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ABSTRACT

PATEL, A. V., C. M. FRIEDENREICH, S. C. MOORE, S. C. HAYES, J. K. SILVER, K. L. CAMPBELL, K. WINTERS-STONE, L. H.

GERBER, S. M. GEORGE, J. E. FULTON, C. DENLINGER, G. S. MORRIS, T. HUE, K. H. SCHMITZ, and C. E. MATTHEWS.

American College of Sports Medicine Roundtable Report on Physical Activity, Sedentary Behavior, and Cancer Prevention and Control.

Med. Sci. Sports Exerc., Vol. 51, No. 11, pp. 2391–2402, 2019. Introduction: The American College of Sports Medicine convened an Inter-

national Multidisciplinary Roundtable on Exercise and Cancer in March 2018 to evaluate and translate the evidence linking physical activity and

cancer prevention, treatment, and control. This article discusses findings from the Roundtable in relation to the biologic and epidemiologic evi-

dence for the role of physical activity in cancer prevention and survival. Results: The evidence supports that there are a number of biologically

plausible mechanisms, whereby physical activity can influence cancer risk, and that physical activity is beneficial for the prevention of several

types of cancer including breast, colon, endometrial, kidney, bladder, esophageal, and stomach. Minimizing time spent in sedentary behavior

may also lower risk of endometrial, colon and lung cancers. Conversely, physical activity is associated with higher risk of melanoma, a serious

form of skin cancer. Further, physical activity before and after a cancer diagnosis is also likely to be relevant for improved survival for those di-

agnosed with breast and colon cancer; with data suggesting that postdiagnosis physical activity provides greater mortality benefits than

prediagnosis physical activity. Conclusions: Collectively, there is consistent, compelling evidence that physical activity plays a role in

preventing many types of cancer and for improving longevity among cancer survivors, although the evidence related to higher risk of mela-

noma demonstrates the importance of sun safe practices while being physically active. Together, these findings underscore the importance of

physical activity in cancer prevention and control. Fitness and public health professionals and health care providers worldwide are encouraged

to spread the message to the general population and cancer survivors to be physically active as their age, abilities, and cancer status will allow.
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It was estimated that 18.1 million individuals were diag-
nosed with cancer in 2018 and 9.6 million individuals died
from the disease—making cancer the second leading

cause of mortality worldwide (1). In the United States (US)
alone, the lifetime risk of developing cancer is 40% in men
and 38% in women (2), and 1.74 million individuals were di-
agnosed with cancer in 2018 (3). There are also high direct and
indirect costs related to the cancer burden; for example, in the
US alone, the annual cost of cancer care is US $158 billion (4),
with billions of additional dollars lost to disability, lost work,
and lost household productivity (5). Thus, the burden of
. Unauthorized reproduction of this article is prohibited.
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 cancer remains a significant public health issue worldwide,

and there is an increasing need to understand how modifiable
health behaviors like physical activity may help prevent and
control cancer in the population.

To begin to address the role of exercise in cancer, in 2008,
the American College of Sports Medicine (ACSM) held the
first Exercise and Cancer Roundtable that focused primarily
on the role of exercise in cancer survivorship (6). At that time,
there was only limited evidence to show that physical activity
may prevent malignancies other than breast or colon cancer,
and studies suggesting that physical activity may extend sur-
vival after a cancer diagnosis were just emerging (7,8). In
the last decade, there has been a substantial accumulation of
new epidemiologic evidence, indicating that physical activity
is associatedwith the occurrence ofmanymore types of cancer
than previously thought, that sedentary behavior could also
play a role, and that exercise may improve survival for those
diagnosed with breast and colon cancer. Thus, when the
ACSM convened a second Roundtable on Exercise and Can-
cer in March 2018, the objectives were expanded to review
and summarize the biologic and epidemiologic evidence for
the role of physical activity across the cancer prevention and
control continuum. The purpose of this article is to present
the Roundtable conclusions focused on the role of physical ac-
tivity as it pertains to risk of developing cancer and, among
cancer survivors, as it relates to survival.
METHODS

The ACSM International Multidisciplinary Roundtable on
Exercise and Cancer was held on March 12 to 13, 2018, in
San Francisco, CA with 40 representatives from 20 organiza-
tions globally who were invited to participate based on their
clinical and scientific expertise. Three topic areas were ad-
dressed, with subsequent resulting articles summarizing the
Roundtable conclusions on each topic. The present article re-
views the biologic and epidemiologic evidence related to
physical activity, sedentary behavior, cancer risk, and survival.
The impact of exercise on the adverse effects of treatment is
the focus of a companion publication (9), which together with
this article provides a comprehensive overview of the role of
physical activity in reducing the risk of developing cancer
and in improving the quality and quantity of life among cancer
survivors. A third article focuses on translation of the evidence
base regarding exercise in cancer control into practice (10).

Herein, we first provide a brief overview of current concepts
in cancer biology and a summary of human and animal/
preclinical studies linking physical activity to processes
thought to influence risk of developing and dying from cancer.
Next, we summarize epidemiologic evidence for cancer risk
based on recent review efforts including the Physical Activity
Guidelines Advisory Committee (PAGAC) (11) and the
World Cancer Research Fund/American Institute for Cancer
Research (WCRF/AICR) (12), as well as a large pooling study
(13), a book chapter (14), and updated meta-analyses (15–21),
with consideration given to the inconsistencies between these
2392 Official Journal of the American College of Sports Medicine
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recent reports. Finally, to reach conclusions for cancer sur-
vival, we reviewed observational studies of prediagnosis and
postdiagnosis physical activity, as well as results from ran-
domized controlled trials of exercise interventions conducted
in cancer survivors. Of note, because many observational stud-
ies capture data on “physical activity” whereas other study
types, such as randomized controlled trials, generally measure
“exercise,” here we use these terms interchangeably. Addi-
tionally, it should be noted that this review focused on cancers
diagnosed in adulthood as the evidence for physical activity,
and risk of childhood cancers is far more limited.
BIOLOGIC MECHANISMS

