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ABSTRACT
Background The WHO recommends moderate physical
activity to combat the increasing risk of death from
chronic diseases. We conducted a meta-analysis to
assess the association between physical activity and
cancer mortality and the WHO recommendations to
reduce the latter.
Methods MEDLINE and EMBASE were searched up
until May 2014 for cohort studies examining physical
activity and cancer mortality in the general population
and cancer survivors. Combined HRs were estimated
using ﬁxed-effect or random-effect meta-analysis of
binary analysis. Associated HRs with deﬁned increments
and recommended levels of recreational physical activity
were estimated by two-stage random-effects dose–
response meta-analysis.
Results A total of 71 cohort studies met the inclusion
criteria and were analysed. Binary analyses determined
that individuals who participated in the most physical
activity had an HR of 0.83 (95% CI 0.79 to 0.87) and
0.78 (95% CI 0.74 to 0.84) for cancer mortality in the
general population and among cancer survivors,
respectively. There was an inverse non-linear dose–
response between the effects of physical activity and
cancer mortality. In the general population, a minimum
of 2.5 h/week of moderate-intensity activity led to a
signiﬁcant 13% reduction in cancer mortality. Cancer
survivors who completed 15 metabolic equivalents of
task (MET)-h/week of physical activity had a 27% lower
risk of cancer mortality. A greater protective effect
occurred in cancer survivors undertaking physical activity
postdiagnosis versus prediagnosis, where 15 MET-h/
week decreased the risk by 35% and 21%, respectively.
Conclusions Our meta-analysis supports that current
physical activity recommendations from WHO reduce
cancer mortality in both the general population and
cancer survivors. We infer that physical activity after a
cancer diagnosis may result in signiﬁcant protection
among cancer survivors.

INTRODUCTION

To cite: Li T, Wei S, Shi Y,
et al. Br J Sports Med
2016;50:339–345.

Cancer is a leading disease burden in developed
and developing countries with 8.2 million cancer
deaths in 2012 as estimated by the WHO.1 The
World Cancer Research Fund (WCRF) recently
reafﬁrmed that the risk of cancer is affected by our
lifestyles and that an active lifestyle is protective
against cancer mortality.2 Speciﬁcally, an inverse
association between physical activity and mortality
has been discovered for breast,3 colorectal4 and
prostate cancers.5 The association was further validated by meta-analyses in breast and colorectal

cancers.6 7 However, the magnitude and intensity
of physical activity most beneﬁcial against cancer
mortality is unclear. The most recent guidelines
promoted by the WHO recommend a minimum of
2.5 h of moderate intensity physical activity (3 to
<6 metabolic equivalents of task (MET)) or 1.25 h
of vigorous intensity physical activity (≥6 METs)
per week or any equivalent combination for health
beneﬁts, and 5.0 h of moderate intensity physical
activity or 2.5 h of vigorous intensity physical activity per week for additional health beneﬁts.8–11
Speciﬁc recommendations to prevent cancer mortality are still lacking.12 Accordingly, we conducted
a meta-analysis of prospective studies to assess the
association of physical activity with cancer mortality and to explore whether the current WHO
recommendations are optimal.

