  [  30  ] . Obese postmenopausal women produce high 
levels of estrogens, which provide a wide basis of association of obesity with BC 
 [  31  ] . A recent study, however, reported that obesity was not associated with BC risk, 
suggesting that metabolic syndrome has an effect that is independent of obesity 
 [  14  ] . Insulin also lowers liver production of sex hormone-binding globulin (SHBG), 
thereby increasing sex hormone bioavailability  [  32  ]  and metabolic syndrome is 
associated with increased circulating levels of both total  [  13  ]  and free  [  22  ]  testoster-
one, which in turn are associated with increased BC risk  [  33,   34  ] . 

 A further mechanism by which insulin may increase BC risk is through its effect 
on the bioavailability of insulin-like growth factor I (IGF-I). The overabundance of 
insulin, called hyperinsulinemia, amplifi es the bioavailability of IGF-I. Insulin 
decreases hepatic production of two IGF-binding proteins, IGFBP1 and IGFBP2 
 [  35,   36  ] , thereby increasing IGF-I bioavailability, and stimulates the synthesis of 
Growth Hormone (GH)-receptor  [  37,   38  ]  thus allowing GH to promote IGF-I syn-
thesis. Both insulin  [  39  ]  and IGF-I co-operate with estrogens to stimulate the prolif-
eration of breast epithelium cells  [  10  ] , an effect that could enhance migration and 
invasion  [  40,   41  ] . Several prospective studies have examined the relationship of BC 
with prediagnostic serum levels of IGF-I, achieving inconsistent results  [  10  ] . The 
fi rst studies found a positive association only in premenopausal women  [  3,   42,   43  ] ; 
more recent studies on larger cohorts, however, did not confi rm an association 
among premenopausal women, but highlighted a signifi cant positive association in 
postmenopausal ones  [  44,   45  ] . 

 Besides, there is good evidence that a negative energy balance is associated 
with a hormonal and/or metabolic milieu that would be predicted to reduce BC risk 
 [  46,   47  ] . For example, restricted energy intake has been associated with reduced 
insulin, and bioavailable IGF-1 (e.g., IGF-1/IGF Binding Protein-3 ratio). Body 
mass index (BMI) and waist-to-hip ratio (WHR) were signifi cantly positively 
correlated with IGFBP-3 and C-peptide while adult exercise/sports activity and 
occupational activity were signifi cantly negatively correlated with IGF-1  [  48,   49  ] . 
These fi ndings suggest that the association between positive energy balance and BC 
may be partially explained by the high concentrations of these biomarkers. 
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 Exercise training also results in increased insulin sensitivity and decreased 
insulin concentrations  [  50  ] . A possible mechanism for the effect of physical activity 
on incidence of BC is mediated by an increased capacity for glucose transport into 
the muscle and adipose tissue in response to insulin stimulation. It is likely that 
physical activity is associated with decreased BC risk via multiple interrelated 
biologic pathways that may involve adiposity, sex hormones, insulin resistance, adi-
pokines, and chronic infl ammation. Exercise-induced myokines appear to be 
involved in mediating both systemic as well as local anti-infl ammatory effects  [  51  ] . 
Recent reviews  [  52,   53  ]  remark that the associations were strongest for recreational 
activity, for activity sustained over the lifetime or done after menopause, and for 
activity that is of moderate to vigorous intensity and performed regularly. According 
to the quoted authors, there is also some evidence for a stronger effect of physical 
activity among postmenopausal women, women who are normal weight, have no 
family history of BC, and are parous.  

   The Impact on Metabolism and Bioavailability of Infl ammatory 
Cytokines 

 According to Kabat  [  54  ] , hyperinsulinemia may provide the unifying mechanism 
by which the metabolic syndrome might be associated with increased BC risk 
 [  16,   55,   56  ] . Insulin has mitogenic activity in addition to metabolic effects and can 
promote cell proliferation in normal mammary epithelial cells and BC cell lines 
 [  57,   58  ] . Theoretically, high glucose levels could also increase the risk of postmeno-
pausal BC by conferring a selective growth advantage on malignant cells  [  59  ] , since 
high rates of glucose uptake and glycolysis are a common feature of malignant growth 
 [  60  ] . In addition to its association with IR and the metabolic syndrome, abdominal 
obesity is associated with the release of non-esterifi ed fatty acids from adipose tissue 
and their accumulation in muscle and liver, leading to dyslipidemia  [  55  ] . 

 Adipose tissue in obese subjects displays abnormalities in the production of sev-
eral adipokines. Metabolic syndrome is associated with increasing levels of infl am-
matory cytokines and plasminogen activator inhibitor (PAI)-1  [  61  ]  and leptin  [  62  ] , 
which can promote cell proliferation through various mechanisms  [  24,   63  ] , and is 
inversely associated with adiponectin  [  64  ] , which downregulates tumour cell prolif-
eration and upregulates apoptosis  [  24  ] . Therefore, in addition to the effects of insu-
lin and glucose, low-grade chronic infl ammatory effects associated with the 
metabolic syndrome may be relevant to breast carcinogenesis  [  65  ] . Although hyper-
tension associated with the metabolic syndrome seems to be secondary to the effects 
of IR-CH on the sympathoadrenal system  [  66  ] , BC and hypertension may share 
common pathways involving infl ammation and hormone synthesis and metabolism 
 [  16,   67,   68  ] . 
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   The Insulinic Action in the IR-CH Syndrome 

 The insulin receptor belongs to the family of tirosin kinase receptors. Once it is 
activated two ways of action are clearly defi ned  [  69  ]  (Fig.  9.1 ): (a) A metabolic 
pathway, the PI-3 Kinase way mainly destined to glucose transportation and the 
promotion of nitric oxide; (b) A mitogenic pathway, way of the MAPK destined to 
the promotion of growth factors, infl ammatory factors, prothrombotic factors and 
vasoconstrictor factors. In sensible tissues such as the mammary ones, the IR-CH 
could determine a prevalence of the mitogenic pathway over the metabolic one, 
expressed by the promotion of IGF-1 and infl ammatory factors  [  70  ] .  

 The metabolic situation comprised into the IR-CH, that is the promotion of 
growth and infl ammatory factors, could activate the transformation of an in situ 
mammary carcinoma towards infi ltration and expansion. The hyperestrogenemia 
could also determine this transformation  [  71  ] . The body fat gain, very frequent dur-
ing climacterics, could favour both situations  [  72  ] . 

 The relationships between IR syndrome and climacterics have been analyzed 
 [  73  ] . During the latter, the fall of the hormonal axes and the fact that lipogenic hor-
mones prevail over lipolytic ones, combined with sedentariness promote the gain of 
visceral fat. This fat generates a fl ux of free fatty acids and cytokines, just as TNF- a , 
all of which are able to generate IR through post-receptor actions on the PI-3 Kinase 
metabolic pathway, the one which regulates glucose transportation. An excessive 
adipose tissue, through the aromatase P450 enzymatic system, determines then a 
relative increase of estrogens, as it was already quoted. Through an overexpression 
of its mitogenic pathway activating the MAP Kinase, enhancing the effect of growth 
factors like IGF-1, infl ammatory factors, and sharing an enhancement of the mito-
genic action of estrogens, the CH facilitates an appropriate environment for the 
growth and invasion of BC. This situation takes places often during the 
post-menopause. 

INSULIN RECEPTOR 

RAS 

MAP Kinase

IRS 1,2,3,4

PI3 Kinase

Glucose Transportation
Increase of Nitric Oxide

Inflammation
Proliferation
Vasoconstriction
Prothrombosis

  Fig. 9.1    Simplifi cation of the 
insulin receptor and its two 
pathways: metabolic 
(PI3 Kinase) and mitogenic 
(MAP Kinase). In the insulin 
resistance the metabolic 
pathway is blocked and the 
mitogenic one is enhanced       
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 In the pre-menopause, certain conditions which generate an empowerment of the 
IR syndrome just as the PCOS (it adds another genetic factor in the expression of 
insulin resistance)  [  74  ]  could determine a precocious presentation of BC. The PCOS 
is an important risk factor for BC in pre- as well as in post-menopausal women  [  75  ] , 
due to its frame of severe IR-CH. The quoted conditions relating BC and these 
metabolic abnormalities are shown in Table  9.2 .  

 Recent population studies have given information pointing to the concept that 
insulin sensitizers as Metformin could be associated to a reduced incidence and a 
better prognosis in certain cancers  [  76  ] . Metformin is an activator of AMP-activated 
protein kinase which inhibits protein synthesis and gluconeogenesis during cellular 
stress. Furthermore, metformin can induce cell cycle arrest and apoptosis and can 
reduce growth factor signalling. This drug has been widely used in the therapy of 
type 2 Diabetes, since it lowers the glycemia and reduces the hyperinsulinemia that 
is associated with IR. It has been experimentally demonstrated that Metformin 
works as a growth inhibitor as well as insulin sensitizer for epithelial cells  [  77  ] . 
Recently, metformin has been shown to inhibit BC stem cell growth and to syner-
gize with chemotherapy in suppression of tumour growth and prolongation of sur-
vival of breast tumour-bearing animals  [  78  ] . 

 Emerging evidence suggests that certain cancer therapies might increase patients’ 
risk of developing metabolic syndrome secondary to the oncologic treatments. As 
the number of cancer survivors continues to grow, treating physicians must be aware 
of the potential risks facing patients who have been treated with anti-estrogen ther-
apy  [  79,   80  ] . The expected consequences of a more frequent use of insulin sensitiz-
ers as a preventive tool as well as in patients already diagnosed with BC seem to be 
very favourable, looking to the future  [  81  ] . 

 The analysis of the current knowledge gives us a broad view of the relationship 
with BC, leading to think that prevention or reversal of metabolic syndrome by 
lifestyle changes may be effective in preventing BC, mainly in postmenopausal 
women.       

   Table 9.2    Conditions associated to IR–CH and breast cancer   

 Conditions associated to IR–CH and breast cancer 

 Saturated fats  Elevated triglycerides 
 Carbohydrates of high glycemic index  Elevated estradiol 
 Obesity  Elevated free testosterone 
 Waist circumference  Decreased SHBG 
 Hirsutism  Elevated IGF-1 and 2 
 Acantosis nigricans  Increased IGF-1 receptors 
 PCOS  Reduced IGF-BP3 
 Type 2 diabetes 
 Glucose intolerance 
 Elevated basal insulin 

   SHBG  Sexual Hormone Binding Globulin,  IGF  Insulin-like growth 
factor,  BP  Binding protein  
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 The history of epidemiologic research on the role of nutritional elements and BC in 
Uruguay is brief and its beginning was two decades ago  [  1  ] . During the years 
1994–2010 the authors have produced more than 50 scientifi c works on the area 
 [  2–  52  ] . A high fraction of them were case-control type studies, lately not only 
carried out following conventional analysis but also factor analysis in search of 
nutritional patterns  [  26,   36,   43,   51,   52  ] . They were mostly performed in population 
admitted to public hospitals (who belong to low socio-economic strata) coming 
from the whole country but we also analyzed a population sample belonging to the 
private healthcare system (mid-to-high socio-economic strata) in the capital city, 
Montevideo, in order to cover different risk populations. Our studies have given to 
the medical literature their usually original contributions, whose publication in 
specialized scientifi c journals and presentations in congresses have allowed an ade-
quate international dissemination of their results, also cited nowadays in Internet. 
Of special interest for us were also the papers referred to selection of risk population 
using dietary information  [  11–  13,   16–  19  ] , and more recently those reporting the 
results of anthropometric  [  24,   25,   29,   30,   33,   34,   44,   45  ]  and other epidemiologic 
research  [  35  ] , including a review  [  47  ] . Finally, some recent multisite analyses have 
brought additional information on specifi c items related to BC  [  36–  42  ] . The most 
relevant features of our work are herewith summarized. 

   Methodology 

 The research was carried out based on population subsets belonging to one of the 
existing healthcare systems. Cases were women with certifi ed BC with a recent diagnosis, 
residents in Uruguay for 10 or more years and of ages between 24 and 84 years old.

    (a)     The public system. Patients were admitted to the major hospitals in Montevideo: 
Instituto Nacional de Oncología, Hospital de Clínicas, Hospital Pasteur, 
Hospital Maciel and Hospital Pereira Rossell. Controls were patients not 
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affl icted with cancer, with nutritional, hormonal or gynecologic diseases. The 
most common diseases were: bone fractures, eye disturbances, abdominal her-
nia and traumas. The studies focusing on anthropometry involved control 
women having a recent normal mammogram (labeled as BI-RADS 1).  

    (b)     The private system. Patients were affi liated to a medical institution (IMPASA) 
representative of the private healthcare system, all residents in Montevideo or 
neighbour locations. Of them, controls were women having a recent normal 
mammogram (labeled as BI-RADS 1).     

   Questionnaire 

 All patients were face-to-face interviewed with a structured questionnaire shortly 
after admittance to the hospitals. The questionnaire included sections on (i) socio-
demographic variables (age, residence, urban/rural status and hospital), (ii) a com-
plete history of tobacco smoking (age at start, age of quit, average number of 
cigarettes per day, type of tobacco and type of cigarette), (iii) a complete history of 
alcohol drinking (age at start, age of quit, number of glasses drunk per day and type 
of beverage), (iv) a section on occupational exposures based on job titles and its 
duration, (v) menstrual and reproductive variables (age at menarche, age at meno-
pause, number of live births, age at fi rst live birth, age at last live birth, breastfeeding, 
spontaneous abortions, induced abortions, use of exogenous hormones and use of 
contraceptive drugs), (vi) self reported height and weight 5 years before the inter-
view, (vii) family history of cancer in fi rst- and second-degree relatives and (viii) a 
food frequency questionnaire (FFQ) representative of the Uruguayan diet, including 
intake of soft drinks, coffee, tea, mate and vitamins supplementation. Studies at 
public hospitals involved a FFQ on 64 foods and at the private centre on 120 foods. 
Each FFQ asked about food consumption 5 years prior to diagnosis in cases and 
prior to the interview in controls, taking into account that within a period of few 
years diet may be recalled with acceptable levels of misclassifi cation. The FFQ was 
not validated, but was tested for reproducibility with reasonably good results  [  26  ] . 
The questionnaire of 120 items was a modifi cation of the previous one, having 
added some details concerning selected items not only of nutritional interest but 
also of epidemiologic interest. Furthermore, it allowed the estimation of total energy 
intake of each subject. For each one of the dietary items, a serving size was esti-
mated, based on the tables of nutrients we consulted. All dietary questions of our 
semi-quantitative questionnaire were open-ended, in order to manage each food as 
a continuous variable. They were converted into servings/year, multiplying by the 
most adequate time units each answer deserved. We have considered this type of 
registration of information as the best expression of the true intake, instead of forc-
ing answers within pre-existing categories. In order to calculate daily nutrients or 
energy, we compiled an analysis program which made the sum of all individual 
values, each one obtained after multiplying the number of servings/year by the ratio 
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nutrient content or calories of the serving/100 g of each individual food, divided by 
365 days. Most typical or average servings of solid foods are within the range of 
100–150 g, and fl uid foods are included in a cup of 200 ml.  

   Statistical Analysis 

 The distribution of all study subjects was categorized into tertils, quartils or quintils 
(depending on the circumstances) for each food, food group or nutrient. Crude and 
adjusted Relative risks (RR) were estimated through the application of uncondi-
tional logistic regression  [  53  ] . Potential confounding factors were included in the 
multivariate models. They were usually: age, residence, education level, family history 
of BC, body mass index. In each study, other variables which could be correlated 
with the interest variables were also entered in the regression models. The trend 
after adjustment by covariates was determined by chi2 test. The 95% confi dence 
intervals for every RR were calculated. Most calculations were performed with the 
STATA software  [  54  ] .  

   Results 

 The Uruguayan studies which were carried out on diet and BC have reported infor-
mation about meats and their preparation, heterocyclic amines, fatty foods, vegeta-
bles, fruits, fi bre, types of fats, phytoestrogens, macronutrients, selected bioactive 
substances, dietary patterns and their relationship with this type of cancer. Regarding 
the other arm of nutrition, that is, anthropometry, our studies focused their interest 
on two particular aspects: fat and muscle fractions and body shape. For these studies 
we have applied original techniques as body composition and somatotype. In the 
following chapters the most relevants points of each research study are presented.       
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   Meats 

 Some international studies which were already quoted (Chapter on  Foods and Breast 
Cancer ) had shown inconsistent increases in the risk associated with the intake of fats. 
Besides, the intake of meats – considered as a marker of the fats intake – has been 
associated with an increased risk of BC. Years ago it was suggested that heterocyclic 
amines derived from the cooking process of meats played a role as a potential carcinogen 
through the character of cancer initiator. The identifi cation of a possible independent 
effect of meat was something of considerable practical importance, indeed. 

 The main results of our initial study on meats, fats and BC  [  1  ]  are shown in 
Table  11.1 . Both, total meat and red meat were associated with a monotonic increase 
in the risks, having signifi cant dose-response patterns. The ORs for total meat were 
3.34 and for red meat 4.16. White meat (poultry and fi sh together) showed an inverse 
association with a 40% reduction in the risk of BC. No associations were observed 
with processed meats. The effects of total meat and red meat remained unchanged 
after the adjustment by fat intake.  

 In Table  11.2  are also shown the ORs for meats according to cooking methods. 
A strong positive association between fried meat (milanesa, panned) and BC risk was 
observed in this study (OR for the highest quartile = 5.31, signifi cant) after adjusting 
by potential confounding factors. A signifi cantly increased risk was observed for 
barbecued and grilled meat, however no effect was detected for boiled meat.  

 Table  11.3  shows the results of the analysis performed in a further study  [  2  ] , 
where the effects were discriminated taking into account the menopausal status of 
interviewed patients. The Ors for total meat, red meat and white meat were signifi -
cant in all women and in postmenopausal ones. In the same way, a risk increase in 
high consumers of beef and lamb as well a risk decrease in high intake of fi sh were 
signifi cant among postmenopausal women. This suggested a possible accumulative 
effect, in which duration in addition to intensity of intake could be playing an impor-
tant role, given the higher mean age of postmenopausal women compared to 
premenopausal ones.   

    Chapter 11   
    The Role of Foods               

A.L. Ronco and E. De Stéfani, Nutritional Epidemiology of Breast Cancer, 
DOI 10.1007/978-94-007-2397-9_11, © Springer Science+Business Media B.V. 2012
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   Table 11.1    Relative risks of BC for meat consumption   

 Quartiles of consumption 

 Dietary item  I  II  III  IV  p-value for trend 

 Total meat  1.0  1.12  1.42  3.34*  0.001 
 Red meat  1.0  1.29  2.03*  4.16*  0.001 
 White meat  1.0  0.61  0.58*  0.60  0.07 
 Processed meat  1.0  0.75  0.70  1.24  0.59 

  Adjusted by family history of BC, BMI, parity, age at menarche, 
menopausal status and total energy intake 
 * = statistically signifi cant  

   Vegetables and Fruits 

 We have already seen in the respective chapter related to international literature that 
diets rich in vegetables and fruits probably reduce the risk of BC  [  3,   4  ] . Foods 
belonging to these groups are a rich source of nutrients, bioactive substances and 
non-nutritional substances which are probably anticarcinogens  [  5,   6  ] , among which 
carotenoids, vitamin C, vitamin E and fl avonoids were found as associated with a 
risk reduction for several types of cancer. 

 We have extracted the following results from one of the research papers related 
to diet and BC which were published by us  [  7  ] . Table     11.4  shows the ORs of vege-
tables and fruits for BC. The intake of total vegetables was inversely associated with 
the risk of BC (RR = 0.41, IC al 95% 0.26–0.65), while the intake of total fruits 
displayed a RR = 0.57 (IC 0.36–0.89). Total vegetables and fruits combined showed 
a signifi cant protective effect of 58%.  

 Raw and green-leaf vegetables were strongly protective (RR = 0.36 for the latter) 
and also cooked vegetables displayed a negative association (RR = 0.58). Finally, 
whereas legumes were also negatively associated with the risk of BC, cruciferous 
vegetables did not show an association. Results are expressed in the following 
graphic (Fig.  11.1 ).  

   Table 11.2    Relative risks of BC for cooking methods of meats   

 Quartiles of consumption 

 Dietary item  I  II  III  IV  p-value for trend 

 Fried meat  1.0  1.49  1.53  5.31*  <0.001 
 Barbecued/grilled meat  1.0  1.10  1.05  2.21*   0.02 
 Boiled meat  1.0  1.08  0.99  1.02   0.92 

  Adjusted by family history of BC, BMI, parity, age at menarche, 
menopausal status and total energy intake 
 * = statistically signifi cant  
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   Table 11.3    Relative risks of BC associated with meat variables and according to menopausal status   

 Quartiles of consumption 

 Dietary item  Menopausal status  I  II  III  IV  p-value for trend 

 Total meat  All  1.0  1.29  1.63  2.26*   0.006 
 Pre  1.0  0.90  1.27  2.42   0.11 
 Post  1.0  1.33  1.58  2.19*   0.03 

 Red meat  All  1.0  1.25  1.76  2.62*   0.001 
 Pre  1.0  1.41  2.13  3.01   0.09 
 Post  1.0  1.29  1.57  2.79*   0.006 

 White meat  All  1.0  0.67  0.60*  0.59*   0.02 
 Pre  1.0  0.62  1.36  0.28   0.31 
 Post  1.0  0.60  0.48*  0.63*   0.03 

 Processed meat  All  1.0  0.80  0.85  0.88   0.64 
 Pre  1.0  0.66  0.48  1.30   0.56 
 Post  1.0  0.80  0.91  0.73   0.38 

 Beef  All  1.0  1.23  2.09*  3.84*  <0.001 
 Pre  1.0  1.91  2.41  2.60   0.16 
 Post  1.0  1.15  2.02*  4.75*  <0.001 

 Lamb  All  1.0  1.05  2.38*   0.01 
 Pre  1.0  1.32  1.45   0.53 
 Post  1.0  0.88  2.90*   0.02 

 Poultry  All  1.0  0.75  0.78   0.18 
 Pre  1.0  0.62  0.32   0.06 
 Post  1.0  0.73  0.85   0.35 

 Fish  All  1.0  0.76  0.64   0.06 
 Pre  1.0  1.97  0.54   0.65 
 Post  1.0  0.62*  0.63   0.04 

  Adjusted by age, residence, family history of BC in fi rst degree relatives, parity, age at menarche, 
prior history of benign breast diseases, total calories, vegetables intake and fat intake. Lamb, poultry 
and fi sh were analyzed by tertiles 
 * = statistically signifi cant  

   Table 11.4    Relative risks of breast cancer for vegetables and fruits intake   

 Quartiles of consumption 

 Dietary item  I  II  III  IV  p-value (trend) 

 Total vegetables  1.0  0.52  0.45  0.41   0.004 
 Total fruits  1.0  1.01  0.86  0.57   0.05 
 Vegetables & fruits  1.0  0.61  0.46  0.42   0.005 
 Raw vegetables  1.0  0.64  0.58  0.51  <0.001 
 Cooked vegetables  1.0  1.02  0.67  0.58   0.009 
 Green-leaf vegetables  1.0  0.56  0.53  0.36  <0.001 
 Legumes  1.0  0.84  0.91  0.42   0.004 
 Cruciferous vegetables  1.0  2.16  1.07   0.12 

  Adjusted by age, residence, urban/rural status, family history of BC in 1° relatives, 
body mass index, age at menarche, parity, menopausal status and total calories 
consumption  
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  Fig. 11.1    Relative risks of breast cancer for vegetables and fruits intake       

 Besides, tomatoes and tomato-derived foods were found as protective. Raw 
tomatoes were associated with a moderate and not signifi cant risk reduction 
(RR = 0.62, IC 0.36–1.06), foods dressed with tomato sauce displayed a strong 
protective and signifi cant effect (RR = 0.30, IC 0.17–0.52). 

 Since lycopene has been one of the most protective nutrients and it would explain 
partially the effect of total vegetables, and also considering that this carotenoid is 
the one prevailing in tomatoes, we examined the risk associated with tomatoes and 
tomato-rich foods (pasta and polenta, which are commonly accompanied by tomato 
sauce), and the results are shown in Table  11.5 . The protective effect observed for 
lycopene remained after adjusting by total vegetables and other antioxidants. In 
Uruguay, the richest sources of lycopene are tomatoes and tomato products like 
sauce. Besides, it has been reported that lycopene is better absorbed from oil-cooked 
tomato products than from raw tomatoes  [  8  ] .   

   Dairy Foods 

 Our study  [  9  ]  analyzed the following dairy products: whole milk, skimmed milk, 
chocolate milk, whole milk, ricotta cheese, mozzarella cheese, quartirolo cheese, 
Parmesan cheese, gruyere cheese, total cheese, whole yoghurt, skimmed yoghurt, 
total yoghurt, total liquid dairy (total milk + total yoghurt), butter, chantilly cream, 
ice cream and total dairy. The intake of milk and butter at age 18 was also queried. 
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   Table    11.5    Relative risks of breast cancer for tomatoes and tomato-rich foods 
intake   

 Dietary item  RR  (95% IC) 

 Tomatoes (servings/week) 
 < = 0.5  1.0 
 0.6–1.5  0.58*  0.40–0.86 
 1.6–2.5  0.68  0.45–1.02 
 > = 2.6  0.62  0.36–1.06  p for trend 0.33 
 Foods with tomato sauce 

(servings/week) 
 < = 1.5  1.0 
 1.6–2.1  0.70  0.46–1.09 
 2.2–3.0  0.59*  0.39–0.88 
 > = 3.1  0.30*  0.17–0.52  p for trend <0.001 
 All foods with Tomato 

(servings/week) 
 < = 2.0  1.0 
 2.1–3.6  0.72  0.47–1.12 
 3.7–5.5  0.44*  0.28–0.68 
 > = 5.6  0.34*  0.21–0.53  p for trend <0.001 

  Adjusted by age, residence, urban/rural status, family history of BC in 1° rela-
tives, body mass index, age at menarche, parity, menopausal status and total 
calories consumption 
 * = statistically signifi cant  

Food groups and dietary items were adjusted by total energy intake using the residual 
method  [  10  ] . The regression model adjusted by age, years of urban status, 
educational level, body mass index, age at menarche, menopausal status, family 
history of BC, number of live births, total energy and total fruits. 

 The ORs of BC for dairy products are shown in Table  11.6 . Several items displayed 
an association with increased risk of BC: milk (OR = 2.84), chocolate milk (OR = 2.85), 
total milk (OR = 1.99), quartirolo cheese (OR = 1.66), gruyere cheese (OR = 1.93) and 
ice cream (OR = 1.98). Of them, only quartirolo cheese was not signifi cantly associ-
ated in the highest tertile. Furthermore, most products displayed a risk increase with 
dose-response pattern except for chocolate milk. In addition, an inverse and signifi -
cant association is shown with the skimmed yoghurt intake (OR = 0.29), total yoghurt 
(OR = 0.41) and ricotta cheese (OR = 0.45), also having a dose-response pattern. Other 
items showed an absence of association for the highest tertiles of consumption. 
Besides, both intakes at the age of 18 displayed similar results that in adult age: 
whereas the milk intake was positively associated with the risk of BC (OR = 2.66, p for 
trend = 0.002), the butter intake did not show association (OR = 0.49, p for trend = 0.18), 
even tending to an apparently protective direction. The items having signifi cant asso-
ciations are shown in Fig.  11.2 , in descendent order.   