The process through which normal cells are transformed
into invasive tumors and potentially lethal malignancies is
complex (22,23) and biological plausibility is essential for
making strong inferences from epidemiologic evidence. There
are more than 100 types of cancer that arise primarily from
normal epithelial, connective, and hematopoietic tissues (24).
Cancer development is a multistep process characterized by
the transformation of normal tissues into precancerous lesions
and finally into malignant tumors for many cancers (22). From
a molecular perspective, the process is propelled by genome
instability (i.e., mutations and/or epigenetic alterations) in
key growth regulatory genes (i.e., oncogenes, tumor suppres-
sor genes). Both exogenous (e.g., tobacco smoke) and endog-
enous factors (e.g., hormones) promote the growth and
survival of the transformed cells, facilitating their malignant
progression (22). The hallmarks of cancer have been proposed
to characterize key enabling factors and acquired capabilities
that aid tumor growth and metastasis (25). The two enabling
factors, genomic instability and tumor promoting inflamma-
tion, are thought to be general facilitators of the overall pro-
cess. Acquired capabilities central to cancer development are
related to cell proliferation (sustained proliferative signaling;
evading growth suppressors), apoptosis (resisting cell death;
enabling replicative immortality), angiogenesis, metabolic
control (reprogramming cellular energy metabolism), and the
immune response (evading immune destruction) (25). The fi-
nal capability, invasion and metastasis, involves dissemination
of cancer cells from the primary tumor into the circulatory sys-
tem, successful migration to and penetration of distant tissues,
and formation of new tumors. The ability to move into and
thrive in specific tissues likely explains the preference of many
common cancers to metastasize to organs that are vital for sur-
vival (e.g., lungs, brain, liver, bone) (22).

Physical activity is believed to affect the endogenous sys-
temic milieu in a manner that influences cellular processes
and tumor growth (26). Several systemic factors have been
proposed to modulate these processes including insulin/
glucose metabolism, immune function, inflammation, sex hor-
mones, oxidative stress, genomic instability, and myokines
(26–30). Hyperinsulinemia may further play a role by reducing
circulating IGF binding proteins and sex hormone-binding
globulins, resulting in increased bioavailability of IGF-1 and
http://www.acsm-msse.org
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sex hormones which can drive cell proliferation. Physical ac-
tivity can also reduce cancer risk mediated through obesity
(31,32), because obesity is associated with increased risk of
developing as many as 13 cancer types (33,34) through similar
biological mechanisms (35). For example, greater exercise-
induced weight loss in postmenopausal women resulted in
greater reductions in estradiol and C-reactive protein (27),
changes that could reduce risk of breast and endometrial can-
cer. Although more is known about the effects of exercise on
these systemic endocrine factors, less is known about other
biologic mechanisms (oxidative stress, DNA damage, epi-
genetic effects, myokines), and their possible interactions
with different tumor subtypes within the same broad class
of cancer (26–28). In making the link between circulating
endogenous factors and cellular processes in tissues where
cancer develops, studies in humans have shown that exer-
cise can reduce cell proliferation (36) and increase markers
of apoptosis in colorectal tissue (37), further demonstrating
biological plausibility.

Preclinical animal studies have shown that physical activity
can slow tumor growth across a wide range of cancer types
(28,38) and have started to provide important clues about the
molecular processes underlying many of the hallmarks of can-
cer progression as described previously (26,28,38,39). Many
preclinical studies of physical activity, but not all (40), show
substantial reductions in tumor growth in response to exercise
with some studies citing reductions ranging between 31% and
67% (28,38,40). Repetitive exercise challenges whole-body
homeostasis and has been shown to reduce cell proliferation,
activate tumor suppressor genes (e.g., p53), and increase apo-
ptosis in tumor tissue (28,38,39). Recent studies have also be-
gun to investigate how exercise may influence mitochondrial
metabolism in tumors (41). New insights regarding how exer-
cise may affect angiogenesis in tumors have also emerged.
Blood vessels in tumors are often structured abnormally,
which can limit tissue perfusion and increase hypoxia, which
can lead to more aggressive tumors with a poorer prognosis
(26). Studies using animal models of breast and prostate can-
cer have shown that exercise may normalize tumor blood ves-
sels, leading to greater tumor perfusion and oxygenation (26).
It has been hypothesized that such changes could improve de-
livery of cytotoxic chemotherapies (28). Exercise combined
with chemotherapy in mouse models has delayed tumor
growth of breast cancer and melanoma more than chemother-
apy alone (42,43); suggesting that exercise could act synergis-
tically with drug delivery to increase treatment efficacy. It has
also been hypothesized that infiltration of cytotoxic immune
cells into tumors may be enhanced by more normalized blood
vessels (26), and evidence is emerging demonstrating associa-
tions between exercise, immune function, and reduced tumor
growth (28,39). Exercise has demonstrable effects on immune
function in humans (30), and a series of studies have suggested
that interleukin-6 (IL-6) released from contracting skeletal
muscle may facilitate epinephrine-dependent natural killer cell
mobilization and subsequent immune cell infiltration into tu-
mors (28). Two other putative myokines (oncostatin M,
ROUNDTABLE REPORT ON EXERCISE AND CANCER
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SPARC) have been linked to cancer in animal studies
(28,39), but relevance to humans remains uncertain (44).

