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BreastCare

women [4]. However, most of these studies were cohort or 
case-control studies and, thus, were rated as grade IIb–III on 
a standard scale of medical evidence. The question still re-
mains unanswered which kind of activity in daily routine, in 
professional life, and in leisure time is preferable and possibly 
the most effective one. From the methodological perspective, 
already the quantification of physical activity is rather compli-
cated and the results depend on the applied methods, i.e. 
questionnaires, fitness tests, etc. The particular design of the 
study must always be taken into consideration; therefore, hav-
ing in mind the quality grades of evidence, a final conclusion 
cannot yet be drawn, except the one that physical activity at 

Background

Breast cancer is the most common type of cancer in women in 
Germany and the most frequent cause of death induced by 
malignant tumors worldwide [1, 2]. The relationship between 
physical activity and prevention of breast cancer has been 
proven by numerous epidemiological studies. The American 
Cancer Society assumes that around one-third of the yearly 
500,000 malignant tumor-related deaths result from inactivity, 
high caloric intake, and overweight [3]. Large studies and 
meta-analyses demonstrated that physical activity reduces the 
risk of developing cancer in pre- as well as in postmenopausal 
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Zusammenfassung
Zahlreiche epidemiologische und Fall-Kontroll-Studien 
belegen inzwischen den Nutzen von körperlicher Aktivi-
tät in der Prävention des Mammakarzinoms. Bei sport-
lich Aktiven findet sich eine Risikoreduktion um etwa 
25–30%. Die optimale Dauer wird auf der Basis vorhan-
dener Daten aktuell mit etwa 30–60 min pro Tag bei mitt-
lerer Intensität angegeben. Aber auch in der Therapie 
des Mammakarzinoms spielt körperliche Aktivität eine 
wichtige Rolle, und zwar nicht erst nach abgeschlos-
sener Chemotherapie, sondern auch bereits während-
dessen. Gesichert sind die positiven Effekte auf das Fa-
tigue-Syndrom bzw. die Lebensqualität. Erste Studien 
geben außerdem Hinweise, dass das Überleben durch 
regelmäßige moderate Bewegung verlängert wird. Im 
vorliegenden Beitrag wurden die wichtigsten Hinter-
gründe, potenzielle Mechanismen sowie Empfehlungen 
für die Prävention und Therapie des Mammakarzinoms 
zusammengestellt.
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Summary
Numerous epidemiological and case-control studies 
have proven the efficacy of physical activity in the pre-
vention of breast cancer. In physically active subjects, 
the risk reduction averaged 25–30%. According to pub-
lished data, 30–60 min of exercise per day at a moderate 
intensity is regarded as the optimal duration. Further-
more, physical activity plays an important role in the 
therapy of breast cancer, not only after finishing but al-
ready during treatment. Among experts, the evidence of 
a positive impact on the fatigue syndrome and on the 
quality of life is found sufficiently convincing. Now, the 
most recent investigations have shown that regular 
moderate exercise may bring about a prolongation of 
life. In the present publication, the most important back-
ground facts, potential mechanisms, and recommenda-
tions for the prevention and therapy of breast cancer are 
described.
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Conclusion and Recommendations for Prevention
Any type of physical activity/exercise performed at any  
age decreases the risk of developing breast cancer; in particu-
lar, older and postmenopausal women with normal weight 
benefit from incorporating activities and a well-balanced nu-
trition in their way of life. Recently published recommenda-
tions with regard to primary prevention indicate that physical 
activities should be carried out for 30, or better 45–60 min/
day, on 5 days/week. Many studies demonstrated a dose- 
response association; moderate-intensity physical activity  
(energy expenditure > 4.5 metabolic equivalents of task 
(MET)), however, seemed to be more effective than low-in-
tensity exercises (< 4.5 MET) [6]. It is supposed that it is not 
necessary to exercise continuously, to accumulate phases of 
physical activity in the course of a day in 10-min units is suffi-
cient. The objective to maintain an active everyday life can 
already be the first step to greater physical activity and can 
facilitate the re-entry into a sportive life. Consequently, it is 
highly recommended to use stairs instead of elevators, to walk 
or to cycle to the place of work, to incorporate an active break 
into the work routine or to take for example some minutes off 
in order to take a walk, etc. The volume of these activities 
should be increased continuously until the above-mentioned 
30–60 min of physical activity per day are reached [3].