METHODS
Search strategy and study selection
This meta-analysis was performed in accordance with
the Preferred Reporting Items for Systematic Reviews
and
Meta-Analyses
(PRISMA)
guidelines.13
MEDLINE and EMBASE databases were searched up
to 30 May 2014 for cohort studies published in
English that investigated the association between
physical activity and cancer mortality. The search
terms were as follows: (‘exercise’, ‘physical activity’,
‘walking’ or ‘motor activity’ with ‘cancer’, ‘neoplasm’
or ‘carcinoma’). Duplicate studies were removed, and
the reference lists of relevant literature and previous
relevant reviews and meta-analyses were checked for
additional publications of interest.
Included studies fulﬁlled the following criteria:
(1) cohort study design, (2) physical activity
(eg, leisure-time physical activity, recreational physical activity, exercise and sports, routine activity of
daily living, physical activity of transportation, etc)
included as a variable, (3) investigated the association between physical activity and cancer mortality
(deﬁned as deaths due to cancer) in the general
population or among cancer survivors and (4) provided relative risk (RR) or HR estimates and 95%
CIs or sufﬁcient data to calculate them. Studies
were excluded if they: (1) studied a population
with a chronic disease (eg, cardiovascular disease or
diabetes mellitus), (2) measured physical ﬁtness but
not physical activity, (3) focused on cancer risk not
cancer mortality or (4) measured only work-related
physical activity. Two authors independently read
the full text of all included articles to determine
whether each study met the eligibility criteria outlined above.
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Data collection and extraction were conducted independently
by two investigators, and all discordances were resolved by discussion. For each study, the following information was
extracted: ﬁrst author’s name, publication year, cohort name,
study location, study design, age at baseline, gender, number of
cases or participants, number of cancer deaths, domains of physical activity, when physical activity was measured ( prediagnosis
(in the general population study), prediagnosis or postdiagnosis
(in the cancer survival study)), amounts of physical activity at
each level in different units (eg, MET-h/week, h/week, kcal/week
and km/h), cancer type, duration of follow-up, estimate of effect
(reported as a RR, HR) and the corresponding 95% CI for the
association of physical activity with cancer mortality, and adjustment variables (eg, age, body mass index (BMI) and stage). We
extracted the binary estimate of the most comprehensive
domain of physical activity from each study for a pooled assessment of the most active group compared with the least active
group. The effect and 95% CI were inverted for study in which
the most active group was used as the reference group.
Estimates from each level of recreational physical activity, the
most commonly measured domain and main modiﬁable form of
energy expenditure, were extracted for dose–response analysis.14 Lifetime results were used if a study reported the effect
of physical activity at both multiple ages and over a lifetime.
When a study reported separately on males and females, both
risk estimates were included in the primary analysis.
Additionally, in the case of multiple publications, we included
the most up-to-date or comprehensive information.

Assessment of risk of bias in individual studies
We used the Newcastle-Ottawa quality assessment scale15 to
assess the risk of bias in each individual study based on the following: representativeness of the exposed cohort, selection of
the unexposed cohort, methods of measuring physical activity,
comparability of cohorts based on design or analysis, adjustment
for confounding factors (age, BMI, stage, tumour differentiation, etc), duration and adequacy of follow-up, and study end
points (cancer mortality). High-quality responses earned a star
with up to nine stars in total.

follow-up duration (<10 years, ≥10 years) and when physical
activity was measured ( prediagnosis or postdiagnosis). To test for
statistically signiﬁcant potential confounders (eg, publication
year, study location, follow-up duration, cancer type, when physical activity was measured, measurement of physical activity,
study design and quality), meta-regression analysis20 was used to
calculate ratios of risk. Publication bias was examined using
Begg’s test and Egger’s test.21 We performed sensitivity analyses
by omitting one study at a time from the initial meta-analysis. All
statistical tests were two-sided and p values <0.05 were considered statistically signiﬁcant. All analyses were conducted using
Stata software (V.12.0; StataCorp, College Station, Texas, USA).

RESULTS
Study selection
In total, 16 980 articles were initially identiﬁed in the literature
search; and 10 619 articles were left after removing duplicates,
of which 10 422 studies were not relevant to the main topic
and excluded. Thirty of the remaining 197 studies were
excluded due to a focus on occupational physical activity, 91 for
not fulﬁlling the inclusion criteria and 7 for providing information from overlapping studies. Two additional articles were identiﬁed in a manual search of reference lists. Overall, 71 studies
were included in the primary meta-analysis (ﬁgure 1).

