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Abstract

Previous studies suggest that increased physical activ-
ity may lower the risk of breast cancer incidence, but
less is known about whether levels of physical activity
after breast cancer diagnosis can influence survival.
We prospectively examined the relation between post-
diagnosis recreational physical activity and risk of
breast cancer death in women who had a previous inva-
sive breast cancer diagnosed between 1988 and 2001
(at ages 20-79 years). All women completed a question-
naire on recent postdiagnosis physical activity and
other lifestyle factors. Among 4,482 women without
history of recurrence at the time of completing the
questionnaire, 109 died from breast cancer within 6
years of enrollment. Physical activity was expressed as
metabolic equivalent task-hours per week (MET-h/wk);
hazard ratios (HR) and 95% confidence intervals (95%
CI) were estimated using Cox proportional hazards
regression. After adjusting for age at diagnosis, stage
of disease, state of residence, interval between diag-

nosis and physical activity assessment, body mass
index, menopausal status, hormone therapy use, energy
intake, education, family history of breast cancer, and
treatment modality compared with women expend-
ing <2.8 MET-h/wk in physical activity, women who
engaged in greater levels of activity had a significantly
lower risk of dying from breast cancer (HR, 0.65;
95% CI, 0.39-1.08 for 2.8-7.9 MET-h/wk; HR, 0.59; 95%
CI, 0.35-1.01 for 8.0-20.9 MET-h/wk; and HR, 0.51; 95%
CI, 0.29-0.89 for z21.0 MET-h/wk; P for trend = 0.05).
Results were similar for overall survival (HR, 0.44;
95% CI, 0.32-0.60 for z21.0 versus <2.8 MET-h/wk;
P for trend <0.001) and were similar regardless of a
woman’s age, stage of disease, and body mass index.
This study provides support for reduced overall
mortality and mortality from breast cancer among
women who engage in physical activity after breast
cancer diagnosis. (Cancer Epidemiol Biomarkers Prev
2008;17(2):379–86)

Introduction

At present, f2 million U.S. women have a history of
breast cancer (1). For this large population of women,
factors that influence survival are of critical importance.
Even after accounting for stage at diagnosis and treat-
ment, survival varies greatly (2), a finding that suggests
an influence of modifiable lifestyle factors, such as phy-
sical activity.
Few studies have considered the influence of lifestyle,

such as physical activity, on breast cancer–specific sur-
vival. Postdiagnosis physical activity has been associated
with improved quality of life (3), but few observational
studies have examined whether lifestyle may affect sur-
vival. A recent prospective study found that women who

engaged in physical activity after a diagnosis of breast
cancer had a statistically significant 20% to 50% lower
risk of death from breast cancer (4). Hormonal changes
induced during exercise, such as lower blood estrogen
(5, 6) or insulin growth factor-I (7, 8) concentrations, or
lower levels of adiposity (9) may explain the relationship
between physical activity and survival among breast
cancer survivors.
There is an urgent need for information on factors

contributing to long-term survival given the advance-
ments of early detection and treatment modalities (10).
To determine whether postdiagnosis physical activity is
associated with survival among women with a breast
cancer diagnosis, we analyzed data from a large cohort
of breast cancer survivors enrolled in the Collaborative
Women’s Longevity Study (CWLS), a population-based
prospective study established to examine the contribu-
tion of lifestyle to longevity in women with breast cancer.

Materials and Methods

Study Participants. The CWLS is a cohort of women,
ages 20 to 79 years at breast cancer diagnosis, who were

Cancer Epidemiol Biomarkers Prev 2008;17(2). February 2008

Received 8/22/07; revised 11/6/07; accepted 11/19/07.

Grant support: The Susan G. Komen Breast Cancer Foundation grant POP0504234
and National Cancer Institute, NIH, Department of Health and Human Services
grants CA47147, CA47305, CA69664, and CA94880.

The costs of publication of this article were defrayed in part by the payment of page
charges. This article must therefore be hereby marked advertisement in accordance
with 18 U.S.C. Section 1734 solely to indicate this fact.