Possible Mechanisms

The mechanisms of the effects of physical activity on the 
human organism are very complex and can only be explained 
in a broad context. At present, it is not yet possible to de-
scribe conclusively the interlocking biochemical pathways 
during workload, as the results of investigations performed in 
vitro could not be confirmed by those achieved on the basis of 
epidemiological studies.

Nevertheless, different possible influences shall be pre-
sented. First of all, acute and chronic workloads (in the sense 
of training) have an impact on various parts of the immune 
system. It is assumed that this is caused by the exercise- 
induced release of hormones, in particular catecholamines 
and cortisol. As a consequence, the number of cells and, 
moreover, the function of cellular and humoral defense 
 mechanisms change. This is mainly understood with regard to 
natural killer cells or cytotoxic T cells, but also to transmitters 
of the immune system, the so-called cytokines (e.g. C-reactive 
protein (CRP)) [7–9]. Among other things, catecholamines 
lead to a dose-dependent augmentation of natural killer (NK) 
cells by approximately 150–300% and of cytotoxic T cells by 
50–100% [10]. However, within the first 2 h after workload, a 
strong decrease is observed. Basically, this effect occurs when 
cortisol is released, and it is an explanation why high load in-
tensities provoke more prominent reactions. The low levels of 
monocytes and macrophages seen after intensive workloads 
sometimes even remain depleted for several days (s. ‘open 

any level has a preventive impact. In addition to the presenta-
tion of recent research and publications focusing on preven-
tion, therapy, and rehabilitation in the frame of this contribu-
tion, the underlying mechanisms are discussed.

Preventive Aspects

There is extensive research supporting the importance of the 
relationship between breast cancer and physical activity in 
professional life and leisure time. In most of the epidemiologi-
cal studies, a consistent inverse relationship was observed. 
Friedenreich und Cust [4] recently produced a paper present-
ing the outcome of 62 studies dealing with the association of 
physical activity and breast cancer. In 47 of the 34 case-con-
trol and 28 cohort studies, the average risk reduction of devel-
oping the disease amounted to 25–30%. In 28 of 33 research 
works, a positive dose-response relationship was reported. 
The maximum risk decrease was achieved by accumulating 
recreational activities (–20%); however, this was also achieved 
by doing housework or pursuing lifetime activities such as 
brisk walking to the place of work or cycling (–14% each) or 
by accumulating job-related activities (–13%). How much 
physical activity is needed (duration and frequency) is only 
sparsely described in the literature. In most cases, the appro-
priate intensity is discussed. Thus, performing moderate ac-
tivities decreased the risk of incidence by 22%, and carrying 
out vigorous activities lowered the risk by 26%. Friedenreich 
and Cust considered the timing and defined two groups,  
1–2 years and 10–20 years, respectively, before confirming the 
diagnosis as well as different age groups (adolescence or early, 
middle and late adulthood). The latter classification turned 
out to be more promising; in particular, older women showed 
an advantage. Furthermore, different subgroup analyses re-
vealed an activity-related benefit for pre- and postmeno pausal 
women. An extra benefit was described for women with a 
body mass index (BMI) < 22 kg/m2, for those with hormone 
receptor-negative tumors, for non-white women, and for 
mothers. An additional study that deals with the question of 
the appropriate amount of physical activity is the Nurses’ 
Health Study. Women who reported to be moderately or vig-
orously active for 7 or more hours per week were compared 
to those who reported less than 1 hour per week. Those re-
porting 7 or more hours of activity had a 20% risk reduction 
of developing breast cancer. This association was similar in 
pre- and in postmenopausal women [5]. The variety of differ-
ent results can be explained by considering the spectrum of 
parameters used to assess physical activity, as mentioned 
above. A more objective measure is to register the physical 
performance capacity assessed by using cycle ergometry or 
treadmill, which in turn is genetically determined.
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an important factor in the pathogenesis of tumor diseases 
[23]. It is a potent mitogen that plays a decisive role in regu-
lating apoptosis, proliferation, and differentiation of cells. 
 According to a large number of epidemiological studies, this 
effect is associated with a higher incidence of mammary can-
cer risk [24]. The effects of IGF-1 are mainly mediated by the 
IGF-1 receptor. The latter is very similar to the insulin recep-
tor (60% homology). For this reason, both insulin and IGF-1 
are able to activate both receptors. In addition, the effect of 
IGF-1 is regulated by IGF-binding proteins (IGFBPs). 
Among the 6 described IGFBPS [23], IGFBP-3 plays the most 
important role as it does not only control the mitogenic action 
of IGF-1 but also inhibit its antiapoptotic effect [25]. It has 
been scientifically proven that physical activity leads to im-
proved insulin sensitivity, to a reduced level of insulin, and to 
an increased concentration of IGFBP-3 [26, 27]. Moreover, 
recent studies revealed positive effects of physical activity on 
the level of insulin in cancer after treatment. Ligibel et al. [27] 
demonstrated in 101 till then inactive overweight breast can-
cer patients who were randomly divided into a training group 
and a control group that the insulin level could be reduced 
significantly in the training group but not in the control group. 
However, an effect on fasting glucose and body composition 
could not be found.

