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Abstract Published data have shown that physical

activity (PA) has a positive role on the primary prevention

of breast cancer risk. However, the role of PA on breast

cancer outcome has been controversial with inconsistent

data. The lack of a meta-analysis that addresses that issue

prompted the current report. A comprehensive literature

search identified eight studies, of which two studies were

excluded. The remaining six studies (12,108 patients with

breast cancer) were included in this meta-analysis. Pre-

diagnosis PA reduced all causes mortality by 18% but had

no effect on breast cancer deaths. Post-diagnosis PA

reduced breast cancer deaths by 34% (HR = 0.66, 95% CI,

0.57–0.77, P \ 0.00001), all causes mortality by 41%

(HR = 0.59, 95% CI, 0.53–0.65, P \ 0.00001), and dis-

ease recurrence by 24% (HR = 0.76, 95% CI, 0.66–0.87,

P = 0.00001). Breast cancer mortality was reduced by pre-

diagnosis PA in women with body mass index

(BMI) \ 25 kg/m2, while post-diagnosis PA reduced that

risk among those with BMI C 25 kg/m2. On the other

hand, post-diagnosis PA reduced all causes mortality

regardless of the BMI. The analysis showed that post-

diagnosis PA reduced breast cancer deaths (HR = 0.50,

95% CI, 0.34–0.74, P = 0.0005), and all causes mortality

(HR = 0.36, 95% CI, 0.12–1.03, P = 0.06) among

patients with estrogen receptor (ER)-positive tumor, while

women with ER-negative disease showed no gain. The

current meta-analysis provides evidence for an inverse

relationship between PA and mortality in patients with

breast cancer and supports the notion that appropriate PA

should be embraced by breast cancer survivors.

Keywords Breast cancer � Physical activity � Exercise �
Prognosis � Mortality

Introduction

Over the past 20 years, many cohort and case–control

studies have examined the role of physical activity in the

primary prevention of breast cancer [1–4]. While the evi-

dence has not been always consistent, the findings suggest

a significant risk reduction of about 20% to 40% for active

compared with sedentary women [4–6]. Moreover, a recent

evidence-based review indicated a strong support for

20–80% risk reduction among post-menopausal women

and suggested that for each additional hour per week of

physical activity, the risk of breast cancer incidence

decreased by 6% [7].

However, the role of pre- or post-diagnosis physical

activity on breast cancer deaths or on all causes mortality

among patients with breast cancer has been controversial.

Several studies have suggested a protective role of physical

activity on breast cancer outcome [8–12], while others

could not demonstrate such benefit [13]. In another study,

while physical activity was shown to decrease total mor-

tality, no positive effect was shown on breast cancer

recurrence or disease-specific mortality [14].

The inconsistent evidence concerning the role of phys-

ical activity on survival of women with invasive breast

cancer, the lack of a meta-analysis that addressed that

pertinent issue, and the current immense interest in

exploring lifestyle factors that could be associated with
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disease outcome has prompted this meta-analysis. In this

report, we systematically reviewed and analyzed all

published relevant studies.

Methods

Literature search

We did a comprehensive search of citations from PubMed,

proceedings of the main oncology conferences, Cochrane

Central Register of Controlled Trials, Cochrane Database

of Systematic Reviews, and Database of Abstracts of

Review of Effectiveness. The search was limited to ran-

domized, case–control, cohort, or observational peer-

reviewed clinical studies and reviews in English language.

Our initial search through each resource used queries with

the medical subject headings (MeSH) terms: ‘‘breast can-

cer’’ OR ‘‘breast neoplasm’’ AND ‘‘physical activity’’ OR

‘‘physical activities’’ OR ‘‘exercise’’, AND ‘‘prognosis’’,

AND ‘‘recurrence’’ AND ‘‘survival’’ AND ‘‘mortality’’ in

various combinations. The search strategy also used several

text terms to identify relevant information. Reference lists

from relevant primary studies and review articles were also

examined to find other additional publications.

