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Abstract: According to recent published reports, over 12 million new cases of cancer were
estimated worldwide for 2007. Estimates from 2008 predict that cancer will account for 22.8%
of all deaths in the US. Another report stated 50% to 75% of cancer deaths in the US are related
to smoking, poor dietary choices, and physical inactivity. A 2004 report indicated obesity and/
or a sedentary lifestyle increases the risk of developing several types of cancer. Conversely,
several large-scale cohort studies point to the positive relationship between physical activity and
a reduction in cancer risk. In addition, research over the last few years has clearly shown cardiorespiratory benefits, increases in quality of life (QOL), and increases in physical functioning for
cancer survivors who engage in exercise programs. Thus, the purpose of this review is to highlight
three areas related to cancer and physical activity. First, information concerning the prevention
of cancer through physical activity is addressed. Second, recent studies identifying changes in
volume of oxygen uptake (VO2) and/or cardiorespiratory functioning involving exercise with
cancer survivors is presented. Third, studies identifying changes in cancer survivors’ physical
functional capacity and QOL are presented. Finally, a summary of the review is offered.
Keywords: cancer, cardiorespiratory, exercise, physical activity, volume of oxygen (VO2)

According to the most recently published reports on the internet, over 12 million new
cases of cancer were estimated worldwide for the year 2007.1 Incidence and mortality
rates continue to grow around the globe, with lung cancer deaths estimated to be near
1 million per year. The American Cancer Society estimated that cancer would account
for or be associated with 22.8% of all deaths in the US, just trailing cardiovascular
disease as the number one killer which accounted for 26.6% of the total deaths. Between
2000–2004 death rates for cancer were the highest in the US for individuals of African
American heritage, while people from the Asian and Pacific Island ethnic group had
the lowest incident rates, which were approximately half of that for African Americans.
According to 2008 estimates, cancers of the prostate and breast will continue be the
most frequently diagnosed cancers in men and women accounting for approximately
25% in each group.2
While it appears that the prevalence of cancer is not in decline, various organizations
and researchers are attempting to limit this disease through the improvement of healthy
behavior choices. Although not all risk factors can be controlled or eliminated that
predispose an individual to cancer (ie, genetic factors), healthy behaviors and lifestyle
choices, along with preventing environmental exposure to certain risk factors, can
help curtail cancer development in humans. Unfortunately, in many cases exposure
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to specific cancer causing agents is almost undetectable and
therefore unavoidable. However, in other cases, individuals
can be proactive regarding their health by choosing not to
smoke, or by becoming engaged in an exercise program.
These last two choices become even more important when
one considers that 50% to 75% of cancer deaths in the US are
related to risk factors such as smoking, poor dietary choices,
and physical inactivity.3 Thus, not only do we see the reduction of risks and increase in health benefits in the area of
heart disease through being physically active (eg, lowering
cholesterol, less chance of stroke or heart attack), we also see
positive results in the area of lowering obesity levels, which
in turn decreases one’s risk of cancer.4
In addition, research over the last few years has clearly
shown cardiorespiratory benefits (increases in aerobic
capacity), increases in quality of life (QOL), and increases
in physical functioning for cancer survivors who engage in
exercise programs.5–7 Furthermore, a 2004 report on diet and
nutrition indicated that obesity and/or a sedentary lifestyle
(both modifiable through diet and exercise) increases the
risk for developing several types of cancer such as breast,
colon, kidney, and endometrial cancer.4 Thus, evidence continues to accumulate through research studies and reviews
indicating a link between a physically active healthy lifestyle
and improvements in mental and physical QOL in cancer
survivors.8–10 However, we should note that although some
studies interchange the terms physical activity and exercise,
there is a clear delineation. Physical activity is generally
considered any type of body movement that requires energy
expenditure.11 Examples tend be recreational (eg, walking,
gardening), occupational, household (eg, mowing the lawn,
doing chores), or lower intensity activities such as golf.
Exercise, on the other hand, can be defined as movements
designed to improve physical fitness measures such as body
fat percentage, flexibility, muscular endurance, and aerobic
capacity.11 Exercise is typically planned, structured, and
repetitive, with prescribed levels of intensity, frequency
and duration. Examples of exercise include, although are
not limited to, structured workouts at a wellness facility
(eg, weight training), power walking, cycling, cross-country
skiing, or jogging. We shall use these definitions when referring to physical activity and exercise in this article.