More and more recent studies have identified the associa-
tion between the adipocytokines leptin and adiponectin and 
the development of breast cancer. They represent 2 of around 
100 factors that are secreted from visceral adipose tissue [28]. 
Leptin was detected in breast cancer tissue and in breast can-
cer cell lines and correlated positively with the body fat mass 
[29, 30]. It is assumed that leptin stimulates mammary tumor 
cell growth. There is an ongoing discussion whether this 
 process can be attributed to central nervous mechanisms, the 
promotion of angiogenesis, and an enhanced aromatase ex-
pression resulting in higher levels of estrogen [31]. The bio-
logical effect of leptin on the development and distribution of 
breast cancer can be attributed to the leptin-induced prolifer-
ation of mammary tumor cell lines, the increase of proteolytic 
enzymes that are necessary in the process of dissemination, 
and the stimulating effect on angiogenesis. Furthermore, 
leptin itself is able to promote aromatase expression and ex-
erts its growth effects on estrogen receptor-positive human 
breast cancer cell lines by activating the mitogen-activated 
protein kinase (MAPK) pathway [32]. The impact of aroma-
tase inhibitors on leptin is not yet well understood. A short-
term investigation of Lapauw et al. [33] revealed a reduction 
of the insulin level after administration of aromatase inhibi-
tors in young and elderly male subjects already after 28 days, 
whereas these findings could not be confirmed by a study of 
Luukkaa et al. [34].

Adiponectin, however, shows opposite effects; it appears to 
enhance the insulin sensitivity [35] and to have an antipro-
liferative effect on breast cancer cells [36]. Whether the pro-
tective effect of a reduced body fat mass could be the decisive 

window’). The function of the NK cells may enhance by 
around 40–100% and decrease – according to the intensity – 
by around 25–35% below baseline [11]. The phagocytic and 
cytotoxic functions of the macrophages seem to be enhanced 
especially after moderate physical activities. These findings do 
not yet provide sufficient evidence, but support the hypo thesis 
that moderate physical activities in particular have a positive 
impact on the immune system [12, 13]. New research is ad-
vancing the understanding of the correlation of physical activ-
ity and the development of malignant tumors, but up to now 
its benefit in prevention and in therapy has not been proven 
conclusively.

In addition, physical activity has great effects on sex 
 hormones. Active women show lower concentrations of sex 
hormones and, hence, a decreased exposure to free estrogen 
[13, 14]. Estrogens promote the risk of mammary cancer 
 development, which is attributed to the stimulation of mitoses 
and the regulation of cell proliferation [15]. Progesterone and 
androgens may also favor the development of tumors, but this 
aspect has not been studied extensively, and the findings in 
the literature are contradictory regarding the importance of 
androgens for growth and diffusion of breast cancer cells 
[16–19].

Before menopause, the ovaries are the primary source of 
estrogen synthesis, whereas after menopause aromatized 
ovarian and adrenal androgens mainly contribute to the estro-
gen production. By aromatase, androgen precursor substances 
(testosterone, androstendione) are converted to estrogens 
[20]. This conversion occurs at extragonadal sites, predomi-
nantly in visceral adipose tissue [21]; therefore, the body com-
position, and especially the percentage of body fat, plays an 
important role in the prevention of developing breast cancer 
after menopause. Meanwhile, in the therapy of breast cancer 
patients, the administration of aromatase inhibitors is well 
 established. They inhibit the conversion of androgens to 
 estrogens. Investigations focusing on physical activity do not 
yet exist, but it can be suggested that synergistic effects may 
be expected.

