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Summary

Breast Cancer (BC) is a life-changing event. Compared to
other malignancies in women, BC has received consider-
ably more public attention. Despite improved neoadju-
vant, adjuvant, and palliative treatment strategies for
each characteristic molecular BC subtype, recommenda-
tions for evidence-based preventive strategies for BC
treatment are not given equivalent attention. This may
be partly due to the fact that high-quality long-term pre-
vention studies are still difficult to carry out and are thus
underrepresented in international studies. The aim of
this review is to discuss the most relevant lifestyle fac-
tors associated with BC and to identify and discuss the
evidence supporting practical prevention strategies that
can be used in everyday clinical practice.

Introduction

Every year, 75,000 and 234,000 patients are diagnosed with
breast cancer (BC) in Germany and in the USA, respectively
[1, 2]. With BC being the number one cancer in women, pub-
lic interest in treating and preventing BC is high. Conse-
quently, it is not surprising that far more clinical trials and dif-
ferent treatment strategies are available with regard to BC
compared to other gynecological cancers. Great improve-
ments in BC treatment and care have been made over the
past decade, which has contributed to a significant increase in
overall survival of BC patients. On the other hand, preventing
BC has been an issue that has not been given adequate atten-
tion. This is especially surprising considering that in other

widespread diseases like cardiovascular or infectious diseases
prevention is the first approach to ‘treatment’ [3]. When con-
sidering that 1.67 million new BC cases are diagnosed per
year worldwide, the need for preventive action is given a com-
pletely new dimension [4]. We know from epidemiological
studies that lifestyle factors play an important role in the de-
velopment of BC. For example, daughters of Asian women
who have migrated to the USA revealed an increasing risk of
developing BC, which was attributed to the exposure to dif-
ferent lifestyle and nutritional factors [5]. Further evidence
that changing lifestyle patterns influence the development of
BC can be found in the steady increase in BC incidence in
Asian countries during the last few centuries. Again, this find-
ing is linked to a movement toward a more modern and
‘Western’ lifestyle [6]. Consequently, modifiable and lifestyle
risk factors are important to consider when developing a strat-
egy for BC prevention. Non-modifiable risk factors like
higher age, genetic risks, family history of BC, personal breast
history (pre-malignant lesions), breast density, thorax radia-
tion, and number of menstrual cycles during lifetime are not
part of this manuscript. The aim of this review is to give an
overview of the most significant modifiable BC risk factors
and to discuss them in a clinical context.

What Are Lifestyle Factors and How Are They
Defined?

The World Health Organization (WHO) defines a risk fac-
tor as ‘any attribute, characteristic or exposure of an individual
that increases the likelihood of developing a disease or injury’.
Nevertheless, the presence of one or more risk factor(s) does
not necessarily result in the development of the disease.
Therefore, a lot of women may present with one or more BC
risk factors, yet never develop BC. On the other hand, patients
with no risk factors can also develop BC. Differences in indi-
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vidual genetic variation, polymorphisms, and mutations could
explain the differing effects of the same substance in different
people. Moreover, duration, intensity, and cofactors could
play a role in influencing effects. This issue also helps illustrate
the difficulty in evaluating and interpreting studies concerning
BC risk factors and the heterogeneity of this disease. Further-
more, risk factors like lifestyle can change over time. Modifia-
ble lifestyle risk factors can thus also actively be influenced by
women in order to reduce their BC risk, and the intention of
this article is to introduce and discuss such factors.

Obesity

The association between an increased risk of developing
postmenopausal BC and body weight is well documented. Adult
weight gain and a body fatness and distribution (defined as a
body mass index (BMI) above 25 kg/m? and abdominal fatness)
are all associated with an increased risk of postmenopausal BC
[7, 8]. These relationships remain consistent among most major
studies. Furthermore, support is found in data demonstrating
that, when compared with normal-weight women (i.e. women
with a BMI of 18.5-25 kg/m?), the relative risk (RR) for post-
menopausal BC is around 1.5 for overweight women (BMI > 25
kg/m?) and > 2 for obese women (BMI > 30 kg/m?) [9].

