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4.1 Introduction

Oestrogens, the primary female sex hormones, are mainly
involved in the formation of female sex organs and second-
ary sex characteristics, including breast development, control
of the menstrual cycle and reproduction. Concerning their
effect on breast tissue, oestrogens are directly responsible for
inducing the ductal component of breast development, as
well as for fat deposition and connective tissue growth.
Therefore, they are highly linked to female breast growth
during puberty and breast maturation during pregnancy
which lead to lactation and breast-feeding. Over and beyond
their physiological central role in breast epithelial tissue
growth, however, oestrogens are also involved in breast carci-
nogenesis through a proliferative impact on breast tissue.
Breast cancer, the most common type of cancer among
women both in the developed and the developing world, is on
the increase. Genetic risk factors account for a steadily
increasing proportion of disease causation as scientists
develop a better understanding of the numerous potent,
moderate and minor impact genes and polymorphisms on
risk (see » Chap. 5). Interestingly, lifestyle factors, including
physical activity, weight and diet, seem to contribute most to
the observed increase in the frequency of female breast can-
cer. Hence, identification of factors implicated in oestrogen-
induced carcinogenicity and recommendations on modifiable
behaviours are elements of paramount importance for cancer
prevention programmes. This chapter aims to summarize
current evidence on the impact of exposure to oestrogens,
use of exogenous pharmaceutical agents related to female
hormones, obesity, exercise and diet on breast cancer risk and
outcome; to present potential gains in breast cancer preven-
tion where behaviour modification is to be achieved at popu-
lation level; and to introduce domains for further research.

4.1.1 Endogenous Oestrogens and Proxy
Measurements of Oestrogen Exposure

Endogenous Oestrogens

Among oestrogens, oestradiol, the most biologically active
oestrogen during reproductive years, and oestrone, the major
circulating oestrogen after menopause, comprise the most
well-studied female hormones. Oestradiol may be found in
the circulation either bound to sex hormone-binding globu-
lin and albumin or in an unbound form; free and albumin-
bound oestradiol is thought to be highly active and readily
available to breast tissue. On the other hand, oestrone can be
directly converted to oestradiol either in the peripheral adi-
pose tissue or by sulphatase and 17-beta-dehydrogenase
intracellularly in breast cells [1].

Early evidence regarding the association between circulat-
ing oestrogen levels and breast cancer risk was derived from
case-control studies despite their inherent limitations on
account of oestrogen levels after diagnosis and via heteroge-
neous assessment methodologies (direct measurement, extrac-

tion or mass spectroscopy). Subsequently, these results were
confirmed in large prospective studies, and an association
between high circulating oestrogen levels and risk of breast
cancer in postmenopausal women was established. A recent
meta-analysis of these studies, encompassing 4302 breast can-
cer cases, showed that in postmenopausal women incremental
quantiles of oestradiol levels (E2) increased breast cancer risk
by a factor of two (OR for highest vs. lowest quantile = 2.15) [2];
a similar effect was also reported for oestrone (E1; OR = 1.81).
Indeed, this study confirmed findings from an older pooled
analysis [3], which had shown an increase in risk of postmeno-
pausal breast cancer by increasing quantile of free oestradiol,
bioavailable oestradiol, total oestradiol, oestrone and oestrone
sulphate. Interestingly, more recently diverse effects by levels of
hormone receptor expression of the tumour were shown, par-
ticularly the elevated risk of postmenopausal breast cancer by
increasing circulating oestrogen levels pertained only to the
hormone receptor-positive tumours [4], providing evidence for
a biologically plausible explanation on the action of oestrogens
via these receptors. The data for premenopausal women are
limited due to cyclical variations in hormone levels during
reproductive years making these studies challenging. Despite
this a recent pooled analysis of seven prospective studies
showed an increased risk of premenopausal breast cancer when
concentrations of total oestradiol (OR = 1.19), free oestradiol
(OR =1.17) and oestrone (OR = 1.27) were doubled [5].