Metastatic disease is responsible for 90% of all cancer
deaths and the complex biology underlying the process of me-
tastasis is not well understood (23). Thus, our understanding
of how exercise may impede this process leading to reduced
risk of dying from cancer is just emerging. Physical activity
is thought to reduce the risk of recurrence and improve sur-
vival through similar mechanisms as have been investigated
for cancer incidence. The most studied mechanisms in rela-
tion to cancer prognosis includes changes in adiposity, met-
abolic dysregulation, increasing circulating concentrations of
adipokines and sex hormones, chronic low-grade inflamma-
tion, oxidative stress causing DNA damage with resulting
gene mutations, and impaired immune surveillance and func-
tion (45). In addition to systemic endocrine factors that could
facilitate development of metastatic tumors, it has been hy-
pothesized that better tumor vasculature may impede release
of tumor cells from the primary tumor and improved cytotoxic
immune function could reduce survival of cancer cells and dis-
tant formation of metastatic lesions (28). Preliminary evidence
from randomized controlled trials of exercise performed dur-
ing cancer treatment have also suggested that treatment effi-
cacy may be improved (45), and results from more definitive
trials are pending. Thus, the mechanisms of action for exercise
in relation to survival may include both improved treatment
efficacy and other systemic adaptations to exercise which
could generate additive or synergistic improvements in can-
cer outcomes. Although there is still much to be learned
about the many and varied ways in which exercise can re-
duce the risk of developing or dying from cancer, there are
many plausible biological mechanisms that may explain
the benefits of exercise in cancer prevention and control de-
scribed in the following sections.
CANCER PREVENTION

Cancer Types Associated with Physical Activity

Evidence that physical activity may play a large role in can-
cer prevention efforts has grown rapidly with new epidemio-
logic data on this topic accumulating over the past decade.
At the time of the last ACSM Roundtable in 2008, there was
only strong evidence linking physical activity with reduced
risk of developing breast and colon cancer, and limited evi-
dence linking physical activity with reduced risk of develop-
ing five other cancers (46) (Table 1). By 2018, sufficient
evidence was available for a comprehensive review of physi-
cal activity and 16 cancer types by the PAGAC (11). The
PAGAC review concluded that there is now strong evidence
that physical activity lowers risk of seven types of cancer
(namely colon, breast, kidney, endometrium, bladder, and
stomach cancer, and esophageal adenocarcinoma), andmoder-
ate evidence for lung cancer (11), highlighting that increased
physical activity may lower the risk of far more cancers than
was thought just 10 yr ago (Table 1).
Medicine & Science in Sports & Exercise® 2393
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TABLE 1. The level of evidence linking physical activity with lower risk and sitting time with higher risk of cancer in 2008 (43) and 2018 (9) according to the Physical Activity Guidelines for
Americans Advisory Committee.

Cancer Physical Activity and Lower Risk, 2008 Physical Activity and Lower Risk, 2018 Sitting Time and Higher Risk, 2018

Colon Strong Strong Moderate
Breast Strong Strong —

Kidney — Strong —

Endometrial Limited Strong Moderate
Bladder — Strong —

Esophageal (adenocarcinoma) — Strong —

Stomach (cardia) — Strong —

Lung Limited Moderate Moderate
Hematologic — Limited —

Head and neck — Limited —

Pancreas — Limited —

Prostate No effect (limited) Limited —

Ovary Limited Limited —

Brain — Not assignable —

Thyroid — No effect (limited) —

Rectal No effect (limited) No effect (limited)

FIGURE 1—Multivariable HR and 95% CI for 10 types of cancer when
comparing high vs low levels of physical activity. The figure above depicts
the hazard ratios for 10 types of cancer when comparing high vs low levels
of physical activity. The hazard ratio for the most recent meta-analysis is
shown by the black dot, and the hazard ratio for the large pooled analysis
by Moore et al. (13) is shown by the open triangle. The top eight types of
cancer are those for which the PAGAC determined there was strong or
moderate evidence for a protective effect of physical activity. The meta-
analysis hazard ratios depicted here were derived from meta-analyses,
as follows: colon (20), breast (5), kidney (47), endometrial (19), bladder
(18), esophageal adenocarcinoma (15), stomach (cardia) (15), lung (17),
liver (16). The bottom two cancers—liver cancer and melanoma—are
those that we determined had substantial evidence from the pooled analy-
sis but which the PAGAC report had not assigned a level of evidence.
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Although the 2018 PAGAC recently summarized evidence
on physical activity and cancer prevention, the review effort
for the Roundtable was undertaken in parallel and coincided
with the PAGAC release. We based our evaluation of the evi-
dence on systematic reviews (5,15–20,47–55) and a large
pooled analysis of 12 prospective cohorts and 1.44 million
study participants (13). Ultimately, we agreed with the major-
ity of conclusions from the 2018 PAGAC report. We concur
with the PAGAC for each of the seven types of cancer for
which they concluded there was “strong” evidence for a pro-
tective effect of physical activity (Table 1). The magnitude
of associations varied from 10% to 24% lower risks (hazard ra-
tios [HR], 0.76–0.90) of these cancers (Fig. 1) for higher ver-
sus lower level of activity, and there was great consistency in
the observed associations comparing results from meta-
analysis to the pooled analysis. We also concluded that there
is more limited evidence for a protective effect of physical ac-
tivity on hematologic cancers and cancers of the head and
neck, pancreas, prostate, and ovary, though associations for
the latter three types of cancer are more tenuous.

We further determined that physical activity may also pro-
tect against risk of liver cancer. The pooled analysis (13) found
that a high level of physical activity was associated with a 27%
lower risk of liver cancer when compared with low levels of
activity. This result was derived from 10 prospective cohorts
and 1384 liver cancer cases. No meta-analysis for liver cancer
was available for the PAGAC report. Additionally, we found
that physical activity may increase (not decrease) the risk of
a serious form of skin cancer, melanoma. In the pooled analy-
sis, a high level of physical activity was associated with a 27%
greater risk of melanoma relative to low physical activity.
Twelve cohorts with a total of 12,438 melanoma cases were
evaluated and eight cohorts had hazard ratios of 1.2 or greater
(range, 1.23–1.90), which suggests a strong and highly consis-
tent association. Given the unequivocal evidence for sun expo-
sure as a cause of melanoma, it is likely that this association is
attributable to the greater amount of time that physically active
people spend outdoors (56), often in light clothing. These find-
ings highlight that public health messages promoting physical
activity should also emphasize the need for sun safety, but
2394 Official Journal of the American College of Sports Medicine
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further research that directly addresses outdoor physical activ-
ity is needed to confirm this hypothesis.