Requests for reprints: Crystal N. Holick, i3 Drug Safety, Suite 3800, 950 Winter Street,
Waltham, MA 02451. Phone: 203-417-1466. E-mail: crystal.holick@i3drugsafety.com

Copyright D 2008 American Association for Cancer Research.

doi:10.1158/1055-9965.EPI-07-0771

379

Research. 
on September 6, 2019. © 2008 American Association for Cancercebp.aacrjournals.org Downloaded from 

http://cebp.aacrjournals.org/


recruited after their participation as cases in a popula-
tion-based case-control study of breast cancer conducted
in Wisconsin, Massachusetts (excluding metropolitan
Boston), and New Hampshire between 1988 and 2001
(11-13). The primary objective of the CWLS is to evaluate
a series of hypotheses regarding the association of
survival with modifiable lifestyle factors, such as diet
and physical activity, after breast cancer diagnosis. In the
parent case-control study, women with a recent diagno-
sis of invasive breast cancer completed a standardized
telephone interview (n = 18,273) within 2 years of diag-
nosis. The interview included questions regarding pre-
diagnostic information on established and emerging risk
factors for breast cancer, including physical activity. In
addition, screening history, tumor staging, and histology
[from state cancer registries (14)] and treatment (self-
reported and from state cancer registries) information
were available. Overall participation rates exceeded 80%
among eligible women in the parent case-control study
(11, 15). This study was approved by the institutional
review boards at both the Harvard School of Public
Health and the University of Wisconsin.
From 1998 to 2001, surviving cases were asked to parti-

cipate in the CWLS by completing a mailed question-
naire. The CWLS questionnaire assessed recent (within
the past year) postdiagnosis physical activity, diet,
weight gain, medication history, alternative therapies,
quality of life, and other lifestyle factors. Participants
who did not return the questionnaire received a
reminder telephone call and a second mailing 3 weeks
after the initial mailing to enhance response. Of the
18,273 women eligible, a total of 5,803 (32%) women
ultimately completed the CWLS questionnaire. Among
the remaining 12,470 women enrolled in the parent case-
control study who did not complete the questionnaire,
2,663 had died before January 1, 1999. An additional 989
could not be located. For purposes of the current anal-
ysis, we excluded women with missing information on
postdiagnosis physical activity, with distant metastases
or unknown stage of breast cancer at diagnosis, and who
reported any recurrence of breast cancer after the initial
diagnosis. When compared with CWLS participants,
nonparticipants were more likely to have regional
involvement of their breast cancer, to be current smokers
at diagnosis, and were less likely to have a high school
education (Table 1).

Recreational Physical Activity Assessment. Informa-
tion collected on recreational physical activity in the
CWLS questionnaire was modeled after data collection
instruments used in a previous cohort study (4); the
validity of the physical activity assessment has been
reported previously (16). Women reported the average
time per week spent participating in each of six
recreational activities over the previous year: walking
outdoors; running (z10 min/mile); lap swimming;
tennis, squash, or racquetball; calisthenics, aerobics, or
rowing machine; and other aerobic recreation (e.g., lawn
mowing). Ten response categories were possible ranging
from 0 to 11+ h/wk. Participants also reported their
usual walking pace (easy or <2 mph, average or 2-2.9
mph, brisk or 3-3.9 mph, and very brisk or z4 mph) and
the number of flights of stairs climbed daily.
Each activity was assigned a metabolic equivalent task

(MET) score (17). MET scores for specific activities are

defined as the ratio of the metabolic rate associated with
each activity divided by the resting metabolic rate. The
reported time spent at each activity per week was mul-
tiplied by its typical energy expenditure requirements to
derive a MET-hours per week (MET-h/wk) total recre-
ational physical activity score. One MET-h is the amount
of energy expended when sitting quietly for 1 h and is
equivalent to 3.5 mL of oxygen uptake per kilogram of
body weight per minute. Three MET-h is equivalent to
walking at average pace of 2 to 2.9 mph for 1 h. In
accordance with the Centers for Disease Control and
Prevention and the American College of Sports Medicine
guidelines (18), total recreational physical activity was
further classified as moderate intensity (activities that
expend <6 MET, including walking outdoors and stair
climbing) or vigorous intensity (activities that expend z6
MET, including the other specified activities). If a parti-
cipant provided a response to at least one of the activi-
ties, the activities without responses were assumed to
be zero.

Outcome Assessment. We assessed all breast cancer
cases for mortality regardless of whether they completed
the CWLS questionnaire. We matched cases through
linkage to the National Death Index records to obtain
date and underlying cause of death, which has been
shown to be a reliable source (19, 20).