 Our results support the existence of opposite associations of different dairy products 
and the risk of BC. On one hand, high intakes certain products recognized as low-fat 
such as skimmed yoghurt and ricotta cheese were inversely associated with the risk 
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   Table 11.6    Relative risks of breast cancer for intake of dairy products   

 Tertils 

 Variable  I  II  III  p-value for trend 

 Whole milk   1.0    2.47 *   2.84 *   0.007 
 Skimmed milk  1.0  0.63  0.89   0.72 
 Chocolate milk  1.0   3.22 *   2.85 *   0.06 
 Total milk  1.0  1.41   1.99 *   0.04 
 Whole yoghurt  1.0  1.41  1.03   0.97 
 Skimmed yoghurt  1.0  1.00   0.29 *  <0.001 
 Total yoghurt  1.0  0.73   0.41 *   0.008 
 Total milk + yoghurt  1.0  1.22  0.87   0.68 

 Ricotta cheese  1.0  0.60   0.45 *   0.01 
 Mozzarella cheese  1.0  0.63  1.12   0.71 
 Quartirolo cheese  1.0   1.96 *  1.66   0.15 
 Parmesan cheese  1.0  1.36  1.17   0.63 
 Gruyere cheese  1.0  1.40   1.93 *   0.03 
 Total cheese  1.0  0.61  0.83   0.53 

 Butter  1.0  0.92  0.92   0.80 
 Ice cream  1.0  1.02   1.98 *   0.02 
 Chantilly cream  1.0  0.80  1.18   0.68 
 Total dairy  1.0  1.08  1.16   0.65 
 Milk at age 18  1.0  1.26   2.66 *   0.002 
 Butter at age 18  1.0  1.29  0.49   0.18 

  Adjusted by: age, years of urban status, education, age at menarche, 
family history of BC, number of live births, BMI, menopausal status, 
total energy and total fruits. In bold, the statistically signifi cant risks  

  Fig. 11.2    Dairy foods with statistical signifi cant relative risks       
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of BC. On the other hand, high intake of fatty products such as whole milk, chocolate 
milk, gruyere cheese and ice cream were clearly associated with the risk of BC. 
Nevertheless, we found that other fat-rich products as butter and Chantilly cream 
did not show a risk association (OR = 0.92 and OR = 1.18 respectively). Some total 
items as milk + yoghurt (OR = 0.87), cheese (OR = 0.83) and dairy (OR = 1.16) 
showed neither any association: this fact suggested us that perhaps when some stud-
ies analyzed items as “milk”, “cheese” and “yoghurt”, possible hidden differences 
coming from their varieties could have led results to null. In addition, we must rec-
ognize that certain particular preferences among individuals or populations could 
lead to fi ndings oriented towards opposite directions. 

 We have found no association for skimmed milk and a positive association for 
whole and chocolate milk, as well as for total milk. In addition, the analysis of cheese 
revealed opposite associations with the risk of BC for high intakes of those varieties 
located at the extreme of the range: whereas the cheese having the lowest fat content 
(ricotta) tended to show a signifi cant inverse association (OR = 0.45), the one with the 
highest fat content (gruyere) displayed a signifi cant positive association (OR = 1.93). 
Besides, yoghurt tended to be protective, both the skimmed one (OR = 0.29) as well 
as the total one (OR = 0.41). Our results agreed to those obtained in a study per-
formed in Dutch women  [  11  ] , where a negative association (OR = 0.33) was reported 
for the combination of low fat intake + high intake of fermented milk and fi bre, which 
was the best performance among 6 types of assessed combinations. 

 Regarding the analysis of possible mechanisms which could explain the results, 
we accept that fat content can be related with some risks (inverse association of 
skimmed yoghurt and ricotta cheese, positive association of whole and chocolate 
milk, gruyere cheese and ice cream), but there were non signifi cant differences 
related to the intake of butter and chantilly cream, which have the highest fat levels. 
We could cautiously accept that fat level plays some role, but it would not be deter-
minant by itself only. 

 Moreover, the levels of protective substances like vitamin D and conjugated lino-
leic acid (CLA) depend on the actual fat level. In this sense, the liquid skimmed 
products (milk and yoghurt) lack of adequate levels of vitamin D, at least. Fortifi ed 
products were not introduced in the Uruguayan market until the late 90’s, hence, it 
can not be considered as likely an exposure of partially skimmed milk plus extra 
vitamin D and/or calcium. 

 Other components deserve to be taken into account, for example carbohydrates 
like lactose and galactose (   linked to ovarian cancer  [  12  ] ) and proteins such as IGF-I 
(Insulin simil growth factor I), which seem to increase the risk of BC  [  13,   14  ] . Both 
combined, lactose inducing a sustained insulin response and IGF-I reproducing the 
action of the latter, derive in the upstream of immune and metabolic steps which are 
linked to pro-infl ammatory events. These facts are described and commented in 
chapter on Insulin resistance and BC. 

 Comments on fermented products usually refer to yoghurts, but some cheeses 
require also fermentation in their production process, based on whey. It is inter-
esting to remark that whey proteins have a considerable amount of three amino-
acids that are common to one of the most powerful antioxidant and anticarcinogenic 
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substances found in foods: glutathione. Whey protein is also the richest known 
source of naturally occurring branched chain amino acids (leucine, isoleucine 
and valine) and also of glutamic acid and cysteine. These amino acids are also 
present in the human maternal milk. The fermentation process, besides, guaran-
tees at the same time a strong reduction of the lactose levels, something that 
could contribute with a protection against the development of a metabolic 
syndrome. 

 The observed negative association of ricotta cheese as well as of skimmed 
yoghurt with the risk of BC enabled us to think that perhaps both conditions 
(fermentation and skim) and not only one of them – whichever it were – could be 
necessary to provide a risk reduction. In fact, whole yoghurt (which is not low-fat) 
showed no association; skimmed milk (which is not fermented) did not showed any 
association either; other cheese types that are not low-fat showed lack of association 
or a positive association. Finally, whole milk, chocolate milk, ice cream, chantilly 
cream or butter are neither low-fat nor fermented products and they tended to have 
no association or to be positively associated. These facts suggest that benefi cial 
effects of vitamin D and CLA can be overwhelmed in both senses: on one hand, 
skim and fermentation seemed to have better protective effect if both were present 
even though the levels of vitamin D and CLA were reduced; on the other hand, high 
fat levels and no fermentation seemed to have a higher risk if they were present, 
even though vitamin D and CLA were increased. 

 There is a potential protective effect of bacteria found in fermented milk on the 
health risks that aromatic heterocyclic amines (HCAs) involve. A study suggested 
that the detoxifying mechanism would be through a direct binding of HCAs to the 
cell walls of certain bacterial strands present in fermented foods  [  15  ] . Besides, we 
have reported in our studies  [  1,   2  ]  evidence of links between BC and the intake of 
HCAs, mostly derived from cooking methods of red meats. Therefore, a protec-
tive effect of yoghurt and ricotta cheese could be expected to occur in the 
Uruguayan population, which has the highest beef intake in the world  [  16  ] . In 
addition, a benefi cial effect on cholesterol metabolism was also suggested by 
other studies  [  17,   18  ]  and the potential protection expected from prebiotics and 
probiotics due to their contribution in lactobacillus and phytosterols deserves to 
be taken into account  [  19  ] . 

 Bioavailability of calcium and other minerals as magnesium and zinc is enhanced 
by fermented dairy foods  [  20–  22  ] . Taking into account that: (a) diets with high satu-
rated fat contents could produce deleterious effects in the absorption of dietary cal-
cium  [  23  ] ; and (b) this latter implies a protective action against BC and other tumour 
sites such as colon  [  24–  26  ] , it seems logic to think that both features (low-fat and 
fermentation) are required to optimize calcium bioavailability. 

 The concentration of folate-bounded proteins in different dairy products is 
closely related to the folate absorption  [  27,   28  ]  and it can play a role in its bioavail-
ability, not only for the own folates of dairy foods but also for those present in foods 
of vegetable sources, which have been shown as powerful protective factors against 
BC  [  29,   30  ] .  
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   White Meat 

 In 2003 another paper whose results came from population affi liated to the private 
healthcare system was published  [  31  ]  and it analyzed possible associations of white 
meat consumption and the risk of BC. As it has been mentioned in the corresponding 
chapter, the general trend of the analyses on white meat consumption has been to 
consider it not associated with BC as well as a slight reduction of risk of the disease. 

 In this work we queried about the intake of: skinless chicken, chicken with skin, 
fried fi sh, not fried fi sh. As a consequence, new variables emerged after their com-
bination: total chicken (skinless chicken + chicken with skin), total fi sh (fried 
fi sh + not fried fi sh), lean white meat (skinless chicken + not fried fi sh), fatty white 
meat (chicken with skin + fried fi sh), and total white meat (sum of the four original 
variables). Other food groups were created to be assessed: total vegetables, total 
fruits, red meat, total dairy, total oil, grains, desserts. 

 Table  11.7  presents the results of the analyses, following a similar methodology 
to the one applied for the study of dairy foods. Crude and adjusted odds ratios are 
presented. 

    (a)     Logistic regression model adjusted by: years of urban status, age at fi rst birth, 
age at menarche, number of live births, months of breastfeeding, body mass 
index, family history of BC, total dietary energy, total vegetables and fruits, 
total dairy, total oil and oil reutilization.     

 A signifi cant increase of risk for high intake of fried fi sh was observed (OR = 1.99). 
On the other hand, the intake of not fried fi sh had a signifi cant inverse association with 
the risk of BC (OR = 0.48), the same as with skinless skin intake (OR = 0.42) and both 
items combined (OR = 0.34). Total white meat showed a risk reduction of almost a half, 
borderly signifi cant (OR = 0.55). Besides, the other fatty products displayed a trend 
towards the risk increase, although they did not reach a statistical signifi cance probably 
due to the sample size: chicken with skin (OR = 1.54) and fatty white meat (OR = 1.62). 
The fact that both total consumptions of chicken and fi sh showed lack of association 
(OR = 0.78 and OR = 0.79 respectively) is not negligible. It remarks once again the 
problem faced by research focused on dietary items simply labelled as “chicken”, 
“fi sh” or others: if each of them is composed by products which have opposite associa-
tions, these possible hidden differences could lead results to the null (Fig.  11.3 ).  

 The performed analyses could explain the still not very consistent fi ndings on 
white meat consumption that the specialized literature cites  [  4  ] . Although these limi-
tations are recognized based on previous studies, the intake of white meat has been 
recommended as a part of what is known as a “prudent” diet. Nevertheless, extreme 
caution should be present about this recommendation since chicken is the food 
belonging to the white meat group that has the highest concentration of heterocyclic 
amines among all meats. In addition, the feeding conditions for animals might repre-
sent another reason for the inconsistencies reported in the specialized literature. 
Currently, poultry are usually exposed to special methods in order to enhance their 
growing process and development, which include supplements of corn seeds and 
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other products while they are confi ned to reduced spaces. Consequently, their fl esh 
and fat accumulate high contents of   W  -6 PUFAs instead of the natural   W  -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 defi ned whether diets 
high in poultry have any association with BC. Preparation forms, hence, could be 
related to the disease. We think that these facts deserve considerable attention because 
recommendations probably should be expanded to promote the consumption of these 
white meats, but after having preparation modalities which do not imply the intake of 
high levels of some fats or the production of HCAs during cooking.  

   Fruit Consumption 

 The results of this research were published in 2006 and in 2008 in different books 
 [  32,   33  ] . With similar criteria to our previous studies, the following items were ana-
lyzed looking for possible associations with the risk of BC: orange, orange juice, 

   Table 11.7    Crude and adjusted relative risks of breast cancer for white meat intake levels   

 Variable  Tertiles 
 Cases/
Controls n  p-value 

 OR  (95% CI)  OR  (95% CI) 

 Crude  Adjusted 

 Chicken with skin  Low  42/74  1.00  –  1.00  – 
 Mid  21/74  0.50  (0.27–0.92)  1.07  (0.49–2.32) 
 High  48/74  0.020  1.14  (0.68–1.93)  1.54  (0.86–2.77) 

 Skinless chicken  Low  53/74  1.00  –  1.00  – 
 Mid  28/74  0.53  (0.30–1.52)  0.62  (0.34–1.15) 
 High  30/74  0.038  0.57  (0.33–1.13)  0.42  (0.23–0.79) 

 Total chicken  Low  52/74  1.00  –  1.00  – 
 Mid  30/74  0.58  (0.33–1.00)  0.85  (0.46–1.56) 
 High  29/74  0.056  0.56  (0.32–0.97)  0.78  (0.42–1.47) 

 Fried fi sh  Low  35/74  1.00  –  1.00  – 
 Mid  41/74  1.17  (0.67–2.04)  1.35  (0.72–2.54) 
 High  35/74  0.81  1.00  (0.57–1.77)  1.99  (1.02–3.88) 

 Not fried fi sh  Low  44/74  1.00  –  1.00  – 
 Mid  39/74  0.88  (0.52–1.52)  1.46  (0.76–2.79) 
 High  28/74  0.29  0.64  (0.36–1.13)  0.48  (0.24–0.93) 

 Total Fish  Low  53/74  1.00  –  1.00  – 
 Mid  17/74  0.32  (0.17–0.60)  0.52  (0.26–1.05) 
 High  41/74  0.001  0.77  (0.46–1.30)  0.79  (0.44–1.42) 

 Lean white meat  Low  53/74  1.00  –  1.00  – 
 Mid  31/74  0.58  (0.33–1.01)  0.61  (0.33–1.14) 
 High  27/74  0.035  0.51  (0.29–0.90)  0.34  (0.18–0.65) 

 Fatty white meat  Low  29/74  1.00  –  1.00  – 
 Mid  44/74  1.52  (0.86–2.68)  1.91  (1.02–3.58) 
 High  38/74  0.35  1.31  (0.73–2.34)  1.62  (0.85–3.11) 

 Total white meat  Low  55/74  1.00  –  1.00  – 
 Mid  30/74  0.55  (0.31–0.94)  0.59  (0.33–1.09) 
 High  26/74  0.015  0.47  (0.27–0.83)  0.55  (0.29–1.02) 
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  Fig. 11.3    Bar graphics derived from the original data of highest tertiles of intake for each dietary 
item, with their corresponding odds ratios and confi dence intervals       

tangerines, red apples, green apples, plums, watermelon, Moscatel grapes, common 
grapes, bananas, peaches, pears, fruit salad, citrus fruits, non citrus fruits, total fruits 
and dietary vitamin C. The regression model controlled for: age, age at menarche, 
menopausal status, menstruation duration, number of live births, dietary energy, fam-
ily history of BC, smoking status, total vegetables, total meat, total dairy and exercise 
frequency. The main fi ndings were a protective effect of total fruits, oranges, orange 
juice and citrus fruits. Besides, when the regression model included a term for vita-
min C the negative association improved in all of them, in particular for orange and 
citrus fruits, suggesting a probable co-responsibility of other substances in the pro-
tection. The main results are shown in Table  11.8  and in Fig.  11.4 , as follows:   

 It is interesting to remark the differences generated by citrus and non citrus fruits: 
only the latter displayed a protective effect (Fig.  11.5 ). The intake of green apples 
(Granny Smith type) was associated with a borderline risk reduction but with a sig-
nifi cant trend (p = 0.025), whereas red apples did not show an association with the 
risk of the disease (Fig.  11.6 ).   

 Although a high intake of both foods was associated with a risk reduction (with 
a dose-response trend), the reduction effect appeared to be stronger for orange juice. 
Anyway, after adjusting by vitamin C, each one of both foods reduced the risk 
around 77–78%, as it shows Table  11.9 .  

 The protective effect of citrus fruits together (OR = 0.27) and even more controlling 
for vitamin C (OR = 0.13) was high. In nutritional epidemiology of cancer, a signifi -
cant reduction of 87%, such as in the latter, is very strong and deserves to be 
remarked. 

 



   Table 11.8    Crude and adjusted relative risks for each analyzed variable   

 Variable  Tertiles  Intake* 
 Controls/
Cases n 

 p-value 
(trend) 

 Crude  Adjusted** 

 OR  (95% CI)  OR  (95% CI) 

 Oranges  Low  0–52  73/46  1.00  –  1.00  – 

 Mid  53–364  74/44  0.94  (0.56–1.59)  0.62  (0.33–1.16) 

 High  > = 365  75/21  0.012  0.44  (0.24–0.82)   0.51   (0.26–0.98) 

 Orange juice  Low  0–156  73/77  1.00  –  1.00  – 

 Mid  157–364  74/18  0.23  (0.13–0.42)  0.16  (0.08–0.32) 

 High  > = 365  75/16  <0.0001  0.20  (0.11–0.38)   0.26   (0.13–0.54) 

 Tangerines  Low  0  73/28  1.00  –  1.00  – 

 Mid  1–52  74/46  1.62  (0.92–2.87)  1.03  (0.54–1.99) 

 High  > = 53  75/37  0.439  1.28  (0.71–2.31)  1.20  (0.64–2.26) 

 Red apples  Low  0–104  73/39  1.00  –  1.00  – 

 Mid  105–260  74/33  0.83  (0.47–1.47)  0.92  (0.49–1.73) 

 High  > = 261  75/39  0.925  0.97  (0.56–1.68)  1.31  (0.71–2.43) 

 Green apples  Low  0–104  73/52  1.00  –  1.00  – 

 Mid  105–208  74/30  0.57  (0.33–0.99)  0.66  (0.36–1.21) 

 High  > = 209  75/29  0.025  0.54  (0.31–0.95)  0.55  (0.31–1.01) 

 Grapes –moscatel 
type 

 Low  0  73/23  1.00  –  1.00  – 

 Mid  1–52  74/67  2.87  (1.62–5.10)  2.61  (1.37–4.98) 

 High  > = 53  75/21  0.760  0.89  (0.45–1.74)  0.96  (0.46–1.99) 

 Grapes –common 
type 

 Low  0  73/42  1.00  –  1.00  – 

 Mid  1–12  74/21  0.49  (0.27–0.91)  0.93  (0.45–1.94) 

 High  > = 13  75/48  0.647  1.11  (0.66–1.88)  1.48  (0.82–2.65) 

 Bananas  Low  0–104  73/45  1.00  –  1.00  – 

 Mid  105–156  75/19  0.41  (0.22–0.77)  0.44  (0.23–0.87) 

 High  > = 157  74/47  0.891  1.03  (0.61–1.74)  1.14  (0.64–2.03) 

 Plums  Low  0–12  74/50  1.00  –  1.00  – 

 Mid  13–24  74/21  0.42  (0.23–0.77)  0.59  (0.30–1.15) 

 High  > = 25  74/40  0.360  0.80  (0.47–1.35)  0.62  (0.34–1.11) 

 Peaches  Low  0–24  73/30  1.00  –  1.00  – 

 Mid  25–48  75/38  1.23  (0.69–2.19)  1.56  (0.82–2.96) 

 High  > = 49  74/43  0.233  1.41  (0.80–2.49)  1.29  (0.68–2.43) 

 Watermelon  Low  0  73/47  1.00  –  1.00  – 

 Mid  1–12  74/24  0.50  (0.28–0.91)  0.98  (0.48–2.00) 

 High  > = 13  75/40  0.461  0.83  (0.49–1.41)  0.79  (0.45–1.40) 

 Pears  Low  0–5  73/29  1.00  –  1.00  – 

 Mid  6–24  74/31  1.05  (0.58–1.92)  0.65  (0.33–1.27) 

 High  > = 25  75/51  0.049  1.71  (0.98–2.99)  1.35  (0.72–2.54) 

 Fruit salad  Low  0  73/34  1.00  –  1.00  – 

 Mid  1–24  74/49  1.42  (0.83–2.45)  0.99  (0.54–1.82) 

 High  > = 25  75/28  0.495  0.80  (0.44–1.45)  0.86  (0.45–1.64) 

 Citrus fruits  Low  0–348  73/71  1.00  –  1.00  – 

 Mid  349–663  74/25  0.35  (0.20–0.61)   0.32   (0.18–0.60) 

 High  > = 664  75/15  0.0001  0.21  (0.11–0.39)   0.27   (0.13–0.55) 

 Non citrus fruits  Low  0–554  74/33  1.00  –  1.00  – 

 Mid  555–867  73/35  1.08  (0.60–1.91)  0.99  (0.53–1.87) 

 High  > = 868  75/43  0.371  1.29  (0.74–2.24)  1.07  (0.58–1.97) 

 Total fruits  Low  < = 1019  74/46  1.00  –  1.00  – 

 Mid  1020–1436  73/40  0.88  (0.52–1.50)  0.86  (0.48–1.55) 

 High  > = 1437  75/25  0.040  0.54  (0.30–0.96)   0.44   (0.23–0.86) 

  * = Times or units/year  
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  Fig. 11.4    Bar graphics derived from the original data of highest tertiles of intake for each fruit 
item, with their corresponding odds ratios and confi dence intervals       
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  Fig. 11.5       Odds ratios for fruit intakes, categorized into tertiles       
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   Table 11.9    Adjusted relative risks after including vitamin C in the regression 
model   

 Variable 

 RR  RR 

 Without vitamin C 

 Including vitamin C 

 Mid tertile  High tertile 

 Orange  0.51 (0.26–0.98)  0.44 (0.19–1.03)  0.22 (0.08–0.64) 
 Orange juice  0.26 (0.13–0.54)  0.16 (0.08–0.31)  0.23 (0.11–0.48) 
 Citrus fruits  0.27 (0.13–0.55)  0.23 (0.11–0.46)   0.13  (0.05–0.33) 
 Total fruits  0.44 (0.23–0.86)  0.81 (0.43–1.55)  0.35 (0.16–0.76) 
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  Fig. 11.6    Odds ratios for apple intakes, categorized into tertiles       

 We reproduce here some preliminary and still unpublished results about the 
orange consumption and the risk of BC among women in Uruguayan public hospi-
tals. As a result of the combination of two databases, an old one with 773 patients and 
a new one with 1596, the fi nal database (n = 2369) was divided into quintiles to be 
statistically analyzed. A crosstabulation and an estimation of relative risks through 
unconditional logistic regression were performed. The regression model controlled 
by: age, education, age at menarche, menopausal status, number of live births, age at 
fi rst delivery, months of breastfeeding, family history of BC in degree relatives and 
body mass index. These results are shown in the following Figs.  11.7  and  11.8 .   

 Breast cancer cases are more frequent among the low intakes of oranges. An 
additional detail: category I (the lowest quintile) represents those women who are 
no consumers of oranges, that is, near 20% of the Uruguayan female population 
(assisted at public hospital system) do not consume oranges at all. 
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  Fig. 11.8    Relative risks for orange intake       

 The most important change is seen between the third and fourth quintiles. This 
latter represents an intake of more than three and up to seven oranges/week (up to a 
mean of one unit per day). The highest quintile is composed by those women who 
have an intake over one orange per day. 

 The multivariate analysis showed that the Relative Risk of BC for eating more 
than three oranges/week is 0.69 (that is, 31% of protection), compared to those 
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non-eaters. Furthermore, when consuming more than a unit per day, the risk decreases 
up to 0.55 (a 45% of protection). Both estimates were statistically signifi cant. 

 This reduction was more evident for postmenopausal women (RR = 0.45) than 
for premenopausal ones (RR = 0.70). This fact – which is rather common in dietary 
studies – suggests that the time of action is very important, regarding the putative 
protective role of this food. More important than the hormonal status could be the 
time of action, could be assumed after the facts, since the analyses performed by age 
groups found the same proportions. 

 As it was possible to observe for the reader, the risk for the group with highest 
orange intake found among the private healthsystem (in tertiles) was 0.51 and the 
risk for those belonging to public healthsystem was 0.55 (in quintiles). Despite that 
the adjustment terms for the regression model were not exactly the same but shared 
some variables, the coincidence between both estimations – and in addition, the 
displayed pattern – suggests that we are facing a strong protective factor for BC in 
the studied population. 

 As a conclusion, we have observed that the studies involving patients coming 
from the public as well as from the private healthcare system, from all social strata, 
have demonstrated that women with absence of BC tend to be frequent consumers 
of citrus fruits and those women affl icted with BC tend to be unfrequent or no con-
sumers of citrus fruits. Albeit fruits have been subject of numerous analyses and 
there is no complete universal coincidence on their protective role, the evidence is 
pointing to defi ne this latter as likely. We have confi rmed a very clear and defi nited 
population trend in Uruguay: Women with BC usually have low citrus consumption 
and women without BC are frequent citrus consumers.      
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   Fats 

 The RRs of BC for intake of dietary lipids  [  1  ]  are shown in next place (Table  12.1 ). 
The intake of total fat was associated with a moderate increase of risk (RR = 1.5) in 
the highest quartile, after adjusting for the main confounding factors.  

 Saturated fats, which have shown RR up to 1.9 in other regression models, disap-
peared as a risk factor (RR = 0.84) after adjusting by other fat types. A moderate 
although non signifi cant increase of risk was observed for monounsaturated fat 
(RR = 1.50). On the contrary, polyunsaturated fats were associated with an inverse 
and signifi cant relationship with the risk of BC. More precisely, the group of higher 
consumption displayed a signifi cant protective effect (RR = 0.38), which is equiva-
lent to a risk reduction of 62%. 

 Linoleic acid, besides, was associated with a signifi cant risk reduction of BC 
(RR = 0.24). Conversely, the other essential fatty acid, the  a -linolenic was signifi -
cantly associated with an important risk increase (RR = 2.76). Regarding the latter, 
it is of interest to explain that although it is a Ω-3 polyunsaturated fatty acid, it pro-
ceeds from several animal and vegetable sources. There have been studies which 
recognize in it an indicator of a high intake of red meat, for example. There is not a 
countersense when a high intake of this Ω-3 polyunsaturated fatty acid (PUFA) was 
associated with the risk of BC. 

 Finally, cholesterol was shown also as a statistically signifi cant risk factor, with 
the highest RR observed in these groups (RR = 4.31) for the highest consumers. 