Characteristics of the studies
Of the 71 prospective studies reporting on the association
between physical activity and cancer mortality, 36 were general
population-based studiesS[1–36] and 35 studies were conducted
among cancer survivors.S[37–71] The major characteristics of these
studies and reference list are shown in online supplementary
table S1. In total, 3 985 164 participants were included in
the general population-based studies and 66 995 cancer
deaths were observed. Nine studies were done in North

Statistical analysis
Binary analysis, and ﬁxed-effect or random-effect models were
used to estimate the summary HRs for associations between
physical activity and cancer mortality when appropriate.16
Dose–response analyses were conducted for studies with three
or more quantitative activity levels in MET-h/week and h/week,
the most applicable measures of physical activity, using nonlinear random effect models.17 For each activity level, the
median or mean amount of physical activity was assigned to the
corresponding HR estimate. If the median or mean value was
not reported, we used the midpoint of the upper and lower
boundaries of each category. For studies reporting open upper
boundaries for the highest category (eg, >200 min/week), we
multiplied the reported lower boundary by 1.25 and used this
value (eg, 250 min/week) as the midpoint.18 Heterogeneity in
the relationship between physical activity and cancer mortality
was assessed by Q test and quantiﬁed by I2 statistic.19 In order
to assess the effect of the study characteristics and quality on the
reported estimates, heterogeneity was analysed by comparing
the effect estimate summary from subgroup analyses. Subgroup
analyses were conducted in topics that had at least three original
studies and were by cancer type, gender, study location,
2 of 8

Figure 1

Flow diagram of study selection.
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The role of physical activity in reducing cancer mortality in
the general population
Binary analysis
As shown in table 1, compared to the lowest amount of physical
activity, the highest amount of physical activity presented signiﬁcant protection against death from cancer, with a pooled HR of
0.83 (95% CI 0.79 to 0.87, I2=65.6%). Consistent associations
were conﬁrmed by subanalyses of gender, study location, duration of follow-up and cancer type. The highest levels of physical activity reduced cancer mortality by 17% in males and
females. Similarly, studies conducted in North America, Europe
and Asia found a 17–19% protective effect. Cancer mortality
presented a 17% and 16% reduction in studies, respectively,
with a follow-up of less than or at least 10 years. Besides, high
level of physical activity reduced the mortality of colorectal
cancer by 21%. The heterogeneity of binary comparison was
signiﬁcant (I2=65.6%), which, based on subgroup analysis, was
mainly from North American studies. Besides study location,
meta-regression did not ﬁnd new sources of heterogeneity.
Begg’s test ( p=0.32) and Egger’s test ( p=0.09) indicated no
evidence for publication bias. Also, sensitivity analysis found
that the pooled results did not overtly change even on omission

of the most inﬂuential study (online supplementary ﬁgures S1
and S2).

Dose–response analysis
Figure 2 shows evidence of a non-linear association between
recreational physical activity and cancer mortality by MET-h/
week in general population. The HRs of cancer mortality following 5, 10, 15, 20 and 25 MET-h/week of recreational physical activity were 0.88, 0.86, 0.86, 0.85 and 0.84, respectively,
when compared with inactivity. The dose–response curve
steeply sloped below 7.5 MET-h/week, the minimum energy
expenditure of 2.5 h moderate physical activity per week recommended by the WHO, and then gently declined. Individuals
who met the lower limit of the WHO guidelines, 7.5 MET-h/
week, had a 14% lower risk of cancer mortality. An approximate 2% reduction in cancer mortality for every 1 MET-h/week
increase below 7.5 MET-h/week occurred compared to a 1%
reduction in cancer mortality by every 10 over 7.5 MET-h/
week. Pooled results indicate a similar inverse relation between
recreational physical activity and cancer mortality in Asians
(online supplementary table S2 and ﬁgure S3). The HRs of
cancer death for 5, 10, 15, 20 and 25 MET-h/week of recreational physical activity were 0.91, 0.87, 0.86, 0.85 and 0.84,
respectively, when compared with the lowest amount of physical
activity in the Asian population. This curve shows a signiﬁcant
reduction below 12 MET-h/week and over 22 MET-h/week
with a 1% reduction in cancer mortality for every 1 MET-h/
week. A similar relationship was observed in studies within
10 years of follow-up. Other subgroups could not be analysed
due to insufﬁcient data.