Proxies of Endogenous Oestrogen Exposure:
Early Age at Menarche and Late Age at
Menopause

Menarche signals the onset of exposure to ovarian hormone
cycling, whereas menopause signals its cessation and the
transition to a hypo-oestrogenemic environment. Evidence
suggesting that earlier menarche and later menopause
increase the breast cancer risk is consistent and quantified to
a 5% increase in the risk with a 1-year decrease of age at men-
arche according to the largest to-date study of 120,000 breast
cancer cases [6]. Adolescents with an earlier menarche have
been shown to have increased urinary oestrogens around
puberty, indicating increased exposure to ovarian hormones
at a time of high breast tissue responsiveness [7]. There is also
evidence that earlier menarche may determine circulating
oestrogen levels even later in womens life, at the menopausal
transition [8].

Conversely, breast cancer risk in postmenopausal women
decreases by 2.9% by 1-year increment of age at menopause
[6]. Possible reasons for the protective effect of earlier meno-
pause seem to be the abrupt decrease of circulating sex hor-
mone levels during menopause [9] and the shorter overall
period of exposure to cycling endogenous hormones. The
evidence for a decreased breast cancer risk conferred in case
of surgical menopause via bilateral oophorectomy is compel-
ling [10]. In particular, a 50% lower risk was observed among
women with oophorectomy before the age of 45 years [11],
whereas the risk did not seem to decrease among women
after hysterectomy with preservation of the ovaries [12].
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Proxies of Endogenous Oestrogen Exposure:
Childbearing

Nulliparous women are known to be at increased breast cancer
risk compared to parous women [13], but this effect is more
complex than initially thought. In particular, prospective stud-
ies have found that there is a transient increased risk after
delivery among parous compared to same-age nulliparous
women for a short-term period calculated up to 15 years [14].
Eventually, however, this effect reverses with a long-lasting
protection of parous women for the rest of their lives and a
further modestly decreased level of risk for every subsequent
pregnancy. Thus, the cumulative breast cancer risk is overall
decreasing with parity, given that breast cancer is more com-
mon among older women, and the increased risk following a
pregnancy is extended to a period until the 40th to 50th year of
age when baseline breast cancer rates are generally lower [15].

A younger age at first pregnancy is associated with
decreased breast cancer risk [13, 16]. Although varying by
study, each additional year of age at first childbearing leads to
an increased premenopausal and postmenopausal breast
cancer risk of 5% and 3%, respectively [16]. Additionally,
women bearing their first child after 35 years compared to
those with a first full-time pregnancy before 20 years, show
an increased breast cancer risk of 30% [13].

The mechanisms underlying the parity-breast cancer
associations relate to lifetime and parity-induced changes in
the breast tissue. Before childbearing, the breast tissue of a
woman of reproductive age contains a large number of undif-
ferentiated glandular epithelial cells, characterized by higher
proliferation and division rates and a stronger malignant
potential, whose differentiation is gradually evolving. Parity
promotes the differentiation of these cells making them more
resistant to carcinogenic stimuli, thus decreasing the risk of
breast cancer [17]. An earlier pregnancy indicates an earlier
differentiation of glandular epithelial cells and thus a short-
ened period of exposure of undifferentiated cells to potential
carcinogenic factors.

4.1.2 Exogenous Hormone Administration

Given the proliferative effects of oestrogens on breast tissue,
the widespread use of exogenous hormones has rationally
drawn research attention. Hormone regimens are mainly
administered either as oral contraceptives (OC) during repro-
ductive years, as part of infertility treatment, or as meno-
pausal hormone replacement therapy (HRT). Another
interesting new and unexplored research field is the effect for
breast cancer risk of hormone medications for feminization
in transgender individuals.

Oral Contraceptives

Oral contraceptives (OCs), introduced in the 1960s, represent
the most common form of hormonal contraception reaching
an 82% ever use among US women [18]. The majority of OCs
contain both an oestrogen and a synthetic progestin. OC syn-
thesis over time has undergone a major change in the dose of

oestrogen, from higher than 100 pg to a considerably decreased
20-30 pg of ethinyloestradiol in the currently most frequently
used OC.