   Dietary Fibre 

 The adjusted RR of BC associated with dietary fi bre intake in Uruguayan women 
 [  2  ]  are shown in Table  12.2 . An inverse relationship with a signifi cant risk reduction 
of 49% for the group with the highest consumption (highest quartile) is evident. 
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   Table 12.1    Relative risks of breast cancer for dietary fat   

 Quartils of consumption 

 Dietary item  I  II  III  IV  p-value (trend) 

 Total fat 
 g/day  <57.5  57.6–73.8  73.9–88.7  88.8+ 
 RR  1.0  0.68  1.57  1.53  0.01 

 Saturated fats 
 g/day  <20.9  21.0–28.8  28.9–37.7  37.8+ 
 RR  1.0  1.55  1.33  0.84  0.56 

 Monounsaturated fats 
 g/day  <14.5  14.6–21.1  21.2–26.8  26.9+ 
 RR  1.0  1.23  1.16  1.50  0.55 

 Polyunsaturated fats 
 g/day  <13.1  13.2–14.0  14.1–15.2  15.3+ 
 RR  1.0  0.67  0.67  0.38*  0.005 

 Linoleic acid 
 g/day  <13.0  13.1–13.9  14.0–15.0  15.1+ 
 RR  1.0  0.66  0.44*  0.24*  <0.001 

  a -linolenic acid 
 g/day  <0.8  0.9–1.0  1.1–1.2  1.3+ 
 RR  1.0  0.94  1.24  2.76*  0.02 

 Cholesterol 
 mg/day  <314.9  315.0–427.7  427.8–538.1  538.2+ 
 RR  1.0  1.57  2.13*  4.31*  <0.001 

  Adjusted by age, residence, urban/rural status, family history of BC in 1º degree rela-
tives, body mass index, age at menarche, parity, alcohol consumption, total calories 
consumption, dietary fi bre, folate intake and quartiles of the other dietary fats 
 * = statistically signifi cant  

   Table 12.2    Relative risks of breast cancer associated with fi bre intake   

 Quartils of consumption 

 Dietary item  I  II  III  IV  p-value (trend) 

 Total fi bre  1.0  1.15  0.69  0.51*  <0.001 
 Grain fi bre  1.0  0.89  0.54*  0.65   0.02 
 Vegetable fi bre  1.0  0.92  0.59*  0.56*   0.005 
 Fruit fi bre  1.0  1.13  0.89  0.77   0.18 

  * = statistically signifi cant  

Also the p-value for trend was highly signifi cant (p < 0.001). When fi bre consump-
tion was analyzed according to its original source, fi bre from cereals were associ-
ated with a RR = 0.65 for the quartil of highest consumption. Fibre from fruits was 
not associated with a signifi cant risk reduction. Other adjustments performed in the 
regression model, by vitamin C,  a -tocopherol, folate and lignans did not modify the 
estimations.  
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 We examined the risk of BC associated with the intake of Non-starch polysac-
charides (NSP) in Table  12.3 . The effect of a high intake of these polysaccharides 
was associated with a strong reduction of risk (RR = 0.50). When NSP were sepa-
rately analyzed according to their solubility condition, the RRs were similar. Both 
types of fi bre did not display major risk differences between pre- and postmeno-
pausal women (results not shown here), but both were associated with a strong risk 
reduction. Finally, the intake of cellulose was associated with a protective effect, 
although statistically non signifi cant (RR = 0.68 for the highest intake quartile).  

 The combined effect of fi bre, fat, quercetin and lutein/zeaxanthin is displayed in 
Table  12.4 . We showed in a multivariate model including total energy intake how a 
high total fat consumption and a low fi bre consumption were associated with a sig-
nifi cant increase of BC risk (RR = 3.30). High intake levels of quercetin and fi bre 
were associated with a signifi cant risk reduction of 64% (RR = 0.36), whereas the 
combined effect of lutein and fi bre showed a reduction of 67% (RR = 0.33), which 
was also signifi cant.  

 It has been suggested that the risk reduction of BC associated with a high fi bre 
intake could be a marker of the effect of other substances which are present in plants, 
or even of phytoestrogens. Since information of lignans and other phytoestrogens in 
foods was limited it was diffi cult to adjust by these substances, however, we included 
lignans and fl avonoids in our regression models. Whereas lignans did not show them-
selves as confounding factors of the relationship to be studied, quercetin (the most 
important fl avonoid) was strongly associated with dietary fi bre and the risk of BC. 

 Anyway, although our results should be interpreted with caution, we accept that 
the combined effect of quercetin and dietary fi bre derived into a strong reduction in 
risk for the studied disease.  

   Heterocyclic Amines 

 As it was already mentioned in the corresponding section of international literature, 
aromatic heterocyclic amines, or simply heterocyclic amines (HCA) are produced 
as a consequence of pyrolysis of meat aminoacids during the cooking process at 

   Table 12.3    Relative risks of breast cancer associated with non-
starchy polysaccharides   

 Quartils of consumption 

 Dietary item  I  II  III  IV  p-value (trend) 

 Total NSP  1.0  1.26  0.50*  0.50*  <0.001 
 Soluble NSP  1.0  0.94  0.41*  0.49*  <0.001 
 Insoluble NSP  1.0  0.97  0.52*  0.45*  <0.001 
 Cellulose  1.0  0.85  0.72  0.68   0.11 

  Adjusted by age, residence, family history of BC in 1º degree 
relatives, previous history of benign breast diseases, total dietary 
calories, red meat, lutein, quercetin and menopausal status 
 * = statistically signifi cant  
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   Table 12.4    Relative risks of breast cancer for the combined effects of 
dietary fi bre and other nutrient and non nutrient substances   

 Cases/Controls  RR  (95% IC) 

 Fats 
 High fi bre intake 
  Low fat intake   64/113  1.0 
  High fat intake   78/98  1.44  (0.93–2.25) 
 Low fi bre intake 
  Low fat intake   93/84  2.01*  (1.30–3.10) 
  High fat intake  116/61  3.30*  (2.11–5.16) 

 Quercetin 
 High fi bre intake 
  Low quercetin intake  117/79  1.0 
  High quercetin intake   92/66  0.89  (0.57–1.37) 
 Low fi bre intake 
  Low quercetin intake   73/85  0.58*  (0.38–0.90) 
  High quercetin intake   69/126  0.36*  (0.24–0.55) 

 Lutein 
 High fi bre intake 
  Low lutein intake   95/57  1.0 
  High lutein intake  114/88  0.72  (0.46–1.12) 
 Low fi bre intake 
  Low lutein intake   51/53  0.58*  (0.35–0.98) 
  High lutein intake   91/158  0.33*  (0.21–0.50) 

  Adjusted by age, residence, family history of BC in 1° relatives, previous 
history benign breast disease, total energy, red meat and menopausal status 
 * = statistically signifi cant  

high temperatures. HCA are highly mutagenic and induce the formation of tumours 
in several sites, including the breast and this was seen in different animal species. 
HCA are the following:

   IQ = 2-amino-3-methylimidazo (4,5-f) quinoline (imidazoquinoline)  
  PHiP = 2-amino-1-methyl-6- phenylimidazo (4,5 f) piridin (phenylimid-
azopiridin)  
  MeIQx = 2-amino-3,8 dimethylimidazo (4,5 f) quinoxalin (methylimidazo-
quinoxalin)    

 The food composition table for HCA concentration which is shown below 
(Table  12.5 ) was based on data of the existing literature cited in our respective work 
 [  3  ] . Contents were calculated as continuous variables in ng/g of each food.  

 The Relative Risks of BC for the exposure to HCA, taking into account the cooking 
methods assessed and the values communicated in the literature, are shown in 
Table  12.6 . All HCA were associated to signifi cant risk increases and the IQ showed 
a threefold risk increase for all women, despite their menopausal status. The PHiP 
was associated with a positive gradient of risk and a signifi cant dose-response effect. 
In particular, postmenopausal women were associated with a threefold increased 
risk for the highest estimated PHiP quartile.  
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 Most of the described fat types and HCAs combined emerged as a risk nutrient 
pattern in a recent factor analysis study performed by our group  [  4  ] . We reported an 
increase of risk (OR = 3.50, 95% CI 1.94–6.30) for the highest quartile of intake.  

   Bioactive Compounds 

 Our research had the goal of assessing whether the protective effect for BC of some 
vegetables and fruits could be explained by nutrients and bioactive substances which 
were present in those foods: carotenoids, phytosterols, vitamins, antioxidants and 
fi bre  [  5  ] . Results are shown in Table  12.7 .  

 Inverse associations (protective effects) were observed for dietary fi bre, vitamin 
C, lycopene, vitamin E, folate and phytosterol intake. A strong risk reduction was 
observed for dietary fi bre (RR = 0.41). Among carotenoids, lycopene,  a -carotene 
and lutein showed a signifi cant risk reduction (highest intake of lycopene RR = 0.30). 

   Table 12.5    HCA 
Concentration in foods 
(in ng/g)   

 Food  IQ  MeIQx  PHiP 

 Fried cow meat  3.79  2.35  13.19 
 Barbecued cow meat  0.50  2.11  15.70 
 Barbecued lamb  n/a  1.01  42.50 
 Grilled chicken  n/a  2.33  38.10 
 Fried fi sh  0.61  6.44  19.60 
 Grilled fi sh  1.80  2.20  37.50 

  n/a = not available  

   Table 12.6       Relative risks of breast cancer associated with exposure to HCA (ng/g)   

 Quartils of consumption 

 HCA menopausal status  I  II  III  IV  p-value (trend) 

 IQ  < = 0.42   0.43–0.66   0.67–1.01  > = 1.02 
 All  1.0   1.22   1.87*  3.34*  <0.001 
 Pre  1.0   1.89   2.70*  2.15   0.24 
 Post  1.0   1.11   1.75  3.80*  <0.001 

 MeIQx  < = 2.50   2.51–3.42   3.43–4.52  > = 4.53 
 All  1.0   1.12   1.60  2.13*   0.002 
 Pre  1.0   2.03   2.53  1.97   0.23 
 Post  1.0   0.92   1.49  2.14*   0.006 

 PHiP  < = 11.07  11.08–15.26  15.27–20.14  > = 20.15 
 All  1.0   1.06   1.81*  2.59*  <0.001 
 Pre  1.0   1.19   1.24  1.16   0.84 
 Post  1.0   1.02   1.85  3.31*  <0.001 

  All risks were adjusted by age, residence, family history in 1° relatives, age at menarche, parity, 
previous history of benign breast disease, total energy, vegetable intake and fats intake 
 * = statistically signifi cant  
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   Table 12.7    Relative risk of breast cancer for nutrients and bioactive substances 
present in plant-origined foods   

 Quartils of consumption 

 Dietary item  I  II  III  IV  p-value (trend) 

 Total dietary fi bre  1.0  0.68  0.63*  0.41*   0.001 
 Cereals fi bre  1.0  0.87  0.86  0.58*   0.01 
 Vegetal fi bre  1.0  0.89  0.55*  0.43*  <0.001 
 Fruit fi bre  1.0  0.88  0.76  0.58*   0.05 
  b -carotene  1.0  0.92  0.72  0.72   0.19 

  a -carotene  1.0  0.61*  0.62*  0.52*   0.08 
 Lutein/Zeaxanthin  1.0  0.87  0.67  0.66   0.06 
 Lycopene  1.0  0.47*  0.42*  0.30*  <0.001 
  b -cryptoxantin  1.0  0.61*  0.62*  0.52*   0.08 
 Vitamin C  1.0  0.67  0.61*  0.45*  <0.001 

 Vitamin E  1.0  0.53*  0.50*  0.40*  <0.001 
 Folate  1.0  0.98  0.56*  0.70   0.01 
 Phytosterols  1.0  0.79  0.85  0.37*  <0.001 
 Glutathione  1.0  1.04  1.35  1.09   0.16 

  Adjusted by age, residence, urban/rural status, family history of BC in 1º degree 
relatives, total dietary calories, body mass index, age at menarche, parity and 
menopausal status 
 * = statistically signifi cant  

Also folate, vitamin E and phytosterols were signifi cantly associated with a reduction 
of BC risk. 

 The previous risks are presented now as a bar graphics, ordered from major to 
minor values (Fig.  12.1 ).  

 The factor analysis study on nutrient patterns and risk of BC performed by our 
group  [  4  ]  reported a risk reduction for the high intake of the so-called “antioxi-
dants” pattern (OR = 0.44, 95% CI 0.27–0.74). It was signifi cant only among all 
postmenopausal women (OR = 0.63, 95% CI 0.51–0.79) and even more among 
those ones who have a family history of BC (OR = 0.17, 95% CI 0.06–0.48). Such 
antioxidants pattern showed high loadings for the intake of: vitamin C, vitamin E, 
carotenoids, fl avonoids, phytosterols, glucose and fructose, remarking the protec-
tive role for the whole combination of bioactive substances. 

 As another example of the complex interrelationships among dietary elements, 
in this particular case of vitamins, the 3-D graphics of Fig.  12.2  indicates how the 
intakes of vitamin C, vitamin E and lycopene are related. It can be seen that controls 
have a dark red zone corresponding to high intakes of the three components and the 
dark green (low consumers) area is relatively small. On the contrary, BC cases 
showed no more than an intermediate level of vitamin C together with a high intake 
of the other two elements. In other words, the consumption pattern of certain selected 
antioxidant substances keep some differences between cases and controls.   
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  Fig. 12.2    3-D Graphics comparing the intake of selected antioxidants between controls and BC 
cases       

  Fig. 12.1    Relative risks of BC for the studied nutrients and bioactive substances       

   Phytoestrogens 

 Given the need of counting on effective substances for the primary prevention of 
BC, the authors have considered years ago  [  6  ]  that attempting to estimate the result-
ing effects of phytoestrogen intake constituted a priority in a community like the 
Uruguayan, with recognized high BC rates. Based on the data of Thompson et al. 
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 [  7  ] , we present the Table  12.8 , in which the main foods that are sources of entero-
lactone and enterodiol (lignans) are cited.  

 The Relative Risks of BC for foods or food groups which constitute an important 
source of phytoestrogens are shown in Table  12.9 . The intake of cereals displayed a 
strong inverse (protective) association with a RR = 0.27 for the highest level of con-
sumption. The intake of vegetables also was associated with a signifi cant risk reduc-
tion (RR = 0.47), whereas tubers did not display a protective trend. Legumes intake, 
besides, was associated with a signifi cant reduction of BC risk next to 47%. Finally, 
dietary fi bre showed again a signifi cant risk reduction (RR = 0.29) and a high intake 
of fruits also displayed a reduction (RR = 0.70), although it was not statistically 
signifi cant.  

 Relative Risks of BC for phytoestrogen intake are presented in Table  12.10 . A 
high consumption of enterodiol was associated with a signifi cant protective effect of 
57% (RR = 0.43). Also enterolactone and total lignans showed a signifi cant risk 
reduction, which was lignans similar to that estimated for enterodiol.  

 In the following fi gure (Fig.  12.3 ), we present the graphic translation of the ORs 
of both phytoestrogens and their main sources, ordered in a descendent way. It is 
interesting to remark that on one hand, foods like tubers and total fruits tended to be 
protective or not associated with the risk of BC. Despite their content of phytoestro-
gens, items like carbohydrates such as sucrose and fructose could represent an 
opposite trend, because they can be included into the list of high-glycemic load 
foods, which involve potential risks through the upstream of insulin and cytokines 

   Table 12.8    Principal foods 
sources of phytoestrogens 
(category = lignans), 
expressed in  m g/100 g of 
each food   

 Food  Enterolactone  Enterodiol 

 Oat  265  386 
 Corn  168  480 
 Wheat  269  298 
 Rice  134  47 
 Sorghum  199  56 
 Garlic  81  326 
 Squash  271  110 
 Carrot  284  62 
 Sweet potato  240  55 
 Caulifl ower  68  77 
 Lettuce  58  63 
 Potato  33  50 
 Cabbage  30  34 
 Tomato  11  10 
 Lentils  789  998 
 Kidney beans  329  232 
 Pear  112  69 
 Banana  55  14 
 Orange  27  12 
 Apple  34  1 
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   Table 12.9    Relative risks of breast cancer for foods which are source of 
phytoestrogens   

 Quartils of consumption 

 Dietary item  I  II  III  IV  p-value (trend) 

 Cereals 
 intake  < = 494  495–651  652–885  > = 886 
 RR  1.0  0.44*  0.36*  0.27*   0.002 

 Vegetables 
 Intake  < = 298  299–454  455–656  > = 657 
 RR  1.0  0.59*  0.54*  0.47*  <0.001 

 Tubers 
 Intake  < = 128  129–182  183–234  > = 235 
 RR  1.0  0.94  0.85  0.91   0.64 

 Legumes 
 Intake  < = 12  13–24  25–96  > = 97 
 RR  1.0  0.96  0.92  0.53*   0.004 

 Dietary fi bre 
 Intake  < = 11,0  11,1–14,5  14,6–18,5   > =18,6 
 RR  1.0  0.53*  0.36*  0.29*  <0.001 

 Fruits 
 Intake  < = 182  183–262  263–390  > = 391 
 RR  1.0  1.04  0.93  0.70   0.11 

  The values correspond to servings/year except fi bre (grams/year). The model includes 
adjustment by age, residence, urban/rural status, education, age at menarche, parity, 
menopausal status, alcohol intake and total energy 
 * = statistically signifi cant  

pathways. On the other hand, items like fi bre and cereals, overcome the own protec-
tion of phytoestrogens, suggesting that they provide something else than these latter. 
In the case of fi bres, it is probable that their mechanical work in the bowel helping 
to remove estrogens, cholesterol, heterocyclic amines and several other substances 
from re-entering the circulation could explain partially this protective effect.   

   Polyunsaturated  W -6 and  W -3 Fatty Acids 

 This study  [  8,   9  ]  emphasized the analysis of the sources of polyunsaturated fatty 
acids (PUFA) such as oils, meats, fried foods and bakery products. After adjusting 
by age, years of urban status, education, age at menarche, menopausal status, num-
ber of live births, breastfeeding, use of oral contraceptives, use of hormonal replace-
ment therapy, current body mass index and at age 18, dietary energy, intake of 
oranges and tomatoes and dietary cholesterol, a multivariate analysis found that 
high intakes of  W -6 PUFA were positively associated with the risk of BC (OR = 4.20 
for the highest tertile). The ratio  W -6/ W -3 was also positively associated (OR = 2.88 
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  Fig. 12.3    Relative risks of breast cancer for the highest quartiles of phytoestrogens intakes and 
their main sources       

   Table 12.10    Relative risks of breast cancer for phytoestrogens. Discriminated by meno-
pausal status   

 Quartiles of consumption 

 I  II  III  IV  p-value (trend) 

 Enterolactone 
 Intake  < = 922  923–1,154  1,155–1,461  > = 1,462 
 All  1.0  0.87  0.53*  0.55*   0.001 
 Pre  1.0  0.84  0.58  0.74 
 Post  1.0  0.96  0.54*  0.55* 

 Enterodiol 
 Intake  < = 748  749–942  943–1,166  > = 1,167 
 All  1.0  0.53*  0.48*  0.43*  <0.001 
 Pre  1.0  0.87  0.42  0.61 
 Post  1.0  0.53*  0.51*  0.40* 

 Total lignans 
 intake  < = 1,656  1,657–2,136  2,137–2,645  > = 2,646 
 All  1.0  0.61*  0.56*  0.43*  <0.001 
 Pre  1.0  1.18  0.45  0.91 
 Post  1.0  0.57*  0.64*  0.38* 

 Isofl avones 
 Intake  < = 13  14–62  63–114  > = 115 
 All  1.0  1.15  1.23  0.62*   0.07 
 Pre  1.0  1.79  1.57  1.12 
 Post  1.0  1.04  1.11  0.51* 

  Intake in  m g/100 g of foods, except in Isofl avones (mg/100 g) 
 * = statistically signifi cant  
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   Table 12.11    Estimated risks for dietary  W -6 and  W -3 PUFA according ages   

 Tertiles 

 Age < =54  Age > =55 

 OR  (95% CI)  OR  (95% CI) 

  W -6  I  1.00  –  1.00  – 
 II  1.26  (0.21–7.49)  2.81  (1.17–6.75) 
 III   7.20   (1.45–35.7)   4.05   (1.65–9.94) 

  W -3  I  1.00  –  1.00  – 
 II  0.26  (0.06–1.11)  1.65  (0.72–3.78) 
 III   0.20   (0.04–0.96)  0.67  (0.26–1.76) 

  W -6/ W -3  I  1.00  –  1.00  – 
 II  1.84  (0.52–6.60)  0.98  (0.51–1.89) 
 III   5.51   (1.77–17.2)  1.09  (0.55–2.13) 

for the highest tertile). The intake of  W -3 was negatively associated (OR = 0.57 for 
the highest tertile). Although results come from a small sample of patients belong-
ing to the subset with highest risk in Montevideo, the evidence reinforces the 
preventive potential of dietary recommendations with the aim of reducing the impact 
of the disease. 

 When the analysis was stratifi ed by age (cutpoint in the sample median, 55 years), 
interesting results derived, as it can be seen in Table  12.11 . Among premenopausal 
women the associations were stronger, in the risk increase of  W -6 PUFA as well as 
the risk reduction of  W -3 PUFA. These facts are refl ected in the Table also for the 
ratio  W -6/ W -3. The risk increase for the sample (OR = 2.88) is explained mainly by 
the risk in the premenopausal subset (OR = 5.51), since there was no risk association 
among postmenopausal women (OR = 1.09). These results are expressed graphically 
in Fig.  12.4 .   
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  Fig. 12.4    Risk associations of dietary  W 6/ W 3 ratio stratifi ed by age groups       
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 Apparently the protective effect of  W -3 PUFA is stronger among younger women 
(mostly presumably premenopausal) and the risk increase of  W -6 PUFA is also 
stronger than among the older ones (mostly presumably postmenopausal). 
Undoubtedly, if these results are confi rmed by new analyses the possibilities of hav-
ing basic recommendations for primary prevention of BC are encouraging since 
young women are a subgroup which is diffi cult to protect through nutritional guide-
lines. In fact, contrary to what happens to postmenopausal women, there are a few 
items suggesting a role of risk association or a protective association among young, 
premenopausal women. The rationale and numerous advantages for recommending 
a frequent intake of fi shes that are rich sources of  W -3 PUFA (tuna, sardines, salmon, 
cod, among others) as well as the supplementation through the intake of oil fi sh are 
commented in the Chapter on PUFA and BC.       
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   Body Composition 

 Body composition is a division or fractioning of the total body weight into its 
components, in order to perform its quantifi cation and further analyses with targets 
related with nutrition, health, sport performance, among others. Aside from techni-
calities that exceed the boundaries of this book, we are interested in remarking the 
major components: fat mass, muscle mass, skeletal mass and residual mass. These 
correspond respectively to the adipose tissue, the muscular tissue, the bones and the 
rest of elements grouped (skin, inner organs, vessels, etc.). Occasionally, when body 
composition is classifi ed in fatty fraction and lean fraction, this latter includes the 
other components together. 

 The inconvenience of assessing with the simple body weight or with the body 
mass index (BMI) is that they do not distinguish between fat mass and lean mass. 
Although BMI keeps a high correlation with fat mass (r = .60–.70), we have also 
observed that it correlates well with muscle mass  [  1  ] . According to their BMI some 
athletes could be correctly classifi ed as having overweight or even obese, due to 
having a large muscle mass and at the same time low fat mass. Conversely, it can 
happen that a fat excess covers hides a muscle mass defi cit without refl ecting it in 
the total weight, such as it happens in sedentary people. These aspects should be 
taken into account when they are linked to our fi ndings after having studied body 
composition in women with and without BC. 

 According to Latin American authors who have thoroughly revised the issue 
 [  2,   3  ] , studies about body composition have been during long time focused on deter-
mination of body fat. Nevertheless, the interest in muscular mass began to increase 
in recent years due to its relationship with numerous aspects of human health, such 
as protein reserve of the body  [  4  ] , functional capabilities and thermal regulation  [  5  ]  
and immune capability  [  6  ] . 

 Historically, it was accepted that muscles represent the most abundant tissue in 
human organism, being in average 30% of total weight in a woman and 40% in a 
man. It is possible that these percentages are higher, indeed. In the last decades, new 
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scientifi c evidence about the detrimental effects on health caused by the loss of 
muscular mass has been generated  [  7  ] . Since muscle mass is the main protein 
reserve of human body, its decrease has been also associated to reduced immune 
capabilities and of thermal regulation. The reduction of muscle mass is a phenom-
enon observed with aging, but it is enhanced in the sedentary lifestyles and even in 
those subjects who do not handle adequately the stressor factors, because these lat-
ter release hormones such as corticoids, who lead to a loss of muscle. 

 In our epidemiologic case-control studies which explored body composition and 
its possible associations with BC in a sample of almost 1.400 women  [  1,   8  ]  we 
reported that the higher the fat fraction was, higher was the risk of the disease 
(Fig.  13.1 ). At the same time, the lower the muscle fraction was, also higher was the 
risk of BC (Fig.  13.2 ).   

 When fat mass increased, the muscle mass decreased. Having observed these 
facts, we created a simple Fat/Muscle Ratio, which additionally enhanced the 
quoted concept. The low level of risk involved similar proportions of both fat and 
muscle fraction, or even when fat mass was lower than muscle (FMR < =1). We 
observed intermediate levels with FMR from 1 to around 1.5, and the high-risk 
level corresponded to FMR values higher than 1.5 (Fig.  13.3 ).  

 In Fig.  13.4  are shown the relative risks for the FMR, regarding the whole sample. 
Signifi cant differences of distribution and a strong linear trend were found in this 
analysis.  

 We observed that this ratio refl ected apparently higher risk among premeno-
pausal than postmenopausal women, but there was no statistical heterogeneity 
between both subsets. 

 Perhaps the most interesting fi nding was that the risk was increased in women 
with overweight (OR = 4.83, 95% CI 2.22–10.5) and obesity (OR = 7.13, 94% CI 
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3.18–15.9) but also in women with normal BMI (OR = 3.56, 95% CI 1.95–6.51). 
Those results mean that  in all women a high FMR implied a risk increase.  If the 
estimated FMR was high, the body mass index seemed to be not so important. The 
Fig.  13.5  displays the risks calculated for BMI strata.  

 We began then to understand how did things worked in those patients affl icted with 
BC who have a thin, slender body type. In these women without a visible overweight, 

  Fig. 13.2    Relative risks of the muscle fraction, expressed in quartiles       
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there was not actually any fat excess in terms of absolute weight. They lack of an 
adequate muscle mass and the current fat represents a  relative  very high fraction. 

 Hence, the problem could be double: the fat mass is excessive in relative terms 
for the existing body structure and the muscle mass is insuffi cient. Such women 
would be probably facing an excessive androgen aromatization, a high synthesis of 
cytokines, an excessive metabolization to “bad” estrogens (16- a -OHestrogens) and 
at the same time an insuffi cient immune system parallel to a poor muscular mass. 
The fat produces elements which limit the muscular development and in addition if 
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the woman is sedentary there would not be a compensation in order to avoid the 
muscular loss, reaching for the latter inadequate levels. 

 Figure  13.6  displays a 3-D graphics, corresponding to the interaction of Fat 
fraction, muscle fraction and FMR. Cases (right side) show a concentration of high 
FMR (dark red zone) mainly located with extremely high Fat fraction together with 
extremely low Muscle fraction. Differently, healthy controls display wide strips of 
high FMR (dark red zone) but not restricted to low muscle fraction. Instead, controls 
have subjects with high FMR having low and high muscle fraction and having also 
low and high fat fraction. It appears to more likely to have high fat and high muscle 
combined together. The differences suggest different trends of anthropometric pat-
terns for each condition.  

 We should need to know how the body composition is and not only to remain 
basing our criterium on what the weighscale displays, because there could be high 
differences among women with the same BMI and with rather similar body shapes 
(Fig.  13.7 ). Some cases of physical thinness or slenderness can belong to what is 
known as sarcopenia (a muscle mass defi cit). Also some situations determine the so 
called “sarcopenic obesity” (fat excess with muscle defi cit), opposed to other cases 
such as the “muscular obesity”, where both components are abundant. In our 
research we were able to confi rm that a certain proportion of large-size women 
(obese ones from the viewpoint of BMI) keep a FMR close to the unit.  

 Undoubtedly, factors like hormonal status, ethnical features and age can play a 
considerable role and they must be taken into account before thinking about a gen-
eralization to other populations. This research is brand new and we should analyze 
the evidence from other studies performed in different ethnic groups and countries 
to confi rm or not the validity of the fi ndings. 