Study selection

We selected for analysis only those randomized, case–

control, cohort, or observational peer-reviewed clinical

studies where the association between physical activity and

breast cancer outcome was investigated.

Statistical methods

Before performing the analyses, data of each published

study were carefully checked and verified for coherence

with the original publications. Data were entered in a

computer database for transfer and statistical analysis in

Review Manager Version 5.0.17 (Cochrane Collaboration,

Software Update, Oxford, United Kingdom) and Compre-

hensive Meta Analysis Version 2.2.048 (New Jersey,

USA). For trials included in this meta-analysis, if log

hazard ratio (HR) and its variance were not presented

explicitly, the method reported by Parmar et al., was used

to extract estimates of these statistics [15].

In this meta-analysis, both fixed and random effect

models were tested where appropriate [16, 17]. X2 tests

were used to study heterogeneity between trials. I2 statistic

was used to estimate the percentage of total variation

across studies, due to heterogeneity rather than chance.

If the P value was B0.1, the assumption of homogeneity

was deemed invalid, and the random-effects model was

reported after exploring the causes of heterogeneity [18].

A two-tailed P value of \0.05 was considered statistically

significant. Publication bias was explored through visual

inspection of the funnel plots [17]. Findings of the meta-

analysis are depicted in classical Forest plots, with point

estimates and 95% CIs for each trial and overall; size of the

squares is proportional to effect size.

Results

After exclusion of duplicate and irrelevant studies, our

search yielded eight eligible published studies that were

retrieved for more detailed evaluation [8–14, 19]. For the

purpose of this meta-analysis, two studies were excluded.

The first study was reported by Borugian et al. [19] and

included 603 patients with breast cancer recruited from

British Columbia Cancer Agency, Canada. The authors

reported several individual adjusted indicators of leisure-

time physical activity, but there were no data about total

physical activity to permit estimating the overall effect. By

and large, there was no observed relationship between any

of the activity variables and breast cancer mortality. The

second excluded study reported on 1,490 women diagnosed

and treated for early stage breast cancer (Women’s Healthy

Eating and Living study, WHEL) [12]. In the latter study,

the effect of physical activity on overall mortality was

confounded by the potential influence of the dietary inter-

vention. In the multivariate model, only the combination of

consuming C5 daily servings of vegetables-fruits and

accumulating C9 MET-h/wk was associated with a sig-

nificant survival advantage (HR = 0.56, 95% CI, 0.31–

0.98).

The remaining six studies were included in the meta-

analysis. Table 1 depicts the main characteristics of these

studies. Four studies included 10,127 patients and mainly

assessed the effect of post-diagnosis physical activity on

breast cancer outcome [9–11, 14], while two studies

(included 1,981 patients) only addressed the potential

effect of physical activity in the year prior to diagnosis

[8, 13]. In four studies, only the recreational activity was

examined [8–10, 13], while two studies estimated all types

of physical activity [11, 14].

Table 2 shows the multivariate effect of physical

activity on total and breast cancer mortality. Also shown

for some studies is the effect of physical activity according

to patients’ body mass index (BMI) and tumor’s receptor

status.

As shown in Tables 1 and 2, patients in the included

studies were grouped based on the level of their physical

activity using different cutoff points. However, with only

few exceptions, there were similarities but with some
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overlaps in the classifications used in the studies. More-

over, in three studies [8, 10, 14], patients in groups with the

highest level of physical activity did not demonstrate sig-

nificantly different outcome when compared with those

assigned to a physical activity level that was just lower

(Table 2). Therefore, for the purpose of this meta-analysis,

we considered different levels of physical activity accord-

ing to the following: low-level physical activity (L-PA), 0

to B 3 MET-h/wk; intermediate (I-PA), 2.8 to\8.9 MET-

h/wk; intermediate to high-level physical activity (IH-PA),

C8 MET-h/wk, and high-level physical activity (H-PA),

C15 MET-h/wk. The minimal overlap in that classification

was necessary to be able to include and analyze the

available data. In the study of Sternfeld et al. [14], the

investigators have examined total physical activity and

estimated moderate–vigorous activity in relative units that

were calculated by assigning MET-h/wk for each activity.

