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Dose Finding in Physical Activity and Cancer
Risk Reduction
Anne McTiernan, MD, PhD1

The 2018 US Physical Activity Guidelines Advisory
Committee found strong grade evidence that physical
activity is associated with reduced risk for bladder,
breast, colon, endometrial, renal, and gastric cancers
and esophageal adenocarcinoma.1,2 Risk reductions
ranged from approximately 10% to 20%. Reduction in
risk of other cancers was also seen, but with lower
grades of evidence. The US guidelines of 150 to
300 minutes per week of moderate aerobic exercise
(or equivalent energy expenditure with vigorous ac-
tivity) therefore included cancer risk reduction as
a likely outcome of this dose of exercise.3 Yet the
committee recognized the difficulty in determining
cancer risk reductions of specific types, amounts,
frequencies, and intensities of exercise. It further noted
that given the inconsistent methods of measuring and
categorizing physical activity levels in epidemiologic
studies, it was not possible to determine exact levels of
physical activity that provide given levels of effect. The
question remains: how much exercise provides how
much benefit in reducing risk for specific cancers?

In the article that accompanies this editorial, Matthews
and colleagues4 go a long way toward answering this
question. In a well-designed and conducted study, the
authors pooled individual patient data from nine
prospective cohort studies that had collected data on
leisure-time physical activity and followed participants
to determine incidence of specific cancers. They
categorized exercise levels as metabolic equivalent
task (MET) hours, where METs are used to specify
intensity such as light intensity (1.6 to 2.9 METs),
moderate intensity (3 to 5.9 METs), and vigorous in-
tensity (more than 6.0 METs) activities.5 Amounts of
total physical activity were then calculated as MET-
hours/week by multiplying individual exercise METs by
hours per week engaged in that exercise and summing
over all types of exercise. After harmonizing data
across the studies, the authors determined associa-
tions between several levels of amount and intensity of
exercise with cancer risk, specifically 7.5, 15, 22.5,
and 30 MET-hours/week. With more than 50,000 in-
cident cases of cancer accrued across a median
10 years of follow-up, the authors reported that en-
gaging in the US guidelines recommended levels
of exercise (7.5 to 15 MET-hours/week or approxi-
mately 150 to 300 minutes/week of moderate intensity
exercise) was associated with reduced risks of seven

cancers: colon (in men) and breast, endometrial, kidney,
myeloma, liver, and non-Hodgkin lymphoma (in women).

With a series of illustrative graphs, the authors depict
the shape of dose-response curves of physical activity
level and specific cancers. For several cancers, there
were clear linear dose-response trends of increasing
risk reduction with increasing amount of activity:
breast, colon (in men), endometrial, and head and
neck cancers and esophageal adenocarcinoma. For
these cancers, engaging in more physical activity than
recommended by the US guidelines produced greater
protection. For other cancers, including kidney, gas-
tric, liver, and non-Hodgkin lymphoma in women, risk
reduction plateaued at higher levels of activity.

In a subset of five cohorts, the authors then assessed
the effects of moderate versus vigorous activity on the
risk of specific cancers. They found that moderate-
intensity activity was associated with reduced risks for
breast and kidney cancer, and vigorous activity was
associated with reduced risk for endometrial cancer.
Risk for colon cancer was reduced with either intensity
of activity. There was, however, some evidence of
attenuation of benefit from vigorous activity on colon
and endometrial cancer risks at the highest levels of
vigorous activity.

The study also presents data separately for women and
men, which is important because physical activity may
have different effects on cancer biology depending on
sex, and because women and men typically engage in
different amounts and levels of exercise.6 Although the
effects were greater for men than women for colon
cancer and were seen in women but not men for non-
Hodgkin lymphoma, recommended levels of physical
activity reduced cancer risk in both women and men.
Furthermore, dose-response relationships were seen
in both women and men.