 Some investigations have examined the interrelationships between skeletal muscle 
and the adipose tissue, in health as well as in disease. For example, some studies 
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have found direct relationships among muscle mass, activity and adipose mass, 
suggesting that resistance training aside from preventing insulin resistance in 
humans, can infl uence in both muscle and adipose tissues in normal as well as in 
obese humans and animals  [  9–  11  ] . 

 The adipose tissue releases pro-infl ammatory cytokines, such as TNF- a  (tumoral 
necrosis factor alpha) which induces degradation of proteins and apoptosis in mio-
fi bres  [  12,   13  ] . Leptin, besides, has the ability to reduce the protein synthesis in 
skeletal muscle  [  14  ] . Experimental research has shown that there is a reduced pro-
tein content in the muscles of obese animals  [  15  ] . The administration of several 
cytokines (TNF- a , Interleukin-6, among others) leads to an increase of serum trig-
lycerides and of fats production in the liver  [  16,   17  ] . During an infection the cytok-
ines production is triggered and these latter take the organism towards an alteration 
of lipid metabolism. Due to these reasons, two decades ago the quoted lipid changes 
triggered by cytokines were postulated as a defense mechanism against invasive 
stimuli just as bacterial infections or tumour growth  [  18  ] . 

 Conversely, muscular hypertrophy leads to a reduction of the adipose tissue 
 [  19–  21  ] , thanks to some other cytokines produced by the former. One of them, the 

  Fig. 13.7    Possible differences underlying similar external physical shapes. A woman can vary 
from having a good muscle mass and reduced adiposity ( left ) up to having a poor muscle mass with 
plenty of adiposity ( right ), without experiencing important weight or morphologic changes. This 
remarks the insuffi ciency of BMI       
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Interleukin-15 (IL-15) stimulates the muscular fi bres to accumulate large amounts 
of proteins  [  22  ] . This represents the chance of reducing the cachexia produced by a 
tumour  [  23  ] . As it were not enough to, IL-15 is benefi cial for the immune system: it 
induces proliferation of T-lymphocytes  [  24  ] , increases cytotoxicity of Natural 
Killers  [  25  ]  and protects these and other leukocytes from cell death  [  26,   27  ] . 

 The interrelationship between muscular and adipose tissue, thoroughly studied 
by Spanish authors  [  28  ] , leads to the concept of reciprocal regulation of both 
tissues, not restricted to the action of cytokines and hormones but also of nutrients 
as circulating fats and carbohydrates. Whether it is faced from the viewpoint of 
homeostasis or from the newer and complex fi eld of cybernetics, everything points 
to recognize a feedback system that works under healthy and under pathologic con-
ditions. According to Argilés, “This new vision of an adipose-muscular axis could 
contribute to the future design of new therapeutical approaches to face the therapy 
of diseases related with the control of body weight, such as obesity or cachexia”. 

 What was previously exposed indicates that the presence of the muscular mass is 
important for its own maintenance, as well as for the regulation of fat synthesis and 
deposition and for the support of immune system. Probably appears now as more 
clear why could be an increase of risk in slender women with a low BMI: they 
tended to have a high FMR, which was not due to a fat excess but to a reduced 
muscle mass (usually notably under a recommendable 40% of whole body weight). 
Under these conditions, everything points to assume that the most probably recom-
mendable physical exercise would not be one of aerobic type (to burn fats) but one 
of anaerobic, muscle-building type, in order to increase the muscular mass.  

 AN    ADEQUATE BODY COMPOSITION COULD BE PROTECTIVE 
AGAINST BREAST CANCER. ON THE CONTRARY, ADIPOSE 
EXCESS, MUSCULAR DEFICIT OR BOTH COULD BE A RISK 
FACTOR. 

   The Somatotype 

 As we have already seen, some studies examined the localized adiposity and the risk 
of BC. It has been described a central adiposity (in abdomen and trunk, the classical 
apple-shaped) associated to a risk increase in postmenopausal women, whereas 
only a weak increase has been reported in premenopausal ones  [  29–  33  ] . Women 
having this pattern of fat distribution experience hormonal and metabolic changes 
such as insulin resistance, hyperinsulinemia, hyperandrogenemia and higher aroma-
tization of these latter to estrogens within the adipose tissue  [  34  ] , hence, such distri-
bution pattern is linked to higher risks of diabetes and cardiovascular diseases would 
have higher risks of BC than women whose fat depots prevail in hips, buttocks and 
lower limbs. 
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 According to the literature, the role of body shape as a measure of fat and muscle 
distribution is still not well defi ned. Recent reviews on body shape and size indi-
cated that there was a need of new and better assessments  [  35  ] . Most studies have 
been performed on Anglosaxon populations. Therefore, this lack of information 
coming from other ethnical groups, the high incidence of BC in Uruguay, the easy 
access to patients and the low need of available resources led us to carry out a 
research within the public hospital frame. This research would allow to reach two 
objectives: To know the role (if any) of physical shape in a high-risk population like 
the Uruguayan, and at the same time to apply a methodology which was not previ-
ously used in the area of BC. 

 We investigated the possible role of physical shape in the risk of BC in a local 
population of 1.254 women, using an innovative methodology which was well 
known in the fi tness world and athletic assessment: the somatotype  [  36  ] . It is defi ned 
as “a quantitative description of the present shape and composition of the human 
body”  [  37  ] , a method developed by W.H. Sheldon in the fi rst half of the past century 
 [  38  ] . This method describes three body components: (1) Endomorphy, which fea-
tures the relative adiposity; (2) Mesomorphy, which features the muscular size; and 
(3) Ectomorphy, which features the linearity or slenderness derived from the pon-
deral index (height in cm divided by the cube root of weight in kg). These compo-
nents differ among populations according to age, sex and origins. For example, an 
extreme endomorphism has a pear-shape, with wide hips and narrow shoulders. An 
extreme mesomorphism is featured by wide shoulders and relatively narrow hips 
(edge-shaped), more typical of men than of women. And an extreme ectomorphism 
has narrow shoulders, chest and hips, together with thin arms and legs and reduced 
amount of muscle or fat (Fig.  13.8 ).  

 Somatotype methodology has been scarcely used in the medical fi eld, with 
examples related to cardiovascular risk  [  39–  43  ] , obesity  [  44,   45  ]  and rarely in cancer 
research  [  46,   47  ] . The changes that occur in a somatotype happen during childhood 
to maturity and they can be modifi ed through physical training and/or nutrition. 

  Fig   . 13.8    Physical appearance of somatotype’s components       
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 The somatotype is expressed by a score produced by the three components, 
calculated from certain body measurements and specifi c formulas. 

 The somatochart is the graphic representation (Fig.  13.9 ) of a person through a 
point located within the references coordinates. Such point corresponds to the score 
previously calculated.  

 The study of the somatotype allowed us to quantify the proportions and shapes 
of the studied women. Women with BC displayed higher endomorphism than 
healthy controls. In other words, we have observed in our sample that patients with 
BC tended to be more “pear-shaped”, regardless of their slender, medium or obese 
external appearance. Besides, we did not fi nd differences in the mesomorphism and 
ectomorphism. Endomorphism exhibited a dose-effect pattern, which is a strength 
when being a possible risk factor. Results were also slightly more strong among 
premenopausal women and in women with normal weight (BMI < 25 kg/m2), 
although they were not statistically heterogeneous  [  36  ] . 

    From the viewpoint of somatotype, the color dots in the next somatochart 
(Fig.  13.10 ) translate the fi ndings and represent the mean values of each subgroup. 
Postmenopausal women had almost the same values for BC cases and healthy con-
trols (green and black dots). Healthy premenopausal women (blue dot) are less 
endo- and mesomorphic than postmenopausal ones. And premenopausal cases of 
BC (red dot) are somehow in the way between the normal premenopausal and the 

  Fig. 13.9    Somatochart       
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postmenopausal ones. It seems as if younger women with BC had acquired a body 
morphology which would be directed towards the one of older ones. In other words, 
the body shape of the former ones appears as if it were advanced in time getting 
closer to those of these latter.  

 As it can be appreciated in the corresponding Figure (Fig.  13.11 ), healthy 
controls showed a top surface of their FMR which was relatively constant (the red 
stripe), with a slight inclination. This top area corresponds to a endomorphic 
mid-to-high stripe, independently from the mesomorphism (from very low to high). 
Cases with BC, on the contrary, showed 2 areas grouping a very high FMR: one of 
them displayed a high endomorphism and low mesomorphism; the other one dis-
played high mesomorphism and low endomorphism. We might be witnessing the 
presence of two anthropometric clusters, something which deserves additional stud-
ies and having higher samples.  

 A recent study  [  48  ]  performed in 1,537 patients showed that when the regression 
model included all terms of body composition and somatotype, involving mutual 
adjustments, there were changes in the estimates (mostly as an attenuation) of risk 
for fat weight (from OR = 4.57 to OR = 3.17), fat fraction (from OR = 3.43 to 
OR = 2.73) and for endomorphism (from OR = 5.45 to 3.27). In all cases the risks 

  Fig. 13.10    Somatochart of the study in Uruguayan women (Ref.  [  36  ] )       
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were statistically signifi cant. Results suggest that these items have a certain value by 
themselves: the fat amount and fraction remained positively and signifi cantly asso-
ciated to the risk of BC despite the inclusion of body shape in the model, and 
viceversa. 

 Our studies have shown results that are different to the major part of the literature, 
because the gynoid-type obesity (expressed by a high endomorphism) has not been 
considered of high risk in the research performed in the fi rst World. Nevertheless, it 
should be taken into account that more than two decades ago a higher aromatization 
in the body regions of endomorphism (hips, buttocks, thighs)  [  49  ]  was already 
described, and that could be a plausible explanation for our fi ndings. 

 Besides, the waist-to-hip ratio was similar for women with BC and healthy controls. 
The somehow unexpected fi ndings, led us to consider that there are ethnic factors 
which should be taken into account, in view of the different origins of Uruguayan 
women (mainly an admixture of 80% Latin European and Hispanic ancestors with 
20% of Amerindian and African ethnias), when compared with North American, 
Anglosaxon, Scandinavian or others coming from developed countries. 

 Hence, within a population in which a meso-endomorphic pattern prevails 
together with high occurrence of overweight and obesity, a pure central-type obesity 
is not suggested as a difference between both groups.  

 IN    THE STUDIED POPULATION, A PHYSICAL SHAPE WITH 
MARKED ENDOMORPHISM SUGGESTED A RISK INCREASE, BUT 
MORE EVIDENCE FROM OTHER ETHNIC GROUPS IS NEEDED. 

  Fig. 13.11    Graphic comparison between BC cases and healthy controls, according to FMR, endo-
morphism and mesomorphism. Abbreviations:  FATMUS  (Fat/muscle ratio grouped in octiles), 
 MESO  (mesomorphism) and  ENDO  (endomorphism)       
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 Risk assessment related to breast cancer (BC) has been something necessary for 
the application of preventive and therapeutic strategies. Conventional risk analyses 
have shown certain limitations, mainly in relation to the cost/benefi ts ratio, taking 
into account the low detection rates of cancer cases the screening programmes 
achieved. The authors present herein an innovative proposal for estimating high- 
and low-risk condition using artifi cial neural networks models, based on an analysis 
of a database already used in a series of case-control studies. The inclusion of a 
large number of multifactorial variables made possible to achieve predictive values 
around 95%, a discriminant power which suggested the feasibility of BC selective 
screenings and primary prevention programmes on individual basis and with notably 
reduced costs. 

 Optimizing the defi nition of population at risk of BC constituted for one of the 
authors (A.R.) perhaps the most important target to reach during several years of his 
epidemiologic research, in view of how essential it was in order to impact on the 
disease from several angles, from the primary prevention up to the therapeutic strat-
egies. With the aim of adequately documenting this objective, the present chapter 
exposes the rationale, the background, the prior experiences, the analyses, the fi nd-
ings and the resulting proposals about this issue. 

   Introduction 

 As it has already been mentioned, BC is the most frequent malignancy in women 
worldwide  [  1  ] , prevailing previously in developed countries but currently also in 
developing ones. Several kinds of risk factors for the disease have been identifi ed: 
menstrual and reproductive factors  [  2–  4  ] , family history of cancer  [  5,   6  ] , alcohol 
consumption  [  7,   8  ] , history of benign breast diseases  [  9,   10  ]  and use of hormones 
 [  11–  13  ]  have been studied and found associated with the risk of BC. Besides, diet 
has been recognized as a very important environmental factor – within lifestyle, 
together with physical exercise – related to BC genesis and development  [  14  ] . 

    Chapter 14   
 Foods    and Nutrients for Secondary Prevention: 
Risk Classifi cation with Artifi cial Intelligence         
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 Different strategies have been considered for the control of BC: primary prevention, 
secondary prevention or screening, and tertiary prevention or therapy optimization. 
Primary prevention involves all those interventions which intend to reduce the 
exposure to known risk factors, eventually also to enhance the exposure to known 
protective factors, something that aims to reduce the incidence of the disease. 
Secondary prevention refers to all means that can achieve an early diagnosis of the 
malignancy, if possible prior to the onset of symptoms. This is feasible within 
certain limits, and it is usually related to well-structured healthcare systems. For 
certain diseases like BC, an effi cient screening system makes possible the reduction 
of the magnitude of this cancer. In a recent review, we have summarized the 
epidemiologic evidence generated in Uruguay which led us to propose a series 
of country-specifi c recommendations with that aim  [  15  ] . 

 According to researchers, mammography-based breast screenings appear to be a 
necessary step in the control of the disease, and they have shown a considerable 
reduction of BC mortality  [  16–  18  ] , usually within ranges between 20% and 50%. 
There are two basic screening types: mass screenings and selective screenings. Mass 
screenings are directed to examine a population as much as possible, e.g., all adult 
women from 40 to 50 years old on. These procedures make no differentiation 
(or almost no one) between the real risk population and the rest of it. Concerning 
BC, there have been attempts of mass screening based on mammography, on breast 
clinical examination and on combination of both methodologies. In these pro-
grammes age factor has been the only one used as a classifi er. Selective screenings 
have tried to reduce the risk population based on variables which were considered 
risk factors, or at least, that have had some discriminant value between populations 
affl icted with BC and other women not affl icted with it. Through this reduction of 
the sample it was expected to obtain a higher proportion of selected women who 
actually had a BC (true positives), whereas in the not selected group it was expected 
to avoid to fi nd cancer cases as much as possible (false negatives). 

 Nevertheless, most of those conventional mass programmes have achieved 
detection rates around 10 cancers per 1.000 mammographies  [  17  ] , and the inclusion 
of the age group under 50 years old has been controversial  [  17,   19  ]  because of its 
even lower detection rate (about 3 or less per 1.000)  [  17  ] , something that means an 
unsatisfactory cost/benefi ts ratio. Although BC could be cited as a model of a 
multifactorial disease, age is still considered as the main risk factor. Taking into 
account current detection rates of screening programmes as the above quoted, age 
factor should be recognized as an insuffi cient classifi er, despite of the consider-
ations about the initial age for being screened. 

 Due to the high costs of conventional screening programmes  [  20  ] , we agree with 
the opinion about the potential convenience of selective BC screenings, an operative 
modality supported by scientifi c rational basis  [  21–  23  ] . Estimating an increased risk 
through discriminant functions is something not new: in the late 60’s Dunn  [  24  ]  tried 
to identify a high-risk group of BC. Afterwards, other authors attempted to improve 
the performance of certain selected factors, anamnestic or not  [  25–  28  ] . The analysis 
of Soini and Hakama  [  29  ]  considering up to 20 combined variables, as well as the 
one of Seidman et al.  [  30  ]  led them to recognize, however, the respective failure of 
such types of classifi cation systems in order to be applied in the public health. 
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 In the early 80’s Toti et al.  [  31  ]  attempted to calculate a discriminant value for 
women, based initially on 15 biologic variables from their medical history 
(furtherly they found four that were enough to discriminate cases from controls 
within some degree of uncertainty). Interesting studies in America  [  32  ]  as well in 
Europe  [  33,   34  ]  on surveillance of women at increased risk for BC confi rmed that 
it is worthy to detect this tumour at early stages. A study with the same objective 
was proposed by us, in which a score was created based on socio-demographic, 
gyneco-obstetric, dietary and family factors  [  35  ] . The results, however, also led us 
to conclude the same as many of the authors did: although the high-risk group 
concentrated a high proportion of cancers, the group classifi ed as low-risk one 
also included many cases of cancer (false negatives), who could have been wrongly 
excluded a priori if we had assumed the criteria as valid. Due to the complex, 
non-linear associations among factors related with BC, we considered as more 
appropriate the use of Artifi cial Neural Networks (ANN) to evaluate their discrimi-
nant capabilities, in order to classify subsets of women selected as of potentially 
high and low-risk of BC, to be further screened or not and also to be considered 
for primary prevention. 

 A limited number of previously published epidemiologic papers  [  36–  39  ]  and also 
only one targeting specifi cally high-risk cancer subjects  [  37  ]  indicate, in our opinion, 
that epidemiology had not taken advantage of the potential usefulness of ANN until 
some years ago. In 1998 one of the authors of this book (A.R.) communicated the 
results of a pilot study based on a sample of 556 patients. The study was specifi cally 
designed to identify BC high-risk populations using ANN  [  40  ]  and a new study in 
1999 based on a 30% larger sample replicated the prior results  [  41  ] . Complementary 
communications on these points were made also further  [  42,   43  ] . Afterwards, we 
attempted to evaluate the different discriminant values of the data groups (gyneco-
obstetric, socio-demographic, family history of cancer, selected food items and nutri-
ents) after having expanded the dietary information by addition of several nutrients 
and a total number of 59 predictors to be analyzed with models of ANNs  [  44  ] . To our 
knowledge, this was the fi rst time in the medical literature that foods and nutrients 
were considered as good discriminant factors of BC risk, according to the results.  

   Methodology 

 Data derived from a database used in part of a series of case-control studies about 
diet and BC already cited in this book, which were carried out in Uruguay between 
1994 and 1999  [  45–  50  ] . Seven hundred and twenty interviewed women – patients 
coming from all regions of Uruguay and admitted to the six major hospitals in 
Montevideo – whose records were complete were considered eligible and included 
in the study from which 364 were affl icted with a histologically diagnosed incident 
BC and 356 were used as control population, not affl icted with oncologic, gyneco-
logic, hormonal nor nutritional diseases. Controls were frequency-matched to cases on 
age and residence county. The database had 252 variables, including the original 66 
food items asked in the questionnaire form and a number of macro- and micronutrients, 



164 14 Foods    and Nutrients for Secondary Prevention: Risk Classifi cation...

calculated from the fi rst ones. Basic statistical analyses were performed with an 
available statistical package  [  51  ]  to almost all numerical variables of the database, 
considering a cutoff point a p-value of 0.10, in an attempt of maximizing discrimina-
tion even though some variables did not reach statistical signifi cance. A total number 
of 60 variables entered the model comprising 59 independent variables or predictors 
(input layer) and 1 dependent variable or outcome (output layer). These discriminant 
variables belong to the following groups: socio-demographic and familial, gyneco-
obstetric and dietary variables (divided into food items and nutrients). 

 Concerning the family history of cancer, it included a variable which was itself a 
score, applying for different combinations the same criteria we communicated more 
than a decade ago  [  40–  44  ] , discriminating between pre- and postmenopausal women. 
The presence of 1 familial case of BC represented respectively 4 and 3 points, the 
absence of any type of familial cases meant 1 and 0 point, for example. The outcome 
of interest was cancer, a binary variable, labeled as 1 = yes and 0 = no. 

 Logistic regressions were also performed in order to make comparisons between 
this procedure and the ANN, using the same number of variables and applying the 
same criteria for grouping these variables into gynecoobstetric, familial + sociodemo-
graphic, food items, nutrients and all together. Regressions were consecutively per-
formed for each one of these groups of variables and for all of them together. Backward 
and forward step methods were used and the best results were registered when the 
predictive values were the highest possible, even though some of these models did not 
include all the variables of each group. Variables were introduced into the different 
models as they were originally collected, part of them continuous and part binary.  

   Neural Networks Features 

 ANNs are computational programs inspired in the functionality of biological neurons 
(Fig. siguiente), based on complex mathematical algorithms, which are composed 
by several layers of intelligent nodes called Neurons and which have the capability to 
fi nd relationships between the input layers (containing the independent variables or 
predictors) and the output layer (containing the dependent variable or result) through 
the management of their respective numeric signals. 

BIOLOGICAL NEURON ARTIFICIAL NEURON
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 Neurons form “processing units”, which are linked among themselves, adopting 
inner structures similar to a network. Information moves among layers through con-
nections carrying different weights, and there is a training process which attempts 
to minimize the error between observed and predicted outcomes by modifying those 
weights. During this training process, the calculated error is back-propagated to the 
network and weights are conveniently adjusted in order to improve the prediction. 

 ANNs are techniques applied to pattern recognition through a training based on 
several different examples, which enables them to model and make predictions in 
very complex systems. These mathematical techniques are applied to problems 
classifi cation and temporal series, and they offer the potential of identifying connec-
tions that other techniques are not able to perform, because: (1) They use linear and 
non-linear relationships among data; (2) They model any type of data distribution 
(not only normal distribution); and (3) They deal with redundant data and/or incon-
sistencies in the information, missing values, noise and also data constructed from 
contradictory examples. The capability of manipulating these inaccurate data turns 
ANNs very effective in the processing of not well regulated information. ANNs 
could fail in the attempt if: (a) there are no deterministic relationships between the 
predictors and the expected outcome; (b) if insuffi cient training has been performed; 
or (c) if not enough neurons have been used. 

 We evaluated several network models based on a back-propagation type opti-
mized with genetic algorithms (GA) provided by a commercially available program 
 [  52  ] . This type of ANN selects continuously the best combinations of variables 
according to the displayed sensitivity among the input and the output one(s). The 
GA allow to evolve neural network structures while simultaneously searching for 
signifi cant input variables to maximize the predictive accuracy of the resulting ANN 
models. Thus, the user does not need to spend too much time attempting to fi nd the 
best networks, signifi cant input variables and performing other neural network 
development efforts manually. 

 In particular, some features of the used software deserve to be mentioned. 
Through the main screen one has the ability to import data (which need to be previ-
ously adequately edited), run the optimization search (there is an option to use the 
standard back-propagation or the optimized one), view the system activity, trends, 
plots, and fi nally, one has also the ability to change genetic, neural and system con-
fi guration. During a run, the program provides the ability to view the status of what 
is happening, view the evolving population, see the confi gurations and statistics of 
the top ten network models found so far, observe learning curves and view reports 
on the specifi cs of the system setup and the resulting top networks. 

 In Fig.  14.1  the trend of neural learning is shown. The graph helps to observe the 
progress of training. By observing the nature of the curves created as training 
 progresses, one can get an idea of the degree the ANN is able to learn the relation-
ships between inputs and output. For example, a fl at or highly jagged curve indicates 
diffi culty in learning while a smooth asymptotic curve that ramps up (for accuracy) 
or down (for error) shows that the network is strongly able to learn. During a run, 
different types of curves are possible to be seen, as alternative network structures 
are being evaluated.  
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 Figure  14.2  shows a graph of the window that enables one to view predicted (the 
actual network’s output) vs. expected (the outputs as defi ned in the user’s data) 
values of the currently training network’s output. The option of “trend line” is 
herewith shown, where the X axis is the record number and the Y axis is the value 
in the original data range. There is also an option to select to view the values for 
the current training, testing and/or validation data sets, and another option to 
change the edit box from the total sample to a number or records that one considers 
as more appropriate to make the observations.  

 Network models worked with 16 up to 256 nodes in only one hidden layer. 
Logistic activation functions (sigmoid) are recognized as very adequate for a dichot-
omous outcome  [  53  ]  (e.g. 0 = no and 1 = yes) and we used them for the recent studies. 

  Fig. 14.1    Training and testing trends       

  Fig. 14.2    Predicted vs. desired (expected) outputs       
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As with logistic regressions, we ran different models of ANN which were 
consecutively performed for each group of variables. All networks were trained with 
a randomly selected subset of patients (from 50% to 84%), while the other subset 
(from 16% to 50%) was used to test each model. Taking into account this split, it 
represented acceptable ratios observations/variables in each step of training and test-
ing  [  53  ] . A minimum number of 15 iterations and a maximum of 110 were estab-
lished for each network. A training stop was set after 30 iterations without fi nding a 
new maximum accuracy. Besides, we also established the searching stop for a pre-
specifi ed value of 100% for the overall accuracy (which has been never accom-
plished) and the cutpoint for classifi cation of patients was 0.5, which means that 
values between 0 and 0.49 correspond to  not cancer  and values between 0.51 and 
1 to  cancer . Particular features of the procedure like learning rates were established 
with default values (0.1–0.8), as well as the momentum (0.1–0.6) whereas the muta-
tions type and value were set by random exchange of 20%. 

 Some comments are needed to explain the preceding features. The speed of 
learning is governed by the learning rate. If this is increased too much, learning 
becomes unstable; the net oscillates back and forth across the error minimum. One 
way of overcoming the limitations thus imposed is to alter the training rule from 
“pure” gradient descent to include a term which includes a proportion of the last 
weight change. Thus, if the previous weight change was large, so will be the new 
one. That is, the weight change carries along some momentum to the next iteration. 
This has a tendency to smooth out small fl uctuations in the error-weight space 
(it is a low-pass fi lter). 

 Besides, GA are used by the software to search for or “evolve” neural networks 
to maximize some objective function, such as accuracy. The ANNs that have been 
developed are evaluated and selected on their ability to predict based on data. GA 
are a cyclic process which consists of several steps: creating an initial population of 
“genotypes” (a genetic representation of ANN); building the neural networks (“phe-
notypes”) based on genotypes; training and testing the ANN to determine how good 
they are; comparing the fi tness of networks and keeping the top 10 (the best ones); 
selecting those networks in the population which are better (population is the name 
given to the “chromosomes”, representing the input variables used and the network 
structures); refi lling the population back to the defi ned size; pairing up the geno-
types of the ANN; “mating” the genotypes by exchanging genes (features) of the 
networks; fi nally, “mutating” the genotypes in some random fashion. Afterwards, 
the process begins from the 2º step and is continued until some stopping criteria or 
a manual stop of it. Methodology and results are described in detail in the original 
paper  [  44  ] , and the theoretical basis of the proposal was also mentioned in a previous 
paper  [  41  ] . 

 Table  14.1  shows the list of selected input variables: food items, nutrients or 
related items, gynecological and socio-demographical variables with the corre-
sponding p-values for differences between cancers and controls without cancer. 
Features are described in detail also in the original source  [  44  ] . Some variables that 
were not signifi cant from a statistical viewpoint have been excluded from the original 
table: age of fi rst live birth (p = 0.10), educational level (p = 0.08), carbohydrates 



168 14 Foods    and Nutrients for Secondary Prevention: Risk Classifi cation...

