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Summary

Although a current decline in breast cancer incidence
and mortality is being observed, the disease continues to
be the most common malignancy among women. Breast
cancer is a worldwide public health problem that causes
substantial personal and social burdens. While we do
not yet know exactly what causes the disease, we know
a large number of risk factors that are linked to breast
cancer. In particular, hormonal factors seem to play a
key role in the causation of the disease. The aim of this
paper is to review the current knowledge of established
and suspected risk factors of breast cancer from an epi-
demiologic point of view.

Introduction

With over 1 million new breast cancer cases each year, breast
cancer is the most common malignancy among women world-
wide [1]. Estimates from Europe assume a number of cancer
cases of 370,100 and a number of deaths of 129,900 in 2004 [2].
During her lifetime, a woman who survives to the age of 85
will have a 1-in-9 chance to develop breast cancer. However,
depending on the risk factor profile, the probability of devel-
oping breast cancer is not homogeneously distributed across
all women. For primary and secondary prevention of breast
cancer, it is important to identify high-risk women. This re-
view will summarise the results from recent studies on factors
that have been determined to influence the breast cancer risk.
Table 1 provides an overview of the main established risk fac-
tors of breast cancer.
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Zusammenfassung

Trotz eines Rickgangs sowohl der Inzidenz als auch der
Mortalitat des Brustkrebses bleibt die Erkrankung die
haufigste maligne Neubildung bei Frauen, verbunden
mit erheblichen personlichen Belastungen und gesell-
schaftlichen Kosten. Obwohl wir bisher nicht genau wis-
sen, wie Brustkrebs entsteht, kennen wir doch eine Reihe
von Risikofaktoren, die mit der Erkrankung in Verbindung
stehen. Insbesondere hormonellen Faktoren kommt eine
Schlusselrolle in der Entstehung der Erkrankung zu. Ziel
des vorliegenden Artikels ist die Zusammenfassung des
aktuellen Kenntnisstandes zu etablierten und vermuteten
Risikofaktoren des Brustkrebses aus epidemiologischer
Sicht.

Non-Modifiable Risk Factors

Age

As for most diseases, age is a well-documented risk factor for
breast cancer. Breast cancer incidence is relatively low before
the age of 30 and then increases dramatically until the age of
80. For example, in 2005, the Surveillance, Epidemiology, and
End Results (SEER) incidence was 42.8 per 100,000 for women
aged < 50 and 335.5 for women aged 50 and older (SEER
areas: San Francisco, Connecticut, Detroit, Hawaii, lowa, New
Mexico, Seattle, Utah, and Atlanta) [3]. Mortality also increas-
es with age, ranging from 5.2 per 100,000 for women aged < 50
to 73.3 per 100,000 for women aged 50 and older [3]. The rate
of increase in breast cancer incidence with age is declining at
around the age of 50, confirming the important role of hormo-
nal factors in breast cancer aetiology (fig. 1).
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Table 1. Established risk factors in breast cancer

Risk factor RR High-risk group or unit of risk Comparing group References
increase
Age 7.8 age =50 age <50 [3]
Age at menarche 1.1-1.2 1 year earlier menarche - [16]
Age at menopause 1.03 1 year delay in menopause - [17]
Age at first birth 0.97 each year younger at first birth - [43]
Breastfeeding 0.96 per every 12 months of breastfeeding - [43]
Nulliparous 1.3 nulliparous women at least 1 full-term [42]
pregnancy
Body height 1.07 per 5-cm increment - [21]
Body mass index 0.94°,1.03° per BMI increase of 2 kg/m? - [33]
Breast density 47 density in > 75% of the mammogram density > 10% of the [19]
mammogram
Alcohol consumption 1.07 per each additional 10 g alcohol/day - [32]
Physical activity 0.97 per 7 MET hours recreational activity - [33]
per week
Hormone replacement 1.02 per year of use of HRT among - [17]
therapy current or recent users
Oestradiol 2 high levels of plasma concentration low levels of plasma [24]
concentration
BRCA1/BRCA2 >30 (BRCA1)4, 11 BRCAT1/2 mutation carriers general population rates [12]
(BRCA2)!
Family history of breast 1.8 one affected first-degree relative no affected first-degree [8]
cancer relative
Previous benign breast 4.4 atypical hyperplasia no biopsy and normal [27]
biopsy mammogram

*Calculated as quotient of age-standardised SEER incidence rates.
"Premenopausal women.