Additionally, we evaluated evidence for two associations
between physical activity and cancer that may be most suscep-
tible to confounding, that is, those for lung and endometrial
cancers. The lung cancer association is complicated by the
strong association of history of smoking with lung cancer risk,
with hazard ratios exceeding 30-fold increased risk for current
http://www.acsm-msse.org
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smoking versus never smoking (57). It is debated whether sta-
tistical adjustments for smoking history are sufficient to re-
move confounding by such a powerful risk factor or whether
restricting analyses to never smokers to guarantee that residual
confounding by first-hand smoking is eliminated is necessary.
Two of the three reviews and the well-powered pooled analy-
sis found the physical activity–lung cancer association to be
virtually null (HR, 0.96–1.05) among never smokers. The
third review, by Zhong et al. (58), found that the physical
activity–lung cancer association was most likely inverse
among never smokers, with the HR of 0.75 being virtually
identical to the HR of 0.76 in current smokers and the HR of
0.77 in former smokers. However, the Zhong et al. review
was highly influenced by a single outlying result from a
small case-control study by Lin et al. (59). Without this
study, the systematic reviews would be highly consistent
in showing the physical activity–lung cancer association
to be null in never smokers. Because no association be-
tween physical activity and lung cancer risk in never
smokers appears to be evident, it remains unclear whether
physical activity is in fact associated with lower lung cancer
risk after accounting for the confounding effects of smoking;
hence more research is needed to address this question
more fully.

In our review, we also found some evidence suggesting that
the association of physical activity with risk of endometrial
cancer may be confounded by body weight. However, the as-
sociation of physical activity with endometrial cancer may
also be mediated, and not confounded by body weight given
the fact that physical activity may act to reduce body weight.
When the pooled analysis (13) adjusted for body mass in-
dex, the association of physical activity with endometrial
cancer was completely abrogated. This finding differs
from what was observed in a prior systematic review
(19), where results were similar between studies that did
and did not adjust for BMI. When compared with prior
studies, though, the pooled analysis used a finer adjustment
for BMI, including adjustment terms for each of the sub-
categories of obesity (30.0–34.9, 35.0–39.9, 40+ kg·m�2),
which would help to protect against any residual con-
founding. Additional research to address the role of body
weight in the physical activity and endometrial cancer
relationship is important for interpreting the endometrial can-
cer conclusion.
TABLE 2. Summary of risk estimatesa for physical activity and risk of seven cancers with strong ev

Physic

Leisure Time Occupational H

Cancer Site N RR (95% CI) N RR (95% CI) N

Colon 16 0.82 (0.75–0.87) [18] 15 0.85 (0.77–0.93) [18] 3 0.8
Breast 25 0.87 (0.83–0.91) [19] 7 0.84 (0.73–0.96) [19] 21 0.7
Endometrial 22 0.84 (0.78–0.91) [17] 19 0.81 (0.75–0.87) [17] 7 0.7
Kidney 19 0.88 (0.77–1.00) [44] 14 0.91 (0.79–1.04) [44] —

Bladder 12 0.81 (0.66–0.99) [16] 8 0.90 (0.76–1.07) [16] —

Gastric 22 0.80 (0.73–0.89) [13] 11 0.84 (0.70–1.02) [13] —

Esophageal 10 0.72 (0.63–0.83) [13] 8 0.91 (0.46–1.81) [13] —

aMeta-analytic hazard ratio comparing the highest to lowest physical activity categories; “—” indica

ROUNDTABLE REPORT ON EXERCISE AND CANCER
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Type, Amount, Intensity, and Timing of
Physical Activity

Next we considered in more detail the dose–response rela-
tionships for the seven cancers with strong evidence that
higher levels of physical activity are associated with lower
risk, by examining results from available meta-analyses of co-
lon (20,60–66), breast (21,64,65,67–69), endometrial (19,70),
kidney (47), bladder (18), esophageal (15,71), and gastric can-
cers (15,71–73). Specifically, we examined summary results
in relation to the type, amount and intensity, and timing of
physical activity. Results reported are derived from a review
of the most recent and/or comprehensive studies and, when
more than one source was available, the risk estimates reported
were selected to be representative of the overall evidence. Dif-
ferences in the strength of association by activity type or inten-
sity should be interpreted cautiously given the mixture of
study types (cohort, case-control) and the tendency for case-
control studies to have stronger associations than those found
in cohort studies (15,18–20).

Physical activity type. Types of physical activity are de-
termined by the life domain in which the activity occurs, and
although the largest body of evidence is for leisure time (i.e.,
active recreation, exercise, sports) and occupational physical
activity, some information is available for household activity,
active transportation, and walking. Table 2 summarizes meta-
analytic risk estimates from selected studies for the seven can-
cer sites, including the number of studies used to calculate the
estimate and the different types of physical activity examined.
The largest number of studies is available for leisure time and
occupational physical activity, with evidence of 10% to 20%
lower risk comparing high to low activity levels. For kidney,
bladder, gastric, and esophageal cancers, a smaller number
of occupational studies were available resulting in wider con-
fidence intervals and nonstatistically significant results for this
exposure and these cancers. Protective associations were also
noted for household, active transport, and walking, but results
were only available from a modest number of studies for co-
lon, breast, and endometrial cancers in the available reviews.
The smaller number of studies for some cancer sites and activ-
ity types other than leisure time and occupational activity
limits strong conclusions about the benefits of different types
of physical activity but point to the need for more research to
better understand these relationships. Evidence examining
the association between incident cancer and strengthening
idence, by physical activity type.