However, the role that body weight plays in the BC risk is
quite complex and not fully understood. Since a high body
weight is known to be associated with increased inflammation
and alterations in serum levels of potential growth regulators
such as adiponectin, leptin, and estrogen, this most likely also
plays a role in the association with an increased postmenopau-
sal BC risk [10]. Still, weight appears to have a different im-
pact on BC risk across the lifespan. Obesity during childhood
and adolescence is inversely related to the premenopausal in-
cidence of BC, independent of the adult BMI [11]. When
adult weight was analyzed in premenopausal women, epide-
miological data showed that a higher weight is inversely re-
lated to the premenopausal BC risk [7, 8]. A meta-analysis
including 50 studies found an inverse, but non-significant as-
sociation between BMI and BC risk during the premenopau-
sal period [12]. Another study found that a loss of at least 4.5
kg between the ages of 18 to 30 years was associated with a
reduced risk of BC in the premenopausal period [13].

Despite the differing impact of weight on the BC risk dur-
ing different life phases, research clearly shows that the avoid-
ance of adult weight gain and the ability to keep one’s weight
within the ranges of a normal BMI (18.5-25 kg/m?) reduces
the risk for postmenopausal BC.

Smoking

Smoking tobacco is well known to be carcinogenic, not
only for BC but for most types of cancer. Its carcinogenic ef-
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fects are caused by aromatic hydrocarbons contained in to-
bacco, which, together with genetic polymorphisms in the N-
acetyltransferase-2, may influence BC development [14]. It is
estimated that tobacco consumption is the cause of 21 % of all
cancer mortalities worldwide [15]. With regard to BC, multi-
ple studies have been performed, with diverse outcomes. Ani-
mal models provide evidence that tobacco induces BC. 10
years ago, the US Surgeon General concluded in a report of
the United States Health Service that no fundamental evi-
dence exists (in studies published until 2002) that supports the
relationship between active smoking and BC. In 2012, the In-
ternational Agency for Research on Cancer updated their
monographs, confirming a positive association between to-
bacco smoking and BC. The 2014 report of the US Surgeon
General revised their 2004 statement, now to report an esti-
mated 10% increased BC risk for women with a history of
smoking.

Data from the American Cancer Society’s Cancer Preven-
tion Study IT (CPS-II) Nutrition Cohort further supports the
carcinogenic effect of smoking [16]. They found a higher inci-
dence of BC in current and former smokers than in people
who had never smoked.

Interestingly, a recent epidemiological study of 73,909 Ca-
nadians found no association between any smoking exposure
and risk of BC (hazard ratio (HR) = 1.00, 95% confidence in-
terval (CI) = 0.87-1.17). Despite these findings, enough evi-
dence exists to show that smoking should be regarded as a
possible risk factor for BC.

Alcohol Consumption

Although ethanol is not a carcinogen, its metabolized com-
pounds have carcinogenic potential. Ethanol further potenti-
ates the carcinogenic effect of tobacco metabolites and sup-
presses hepatic clearance [17, 18]. Animal models show that
ethanol induces mammary epithelial cell growth, resulting in
increased serum concentrations of estradiol in premenopausal
women [19]. The World Cancer Research Fund (WCRF) rec-
ommends a maximum alcohol consumption equivalent of 10 g
of ethanol per day to reduce the BC risk [7]. The Women’s
Health Initiative Study (2014) found a reduced risk of BC at
and below this level of alcohol consumption, confirming this
recommendation [8]. Further studies have observed that alco-
hol consumption above this threshold is strongly correlated
with an increased BC incidence in women. In fact, a 10% in-
creased risk of BC has been reported for every additional 10 g
of ethanol consumed daily [20-23]. 2 recent studies suggest
that even alcohol consumption at or below 10 g ethanol per
day may also be associated with an increased risk of BC [24,
25]. Epidemiological data illustrate that 4% of the BC cases in
developed countries are at least partially caused by alcohol
consumption. This evidence further supports the recommen-
dation to keep alcohol consumption as low as possible [22].
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Shift Work Factors