The findings regarding a potential association with breast
cancer risk remain rather inconsistent, despite the vast num-
ber of publications. Overall, a moderately higher breast can-
cer riskamong OC users is found restricted to premenopausal
breast cancer and recent use. In a recent meta-analysis of 44
case-control and cohort studies, the overall risk of breast can-
cer among OC users was 1.08 (95% CI, 1.003-1.165); the
high heterogeneity between studies, though, raised concerns
regarding the robustness of the findings [19]. The results sup-
ported a stronger association with recent OC use (<5 years,
OR = 1.21) gradually attenuating with longer period since
last use (5-10 years, OR = 1.17; 10-20 years, OR = 1.13;
>20 years, OR = 1.02). The findings, showing increased risk
in premenopausal and generally younger women [20, 21],
but not in postmenopausal women [22], shown in previous
studies, were also confirmed in the meta-analysis.
Furthermore, OC have been associated with a comparably
increased risk of premenopausal breast cancer in both parous
(OR = 1.24) and nulliparous women (OR = 1.29); among par-
ous women, however, the association is stronger in those
who started OC use before their first full-term pregnancy
[20]. A large pooled analysis [22], entailing worldwide avail-
able data up to 1996 on the association of breast cancer with
OC use, showed an approximate 20% increased risk only
among women under 45 years who were recent OC users.
The risk was independent of the duration of use, but disap-
peared 10 years after OC quitting. No dose-response pattern
in terms of duration of OC use seemed to apply [19], and no
interaction with other breast cancer risk factors, such as BMI
or family history, was evident [22].

The effect of OC on breast cancer risk seems to be medi-
ated by either ethinyloestradiol or synthetic progestin deriva-
tives of 19-nortestosterone that possess estrogenic activity
[23]. Only a few studies have, however, examined the effect by
oestradiol dose or progestin compound. A case-control study
of younger women (20-44 years old) with breast cancer (1640
cases, 1492 controls) showed that those who used OC with
ethinyloestradiol doses >35 pg were at higher risk compared
to users of OC with lower doses, an effect more profound
among women <35 years. The risk did not differ by recent
progestin compounds, whereas pills with high progestin and
oestrogen potency significantly increased the risk [21]. In
conclusion, the reduction of oestradiol dose may have led to
a decrease in the risk of breast cancer associated with OC use;
more studies are needed, however, on the type of OC used
and tentative associations with breast cancer subtypes.

Ovarian-Stimulating Agents

The emergence of infertility as a public health issue during
the last decades and the use of ovarian-stimulating agents for
its treatment rationally raised concerns regarding the tenta-
tive negative long-term effects of these agents. Ovarian-
stimulating agents encompass oestrogen receptor modulators,
like clomiphene citrate and tamoxifen, FSH, hCG, human
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menopausal gonadotrophin and GnRH analogues, and are
typically administered during the follicular phase of the men-
strual cycle aiming to stimulate ovulation. More frequently,
ovarian-stimulating agents are used in complex protocols in
the context of the controlled ovarian hyperstimulation phase
of assisted reproductive technologies. Despite their definite
effect on modifying circulating oestrogen and progesterone
levels, however, current evidence, as synopsized by two recent
meta-analyses, does not support any effect of ovarian-stimu-
lating agents on the risk of subsequent breast cancer [24, 25].
The lack of association seemed to be robust independently of
the drug used or the cycles of administration, whereas when
used in the context of in vitro fertilization, no effect was evi-
dent when comparisons pertained to either women of the
general population or women with history of infertility.

Hormone Replacement Therapy

HRT use was initiated in the 1960s, became popular in the
developed world and reached its peak in the late 1990s.
Oestrogen/progestogen combination is the most common form
of HRT used for women with a natural menopausal transition,
as opposed to oestrogen-only therapies used for hysterecto-
mized women [26]; progestogens were used to protect the
endometrium against the proliferative effects of unopposed
oestrogens [27]. Most early scientific reports from observa-
tional studies showed beneficial effects of HRT on women’s
health [28]. The initial promising findings were thereafter
reversed in the Women’s Health Initiative (WHI) randomized
controlled trial, published in 2002 [29]. The trial was termi-
nated early due to increasing rates of adverse health outcomes
among postmenopausal women using oestrogen plus progesto-
gen therapy [29-31]. Questions were raised about the safety of
HRT given that trial findings for increasing risk of cardiovascu-
lar disease, breast cancer and dementia outweighed the reported
beneficial action against fractures and colon cancer [29-31].
Summarizing the results of epidemiologic studies on HRT
effects is challenging, given the wide variation in doses, pat-
terns of use and the varying combinations of different oestro-
gen and progestogen compounds over time. A meta-analysis,
pooling results from 51 observational studies, showed a higher
breast cancer risk among women using HRT, increasing with
longer duration of use (RR = 1.35 among HRT users of
>5 years) [32]; the summary findings were later confirmed in
the large Nurses’ Health Study [33], the Million Women Study
[34] and the WHI trial [30]. Previous studies had shown an
increased risk primarily for in situ and not invasive cancer [35,
36] supporting a hypothesis that the higher breast cancer risk
among HRT users was due to the most intense surveillance for
breast cancer. Recent studies, however, confirmed a significant
increase also for invasive breast cancer [32, 35, 36]. The effect is
stronger for women of lower weight and BMI [32], possibly on
account of lower baseline oestrogen levels among lean women
and the abrupt increase following HRT administration.
Additionally, Asian and women with high breast density seem
to be more susceptible to the tumorigenic effects of HRT [37].
Concerns about the diverse effects of different types of
HRT on breast cancer risk were initially raised after publication