Statistical Analysis. Person-time of follow-up was
calculated from the date of return of the CWLS follow-up
questionnaire (1998-2001) until the date of death or the
end of follow-up (December 31, 2004), whichever came
first. Among women who completed the CWLS ques-
tionnaire (n = 5,803), we excluded women who had
missing information on physical activity (n = 136) and
women with distant metastases (n = 35) or unknown
disease stage at diagnosis (n = 615). We also excluded
women who reported any recurrence of breast cancer
after the initial diagnosis and before entry into the CWLS
(n = 535). The final cohort for analysis included 4,482
women. Women were followed for a maximum of
6 years after returning the questionnaire (mean F SD,
5.5 F 1.1 years). After exclusions, there were 412 deaths,
109 from breast cancer.
We created quartiles of MET-h/wk of total and of

moderate-intensity recreational physical activity based
on the total distribution of physical activity in the entire
cohort. Because 50% of the cohort did not participate in
any vigorous-intensity physical activity, we defined the
reference category for vigorous-intensity physical activ-
ity as 0.0 MET-h/wk of vigorous-intensity activity
with the remainder of the cohort divided into tertiles of
MET-h/wk. Cox proportional hazards models were used
to estimate the hazard ratio (HR) and 95% confidence
interval (95% CI) for breast cancer death (or death from
any cause) according to physical activity levels and to
adjust simultaneously for potential risk factors associated
with breast cancer survival. Data on potential breast
cancer risk factors were available from the parent case-
control study and the CWLS.
However, some factors (e.g., stage of disease and

treatment modality) were only collected in the parent
case-control study. Multivariable models included terms
for age at diagnosis (5 years), stage of disease at diagnosis
(local or regional), state of residence at diagnosis
(Massachusetts, New Hampshire, and Wisconsin), time
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interval between breast cancer diagnosis and assessment
of physical activity, postdiagnosis body mass index (BMI;
<24.9, 25.0-29.9,z30.0 kg/m2), postdiagnosis menopausal
status, postdiagnosis hormone therapy use (never, for-
mer, current), total energy intake the year before
enrollment in the CWLS (quintiles; kcal), education level
at diagnosis (<12, z12 years), first-degree family history
of breast cancer at diagnosis, and initial treatment
modality (radiation, chemotherapy, tamoxifen). In mod-
els assessing moderate-intensity recreational physical
activity, we further adjusted for vigorous-intensity
recreational activity and vice versa.
We also considered potential confounding by post-

diagnosis smoking history (never, former, current),
alcohol consumption the year before enrollment in the
CWLS (nondrinker, V1, >1 drink a day), and prediagnos-
tic recreational physical activity. Physical activity before
diagnosis was available from the parent case-control
study and varied by period (13, 21). All women provided
information on vigorous-intensity physical activity be-
tween ages 12 and 22 years. From 1992 to 1995, women
provided information on recent (within 5 years of
breast cancer diagnosis) total recreational physical activ-
ity; from 1997 to 2001, women provided information on
lifetime vigorous-intensity recreational physical activity.
To minimize the possible influence of possible occult

recurrent disease on total recreational physical activity,
we did a subgroup analysis excluding women who died
within 1 and 2 years of completing the CWLS survey.
Additional models were restricted to women who
reported no recent unintentional weight loss (z5% of
body weight) or women with a mammogram or
physician breast exam after their diagnosis. We consid-
ered whether the influence of physical activity (median,
8.0 MET-h/wk) on breast cancer survival varied accord-
ing to age at breast cancer diagnosis (median, 59 years
old), tumor stage at diagnosis (local and regional), and

postdiagnosis BMI (<25 and z25 kg/m2) and meno-
pausal status. We also evaluated whether physical acti-
vity associations varied by time since breast cancer
diagnosis. These and other tests for (multiplicative) inter-
action were assessed by examining stratum-specific
estimates and by use of likelihood ratio tests. The
validity of the proportional hazards assumption was
assessed using interaction terms of survival time by
physical activity, and likelihood ratio tests showed no
evidence for departure from this assumption. Tests of
linear trend were conducted by assigning the median
values for each category of physical activity (including
the reference category) and treating those as a single
continuous variable. The Kaplan-Meier (product-limit)
method was used to generate survival probability curves
(22). All reported P values are two tailed, and statistical
significance was evaluated at 0.05. All analyses were
done using SAS version 9.1 (SAS Institute).