Being exposed to light at night may increase the BC risk.
This risk increase stems from a suppression of the normal pro-
duction of melatonin at night. In turn, the suppression of mela-
tonin increases the release of estrogen in the ovaries [26].
However, investigations regarding the effect of shift work on
the development of BC are controversial. The differing results
can be attributed to factors affecting data interpretation. For
example, factors such as the total number of years doing shift
work, doing night work as opposed to late and early shifts that
only partly take place in the night, the number of shifts in a
row, and the total number of night shifts worked must each be
considered differently [27-29]. Additional confounding factors
in these studies are due to differing definitions of the start and
end times of night shifts and whether or not the shifts were
carried out on a rotating basis [30]. Despite the difficulty of
producing robust evidence, enough convincing data has been
generated for the International Agency for Research on Can-
cer to classify night shift work as possible risk factor for BC in
2007. A systematic review and meta-analysis of 15 studies
found an increased RR of 1.21 (95% CI, 1.00-1.47; p = 0.056)
for developing BC among women who have ever worked night
shifts [31]. Night shift workers who did this job for less than 8
years had an RR of 1.13 (95% CI, 0.97-1.32; p = 0.11), and for
long-term night shift workers (> 8 years) the RR was 1.04
(95% CI, 0.92-1.18; p = 0.51). An increased BC risk was also
postulated for flight attendants with international and over-
night work exposure and nurses who worked night shifts on a
long-term basis. However, the authors emphasize that their
data must be interpreted carefully, due to the lack of homo-
geneity of the studies. It is also interesting to note that fre-
quent jet lag, as demonstrated in studies of flight attendants,
might have an identical effect on the BC risk [32]. Light is not
the only factor that may play a role in the increased risk of BC
among shift workers. Shift work often influences the lifestyle
characteristics and is associated with a poorer dietary intake, a
decrease in physical activity, an increase in alcohol consump-
tion, and a reduction in time spent outside. These factors may
represent a secondary effect that in turn correlates with the in-
creased BC risk among shift workers [20]. Therefore, consider-
ing all of the available data, only weak evidence supports the
relationship between shift work and an increased risk for BC.

Antiperspirants

Data on the effects of deodorant use and BC are inconclu-
sive. Only few observational studies and review articles have
been published for and against an increased BC risk [33-35].
A postulated increased BC risk in women using deodorants
was based on the increased number of diagnosed BC cases in
the upper outer quadrant, which was then correlated with a
possible association of the use of antiperspirants in the axilla.

Influence of Lifestyle Factors on Breast
Cancer Risk

Additionally, deodorants contain chemicals such as parabens.
Parabens have estrogenic properties and have thus also been
associated with an increased BC risk [36]. Further chemical
components with known estrogenic activity that can be found
in deodorants include aluminum and triclosan [37]. Neverthe-
less, as to date, no convincing evidence exists that highlights a
strong correlation between the use of axillary deodorants and
an increased BC risk [38]. Therefore, more studies are needed
before recommendations can be made.

Breast Implants

Breast augmentation is the most frequently performed aes-
thetic surgery in women within the USA [39]. Silicone breast
implants are predominantly used for this purpose. Therefore,
the effect of silicone on the induction or promotion of malig-
nancy in breast tissue has also been the subject of comprehen-
sive studies and reviews. However, the majority of the major
studies did not reveal any correlation between BC and breast
implants [40-45]. These studies do, however, provide compre-
hensive data as to the safety and effectiveness of silicone im-
plants, focusing on the rupture rate and the incidence of leak-
age. These aspects are also an important part in the Food and
Drug Administration (FDA) approval criteria for such im-
plants. The data from the USA is consistent with the Euro-
pean data with regard to silicone breast implants used for aes-
thetic and reconstructive procedures. Likewise, no evidence
exists on a potentially increased BC risk after aesthetic or re-
constructive breast surgery using silicone implants [46].