The purpose of this review is to highlight three specific
areas. First, information concerning the prevention of cancer
through the avenue of physical activity will be addressed,
mainly through previous reviews and cohort studies. Second,
recent studies identifying changes in volume of oxygen
uptake (VO2) involving exercise with cancer survivors will
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be presented. Studies identifying changes in cancer survivors’
aerobic capacity as measured by sub-maximal or field cardiorespiratory tests will also be presented in this section. Third,
research associated with changes in physical functioning
and/or QOL, especially those showing an increase relative
to changes in aerobic capacity will be reviewed. A summary
section is then presented to close out the discussion. This
review is intended to present findings that can communicate
a general consensus related to the area of exercise, physical
activity, and cancer prevention or recovery. It is beyond
the scope of this review to focus on genetic, metabolic or
chemical factors that may predispose or increase the risk
of developing cancer,12–14 nor will we identify all research
findings connected with exercise or physical activity and
cancer. For instance, some research focuses on the potential
mechanisms by which physical activity may reduce cancer
development.15–17 It is hoped, however, that a connection
between cancer prevention and increases in aerobic capacity
(ie, VO2 or cardiorespiratory functioning) can be postulated
from this review.

Cancer prevention research
According to the Cancer Trends Progress Report – 2007
published by the National Cancer Institute (NCI), obesity
and physical inactivity are associated with approximately
25% to 30% of colon, breast, endometrial, kidney, and
esophageal cancers in the US.3 Other research indicates
that higher levels of physical activity may lower the risk
for developing prostate and lung cancer.18 In addition to the
information presented by the NCI, recent literature reviews
also provide supporting evidence for the proposition that
physical activity helps to prevent cancer.9,19 The findings
of epidemiologic studies consisting of large-scale cohorts,
meta-analyses, reviews, and/or case studies summarize the
factors associated with a decreased risk for the development of various types of cancer. In the next few paragraphs,
information is presented regarding the specific association
between physical activity levels and the occurrence of breast,
colon, and rectal cancer.
Physical activity has been reported for several years now
as a viable means to reduce the development of breast and
colon cancer,9,17,20 and theoretically should also help lower
the reoccurrence of cancer.21–23 It should be noted, however,
that not all research unequivocally report the benefits of an
active lifestyle in the prevention of breast cancer. For instance,
Lahmann and colleagues initially found that total and recreational physical activity did not affect breast cancer risk in premenopausal women.24 Additionally, Margolis and associates
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reported that physical activity levels in individuals under 30
years of age were not associated with breast cancer risk.25
However, in both preceding studies, positive results related to
physical activity levels were later identified through separate
data analyses. Thus, very few studies report physical activity
as having a non-significant role in the prevention of breast cancer as Lee and colleagues did in 2001.26 Lee reported 2 years
later that approximately two thirds of the studies reviewed at
that time showed a significant negative relationship between
physical activity levels and the risk for developing breast
cancer.20
More recent reports have also provided strong evidence
suggesting the link between physical activity levels and
risk reduction through literature reviews of breast cancer
research.9,19,21 Specifically, Friedenreich in 2004 reported that
although several studies found significant general associations
with exercise and breast cancer, the most profound reductions in breast cancer development due to increased physical
activity levels were found in postmenopausal women.21 In her
review of recent cancer prevention literature, Kruk provides
several examples of global cohort studies reporting breast
cancer risk reduction through a physically active lifestyle,
recreational activities, or higher levels of household activities.9 Miles concludes her review by stating that the majority of research presented strongly supports the notion that
physical activity helps prevent breast cancer.19 According
to Miles and other researchers, there also appears to be an
inverse dose-response relationship between physical activity
and breast cancer.19,24,27,28 Therefore, higher levels of physical
activity intensity, frequency, and duration (ie, exercise at
moderate to vigorous levels) appear to be more beneficial to
modifying one’s risk for developing breast cancer than being
involved in lower levels of recreational activity.