In the context of body composition and visceral adipose 
 tissue, the increased concentration of insulin is discussed, 
which influences the bioavailability of estrogens and andro-
gens by down-regulating sex hormone-binding globulin 
(SHBG) and up-regulating ovarian hormone production. 
However, it should be considered that the growth hormones 
insulin and insulin-like growth factor-1 (IGF-1) themselves 
have an impact on carcinogenesis. Goodwin et al. [22] re-
ported a relationship between higher levels of fasting insulin 
and an adverse prognostic factor for breast cancer in 512 
women with diabetes mellitus. The tumorigenic effects of 
 insulin can be directly relayed by insulin receptors to (pre-)
neoplastic cells or they are a secondary consequence of hyper-
insulinemia which leads to changes of the endogenous 
 hormone metabolism. Insulin, for example, enhances the syn-
thesis and biological actions of IGF-1 and thus is found to be 
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Physical Activity in Tertiary Prevention

In Germany, approximately 436,000 new cases of individuals 
with malignant tumors are discovered each year. The 5-year 
survival rates have improved over the past years. Besides an 
early diagnosis, the improved therapy options and new meas-
ures of diagnostic techniques could increase the patients’ 
chances of survival, but they also emphasize the necessity for 
adequate rehabilitation programs.

However, even after successful treatment, these patients 
are at increased risk of recurrence. Moreover, the therapy can 
cause side effects, and some of the individuals concerned may 
experience symptoms like breathlessness, fatigue or nausea 
because of which their quality of life can potentially be re-
duced. Without doubt, this background knowledge supports 
the importance of changing the lifestyle and taking up a 
healthy way of life, i.e. not to smoke, to reduce alcohol 
 consumption, to decide on healthy nutrition and on physical 
activity.

Cancer survivors especially benefit from being physically 
active as it decreases the risk of recurrence and increases the 
survival rates [43, 44]. However, in the USA, only one-third of 
the patients achieve the recommended amount of exercise of 
at least 150 min/week [45]. There is no statistical data avail-
able for Germany.

Various studies could show that cancer survivors (n = 7384) 
did not follow a healthier way of life than the control partici-
pants (n = 121,347). Data from the National Health Interview 
Surveys documented that tumor patients did not consume less 
cigarettes and alcohol than the healthy controls, but the survi-
vors were 9% more likely to engage in the recommended 
physical activity. These data help understand how important 
it is to guide cancer survivors to a healthy way of life and to 
provide subject-specific support [46].

Recommendations for Therapy

There is currently no clear evidence regarding the most rec-
ommendable kind of sports and the most adequate intensity 
and frequency in order to obtain a benefit in primary or terti-
ary prevention. Actually, in primary prevention, the aim is to 
encourage individuals to engage in at least 30–60 min of exer-
cise on at least 5 days per week, as given in the recommenda-
tions of the American Cancer Society for the prevention of 
tumor diseases [47]:
– energy balance control
– physical activity for at least 30 min, or better 45–60 min 

(adults), on at least 5 days per week, in addition to everyday 
activities

– well-balanced nutrition
– 5 servings of fruits and vegetables per day
– moderate alcohol consumption (not more than 1 alcoholic 

drink for women and 2 drinks for men per day)

factor has not yet been sufficiently studied. However, it was 
reported that the adiponectin concentration was negatively 
associated with the body fat mass and increased when the 
body fat mass declined [37]. In contrast, investigations per-
formed by Hulver et al. [38] revealed that physical activity 
that did not provoke any reduction in body fat mass did not 
result in any changes of the adiponectin concentrations.