of the differential Women’s Health Initiative oestrogen-only
and combined oestrogen-progesterone trials among 10,739
hysterectomized women [38] and 16,608 naturally menopausal
women, respectively. Indeed, combined therapy with oestro-
gen and progestogen exerts a more pronounced breast cancer
risk compared to «monotherapy» with oestrogen [29]. Despite
the evidence for a causative association in the combined ther-
apy arm, the oestrogen-only arm also showed a sizeable,
though marginally significant, inverse association with breast
cancer risk (RR = 0.77, 95% CI: 0.59-1.01). The WHI study,
however, enrolled women many years after menopause (mean
age 64 years) with a relatively high proportion of overweight
women (BMI > 30 kg/m? in 45% of study subjects) [38] and a
short follow-up (7.1 years), as the study was terminated due to
the increased risk of adverse effects.

In terms of type of oestrogen or type of progestogen used,
data were mainly contributed by European studies, with a
higher variability in the formulas used. The Million Women
Study showed no difference between conjugated oestrogen
and ethinyloestradiol [34], whereas the French E3N study
showed that the increased risk of breast cancer among com-
bined HRT users is restricted to those receiving synthetic pro-
gestins and not progesterone or dydrogesterone [39], possibly
on account of their increased androgenic action [40]. Despite
the rationale that the route of oestrogen administration could
change their effect due to differences in their metabolism,
contemporary studies do not support differential effects of
oral, transdermal or implanted oestrogens [34, 39].

The association of HRT with the risk of breast cancer-
specific histology is an emerging research field within pathol-
ogy. Generally, the findings are consistent towards an association
of combined oestrogen-progesterone therapy with the risk of
oestrogen and progesterone receptor-positive breast cancer but
not with receptor-negative tumours [41-44]. Regarding partic-
ular histology, the WHI did not show any specific association of
combined HRT with ductal or lobular carcinomas, even though
the study was relatively underpowered [30]. Other studies show,
however, a trend for stronger associations with lobular carcino-
mas, compared to ductal tumours [45, 46].

Conclusively, after myths on the overall protective effects
of HRT have been debunked and replaced with well-
established findings on a relationship between breast cancer
risk and use of combined oestrogen-progesterone HRT, its
use dropped dramatically; current guidelines recommend
HRT only for relief of severe menopausal symptoms and
deceleration of bone mass loss in the lowest possible dose
and for the shortest possible time period [26, 47, 48].

Feminizing Therapy in Transgender
Individu als

Since the beginning of the 1900s, societal awareness (and
more recently acceptance) of transgender individuals consid-
ering themselves «trapped in their own body» has developed.
Cross-sex hormonal treatment is now recommended as an
important component of the endocrine regimen in transsex-
ual people [49]. In male-to-female individuals, the treatment
comprises combined administration of anti-androgens or
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GnRH analogues to block the activity of androgens or sup-
press the gonadotrophin axis on androgen production,
respectively. In addition oestrogens are administered to pro-
mote the development of female characteristics. The negative
findings of the oestrogen-only therapies on breast cancer risk
in hysterectomized women in the WHI trial [38], along with
the lack of evidence on increased risk of breast cancer among
women with Turner’s syndrome receiving HRT for long peri-
ods [50], provided indirect evidence that cross-sex therapies for
male-to-female individuals may not lead to an increased breast
cancer risk among transsexuals. To date, up to 30 years of fol-
low-up studies on transgender individuals seem to confirm
initial findings, showing no evidence for increased risk of breast
cancer among either male-to-female or female-to-male indi-
viduals [51-53]. Follow-up and further research is warranted to
allow exploration of specific epidemiological parameters.