   Table 14.1    Selected input variables used in the ANN models of risk analysis (For complete details 
see Ref.  [  41  ] )   

 P value 

 Gynecoobstetric variables 
 Age at menarche  0.006 
 Number of live births  <0.001 
 Nulliparous (yes-no)  0.002 
 Benign breast diseases (yes-no)  0.040 
 Number of ovulatory cycles  0.006 
 Total breastfeeding (months)  0.006 

 Sociodemographic and familial variables 
 Breast cancer in mother  <0.001 
 Breast cancer in aunts  0.001 
 Familial score  <0.001 

 Dietary variables 
 Proteins  <0.001 
 Total fat  <0.001 
 Saturated fat  <0.001 
 Energy (kcal)  <0.001 
 Ratio energy/BMI  <0.001 
 Hard liquor (drinker status)  0.021 
 Wine (drinker status)  0.043 
 Alcohol (drinker status)  0.012 
 Tea  0.016 
 Linolenic acid  <0.001 

 Linoleic acid  <0.001 
 Ratio linoleic/linolenic  <0.001 
 Polenta  0.011 
 Beef consumption  <0.001 
 Fried meat  <0.001 
 Barbecue  <0.001 
 Lamb  0.008 
 Liver  <0.001 
 Mortadella sausage  <0.001 
 Cow meat  <0.001 
 Fried eggs  0.050 
 Boiled eggs  <0.001 
 Milk  0.001 
 Butter  <0.001 
 Lentils  0.050 
 Calabash  0.027 
 Spinach  0.023 
 Lettuce  0.013 
 Rice pudding  0.028 
 Bread  0.011 
 Cholesterol  0.005 
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(p = 0.06), salt-cured meat (p = 0.09), stew (p = 0.10), bakery products (p = 0.08), 
dulce de leche (caramel) (p = 0.09), ice cream (p = 0.09), soft drinks (p = 0.11) and 
“mate” (a local herbal infusion) (p = 0.08).   

   Results 

 In Table  14.2  the best models of ANN are shown, according to their positive predic-
tive value (PPV) and negative predictive value (NPV) results and for each one of the 
groups of variables. Defi nitions of predictive values are as follows: 

   PPV is the probability that someone with a positive screening test result really has 
the disease, according to the formula PPV = True positives/true + false positives  

  NPV is the probability that someone with a negative screening test result really has 
not the disease, according to the formula NPV = True negatives/true + false 
negatives    

 The columns include the following information: variable groups, PPV and NPV. 
Best results were obtained with the proposed ANN using 50–52 input variables 
(initially all of them having included the 59 inputs): the best NPV (97.64%) and 
PPV (93.14%) were achieved using networks with logistic neurons for the output 
function. Other ANN models obtained around 90% for any of the predictive values 

 Table  14.2  also displays the best results obtained by logistic regressions for each 
group of variables. Results were improved when using all variables, though the 
best ones (PPV 73.90% and NPV 75.00%) were achieved including between 45 
and 47 items. 

 Best results of ANN and logistic regressions are shown in Fig.  14.3 , based on 
their respective best PPV and NPV. Both systems found the best predictive perfor-
mance considering the inclusion (at least initially) of all variables, both displayed 

   Table 14.2    Best results 
obtained with ANNs and 
logistic regressions   

 Neural networks 

 Variables  P.P.V. (%)  N.P.V.(%) 

 FAM  65.04  87.88 
 GYN  87.55  50.75 
 FAM + GYN  69.45  88.30 
 Nut  58.03  85.11 
 Food  87.55  83.95 
 All  93.14  97.64 

 Logistic regressions 

 Variables  P.P.V. (%)  N.P.V. (%) 

 FAM  39.29  83.43 
 GYN  65.93  58.43 
 FAM + GYN  58.52  67.42 
 Nut  64.84  70.22 
 Food  70.88  72.75 
 All  73.90  75.00 
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high discrimination using food items and both also achieved a narrow difference 
between predictive values. Nonetheless, results obtained by ANN were fi nally 
around 20% better than logistic regressions.  

 The inclusion of 31 food items, 15 nutrients or dietary constituents (total kilocalo-
ries, proteins, carbohydrates, saturated fat, cholesterol, fatty acids, among others), 
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  Fig. 14.3    Comparison of performances obtained with ANNs ( up ) and logistic regressions ( down )       
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together with 13 items of gyneco-obstetric, socio-demographic and family cancer 
history allowed the achievement of a high-level prediction for the considered sample, 
showing the usefulness of some variables that may not be necessarily risk factors but 
play a role as discriminant ones. Results confi rmed the fi ndings of our previous 
reports  [  41,   44  ] , the fi rst one of which had included 39 dietary variables and 15 more 
belonging to the other groups. The current study showed a PPV of 93.14% and a 
NPV of 97.64% which evidences that high proportions of cases have fi tted to the 
classifi cation category in which the ANN located them. 

 Previous attempts to selective screenings were based on few variables  [  22–  31  ] , 
mainly gyneco-obstetric ones. We agree with those authors who say that family 
history cannot be used as risk classifi er, because that would mean to be taking into 
account about 5–15% of the population and leaving out the other 85–95%  [  17  ] . 
Moreover, gyneco-obstetric factors were not able to overcome an average of 25% of 
population involved, thus, the same considerations can be stated: around 75% of 
women would be out of the system  [  17  ] . Finally, the inclusion of selected dietary 
factors was an unsuccessful attempt, perhaps due to the prevalence of some selected 
habits and consumptions like a high-fat diet  [  30  ] , something that could have taken 
statistical differences to the null. These authors recognized that despite their efforts 
to determine risk factors for BC, they have not appreciably increased the ability to 
identify substantial numbers of truly high-risk women. Summarily, results were not 
so good as it was expected beforehand, suggesting us to believe that selection 
criteria perhaps should be based on a multifactorial basis, according to the principles 
of convergent and reciprocal causation  [  54  ] . 

 A particular model of risk classifi cation based mainly in gyneco-obstetric and 
familial variables has been created by Gail  [  55,   56  ] , which is being taken into 
account as a way of predicting chances of developing a BC within certain time 
periods in the future. In our opinion, the model assumes that the risk estimates of 
those variables are the same for the American women and for women from anywhere, 
and that would mean a similar behaviour of BC in every population. 

 From this viewpoint, local or regional environmental factors (diet and lifestyle 
included) are not being taken into account for its prediction and such exclusion 
means to us having an uncomplete information. If environmental factors are consid-
ered important in the occurrence and evolution of BC, we think that they should not 
be excluded at least a priori from the different models of risk assessment. 

 Gynecoobstetric variables did not show remarkable results for the regression, 
and this should be taken into account as a possible explanation for what was men-
tioned above about selective screenings. On the contrary, ANN could reach rather 
good PPV (between 73.9% and 87.6%) only with this group of variables. Besides, 
food items, more than nutrients, seemed to be good discriminant in our sample: 
they overcame 70% of both predictive values in logistic regressions and more than 
80% in ANN, narrowing the distance between the highest values in each analysis 
system. Data displayed on Fig.  14.3  allows us to have a graphical perspective of the 
predictive capabilities that ANN and logistic regressions showed. The analysis has 
taken advantage of the discriminant value of food items, showing that their inclu-
sion in the different models improved substantially the fi nal accuracy. Although the 
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issues of fat, saturated fat, fatty foods and BC have not been already elucidated and 
it is still under controversy their eventual role as risk factors  [  57  ] , we recognize the 
important value of these variables (as well as other ones) playing a discriminant 
role between cancer patients and controls. In other words, there are some elements 
which differentiate two profi les (mainly lifestyle, familial and dietary) from an 
apparently homogeneous population. Perhaps this applies mainly to Western popu-
lations, who are characterized by some particular nutritional styles, but it allows 
thinking on terms of classifi cation tools to be utilized in an attempt of selection of 
risk population. 

 In our opinion, the key issue to be addressed in order to improve the effi ciency of 
selective screenings is the number of considered variables. We still do not know 
how the increase of prediction accuracy does evolve through the increase of the 
amount of variables, if it is a linear function, or an asymptotic one, or some other 
type. Anyway, a sigmoid (linear) function was already described for some combina-
tions of variables in one of the above quoted papers  [  29  ] . 

 Figure  14.4  explains from a graphical viewpoint what we stated before. Being 
situated in the lower left corner, we are managing few variables and therefore 
achieving a low discriminant capability. On the upper right corner, examples 
managing high amount of variables allowed to achieve a high discriminant capability 
(examples of Djordjevic  [  33,   34  ]  and ours  [  41,   44  ] ). The corollary of working with 
different methodologies was that both studies led us to the idea of two levels of risk: 
a population level, achieved by using a few discriminant variables, and an individual 
level, achieved by using a high number of discriminant variables (Fig.  14.5 ). We also 
make ourselves the question if there is any critical mass of data over which the 
accuracy of classifi cation is particularly improved.   

 Further questions arise from these observations. If BC is a multifactorial disease, 
why should one think that a unifactorial classifi er (age) or an oligofactorial classifi er 
(gynecoobstetrics, reproductive, family history, etc., considered individually) might 
be the best ones? Couldn’t be wrong an excessively simplifi ed focus, from a concep-
tual viewpoint? Couldn’t be necessary to manage a multilevel classifi cation? In this 
sense, the use of ANN has meant an adequate management of variables which are 
related in a complex form. Neural networks are recognized as capable to address 
complex factor relationships where linear models are not enough to defi ne them 
 [  53  ] . We consider BC as an example of an outcome from such complex interactions 
of factors, in other words, of risk and protective factors. 

 Networks can express hidden patterns of associations of variables that perhaps 
are not statistically risk or protective factors (others which can be considered as 
indicators but are not risk factors by themselves, like for example educational level), 
but who are valuable discriminants. The comparison of results with ANN and a 
logistic regression is reassuring these facts and show that ANN could fi nd combina-
tions among variables that are fi nally more discriminant for both subpopulations 
involved. Logistic regressions are the commonest form of analysis used to compare 
to ANN, mainly due to the linearity of their algorithms. Indeed, they represent linear 
discriminant models which belong to orthodox statistics. Besides, the use of back-
propagation ANN with logistic activation function allowed the authors to achieve 
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the best possible results for a dichotomized outcome, as we have already reported in 
the communications on BC  [  40–  44,   58,   59  ]  and in further studies on prostate cancer 
 [  60,   61  ] , dementias  [  62  ]  and osteoporosis  [  63  ] . 

 Some limitations should be recognized to the proposed methodology. First, com-
plexity and length of the questionnaire form requires the use of interviewers in order 
to reduce possible biases inherent to self-administered questionnaires. These latter 
ones are forms given to study subjects who are asked to complete them, they are one 
of the cheapest ways of collecting information, but also have the limitation that they 
can be used only in literate populations and the researcher has relatively little control 
on the data quality. Thus, this means that trained personnel is needed to perform the 
above quoted interviews and to process data in the computer, in order to avoid those 
limitations. Second, the database involved information from the low socio-economic-
cultural strata who are admitted to public hospitals, a subset of Uruguayan women in 
which only about 20–25% of all incident BC cases occur. Therefore, the results should 
not be extrapolated to the pre-paid healthcare subpopulations, because dietary, 
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socio-demographic and cultural patterns from the fi rst ones might not correspond to 
these latter ones, who represent the other 75–80%. Furthermore, it would not be either 
adequate to extrapolate the patterns to other geographic regions or countries, some-
thing that emphasizes the relatively important role of environmental factors  [  15  ] . 

 Taking into account the potential costs of implementing a screening programme, 
ANNs can be valuable tools with capabilities of classifying women with estimated 
high and low risks of BC. Network models including dietary information could oper-
ate as guidelines to select those asymptomatic women to be entered into a mammo-
graphic screening programme, as well as, for example, to receive adequate nutritional 
advice in those cases where dietary patterns imply a high risk, as well as to receive a 
chemoprevention as an attempt of simultaneous primary prevention. Another desti-
nation of the generated information could be the therapeutic optimization, that is, 
towards a tertiary prevention. In current days, maybe the best example of this latter 
could be the chance of selecting women in order to apply a strategy of double preven-
tion, BC and osteoporosis, through the administration of raloxifene (a drug whose 
profi le suggests that in the future could be more frequently taken into account). 

 A population-based pilot study to test the herewith proposed methodology 
would be required in order to demonstrate the feasibility of an intelligent selective 
BC screening programme, which was for the fi rst time proposed, to our knowledge, 
by one of the authors  [  43  ] . The addition of new information, as anthropometry and 
serum levels of substances as vitamin D, lipids, insulin, among others, for example, 
could expand the possibilities for an ultra-selective methodology like the one here-
with presented, and of course, it is reasonable to think that the accuracy in the risk 
classifi cation could be even higher. All these points were taken into consideration 
as a previous step to the design of the Risk Profi le Report, which is described in a 
separate chapter. These are tasks which could be developed in the future, if circum-
stances are appropriate.      
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 Many people still do not know or place obliquely the importance of other risk 
factors which are different from the classic ones (menstrual-reproductive history, 
family history of cancer). As a consequence, the former ones could appear as 
inexistent. Despite any kind of purpose of such attitude – a fact that we will not 
analyze here – we should remark that it has an important weight for the public 
opinion and also at an individual level, especially if comments proceed from 
specialists who can be considered as opinion leaders. 

 It is a positive fact to recognize and emphasize that BC is an essentially prevent-
able tumour, through the different ways that prevention can be developed. Primary 
prevention attempts to reduce the incidence of the disease through a reduction in 
the exposure to risk factors and through a simultaneous increase in exposure to 
protective factors. 

 The main goal of this chapter is to consider within realistic terms what could be 
expected from primary prevention to be achieved in a close future. In this sense, we 
would recommend the readers to see a recent review performed by us, which was 
focused on the nutritional potential for modulating hormones and metabolism  [  1  ] . 
Posing certain futuristic scenarios as for example telomerase or apoptosis manipula-
tion or some other types of molecular processes does not correspond to the focus 
of our present work, but also it would mean remaining in merely theoretical stages 
of the problem when we are actually interested in improving certain aspects from a 
practical viewpoint. 

 There are currently different strategies of primary prevention, which are han-
dled for given cases of high risk, mainly of genetic background. There is the pro-
phylactic mastectomy, a surgical procedure destined to remove both mammary 
glands and replacing them by internal synthetic prostheses. There is also chemo-
prevention, by the administration of substances which occupy the place of female 
hormones or that change the circumstances of their receptors. In addition, there are 
sophisticated therapies at a genetic-molecular level which are being projected to 
the future. All of the quoted strategies share a common goal, which is  stopping the 
initiation or promotion of the cancer process . In the present work we are not 
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focusing these modalities – which have their respective specialists, like the surgeon 
or the oncologist – but on the impact on modifi able environmental factors. 

 In BC inherited elements linked to the family history are recognized as responsi-
ble of 5% and no more than 15% of cases. The group of menstrual and reproductive 
factors is attributed with around 25% of responsibility. Considered together, these 
classic risk factors – which could still be called not modifi able factors – explain 
between 30% and 40% of cases. Most of the rest are environmental modifi able fac-
tors, and they correspond to a 60–70%. Of these, diet is considered the most impor-
tant one. It is accepted that a risk reduction through infl uencing 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, dislypi-
demia, diabetes), sedentariness or low level of physical activity and psychosocial 
stress among other possible factors. The Figure summarizes the current risks that 
could be recognized for BC (Fig   .  15.1 ).  

 Seven decades ago an experimental study found a higher incidence of BC in rats 
which were fed with a high-fat diet  [  2  ] . Over time, the scientifi c knowledge recog-
nized that also high-energy diets tended to be associated with higher risks of the 
disease. Then some of the most powerful indicators relating diet to the etiology of 
BC emerged from ecologic and migrant studies, which demonstrated that migrants 
tended to acquire those cancer patterns belonging to the host countries  [  3  ] . The 
occurrence of the disease needed some time period to be modifi ed: there were no 
substantial changes of BC incidence for the fi rst-generation immigrants, but those 
expected changes would be probable found among the 2nd and 3rd generations  [  4  ] . 

 Such time delay suggested a strong infl uence of factors linked to lifestyle, like 
nutrition, during the childhood period. This infl uence on the risk of BC enabled to 

  Fig. 15.1    Known risk factors of breast cancer       
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consider the possible existence of long latency periods for the disease in which 
carcinogenic factors would exert their action. In the 90s two studies on migrants in 
Uruguay agreed with the existing literature, since they found that there were 
increased incidence risks for foreign Spanish and Italian residents in Uruguay 
compared to those ones of their home countries  [  5  ] , and older mean ages – between 
10 years and 15 years – were reported for cancer mortality among foreign women 
compared to the Uruguayan ones  [  6  ] . 

 Nevertheless, large epidemiologic studies also reported that there was no associa-
tion between fat intake and BC. Researchers observed later that the core of the 
problem was not centred in the total amount of fat but in the fat type, from the 
viewpoint of its chemical structure (saturated, monounsaturated, polyunsaturated). 

 In recent years, an international expert panel reported that nutritional features 
and their relationship with BC were not well established, with few exceptions like 
alcohol consumption and obesity among postmenopausal women  [  7  ] . The quoted 
report confi rmed somehow certain points which had been posed a decade before  [  8  ] , 
limiting the dietary recommendations only to general ones, which promoted reduced 
intake of red meats replacing them with white meats and also a frequent intake of 
plant foods (vegetables and fruits). This scheme would have two advantages: it can 
be easily understandable for everybody and it supposes a minimal strategy of primary 
prevention of cancer. 

 We had initially agreed in general terms with the quoted guidelines, however, 
more recently our concept about white meat white in replacement of red meat is 
rather different. In fi rst place, any type of meat which is exposed to direct heat pro-
duces heterocyclic amines in its surface: it does not appear to be healthier the intake 
of white meat than the one of red meat. Second, if animals are fed with corn- or 
sorghum-enriched rations, their meat and fat will have an imbalance of Ω-6/Ω-3 
PUFA. Hence, meat with source in poultry fed under these conditions would not be 
potentially healthier than cattle fed freely with green leaves and wild seeds. 

 Most specialized scientifi c studies on BC proceed from developed countries 
(e.g. North America, European Union, Oceania, Israel), understandable if we com-
bine high incidences of the disease together with logistic resources for research. 
Anyway, this fact could be seen as a limitation by itself regarding the information 
derived from such studies. The main reason could be that environmental factors 
(diet included) are not the same in the developing world than in the developed one. 
Ethnic differences belong to local factors which could have infl uence in the pro-
cess of developing a cancer. Beyond races, genomic research is constantly tending 
to wipe out the paradigm of the “average subject” who fi ts all situations. We should 
accept that some constitutive differences among individuals can make the difference: 
although menstrual and reproductive factors have reached a universal status, 
nutrition has not. In particular, remarkable differences might exist in the case of 
developing countries and as a consequence, perhaps a fraction of the information 
coming from the developed nations is not always applicable. 

 Besides, it is not mandatory to be a developing country to have low incidence 
rates: Japan has lower rates than Western countries from the Northern hemisphere. 
On the contrary, some Latin American countries as Uruguay, Argentina and Brazil 
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stand out from the rest due to their higher rates. A continuous urbanization process 
combined together with improvements in the educational levels, higher industrial-
ization and fi nally remarkable change of habits converge towards an increase of the 
occurrence of the disease. A sustained presence of women in the job market and 
higher educational levels are tightly linked to a reduction in the number of pregnan-
cies and births, as well as a delay for having them at a fi rst time and also for more 
reduced breastfeeding times. These environmental circumstances of urban life are 
linked to an increase in many outdoor job types which are low-active type when 
compared to rural ones. As a global consequence, psychosocial stress and high-
caloric fast-foods become disruptors of metabolic and hormonal balances, leading 
to the development of pathologies such as overweight and obesity, insulin resistance 
and cancer. 

 Since several years Uruguay is located among those countries with the highest 
rates in the world  [  9  ]  and Montevideo, its capital city, displays the highest age-
adjusted incidence rate for a city  [  10  ] . This small Latin American country is fea-
tured by very particular indicators: First, it has a very high level of red meat 
consumption  [  11  ] . Second, it has a high human development index (50° in the world 
ranking of United Nations)  [  12  ] . And third, it has an aged population  [  13  ] . In view 
of these facts, we must accept that a developing country has shown a high occur-
rence of a disease which is typical of developed countries. Nevertheless, the quoted 
features describe a society profi le that is not a typical one of developing countries. 
In these latter, the major impact of BC is on women belonging to mid-to-high 
socioeconomic and cultural classes, who accumulate menstrual- reproductive risk 
factors with some socio-economic and environmental ones. We have stated that 
such subpopulations constitute a “fi rst world” within the third world  [  1  ] . Montevideo, 
whose surface reaches around 500 sq km, has a coastal strip of mid-to-high residen-
tial areas which in our opinion represents such “fi rst world”: its somehow privileged 
social fraction has a twice higher incidence than the rest of the city  [  14  ] . 

 Furthermore, the region involving Uruguay, Argentina and specially Southern 
Brazil share some staple foods: there is a high consumption of red meat cooked by 
direct heat like barbecue, beefsteak and hamburgers. In this corner of Latin America 
meat – mainly red meat – is the axis food of the daily meal and it is a cheaper prod-
uct than in North America or Europe because its price is lower despite the salaries 
are so. As an example, women belonging to the mid-to-low social strata who are 
admitted in the public hospital system in Montevideo have an average meat intake 
that is comparable to North American women (unpublished data). Conversely, low 
social classes of other Latin American nations have not developed high BC rates, 
presumably because while these population subgroups show protective reproductive 
factors, their dietary profi les have a higher proportion of plant foods, meat is not so 
accessible due to its high price. 

 From the perspective of nutrition, some cancers are generally associated to 
excesses or defects. Typical dietary patterns (Western, high-fat, high-dairy) include 
high meat intake, an excessive energy intake based on certain fats and refi ned sug-
ars, as well as low intake of fi sh, vegetable and fruits. Such patterns, already found 
and analyzed in Uruguayan women  [  15,   16  ] , converge along time towards several 
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imbalances which build the proper biological environment to initiate and develop 
carcinogenesis in susceptible organisms. 

 Previous knowledge on classic risk factors (menstrual-reproductive history and 
family history of BC) 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. In fact, estrogens were recognized fi ve decades ago as the main risk 
factor for developing BC  [  17  ] . Estrogens are known for their proliferative effects on 
estrogen-sensitive tissues resulting in tumorigenesis. Nevertheless, scientifi c 
research has shown that nutrition (through diet and body fat excess) together with a 
low level of physical activity can strongly affect their synthesis and bioavailability, 
independently from bearing any of the mentioned “classic” risk factors  [  18,   19  ] . 

 As with other cancers and other modern, chronic diseases, scientifi c knowledge 
has given evidence of a multifactorial background interacting at different levels 
(biological, socio-cultural, environmental) during years, due to which in certain 
given conditions a BC will be initiated and promoted. Nowadays, the epidemio-
logic, clinical and experimental evidence is such that enables us to state that BC is 
a complex hormonal, metabolic and immune problem. Nevertheless, since the key 
hormones – the estrogens – were already 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. This is our reason to believe that 
the ultimate goal of any strategy of primary prevention of BC should be to achieve 
a hormonal and metabolic modulation through nutritional factors, those which are 
playing a major role within lifestyle. 

 More than a decade ago  [  20  ]  we showed that foods were so good discriminant – 
and also better- between women with BC and without it as other variables did (men-
strual-reproductive, family history, socio-demographic ones), at least for the Uruguayan 
population. A sample of more than 700 women enabled us to state that the feeding 
profi le had the potential of contributing to defi ne a risk population. Once again we 
must take into account that even though every adult woman belongs theoretically to 
the risk population, there are subgroups which can be defi ned as high-risk, based on 
the relative importance of certain items in those subgroups. And if we have observed 
remarkable differences of given intakes between a subset which is affl icted by BC and 
other subset which has not developed the diseases, then such nutritional profi le must 
be probably playing some role. Although our knowledge about such role is actually 
incomplete, there is some basis from which it would be possible to take profi t. 
Therefore, we believe that a proposal of dietary changes pointing to a primary preven-
tion of the disease could turn into an extremely useful tool to face an unavoidable need 
in the modern societies. 

 This area of research has some philosophical implications, which could be contro-
versial but also deserving our attention:  if the cause is not an only one, it is not wrong 
to think that the solution is not only either.  The data on menstrual and reproductive 
factors have led to think that women who exposed themselves much time or more 
intensely to estrogens increased their risk of developing the disease. And it is so, 
indeed. However, what is going on with those women who have no menstrual or 
reproductive risk factors? Could they be also exposed to high levels of estrogens 
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circulating in their bodies? The answer is yes, they could. The scientifi c research has 
evidenced that nutrition and the level of physical activity, as well as weight excess or 
adequacy can strongly condition the synthesis and availability of hormones. 

 The pie chart at the beginning of this chapter should be taken into account at this 
moment. If around 3 or 4 of each ten women with BC have reproductive of family 
risk factors, there are 6 or 7 that anyway developed the disease without such classi-
cal factors. These latter might have had hormonal and metabolic conditions derived 
from their lifestyle, from which resulted the development of a cancer. 

 These considerations about risk factors would make more understandable the 
reasons why Uruguayan women who belong to low socioeconomic strata could also 
be prone to developing cancer: albeit they have a more favourable reproductive 
history (several births beginning at early ages, long breastfeeding periods, i.e.) 
they tend to be overweight, have sedentary lifestyles and display dietary patterns 
which are more typical of Western developed societies: they have a very high intake 
of red meat exposed to direct heat (barbecued and grilled), high intake of fatty dairy 
foods, processed foods, fried foods, together with low intake of fi sh, fruits and veg-
etables. In addition, they tend to be obese or overweight, according to international 
standards. Should their reproductive history be protective, it seems insuffi cient to 
antagonize their environmental/lifestyle risk factors. It appears clearly why then 
those women belonging to low social strata in other Latin American countries have 
not so much BC, conversely: their diets have bigger proportions of fruits and vege-
tables, and red meat is not so accessible. 

 The following scheme (Fig.  15.2 ) displays in detail the probable consequences 
of the current Western nutritional style, which we have already described for 
Uruguayan women  [  1,   21  ] . In the central picture two key elements appear: exces-
sive dietary cholesterol and an imbalance of Ω-6/Ω-3 PUFA ratio. The long 
sequence of metabolic and hormonal events resulting from these two excesses can 

  Fig. 15.2    Possible consequences of a Western diet       
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fi nally facilitate the beginning and development of several cancers, among them 
BC, as well as several pathologic states involved in the metabolic syndrome.  

 The estrogens issue goes further. It is, in fact, a matter of excessive estrogenic 
“capital”. This excess of estrogens represents a potential overnourishment of the 
mammary tissue. After some estrogens (estradiol and estrone) are synthesized, their 
life follows one of two possible pathways leading to catechol hormones  [  22  ] :

    (a)     They can derive into very active metabolites, the 16- and 4- a -hydroxy (OH) 
estrogens (the “bad” ones). Results of experimental research in over the last 
two decades have shown that a large part of the cancer-inducing effect of 
estrogen involves the formation of agonistic metabolites of estrogen, espe-
cially 16 a -OHestrone.  

    (b)     They can form low active compounds, the 2- a -OHestrogens (the “good” ones). 
These other metabolites, such as 2- a -OHestrone and 2- a -OHestradiol, offer 
protection against the estrogen-agonist effects of 16- a -OHestrone.     

 The phase I enzyme cytochrome P-450 (CYP450) – a kind of intracellular meta-
bolic switch – derives the production of metabolites towards one or the other, 
depending on its state  [  23  ] . The initial fi ndings  [  24  ]  have led other authors to develop 
a theory  [  25  ] , which has been supported by newer fi ndings  [  26  ] . 