There were some limitations to the study. All physical
activity was self-reported; national data suggest that
self-report may significantly overestimate levels of
physical activity compared with objective measure-
ment.6 This reduces the ability to prescribe specific
doses of exercise to produce given levels of risk re-
duction. However, it does not invalidate the findings that
for reducing risk for most types of cancer, exercising
for longer amounts of time at moderate intensity or
greater produces larger effects.
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The cohorts were largely composed of white individuals,
and no data were presented for specific race/ethnic groups.
Future epidemiologic studies are needed that focus on
people from black, Latin, Asian American, and Native
American populations because their exercise levels may
differ from those of whites and because the effects of ex-
ercise on cancer risk could be unique to individual race/
ethnic populations.

Matthews et al4 limited their investigation of dose-response
to 15 cancers they previously found to be associated with
leisure-time physical activity.7 Furthermore, because all of
the source studies were prospective cohorts, only the more
common cancers accrued in sufficient numbers to have
power to detect hypothesized associations. Therefore, data
are missing on some of the rarer cancers. Case-control
studies of these rare cancers could fill this gap, particularly
with data pooled across multiple studies to increase power
to detect risk reductions of 10% to 20%. Data also were not
provided for lung cancer because of concerns about re-
sidual confounding effects of smoking. Nevertheless, the
Matthews et al report included data for 15 cancers, which
account for a large proportion of cancer cases in the United
States.8

There are more than 100 types of cancer when it is
classified according to tissue and cell of origin, but mo-
lecular subtyping has identified multiple classifications of
cancers that can differ by etiology, prognosis, and treat-
ment response. Few studies have had large enough sample
sizes to address the effects of physical activity by molec-
ular subtypes, although Matthews et al differentiated ef-
fects for some cancers by histology (eg, esophageal
adenocarcinoma).

The source cohorts included in the article by Matthews
et al4 ascertained physical activity using a variety of ques-
tionnaire types with different classifications of exercise
modality, and almost all questions focused on aerobic
activities. Therefore, the harmonized, pooled data reports
only on the aerobic activity part of the US Guidelines. Still
missing from the body of knowledge is whether strength
training is associated with cancer risk, and if so, what types,
frequency, or duration provide optimal benefit.

In the absence of randomized controlled clinical trials to
test the effects of different types and doses of physical
activity on incidence for specific cancers,9 epidemiologic

data can provide important information. Identifying the
biologic mechanisms linking exercise to cancer risk sup-
ports the observed associations. Several cancers are
obesity-related (such as colon, endometrial, kidney, and
postmenopausal breast cancer and esophageal adeno-
carcinoma).10 The role of physical activity in reducing
adiposity can therefore represent one mechanism.11

Physical activity alone has modest effects on obesity,
however, so obesity control is unlikely to be the sole
mechanism linking exercise to cancer risk.11 Randomized
trials of mechanistic effects in humans have shown that
exercise alters hormones, angiogenesis, oxidative stress,
cell proliferation, and other cancer biomarkers that fur-
ther support the link between exercise and cancer risk
reduction.12-16 Animal models provide additional evidence
of exercise effects on reducing tumor initiation.17 However,
the literature onmechanistic studies of exercise and cancer
risk is limited, and concerted efforts are needed to identify
pathways through which exercise affects cancer risk. This
will aid in establishing physical activity as a prevention treat-
ment, as well as determining dose of physical activity needed
to change intermediate markers or biomarkers of cancer risk.

Evaluation of any preventive agent requires assessment of
risks and benefits. Some recreational physical activities and
sports may increase some health risks, although overall
benefits are thought to outweigh risks.2 The culture or
setting of some sports and physical activities may also
increase exposure to cancer-causing agents. Examples
include unprotected sun exposure,7,18 talcum powder
products,19 air pollution,20 smokeless tobacco,21 muscle-
building products,22 synthetic turf materials,23 and alcohol.21

Individuals should avoid these potential carcinogens as
much as possible; there are few data on whether physical
activity can attenuate the effects of carcinogens on risk for
specific cancers.

Although questions remain about the exact types, fre-
quency, and intensity of physical activity that provide
greatest risk reduction, Matthews et al provide strong ev-
idence that the current US recommended levels of aerobic
physical activity provide cancer protection in a dose-
dependent manner. Clinicians can feel confident in ad-
vising patients to follow the guidelines, and aim to increase
to the maximum levels recommended, as their health and
life circumstances allow.
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