‘Postmenopausal women.

YFor women > 50 years of age.

RR, Relative risk; BRCA, breast cancer gene; BMI, body mass index; MET, metabolic equivalent.
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Fig. 1. Age-specific breast cancer incidence (per 100,000) (data derived
from SEER Cancer Statistic Review, 2000-2004 [3]).

Race, Ethnicity, Geographical Variation, and Migration

The observed breast cancer incidence rates vary approximate-
ly 5-fold between countries. The highest age-standardised
rates (world standard) were observed in the USA and North-
ern Europe (50-100 per 100,000), the lowest in Asia (10-30
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per 100,000) [4]. There are also important racial and ethnic
differences in breast cancer incidence. In 2005, the age-ad-
justed incidence in women aged 50 and older was 351.9 per
100,000 in Caucasians and 292.2 per 100,000 in African Ameri-
cans. However, in women younger than 50, the incidence rates
were the same, with 43.4 per 100,000 in both ethnic groups
[3]- Despite lower overall incidence rates of breast cancer in
African Americans, the mortality rates from breast cancer
were higher than in Caucasians [3]. Differences in access to
care as well as biological factors such as higher incidence of
aggressive breast cancers and higher tumour grades have been
named as the causes [5].

Migration studies of Asians migrated to the USA have
shown that the breast cancer risk increases throughout several
generations and is nearing that among U.S. whites [6, 7]. These
findings suggest that lifestyle and environmental factors of the
host country have a substantial impact on breast cancer risk.

Genetic Factors / Family History of Breast Cancer
Women with a family history of breast cancer have an in-
creased risk of developing the disease. A major pooled analy-
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sis of 52 epidemiological studies including 58,209 cases and
101,986 controls found that women with 1, 2, and 3 or more
affected first-degree relatives have a relative risk (RR) of 1.8
(99% confidence interval (CI) 1.7-1.9), 2.9 (2.4-3.6), and 3.9
(2.0-7.5), respectively, compared to women without affected
relatives [8]. The estimated lifetime probability of developing
breast cancer for women with 0, 1, and 2 affected first-degree
relatives is 7.8, 13.3, and 21.1%, respectively. However, 8 of
9 women who develop the disease do not have an affected
motbher, sister, or daughter [8].

Hereditary breast cancers are often characterised by an
early age of diagnosis and an excess of bilateral breast cancer
[9]. On average, 5-10% of all breast cancers are attributable
to genetic predisposition. However, it is not known yet how
many relevant breast cancer genes exist. Two major suscepti-
bility genes, BRCA1 and BRCA2, were identified in the 1990s
[10, 11]. The estimated cumulative risks in BRCA1 or BRCA2
mutation carriers by the age of 70 years were 65% (95% CI
44-78%), and 45% (31-56%), respectively [12]. Further genes
such as p53 and PTEN are also associated with a high risk of
breast cancer [9]. However, regardless of the comparatively
high breast cancer risk in mutation carriers, the frequency of
these mutations in the population is rare [9].

An increasing number of identified genes is associated with
a more moderate risk of breast cancer [13-15]. Because muta-
tions in some of these genes are expected to be more common
in the general population, the proportion of breast cancers at-
tributable to these genes may be substantial.

Age at Menarche / Age at Menopause

Age at menarche is a chronological indicator of the onset of
ovarian activity as well as a predictor of ovulatory frequency
during adolescence and hormone levels in young adults [16].

There is evidence of decreased breast cancer risk by later
age at menarche. Generally, the risk decreased by 10-24%
with each year of delay in menarche [16].

In contrast, age at menopause is a marker of the cessation
of ovarian activity. The risk of breast cancer increases with the
later onset of menopause, with risk increasing by about 3%
for each year of delay in menopause [17]. The effect is similar
in women whose menopause was natural and for those whose
menopause was the result of bilateral oophorectomy [17].

Breast Density

The radiological appearance of the breast varies interindivid-
ually because of variations in breast tissue composition. Fat
is radiolucent and appears dark on a mammogram, whereas
epithelium and stroma are radiodense and therefore appear
light.