 The following scheme (Fig.  15.3 ) illustrates better the process:  
 The “bad” estrogens are believed to have participation 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. On the contrary, “good” estrogens have also a weak anti-estrogenic 
capability  [  26  ]  and this group of “good” estrogens is the one which can be modi-
fi ed. Furthermore, research has found that such CYP450 enzymes oxidize catechol 
estrogens to semiquinones and quinones, substances with common features of sev-
eral chemical carcinogens  [  27,   28  ] . Especially 3, 4-quinones were postulated as a 

  Fig. 15.3    Possible metabolic 
pathways of estrogens       
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possible independent risk factor  [  29  ] . It has also been hypothesized that genotoxicity 
caused by the oxidative metabolism of estrogens can be reduced by reactions of 
metabolites with phase II enzymes, like catechol-o-methyl-transferase (COMT) 
 [  30  ]  and glutathione S-transferase P1 (GSTP1)  [  31  ] . As a consequence of these 
facts, women who metabolize a large proportion of their estrogens via the 
16 a -hydroxylation pathway might be at a higher risk of BC  [  32  ] . 

 On the other hand, women with BC have an increased production of “bad” estro-
gens (16- and 4- a -OH metabolites), but conversely, healthy women produce them 
constantly. It is interesting to remark that the main conversion to 4- a -OHestrogens 
has been detected in uterine myometrium and benign myomas  [  33  ]  and in benign 
and malignant mammary tumors  [  34  ] . The 16- a -OH metabolites have a higher 
affi nity for the estrogen receptor (ER) than the 2- a -OH metabolites, while these 
latter may inhibit angiogenesis  [  35  ] . 

 The ratio of 2/16- a -OH metabolites may be a marker for lifestyle infl uences on 
estrogen metabolism associated with westernization  [  36  ] . In addition, Parl et al.  [  29  ] , 
having recognized that each of the phase I and II enzymes contains genetic polymor-
phisms  [  37,   38  ] , remarked the possibility of developing better predictive models by 
integrating known reproductive and lifestyle factors with predicted exposure to estro-
gen-3,4 quinones determined by inherited variations in genes involved in estrogen 
metabolism. In our opinion, the 2/16- a -OH metabolites ratio is giving arguments to 
become an independent risk factor for BC  [  39  ] . According to the literature, there would 
be factors associated with the synthesis of 2- a -OHestrogens, but in opposite directions 
 [  40,   41  ] , which exert some sort of actions on the CYP450 estrogenic “switch”. On one 
hand, those factors which increase the risk of BC by reducing the 2/16- a -OH metabo-
lites ratio, such as sedentariness, heritage, obesity, high-fat diet, human papilloma 
virus, dimethylbenzanthracene, polycyclic aromatic amines and high intake of  W -6 
fatty acids. And on the other hand, those factors which reduce BC risk by increasing the 
2/16-  a -OH estrogens ratio, such as physical exercise, muscularity, slenderness (low 
BMI), oil fi sh, cruciferous vegetables, indole-3-carbinol, diindolylmethane, high intake 
of  W -3 fatty acids. Regarding cancers in estrogen-sensitive tissues such as the breast, 
 W -6 fatty acids may have opposite effects to those of the  W -3 series: a high intake of 
 W -6 fatty acids linoleic acid and arachidonic acid inhibits the estrogens detoxifi cation 
by 2-hydroxylation  [  42  ]  and increases 16 a -hydroxylation  [  43  ] . 

 The estrogen synthesis occurs not only in the ovaries: after menopause, the 
suprarenal glands and the adipocytes are the major sources. Far from being an organ 
destined to be some kind of biological battery (an energy accumulating-releasing 
device), adipocytes constitute a giant gland which takes useful substances and also 
produces estrogens. An excess of body fatness is associated with an increased hor-
monal bioavailability. In addition, androgens which are catched from circulation are 
also converted into estrogens in the adipocytes through the action of the aromatase 
(also an enzyme of CYP450), in the process known as  androgen aromatization . 
The point here is that an excess of estrogen synthesis means higher probability of 
producing more “bad” estrogens, which are metabolically very active. Regarding 
this, modern hormonal therapy through the administration of drugs such as letrozol 
or anastrozol is attempting to inhibit this process. In addition, obesity creates a 
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doubly favourable environment for mammary carcinogenesis, since insulin 
requirements and androgen aromatization are stimulated 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 (what 
we accept as a gynoid-type of obesity), with a high intake of Ω-6 PUFA (mainly 
derived from common vegetable oils and margarines), and also having increased 
circulating glucocorticoids  [  44  ]  (produced under sustained stress, also prescribed 
for the therapy of infl ammatory pathologies). According to research, women require 
supplemental Indole-3-Carbinol (I3C) at 300–400 mg/day to signifi cantly increase 
the 2/16-  a -OHestrogens ratio  [  45  ] . Animal studies showed that diindolylmethane 
is the active promoter of greater 2-hydroxylation of estrogen associated with a can-
cer-resistant estrogen metabolism, more than the I3C  [  40  ] . 

 As it has been exposed, the main problem for a woman 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 
receptors in those cells where they must take action and generate a cascade of molec-
ular events which after years of infl uence might increase the risk of developing BC. 

 Furthermore, 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 enterohepatic circulation) and becomes available once again. The 
aforementioned situation is even more intense when a woman is affl icted by a slow 
intestinal transit: the more the stools remain in the bowel, the higher the opportunity 
of being reabsorbed and reutilized. Women should have some degree of certainty 
about the destination of such estrogens, attempting to actually eliminate what was 
thought to be eliminated. Among other reasons, the latter is useful to recognize the 
benefi ts of an adequate dietary fi bre intake derived from fruits and vegetables. 

 Based on all the aforementioned concepts, we do not see as adequate to simply 
accept that a preventive strategy for BC is covered only by having periodical medical 
consultations and mammograms. We are convinced that achieving an impact on 
nutrition means doing something 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. With 
the knowledge of the effects of diet on estrogen metabolites, we assume that women 
may reduce their risk of an estrogen-associated tumour as BC. 

 After this insight on the infl uence of nutritional elements in the hormonal origin 
of BC (elements which could be absolutely modifi able), women who seem to be 
apparently healthy should be encouraged to make an attempt of changes in their 
nutritional style, in order to reduce their current risk. This is for us the current chal-
lenge of primary prevention of the disease. Moreover, perhaps there is no one only 
challenge, but actually there are several challenges (i.e. behavioural) to be faced in 
order to achieve the success of such nutritional prevention. What we are proposing 
to do in primary prevention of BC 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.     
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 The own dynamics of scientifi c knowledge makes us to rectify it in a continuous 
way. As a consequence, our knowledge becomes valid only temporarily. Only time 
and new research will say how many and which of our current statements are the 
most solid ones, but we account for a good evidence base. Within that frame and 
recognizing the diffi culties to generalize information coming from heterogeneous 
populations, we summarize herewith a group of recommendations which emerged 
from a combination of international literature and the Uruguayan case-control 
studies on nutrition and BC. The background for these recommendations was 
thoroughly analyzed in a recent review  [  1  ] . 

   Low Intake of Red Meat Prepared with Direct Heat 

 Those cooking methods as barbecue, grill or fried are not recommendable. In our 
studies, the low-risk subgroup had an intake up to once a week. It should be taken 
into account that Mediterranean diets deal with twice a month, for example. The 
stewed forms, which are accompanied by plenty of vegetables and legumes have 
defi ned a potentially protective style, on the contrary.  

   High Intake of White Meat Not Prepared with Direct Heat 

 Poultry like chicken prepared in barbecue or fried and with their skin are not a good 
choice. It is better without skin and also prepared in such way that the fat does not 
remain in the meat. Poultry which currently are fed with supplements of corn seeds 
and other products while they are confi ned to reduced spaces in order to enhance 
their growing process and development, accumulate high contents of Ω-6 PUFA 
instead of the natural Ω-3 PUFA that would derive from eating a variety of their 
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animal and vegetable sources if they could grow free in farms. We recommend a 
high intake of fi sh, and particularly not in fried form. The best fi shes to achieve our 
goal are the fatty or “blue” fi shes (sardines, tuna, salmon, herring, i.e.).  

   Preferential Intake of Extra Virgin Olive Oil 

 This oil should be exclusively consumed, instead of common vegetable oils (as 
corn, sunfl ower, soy, for example). Destinations like salad dressings as well as for 
preparation of several plates like pizzas and cakes. Fried foods should not be 
frequently consumed, however, using olive oil reduces the chance of producing 
 trans -fatty acids (omega-6 fatty acids modifi ed through heat). Olive oil is perhaps 
the main representative of Mediterranean diets.  

   High Intake of Citrus Fruits 

 In the populations studied by our group, a frequent intake of citrus fruits (in particu-
lar oranges, tangerines and orange juice) was a very powerful protective item. 
Apparently, a daily average of 1–2 units per day should be maintained. Also lemons, 
grapefruits, kiwi, strawberries should be taken into account. Vitamin C and fl avonoids 
are elements whose contribution in the diet should be sustained.  

   Intake of Skimmed Dairy Foods 

 We fi nd adequate to recommend the intake of skimmed milk fortifi ed with calcium 
and vitamin D, and also skimmed yoghurt, among the fl uid dairy foods. Regarding 
cheeses, ricotta and low-fat types are our recommendations, based on our studies. 
The intake of fatty cheeses – like the Gruyere, for example – as well as milk sour, 
Chantilly cream, ice cream and chocolate milk should be restricted.  

   Low Intake of High-Glycemic Load Foods 

 These foods, which after their ingestion request high insulin synthesis and peaks, 
should be reduced as much as possible. Bread and other derived from wheat, other 
cereals (especially refi ned ones), the pastry, sweets, marmalades, jams, among oth-
ers, should be moderately consumed. The integral foods are more recommendable 
are more nutritive and determine a different metabolic behaviour. These foods 
should be combined with foods which are high in their protein content like dairy or 
meats, for example, in order to slow down the speed of raising blood glucose and 
the consequent insulin peaks.  
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   Including Some Soy-Derived Foods 

 Currently, the availability of soy-derived products is something advantageous. There are 
soybeans, fl our, sprouts and also prepared foods like hamburgers and others, which could 
be substitutes of foods like red meat, for example. Soy deserves to be present at least once 
a week in a meal, when thinking of proteins, phytoestrogens and their fat contribution.  

   Frequent Intake of Tomatoes 

 Tomatoes are foods which fortunately can be consumed in raw or cooked form, and 
whose characteristic protective elements – carotenoids – are better digested in an 
oily environment. These foods are closely linked to the Mediterranean dietary style 
and can be considered as an ally for mammary health.  

   Frequent Intake of Cruciferous Vegetables 

 Cruciferous is a vegetable group which includes cabbage, broccoli, caulifl ower, 
Brussels sprouts, and it is recommendable to have some of them frequently in the 
meals. In addition to their anticarcinogenic capabilities, they enhance the synthesis 
of “good” oestrogens perhaps as no one else from the vegetable kingdom. Cabbage, 
for example, is perfectly adequate to any salad. The compatibility between taste and 
benefi ts should be achieved, looking for reasonable dressings to achieve it.  

   Supplementation with Ω-3 

 A frequent intake of certain types of fi sh is not feasible for everybody from a practi-
cal viewpoint. Hence, it is mandatory to include these fatty acids (DHA, EPA) which 
are almost not produced by human body. Due to: (1) Their antioxidant action; (2) 
Their enhancement of the immune system; (3) Their capability to help in the syn-
thesis of “good” estrogens; and (4) Their contribution to balance the actions of Ω-6 
PUFA, we consider that the supplementation of Ω-3 PUFA is a key point in current 
nutrition. This would be valid for cancer prevention as well as for optimizing treat-
ments, helping to prevent the recurrence of tumours.  

   Supplementation with Vitamin D 

 Vitamin D has anti-tumour capabilities against breast, colon and probably prostate 
cancer. The intake of blue fi shes is a good beginning, but receiving sunlight regularly 
would be the main source. Nevertheless, because of insuffi cient exposure or because 
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the skin can respond under the necessary level to such stimulus, oral supplementation 
is recommendable, according to experts. Independently from drinking milk or other 
fortifi ed foods, some hundreds of International Units could be an adequate daily 
amount. With that aim, consider a consultation with the Endocrinologist, since this 
specialist will prescribe the most adequate dose for each individual patient.  

   Achieving and/or Maintaining an Adequate Adipose Level 

 We have already commented how body weight and body mass index are insuffi cient 
to indicate us our actual adipose level. Body composition, through manual anthro-
pometric measurements, through electric bioimpedance or through densitometry, 
lead us towards the reality. The fat/muscle ratio should not be higher than 1.5, 
according to what we have observed in Uruguayan women. The parity between both 
components would probably be fair. In the analyzed population, body fat fraction 
should be under 35% and muscle fraction over 27%. 

 We are trying to generate a new healthy nutritional pattern, combining 11 dietary 
items with an anthropometric one. Somehow, questioning the potential preventive 
effi cacy of a proposal as the preceding one is something which deserves attention, 
because the necessary time to reduce risks cannot be still accurately estimated. 
Some prospective studies have suggested that a period under 10 years with certain 
nutritional styles did not mean a risk reduction. Probably 15 or more years of a 
given style will be needed to exert some effect. If near 15–20 years of smoking ceas-
ing are needed to equal the risk of lung cancer among smokers to non smokers, it 
sounds logic to assume that at least such minimal amount of time will be needed the 
risk of BC, regarding something so complex as diet is. 

 What is a matter of high importance for us is not the possibility of achieving the 
same odds of those women who nourish themselves better, but that they set into 
motion into a style which is capable of reducing such odds, within better conditions 
of general health.  Up to our knowledge, there are no studies indicating that a 
prudent diet is pejorative for health.  Some studies show no differences and some 
of them suggest important reductions in the risk of developing the disease and of its 
recurrence. Hence, the balance of scientifi c evidence is beginning to incline itself 
towards a healthy style. 

 Which changes belong to this new proposed style? Those changes who deter-
mine an attenuation of excesses and defi cits that the current modern Western diet 
has. In an extreme simplifi cation, we attempt to reduce the volume of foods which 
increase the risk of developing the disease, and at the same time, to increase the 
volume of foods which reduce such risk. Instead of having a defi cit of protective 
foods, we should achieve a defi cit of risk foods. The schemes presented in Fig.  16.1  
summarize the idea we want to communicate.  

 If we locate the components of each food group or component (protective, risk) of 
foods instead of the group itself, the previous scheme would acquire the appearance of 
a graphic equalizer, for example, suggesting an  inadequate  dietary pattern (Fig.  16.2 ).  
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 The general idea implies modifying each selected term, upwards or downwards 
and according to the risk or protective nature of the term, towards the putative low-
risk threshold or zone. The latter could be represented by the reference category of 
each dietary item for the case of risk factors, and the highest intake category for 
protective factors. For example, regarding the multivariate analysis of fried meat 
intake (which is a risk factor among Uruguayan women) and the risk of BC, the 
reference category comprises from none (0) up to 1 serving/week. This could be 

  Fig. 16.1    General schemes of an inadequate nutritional pattern ( left ) and an adequate one ( right ) 
for preventing the disease       
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  Fig. 16.2    An example of inadequate dietary pattern expressed by a graphic bar picture       
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considered as the low-risk zone, therefore, recommendations should be oriented to 
reduce the intake no more than 1 serving/week. On the contrary, if we are speaking 
about a putative protective factor in the same population, like citrus fruits, the 
highest category of consumption includes > =8 units/week (oranges, orange juice 
servings, i.e.) and if it is possible, the woman should enter this low-risk category by 
means of increasing her daily citrus intake. 

 In fact, the proposal is next to make an equalization of food intakes: we would 
call it as  nutriequalization , a short form for nutritional equalization. While empha-
sizing the intake changes for each found risk or protective nutritional factor in a 
given population set, we are attempting to change its own dietary pattern. Therefore, 
if the dietary analysis is performed on a country-specifi c data series, the results 
apply to members of such population, since the lowest or highest categories of con-
sumption might not coincide with the ones of other populations. This fact limits the 
generalization of results to other populations, indeed, unless coincident low-risk 
ranges among countries are found. 

 According to the current knowledge, we are limited only to propose a general 
scheme, mainly at a population level. But the possibilities of a tailored protective 
dietary style for a close future might exist, led by nutrigenomics of BC. Epidemiologic 
studies have communicated that certain genetic polymorphisms in several genes 
encoding biotransformation enzymes could be associated to increased risks of 
developing BC  [  2  ] . For example, the tissue composition of PUFA is important to 
health and depends on both dietary intake and metabolism controlled by genetic 
polymorphisms that should be taken into consideration in the determination of 
nutritional requirements  [  3  ] . 

 Nevertheless, identifying those women who will or will not benefi t from dietary 
intervention strategies is still not feasible. Adequate knowledge about how the 
responses depend on an individual’s genetic background (nutrigenetic effects), as 
well as the cumulative effects of food components on genetic expression profi les 
through nutrigenomics, may assist in identifying responders and non-responders to 
such strategic changes. What to change, how much to change, for how long. That 
will be perhaps the time of individual  nutriequalization . 

 It is important that the suggested changes involve not only the woman herself – we 
can not consider her always as a patient – but also the nucleus with whom she lives. 
This will make for her more tolerable and comfortable any type of modifi cations. And 
if that family core and her children are also involved, taking into account very specially 
the daughters, the potential risk reduction will be higher. This would happen since the 
time of exposure to an inadequate diet up to the present time would be reduced. 
Obviously, if a woman has been affl icted by a BC, the benefi ts are great, because the 
daughter with such family history is currently considered as with a statistically higher 
risk when compared to daughters of mothers without the disease. In the future it will 
not be the same a woman with high family risk following an adequate dietary style than 
a woman with high family risk whose nutrition is a combination of excesses and defi cits. 
This is what could be called  transgenerational prevention  – or intergenerational, as 
Dr. Arnot says  [  4  ]  –. In our opinion, it is an obligation as a citizen to think about the 
health of the next generation, taking profi t of the created knowledge. 
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 The exposure of a child or teenager to a protective dietary style will generate a 
risk reduction which is more important than the one achieved by an adult woman. 
The age differences between mother and daughter mean a benefi t for the latter. Even 
there were no progress in the scientifi c knowledge in the next years (something 
highly unlikely), the women who belong to the next generation could locate them-
selves in a position which means lesser risk than their mothers. In this sense, a 
recent review recognized that overall, Ω-3 PUFA have promising cancer-preventive 
effects when introduced early in life, a time period when tissues are particularly 
sensitive to their environment  [  5  ] . 

 An impact constituted by massive and sustained nutritional changes will be 
necessary to achieve some effect on the incidence of BC in many countries. 
Undoubtedly, an immediate change respect of the current situation of the disease 
cannot be expected, at least regarding what depends on this environmental factor. 
If a massive migration of dietary habits directed towards a healthy style does 
occur, we might be witnessing a reduction of incidence in rates in some countries 
perhaps during the next 30’s decade. Nowadays it is not possible to propose a 
similar prognosis before, because the necessary process would take much time, 
from the viewpoint of the current knowledge. Mortality, besides, will surely go on 
downwards, but according to what is presented in this work, its reduction speed 
could accelerate even more. From our viewpoint, the following changes would be 
of utmost hierarchy: notably increasing Ω-3 PUFA and reducing Ω-6 PUFA and 
limiting the intake of barbecued and fried meat not beyond 2–3 times per month, 
as an average consumption like Mediterranean diets have. 

 Then, it will be mandatory to revise what does constitute a potential excess (to 
cut it down) and what does constitute a potential defi cit (and compensate it). In this 
sense, a  “far East”-type  proposal (on a basis of increasing the intake of products 
derived from soy as beans, fl our, tofu, miso) will remark important differences 
regarding the habits of the Western societies, albeit it could be excellent from the 
viewpoint of the theoretical protection against BC. We consider that including some 
products of the above quoted – as a partial substitution of beefsteak, processed meat 
and sausages, for example – is an excellent choice. Recent evidence, however, sug-
gests that soy intake during early life may both reduce BC risk and risk of recur-
rence, in other words, the best time for including soy and soy-derived products 
appears to be no longer than the puberty  [  6  ] . However, a high intake of soy foods 
during adolescence was also associated with a reduced risk of premenopausal BC 
(OR = 0.57; 95% CI: 0.34–0.97)  [  7  ] . Lifetime soy intake at a moderate level could 
prevent BC recurrence through mechanisms that change the biology of tumors; 
e.g. women who consumed soy during childhood develop BC with signifi cantly 
reduced Human epidermal growth factor receptor 2 levels  [  6  ] . Hence, this would 
limit somehow the perspective for such dietary style, if adult women make an 
attempt to change it radically, assuming that the consequences of this change would 
have some degree of uncertainty. 

 Anyway, it should be taken into account the ethnic and geographic origin from a 
large part of inhabitants of Latin America, part of the United States and Southern 
Europe itself, which is in particular Spain and Italy. In this sense, diets having a 
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 “Mediterranean”  orientation could be a solution which is at the grip of women in 
general, also taking into account that such diets  are not very much low-caloric ones . 
It is of interest to remember that longevity observed in some Mediterranean popula-
tions (i.e. Cyprus, Greece, Malta, Italy, Spain) has been attributed, within a multi-
factorial spectrum, to the usual intake of fi sh, olive oil and tomatoes – the latter in 
raw form as well as cooked one –. The substitution of other common oils (corn, 
soybean, sunfl ower, as some of the most frequent consumption) by olive oil could 
constitute one of the most substantial advances towards the protection, in view of 
the results derived from research of the last years. And the protective elements of 
tomatoes, among which carotenoids prevail, were found as having a better absorp-
tion when foods are cooked in an oily environment. Therefore, foods like simple 
pizzas, sauces, some pasta dressed with tomato sauce could be a relatively frequent 
part of a healthy diet, when olive oil is included. 

 The preceding arguments and the existing literature has enabled the authors of 
this book to express the potential convenience of some recommendations that 
have similarities to the general ones suggested internationally  [  8  ]  but that are also 
different from them, since the background of ours combines international with 
local evidences. 

 We are convinced that it is mandatory or at least convenient to recommend on 
this basis, if it is feasible to do so. It sounds as no very reasonable to wait still a 
decade or more to suggest recommendations, when probably some signifi cant inter-
national studies will show positive results, especially if such recommendations are 
of high additional benefi t to vessels, metabolism, joints and as protection against 
developing other cancers. The evidence for links among diet, chronic infl ammation 
and cancer as well as with other high prevalent, chronic diseases must encourage to 
making the decision of recommending key changes in current dietary style. It would 
be convenient to consider that in the meantime, it is medically and ethically justifi ed 
to recommend some nutritional changes to patients and to healthy women. 

 Although we have put particular emphasis on fi ndings derived from local epide-
miological studies, we have shown that the proposed changes would at least consti-
tute 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 
specifi c dietary component can effectively reduce BC risk  [  9  ]  the fact that several 
measures have convergence on the control of amount and quality of estrogens is 
something we can profi t from. We have already something on which we can base 
our actions  [  1,   8,   10  ]  and probably new studies which are ongoing probably will 
shed light to the question within some years, through confi rmatory results.      
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 In a book on breast cancer (BC) published in Brazil more than a decade ago  [  1  ]  
there was a chapter on diet in which the gynecologist Dr. Menke made comments 
about dietary intervention in daily practice:  “There is no one single day in the medi-
cal offi ce or in the outpatients area that patients bearing risk factors or patients who 
were already treated by a breast cancer make us the following questions: How 
should I care myself? What should I eat? And our answer fl ows fast with the scheme: 
self-examination, clinical examination and periodical mammogram. Regarding 
nutrition, we simply ignore it, or we give vague recommendations, considering the 
issue as a not very important one, which is time-consuming and frequently dis-
obeyed by patients.”  

 It is so. Undoubtedly, it is not a Brazilian problem, of course. It is universal, 
according to a recent Finnish study  [  2  ] , which found that there is a need of dietary 
and lifestyle counsel from Finnish and Australian women. The paper also states that 
“such need is poorly recognized currently by physicians.” 

 Just in the last years have appeared results of scientifi c studies showing the 
advantages of an adequate diet for those women who were diagnosed with a BC 
regarding the disease-free survival and the overall survival. The survival has been 
increased in American postmenopausal women having a low fat intake and a high 
intake of fruits, vegetables and micronutrients derived from these latter  [  3,   4  ] . The 
intake of protective foods in Norwegian survivors of BC has been found similar to 
those of healthy women  [  5  ] . Women with high plasmatic levels of carotenoids 
(specially eating more tomatoes, carrot, red pepper) reduced signifi cantly their 
recurrence risk compared to those ones with low levels  [  6  ] . Dietary styles ranging 
from macrobiotic to semivegetarian ones have been supported as coadjuvant with 
specifi c therapy of BC  [  7  ] . 

 In addition, in the last years there were some communications that reported an 
improvement when some nutritional guidelines were followed focusing on the man-
agement of overweight and obesity  [  8–  18  ] . In general terms, the evidence suggests 
that BC survival is reduced among women with general or abdominal obesity, as 
well as that obese women of all ages were more likely than non-obese women to 
have disease recurrence. 

    Chapter 17   
 Prevention After Diagnosis         
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 Furthermore, large intervention studies are on-going in the developed World, 
probably enhanced by the great preventive potential this research area has, in which 
diet and exercise are being investigated in their capability of reducing the recur-
rence of BC, as the WHEL study in the USA  [  19  ]  or others in the United Kingdom 
 [  20  ] . There are researchers who have already shown the effi cacy of a multimodal 
approach to the problem, through telephone counsel, informative meetings, peri-
odical bulletins and cooking classes  [  21  ] . There was feasible among them to 
achieve changes in the dietary habits of women who were previously treated by a 
BC. Undoubtedly, we are facing examples that can be followed, that should be 
developed from the own profi le of each population, according to its culture, its 
customs and its way of thinking. 

 The main objective of therapies is  to avoid the reappearance of the disease . 
Once the specifi c therapeutic has been applied in each situation, the therapies will 
point mainly to achieve the healing or the local control, regarding the situation of 
each patient. The reappearance can be called “recurrence” or “relapse”, and medical 
treatments attempt to avoid its presence at a local, regional or systemic level. It has 
to do with several factors which belong to the tumour itself, and it is more likely to 
occur in younger women (under age 40) and within the fi rst 2 years of the surgery, 
because the tumour aggressiveness is more frequent among them. Currently, some 
histopathologic factors aside from young age are known, and these factors have 
prognostic value for the recurrence of the disease. Specialists display the maximum 
efforts to avoid a loco-regional recurrence, since it increases around threefold the 
odds for distant metastases, which is a disadvantageous situation in the fi ght to con-
trol the disease. 

 The change of nutrition and lifestyle might probably allow achieving several 
goals, but we remark that such changes would give the possibility of optimizing 
the established therapies, what we can accept as tertiary prevention: they could 
help to delay a disease recurrence. When we talk about supporting the treatments 
for BC, we include them all: surgery, radiotherapy, chemotherapy, hormonal 
therapy and also immunotherapy. A mammary tumour is based on favourable 
hormonal and metabolic environments, but in addition, the immune system has 
at the same time failed. Besides, specifi c therapies imply higher or lower degree 
of aggression to the whole organism. Perhaps more localized or more generalized, 
there is an inevitable aggression for some organs which belong to the rest of 
the “healthy” body. If there were dietary elements at hand which could protect 
the healthy cells and empower the toxicity on tumour cells, we should recognize 
the advantage of using such elements. 