As stated previously, research generally supports the
notion that higher physical activity levels are negatively
related to colon cancer risk. For instance, Lee reported that
as physical activity increases in both men and women, the
risk of colon cancer is reduced by as much as 80%, with a
median reduction in most studies equating to a 30% to 40%
reduction.20 A study by Calton and associates somewhat
refutes this statement, as they found no relationship between
colon cancer and physical activity in a large cohort of US
women.29 More recently, however, Kruk reported in her
review of chronic diseases that evidence for the reduction of
colon cancer through a physically active lifestyle is convincing, with an average risk reduction of 40% to 50%.9 Miles
verifies this finding in her literature review of several cohort
studies, whereby being physically active reduces one’s colon
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cancer risk by approximately 40%.19 Also of importance is
her note distinguishing that these investigations consisted of
cohorts from the US, Asia, and Europe. Thus, generalizability
to culturally divergent populations can be considered valid,
while also indicating the findings to be robust.
Most research reports are unclear concerning the doseresponse needed to lower overall colon cancer risk; however,
general recommendations taken from reviews seem to indicate higher intensity levels over a prolonged period of time
offer greater cancer reduction effects.19 For instance, Samad
and associates identified both occupational and recreation
physical activity variables as leading to lower colon cancer
risk for men and women when combining results from
19 cohort studies.16 Similar to the findings reported on breast
cancer risk reduction, Lee and colleagues found a significant
negative relationship between more strenuous exercise or
daily physical work and the risk of developing colon cancer
in a cohort of Japanese men.30 In addition, physical activity
has also been shown to improve QOL within this cancer
population. Reporting on colon and rectal cancer together,
Lynch and associates found a positive relationship between
improvements in QOL and physical activity from a cohort
of subjects in Australia.31 Specifically, participants achieving a minimum of 150 minutes of physical activity per week
improved QOL scores by approximately 20%.
Although sometimes associated or grouped with colon
cancer, statistics for rectal cancer are not as promising.
In fact, several reports show no consistent significant association between physical activity and the prevention of rectal
cancer.9,30,32 In one meta-analysis by Samad and colleagues,
no relationship was found in case-control or cohort studies
between physical activity and rectal cancer for either men or
women.16 In 2004, Wei and associates combined two largescale cohorts in their analysis of colon and rectal cancer.33
Although results indicated a significant reduction in colon
cancer, physical activity levels were not associated with rectal
cancer risk. In the same year, Chao and colleagues reported
that physical activity was significantly related to a decrease
in rectal cancer, but that colon cancer was not related.34 Other
studies such as that by Lund Nilsen and Vatten show similar
mixed findings related to colorectal cancer.35 Thus based
on the existing data, there is no strong evidence to suggest
a definitive link between increased physical activity levels
and a reduced risk of rectal cancer.
In addition to the aforementioned cancers (breast, colon,
and rectal), physical activity has been associated with
reducing the risk of lung, prostate, and endometrial cancer.
The average risk reduction for each of these cancers varies
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from approximately 10% to 40%. An initial cohort study by
Colbert and colleagues in 2003 were unable to show a doseresponse relationship concerning total or vigorous physical
activity and endometrial cancer.36 More recently, Miles
indicated that a majority of research for endometrial cancer
supports the risk-reducing effects of physical activity.19
However, it was unclear whether occupational or recreational
activity provided the greatest benefits, or whether increases
in risk were more related to a sedentary lifestyle. As for
prostate cancer, separate reports by Lee along with Torti and
Matheson indicated a decreased risk associated with physical activity in a majority of the studies they reviewed.20,23
Nilsen and associates found an inverse relationship with
a Norwegian cohort, and also reported that there was a
significant decrease in advanced prostate cancer occurrence
with higher levels of physical activity.37 Although there are
a few studies indicating an inverse relationship (ie, lower
cancer risk associated with higher levels of activity), several
recent studies found no association between physical activity and the prevention of prostate cancer.38–40 According to
Friedenreich and Orenstein, the physical activity relationship
with prostate and endometrial cancers was only considered
probable or possible.18
A review by Lee has suggested a slightly stronger association between physical activity and lung cancer, however, it
also indicates that smoking was not controlled for in several
studies.20 More recently, Miles reported that the reduced risk
of lung cancer may more heavily depend on the intensity
of the activity or exercise session, as opposed to the total
physical activity levels reported.19 Specifically, levels of
strenuous or vigorous activity (ie, exercises like cycling
or various recreational sports) are more strongly related to
lung cancer risk reduction than general activities such as
those related to one’s occupation, work around the house,
or leisure pursuits.41,42 Therefore, physical activity sessions
which specifically require a lung cancer survivor to exercise
at a given intensity, frequency, and duration may be most
beneficial for producing not only cardiorespiratory benefits
for the heart and lungs (ie, increased stroke volume, aerobic
capacity), but also for producing physiological benefits to
help reduce the risk of developing cancer.