Regarding cellular pathways, inflammatory processes are 
thought to play a pivotal role. Physical activity influences both 
systemically and locally the balance between pro- and anti- 
inflammatory cytokines [13]. Exercise workloads, especially 
heavy loads, are regarded as inflammatory stimuli, but this 
 reaction is compensated by adequate down-regulation pro-
cesses. Further effects that probably depend on the duration 
and intensity of the respective exercise workload take place  
in signaling pathways, e.g. the effects of 5’-AMP-activated 
protein kinase (AMPK), phosphoinositide 3-kinase (PI3K), 
MAPK, and NF-kappaB [39]. These signaling pathways are 
extremely important when studying the development of 
 mammary cancer as they are involved in different ways in  
the regulation of transcription, in the development of insulin 
resistance, apoptosis, infection, etc. However, it is not yet 
 understood whether the influencing processes already take 
place on the DNA level [40].

Physical Activity during Therapy

An increasing number of investigations deal with the role of 
physical activity during tumor therapy. The disease and side 
effects of the therapy lead to a variety of negative effects on 
muscle strength, physical performance capacity, body compo-
sition, and mood. However, it has been shown that physical 
activity may counteract the loss of performance capacity and 
muscle strength, and may improve the mood [41]. Courneya 
et al. [42] conducted a study on 242 patients with breast can-
cer. They determined the effects of endurance and resistance 
training on the subjects during therapy compared to a treat-
ment without special exercise. The chemotherapy averaged 17 
weeks, and quality of life was the parameter they focused on. 
Secondary objectives were to gain insight into the patients’ fa-
tigue and fitness level, and the incidence of lymphedema. The 
group of 78 patients who performed an endurance training 
showed a boost in self-esteem, improved fitness, and a favora-
ble shift in body composition compared to the control group 
(n = 82). The resistance training group (n = 82) could improve 
their self-esteem and their muscle strength as well. No inci-
dence of lymphedema was reported. The authors could not 
reveal a direct effect on the fatigue syndrome or on the qual-
ity of life due to physical activity. Other studies, however, de-
scribed positive effects on these two parameters as well [43].
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Conclusion and Perspective

The relationship between physical activity and reduction of 
breast cancer incidence has been extensively studied, but at 
the moment it is not yet clear which of the underlying mecha-
nisms have protective effects. Especially, more research is 
needed to understand what kinds of physical activity at which 
duration, frequency and intensity provide these benefits. 
However, existing evidence shows positive adaptations in-
duced by any level of physical activity. Besides psychosocial 
aspects, the influence on the body composition, characterized 
by an increase or maintenance of muscle mass and a decrease 
in fat mass, has been described to play a central role. These 
results and the rising number of cancer patients strongly sup-
port the need for establishing additional sports groups to meet 
the demands. The most important aim is to improve the indi-
vidual’s motivation to exercise. In the long term, only those 
persons who engage in regular physical activity with a high ex-
tent of motivation will benefit from exercise, independent of 
what they have chosen, jogging unaccompanied, walking in 
nature, or joining sports friends in the gym.
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In follow-up or tertiary prevention, endurance training at 
moderate intensities is most often recommended [48]. More-
over, it is aimed to follow the recommendations of primary 
prevention [49]. Carefully performed stretching exercises and 
gymnastics of about 10 min duration could be the first regi-
men for those patients who have been inactive before diagno-
sis and/or for those who are physically weak. Step by step they 
should then be taught to adopt a more active physical behav-
ior throughout the day and to perform an exercise program 
that is tailored to the particular needs of the individual. Each 
form of exercise has characteristic benefits; however, when 
composing an exercise program, one must take into account 
each patient’s specific limitations resulting from side effects 
after surgery, e.g. shoulder joint disorders provoked by breast 
amputation or lymph node resection. In these cases, physio-
therapy must be included. If special exercises or physical ac-
tivities cause disorders, they should be altered, performed at 
reduced intensities or stopped. In case of severe anemia or 
thrombocytopenia, any kind of exercise should be discontin-
ued until the patient’s condition has improved, and patients 
with poor immune function should avoid close contact to 
other people in public sports facilities. Appropriate attention 
will also have to be paid to patients with lymphedema and 
metastases.

It is very helpful to put patients in touch with specific 
 outpatient groups (the Deutsche Krebsgesellschaft/German 
Cancer Society www.krebsgesellschaft.de) or sports organiza-
tions, e.g. regional sports clubs or self-help groups, in order to 
reduce the anxiety and uncertainty as well as the excessive 
 demands they are often faced with.
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