 Regarding BC patients, since several years are needed to modify the risks and 
currently there is lack of evidence in this sense, we cannot predict any given suc-
cess for the patient at an individual level when a pure primary prevention is consid-
ered. In other words, we bring a rationale for adopting new nutritional and life 
styles, with the aim of helping the body to reject the possibility for the disease to 
come back again, working together with the conventional treatments. Albeit it is 
not possible to predict at an individual level, it is expected that under certain cir-
cumstances less cases of recurrence will appear within a subset of patients who 
make nutritional corrections. 



20517 Prevention After Diagnosis

 When comparing the potential preventive action being in an apparent health 
 status with having a diagnosed mammary pathology there is a difference of degree. 
Undoubtedly, there are also differences comparing benign pathologies (as a fi broad-
enoma), a pre-neoplastic lesion (as atypical lobular hyperplasia) and a cancer 
(intraductal, lobular, among others). Before classifying lesions, we should make 
more general considerations: the hormonal-metabolic-immune system is balanced 
or imbalanced. When a woman’s breast has been any time studied – especially 
through puncture or biopsy, although there was a benign lesion – this fact is revealing 
her that there is a broken balance: the organ “breast” is giving signals about its 
tendency to get sick. And this was confi rmed by epidemiologic research, indicating 
that the history of benign breast diseases increases modestly the likelihood of devel-
oping a cancer. The point is not a malignant transformation of the benign lesion, but 
a higher probability of having a malignancy in the future. 

 There are even stronger arguments for somebody whose lesion is precancerous: 
the patient has been advised that “if certain given circumstances do not change, it is 
highly likely that in the future you will develop a cancer”. In the light of current 
knowledge, it does not seem good only to feel satisfi ed having made a consultation 
with the physician – perhaps more frequently than before- and continuing with the 
old scheme which indicates along time that “for the moment, there is no news about 
cancer”. Let’s analyze why. 

 We assume that the patient has been surgically operated and the tumour mass has 
been resected. Then, it is time to have an impact on cells that may have remained 
and perhaps have migrated by lymphatic vessels. Keep this concept in mind:  The 
main task is now done by the own body, therefore, help it.  Those possible remain-
ing cancer cells should experience some cuts in their nourishment, avoiding for 
example the intake of high glycemic load foods such as common refi ned sugar, 
bread, desserts, soft drinks. The invading cells live more with low levels of oxygen 
and as a consequence the growth of new vessels (neo angiogenesis) is enhanced in 
order to continue growing. You must give them as much oxygen as possible – 
because it is harmful for cancer cells – through the intake of fi sh oil rich in Ω-3 fatty 
acids, extra virgin olive oil, and doing all the physical exercise that the patient is 
able to do, in order to oxygenize the whole body. If there were problems related to 
the arm at the operated side, walking is the last thing to be abandoned. But if the 
patient has the physical conditions and a medical authorization, she should gain 
some muscular mass – more than simply walking – since this will improve her 
immune system, among other consequences. 

 Let’s put into consideration the time of radiotherapy. When a patient receives a 
radiation dose on the breast and on certain related lymphatic areas – as axillary, 
supraclavicular or internal mammary regions, i.e. – , the objective is to sterilize the 
tumour bed and the drainage regions. Although radiotherapy is a local and regional 
treatment, it implies a high likelihood of temporarily weakening the immune sys-
tem. Radiotherapy produces free-radicals through peroxydation and the patient 
should help herself eliminating them more quickly. This therapy is aggressive with 
residual tumour cells, but also with healthy tissues. The patient should contribute to 
improving the oxygenation of those tissues in order to achieve that radiation affects 
more the tumour and less the healthy cells. 
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 In these circumstances three types of substances are useful: antioxidants, 
 substances which improve the tissue oxygenation and those which enhance the 
immune system.  All these can be found in two particular oils : fi sh liver oil and 
extra virgin olive oil. Regarding this latter, it has a component, squalene, which does 
everything. It seems better to supplement with more concentrated oil, that is, the one 
extracted from the liver of sharks who live in deep waters, or purifi ed from the olive 
 [  22,   23  ] . A recent experimental study reported that olive oil also inhibits the muta-
tion of Her-2-neu oncogene (linked to BC disease) and it enhances the action of 
trastuzumab, a specifi c monoclonal antibody designed to work on this gene. The 
supplementation with fi sh oil, which is rich in Ω-3 PUFAs and extra virgin olive oil 
constitute the basis of an “anti her-2-neu cocktail”, as was described by European 
researchers  [  24,   25  ] . 

 Another usual treatment related to BC, the chemotherapy, is applied as an attempt 
to destroy cells which could have evaded the breast region and spread to the rest of 
the body. The features are rather similar to the previous described situation, but 
more intensely. With the aim of killing a presumably limited number of malignant 
cells,  the whole body  suffers the aggression of drugs and in particular those tissues 
which have a high turnover like epithelial ones are the ones who are more injured. 
The liver catches toxic substances from the circulation, in order to eliminate them 
through the bile system. The patient should take into account that her liver can be 
overwhelmed during the chemotherapy cycles: aside from doing what is mandatory 
to do (rebuilding carbohydrates, proteins and fats, i.e.), it is in charge of detoxifi ca-
tion of the whole organism. The liver should be carefully handled. If the patient uses 
to eat plenty of fats like the one of cow or pork, from the skin of chicken, from dairy 
foods, from mayonnaise, or even that of vegetable sources like sunfl ower, soy or 
corn oils, – or even worse, trans-fatty acids which are present in margarines, snacks, 
fries, etc. –, she cannot expect that everything works well. The liver should be 
relieved from such overwork, for example, basing the diet on fruits  ad libitum  dur-
ing a whole day after the chemotherapy cycle. 

 Aside from the liver, the impact that the bone marrow receives in its hemopoyetic 
role is high. Usually after chemotherapy the parameters in the blood cell count are 
modifi ed in the sense of reduction, indicating anemia, leukopenia and perhaps trom-
bocytopenia. Chemotherapy will temporally kill isolated tumoral cells, but the per-
manent responsibility concerns the immune system. This latter must be adequately 
active, hence, it should be maintained in good conditions, as much as possible. For 
example, the supplementation with squalene – derived from extra virgin olive oil or 
from shark liver oil  [  23  ]  – might increase the activity of key elements such as Natural 
Killers and T-lymphocites. 

 When it is possible for the patient, some physical exercise will be worthy: the 
muscle provides an essential nutrient, glutamine, to lymphocytes. Physical exercise 
must be taken into account. Otherwise, the patient may be condemned to an exces-
sive inactivity only for caution (unless there is anemia as a side effect of therapy). 
The point is that if the patient loses muscle mass, her immune system might be 
under the normal performance. Besides, tumour cells live better in anaerobic or low 
oxygenated environments and oxygen is harmful for them: this is well known by 
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specialists. If the whole organism is better oxygenated, the cytotoxicity of 
 chemotherapy and radiotherapy on malignant cells will be enhanced and it will 
contribute to protect healthy cells (which are a wide majority). Again, through the 
combination of dietary components like olive oil as well as fatty fi shes (tuna, sardines, 
salmon, etc.) together with physical exercise there might be a better management of 
oxygen at the tissue level. 

 Let us make some considerations about hormones in the treatment of BC. Not all 
cancers have estrogen or progesterone receptors. Usually hormonal therapy has 
been more effective when it is administered for mammary tumours which have 
hormonal receptors than when tumours do not have them. The specialist will not 
prescribe hormonal therapy in this latter situation. What is hormonal therapy for? To 
prevent against or to block the action of hormones which would accelerate the 
growth and proliferation of tumour cells. Time ago, together with breast surgery an 
oophorectomy was done: the estrogenic action was surgically reduced. Theoretically 
this interruption could be also caused by radiotherapy. 

 Currently there are drugs which attempt to impact without being aggressive, 
although they are not completely harmless: there are the selective estrogen receptor 
modulators (SERMs), as tamoxifen, raloxifen, toremifen; there are also the aro-
matase inhibitors (anastrozol, letrozol) and other drugs which disrupt receptors 
making diffi cult their binding to hormone (fulvestran). As it can be seen, SERMs 
seek to trick the cells through intelligent ways. Only those hormones which have the 
adequate form bind the receptors, like pieces of a puzzle. The more receptors are 
bund with the proper hormones, the faster grow some type of cancers. But these 
drugs affect the amount of available estrogen to bind the receptor, or they bind it 
with something similar to avoid that the hormone binds it, or even they damage the 
receptor. Anti-estrogen therapy in women with BC can affect lipid profi les, cardio-
vascular risk, and liver function  [  26  ]  and some data suggest that metabolic syn-
drome may be associated with a more aggressive tumour biology  [  27  ] .The presence 
of a metabolic syndrome and the elevation of C-reactive protein are indicating that 
the chronic infl ammation is active  [  28  ]  and deserve to monitor the patient in order 
to prevent and reduce morbidity and mortality also unrelated to BC.  Now it is clear 
why it is not convenient to bear an excess of body fat and without changing the 
nutritional style, if this latter is excessive in Ω-6 PUFA: the patient has mainly 
disadvantages.  

 If the histochemical study of the surgically removed piece indicates that it was 
moderately or strongly positive for estrogen receptors (RE+), we could add to the 
previous strategy something else: a higher contribution of soy products and legumes 
in order to profi t from the usefulness of the phytoestrogens these foods have. In fact, 
if there are actually receptors, let’s contribute with bind them to dietary low active 
estrogens. It does not seem to be convenient the intake of elaborated phytoestrogens 
without previous consultation: the effect could be inverted to the expected one, if 
doses are raised to a pharmacologic level. If on the contrary, the study indicates 
negative or weakly positive receptors, it could be recommended to put into practice 
everything that was indicated to produce “good” estrogens and to improve immunity: 
losing body fat and increase the muscle mass, supplementing Ω-3 PUFA,  dramatically 
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suppressing the intake of trans- and Ω-6 fatty acids, and having a high intake of 
cruciferous vegetables. In addition, including extra virgin olive oil, plenty of fruits 
especially citrus (orange, lemon, grapefruit, kiwi) and green tea with the aim of 
improving the antioxidant capabilities, will be always useful. These recommenda-
tions seem to be probably the core of a new dietary pattern for the patient, based on 
part of the evidence generated by epidemiologic and experimental research. We 
believe that this is a rationale for the patient to continue in better conditions. 

 Frequently, several patients who had normal menstrual cycles at the moment of 
their diagnosis, become postmenopausal after chemotherapy. The damage on the 
ovaries – theoretically necessary, sometimes – is, in other words, to provoke the 
menopause in an anticipated time. Together with this hormonal change determined 
by therapy, it is not unusual that women – young or middle-age ones – experience a 
body remodelling similar to the one that women who naturally cease their menses 
do. There is a reduction of their metabolic rate, expressed by an increase of body 
weight; the waist tends to increase its circumference; the adipose skinfolds in arms, 
trunk and lower limbs also increase their thickness. Obviously, such physical change 
is not only an aesthetic problem to be solved. The body composition has changed: 
whether the total weight has changed or not, the body fat will surely have increased, 
probably together with a simultaneous lose of muscle mass. We do not hear special-
ists speaking with worry concerning this point, and we assume that it could be not a 
minor issue. It seems as it is not perceived that if these events occur, the own hor-
monal and metabolic circumstances of the patient change towards a bad condition, 
as it was quoted above  [  28  ] . It cannot be reasonably expected to have the same 
therapeutic success in a woman who has added several kilograms of fat to her body. 
Changing the viewpoint: if losing fat excess improves survival, what do you think it 
could happen if the patient accumulates adipose excess? After doing certain changes 
regarding nutrition and physical activity, we are convinced that the time for having 
a consultation with the Endocrinologist has come, if the patient does not experience 
favourable modifi cations in her body. 

 The arrival of menopause does not imply only a body remodelling, but also an 
increase of cardiovascular pathologies. During some years, from the viewpoint of 
Cardiology, it was thought that the main responsible of cardiovascular diseases was 
the fall of oestrogen levels when the ovarian function failed. Some of the large stud-
ies with HRT (hormonal replacement therapy) have shown that there was no reduc-
tion of cardiovascular diseases in those who used this therapy compared to those 
women who had not received the hormonal substitution. At least initially, the prob-
lem is centered in the insulin synthesis, which changes as a consequence of hor-
monal changes. If HRT has not been able to reduce the cardiovascular changes, the 
putative protection is not fulfi lled:  a HRT is not justifi ed if the objective is reduc-
ing the probabilities of cardiovascular pathology.  Furthermore, leaving aside 
aspects such an eventual increase of risk of BC (something which is never negligible 
and mandatory to evaluate before prescribing hormones), the hormonal therapy 
does not reduce the insulin production. On the contrary, it could increase this latter. 
And the pro-infl ammatory cytokines (such as tumor necrosis factor alpha, interleu-
kin-1, epidermal growth factor, and insulin-like growth factor-1), produced in the 
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adipose tissue tend to increase. The “bad” eicosanoids increase the insulin  production 
and this latter increases the biosynthesis of the active Ω-6, which is the arachidonic 
acid. There is a real  circulus viciosus . Hence, in natural or artifi cial menopause 
induced by medical treatments, the excess of Ω-6 fats are harmful. They play against 
the patient’s objectives. How can such circulus viciosus be broken? Among other 
ways, contributing with plenty of Ω-3 PUFA in the diet, through fi sh intake or 
through nutritional supplements. Through competition with Ω-6 for the same receptors, 
the Ω-3 PUFA reduce the cytokines and insulin synthesis, by increasing the sensitivity 
of cells to this latter. 

 Also the antiangiogenic properties of foods, nutrients and bioactive substances 
are under study. Such capabilities are expected to be used in the prevention of  certain 
cancer types and/or in the coadjuvance in conventional therapies. Foods which are 
rich in vitamin E (tocopherol), for example, can be very useful Vitamin E has not 
only antioxidant but also antiangiogenic capabilities  [  29  ] . There is a recently syn-
thesized vitamin analog, the tocotrienol, which seems to be promising. The foods 
which contribute with vitamin E work by inhibition of the action of a substance 
located at the endothelium of blood vessels, the Vascular Endothelial Growth Factor 
(VEGF). Do you know who does usually stimulate the VEGF, which is a key factor 
in the regulation of angiogenesis? The pro-infl ammatory cytokines do, which were 
aforementioned when we talked about their intense production in obesity (through 
an excess of adipose tissue). Do you realize? An excessive adipose mass in the body, 
enhances in addition the vascular neosynthesis, which facilitates the proliferation 
and development of tumour cells. These are the reasons why we insist that the 
patient should not have overweight if she was ever diagnosed with BC. It should not 
be allowed to prolong this situation, if it has ever occurred. Once again, we remem-
ber the reader that most studies have shown that survival of BC improves if a previ-
ously existing overweight is reduced  [  9–  18  ] . 

 It was already mentioned that not only vitamin E participates in the protection 
against angiogenesis, but also fl avonoids do. These are cited as one of the protective 
agents of fruits. Among fl avonoids, the subgroup called ANTOCYANINS has pow-
erful antiangiogenic capabilities. They are present in strawberries, raspberries, blue-
berries, and cranberries. Their high content in antocyanins is benefi cial for health 
due to their antioxidant capability, but also because they help with cell DNA repar-
ing and protecting its completeness  [  30  ] . 

 The intake of these “berries” fruits is proposed as an interesting help role in the 
strategy against BC for any patient. We are thinking specially of those patients dealing 
with a relatively disadvantageous situation, as for example, with negative hormonal 
receptors, but also when the axillary status has revealed the tumour extension beyond 
the breast gland. We can help the most orthodox oncologic strategy if we cut the nutri-
tional nourishment of those possible remaining cells, when having an intake of func-
tional antiangiogenic foods. Diet seems to provide protective elements which are better 
and thoroughly known, from which such protective potential should not be denied. 
Experimental research has given some evidence to be taken into account  [  31  ] . 

 It seems unfair not recommending to patients the intake of plenty of fruits only 
based on “ It is not shown that the consumption of fruit A or fruit B is protective 
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against cancer ” or even on the base that “ How many fruits must be eaten in order to 
reach the pharmacologic doses of drug X ? (perhaps thinking on bevacizumab, for 
example)” We think that these are insuffi cient arguments. Nobody, in fact, has 
established that emphasizing the intake of certain fruits the cure of BC is guaran-
teed, but that is not a reason to avoid indicating its consumption. We are not talking 
about the use of simultaneous medications.  It is a matter of favouring the organ-
ism with as much as possible, adding and not substracting.  We suggest you not 
to accept but neither generate by yourself a false opposition sometimes created 
between conventional treatments and nutritional support, because there is not an 
actual opposition. Nutrition is a complement.  

  A CANCER      NEEDS GENERATING NEW BLOOD VESSELS TO 
GROW AND DEVELOP ITSELF. PUT YOURSELF IN ACTION 
CUTTING THE NUTRITIONAL SUPPLIES, RECOMMENDING THE 
INTAKE OF FOODS WITH ANTIANGIOGENIC PROPERTIES.  

 Since the hormonal environment occasionally does not seem to facilitate things, 
we should think in making diffi cult the neo-angiogenesis and at the same time, 
improving as much as possible the immune status. The immunity enhancement has 
several ways to be favoured. Let us take into account once again the intake of Ω-3 
PUFAs. In addition, it is also feasible the increase of squalene intake, coming from 
olive oil, or even better from shark liver oil (from deep waters), several fold more 
concentrated than in olive oil. There is limited clinical evidence, but there is a good 
support of experimental and epidemiologic evidence to recommend a supplementa-
tion of this kind. 

 Additional comments deserve, to our knowledge, some products which in the 
last years were known through mass media: prebiotics and probiotics. A useful 
contribution for health has been recognized to them. A complete spectrum of 
“fermented milks” or similar ones, recommended because of their presence of 
lactobacillus (i.e., LGG or LCD) whose action on the intestinal transit and bacte-
rial composition constitute a strong point. They have become a potential preven-
tive factor against colon cancer and other serious pathologies of the bowel. A 
recent study which analyzed antioxidant supplements including vitamins C and 
E in the fi rst 6 months after BC diagnosis  [  32  ]  reported that this practice may be 
associated with reduced risk of mortality and recurrence. Another study found 
that activities of various antioxidant enzymes as superoxide dismutase, catalase, 
glutathione-S-transferase and glutathione reductase, and the levels of reduced 
glutathione were signifi cantly increased (P < 0.01) while, the levels of malondi-
aldehyde and DNA damage were signifi cantly (P < 0.01) reduced in the vitamin 
C and E supplemented group relative to those of patients receiving chemotherapy 
alone  [  33  ] . 
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 We agree with their opinion: Such results do not support the recommendation 
that BC patients should avoid use of vitamin supplements. We also consider neces-
sary to emphasize here, that the enhancement of the immune system, always recog-
nized as convenient and necessary, could be – among other factors – potentially 
helpful against BC at any time, also after the diagnosis  [  34  ] .      

  IF      THE BREAST GLAND DEVELOPED A CANCER, THE IMMUNE 
SYSTEM HAS SOMEHOW FAILED. THE LATTER COULD BE 
RESTORED HELPING THE ORGANISM WITH APPROPRIATE 
FOODS.  
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 Several data, statements and discussions which were given herewith are giving some 
basis to put on action strategies. These are strategies at the individual level, at the 
family or the work level, in the best scenario. However, talking about strategies also 
is meaning to refer us to the idea of planning. Planning involves establishing goals 
and the defi nition of alternative strategies in order to achieve such goals. From a 
practical viewpoint, it is not possible to eliminate achieving goals by chance, but a 
good planning can increase the odds of success. 

 Nevertheless, it is not always possible to make a plan. In other words, there 
would be circumstances under which planning might be completely useless, espe-
cially when you do not have the power of doing things, of accomplishment, of put-
ting theory in practice. Talking about the specifi c issue of diet, we are convinced 
that there is a need of a programmatic, systematic and massive activity to make 
feasible the spread of elemental concepts about the benefi ts of a prudent diet. In 
spite of a future refi nement and improvement of certain concepts about the roles of 
given macronutrient and bioactive substances, about their mechanism of action, etc, 
we consider that there are so evident features that delays for their spreading would 
be nonsense. 

 Planning in the dietary area points to a primary prevention and the communica-
tion through the corresponding publicity plays a key role. The role of social com-
municators is pivotal: there is a need of knowing which people can be reached, how 
could be these people reached and what kind of messages should be transmitted to 
the target population. The intake of those dietary items which were mentioned in 
this book as potentially protective should be turned attractive and convincing at all 
ages, but with special emphasis in children and young people. The different economic 
capabilities of certain subgroups within a population should be also taken into 
account, in order to give them adequate and reasonable alternatives. On the other 
hand, and without excluding the latter phrase, we are also convinced that new risk 
populations or risk subgroups should be redefi ned – at least, an attempt is worth-
while – in order to propose more intense and better defi ned actions for them, com-
pared to the general population. The physician can become a very useful information 

    Chapter 18   
 Nutritional Strategy: From Populations 
to Individuals               
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vector, from the offi ce as a center of knowledge spreading, recognizing the small 
scale that each patient and her family nucleus represent. 

 The strategies designed to minimize the cancer risks, besides, usually cover a 
wide population range. Occasionally it is recognized that the target group could be 
more limited and better defi ned. We have widely talked about this in the chapter of 
Secondary Prevention and it has been our research priority during some years we 
have worked on the area. The main idea was to have in the future superspecifi c pre-
ventive guidelines to be given to those persons who request them. In other words, 
the hope was – and it still is – to achieve a “tailored” prevention projected on the 
basis of an individual risk profi le. 

 Around a decade ago, European proposed something similar in the issue of 
July/2001 of the European Journal of Cancer, through the Brussels Statement pro-
moted by the European Coalition of Breast Cancer  [  1  ] . The 4th point stated that 
“The Conference encourages the researchers to identify a standardised risk assess-
ment methodology suitable for European women”, in order to facilitate the 
research in preventive measures such as, for example, innovative lifestyle modifi -
cations and others. In those years, at the end of the 90’s (advancing at least two 
years the Europeans’ initiative) and also at the beginning of the current century, 
our main objective was the preselection of possible patients with higher risk of 
having a BC, through a novel methodology that used artifi cial intelligence pro-
grams and whose results gave a good base – obviously needing to be improved 
and refi ned – for it practical application. What for the preselection? For example 
and as basic tasks, in order to make mammograms with more frequent periodicity 
than for general population, and to give preventive nutritional advice. A woman 
would receive information allowing her to reduce her risks and at the same time 
she could be recommended to have a different frequency of radiology exams. This 
latter would reduce the potential role of the “window period” between consecu-
tive mammograms. This basic strategy led us to think that it was somehow advanced 
to its time and to its place. 

 Different studies on the supplementation of several substances have demon-
strated that carcinogenesis can be inhibited through the intake of a variety of chemi-
cal products in the diet which are nutrient and non nutrients. An inhibition of 
tumorigenesis through the blockage of carcinogen activation was observed, as well 
as through antioxidant and antiproliferative activity, in order to mention common 
examples. Nevertheless, experimental studies in animals have helped us, on one 
hand, to understand the possible actions of dietary components in the modulation of 
carcinogenesis, but on the other hand we should be cautious about extrapolating to 
humans the information obtained from animal studies. Important differences have 
been seen between the metabolism of carcinogens in animals and humans. In addi-
tion, several experimental studies have used high doses of “preventive” products to 
be analyzed, and we do not always know whether the doses used in such products 
could be effective in humans (due to low levels), or if they could be toxic (due to 
high levels or a prolonged intake). Hence, the use of combinations of several pre-
ventive agents which are “softer” or tolerable would be a  more practical  approach 
for the prevention of cancer in general population. This is a reality when a more 
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frequent intake of fruits and vegetables, for example, is proposed as a simple initial 
measure to reduce in the future the cancer rates. 

 We have already mentioned that some researchers of the developed World have 
demonstrated the effi cacy of a multimodal approach of the problem, through tele-
phone counsel, informative reunions, periodic bulletins and cooking classes  [  2  ] , 
achieving some changes in the dietary habits of women who were previously treated 
because of having a BC diagnosed. It seems that a strategy should be developed fol-
lowing this path and not through isolated and uncoordinated impulses. 

 We are facing some paradigms which can be followed and developed and adapted 
to the own profi le of each population and its culture and customs. It has been already 
demonstrated that an intervention with exercises and diet in patients with BC under 
chemotherapy  is something feasible   [  3  ] . In particular, diet was able to improve 
quality of life in BC patients, mentally as well as physically  [  4  ] . Regarding all these 
facts, there is a change of mind that should be operating in us but as a society and 
not only in the patients. 

 Anyway, one must recognize that some of these points correspond to be managed 
by specialists in Public Health and authorities of the healthcare systems. They also 
are part of that society who needs to open its mind to the acquisition of new ele-
ments (and not always expensive ones) in order to improve the results, before and 
after the disease. Undoubtedly, the idea of health authorities promoting diet and 
exercise in institutions admitting patients affl icted with BC sounds somehow 
strange. The World has still not reached that and the underdeveloped societies even 
lesser. We think that it is not always a matter of extraordinary fi nancial resources to 
account with in order to achieve certain goals. Sometimes, the will and coordination 
operating together are those who achieve them. 

 We want to emphasize, anyway, the positive role of spreading at a reduced scale 
that each woman can have beginning from her own family group. We have already 
mentioned the idea of  transgenerational prevention . It is of utmost importance. But 
we must consider the whole family core, including the husband or partner, together 
with children, also expanding the infl uence to siblings and their husbands and wives, 
when they are present. We can think about some features of the nutritional counseling: 
it is cheap, relatively easy and it could reach the 100% of women. In addition, from 
a practical viewpoint and also from the viewpoint of the health impact, it appears as 
more attractive the risk reduction in 1/3 in the 100% of women than a risk reduction 
of 2/3 in a selected high-risk group, perhaps a 10% of women. If secondary prevention 
is advancing one step before the disease, you Doctor, Nutritionist or health profes-
sional can advance another step with primary prevention. 

 Probably some time will be needed to have a consensus about a general dietary 
strategy for primary prevention of BC. In order to cover the largest fraction of 
population, we must restrict some aspects which at the individual level might be 
adequate, because variability among populations is high. Despite some exceptions 
(i.e. at a genetic level) we can manage a general concept that  physiology is similar 
among women from different continents and countries, but environmental factors 
are not . In particular diet, the most important one, it is not. Some dietary patterns 
which are country-specifi c or even region-specifi c are being recognized, and this point 
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has been analyzed in the corresponding chapter. It sounds as logic, besides, that 
there are not too much common features between some Spanish and Scandinavian 
populations, for example. We expect to fi nd some similarities in the observations on 
the menstrual and reproductive history, which were performed in women of different 
parts of the World. However, we cannot expect such similarity for a possible role of 
diet, due to the important differences that currently exist between Western and 
Eastern societies, between South and North, between rich and poor populations, 
between literate and illiterate women. That is why migrants studies have been so 
useful and why so remarkable differences of incidence exist in the World. 