Although no relationship between silicone breast implants
and BC has been documented, evidence exists demonstrating
an association of silicone implants and the development of an
anaplastic large-cell lymphoma (ALCL). In the literature,
about 34 cases of silicone breast implants have been associ-
ated with ALCL [47]. Although only a limited association can
be interpreted from these data, with an estimated 5-10 million
breast implant recipients worldwide, this number of ALCL
cases is too small to support the conclusion that breast im-
plants cause ALCL. Thus, when all existing evidence is con-
sidered, there are not enough data to support the link be-
tween breast implants and an increased risk of BC.

Could a Healthy Diet Have a Role in the Prevention
of BC?

A well-balanced diet is a key component of an overall
healthy lifestyle. However, investigations of the effects of
healthy dietary behaviors on the BC incidence are con-
founded by the close relationship between diet and body
weight, and the difficulty of separating the effects of one from
the other. Therefore, evidence linking dietary behaviors inde-
pendently to BC risk is limited.
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A Mediterranean dietary pattern consisting of vegetables,
fruits, whole grains, fish, and olive oil has consistently been
associated with a decreased risk of BC [48]. There is also
some evidence that a diet rich in fruits and vegetables and
high in dietary fiber may have a weak effect on BC risk reduc-
tion [8, 49-51]. The World Cancer Research Fund (WCRF)
thus recommends eating 400-600 g of vegetables and fruits
per day to help prevent BC [7]. This recommendation is also
equivalent to the recommendations contained in the WHO'’s
‘S a day’ campaign [52]. While the reasoning and dosage rec-
ommendations may differ slightly, scientists around the world
agree that an increased intake of vegetables and fruits may
play an important role in reducing the BC risk.

Due to a possible association of the consumption of red
and processed meats with a higher risk of BC, the WCREF also
recommends limiting these foods [7]. Specifically for BC, ex-
isting research questions the strength of the relationship be-
tween red and processed meat and BC risk [53, 54]. Thus, cau-
tion should be applied when making this recommendation.

Physical Activity

Physical inactivity is a stand-alone risk factor for several
types of cancer [7]. There is convincing evidence that physical
activity is protective against postmenopausal BC. Several
mechanisms by which physical activity may protect against BC
have been proposed. One reason may be the effect of physical
activity on the endogenous steroid hormone metabolism and
inflammation. Additional positive effects include a reduction
of body fat, improvement of immune system regulators, and
alterations in free-radical generation. The risk reduction at-
tributed to physical activity was found to be up to 25-30%,
which is akin to the reduction brought about by hormone ther-
apy [55]. However, in contrast to medical treatment, physical
activity has few negative side-effects. Most study designs as-
signed metabolic equivalent task (MET) values to count and
compare the physical activity levels. For example, an activity
with a MET value of 3 is 1 h of moderate walking (e.g., 4
km/h). In the Women’s Health Initiative Cohort Study, the
greatest BC risk reduction was induced by regular moderate to
strenuous activities, carried out between the ages of 35 and 50
years, among normal to moderately overweight women (BMI
< 28.44 kg/m?). In this cohort, there was also a positive correla-
tion between the intensity of physical activity and the amount
of risk reduction, ranging from 10% (< 5 MET-h/week) over
18% (5.1-10 MET-h/week) to 22% (> 40 MET-h/week) com-
pared to inactive women. An increasing physical activity was
also associated with a reduced BC risk in women who per-
formed strenuous physical activity between the ages of 18 and
50 years. These effects did not occur for women in the highest
tertile of the BMI (BMI > 28.44 kg/m?) [56].

In 2010, a review including 73 prospective cohort and case-
control studies reported an average risk reduction of 25% for
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those who were physically active. Those, who were physically
active for > 6.5 MET-h/week had an average risk reduction of
28%. The largest benefits were found for a lifetime moderate-
to-vigorous-intensity physical activity after menopause for
women of all body sizes, except for obese women (BMI > 30
kg/m?). These findings were supported by various similar
study results [55, 57].

The latest large cohort study analyzing 73,615 postmeno-
pausal women also described a 25% lower risk for BC in the
most active group (> 42 MET-h/week) compared to the least
active category (< 7 MET-h/week) [58]. Walking seems to be
the most frequent type of physical activity in this group. Those
who walked for > 7 MET-h/week had a 14% lower BC risk
compared to women walking for < 3 MET-h/week. However,
the time spent sitting was not associated with an increased
risk of BC.