Table 1 Pooled measures on the relation of physical activity to
cancer mortality in the general population

Overall
Sex
Male
Female
Study location
North America
Europe
Asia
Duration of follow-up
<10
≥10
Cancer types
Colorectal cancer

Number of data
sets included

HR (95% CI)

54

0.83 (0.79 to 0.87) 65.6

<0.001

22
14

0.83 (0.75 to 0.92) 71.0
0.83 (0.73 to 0.94) 67.9

<0.001
<0.001

11
24
19
(year)
23
29

0.83 (0.74 to 0.93) 80.5
0.82 (0.75 to 0.90) 69.3
0.81 (0.76 to 0.85) 0.0

<0.001
<0.001
0.462

0.83 (0.76 to 0.92) 62.6
0.84 (0.79 to 0.89) 66.2

<0.001
<0.001

6

0.79 (0.71 to 0.88)

I2 (%) p Value

0.00

0.477

p Value of Q-test for heterogeneity test.
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Figure 2 Dose–response relation between cancer mortality and
recreational physical activity in the form of metabolic equivalents of
task (MET)-h/week (A) and h/week (B) in the general population. The
solid line and the long dash line represent the estimated relative risk
and its 95% CI. The short dash line represents the linear relationship.
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America,S[1 2 8 16 23 28 32 34 35] 9 in AsiaS[7 12–14 25–27 31 33] and
18 in Europe.S[3–6 9–11 15 17–22 24 29 30 36] Twenty-two studies
provided data on the relationship between physical activity and
mortality from various cancer,S[1–6 9 11 14–16 19 21–23 26 29–31
33 35 36]
with ﬁve on colorectal cancer,S[12 24 26 27 34] four on
pancreatic cancerS[8 13 18 25] and three on breast cancer.S[26 32 34]
In the 35 cancer survival studies, 69 011 patients with cancer
were included with 9516 cancer deaths. Twenty-ﬁve of these
studies were conducted in North America,S[38–41 43 44 48–52 54
57–65 68–71]
and six in Europe.S[45–47 53 55 67] Nineteen studies
were on breast cancer survivalS[37–41 44 47 50–55 57 60 61 67–69] and
nine on colorectal cancer survival.S[42 43 49 56 59 62 65 66 70] Of
these, 24 studies,S[37–43 45–47 51 53–55 57 61–65 67 68 70 71] 14 studiesS
[40 43 44 49 50 56–60 62 65 66 69]
and ﬁve studiesS[40 43 57 62 65]
reported on the association between prediagnosis, postdiagnostic or
both prediagnostic and postdiagnostic physical activity, respectively,
and cancer mortality. The overall quality score ranged from 6 to 9
based on the Newcastle-Ottawa scale with 16 studies scoring 6
stars, 10 scoring 9 stars and the rest 7–8 stars.

Review

The role of physical activity in reducing cancer mortality
in cancer survivors
Binary analysis
A strong association between high levels of physical activity and
cancer mortality was observed in cancer survivors with an HR
of 0.78 (95% CI 0.72 to 0.84, I2=56.9%) (table 2). The highest
levels of physical activity reduced cancer mortality by 21% in
female cancer survivors. However, we did not observe a similar
association in males. The protection by physical activity against
cancer death was further observed in North American studies
with reduced 25% cancer mortality, but not in European. The
association between physical activity and cancer mortality was
not affected by duration of follow-up, which showed a 20% and
30% lower risk in participants followed up for less than and at
least 10 years, respectively. A more pronounced protection from
postdiagnostic physical activity (HR=0.60, 95% CI 0.50 to
0.71, I2=53.8%) than prediagnostic physical activity
(HR=0.86, 95% CI 0.80 to 0.92, I2=16.7%) was observed
among cancer survivors. This inverse association between physical activity and cancer mortality was conﬁrmed in breast cancer
survivors and colorectal cancer survivors. There was evidence of
heterogeneity between cancer survival studies of highest versus
lowest levels of physical activity (I2=56.9%). On the basis of
subgroup analyses, the studies conducted in North America are