Mammographic density of the breast, i.e. a high proportion
of radiodense tissue, is a strong and independent risk factor
for breast cancer [18, 19]. Risk of breast cancer is approxi-
mately 5 times increased in women with density in more than
75% of the breast compared with women with density in less
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than 10% of the breast [19]. About one third of breast cancer
cases was attributable to density of 50% or more of the breast
[18]. It has been hypothesised that the combined effects of cell
proliferation and genetic damage to proliferating cells by mu-
tagens may explain the positive association of high breast den-
sity with increased risk for breast cancer [20]. Because breast
density is mainly genetically determined (63 %), the identifica-
tion of responsible genes could provide insights into the biol-
ogy of the breast [18].

Body Height

Numerous studies have investigated the relation of body
height and breast cancer risk. Most of them showed an in-
creased risk with increasing body height. A pooled analysis
of prospective cohort studies showed an RR of 1.02 (95% CI
0.96-1.10) per height increment of 5 cm in premenopausal
women and 1.07 (1.03-1.12) in postmenopausal women [21].
A large cohort study of Danish women also showed that high
stature at 14 years of age and peak growth at an early age
were independent risk factors for breast cancer [22]. The rea-
son for the association of increased risk with increasing body
height is not fully understood; however, the attained height
is determined by genetic and environmental factors, where-
as especially childhood energy intake seems to play a role in
breast cancer genesis. Furthermore, body height is a marker
for the number of susceptible breast cells, or more precisely,
the mammary gland mass, which reflects the total number of
mammary cells and can be correlated with mammary cells at
risk for transformation [23].

Endogenous Hormones

Several cohort studies have examined the association of serum
concentration of endogenous hormones with breast cancer.
Pooled data from the Endogenous Hormones and Breast Can-
cer Collaborative Group provide strong evidence that plasma
hormone levels predict breast cancer risk in postmenopausal
women [24]. The risk of breast cancer increased with increas-
ing concentrations of different sex hormones; among others,
total oestradiol and testosterone. The RR for postmenopausal
women in the highest quintile of oestradiol was 2.0 (95% CI
1.5-2.7) compared to women in the lowest quintile. A positive
association has also been postulated for further endogenous
hormones such as insulin-like growth factor (IGF). Although
some studies showed an increased risk of breast cancer with
increasing concentration of IGF-I especially in premenopau-
sal women, the overall effect is marginal [25].

Prior History of Breast Biopsy with Benign Diagnosis

The results of clinical follow-up studies have indicated that
women with biopsy-proven benign breast disease are at in-
creased risk of subsequent breast cancer [26]. A recent study
showed that women with atypical hyperplasia have a hazard
ratio (HR) of 4.4 (95% CI 2.7-7.1) for the development of
breast cancer compared with women with no known breast bi-
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opsy experience and a normal mammogram, whereas women
with benign breast diseases without atypia (including adeno-
sis, apocrine metaplasia, calcifications and ductal hyperplasia)
have an HR of 1.9 (1.8-2.0) [27]. The increased risk seems to
be modified by breast density and hormonal status [26, 27].

Modifiable or Potentially Modifiable Risk Factors

Diet

Because of the large international variations of breast cancer
rates, it has been suggested that diet could play a role in can-
cer aetiology. Although there are many studies that investi-
gated the association of diet and breast cancer risk, up to date
there is no consistent and strong association [28]. Especially
the association of fat intake [29], soy intake [30] and consump-
tion of fruits and vegetables [31] with breast cancer risk were
investigated in pooled analyses. Overall, there is limited evi-
dence that a high total fat consumption could increase the risk
of breast cancer, whereas high soy intake as well as fruit and
vegetable consumption may prevent breast cancer. This effect
may be ascribed to the antioxidant properties of selected nu-
trients, influence on DNA repair, DNA mutations, DNA ad-
ducts, metabolic detoxification, stimulation of growth factors,
and potential anti-oestrogenic influences [28].