A case-control study found an association with lifetime
moderate to vigorous but not with light physical activity (1.6—
3.0 METs) and a reduced BC risk [59]. While most trials
found a strong association between physical activity and a risk
reduction of postmenopausal BC, data for premenopausal BC
is scarce and controversial [7, 55, 57, 60].

Since the effect of physical activity on the BC risk is clear,
it has been hypothesized that physical activity, in combination
with a Mediterranean diet, may also influence the incidence
and progression of genetic forms of BC, specifically in carriers
of the BRCA1/2 mutation. This connection is currently being
investigated in a multicenter, interdisciplinary, prospective,
randomized study in Germany called LIBRE (Life-style In-
tervention in healthy and diseased BRcal/2 mutation carri-
Ers). Preliminary results should be available within the next
few months.

Considering all data, there is strong evidence for an associ-
ation between physical activity and postmenopausal BC risk
reduction. These data encourage the realization of interven-
tion trials in primary and secondary BC prevention. Open
questions to be addressed include more specific recommenda-
tions, such as what kind of exercise, which intensity level and
which duration of physical activity bring the greatest risk re-
duction of pre- and postmenopausal BC.

Hormone Therapy after Menopause

Hormone therapy after menopause (HTMP) is a therapeu-
tic option for women suffering from menopausal complaints
like hot flushes and vaginal dryness. Menopausal symptoms
can be controlled either by estrogen-only hormone therapy or
by a combined continuous HTMP with estrogen and proges-
terone. Although most menopausal symptoms are related to
the decline of estrogen levels, the addition of progesterone is
recommended as progesterone reduces the risk of endome-
trial hyperplasia [61]. Although HTMP protects against coro-
nary heart disease, osteoporosis and possible cognitive decline

Dieterich/Stubert/Reimer/Erickson/Berling



or dementia, it is associated with an increased risk for devel-
oping BC. Numerous studies have investigated this risk, con-
centrating on the association of HTMP and the development
of BC. As a discussion focusing on the ‘most important’ re-
sults exceeds the capacity of this overview, the results of a
comprehensive Cochrane meta-analysis from 2012 will be
summarized [62]. In this analysis of 23 studies involving 42,830
women, a significantly increased risk of BC (after 5.6 years of
use: absolute risk, 23/1000; 95%, CI 19-29) was found among
women using a combined continuous HTMP. The Million
Women Study, which included 1,084,110 women from the UK
aged 50-64 years, supported these findings, stating that a
clearly increased risk of incidence and in fatal BCs was found
among women on combined continuous HTMP [63]. This in-
creased BC risk could also be quickly reduced by stopping
HTMP [64]. In contrast, estrogen-only HTMP has not been
associated with a significant increase in the risk of BC. This
effect was support by data from the Women’s Health Initia-
tive study which followed women using estrogen-only HTMP
for up to 7 years [65-67]. It seems that progesterone does
have a negative effect on BC, but this effect is not seen in en-
dometrial and ovarian cancer. Additionally, norethisteron
and levonorgestrel derivates found in progesterone seem to
have a worse effect than progesterone itself. It should also be
noted that the increase in breast tissue density caused by
HTMP can lead to a delayed BC diagnosis.

General practice-oriented recommendations for the usage
of HTMP can thus be summarized as follows [68-71]:

— HTMP can be recommended when menopause occurs in
women younger than 45 years until the age of 50 years.

— Women who retain their uterus should use estrogen/pro-
gesterone combined HTMP.

— Estrogen alone should be used in women following a
hysterectomy.

— Always start with the lowest effective dose of HTMP.

— Treatment of menopausal complaints should be limited as
much as possible.

— Vaginal dryness can be treated with locally administered
low-dose estrogen.

— The pros and cons for HTMP should be reevaluated every
year.