al Activity Type

ousehold Transportation Walking

RR (95% CI) N RR (95% CI) N RR (95% CI)

5 (0.71–1.02) [58] 3 0.66 (0.45–0.98) [58] — —

8 (0.69–0.89) [11] — — 5 0.87 (0.79–0.96) [19]
0 (0.47–1.02) [17] — — 10 0.82 (0.69–0.97) [17]

— — — — —

— — — — —

— — — — —

— — — — —

tes no summary estimates available in studies reviewed. Abbreviations: RR, relative risk.
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 activities (e.g., weight lifting), a key element of current

physical activity recommendations (11), was unavailable
in the reviews examined, and is another understudied type
of physical activity. Collectively, results are strongest for
leisure time and occupational physical activity, but different
patterns of activity accumulation in these two domains sug-
gest that a broad range of activity types may confer a lower
risk of some cancers, although more definitive evidence is
needed these for domains.

Amount and intensity. The “amount” of physical activ-
ity is conceptualized as the total volume of physical activity
energy expenditure, or a weighted average of the frequency, in-
tensity, and duration of physical activity (e.g., MET�h·wk−1). In
most epidemiologic studies, intensity is determined via
absolute intensity using metabolic equivalents (METs)
and common energy expenditure thresholds (light, non-
sedentary <3 METs; moderate 3–5.9 METS; vigorous
≥6 METs [11]). Unfortunately, there are major challenges in
translating results from available epidemiologic studies using
meta-analytic techniques to estimate the optimal amount and
intensity of physical activity associated with lower cancer risk,
even though there is consistent evidence of a generalized
dose–response relationship for a variety of cancers indicating
higher levels of physical activity are associated with lower risk
(13). This difficulty originates from the wide range of methods
used for physical activity assessments and activity classifica-
tion (e.g., tertiles, quartiles, quintiles) used in individual
studies. Given the variation in methods between individual
studies included in the various meta-analyses, it is not possible
to determine the minimum amount of leisure time physical ac-
tivity associated with lower risk of cancer, or to characterize
the shape of the dose–response curve reliably. The current
physical activity guidelines of 150 to 300 min·wk−1 of moder-
ate or an equivalent amount of vigorous intensity aerobic ac-
tivity (75 to 150 min·wk−1) are recommended (32), although
the precise amount needed for reduced risk of cancer remains
to be determined.

In terms of physical activity intensity, most studies of leisure
time activity have focused on moderate- to vigorous-intensity
activities, whereas the occupational studies were more varied
in the intensity of activity considered. Meta-analytic estimates
for associations for light-intensity, moderate-intensity, vigorous-
intensity, and moderate- to vigorous-intensity activities sug-
gest that moderate- and vigorous-intensity activities may be
associated with lower risk for breast (21), and bladder (18)
cancers, whereas results for endometrial cancer suggest bene-
fit for light-, moderate-, and vigorous-intensity activities (19)
(see Table, Supplemental Digital Content 1, Risk estimates
for breast, endometrial, and bladder cancers by intensity of
physical activity, http://links.lww.com/MSS/B717). The
best available evidence from studies of leisure time physi-
cal activity indicates that moderate- to vigorous-intensity
physical activity is associated with reduced risk of many
types of cancer, whereas evidence showing independent
associations for light, moderate, or vigorous intensity activity
is more limited.
2396 Official Journal of the American College of Sports Medicine
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Timing and changes in physical activity. The trans-
formation of normal cells into invasive tumors can take many
years, hence, it is likely that long-term or lifetime participation
in physical activity may be the most etiologically relevant for
influencing cancer development (74). Previous reviews have
examined the question of the relevant time period for physical
activity influence on cancer etiology. Physical activity has
been measured in different life-periods, including recent phys-
ical activity (e.g., past year), consistent participation over time
(e.g., past 10 yr, adulthood), and past activity participation in
an earlier life-period (e.g., adolescence, early adulthood) (see
Table, Supplemental Digital Content 2, Risk estimates for re-
nal, bladder, gastric, and esophageal cancers by timing (past,
recent, and consistent over time, http://links.lww.com/MSS/
B718) of physical activity). Recent physical activity appeared
to be more strongly associated with lower risk of renal can-
cer compared to activity done earlier in life, whereas phys-
ical activity in many periods was associated with lower
risk for bladder and gastric cancer. In contrast, results sug-
gest that longer-term participation rather than recent activity
was linked to lower risk of esophageal cancer. Meta-analytic
results were not available for colon and breast cancer, but nar-
rative reviews have suggested that physical activity early,
later, and throughout adulthood are associated with lower risk
for these cancers (66,69).
Cancer Types Associated with Sedentary Time

Emerging evidence supports that sitting time is a behav-
ioral risk factor that is distinct from inadequate amounts of
moderate-vigorous physical activity and could be an impor-
tant additional target for intervention in the effort to increase
daily physical activity in the population (75). In fact, acceler-
ometry studies suggest that sitting time accounts for a significant
proportion of the waking day and largely displaces light-intensity
physical activity (76). As a result, interest in the amount of
sitting time and chronic disease risk has grown rapidly in the
past two decades, and studies have documented higher risk of
all-cause mortality (77–80), type II diabetes (81), cardiovascu-
lar disease (82), and some cancers (83,84), independent of
moderate- to vigorous-intensity physical activity.