Results

A total of 4,482 eligible women completed the CWLS
questionnaire a median of 5.6 years after their breast
cancer diagnosis. Fewer than 10% of women were
enrolled in the CWLS cohort within 2 years of diagnosis;
57% had survived z5 years before enrolling into the
study and 13% for z10 years.
At diagnosis, women who were more physically active

were diagnosed at a younger age, with localized breast
cancer, and more likely to be a high school or college
graduate than did women with lower levels of post-
diagnosis exercise (Table 2). At follow-up, the majority of
women were postmenopausal and obese, and current
smokers were less likely to participate in postdiagnosis
recreational physical activity. Compared with women
with lower levels of postdiagnosis exercise, women who

Table 1. Selected characteristics of participants and nonparticipants in the CWLS

Characteristics at diagnosis* CWLS participants
c
(n = 4,482) CWLS nonparticipants

b
(n = 7,786)

Mean age at diagnosis (y) 58.5 59.4
Breast cancer stage at diagnosis (%)
Local 72.6 70.0
Regional 27.4 30.0
Mean age at menarche (y) 12.7 12.8
Mean age at first live birth (y) 24.4 24.3
Parity, mean 2.7 2.6
Postmenopausal (%) 72.7 72.3
Education, z12 y (%) 91.4 82.9
BMI (kg/m2), mean 25.6 26.1
Early-life vigorous-intensity recreational physical activityx (%)
None 52.1 53.8
Low 26.4 23.1
High 20.5 20.9
Smoking history (%)
Never 48.2 48.7
Former 34.5 28.8
Current 17.0 21.3
Alcohol (drinks daily), mean 3.3 3.1

*Data obtained in parent case-control studies.
cExcludes women with missing information on postdiagnosis physical activity (n = 136), distant metastases (n = 35) or unknown (n = 615) stage breast
cancer at diagnosis, and any recurrence of breast cancer (n = 535).
bExcludes women with distant metastases (n = 134) or unknown (n = 898) stage breast cancer at diagnosis, who died before January 1, 1999 (n = 2,663), and
who did not receive the CWLS questionnaire (n = 989).
xDefined as participation in vigorous-intensity physical activities, such as running; jogging; bicycling, including stationary; calisthenics, aerobics, aerobic
dance, and rowing machine; and tennis.
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were more physically active were more likely to consume
alcohol or use hormone therapy currently at follow-up
than did women with lower levels of postdiagnosis
exercise. Other characteristics, including first-degree
family history of breast cancer and total energy intake
the year before enrollment in the CWLS, did not vary
substantially by category of postdiagnosis activity.
Overall, we observed a significantly lower risk of death

from breast cancer and death from any cause with
increasing total postdiagnosis recreational physical activity
(Table 3). Analyses in which postdiagnosis recreational
physical activity was classified as moderate or vigorous
intensity showed that women who participated in moder-
ate-intensity activity had a lower risk of death. However,
there was no association of vigorous-intensity recreational
physical activity and risk of breast cancer death. An
increment of 5 MET-h/wk of moderate-intensity activity
was associated with 15% lower risk of breast cancer death
(HR, 0.85; 95% CI, 0.74-0.98; P for linear trend = 0.03); an
increment of 5 MET-h/wk of vigorous-intensity activity
was not associated with a decrease in risk of breast cancer
death (HR, 1.01; 95%CI, 0.90-1.12; P for linear trend = 0.92).
Similar associations with recreational physical activity
were observed for risk of death from any cause. All
associations were essentially unchanged after adjustment
for potential confounders (Table 3), including postdiag-
nosis smoking history and alcohol consumption the year
before enrollment in the CWLS.
Adjustment for early-life (ages 12-22 years) vigorous-

intensity physical activity before diagnosis also did not
change the associations with recreational physical activ-
ity observed in Table 3 (data not shown). Similarly,
adjustment for either most recent (within 5 years of
diagnosis) total recreational physical activity before
diagnosis (asked 1992-1995 at baseline; n = 1,613) or
lifetime vigorous-intensity recreational physical activity
before diagnosis (asked 1997-2001 at baseline; n = 1,653)
did not materially change the associations shown in
Table 3 (data not shown).
All results were essentially unchanged after excluding