Alcohol Consumption

Many observational studies have investigated the association
of alcohol consumption and breast cancer. Overall, alcohol
consumption seems to be the only lifestyle factor with con-
vincing evidence for increased risk of breast cancer [32, 33].
A pooled analysis of 53 epidemiological studies showed a 7%
increase for each additional 10 g per day intake of alcohol in
pre- and postmenopausal women [32]. No threshold of risk in-
creasing was identified and no evidence of a different contri-
bution of types of beverages was found [33]. The RR of breast
cancer was 1.3 (1.2-1.4) for an intake of 35-44 g per day, and
1.46 for an intake > 45 g per day compared with women who
reported no drinking of alcohol. To explain these observa-
tions, a number of mechanisms have been assumed, amongst
others that alcohol intake increases oestrogen concentration,
that alcohol intake decreases the DNA repair efficiency or
that alcohol intake stimulates the metabolism of carcinogens
such as acetaldehyde [34].

Smoking

Results of epidemiological studies assessing the association
between smoking and breast cancer risk have been incon-
clusive. A pooled analysis of 53 epidemiological studies con-
cluded that smoking has little or no independent effect on
breast cancer risk [32]. However, recently published investi-
gations showed that smoking may increase the risk of breast
cancer in special subgroups of women, such as in women with
N-acetyltransferase 2 slow acetylation genotypes and in pre-
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menopausal women who started smoking before the breast
tissue was completely differentiated [35, 36]. Band et al. found
a substantially increased risk of breast cancer in premenopau-
sal women who had been pregnant and who started smoking
within 5 years of menarche, and in nulliparous women who
smoked 20 cigarettes daily or more or had smoked 20 cumu-
lative packyears or more [35]. In contrast, postmenopausal
women whose body mass index (BMI) increased from age
18 to current and who started to smoke after a first full-term
pregnancy had a significantly reduced risk of breast cancer.
The authors concluded that the carcinogenic effect of tobacco
smoke is dominant in breast tissue before a complete differ-
entiation, whereas in postmenopausal women the anti-oestro-
genic effect is dominating.

It has been suggested that passive smoking could increase
the risk of breast cancer in women who have never smoked.
However, a recent meta-analysis found no association, inde-
pendent of the time of onset of exposure (childhood vs. adult)
[37].

Physical Activity

Several studies have found that there is an association be-
tween physical activity and reduced breast cancer risk. How-
ever, the results are not entirely consistent across the stud-
ies. A systematic review concluded that the evidence for an
inverse association of physical activity and breast cancer risk
is stronger for post- than for premenopausal women [38]. A
meta-analysis of cohort studies showed a 3% decreased risk
per 7 metabolic equivalent (MET) hours of recreational ac-
tivity per week in postmenopausal women [33]. To a large
extent, the mechanisms by which physical activity prevents
breast cancer are unclear. It is known that physical activity
has a beneficial influence on certain menstrual characteristics,
body size and serum hormone levels. It is therefore assumed
that physical activity reduces breast cancer risk primarily
through hormone-related pathways.

Obesity

The relation between obesity and breast cancer risk strongly
depends on menopausal status. In premenopausal women
obesity decreases the risk of breast cancer, whereas in post-
menopausal women obesity is associated with an increased
risk of breast cancer. In a pooled analysis of prospective co-
hort studies, premenopausal women with a BMI exceeding 31
kg/m? had an RR of 0.5 (95% CI 0.3-0.8) compared to women
with a BMI < 21 [21]. In contrast, postmenopausal women
with a BMI > 28 had an RR of 1.3 (95% CI 1.1-1.5) compared
to women with a BMI < 21. It is assumed that in premenopau-
sal women, obesity may protect from breast cancer by causing
more frequent anovulatory menstrual cycles, which in turn re-
sults in decreased oestradiol and progesterone levels. In post-
menopausal women, ovarian oestrogen production is dimin-
ished and oestrogen is derived mainly from the aromatisation
of androstenedione which occurs primarily in adipose tissue.
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The association of waist-to-hip ratio (WHR), a marker of
central obesity, with breast cancer risk is not as clear as with
the BMI. In postmenopausal women, the positive association
is generally confirmed. On the other hand, a systematic review
found that in premenopausal women there was a positive as-
sociation only with adjustment for BMI, suggesting that cen-
tral obesity may be specifically associated with an increased
risk of breast cancer [39].