Aerobic capacity/VO2 research

Originally, one of the intentions of this review was to determine if there was sufficient evidence to state that an increase
in aerobic capacity could help lower one’s risk of developing cancer. Unfortunately there is not sufficient evidence to
make that statement. However, as presented in the preceding
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p aragraphs, higher levels of physical activity help to prevent
many cancers. It stands to reason that increases or higher levels of aerobic capacity, attained through sufficient amounts of
physical activity or exercise, should therefore help to prevent
cancer. Moreover, increases in physical activity should also
provide higher levels of aerobic and physical functioning,
and increase QOL for cancer survivors. Thus, this section
of the review is dedicated to presenting research findings
related to increases in aerobic capacity of cancer survivors,
either through maximal volume of oxygen measures (VO2),
or through sub-maximal and field cardiorespiratory tests.
While exercise and physical activity may not be as strongly
related to some cancers, any reduction in the risk of developing cancer should be deemed important, especially given
the other benefits related to exercise (ie, reduced incidence
of heart disease, diabetes, obesity).
There are several positive physiological changes for
many cancer survivors associated with moderate to high
levels of physical activity and structured exercise. One of
these physiological changes can be an increase in cardiorespiratory functioning, or an increase in aerobic capacity.
Simply stated, exercise has the capacity to positively impact
one’s heart and lung ability to deliver blood and oxygen to
the body. Increases in aerobic capacity for cancer survivors,
normally measured through VO2 analyses, have been shown
in several studies. For example, Young-McCaughan and
associates in 2003 found a significant increase in VO2 for
a group of 62 cancer survivors, with some going through
treatment, after a 12-week exercise program.43 The authors
also reported an overall increase in physical functioning for
the participants representing survivors of several different
types of cancer. A few years later, Thorsen and colleagues
reported a significant increase in VO2 for 111 survivors in
both the intervention and control groups in a home-based
exercise program for breast, testicular, lymphoma, and
gynecologic cancer.7 In this study, all survivors had recently
completed their chemotherapy treatment. The average
increase in VO2 was 6.4 milliliters (mL) per kilogram (kg)
of body weight for the intervention group who participated in a 14-week training program, and 3.1 mL/kg for
the control group who were told to maintain their normal
physical activities.
More recently, Cheema and Gaul indicated that 25 previously trained breast cancer subjects significantly increased
their VO2 measures by an average of 6% from pre- to
post-test after an 8-week exercise program.44 Subjects participated in 2 resistance or weight training sessions and 3
aerobic sessions per week. Herrero and associates found
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aerobic capacity measures (expressed in both ventilatory and
respiratory compensation thresholds) significantly related to
QOL scores in 16 untrained breast cancer participants.45 The
authors also reported VO2 peak values (ie, maximal testing
scores) related to QOL as approaching a significant level.
In a recently published health education study, Garner and
Erck found that 11 Stage I and II breast cancer survivors
significantly increased their aerobic capacity (VO2) by an
average of 4 mL/kg through a moderate to vigorously intense
8-week aerobic and resistance training program.46 Wiggins
and Simonavice, using a sub-maximal formula, recorded an
average VO2 increase of 5 mL/kg in 6 breast cancer survivors
after 3 months of a 12-month exercise program containing
both an aerobic and resistance exercise component.47 The
resulting increase in cardiorespiratory capacity was generally maintained by the participants throughout the next
9 months of the program.