women who had died within 1 year of completing the

CWLS questionnaire (n = 30; Table 3); similar associations
were also observed after excluding women who had died
within 2 years of completing the CWLS questionnaire
(n = 96; data not shown). Furthermore, results were not
materially different after additionally excluding women
who (a) reported unintentional weight loss of >5% of their
body weight in the year before completing the CWLS
questionnaire (n = 265), (b) did not report having a
mammogram or physician breast exam after their
diagnosis (n = 148), and (c) reported they were in poor
health at the time of CWLS entry (n = 41; data not shown).
In additional analyses, we restricted analyses to

postmenopausal women only (n = 3,757), and results
were again similar to those reported in Table 3 (data not
shown). Because of the small number of breast cancer
deaths among premenopausal women with information
on physical activity (n = 2), we could not evaluate the
association among this subset of women.
Women in the highest categories of total recreational

physical activity experienced consistently higher breast
cancer survival compared with those in the lowest
categories throughout follow-up (Fig. 1). The 5-year
survival for breast cancer was 98% for women who
engaged in z8.0 MET-h/wk of recreational physical
activity compared with 97% for <2.8 MET-h/wk.
A similar inverse association between total recreation-

al physical activity and risk of death from breast cancer
was suggested among women with a younger and older
age at diagnosis, women diagnosed with local and
regional stage breast cancer, and normal-weight and
overweight women (Table 4). In addition, we examined
whether the influence of postdiagnosis physical activity
on survival differs according to survival time; no
significant effect modification by time since breast cancer
diagnosis was observed (P for interaction = 0.31).

Discussion

The present data suggest that recreational physical
activity after diagnosis of breast cancer may enhance

Table 2. Selected characteristics of women with breast cancer in the CWLS by total postdiagnosis recreational
physical activity category

Characteristics Total recreational physical activity after diagnosis (MET-h/wk)

V2.7 (n = 1,105) 2.8-7.9 (n = 1,072) 8.0-20.9 (n = 1,184) z21.0 (n = 1,121)

Characteristics at diagnosis*
Mean age at diagnosis (y) 61.7 58.7 57.3 56.4
Ethnicity (% Caucasian) 98.6 99.0 98.7 98.3
Breast cancer stage at diagnosis (%)
Local 74.2 73.7 72.3 60.4
Regional 25.8 26.3 27.7 29.6
First-degree family history of breast cancer (%) 20.2 18.2 22.5 19.0
Education, z12 y (%) 86.1 91.2 94.2 93.9
Characteristics at follow-up

c

Postmenopausal (%) 91.2 84.2 81.7 78.4
BMI (kg/m2), mean 28.7 27.5 26.5 25.7
Smoking history (% current) 12.9 10.5 7.0 9.2
Alcohol (drinks daily), mean 0.4 0.4 0.4 0.5
Energy intake

b
(kcal/d), mean 1,646 1,711 1,739 1,760

Hormone therapy (% current) 1.5 2.1 2.7 2.8

*Data obtained in parent case-control studies.
cData obtained in CWLS questionnaire.
bYear before enrollment in CWLS.
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survival in women with breast cancer. In our large cohort
of breast cancer survivors for whom extensive informa-
tion has been collected on postdiagnosis physical activity
and other lifestyle-related variables, we found that
women who engaged in z2.8 MET-h/wk of recreational
physical activity had a 35% to 49% decreased risk of
death from breast cancer compared with women who
engaged in <2.8 MET-h/wk of activity; similar risk
reductions were observed for all-cause mortality. Three
MET-h is equivalent to walking at average pace of 2 to
2.9 mph for 1 h. The reduced risk of breast cancer death
was limited to total or moderate-intensity physical
activity; no benefit was noted for vigorous-intensity
activity. Our data further suggest that the salutary
influence of physical activity extends to women regard-
less of age at diagnosis (although in this study the

majority of women were ages >50 years), stage of disease
at diagnosis, and postdiagnosis BMI.
The broad distribution in survival times among

women in the cohort allowed us to examine the influence
of physical activity on survival in both early and late
postdiagnostic periods. We examined whether the
influence of physical activity on survival differs accord-
ing to time since breast cancer diagnosis, and no statis-
tically significant effect modification was observed.
These results imply that physical activity has an impor-
tant benefit on survival regardless of the interval since
breast cancer diagnosis.
Physical activity has been associated with a decreased

risk of breast cancer incidence in several studies (23),
including the parent case-control study on which our
follow-up study was based (13, 21). Inverse associations

Table 3. HR (95% CI) for breast cancer and all-cause mortality according to total, moderate-intensity, or vigorous-
intensity recreational physical activity after breast cancer diagnosis in the CWLS