Table 2 Pooled measures on the relation of physical activity to
cancer mortality among cancer survivors
Number of data
sets included
Overall
57
Sex
Female
43
Male
3
Study location
North America
45
Europe
8
Duration of follow-up (year)
<10
45
≥10
11
Cancer types
Breast cancer
33
Colorectal cancer 14
When physical activity was measured
Prediagnosis
34
Postdiagnosis
16
p Value of Q-test for heterogeneity test.
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HR (95% CI)

responsible for most of the observed heterogeneity.
Meta-regression analysis indicated that how physical activity was
measured (p=0.01) was statistically signiﬁcant in a multivariate
model, while Egger’s test suggests publication bias ( p<0.001).
Results from the sensitivity analysis did not change even if the
most inﬂuential study was omitted (online supplementary
ﬁgures S1 and S2).

Dose–response analysis
The pooled results show the expected inverse relationship
between recreational physical activity and cancer mortality. The
cancer mortality declined rapidly with a 2% reduction for every
1 MET-h/week below 10 MET-h/week followed by a plateau
over 15 MET-h/week (ﬁgure 3). Compared with no recreational
physical activity, 5, 10, 15, 30 and 50 MET-h/week reduced the
overall cancer mortality by 18%, 25%, 27% 30% and 35%,
respectively. Subgroup analyses demonstrated that similar trends
occurred in all studies included (online supplementary table S3
and ﬁgure S4). An inverse association between recreational physical activity and cancer mortality was found in females. The
cancer mortality dropped rapidly with a 2% reduction for each
added 1 MET-h/week below 10 MET-h/week and then stabilised
at 70% for activity over 15 MET-h/week. Similarly, a protective
role for recreational physical activity was observed in North
Americans and cancer survivors within 10 years of follow-up. In
particular, stronger protection occurred against cancer mortality
with postdiagnostic physical activity compared with prediagnostic physical activity. Cancer mortality quickly decreased by 35%
when individuals participated in 15 MET-h/week of recreational
physical activity after diagnosis and a further 5% reduction in
cancer mortality occurred with every additional 10 MET-h/
week. In comparison, the cancer mortality decreased by 21% at
15 MET-h/week of prediagnostic physical activity with no
further reduction on increasing the amount of recreational physical activity (ﬁgure 4). We further explored the association
between recreational physical activity and breast cancer mortality and the results were similar to the analysis of the female
subgroup; the results stabilised at a 2.5% reduction in cancer
mortality for every additional 1 MET-h/week below 10
MET-h/week. An inverse linear relationship was found
between recreational physical activity and colorectal cancer
mortality ( pfor non-linearity=0.772), which was statistically signiﬁcant over 10 MET-h/week with a 1% reduction in cancer
mortality with every additional 1 MET-h/week online

I2 (%) p Value

0.78 (0.72 to 0.84) 56.9

<0.001

0.79 (0.74 to 0.84) 37.0
0.80 (0.57 to 1.12) 79.2

0.009
0.008

0.75 (0.68 to 0.82) 63.2
0.90 (0.78 to 1.02) 0.0

<0.001
0.679

0.80 (0.74 to 0.87) 51.6
0.70 (0.55 to 0.88) 60.7

<0.001
0.005

0.76 (0.70 to 0.82) 30.2
0.76 (0.64 to 0.90) 50.7

0.053
0.015

0.86 (0.80 to 0.92) 16.7
0.60 (0.50 to 0.71) 53.8

0.198
0.006

Figure 3 Dose–response relation between cancer mortality and
recreational physical activity (metabolic equivalents of task (MET)-h/
week) among cancer survivors. The solid line and the long dash line
represent the estimated relative risk and its 95% CI. The short dash line
represents the linear relationship.
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The HRs of cancer mortality for 2, 3, 4, 6 and 8 h/week of
recreational physical activity were 0.94, 0.92, 0.91, 0.91 and
0.90, respectively, compared to inactivity (online supplementary
table S2). As shown in ﬁgure 2, the curve trended a decline with
continuously increasing levels of recreational physical activity.
Individuals who engaged in 2.5 h/week of recreational physical
activity compared to none had a 7% lower cancer mortality.
A further 2% reduction in cancer mortality was seen for every
additional 6 h/week activity over 2.5 h/week. Subgroup analyses
are presented in online supplementary ﬁgure S3. Cancer mortality decreased rapidly below 2 h/week and then declined steadily
over 2 h/week in North Americans. A similar effect was
observed in individuals following up over 10 years. Other subgroups could not be analysed due to insufﬁcient data.