In addition to the previous investigations comparing
VO2 differences, several studies indicating changes in
cancer survivors’ aerobic capacity, as measured by other
cardiorespiratory indices, have been published. For example,
Pinto and colleagues showed improvements in blood pressure levels with 24 breast cancer survivors after a 3-month
exercise program, which is suggestive of cardiorespiratory
improvements in the subjects.48 Patients involved in another
3-month exercise program that gradually increased intensity
and duration throughout the study significantly increased
their aerobic capacity.49 In the same year, Courneya and
associates found a non-significant increase in treadmill time
with 93 colorectal cancer survivors who exercised moderately at home 3 to 5 times per week for 16 weeks.5 A more
recent case study by de Paleville and associates in 2007
showed an overall increase of 40.9% in 12-minute walking
time with a breast cancer patient.50 This change occurred
over nine weeks with increases in duration of aerobic training (ie, walking), and while the patient was going through
chemotherapy treatment. The reviewed literature provides
encouraging results indicating that survivors of various types
of cancer, as well as individuals still going through treatment, have the potential to increase their aerobic capacity
by engaging in structured exercise programs. In addition to
these studies cited, a meta-analysis by Tardon and colleagues
reported that increased pulmonary function following high
levels of physical activity (ie, exercise) could result in a
decreased opportunity for airway exposure to inhaled carcinogens.51 One could therefore conjecture that increases in
cardiorespiratory capacity should help to lower one’s risk
for developing cancer.
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Physical functioning/QOL research
A fair amount of research with cancer survivors has investigated the effects of exercise on what is generally termed
physical functioning or capacity. In some cases this refers
to some type of cardiorespiratory measure, while in other
studies it may be defined as functioning related to muscular
strength and endurance. For instance, in a group of 31 breast
cancer survivors, Schwartz reported an increase in functional
capacity (12-minute walk) in an exercise adoption group,
and a decreased functional capacity in those not adhering to
exercise.52 In the same year, Schwartz also found a decrease
in percentage body fat and body weight control in 71 breast
cancer patients completing an 8-week home-based exercise
program.53 She reiterated the significance of these findings in
her article, noting that excess body fat produces estrogen and
may increase the risk of breast cancer. Mock and associates
demonstrated increased physical functioning with 50 breast
cancer participants using a home-based exercise program.
In their study, the low intensity walking group reported a
decreased activity level (ie, lower physical functioning) while
the high intensity walking group increased their activity level
and 12-minute walk test scores.54 Exercise tolerance for
intensity and duration increased significantly for 62 survivors
in the investigation by Young-McCaughan and colleagues.43
A qualitative study by Adamsen and associates with 23
survivors of varying cancers showed increases in physical
capacity and increased energy levels after a 6-week exercise
program that also included relaxation and massage therapy.55
In addition to these physiological investigations, Courneya
and his group of investigators reported that exercise has even
been shown to increase “perceived” physical functioning in
cancer survivors.5
Besides changes in physical functioning, several articles
mention muscular strength and endurance increases as a result
of adopting an exercise program. For instance, Cheema and
Gaul reported significant improvements in upper and lower
body muscular endurance with 27 previously trained breast
cancer survivors after an 8-week exercise program.44 The
authors also noted that a few participants had lymphedema
to start the study, although they showed no increase in arm
circumference after the study. Kirshbaum reported that
exercise should generally help patients with lymphedema,
while Lane and associates indicated that the remaining
lymphatic vessels may weaken if not physically trained, thus
increasing the likelihood of developing lymphedema (see
also the position statement on lymphedema and exercise by
the NLN Medical Advisory Committee).56–58 A study from
Denmark by Quist and colleagues reported a slight increase
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in aerobic fitness for 79 patients undergoing chemotherapy.6
More importantly, subjects participating in the nine hours per
week training program that lasted 6 weeks also showed an
average increase in muscular strength of 41%. Wiggins and
Simonavice found upper body muscular strength and lower
body endurance increases in 6 breast cancer survivors from
baseline to 12 months in a structured exercise program.47
Most recently, Johnson and associates reported that moderate to vigorously intense activity was significantly associated
with improvements in physical functioning in older, longterm colorectal cancer survivors.59
In addition to the physical functioning and muscular
improvements reported, several studies indicate exercise
can also produce favorable results concerning fatigue levels, psycho-social measures, and QOL. More specifically,
fatigue is the most frequently reported symptom of cancer
treatment.60 In many cases rest is the most common medical
advice given for the treatment of fatigue,8,61–63 which can
lead to de-conditioning and a lower functional capacity.64
Interesting to note, however, is that fatigue can be characterized as a positive perception when associated with exercise.55
According to Douglas, care should be taken when prescribing
exercise duration.8 She indicates that higher levels of exercise (.60 minutes) increases fatigue and decreases QOL.