Total recreational physical activity after diagnosis (MET-h/wk) P for linear trend

<2.8 2.8-7.9 8.0-20.9 z21.0

Breast cancer deaths 37 26 25 21
Multivariable HR (95% CI)* 1.00 (Reference) 0.62 (0.37-1.03) 0.53 (0.31-0.88) 0.44 (0.25-0.76) 0.01
Multivariable HR (95% CI)

c
1.00 (Reference) 0.65 (0.39-1.08) 0.59 (0.35-1.01) 0.51 (0.29-0.89) 0.05

Multivariable HR (95% CI)
b

1.00 (Reference) 0.66 (0.39-1.13) 0.61 (0.36-1.05) 0.49 (0.27-0.89) 0.05
Total deaths 185 87 81 59
Multivariable HR (95% CI)* 1.00 (Reference) 0.58 (0.45-0.75) 0.52 (0.40-0.68) 0.44 (0.32-0.59) <0.001
Multivariable HR (95% CI)

c
1.00 (Reference) 0.58 (0.45-0.76) 0.53 (0.40-0.69) 0.44 (0.32-0.60) <0.001

Multivariable HR (95% CI)
b

1.00 (Reference) 0.59 (0.45-0.77) 0.53 (0.40-0.71) 0.44 (0.32-0.61) <0.001

Moderate-intensityx recreational physical activity after diagnosis (MET-h/wk) P for linear trend

<2.0 2.0-3.9 4.0-10.2 z10.3

Breast cancer deaths 35 32 20 22
Multivariable HR (95% CI)*,k 1.00 (Reference) 0.69 (0.43-1.12) 0.47 (0.27-0.83) 0.41 (0.24-0.73) 0.01
Multivariable HR (95% CI)

c,k 1.00 (Reference) 0.71 (0.44-1.16) 0.49 (0.28-0.88) 0.47 (0.26-0.83) 0.03
Multivariable HR (95% CI)

b,k 1.00 (Reference) 0.79 (0.47-1.31) 0.56 (0.31-1.01) 0.47 (0.26-0.86) 0.03
Total deaths 161 117 72 62
Multivariable HR (95% CI)*,k 1.00 (Reference) 0.67 (0.53-0.85) 0.63 (0.47-0.84) 0.47 (0.35-0.64) <0.001
Multivariable HR (95% CI)

c,k 1.00 (Reference) 0.66 (0.52-0.84) 0.64 (0.48-0.85) 0.46 (0.34-0.63) <0.001
Multivariable HR (95% CI)

b,k 1.00 (Reference) 0.70 (0.54-0.90) 0.66 (0.49-0.90) 0.47 (0.34-0.65) <0.001

Vigorous-intensity{ recreational physical activity after diagnosis (MET-h/wk) P for linear trend

0.0 0.1-5.9 6.0-15.0 z15.1

Breast cancer deaths 55 18 24 12
Multivariable HR (95% CI)*,** 1.00 (Reference) 0.94 (0.55-1.61) 1.07 (0.65-1.76) 0.90 (0.47-1.72) 0.79
Multivariable HR (95% CI)

c,** 1.00 (Reference) 0.98 (0.57-1.69) 1.15 (0.70-1.90) 1.02 (0.53-1.97) 0.92
Multivariable HR (95% CI)

b,** 1.00 (Reference) 0.94 (0.53-1.68) 1.10 (0.65-1.85) 1.10 (0.57-2.13) 0.74
Total deaths 265 48 60 39
Multivariable HR (95% CI)*,** 1.00 (Reference) 0.70 (0.51-0.95) 0.71 (0.53-0.95) 0.82 (0.58-1.16) 0.20
Multivariable HR (95% CI)

c,** 1.00 (Reference) 0.70 (0.51-0.95) 0.74 (0.55-0.99) 0.82 (0.58-1.16) 0.21
Multivariable HR (95% CI)