Review

supplementary ﬁgure S4. Furthermore, we conducted subset
analysis among breast cancer survivors, and a more pronounced
beneﬁt was found from postdiagnostic physical activity than prediagnostic physical activity. Compared with no recreational
physical activity, 5, 10, 15 and 20 MET-h/week of prediagnostic
physical activity reduced breast cancer mortality by 24%, 28%,
29% and 30%, respectively. Meanwhile, breast cancer mortality
reduced by 24%, 32%, 39% and 40% when individuals participated in 5, 10, 15 and 20 MET-h/week of recreational physical
activity after diagnosis, respectively. Similarly, the decreasing
trend in colorectal cancer mortality occurred in postdiagnostic
physical activity as in overall physical activity (online
supplementary ﬁgure S5).

DISCUSSION
This relatively large meta-analysis summarises the contribution
of physical activity to reducing cancer mortality and quantiﬁes
the reduction in cancer mortality with incremental increases in
recreational physical activity. In summary, we found that a high
level of physical activity lowered the risk of cancer mortality in
the general population and cancer survivors compared to
inactivity. Dose–response analyses estimated the beneﬁts for different levels of recreational physical activity by measuring
MET-h/week and h/week. The results primarily showed consistent non-linear relationships between recreational physical activity and cancer mortality in the general population and among
cancer survivors.
Our ﬁndings based on the general population showed that
individuals undergoing the highest levels of physical activity had
Li T, et al. Br J Sports Med 2016;50:339–345. doi:10.1136/bjsports-2015-094927
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Figure 4 Dose–response relation between cancer mortality and
recreational physical activity (metabolic equivalents of task (MET)-h/
week) in postdiagnosis (A) and prediagnosis (B) among cancer
survivors. The solid line and the long dash line represent the estimated
relative risk and its 95% CI. The short dash line represents the linear
relationship.

a 17% reduction in cancer mortality. This effect was not inﬂuenced by gender, study location or duration of follow-up. Dose–
response analyses further revealed that the cancer mortality
decreased signiﬁcantly by 13% and 7% in the general population that undertook 7.5 MET-h/week and 2.5 h/week recreational physical activity, respectively. Recent meta-analyses
conﬁrmed a similar inverse relationship between high levels of
physical activity and all-cause mortality.18 22 In particular, one
meta-analysis quantiﬁed the dose–response of all-cause mortality
to non-vigorous physical activity and demonstrated that adhering to the WHO’s recommendations contributed to a 19%
reduction.22 A recent dose–response analysis based on six
studies from the National Cancer Institution Cohort
Consortium found that compared with individuals reporting no
leisure time physical activity, 21% lower cancer mortality was
steadily observed among those performing 1–3 times of the
WHO's recommendation (7.5 to <22.5 MET-h/week).23
Similarly, our study, based on extensive original publications,
conﬁrmed that moderate intensity activity was associated with
cancer mortality beneﬁt in the general population as well.
The inverse relationship between physical activity and cancer
mortality was also conﬁrmed in cancer survivors. Basically,
cancer survivors undertaking the highest level of physical activity had a 22% reduction in cancer mortality. In particular,
evidence from the meta-analysis suggests a non-linear dose–
response of cancer mortality to recreational physical activity.
Our ﬁndings conﬁrmed and extend previous qualitative
evidence,6 7 which reported a correlation between physical
activity and cancer mortality in breast and colorectal cancers,
respectively. In addition, our ﬁndings are consistent with recent
published quantitative meta-analysis by Zhong et al,24 which
revealed a similar non-linear dose–response relationship
between physical activity and breast cancer mortality. The effect
of recreational physical activity within a female subgroup analysis was very similar to that within the breast cancer subgroup,
which suggests that they came out of similar data sources. The
beneﬁt of recreational physical activity was evident for North
Americans and strongly supports the 2008 Physical Activity
Guidelines for Americans, which endorses 2.5 h/week of moderate activity.25
Several mechanisms potentially explain the protection
afforded by physical activity against cancer mortality. Studies
cite the metabolic effects of high physical activity, including
lower BMI, lower sex hormones, reduced adiposity, insulin and
c-peptide levels and possibly effects on inﬂammation or the
immune system.26–29 However, the proposed mechanisms may
differ based on the type of cancer. For instance, physical activity
increases insulin sensitivity.30 Higher circulating insulin and
insulin-like growth factor-1 and lower insulin-binding protein
level have been associated with colorectal risk in epidemiology
studies.31–33 A previous study showed higher colorectal cancer
mortality among individuals with metabolic abnormalities
related to insulin metabolism compared with those without
hyperinsulinaemia and insulin resistance.34 In a similar way,
insulin resistance may inﬂuence the risk of breast cancer recurrence and mortality,35 and physical activity is known to lower
insulin levels and improve insulin sensitivity.36 37 Furthermore,
exercise intervention studies have measured improvements in
insulin-like growth factor 1 (IGF-I) and insulin-like growth
factor binding protein 3 (IGFBP-3) and biomarkers related to
cancer progression and recurrence among breast cancer survivors following high levels of exercise.38 39
Interestingly, we found that the inverse association between
physical activity and cancer mortality was more pronounced