Meta-analyses (84,85) consistently have shown prolonged
sitting time is associated with an approximate 30% higher
risk of endometrial cancer after adjustment for moderate-
to-vigorous physical activity, and the recent meta-analysis
by Lynch et al. (not included in the PAGAC orWCRF reports)
reported 36% higher risk of endometrial cancer with the
highest category of sitting time based on data from five pro-
spective cohorts (85). Similarly, prolonged sitting time has
been associated with a 30% higher risk of colorectal cancer
(86), but it is unclear whether this association varies for colon
and rectal cancer separately (84). In fact, a recent study found
that sedentary time spent watching television increased the
risk of rectal cancer to a greater extent than colon cancer in
young-onset colorectal cancer (87). Although both meta-
analyses reviewed by the PAGAC reported 21% to 27%
http://www.acsm-msse.org
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higher risk of lung cancer with the highest category of sit-
ting time, a more recent meta-analysis (85) suggested the
association may be a bit more modest (relative risk, 1.13; 95%
confidence interval [CI], 0.94–1.36). The PAGAC concluded
that there was moderate evidence for an association be-
tween increased sedentary time and risk of endometrial,
colon, and lung cancers, but all other cancer sites were not as-
signable (Table 1) (11).

It is worth noting that results from studies for endometrial,
colorectal, and lung cancers had sizeable heterogeneity between
studies often due to study design (case-control vs prospective
cohort), type of sitting time examined (occupational vs leisure
time vs total), and, in regard, as previously discussed for phys-
ical activity, to fully assessing the role of potential confounders,
such as body weight and smoking status. There remains a pau-
city of evidence linking most cancer sites to prolonged seden-
tary time, and data on the dose–response relationship are
sparse, limiting the ability to draw clear conclusions on the to-
tal amount of sitting time and/or breaks or bout length associ-
ations with any cancer type.
CANCER SURVIVAL

The consistent and strong evidence for an association be-
tween physical activity and a lower risk of developing several
types of cancer has prompted investigation of the relationship
between physical activity and mortality risk among cancer sur-
vivors. Research examining prediagnosis and postdiagnosis
physical activity andmortality has grown rapidly in the last de-
cade. Herein, we discuss results for cancers with at least one
observational study that evaluated the relationship between
prediagnosis and postdiagnosis physical activity and mortality
(including cancer-specific and all-cause mortality) and pro-
vided sufficient data for inclusion in meta-analysis. Further,
we also present exploratory analyses using data from random-
ized controlled trials of exercise conducted in cancer survivors
that evaluated survival outcomes.
TABLE 3. Summary of risk estimates for prediagnosis and postdiagnosis physical activity in relatio

Prediagnosis Physical Activity

Cancer-Specific Mortality All-Cause Mort

Cancer Site Na RR (95% CI) N RR (9

Breast 17 0.82 (0.73–0.92) 17 0.79 (0.7
Colorectal 8 0.77 (0.68–0.87) 7 0.75 (0.6
Prostate 6 0.99 (0.86–1.15) 2 0.87 (0.8
Endometrium 2 1.04 (0.81–1.36) 2 0.92 (0.7
Ovarian 2 1.01 (0.80–1.27) 3 0.90 (0.7
Kidney 1 0.50 (0.27–0.93) — —

Lung 1 0.78 (0.66–0.93) — —

Melanoma 1 1.09 (0.69–1.70) — —

Non-Hodgkin Lymphoma — — 1 0.85 (0.7
Childhood cancers — — — —

Esophageal — — — —

Gastric — — — —

Malignant glioma — — — —

aAll published articles on physical activity and cancer survival were identified to January 2018 and risk
extracted. A meta-analysis was conducted to provide overall summary risk estimates by cancer site
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Observational Studies on Physical Activity and
Cancer Survival

At the time of the Roundtable at least 61 observational stud-
ies, involving breast, colorectal, prostate, endometrium, ovarian,
kidney, lung,melanoma, lymphoma, childhood, esophageal, gas-
tric, and malignant glioma cancer, had examined the association
between the amount of physical activity and cancer survival, with
median follow-up of 8 to 10 yr (range, 2–43 yr) postdiagnosis
(Table 3). However, there were only sufficient data available
from studies on patients with breast, colorectal, and prostate
cancer to present findings across all four associations; that is,
prediagnosis and postdiagnosis physical activity and cancer-
specific and all-cause mortality. Physical activity data were
self-reported, mostly capturing recreational activity, and pre-
sented as relative units of physical activity per week, hours
per week of physical activity and metabolic equivalent
(MET)-hours per week. Prediagnosis physical activity repre-
sented a mix of recall of physical activity in the year before
diagnosis and/or over a lifetime. Timing of postdiagnosis
physical activity included assessment of pretreatment levels,
and levels within the first year of diagnosis, within the year
preceding assessment or at one or more times between diagno-
sis and follow-up (up to 26 yr postdiagnosis). Comparisons
were typically made between lowest and highest levels of
physical activity, with the cutpoints for the highest category
of physical activity differing across studies.

Prediagnosis physical activity and mortality. At the
time of the review, the authors identified 31 studies that eval-
uated the relationship between prediagnosis physical activity
and breast (n = 17), colorectal (n = 8) and prostate (n = 6)
cancer-specific survival and conducted a meta-analysis of
available studies (Table 3). The highest level of physical activ-
ity prediagnosis was associated with an 18% lower breast can-
cer mortality risk (HR = 0.82) and 23% lower colorectal
cancer mortality risk (HR = 0.77), with some consistency in
effect size across the contributing studies. In contrast, current
evidence suggests that there is no association between
prediagnosis physical activity and cancer-specific survival in
n to cancer-specific and all-cause mortality among cancer survivors.