b,** 1.00 (Reference) 0.72 (0.53-1.00) 0.75 (0.55-1.01) 0.85 (0.59-1.22) 0.31

*Multivariable HR (95% CI) adjusted for age at diagnosis, stage of disease at diagnosis, state of residence at diagnosis, and interval between diagnosis and
physical activity assessment.
cAdditionally adjusted for postdiagnosis BMI, postdiagnosis menopausal status, postdiagnosis hormone therapy use, total energy intake year before
enrollment in the CWLS, education level at diagnosis, family history of breast cancer at diagnosis, and initial treatment modality (radiation, chemotherapy,
tamoxifen).
bExcludes 30 women who died within 1 year of returning the CWLS questionnaire, 7 of whom died from breast cancer.
xModerate-intensity recreational physical activity include activities that expend <6.0 MET: walking outdoors and stair climbing.
kAdditionally adjusted for vigorous-intensity recreational physical activity.
{Vigorous-intensity recreational physical activity include activities that expend z6.0 MET: running (z10 min/mile); calisthenics, aerobics, aerobic dance,
and rowing machine; tennis, squash, or racquetball; lap swimming; and other aerobic recreation (e.g., lawn mowing).
**Additionally adjusted for moderate-intensity recreational physical activity.
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between prediagnostic recent (year before diagnosis)
recreational physical activity and risk of breast cancer
death have also been found (24, 25). However, few
studies have examined postdiagnosis physical activity in
relation to breast cancer survival. Consistent with the
current results, a single prospective observational study
among 2,987 female nurses diagnosed with breast cancer
found that physical activity after diagnosis was associ-
ated with an inverse risk of breast cancer death (breast
cancer deaths = 280) and all-cause mortality (total deaths
= 463; ref. 4). The multivariable relative risk of breast
cancer death among women participating in z24 MET-
h/wk of total recreational physical activity was 0.60 (95%
CI, 0.40-0.89; P for linear trend = 0.004) compared with
women who engaged in <3 MET-h/wk. The association

with physical activity was particularly apparent among
women who engaged in moderate-intensity physical
activity (that is, walking) and among women with
hormone-responsive tumors (4). Five ongoing prospec-
tive studies and two randomized control trials (reviewed
in ref. 26) were specifically designed to address the
relation between lifestyle factors, such as physical
activity and diet, and breast cancer recurrence and
survival are ongoing.
The strengths of our study include the prospective

design, its large sample size, and detailed information
available on recreational physical activity obtained after
the diagnosis of breast cancer. In addition, we were able
to assess a comprehensive list of potential confounders
and effect modifiers in relation to physical activity and
survival. In the current data, inverse associations with
physical activity were not materially confounded by
body weight. Furthermore, the inverse associations
observed were consistent in both leaner and heavier
women, suggesting that the apparent benefit is not
mediated by effects of physical activity on body weight.
Steroid receptor status was not available from state
cancer registries for all CWLS participants; therefore, we
could not evaluate this interaction in the current study.
The large size of the cohort, the broad geographic

representation (the Midwest and rural and urban New
England), and the wide spectrum in age provide
assurance that results from this study are likely to be
generalizable to a large number of woman with a
diagnosis of breast cancer in the United States.
However, our analysis was mainly among Caucasian
women, so results may only apply to this subset of the
population if the relationship between physical activity
and survival varies according to ethnicity. Further
studies will be needed to extend our results to other
subgroups.

Figure 1. Cumulative incidence of breast cancer mortality by
postdiagnosis total recreational physical activity category
(MET-h/wk).

Table 4. Multivariable HR (95% CI) for breast cancer mortality according to total recreational physical activity
category by selected characteristics in the CWLS

Total recreational physical activity after diagnosis (MET-h/wk)* P for interaction

<8.0 z8.0

Age at diagnosis V59 y
Breast cancer deaths/total women 35/917 26/1,288
Multivariable HR (95% CI)

c
1.00 (Reference) 0.53 (0.31-0.89)

Age at diagnosis >59 y
Breast cancer deaths/total women 28/1,260 20/1,017
Multivariable HR (95% CI)

c
1.00 (Reference) 0.85 (0.47-1.54) 0.21

Local stage at diagnosis
Breast cancer deaths/total women 24/1,610 20/1,645
Multivariable HR (95% CI)

c
1.00 (Reference) 0.81 (0.44-1.51)

Regional stage at diagnosis
Breast cancer deaths/total women 39/567 26/660
Multivariable HR (95% CI)

c
1.00 (Reference) 0.56 (0.34-0.94) 0.27

BMI <25 kg/m2
b

Breast cancer deaths/total women 11/657 15/1,051
Multivariable HR (95% CI)

c
1.00 (Reference) 0.91 (0.39-2.13)

