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Sedentary behavior, exercise, and cancer
development
Tatjana T. König, MD*, Oliver J. Muensterer, MD, PhD

According to theWorld Health Organization, the global decrease
of physical activity is one of the leading causes of mortality
worldwide, resulting not only in cardiopulmonary disease and
obesity, but also in a predisposition for the development of
cancer[1]. This article gives an up-date perspective on the impact
of sedentary behavior and exercise on cancer development,
course of treatment, as well as secondary prevention in cancer
survivors.

Inactivity is estimated to contribute to almost 25% of the
global colorectal and breast cancer burden[1]. Even though the
correlation is clear in large epidemiological series, showing a risk
reduction of up to 20% for certain kinds of tumors in physically
active individuals[2], the underlying molecular mechanisms are
mostly unknown.

Since malignant tumors are biologically active and favor
aerobic glycolysis, tumor metabolism may be affected by energy-
consuming activities, ultimately leaving the tumor in a more
vulnerable state[3].

Generally, a high level of inflammation within the tumor is
associated with a better prognosis[3]. In rodents, physical activity
lead to an activation of inflammatory cells and their attachment
to tumors, increased levels of proinflammatory cytokines, and
activation of proinflammatory signaling pathways, driven by an
adrenergic physical stress response and an increase in body
temperature[3].

Physical activity seems to be a protective factor against tumors
linked to hormonal changes in women, such as cancer of the
breast and endometrium[2]. This is most likely facilitated by
decreasing estradiol levels and increasing sex hormone binding
globulin, both in premenopausal as well as postmenopausal
women[4]. Furthermore, there is a correlation between metabolic
activity and the development of intestinal neoplasms, such as
esophageal, gastric, and colorectal[2]. This association remained

statistically significant[2], even after controlling for body
mass index.

For certain tumors associated with smoking and alcohol con-
sumption, physical inactivity was shown to be protective (lung,
liver, kidney, bladder, head, and neck tumors)[2]. Surprisingly,
among the listed tumors, smoking remained a more prominent
independent risk factor compared to exercise only for lung cancer
in a multivariate analysis. Hence, physically active smokers still
had a reduced risk for liver, bladder, or head, and neck tumors,
comparedwith physically inactive smokers[2]. Physical activity on
the other hand was associated with a higher risk for malignant
melanoma (hazard ratio, 1:1.27) and prostate cancer (hazard
ratio, 1:1.05)[2]. While the higher risk for malignant melanoma
might be explained by a higher exposure to sunlight in active
individual, the data regarding the effect on prostate cancer
remains inconclusive[5]. Conflicting studies found that physical
activity may even have a preventive effect toward prostate cancer
in some cases[5].

In conclusion, physical activity seems to inhibit cancer devel-
opment and progression by a combination of metabolic, endo-
crine, immunological, and inflammatory modulation[2,3].

Cancer diagnosis and therapy itself has negative impact on the
patient’s physical fitness. Contributing factors include tumor-
associated catabolism, fatigue, chemotherapy side-effects, extensive
and repetitive surgery, as well as mental impact. There is evidence
that a combination of weight control and physical activity is
effective to reduce tumor growth, delay metastatic progression and
improve survival[3]. Good muscular fitness is also associated with
lower mortality and decreased risk of complications, as well as
better adaption to treatment[3]. Preclinical research has described a
muscle-to-tumor interaction via myokines and signaling peptides
released by the muscle during exercise[3].

Regarding objective treatment outcomes, physically active
patients report a higher overall health-related quality of life
(HrQOL), lower fatigue and fewer side-effects of chemotherapy[3].
By increasing overall blood flow and body temperature, physical
activity has been shown not only to attenuate the toxicity of che-
motherapy agents, but to improve their potency[3].

Many prospective studies suggest that “prehabilitation,”
defined as the implementation of exercise programs during
neoadjuvant treatment, can improve postoperative outcome even
more effectively than rehabilitation after major surgery[6,7]. This
effect has been demonstrated for major thoracic surgery in
patients with lung cancer[7], as well as major abdominal
surgery[8]. The interpretation of these studies is hampered by
heterogenous study protocols, especially in terms of exercise
programs (inspiratory muscle training, “functional” training,
endurance, resistance, or both, varying intensity levels and
exercise frequency) and diverse outcome measures [self-reported
physical activity, walking distance, maximal oxygen uptake (VO2

max), grip strength][6–8]. Even among patients with the same
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tumor type, the response to exercise may vary widely[3]. These
factors limit drawing any general conclusions with regard to
pretreatment conditioning at this time.

As multimodal therapies improve, the focus of care is shifting
towards improving long-term quality of life of cancer survivors.
Even after successful tumor treatment, patients may experience
live-long impairment in exercise-tolerance, as well as cardio-
pulmonary and cognitive function. Persisting symptoms of
fatigue[9], compromised physical function, psychological
comorbidities or chronic pain create a high barrier for partici-
pation in physical activity. Extensive tumor operations, such as
pelvic exenterations, have been associated with a significant
decrease in postoperative physical activity[10]. On the other hand,
exercise improves autonomy by maintaining a higher level of
cardiopulmonary and muscular function, coping abilities, as well
as objective quality of life of cancer survivors[11]. A more active
life-style before surgery seems to correlate with higher post-
operative physical activity as well[10]. In large cohorts, longer
survival has been demonstrated in cancer patients who adhere to
a healthy life-style (nonsmoking, exercise, normal body mass
index, healthy eating, moderate alcohol intake)[12]. Finally, in
multivariate regression analysis, exercise was found to be an
independent factor for reduced overall mortality[12].

Exercise also changes the long-term outlook. In a study of over
15,000 adult childhood cancer survivors followed-up over 10 years,
tumor progression, relapse, and mortality was reduced by 40% in
physically active patients compared to those with sedentary
lifestyles[13]. Also, there was a positive linear dose-effect correlation
between intensity and duration of exercise[13]. In this study, the
optimal exercise exposure for childhood cancer survivors was
modeled at 15–18Metabolic Equivalent of Task (MET)×hours per
week[13], corresponding to about 2 hours ofweekly cycling at 25 km/
h[14]. In order to promote a habit of regular exercise, a growing
number of home-based or community-based programs for cancer
survivors have been implemented and adjusted to the patients’ needs.

In conclusion, there is clear epidemiological evidence that links
a sedentary life-style to cancer. Cancer patients have a better
quality of life if they are physically active during their treatment.
So-called “prehabilitation” during neoadjuvant treatment can
improve surgical outcome and maintain a higher level of physical
function. The scientific evidence on exercise-related treatment
outcomes in cancer is currently limited to small series with het-
erogenous study protocols and patient profiles. Home and com-
munity-based exercise programs achieve a higher long-term
adherence to an active lifestyle that may translate into a longer
and healthier remission. Ultimately, these interventions must be
tailored to the patients’ needs, abilities, and background.
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