4.2 Effect of Obesity and Exercise

Overweight and obesity are expanding on a worldwide basis,
reaching levels of 60-70% of the adult population in devel-
oped countries; alarmingly increasing are also the rates in
developing countries. In the USA, the impact of overweight
and obesity has been estimated to account for 20% of cancer
deaths in women, a trend that has been implied as a cause of
the concurrent overall breast cancer incidence increase [54].
The association between obesity and breast cancer risk varies
by menopausal status. The findings regarding weight change
throughout a woman lifetime, implicating also the beneficial
role of physical activity, are also interesting. The common
proposed mechanism for both of these associations pertains
to oestrogenic activity, whereas other factors may prove to be
equally or more important, particularly in respect to the more
aggressive tumour immunophenotypes. Among them, insu-
lin, insulin-like growth factor-I (IGF-I) and leptin, as well as
angiogenic and a range of other transcription factors, have
been implicated in the obesity-breast cancer association [55].

4.2.1 Obesity

The Bimodal Role of Adiposity Among
Premenopausal and Postmenopausal Women

A vast number of studies have explored the association between
BMI and breast cancer risk showing a differential pattern
depending on menopausal status. Specifically, adiposity has
been associated with a decreased risk in premenopausal but
increased risk in postmenopausal women [56]. A 15% decrease
per 5 kg/m? increase in BMI has been recorded for premeno-
pausal cancer; according to the Nurses’ Health Study, the effect
of BMI on premenopausal breast cancer risk could be explained
by the BMI at the age of 18 years [57]. It has also been sug-
gested that this effect in premenopausal women could be
mediated by obesity-related amenorrhea and subsequent lower
exposure to endogenous oestrogen levels in these women [58].
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BMI and risk of breast cancer in postmenopausal women (From Xia
et al. [60]

On the other hand, a strong increase of around 12% per
5kg/m? BMI increment in breast cancer risk has been reported
in obese postmenopausal women [59]. In a meta-analysis, the
authors found that obesity contributed to increased breast can-
cer risk in a nonlinear dose-response manner in postmeno-
pausal women, and it is important to realize that body weight
control may be a crucial process to reduce breast cancer sus-
ceptibility (B Fig. 4.1) [60]. Interestingly, the higher risk may
primarily apply for oestrogen and progesterone receptor-posi-
tive tumours [61]. Family history of breast cancer and HRT
seem to modify this association; particularly, having a relative
with breast cancer strengthened the effect of a high BMI [62],
whereas among HRT users this effect was moderate [63].

Weight Change

A number of studies have assessed the effect of weight change
during lifetime on breast cancer risk. The majority of studies
pertain to postmenopausal breast cancer and show an increased
risk with weight gain after 18 years of age; the effect over adult-
hood is estimated at 5% per 5 kg of weight gain [56, 64].
Furthermore, weight gain after menopause has been also found
to independently increase breast cancer risk (OR: 1.18 for
weight gain of at least 10 kg compared to women with no weight
change) [64]. It is worth noting, however, that periods of poten-
tial weight loss have not been taken into account. The published
data for premenopausal breast cancer are limited. In one report
no effect was found [65], whereas another study showed a mar-
ginally significant decrease in breast cancer risk among women
reporting weight loss since the age of 18 years [66].

Central Adiposity

Of interest is also the association of breast cancer with fat dis-
tribution, besides overall adiposity. Central adiposity is linked
to metabolic-hormonal changes leading to insulin resistance,
as well as hyperandrogenemia and excess conversion of
peripheral androgens to oestrogens. Waist-to-hip ratio is con-
sidered a reliable measure of central adiposity and has been
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consistently associated with postmenopausal breast cancer
[56, 67]. Again findings for premenopausal breast cancer
remain inconsistent and inconclusive; as contrasted to BMI,
however, two meta-analyses have shown an increased risk of
premenopausal cancer in women with central adiposity [67,
68]. The results were heterogeneous, though, whereas the
effect seemed to be stronger among women of Asian origin.