Review

Strengths of the meta-analysis
This is a large-scale meta-analysis based on 71 prospective
studies. The comprehensiveness of our study is its primary
strength. Besides, we provide quantiﬁed binary assessments, as
well as dose–response relationships between recreational physical activity and cancer mortality. Overall, our results clarify and
provide evidence for the WHO guidelines on physical activity at
preventing cancer mortality for the general population and also
cancer survivors. Our stratiﬁed results in the general population
study further strengthen our ﬁnding by indicating consistent
beneﬁts of physical activity in different genders, study locations
and durations of follow-up. In addition, we examined the difference between postdiagnostic and prediagnostic physical activity
in relation to cancer mortality among cancer survivors in order
to better understand the protection against cancer mortality by
physical activity at different time points. Various comparisons
were conducted to assess the association between physical activity and cancer mortality.

Limitations of the meta-analysis
This meta-analysis has several limitations. First, despite the inclusion of 71 studies in our meta-analysis, we were unable to assess
whether the association between physical activity and cancer mortality differed by race, age or cancer type due to insufﬁcient variation among studies in dose–response analyses. In this
meta-analysis, the dose–response associations were only explored
in subgroup analyses of female, North America, and breast and
colorectal cancers. Second, there was signiﬁcant heterogeneity
for several outcomes that could not be explained by geography.
The methods of how physical activity was assessed also contributed as physical activity is a complex behaviour with many components, and therefore it is difﬁcult to accurately measure and
classify the type of physical activity and its characteristics (ie,
6 of 8

intensity, duration and frequency). Third, conclusion related to the
associations between high levels of physical activity and cancer
mortality in dose–response analyses should be interpreted with
caution, especially in the association curve with an upward tail due
to the incomplete extreme value (online supplementary ﬁgure S6),
even though the the tail of the curve became ﬂattened after omitting outliers. Furthermore, a large portion of the physical activity
was self-reported; therefore, some misclassiﬁcation of activity level
was probable and quantitative characterisations should therefore
be considered approximate in nature. Moreover, for postdiagnostic physical activity, it is possible that the sickest patients are the
ones who are unable to exercise and more likely to die. However,
to minimise the possibility of survival bias, the original studies conducted by Meyerhardt et al41 48 and Irwin et al42 excluded
patients with cancer who either died or recurred within 1 or
2 years of physical activity assessment in their analyses, and the
results were not materially altered by that procedure. Besides, all
reported outcomes for postdiagnostic physical activity in this
meta-analysis have been adjusted for known prognostic variables
such as age and stage to reduce the inﬂuence of survival bias.
Although we used adjusted estimates from included prospective
studies, we cannot totally rule out potential residual confounding
or confounding by unmeasured factors, such as information on
treatment and more details of tumour characteristics, and those
unaccounted factors may have an inﬂuence on the ﬁnal results.
Finally, our study suggests associations, rather than cause and
effect, because of the observational nature of data.