Patients were grouped according to the quartile (Q) values,

thus we considered patients in Q1, Q2, Q3, and Q4 as

assigned to L-PA, I-PA, IH-PA, and H-PA, respectively.

Physical activity prior to breast cancer diagnosis

Two studies examined the effect of physical activity prior

to breast cancer diagnosis on breast cancer mortality

[11, 13]. As shown in Fig. 1, neither I-PA nor IH-PA was

associated with a protective effect and the total HR com-

pared with the reference group (L-PA) was 0.93 (95% CI,

0.72–1.21, P = 0.59). On the other hand, two studies

explored the protective role of physical activity prior to

diagnosis on total mortality [8, 11]. As shown in Fig. 2,

compared with the reference group (L-PA), IH-PA reduced

overall mortality by 29% (HR = 0.71, 95% CI, 0.53–0.94,

P = 0.02); however, the total effect only suggested a

potential benefit (HR = 0.82, 95% CI, 0.66–1.01,

P = 0.06).

Physical activity after breast cancer diagnosis

When compared with the reference group (L-PA), all levels

of post-diagnosis physical activity significantly reduced the

Fig. 1 Summary statistics and

corresponding Forest plot for

effect of pre-diagnosis physical

activity on the hazard ratio of

breast cancer mortality (Fixed-

effects model)

Fig. 2 Summary statistics and

corresponding Forest plot for

effect of pre-diagnosis physical

activity on the hazard ratio of all

causes mortality (Fixed-effects

model)
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risk of dying of breast cancer (Fig. 3). The total effect

suggested a 34% reduction in breast cancer mortality

(HR = 0.66, 95% CI, 0.57–0.77, P \ 0.00001). Examining

the potential association of post-diagnosis physical activity

categorized according to the ranges of MET-h/wk as

exactly reported in three studies [9–11], yielded an almost

identical positive effect (HR = 0.62, 95% CI, 0.55–0.70,

P \ 0.00001).

Fig. 3 Summary statistics and

corresponding Forest plot for

effect of post-diagnosis physical

activity on the hazard ratio of

breast cancer mortality (Fixed-

effects model)

Fig. 4 Summary statistics and

corresponding Forest plot for

effect of post-diagnosis physical

activity on the hazard ratio of all

causes cancer mortality (Fixed-

effects model)
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Similarly, post-diagnosis physical activity showed 41%

reduction in all causes mortality (HR = 0.59, 95% CI,

0.53–0.65, P \ 0.00001). The benefit was demonstrated for

all levels of physical activity (Fig. 4).

Moreover, I-PA and IH-PA, but not H-PA, reduced the

likelihood breast cancer recurrence. The overall effect was

highly significant (HR = 0.76, 95% CI, 0.66–0.87,

P = 0.00001) (Fig. 5).

Interactions between physical activity, BMI,

and mortality

All levels of physical activity prior to diagnosis reduced

breast cancer mortality for those patients with

BMI \ 25 kg/m2 (HR = 0.58, 95% CI, 0.46–0.75,

P \ 0.0001); however, it had insignificant effect on those

with BMI C 25 kg/m2 (HR = 0.75, 95% CI, 0.56–1.02,

P = 0.07). Nevertheless, these data were only available

from a single study [10].

In two studies [9, 11], post-diagnosis physical activity

(more vs. less) reduced breast cancer deaths among those

with BMI C 25 kg/m2 (HR = 0.53, 95% CI, 0.35–0.81,

P = 0.003) but had no effect on those with BMI \ 25 kg/

m2 (Fig. 7). On the other hand, in two studies [11, 14],

post-diagnosis physical activity (more vs. less) reduced all

causes mortality regardless of the BMI (Fig. 6).