4.2.2 Exercise

Physical activity is considered an established primary breast
cancer prevention strategy for both premenopausal and post-
menopausal women [69]; indeed, sustained regular activity
throughout life seems to provide the highest benefit [70].
Noticeably, it has been estimated that elimination of physical
inactivity would result in a decrease of breast cancer incidence
by 10% [71]. The first study aiming to assess this association,
using a detailed lifetime physical activity assessment, showed a
58% decreased risk of breast cancer among premenopausal
women with an average of 3.8 h of exercise per week, compared
to those who reported no exercise [72]. Similarly, a decreased
risk by 45% for breast cancer in postmenopausal women in the
highest physical activity category was found [73]. A large
recent meta-analysis summarizing evidence from 31 cohort
studies confirmed the results and showed an overall 13%
decrease in risk among women reporting the highest versus the
lowest level of physical exercise. A dose-response pattern was
recorded, and the overall estimate was stronger for premeno-
pausal women and women with normal BMI values, compared
to overweight, and confined to oestrogen/progesterone recep-
tor-negative tumours [74]. Interestingly, in a systematic review
of the literature, occupation-related, household, recreational
and walking-associated physical activity all seemed to inde-
pendently decrease the risk for breast cancer [75].

4.2.3 Underlying Mechanisms for Obesity
and Exercise

The adverse effects of obesity and the beneficial actions of
physical activity are generally considered to be exerted via
common mechanisms. The proposed actions could be gener-
ally synopsized as (a) exposure to oestrogens, (b) changes in
insulin-related factors and adipokines and (c) anti- or pro-
inflammatory actions and other protective mechanisms.
These are described below.

Exposure to Oestrogens

Body fat in postmenopausal women is a main source of oes-
trogen secretion via aromatization of androgens [76].
Therefore, the higher oestrogen levels in obese postmeno-
pausal women seem to be responsible for the increased risk
of breast cancer after menopause; similarly, the observed
protective effects of physical activity seem to be mainly medi-

ated by the subsequent body fat loss associated with regular
exercise in this age group.

Physical activity, in premenopausal women, where the
association between adiposity and breast cancer risk is reversed,
seems to act via independent mechanisms. Specifically, high
levels of physical exercise in reproductive years are associated
with reduced levels of circulating oestradiol and progesterone,
possibly because of irregular or anovulatory menstrual cycles
or a shortened luteal phase. Lastly, in puberty, vigorous activity
could delay the onset of menarche, which has been associated
with a decreased risk of breast cancer.

Downregulation of Insulin-Related Factors
Physical activity may prevent breast tumour development by
lowering levels of the hormones insulin and insulin-like
growth factor-I (IGF-I) [77]. Decreased insulin upregulates
sex hormone-binding globulin (SHBG), leading to lower
levels of bioavailable oestradiol [78]; it also seems to decrease
the bioavailability of IGF-I [79]. IGF-I acts as a mitogen in
breast epithelial cells, promoting transformation and sup-
pressing apoptosis [80]; consequently, lower circulating lev-
els of IGF-I are associated with a decreased breast cancer
risk [81].

Benefits on Obesity-Related Adipokine Levels
Adipose tissue is considered an endocrine organ which pro-
duces and secretes adipokines, involved in the mediation of
inflammatory diseases and obesity. In a recent study, adipo-
nectin, leptin, visfatin and resistin were all found to be risk
factors for breast cancer in postmenopausal females. In par-
ticular, leptin, resistin and visfatin levels were positively cor-
related with TNM staging, tumour size, lymph node
metastasis and histological grading in postmenopausal sub-
groups [82]. As a result, physical exercise and its inhibitory
effect upon adipose tissue provide downregulatory signals for
decreased adiponectin secretion.

Anti-inflammatory and Other Protective
Mechanisms

Chronic inflammation is now considered a key process in
carcinogenesis, and physical activity has been known to sup-
press increased levels of inflammation, whereas obesity is
now recognized as a chronic inflammatory disorder [83, 84].
Other proposed protective mechanisms of exercise against
breast cancer risk include an exercise-induced decrease in
breast density, reduction in oxidative stress, enhancement of
immune function, promotion of tumour suppressor genes
and intracellular anticarcinogenic pathways [85].