Postdiagnosis Physical Activity

ality Cancer-Specific Mortality All-Cause Mortality

5% CI) N RR (95% CI) N RR (95% CI)

2–0.86) 12 0.69 (0.56–0.84) 13 0.59 (0.48–0.71)
8–0.83) 7 0.70 (0.54–0.90) 9 0.62 (0.50–0.77)
0–0.96) 4 0.67 (0.52–0.87) 3 0.55 (0.40–0.76)
7–1.10) — — — —

1–1.13) — — — —

— — — —

— — 1 0.67 (0.31–1.48)
— — — —

3–0.99) 1 0.56 (0.31–1.03) 1 0.63 (0.48–0.81)
1 0.74 (0.39–1.42) 1 0.79 (0.62–1.00)
1 0.31 (0.22–0.43) — 0.79 (0.55–1.13)
— — 1 0.75 (0.61–0.93)
— — 1 0.64 (0.46–0.91)

estimates for the highest vs lowest quantiles of physical activity and survival outcomes were
.
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 prostate cancer. Risk of all-cause mortality, as assessed in 17

breast, 7 colorectal and 2 prostate cancer cohort studies, was
significantly lower and ranged between 13% lower for pros-
tate cancer and 25% lower for colorectal cancer when com-
paring the highest versus the lowest level of prediagnosis
physical activity.

Postdiagnosis physical activity and mortality.
Twenty-three studies evaluated the relationship between
postdiagnosis physical activity and cancer-specific mortality
(n = 12, 7, and 4 studies involving breast, colorectal, and pros-
tate cancer cohorts, respectively). Collectively, these data sup-
port a lower risk of cancer-specific mortality (ranging from
26% to 69%) when comparing those in the highest versus low-
est postdiagnosis physical activity categories (Table 3). A con-
sistent inverse association with all-cause mortality was also
found for breast (n = 13 studies), colorectal (n = 9 studies),
and prostate cancer (n = 3 studies), with 21% to 45% lower
mortality risk. Evidence was insufficient to comment on the
association between prephysical and postphysical activity
and cancer-specific and all-cause mortality outside of these
three cancer sites. Nonetheless, results from individual studies,
particularly for those evaluating the relation between postdiagnosis
PA and survival, are consistent with those reported for breast,
colorectal, and prostate, suggesting potential for benefit in ad-
ditional groups of cancer survivors.

Timing of physical activity and results within popu-
lation subgroups. Taking into account the strength of asso-
ciations observed for breast, colorectal, and prostate cancer,
the evidence suggests that postdiagnosis physical activity ex-
erts greater effects on mortality outcomes, compared with
prediagnosis physical activity. Results across these three can-
cers also suggest that both prediagnosis and postdiagnosis
physical activity may more strongly influence all-cause mor-
tality when compared with cancer-specific mortality. This
larger effect may be expected given that cardiovascular dis-
ease is a major cause of mortality for specific subgroups of
cancer survivors, particularly of these cancers.When assessing
the relationship between prediagnosis and postdiagnosis phys-
ical activity and survival outcomes within cancer subgroups,
preliminary results suggest that benefits accrue, irrespective
of BMI or estrogen-receptor status within breast cancer co-
horts, and irrespective of cancer subtype and sex within colo-
rectal cancer. Nonetheless, there is a need to accumulate
additional research to better evaluate the extent to which sub-
groups of cancer survivors may derive greater benefit through
physical activity.

Dose–response and changes in physical activity.
When considering findings from breast cancer cohort studies,
evidence supports a dose–response relationship between phys-
ical activity levels and breast cancer outcomes. More specifi-
cally, 15% of studies examining prediagnosis physical
activity and 71% of studies examining postdiagnosis physical
activity found evidence for a linear relationship between phys-
ical activity levels and cancer-specific mortality outcomes.
Studies examining all-cause mortality had 50% and 88% of
studies presenting evidence of a linear relationship between
2398 Official Journal of the American College of Sports Medicine
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prediagnosis and postdiagnosis physical activity, respectively.
The exact dose of physical activity needed to reduce cancer-
specific or all-cause mortality is not yet known because too
few studies have been conducted that have detailed data on
the risk associations for specific doses of activity. Further,
although absolute levels of prediagnosis and postdiagnosis
physical activity levels are associated with improved survival,
data from three breast cancer cohort studies also suggest that
increased physical activity during the prediagnosis to
postdiagnosis time-periods matters (88–90). Specifically, an
increase in recreational physical activity was associated with
a 36% lower all-cause mortality risk (HR, 0.64; 95% CI,
0.48–0.87).

Sedentary Time and Cancer Survival

There are limited epidemiological data linking sedentary
time and cancer survival; however, a modest 12% to 13%
higher risk of cancer mortality for higher versus lower
amounts of any type of sitting in studies, including those with
and without cancer, has been reported in recent meta-analyses
(85,91). Given studies of cancer mortality could reflect the in-
fluence of sitting on cancer incidence and subsequent survival
of disease, it is conceivable that an association with cancer sur-
vival would exist. In a recent review by Lynch et al. (85),
among colorectal cancer survivors greater time spent sitting
both precolon (HR, 1.38; 95% CI, 1.08–1.75) and postcolon
cancer diagnosis (HR, 1.61; 95% CI, 1.23–2.11) was associ-
ated with higher risk of colon cancer-specific mortality. Data
related to other cancer survivor populations are largely absent.

Findings from Clinical Trial Research

Over the past 5 yr, findings from exploratory analysis of
exercise performed during and after treatment on survival
outcomes using existing clinical trial data have become avail-
able. The trials involved patients with breast cancer (n = 2 stud-
ies) (92,93), lymphoma or leukemia (n = 2 studies) (94,95), or
patients with bone metastasis following a range of cancers
(n = 1 study) (96). Sample sizes ranged from 60 to 337 partic-
ipants, and the majority (65%–100%) of them had completed
or were currently receiving chemotherapy at the time of exer-
cise intervention. Interventions evaluated included aerobic-
only, resistance-only, and combined aerobic and resistance
exercise, prescribed at moderate to vigorous intensity for at
least three times per week. Findings from one breast cancer
trial supported a statistically significant effect of exercise on
all-cause mortality (HR, 0.45; 95% CI, 0.20–0.96) (93).
Findings from two other trials also suggested a beneficial ef-
fect of exercise on all-cause mortality of at least 40% lower
risk (92,94), although results were not statistically significant.
In contrast, results from the trials involving patients with
metastatic disease and with lymphoma showed no mortality
benefit (95,96).