Interactions between physical activity, estrogen receptor

(ER) status, and mortality. In the two studies that examined

the effect of post-diagnosis physical activity on all causes

mortality adjusted for ER status [11, 14], there was a

suggested benefit for those with ER-positive tumors

(HR = 0.36, 95% CI, 0.12–1.03, P = 0.06); however,

patients with ER-negative tumors gained no benefit

(Fig. 7). Only one study examined the association between

post-diagnosis physical activity and breast cancer mortality

adjusted for ER status [10]. The study showed a beneficial

effect among those with ER-positive tumors (HR = 0.50,

95% CI, 0.34–0.74, P = 0.0005), but not for patients with

negative ER (HR = 0.91, 95% CI, 0.43–1.94, P = 0.81).

Discussion

This meta-analysis that included 12,108 women with

invasive breast cancer elucidated the potential effect of

physical activity on breast cancer outcome. While, physical

activity prior to breast cancer diagnosis had no effect on the

disease-specific deaths, nevertheless, pre-diagnosis physi-

cal activity appeared to reduce breast cancer mortality

among those with BMI \ 25 kg/m2. Moreover, pre-diag-

nosis physical activity (IH-PA) significantly reduced all

causes mortality by 18%. One plausible explanation of the

modest effect of pre-diagnosis physical activity may be

related to the fact that 24–50% of patients with breast

cancer reported decreased in post-diagnosis compared to

pre-diagnosis physical activity [20].

On the other hand, the potential benefit of post-diagnosis

physical activity was more convincing. All levels of post-

diagnosis physical activity reduced breast cancer mortality

by approximately 30% and decreased all causes mortality

by 41%. In contrast to the effect of physical activity prior

to breast cancer diagnosis vs. BMI, post-diagnosis physical

Fig. 5 Summary statistics and

corresponding Forest plot for

effect of post-diagnosis physical

activity on the hazard ratio of

breast cancer recurrence (Fixed-

effects model)
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activity only benefitted obese women with BMI C 25 kg/

m2 with a reduction of breast cancer deaths by 47%,

whereas pre-diagnosis physical activity reduced breast

cancer mortality for those with BMI \ 25 kg/m2. Addi-

tionally, post-diagnosis physical activity reduced all causes

mortality regardless of the BMI. There is a large body of

evidence that increasing BMI or weight is associated with

poorer breast cancer outcome [21].

Analysis of the impact of post-diagnosis physical

activity on breast cancer outcome adjusted for ER receptor

status revealed interesting, albeit, expected findings.

Physical activity was shown to reduce all causes and dis-

ease-specific mortality by 64 and 50%, respectively, only

for women with ER-positive tumors. On the other hand, no

benefit was shown among women with ER-negative dis-

ease. The inverse association between physical activity and

mortality particularly among patients with ER-positive

disease is potentially attributed to the beneficial effect of

exercise on estrogen levels [22].

The exact mechanisms of the protective role of physical

activity on breast cancer mortality have been debated. It is

conceivable that physical activity may be associated with

breast cancer outcome by the same mechanisms that are

proposed to affect etiology. These include decreased life-

time estrogen exposure, augmented immune function, and

lower body fat [23–25]. Equally important is the effect of

physical activity in patients with breast cancer on the

cardiovascular disease risk profile such as lower C-reactive

protein and lower blood pressure [26]. Another proposed

hypothesis is related to insulin resistance [26]. It has been

postulated that chronically elevated insulin level is asso-

ciated with breast cancer [27], and it is known that obesity

[28] and physical inactivity [29] are two of the main

environmental determinants of insulin resistance.

However, the Oslo Trial reported that exercise alone did

not significantly improve insulin resistance although

diet alone, or diet and exercise did result in improvement

[30]. On the other hand, Borugian et al. have shown—only

in post-menopausal women—that high levels of insulin

were associated with poorer survival [19].