43 Effects of Diet

Diet has been associated with the development or progres-
sion of major human cancers, including breast, prostate and
colorectal tumours. It is a modifiable factor, which has been
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the subject of intensive research interest as it provides a win-
dow for preventive intervention strategies, due also to the
immense interest of lay people in associating their dietary
habits with cancer risk and breast cancer risk, in particular.

4.3.1 Macronutrients and Food Items

Among macronutrients and food items, dietary fibre has been
proposed to reduce breast cancer risk via decreasing reab-
sorption of oestrogens in the gastrointestinal system [86], yet
evidence remains inconclusive [87, 88]. Regarding fat intake,
there are experimental studies suggesting that an increased fat
intake could induce mammary gland tumours in rodents
[89]. On a molecular level, fatty acids could influence the car-
cinogenic process through mechanisms related to modifica-
tions of cell membrane structure, metabolic effects and impact
on translational signals and gene expression [87]; findings
from humans, however, do not seem to strongly support this
hypothesis [87, 88, 90]. Regarding other food groups, high
dietary intake of carbohydrates has been suggested to increase
breast cancer via induced hyperinsulinemia.

Many studies on the association of specific dietary factors
with breast cancer have been published showing conflicting
results, notably inverse, positive or null associations [91].
Briefly, consumption of fruit, vegetables and fish, as well as
soy-based food and isoflavone intake, seems to be associated
with decreased breast cancer risk, possibly on account of their
antioxidant effects and the decrease in oestrogen levels related
to soy-based food. Meat intake, apart from being associated
with colorectal cancer, has been also found in some studies to
increase breast cancer risk, but the evidence is limited [87, 88].

4.3.2 Dietary Patterns

A lower breast cancer incidence has been encountered by
women who live in Mediterranean countries compared to
those in Northern European countries, such as the UK or the
USA; in this context, the Mediterranean pattern of diet has
been considered as a tentative contributing factor. In the small
MeDiet study, study subjects were randomized into a dietary
intervention group (n = 58) following a traditional, controlled
Mediterranean diet for 6 months and a control (n = 57) group,
which continued to follow their regular diet. At baseline, no
significant difference was observed in urinary levels of indi-
vidual oestrogens comparing intervention and control
women. After 6 months, however, whereas no major change
was noted in the control group, as expected, women in the
intervention group showed a significant reduction (over 40%,
P <0.02) of total oestrogen levels [92]. These findings need to
be further confirmed in the hope that this strategy may be
part of breast cancer prevention strategies. A number of stud-
ies have also explored whether the so-called Western diet,
traditionally including high red and processed meats, refined

grains, potatoes and starches, snacks, sweets, fried foods and
soft drinks, impacts on breast cancer risk; the majority, how-
ever, have not found statistically significant associations [87].

4.3.3 Micronutrients

Evidence regarding the association of micronutrients with
breast cancer risk in both premenopausal and postmenopausal
women is not consistent. Despite the reported antioxidant
effects of vitamin C, vitamin E and selenium, most cohort stud-
ies do not confirm these results. By contrast, the protective effect
of vitamin A and retinol intake seems to merit further research
[93] taking into account variations in absorption, metabolism
and excretion of carotenoids between individuals [94].

Regarding other micronutrients, higher dietary folate
intake has been associated with decreased breast cancer risk,
especially among women reporting higher alcohol con-
sumption indicating an interactive effect [95]. Similarly, a
higher dietary intake of methionine, but not vitamin B6 and
B12, has been proposed to have an inverse association, espe-
cially for postmenopausal women [96]. These molecules are
considered essential for DNA synthesis, repair and methyla-
tion, and their deficiency could lead to DNA instability and
proneness to carcinogenic mutations [97]. Lastly, there are
some suggestions of an inverse association between vitamin
D, as well as calcium intake and breast cancer risk [98, 99],
which were not confirmed, however, in the results of a ran-
domized trial assessing the link between use of combined
calcium and vitamin D supplementation with breast cancer
risk [100].