CONCLUSION
In summary, this systematic review and meta-analysis suggests an
inverse association between physical activity and cancer mortality. Quantitative data concerning the general population supports the current recommendation of physical activity
equivalent to 2.5 h/week of moderate-intensity (3–6 MET-h/
week), which could have substantial health beneﬁts for individuals. We also found that a minimum 2.5 h/week of
moderate-intensity recreational physical activity conferred protection against cancer mortality among cancer survivors.
Therefore, we conclude that the current recommendations concerning physical activity are generally sufﬁcient for reducing
cancer mortality. Furthermore, our study displays that physical
activity performed before or after cancer diagnosis is related to
reduced mortality among cancer survivors. Thus, we infer that

What are the new ﬁndings?
▸ By this meta-analysis based on 71 prospective studies,
binary analyses determined that individuals who participated
in the most physical activity had an HR of 0.83 (95% CI
0.79 to 0.87) and 0.78 (95% CI 0.74 to 0.84) for cancer
mortality in the general population and among cancer
survivors, respectively.
▸ Pooled results indicate the expected inverse non-linear
dose–response relationship between recreational physical
activity and cancer mortality.
▸ Our meta-analysis supports that the current recommendation
of physical activity (equivalent to 2.5 h/week of moderate
intensity) reduces cancer mortality in both the general
population and cancer survivors. We infer that physical
activity after a cancer diagnosis may result in signiﬁcant
protection among cancer survivors.
Li T, et al. Br J Sports Med 2016;50:339–345. doi:10.1136/bjsports-2015-094927
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in postdiagnostic physical activity than prediagnostic physical
activity with a 26% difference. Previous meta-analyses conducted in breast and colorectal cancer survival studies clearly
supported that postdiagnosis physical activity was associated
with lower cancer mortality than prediagnosis physical activity.7 40 The ﬁnding was also supported by a recently published
dose–response meta-analysis in breast cancer.23 On the basis
of the studies described above, there is convincing evidence
that recreational physical activity after diagnosis is slightly
more beneﬁcial against cancer mortality. A possibility is that
individuals who participate in physical activity after a cancer
diagnosis may be motivated to change their behaviour and
adopt a healthier lifestyle following a cancer diagnosis.41
Furthermore, a longitudinal study focusing on breast cancer
and changes in physical activity before and after diagnosis
showed that women who increased physical activity to 9 or
more MET-h/week after diagnosis had lower mortality due to
breast cancer even if they were inactive before diagnosis,42
and encouraged women diagnosed with breast cancer to initiate and maintain a programme of physical activity. Systematic
reviews in randomised controlled trials43 44 and reviews45–47
have concluded that physical activity interventions during and
after cancer therapies often result in meaningful and reliable
improvements in several supportive care outcomes. These
beneﬁts include observed changes in physiological measures,
objective performance indicators, self-reported functioning
and symptoms, psychological well-being and overall quality of
life. These ﬁndings may prompt the importance of participating in physical activity, especially after a cancer diagnosis, to
gain maximum survival beneﬁts.

Review

▸ Our results might be helpful to inform updates on
recommendation concerning the advisable amount of
physical activity to reduce cancer mortality in the general
population and among cancer survivors.
▸ Future randomised controlled trials could be conducted to
verify the role of physical activity in improving cancer
mortality.
▸ Physical activity after diagnosis presents signiﬁcant
protection against cancer mortality. Therefore, physicians
may consider to adopt physical active into the clinical
practice of cancer treatments.
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physical activity after a cancer diagnosis may result in signiﬁcant
protection among cancer survivors. Future randomised controlled trials are needed to verify the role of physical activity in
patients with cancer. More high-quality studies are required to
clarify the biological mechanisms underlying this association
between physical activity and lower cancer mortality.
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