Results of this meta-analysis, however, may have sev-

eral limitations. First, the meta-analysis was based on

Fig. 6 Summary statistics and

corresponding Forest plot for

effect of post-diagnosis physical

activity on the hazard ratio of all

causes mortality according to

patients’ BMI (Fixed-effects

model)

Fig. 7 Summary statistics and

corresponding Forest plot for

effect of post-diagnosis physical

activity on the hazard ratio of all

causes mortality according to

ER status (Random-effects

model)
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published reports rather than on individual patient data

(IPD). However, it is known that the most frequent type of

meta-analysis that is published in literature now is based on

summary data that is abstracted from actual research papers

[31]. IPD meta-analyses are more costly and time-intense.

Moreover, in oncology literature there are many reports

that have shown a strong concordance between the two

methods.

Second, included studies have used different cutoff

points to group patients according to their physical activity

as measured in MET-h/wk. Nevertheless, we have

attempted comparisons that allow minimal overlaps. Using

sensitivity analysis to address potential misclassification of

physical activity exposure, Abrahamson et al. reported that

the beneficial impact of physical activity may be even

stronger [8]. Moreover, in some of the studies that included

extreme levels of vigorous physical activity, there was very

little or no evidence of an added benefit [14]. Third, dif-

ferent studies have used different definitions for the mea-

sured physical activity (Table 1). The latter disadvantage

may certainly preclude providing solid recommendation

about the appropriate level of physical activity that may be

associated with potential breast cancer benefit. Neverthe-

less, it seems that there is no evidence of dose–response

relation between physical activity and potential benefit

[19].

Fourth, early breast cancer symptoms prior to diagnosis

may alter patients’ behavior. Moreover, for post-diagnosis

physical activity, it is possible that the sickest patients are

the ones who are unable to exercise and more likely to die.

However, all reported outcomes in this meta-analysis have

been adjusted for known prognostic variables such as age

and stage. Besides, all the included studies excluded stage

IV patients. Additionally, the relatively short interval

between diagnosis and inclusion may have minimized any

bias of selective survival.

Fifth, the included studies may have not accounted for

other confounding risk modifiers such as diet or for

potential socioeconomic factors such as access to quality

care. However, the consistent positive results for most of

the measured effects suggest that the influence of the

confounders may have been minimal. Moreover, the lack

of beneficial effects for certain groups presents further

support to the validity of the derived conclusions.

Sixth, physical activity in all included studies was self-

reported. In one of the largest study included, a similar

association was reported between physical activity and

other illnesses and that supports the reliability of physical

activity’s assessment [10]. However, we acknowledge that

self-reporting may certainly introduce recall error that may

have biased the results [32].

Despite those limitations, the current meta-analysis has

much strength. First, it represents the only attempt for a

comprehensive systematic analysis intended to study the

impact of physical activity on breast cancer survival. Sec-

ond, the meta-analysis included a large patient population.

Third, the analysis addressed several important issues

including the effect of pre-diagnosis and post-diagnosis

physical activity, the effect on breast cancer and all causes

mortality, the effect on breast cancer recurrence, the relation

between physical activity and BMI, and the association

between physical activity and ER status of the disease.

In conclusion, the current meta-analysis provides sup-

porting evidence for a beneficial effect of physical activity

on breast cancer outcome. The results are encouraging and

it showed that physical activity being relatively convenient,

easy, and affordable risk modifier that may be able to

change breast cancer outcome for millions of women. The

demonstrated benefits may be equal or higher than most of

the currently available interventions. Future research

should include more thorough and comprehensive assess-

ment of lifetime physical activity; furthermore, interna-

tionally accepted and uniform definitions of physical

activity are required. Only then, we could better determine

the level of activity that may be associated with most

benefit also we would be able to compare between studies.
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