The two breast cancer trials also assessed the effect of exer-
cise on disease-free survival, or the length of time the patient
lives with no signs or symptoms of cancer. Despite one trial
http://www.acsm-msse.org
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being an efficacy trial (highly supervised during chemother-
apy) and the other being an effectiveness trial (mostly unsuper-
vised during and after treatment) findings were remarkably
similar favoring the exercise group (HR, 0.68; 95% CI,
0.37–1.24; n = 242; HR, 0.66; 95% CI< 0.38–1.17;
n = 337), although neither result was statistically significant
(92,93). Although these findings are exploratory, and the orig-
inal studies were not powered to test these hypotheses, find-
ings to date are consistent with results of observational
studies, particularly in the breast cancer setting. Collectively,
these results suggest that influencing physical activity behav-
ior through exercise intervention may be beneficial for
cancer-specific survival outcomes.
 S
SUMMARY AND FUTURE DIRECTIONS

As the body of evidence used to inform the relationship be-
tween physical activity and cancer incidence and other cancer-
related outcomes continues to grow, several study design
aspects require comment. Future observational research would
benefit from: device-based measurement of physical activity
and sedentary behavior; consideration of different types and
intensities of physical activity (light, moderate and vigorous
aerobic, resistance, balance), consideration of sedentary be-
havior and physical activity at multiple time points across
the life course and across the cancer continuum; accounting
for competing risks of mortality and the possibility of reverse
causality; assessment of nonlinear dose–response relation-
ships between physical activity levels and cancer outcomes;
and the use of standardized definitions for cancer outcomes
such as recurrence, survival, progression-free survival, or
other survival-related outcomes. There remains insufficient
evidence to make comments regarding the quality of associa-
tions between physical activity and sedentary behavior for
many types and subtypes of cancer. Importantly, significant
gaps in understanding the underlying biologic mechanisms
linking physical activity to the development and progression
of cancer remain.

The existing gaps in the survival literature suggest the need
for investigating causal associations in adequately powered,
randomized controlled trials, involving cancer survivors with
comparatively good 5-yr survival (e.g., prostate, breast, and
colorectal cancer), as well as cancers associated with poorer
prognosis (ovarian, pancreatic, stage IV disease). In this re-
gard, progress in science is already happening. One ongoing
observational project of particular note, is the Alberta Moving
Beyond Breast Cancer cohort study, which involves device-
based assessment of physical activity, sedentary behavior,
health-related fitness, and breast cancer outcomes (target sam-
ple size, 1500) (97). Additionally, four randomized controlled
exercise intervention trials, involving cancer cohorts of colon
(n = 962) (98), metastatic prostate (n = 866) (99), ovarian
(n = 500) (100), and allogeneic hemopoietic stem cell trans-
plant patients (n = 256) (101), are currently open for recruit-
ment, with target sample sizes providing adequate power to
evaluate cancer outcomes. Future research could help address
ROUNDTABLE REPORT ON EXERCISE AND CANCER
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some important evidence gaps including whether there exists a
minimum and maximum threshold for benefit from physical
activity and, if so, what these limits are and whether timing
of physical activity (prediagnosis, during treatment, posttreat-
ment), cancer type (or subtype) or other factors influence these
limits. Understanding components of physical activity (fre-
quency, type, intensity, and duration of physical activity bouts)
and the relationship of total dose (MET�h·wk−1) to the make-up
of this dose with cancer outcomes, will also help inform opti-
mal design of physical activity interventions.

While we await the findings from ongoing and future obser-
vational, intervention, and experimental research, key mes-
sages with clinical ramifications can already be taken from
the existing body of evidence. First, physical activity is bene-
ficial for the prevention of a number of different types of can-
cer including breast, colon, endometrial, kidney, bladder,
esophageal, and stomach. Decreasing time spent sedentary
may also lower the risk of some types of cancer, including en-
dometrial, colon, and lung cancers. Second, physical activity
prediagnosis and postdiagnosis of breast, colorectal, and pros-
tate cancer is beneficial for survival outcomes. Postdiagnosis
physical activity seems to exert greater effect on cancer out-
comes compared with prediagnosis physical activity. Third,
findings that physical activity is associated with an increased
risk of melanoma highlights the importance of sun safety
while engaging in physical activity outdoors.

Being physically active is one of the most important steps
people of all ages and abilities can take for cancer prevention,
treatment, and control. The findings from this Roundtable
demonstrate strong evidence exists to support an association
between physical activity and cancer risk and survival for
many types of cancer. The prescription for physical activity
and cancer benefit is becoming more clear though there is
much to be learned about the optimal dosage of physical activ-
ity and sedentary behavior for which confers benefit across
cancers and cancer subtypes. Approximately one fourth of
adults (102) globally are physically inactive, putting them at
increased risk for development or progression of cancer. Mov-
ing forward, key constituent groups, such as health care pro-
viders, and physical activity and public health professionals
all can have a role in communicating and promoting the bene-
fits of physical activity for cancer prevention and control. Fur-
thermore, the scientific community can examine impactful
questions underlying the relationship between physical activ-
ity and cancer. To achieve wide-scale impact, broad engage-
ment from experts in cancer prevention, treatment, and
control working together with other stakeholders could help
realize a shared vision of a more physically active and thus a
more healthy world.

The findings and conclusions in this article are those of the authors
and do not necessarily represent the official positions of the National
Institutes of Health or the Centers for Disease Control and Prevention.

Results of the article do not constitute endorsement by the
American College of Sports Medicine.
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