Based on the available data, the use of HTMP for long-
time therapy brings an increased risk for the development of
BC. Women suffering from major menopausal complaints
should start HTMP at the early onset of the menopause. Ap-
plying HTMP for a shorter time frame seems to carry less risk
in healthy women, but all women on HTMP need to be in-
formed about the possible consequences of HTMP.

Diabetes Mellitus

The relationship of diabetes mellitus (DM) and BC from a
biological standpoint is not yet completely understood. Insu-

Influence of Lifestyle Factors on Breast
Cancer Risk

lin itself is a potent growth factor. Patients suffering from type
II DM are characterized by an insulin resistance combined
with a secondary hyperinsulinemia. Hyperinsulinemia is asso-
ciated with carcinogenesis as it is thought to directly stimulate
the proliferative pathway after binding to the insulin recep-
tors [72]. This hypothesis is strengthened by findings among
patients receiving metformin. Metformin increases the insulin
sensitivity and consequently decreases the hyperinsulinemia.
A lower general cancer incidence was observed in patients
with DM and metformin therapy compared to patients receiv-
ing insulin or a sulfonylurea, indicating that insulin sensitivity
plays a role. Insulin-like growth factor (IGF)-1 plays an addi-
tional important role in carcinogenesis. By administering insu-
lin, the production of IGF-1 binding protein is inhibited, in-
creasing the bioactivity of IGF-1. The increased activity of
IGF-1 may be problematic as it has more mitogenic and anti-
apoptotic potential than insulin. This can subsequently lead to
an increased stimulation of neoplastic cells, which are acti-
vated by different downstream signaling pathways. Two major
pathways have been identified to play a major role specifically
in BC. One of these pathways is the PI3K/Akt/mTOR signal-
ing pathway (PI3K = phosphatidylinositol 3-kinase, mTOR =
mammalian target of rapamycin). The other pathway starts
when the inhibitor of the oncogenic B-catenin signaling path-
way is inactivated, leading to an activation of the B-catenin
pathway, which in turn has been related to cancer stem cells
and chemoresistance [73-76].

The WHO estimated a worldwide prevalence of DM of
171,000,000 in the year 2000, with a predicted increase to
366,000,000 in 2030 [77]. Epidemiological evidence exists link-
ing DM to an increased incidence of cancer, including BC
[78-82]. A meta-analysis including 20 studies (5 case-control
and 15 cohort studies) concluded that women with DM had a
statistically significant 20% increased risk for BC (RR, 1.20;
95% CI, 1.12-1.28) [75, 83]. In further studies, the relative in-
creased BC risk among patients with DM ranges from 1.2 to
1.5[72].

Stress

A prospective examination of 37,562 US women in the
Nurses’ Health Study indicates that job stress is not related to
any increase in BC risk [84]. No further evidence exists that
other life events like divorce, loss of job, disease, or death are
related to BC [85, 86].

Other Lifestyle Factors

Many other factors like pesticides used in agriculture or the
exposure to chemical substances, electromagnetic pollution,
environmental pollution, or cosmic radiation, as well as the
use of cellphones, cosmetics, and bras, even television viewing
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time and others have been investigated regarding their influ-
ence on the BC risk. However, to date, no conclusive evidence

has been generated.

Conclusions

Considering the fact that lifestyle modifications and small -
changes in daily habits may help to reduce the postmenopau-
sal BC cases by up to 34%, prevention strategies in the form -
of behavior modification should receive more focus [87]. This -
review illustrated the fact that BC is a multifactorial process
in which isolated factors play a lesser role. Therefore, appro- -
priate education programs addressing lifestyle changes are -
crucial in terms of preventing BC. These programs should be -

BC Prevention Strategies (Adapted to National
Cancer Institute Recommendations)

— Start taking preventive measures early in childhood

— Eat several servings of vegetables and fruit per day

— Consume a diet rich in fiber (e.g. cereals and soy products)
— Maintain an ideal body weight (BMI = 20-25 kg/m?)

or fish oil

trace elements

carried out by experts, begin during childhood and should
contain information about the importance of a healthy dietary

pattern, the avoidance of adult weight gain, physical activity,

and the renunciation of alcohol and tobacco.
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