Schwartz reported less QOL decline in patients improving
their functional capacity,65 while Young-McCaughan and
colleagues indicated that higher QOL can be achieved with
increased exercise tolerance levels.43 More recently, Wiggins
and Simonavice have shown in two studies that QOL in cancer survivors can be increased and maintained from several
months to a year via a structured exercise program.10,47 In
terms of psychosocial measures, improvements have been
reported for cancer survivors’ related anxiety and depression levels,5,54,62 body image or body esteem,48 emotional and
social well-being,5 and self-efficacy related to exercise barriers as a result of exercise engagement.66 From the literature
reviewed in the preceding paragraphs, it appears that physical
activity and exercise seem to have a promising role in the
improvement of physical function, psychological well-being,
and overall QOL in cancer patients and survivors.

Summary
As presented in this review, select research over the last
10 years clearly provides strong evidence for physical activity helping to lower the risk of breast and colon cancer. In
addition, the literature indicates that being physically active
can also reduce one’s risk of lung, prostate, and endometrial
cancer, with rectal cancer research showing some favorable
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although mixed results. Several articles report a dose-response
intervention whereby greater levels of moderate to vigorous
activity helps in furthering the reduction of cancer risk. The
implications from these findings seem fairly straight-forward.
In order to help lower the chances of developing cancer in
one’s lifetime, the adoption of a healthy and physically
active lifestyle is encouraged. Whether through recreational
pursuits, structured exercise programs, or through health
education programs, activity and information needs to be
disseminated to the general public regarding the benefits of
being physically active and improving one’s aerobic fitness
levels. If possible, exercise intensity, frequency, and duration
should be monitored to promote a moderate to vigorous level
of activity. Higher levels of activity should further decrease
one’s cancer risk, as well as provide other cardiorespiratory
and cardiovascular benefits.
Research also demonstrates that being physically active
and participating in an exercise program can benefit cancer
survivors. While exercise and cancer recovery programs
specifically designed for survivors are few, a majority of the
training sessions share similar characteristics. In general,
activities have a combination of aerobic and muscular endurance exercises that most “apparently healthy” populations
would use in a structured program. One very important difference for cancer survivors, when compared to an apparently
healthy population, involves the prescribed intensity level
used to monitor exercise sessions. Specifically, intensity
values should be set at a lower threshold or range (ie, 40%
to 60% instead of 60% to 80%) to accommodate the typical
treatment-related fatigue and de-conditioning that afflicts the
cancer recovery participant. Intensity, frequency, and duration
are then increased with time to improve the participants conditioning level.10,67 Hopefully the information that has been
gathered over the past 2 decades will prompt a call for more
proactive measures to provide survivors all the resources they
need to combat this disease. As more information becomes
available, and more practitioners become involved in cancer
recovery and fitness programs, it is hoped that more survivors will be alerted to these types of programs through their
oncologists and cancer support staff.
Although the studies presented in this review are not
exhaustive, they do show the many benefits for survivors who
participate in exercise programs, whether it be increases in
aerobic capacity, QOL, and/or physical functioning. In fact,
some of the most commonly reported side-effects associated
with cancer treatment (eg, fatigue, lymphedema, peripheral
neuropathy, anxiety and depression, sleep disorders, and
body image problems) can be alleviated through exercise.
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Thus, cancer survivors can experience several of the benefits
related to being physically active before, during, and after
cancer and its treatment. Perhaps research in the next few
years will be able to take exercise and cancer recovery
findings one step further in this process. As demonstrated
through this review, there appears to be a connection with
increases in VO2 related to increases in physical functioning and QOL.43,44,47 As research in this area progresses, it is
hoped that soon investigations will be able to demonstrate
that higher cardiorespiratory functioning can be associated
with decreases in cancer risk.
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