 When doing these considerations, it seems almost inevitable that a refl ection 
arises: if environmental factors are the main ones which condition the genesis of 
BC, and if those identifi ed environmental factors differ so much among populations, 
then, how can we imagine that any environmental factor be applied to any popula-
tion at any place, in order to reduce the impact of the disease? Moreover, if diet is 
the most important of those environmental factors, how we will do in order to apply 
a dietary factor which is important within a given population in other very different 
population? There is a risk that its application might not be useful. The environmental 
factors are not all universal: this is a concept we should thoroughly think about. 
Some of them (i.e. a high intake of red meat exposed to direct heat) fulfi l that requi-
site and the evidence collaborates in such sense. But on the contrary, since diets are 
complex because they are composed by several ingredients and in different propor-
tions, it is not likely that the same occurs with all those ingredients. We should 
admit the possibility of varieties for each population. 

 The scientifi c literature generated in the last years, guides towards a reinforce-
ment of the idea of risk and prevention individuality  [  5  ] . It makes nonsense to insist 
about proposing a simple low-fat diet. The absolute amount of dietary fat is not a 
major problem, but a qualitative one. There are some fats that increase the risk if 
their intake is excessive and there are other fats whose insuffi cient intake becomes 
a risk for the disease (i.e. the omega-3 PUFAs). It should be taken into account that 
an inadequate reduction of certain fats means a deprivation of liposoluble vitamins 
(A,D,E,K), which could represent health problems. Just as it usually happens in all 
scientifi c fi elds, along time we were obliged to accept that the facts probably were 
not such as the initial evidence suggested. Fat-rich diets were associated with a 
higher incidence of BC in animal experimental studies; the studies analyzing cor-
relation between the fat disappearance in the market and the incidence rates of the 
disease showed that those populations who were more exposed to fat intake dis-
played more BC; nevertheless, the cohort studies did not evidence a higher risk for 
total fat intake. 

 Besides, it is not either convenient to simplify reducing the fat intake, just as a 
magic solution. If fat percentage falls from a 50% to a 25%, the respective carbo-
hydrate and protein percentages increase automatically. For example, we cannot 
considerably raise the carbohydrate proportion without leading to an excess which 
probably derive into a hyperinsulinism. The energy cannot be given mainly based 
on fruits and vegetables. We should moderate the proportions of carbohydrates and 
proteins, in order to slow down their absorption without producing insulin peaks, 
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which would be potentially harmful if they are systematically repeated. In this 
sense, we consider a very good choice that proposed by B. Sears  [  6  ] , who talks 
about moderate proportions in carbohydrates, proteins and fats. Aside from these 
similar proportions, eating proteinic foods (i.e. meats, dairy) together with carbo-
hydrates would be recommendable, since the latter can have a slower absorption 
and determine a slower insulin release by the pancreas, together with glucagon 
release by this organ. With that aim, the recommendation of eating every 4–5 h if 
possible before having the appetite sensation (such as diabetic people), is excellent 
and well supported. 

 It was necessary to refi ne the epidemiologic research to begin fi nding what was 
beyond total fat: some of the fat subtypes have infl uence in one sense and some 
other subtypes in the opposite sense. We remark that although physiology is essen-
tially similar among persons, biology shows individual differences: there are people 
who respond with differences of intensity but in the same sense, when they are 
exposed to a given agent. In other words, there will be women in whom a given 
exposure to certain fats will be harmful and others in whom completely neutral. In 
the same way, it is already known how there are women who process faster and 
women who process slower the heterocyclic amines produced in the cooking pro-
cess of fried or barbecued meat. These differences, depending on certain gene poly-
morphisms, increase the probability that some of them be affl icted by mammary 
carcinogenesis and others will not, because their organisms achieve sooner or later 
the detoxifi cation of the quoted substances  [  7  ] . 

 This does not mean that we are obliged to manage only a limited group of gen-
eral recommendations. Regarding that nutrition has an important local and regional 
value, if risk and protective factors are identifi ed at a local or regional level, we can 
count on a wider spectrum for recommendations to general population. We need to 
emphasize again that: since physiology is universal, recommendations on a physi-
ological basis have universal application. But on the contrary,  since diet is local or 
regional, nutrition-based recommendations might have potential application at a 
local or regional level . They could be restricted concerning their universality, but 
increase their useful value at a national or regional scale. 

 What kind of potential usefulness would have in Scandinavian women the intake 
of a “stew” – a potentially protective way of cooking meat among Uruguayan pop-
ulation –, being prepared just as in Uruguay or Argentina? Perhaps they could 
manage a new and different choice of meat preparation, but, what about the meat 
types, the vegetables features, for example? In the Scandinavian geographic and 
socio-demographic context, with extreme cold weather, lower vitamin D synthesis, 
low birth rates, etc, what is to be expected? We do not have answers to these 
questions, especially when several years of exposure are needed. The modality of 
stewed meat could be protective within the Rio de la Plata way of life, but we do 
not have certainty that its apparently protective association could be extrapolated 
to places located so far in the World. 

 We ignore the hormonal receptors level of each woman (assumed as normal) and 
there is still lack of evidence that may lead us towards the nutritional style for a 
woman with very positive estrogen receptors or for a woman with negative  receptors. 
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We are based only on data from those who have been surgically operated and their 
information was obtained from the pathologist who analyzed the corresponding 
tissues. When mentioning the hormonal receptors, recommendations are supported 
mainly on a logic criterium and the biologic plausibility. If for example, no protec-
tive effect from fruit intake is found in a studied population (some studies on BC 
reported this fact), enhancing the fruit consumption with the expectation of reduc-
ing the risk of the disease does not seem much reasonable. Obviously, the positive 
contributions of fruits cannot be denied, and one cannot avoid recommending their 
intake, since it is feasible that they actually are protective against several other pos-
sible diseases. On the contrary, we have already confi rmed again and again that the 
intake of citrus fruits is relevant concerning their protective role against BC among 
the Uruguayan women. After this confi rmation, we recommend a high intake of 
those fruits, despite large international studies have not found the same results. 
Citrus fruits are worthy for the Uruguayan woman within their dietary frame, and 
that is enough for us. We repeat again the concept to the reader: from now on, we 
should be accepting the local or regional value of foods, looking for a good health. 

 The reader might have wondered once or more, what will be the right concept 
when one report communicates that a given food reduces the chances to develop the 
disease and other paper says that such food does not reduce nor increases the chance 
of developing a disease. Those who are accustomed to epidemiologic words and to 
investigate in this fi eld, will not feel strange. It is convenient to express it in other 
words. All this has to do with evidence: the concepts in scientifi c research are 
perfectible and the evidence accumulates in one or in other sense. Since there are no 
fi nal questions, there are neither defi nite answers. While evidence is getting bigger 
in one sense more than in the other, we begin to accept that an event is more likely 
to occur the higher is the exposure to a factor. This fact, which is true in groups, does 
not occur always in individuals.     
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   Summary 

 In order to give personalized preventive recommendations, on a basis of 
 country-specifi c research fi ndings and putative risk and protective factors which 
are mostly modifi able, we developed an individual risk profi le report oriented to 
lower the woman’s risk level of breast cancer as much as possible. The available 
data are requested through a thorough questionnaire on sociodemographics, family 
history of cancers, reproductive history, diet, lifestyle and occupation, completed 
with a detailed anthropometric assessment, which allows calculation of body com-
position and somatotype. Additional information is obtained from non-clinical 
tests as mammography and selected laboratory results. A series of 20 items – which 
includes family history of cancer; reproductive factors; intake of: red meat, white 
meat, dairy foods, oils and fats, high glycemic load foods, vegetables and fruits; 
alcohol consumption; physical activity; psychosocial stressors; metabolic distur-
bances; other medical factors; fat-to-muscle ratio; serum vitamin D level; urine 
2:16  a -OH estrogens ratio; serum triglycerides/HDL ratio; fasting insulinemia, 
and mammographic density – is taken into account to compose a tailored risk pro-
fi le, which enables us to give the patient a number of useful guidelines. Patients 
should undergo a follow-up during a minimum time of 1 year, with the aim of 
checking whether the expected changes are having place or not. Although general-
izability of the proposal is limited in the case by populational features of Uruguayan 
women, it is feasible from a practical viewpoint, taking into account the necessary 
resources for its application.  

   Background 

 Along the last decades, scientifi c literature on BC has consistently stated the 
convenience and need of more personalized preventive strategies. Concerning 
secondary prevention, the low benefi t/cost ratio of mass screenings led to some 
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researchers to test selective screenings  [  1–  9  ] , with the aim of improving such 
ratio, but those  strategies usually failed at the same point: many “false nega-
tives”, which preclude any strong impact on public health. When such attempts 
are analyzed in detail, it can be appreciated that only a few variables had been 
used as classifi cators. 

 In this sense, the Gail-Constantino method  [  10,   11  ]  was an interesting proposal 
for risk prediction, but it can be argued that non-white and non-American women as 
well others with different environmental or ethnical factors could not receive the 
benefi t of its classifi cation capabilities. 

 Other proposals like the one of Djordjevic  [  12,   13  ] , using an arithmetic score 
based on 27 variables, and ours  [  14–  17  ] , using artifi cial neural networks models 
working with 30–55 variables – related to socio-demographics, family history of 
cancer, reproductive history, dietary history and lifestyle –, led us to think that 
whereas with few classifi catory variables we were able to work at a population 
level, we could operate at an individual level only working with a large number of 
them  [  18  ] . Nevertheless, its practical application was diffi cult due to its own com-
plexity and length. 

 Instead of assessing complex individual risks for further classifi cation to be 
used in secondary prevention, a multifactorial disease as BC gives the chance to 
design a simple but complete report based on the main risk factors destined to 
preventive guidelines. After having identifi ed the principal risk and protective fac-
tors for BC among Uruguayan women  [  19  ] , we developed such type of report, 
which is currently in a pilot phase, and one of the objectives of this chapter is to 
communicate is to present its background and features. The fi rst communication 
about the Breast Cancer Risk Profi le (BCRP) was done within a recent interna-
tional congress  [  20  ] . 

   2/16  a -OH Estrogens Ratio 

 Although there is still controversy about it, the 2  a -OH estrogens have been con-
sidered as “good” ones and the 16 a -OH estrogens as “bad”  [  21  ] . Experimental and 
clinical evidence suggests that 16  a -OH estrogen metabolites, biologically strong 
estrogens, are associated with BC risk, while 2  a -OH metabolites, with lower 
estrogenic activity, are weakly related to this disease  [  22–  26  ] . So, Women who 
metabolize a large proportion of their estrogen via the 16  a -hydroxylation path-
way could be at a higher risk of BC  [  27  ] . Body composition was associated with 2 
 a -OHE1 and 16  a -OHE1 levels: while thicker skinfolds were associated with 
higher 16- a  OH levels  [  28  ] , an increase in lean body mass was associated with an 
improvement in 2/16  a  -OHE1 ratio  [  29  ] . It has been suggested that women at 
higher risk for developing BC because of low 2/16 ratio may reduce their risk by 
participating in lifestyle interventions such as exercise/calorie restriction  [  30  ] .  
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   Vitamin D 

 Currently, substantial epidemiologic and experimental data support a role for 
 vitamin D in cancer prevention, despite of some inconclusive evidence  [  31,   32  ] . 
On the basis of ecologic correlations of BC incidence rates  [  33  ]  or BC mortality 
rates and solar radiation exposure levels  [  34,   35  ]  it has been suggested that a 
lack of sun exposure, which would mean a defi ciency of vitamin D, could be a 
risk factor for BC. According to a recent pooled analysis, intake of 2000 IU/day 
of Vitamin D3 and a very moderate exposure to sunlight, could raise serum 
25(OH)D to 52 ng/ml, a level associated with reduction by 50% in incidence of 
BC  [  36  ] . The original study of Thomas et al.  [  37  ]  reported a large proportion of 
hypovitaminosis D found in an American general hospital in population. 
Besides, preliminary results of a pilot study on measurement of serum vitamin 
D in healthy young adults performed some years ago in Uruguay  [  38  ]  revealed 
a high frequency of hypovitaminosis D in the studied sample. Also, a recent 
study on postmenopausal women reported a seasonal variation of plasmatic 
vitamin D levels, with maximal values in summer and minimal ones in winter 
 [  39  ] . Also, considering that human breast cells have vitamin D receptors, there 
is a biologically plausible basis for the hypothesis that vitamin D can contribute 
to protect against BC  [  40  ] .  

   Triglycerides/HDL Ratio Hypertension, Diabetes, 
Insulin Resistance 

 The incidence of BC in the Western world runs parallel to that of the major 
components of the insulin resistance syndrome: hyperinsulinemia, dyslipidemia, 
hypertension, obesity and atherosclerosis. The literature has already recognized 
possible roles for hypertension, obesity, increased levels of insulin and Insulin-
like Growth Factor I in the risk of BC  [  41–  43  ] , mainly among postmenopausal 
women. Women with abdominal obesity exhibit evidence of insulin resistance 
and hyperinsulinemia  [  44  ] . The metabolic syndrome, which is characterized by 
visceral obesity, glucose intolerance, hypertension, and dyslipidemia (low 
serum high-density lipoprotein cholesterol HDL-C and high serum triglycer-
ides), has a high and increasing prevalence in parallel with increasing BC inci-
dence worldwide  [  45  ] . There is evidence that the growth of BC is favoured by 
specifi c dietary fatty acids, visceral fat accumulation and inadequate physical 
exercise, all of which are thought to interact in favouring the development of the 
insulin resistance syndrome  [  41  ]  .  Obesity increases the risk of vitamin D defi -
ciency  [  46  ] . Once vitamin D is synthesized in the skin or ingested, it is depos-
ited in body fat stores, making it less bioavailable to subjects having large of 
such fat stores.  
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   Psychosocial Stress 

 Stress, mood, emotions, social support are among the main psychological variables 
whose relationships with BC have been studied  [  47,   48  ] . Among psychological 
variables that can infl uence on the course of cancer are grief, desperation, depres-
sion and abandonment. But for other factors, literature still remains inconsistent 
 [  49–  52  ] . Psychological stress, generated by desperate circumstances, very demand-
ing tasks or the lack of social support is possible to be harmful for health  [  53  ] . The 
hypothesis on which this is based states that both chronic and acute stressing factors 
alter the susceptibility of the host or even they become directly pathogenic as they 
affect neuroendocrine functions  [  54  ] . Animal experimentation had shown that 
psychosocial factors can infl uence on tumor evolution  [  55  ] . Furthermore, psycho-
logical factors were even postulated as promoters of cancer development  [  56  ] . We 
have recently published some results that support the existence of certain associa-
tions of different psychosocial aspects and the risk of BC. Signifi cant increases in 
risk were associated with dissatisfaction from social status, from friends’ relation-
ships, from job/profession and also from received education  [  57  ] . A borderline two-
fold increase in risk was also observed for the occurrence of a fi rst traumatic episode 
since age 50. Other sources of dissatisfaction or stressful events have tended to dis-
play non signifi cant increases in risk or lack of association. No potential stressor 
was found negatively associated, in the sense of a protective effect.  

   Anthropometric Assessments 

 A positive association of central adiposity with postmenopausal BC risk and also a 
weaker association for pre-menopausal women were found in some studies  [  58–  65  ] . 
Our results show that certain body measurements are associated with BC risk in the 
analyzed population, despite of menopausal status and BMI level  [  66–  68  ] . In our 
studies on body composition and somatotype, the highest quartiles of the fat amount, 
the fat percentage and the endomorphism showed signifi cant risk increases of BC, 
whereas the ectomorphism was borderline associated. On the other hand, muscle 
weight and fraction were always inversely associated to the risk of BC. After having 
found an increase of risk with high adipose amount and fraction, as well as with a 
slender or round body type, strong linear trends, and biological plausibility for the 
associations, we proposed that the body fat through its 3 components (amount, frac-
tion and distribution) might be independent risk factors for the studied population.   

   Methodology Features 

 A review of updated specialized literature on BC risk factors and an analysis of the 
Uruguayan epidemiologic studies on BC  [  18,   19,   69  ]  were performed. The ques-
tionnaire that has been used for the local studies has been tested for reproducibility 
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with good results  [  70  ]  and is the base for requesting information to patients. It 
includes a food frequency questionnaire (FFQ) with 120 items; a complete history 
of tobacco, alcohol and  mate  consumption; a complete menstrual and reproductive 
history; a detailed family history of cancers; some selected items on metabolic 
disturbances (history of hypertension, diabetes, hypercholesterolemia, hypertrig-
lyceridemia, gall bladder lithiasis and hyperuricemia); a socio-demographic sec-
tion. We added queries on psychosocial stressors from an adapted questionnaire 
used a few years ago  [  57  ]  and also a complete series of anthropometric measures 
involved in recent studies, which enables us to calculate body composition and 
somatotype  [  66,   67  ] . 

 Anthropometry equipment includes a height scale and headboard. For body 
measurements a plastic centimeter at intervals of 0.5 cm (circumferences), a ver-
nier caliper (diameters) and a skinfold caliper (skinfolds) are used. Subjects are 
weighed wearing minimal clothing. If two consecutive measurements are similar, 
the obtained value is registered as valid. If both are different (± 1 mm for skinfolds 
and diameters, ± 0,5 cm for circumferences), a third one is taken and the median 
value is then registered. Measurements are performed according to Carter’s 
Instruction Manual  [  71  ] . 

 The questionnaire is administered to each patient in person by a trained nurse. 
Questions and anthropometric measurements require around 1 hour of time and are 
performed at the medical offi ce. 

 The 20 items that were used to build the BCRP – including their categories of 
high-risk- were the following:

    1.    Menstrual-reproductive factors (menarche < age 12, nulliparity, fi rst delivery 
after age 30, no breastfeeding, menopause > age 55)  

    2.    Family history of cancer (sister with BC at age < 48; mother with BC at age < 55; 
mother + sister with BC and/or ovary cancer (any age)); >1 sister with BC (any 
age); father with BC; mother + aunt with BC and/or ovary cancer (any age); 
sister + aunt with BC (any age); sister or mother with ovary cancer; grand-
mother + mother with BC and/or ovary cancer (any age)  

     3.    Red meat intake (beef, barbecue, fried meat >3 times/week)  
    4.    White meat intake (not fried fi sh <1 time/week; fried fi sh; chicken with skin/fried)  
    5.    Fruit intake (orange, tangerine, orange juice <3 units/week; non citrus fruits < 3 

units/week)  
     6.    Vegetable intake (tomato <2 units/week; lentils, beans <1 time/week; cauli-

fl ower, broccoli, cabbage <1time /week; green leaf vegetables <2 times/week)  
    7.    Dairy foods (whole milk, fatty cheeses >4 times/week; cream, caramel > 1 time/

week; yoghurt, ricotta cheese < 2)  
    8.    Oils and fats (sunfl ower or soy oil >4 times/week; eggs, mayonnaise >3 times/

week; snacks like French fries >2 times/week; no olive oil intake)  
    9.    High glycemic load foods (white sugar, custard, dessert, marmalade > 1 time/

day; pasta >3 times/week; white bread, cakes, other bakery products >1 time/
day; soft drinks with sugar > 1 small bottle/day)  

    10.    Anthropometric features (fat >27%; muscle <38%; fat/muscle ratio >1.7; body 
mass index >30 kg/m2)  
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    11.    Physical activity for leisure (<2 times/week)  
    12.    Other medical items (thyroid diseases, polycystic ovary syndrome, hyperten-

sion, benign breast diseases)  
    13.    Triglycerides/HDL ratio (according to Table)  
    14.    2/16  a -OH estrogens ratio (according to Table)  
    15.    Serum vitamin D level (according to Table)  
    16.    Fasting insulinemia (according to Table)  
    17.    Metabolic disturbances (dislypidemia, hyperuricemia, diabetes)  
    18.    Psychosocial stress (dissatisfaction from social status, friends relationships, 

job/profession and received education; traumatic episode that changed life for 
>2 weeks)  

    19.    Alcohol consumption (beer, hard liquor >2 times/week)  
    20.    Mammographic density (according to Table)     

 In order to classify each item, we established the following criterium: 
Variables were divided into tertiles, according to the controls’ distribution, 
that means, the reference is the normal population. The assignment of a low, 
medium and high risk value was done depending on the variable nature and its 
association to the risk of BC. Some variables (dietary, anthropometric) were 
divided according to such criterium. Therefore, a low value of red meat con-
sumption leads to classify this item as “low risk” but if it describes the intake 
of citrical fruits, it would classify this latter as “high risk”. Other variables 
(laboratory tests, mammographic density, family history of cancer) allow a 
classification based on known cutoff points. Table  19.1  summarizes the cutoff 
points used for classification in this latter group. A third group of variables 
(menstrual-reproductive, psychosocial stress, other medical factors) requires 
a subjective and thorough procedure for combining several items, based on the 
knowledge of them.  

 The report consists of an initial sheet including the 20 selected areas (Fig.  19.1 ), 
each one of which has an established risk classifi cation level that is fulfi lled accord-
ing the previously described criteria. The right cell of each item is completed with a 
cross or tick. Then, additional sheets including recommendations according to each 
analyzed item complete the report. A detailed anthropometric description is dis-
played, which can be compared with future assessments.   

   Table 19.1    Selected cutoff points used for classifi cation in the risk profi le report   

 Variable  Low risk  Medium risk  High risk 

 2/16  a OH-estrogen ratio  >2  1.7–2  <1.7 
 Triglycerides/HDL ratio  <2  2–4  >4 
 Serum vitamin D level (ng/ml)  >40  30–40  <30 
 Fasting insulinemia ( m U/ml)  <10  10–15  >15 
 Anthropometry (fat/muscle ratio)  <1.2  1.2–1.8  >1.8 
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   Breast Cancer Risk Profi le 

 The proposed strategy does not imply to consider or discard well-known interven-
tion measures like prophylactic mastectomy or chemoprevention, but it is actually 
focused on modifying several modifi able factors – mainly related to nutrition and 
lifestyle – in a tailored way. A high-risk category could be assigned based mainly 
on nutritional, metabolic or anthropometric features, even in the absence of clas-
sic risk factors. We have already recognized some years ago  [  17  ]  that the nutri-
tional profi le might be considered as a potential risk profi le of populations and 
individual subjects. 

 Currently, scientifi c evidence coming from basic experimental, epidemiologic or 
clinical research enables us to consider BC as a complex hormonal, metabolic and 
also immune problem. Although hormones have been recognized for long time as 
the core of the problem, recently the 2:16  a -OH estrogens ratio has been suggested 
as an independent risk factor  [  72  ] , which is particularly infl uenced by diet, anthro-
pometric features, lifestyle and genetics. 

HIGHMEDLOW
Classic factors

Dietary factors

Medical factors

Other factors

Menstrual-reproductive
Family history of cancer
Red meat intake
White meat intake
Fruit intake
Vegetable intake
Dairy foods
Oils and fats
High glycemic load foods
Anthropometric features
Physical activity
Other medical items
Triglycerides/HDL ratio
2/16 α-OH estrogens ratio
Serum vitamin D level
Fasting insulinemia
Psychosocial stress
Tobacco smoking
Alcohol drinking
Mammographic density

  Fig. 19.1    Sheet    features of the risk profi le          

  Patient:     Date:
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 For pure primary prevention and also for prevention of BC recurrence, we think 
that there is a great potential of impact on the cancer risk through the management 
of the levels of “good” (2  a -OH) and “bad” (16  a -OH) estrogens. This can be 
achieved by correcting the current levels of some selected items. Even though it is 
not acceptable the idea of an only cure or preventive measure for BC, the fact that 
several measures have convergence on the control of amount and quality of estro-
gens, is something we can take profi t of. 

 Besides, periodically monitoring markers like the 2/16  a -OH estrogen ratio, the 
serum vitamin D level, the triglycerides/HDL cholesterol ratio and the fasting insu-
linemia, allows us to know about the background metabolic-hormonal condition of 
the woman’s body. If the patient is a cancer patient, we are offering her complemen-
tary surveillance to that performed by the Oncologist or the Mastologist. These 
specialists usually perform a follow-up mainly based on tomography, scintigraphy 
and cancer biomarkers together with a clinical examination. While they are looking 
for any cancer signals, we are looking for certain signals which can refl ect a physi-
cal conditioning favourable or not to cancer. Hormonal and metabolic profi les sug-
gest a potential role for the Endocrinologist in the management of patients, perhaps 
in such a way it might has not been thought previously. 

 Years ago, an ELISA method was available for direct measurement of the sum of 
2-OHE1 and 2-OHE2 metabolites and of 16 a -OHE1  [  73  ] . It was accepted that the 
value of the 2/16 a  ratio in a single urine sample refl ects reasonably well an indi-
vidual’s level of the biomarker over a 2 month period  [  74  ] . For urine specimens a 
reference limit of > 2.0 is generally used for the 2 a -OHE1/16 a -OHE1 ratio mea-
sured by the ELISA method, and this can derive into the concept that people with 
2/16 a  ratio values below 2.0 should be advised of measures that can stimulate 
2-hydroxylation  [  72  ] . 

 It is important to remark that the recommendations derived from the BCRP are 
aligned with the established therapies. There is no potential confl ict. Furthermore, 
the scientifi c evidence brings us support in the sense that one of the main objectives 
to reach through the BCRP is the quantitative and qualitative change of endogenous 
estrogens – mainly the achievement and maintenance of an adequate 2/16  a -OH 
estrogens ratio-. To our knowledge, this is a core zone of the BC problem, to which 
there is a convergence of several lines (e.g. reproductive, dietary, anthropometric, 
environmental). 

 Some limitations of the method are to be recognized. First, the collected infor-
mation takes into account local or regional data, which were thoroughly obtained 
through case-control studies. This fact limits generalizability of the procedure, since 
some items that are country-specifi c (diet, anthropometry) cannot be extrapolated 
elsewhere. Each country or region should construct its own reference values. Second, 
also related to this latter, appropriate cut-off points could be assigned only for some 
laboratory results, but neither for dietary intakes nor for anthropometric results or 
for psychosocial stressors, provided they all might represent population-specifi c 
features. Third, the risk category assignment of certain items is arbitrarily per-
formed, albeit it is done on a basis of knowledge derived from the specifi c studies. 
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Whereas values obtained from laboratory tests lead to a quantitative classifi cation, 
nutritional and other items allow us to perform mostly qualitative estimations. 

 Additional questions arise from the proposed strategy. One of them is referred 
to the opportunity for the recommended changes derived from the BCRP. 
In  asymptomatic women, we are not able to express a risk reduction in terms of 
time requirements for such reduction. Albeit it is reasonable to accept that every 
woman can benefi t herself from major nutritional and lifestyle changes, it is also 
easy to suppose that the potential impact on BC risk would be stronger, the earlier 
those changes take place. We could move backward in time, recognizing that during 
childhood it would be good and during life in utero perhaps it would be the best 
period for a new style. 

 Other question refers to the individual degree of proposed guidelines. We should 
recognize that the knowledge basis was achieved on epidemiologic studies involving 
certain population groups. So, each subject who is interviewed and measured 
through the BCRP shares some features with other different subjects, but an assump-
tion of a given risk or protective level is still merely speculative. In a future, the 
results of nutrigenetics and nutrigenomics perhaps will clarify these points, but in 
the meantime, we must deal with some degree of uncertainty. 

 In conclusion, we described the background and features of the so-called BCRP 
report, which intends to become an individual preventive tool and is still in a pilot 
phase of development. The report is based on 20 items, most of which were selected 
from relevant data coming from local case-control studies. Although generalizability 
is limited by this local value of certain variables, methodology seems to be feasible 
elsewhere from a practical viewpoint.      
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