4.3.4 Alcohol Consumption

Alcohol consumption is considered to be causally related to
breast cancer risk, with a 7-10% increase in risk for each 10 g
(~1 drink) of alcohol daily consumption by premenopausal
or postmenopausal women [101]. A dose-response pattern is
noted with heavy drinking increasing the risk by approxi-
mately 60% and enhanced associations for hormone receptor-
positive tumours [102]. Proposed mechanisms include the
effect of alcohol on circulating oestrogen levels and the carci-
nogenic role of ethanol metabolites or the effect of alcohol on
epithelial-mesenchymal transition, epithelium-stroma inter-
action and epigenetic regulation of gene expression in the
breast [101]. Alcohol consumption may cause a rise in oes-
trogen levels by promoting aromatase activity that converts
androgens to oestrogens, inhibiting oestrogen degradation,
decreasing melatonin secretion that inhibits oestrogen
production and increasing hepatic redox state that results in
a decrease in steroid metabolism. Additionally, acetaldehyde
and free radicals, alcohol metabolites, may cause DNA dam-
age promoting carcinogenesis. Lastly, the decrease in folate
levels due to antagonism by alcohol may contribute to breast
cancer development [101].
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4.3.5 Non-alcoholic Beverages

Caffeine was implicated in breast tumorigenesis, on account
of an observation that coffee consumption reduction was
associated with regression of fibrocystic breast disease [103].
The results of subsequent large cohort studies are synopsized
in a recent meta-analysis [104] showing no association. Of
note, however, are suggestions for a small inverse association
specific for green tea consumption and its association with
breast cancer incidence and recurrence, possibly on account
of its antioxidant actions [105], which does not apply for
black tea consumption [106].

4.4 Conclusions

Breast cancer remains the leading type of malignancy in
women worldwide with a profoundly higher incidence in the
developed compared to developing countries. Increasing
trends have been evident in Western communities for several
decades. Lifestyle changes leading to obesity and physical
inactivity, higher alcohol consumption and variable use of

exogenous oestrogens are believed to have contributed to the
observed increase of the disease. Higher oestrogen exposure,
indicated by proxies, such as earlier age at menarche, later
menopause and adverse childbearing patterns, has been wit-
nessed in parallel [107]. There is no strong evidence that
other macro- or micronutrients are clearly included in the
aetiology of the disease.

Intense research over the last few decades has broadened
our understanding of the aetiology of the disease and revealed
modifiable factors offering applicable preventive targets
(B Fig. 4.2). According to the World Cancer Research Fund,
40% of postmenopausal breast cancers would have been pre-
vented, where it is possible to reduce alcohol consumption,
physical inactivity and obesity [41]. In order to formulate
public health recommendations and tangible prevention
guidelines, future research should focus on specific compo-
nents of modifiable risk factors, such as type and timing of
physical activity, and their geographical, ethnical and cul-
tural customization. Indispensable is further exploration of
the model of oestrogen- or other hormone-induced carcino-
genesis, the findings of which should be clinically integrated
into breast cancer prevention and control programmes.

Factor

Effect size (95% Cl)

High vs. no alcohol consumption

Physical inactivity — 1.33(1.26, 1.42)
Overweight (BMI 25-29.9 kg/m2) vs. normal (<25 kg/m2)* —_— 1.10(1.06, 1.13)
Obese (BMI >=30 kg/m2) vs. normal (<25 kg/m2)* D ——— 1.18(1.12,1.25)
Light vs. no alcohol consumption — 1.04 (1.01, 1.07)
Moderate vs. no alcohol consumption — 1.23(1.19, 1.28)

* 1.61(1.33,1.94)

* Refers only to postmenopausal breast cancer

B Fig. 4.2 Summary effects of the three major modifiable lifestyle risk factors, namely, physical inactivity, obesity and alcohol consumption, on
the risk of breast cancer. The effect estimates are obtained from three latest meta-analyses on each topic [71, 102, 108]



Key Points

== QOestrogens are involved in breast carcinogenesis by
exerting proliferative effects on breast epithelial
tissue.

== High levels of serum oestrogens have been linked
with increased risk of breast cancer, especially
among postmenopausal women.

== Proxies of high lifetime exposure to endogenous
oestrogens, like early menarche and late meno-
pause, are associated with increased risk of breast
cancer, whereas premenopausal oophorectomy
seems to decrease the subsequent risk.
Childbearing and young age at first pregnancy
decrease the lifetime risk for breast cancer.

= \Well-documented findings support the finding
that the use of combined oestrogen-progesterone
hormone replacement therapy (HRT) increases
the risk for breast cancer in postmenopausal
women.

== QOral contraceptives, ovarian stimulation for
infertility treatment and hormone therapy for
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