Some studies reported that weight gain during adult life
increases the risk of breast cancer among postmenopausal
women, whereas weight loss after menopause is associated
with a decreased risk of breast cancer [40, 41]. A recent study
reported that a weight gain of more than 25 kg since the age
of 18 years was associated with an RR of 1.5 (95% CI 1.3-1.7)
of invasive breast cancer compared to women who had main-
tained their weight [41].

Age at First Birth / Parity / Breastfeeding

Age at first birth, childbearing, and breastfeeding are strong
correlated factors which account for a final cell differentia-
tion of breast tissue. The earlier this final differentiation is
completed the lower the susceptibility to carcinogens. A
meta-analysis of large Scandinavian epidemiological stud-
ies found that nulliparous women have a 30% increased risk
compared with women who have had at least 1 full-term preg-
nancy [42]. Additionally, an increasing protective effect was
found with increasing number of full-term pregnancies. For
each birth, the risk was reduced by about 7% [43]. Besides
parity, an early age at first birth also reduces the breast cancer
risk. Women giving first birth after the age of 35 years have a
40% increased risk compared to those with a first birth before
the age of 20 years [42]. Independent of parity, the effect of
breastfeeding was evaluated in a review of 47 epidemiological
studies [43]. The result showed that the longer women breast-
fed, the more they were protected against breast cancer. The
risk of breast cancer decreased by 4.3% for every 12 months
of breastfeeding [43].

Hormone Replacement Therapy / Hormonal Contraceptives

A large number of data exists regarding the relation of use of
hormone replacement therapy (HRT) and risk of breast can-
cer. Results from a review of 51 epidemiological studies and
from the Women’s Health Initiative (WHI) randomised trial
provide convincing evidence that current HRT use increases
breast cancer risk [17, 44]. The amount of risk depends strong-
ly on hormonal constituents, duration of HRT use and time of
cessation. Overall, the risk of getting breast cancer is higher
in oestrogen plus progestogen users, increases with advanc-
ing duration of use, and nearly disappears after about 5 years
after ending HRT use. The average RR reported in a recent
review of epidemiological studies is 1.2 (95% CI 1.0-1.4) with
current use of oestrogen alone and 1.7 (1.4-2.2) with current
use of oestrogen plus progestogen [45]. Since HRT has been
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communicated as a risk factor for breast cancer, the use of
HRT has decreased substantially in the general population
over the last years. It has been suspected that the recent de-
cline in breast cancer incidence is partly attributable to the
decrease in utilisation of HRT [46].

Many epidemiological studies have investigated whether
hormonal contraceptives might affect breast cancer risk. Over-
all, there is only a small increase in the risk of having breast
cancer diagnosed in current users of oral contraceptives [47].
Women currently taking combined oral contraceptives have
an RR of 1.2 (95% CI 1.1-1.3) compared to never users, but
there is no evidence of an increase in the risk more than 10
years after stopping the use [47].

Electromagnetic Fields

Besides the risk factors described above, several further fac-
tors were investigated regarding their association with breast
cancer risk. Ionising radiation is an established breast cancer
risk factor especially in young girls in whom differentiation of
breast tissue is not completed. The risk increases linearly with
the dose of ionising radiation [48].

It has also been suggested that exposures to electromagnetic
fields increase the risk of breast cancer. However, most of the
recent studies reported no increased risks [49].

Conclusions

This review offers a summary of known and expected risk fac-
tors for breast cancer. Risk factors that are associated with
increased oestrogen levels, such as age at menarche, age at
menopause, and obesity as well as hormonal factors per se
play a key role in the aetiology of breast cancer.

Breast density is a strong risk factor for breast cancer, al-
though it is unknown whether a reduction in breast density
would reduce the risk of breast cancer. Nevertheless, the im-
plementation of breast density in risk prediction models im-
proves the identification of high-risk women for preventive
interventions [50].

Modifiable risk factors, such as alcohol consumption, low
physical activity, obesity, and HRT use, increase the risk of
breast cancer marginally. However, because the prevalence of
these risk factors is high, estimates of the population-attribut-
able risk showed that about 40% of breast cancer cases could
be prevented by these risk factors [51]. Moreover, prevention
of breast cancer by modifiable risk factors will also reduce the
incidence of other chronic diseases, as diabetes type 2 or car-
diovascular diseases [52, 53].
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