BMI z25 kg/mb

Breast cancer deaths/total women 47/1,372 28/1,157
Multivariable HR (95% CI)

c
1.00 (Reference) 0.63 (0.39-1.02) 0.59

*Median as the cut-off point.
cMultivariable HR (95% CI) adjusted for age at diagnosis (not in stratified model), stage of disease at diagnosis (not in stratified model), state of residence
at diagnosis, interval between diagnosis and physical activity assessment, postdiagnosis BMI (not in stratified model), postdiagnosis menopausal status,
postdiagnosis hormone therapy use, total energy intake year before enrollment in the CWLS, education level at diagnosis, family history of breast cancer at
diagnosis, and initial treatment modality (radiation, chemotherapy, tamoxifen).
bValues do not add up to total because of missing information.
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We used a validated self-reported measure of recrea-
tional physical activity adapted from the Nurses’ Health
Study. Some measurement error is likely to be present in
the physical activity measure as we, similar to the Nurses’
Health Study, only assessed self-reported leisure-time
activity. Limitations include the lack of information on
occupational and normal activity levels, including house-
work. However, as most of these women were nearing or
at retirement age, we expect that the resulting misclassi-
fication, if any, would have been minimal. Furthermore,
associations with this measure of physical activity and
cancer incidence in the Nurses’ Health Study have been
consistent in the literature. For example, physical activity
is inversely associated with cancers of the breast (27),
colon (28), and pancreas (29) as well as coronary heart
disease (30), stroke (31), and type 2 diabetes (32).
This suggests that our measure of physical activity is

sufficiently accurate to detect important disease relation-
ships. Information on prediagnostic physical activity
available from interviews obtained in the parent case-
control study varied in detail and included activities in
adolescence and young adulthood, to within 5 years of
breast cancer diagnosis, to an entire lifetime (seeMaterials
andMethods); therefore, not all women had available data
for the different measures of prediagnostic physical
activity. We were unable to assess, for some women,
recent (year before diagnosis) or lifetime total recreational
physical activity, which may be the more ideal measures
of prediagnostic physical activity. It is unclear when
during the lifespan physical activity would have the
greatest effect on surviving breast cancer; therefore, the
ability to assess physical activity using several different
periods before diagnosis in at least some subjects may be
considered a strength of the current study.
The CWLS was initiated in women that were

previously enrolled in a case-control study of breast
cancer. A proportion of women eligible did not partic-
ipate in the CWLS; nonparticipants were more likely to
have regional involvement of their breast cancer, smoke
at the time of diagnosis, and have less education. A
potential concern is that selective nonresponse (mainly
by either refusal or death) may in part explain the inverse
associations observed. Although we attempted to mini-
mize nonparticipation in the recruitment of participants,
we are unable to rule out such bias in the data, and
findings may not be generalizable to all women with a
breast cancer diagnosis. Because women were not
followed from the initial diagnosis of their breast cancer,
one practical limitation of the data is that our results may
only be applicable to women who survive the first
several years after breast cancer diagnosis.
An additional concern is that the inverse associations

with mortality observed in these data might reflect
‘‘reverse causation’’ if reduced physical activity is
associated with worsening health and a poor prognosis
is related to the breast cancer. Although it is not possible
to rule out such bias in the data, the analyses overall
suggest that it does not explain entirely the inverse
associations we observed with physical activity. The
relatively short interval between diagnosis and subse-
quent entry into the cohort for the majority of women
minimizes the likelihood of bias caused by selective
survival. Furthermore, we showed that all associations
were essentially unchanged after breast cancer stage and
other prognostic factors were included in statistical

models and in analyses restricted to women that had
survived a minimum of 1 and 2 years after completing
the CWLS questionnaire and who were in apparent
good health at the time of CWLS entry. Risk estimates
reported here are consistent with another prospective
cohort study that reported an apparent inverse associa-
tion between postdiagnosis physical activity and breast
cancer survival and overall longevity (4).
This study provides additional support for a beneficial

relation between physical activity after a breast cancer
diagnosis and survival. Given the consistencies already
evident in the literature, findings from ongoing prospec-
tive cohort studies and randomized control trials in
breast cancer survivors will be important in providing
evidence on how to improve longevity after a breast
cancer diagnosis. Until more information is available
from these studies, it may well be a benefit for women
with breast cancer to follow guidelines provided by the
American Cancer Society (33) recommending at least 30
min of moderate physical activity at least 5 days a week
to maintain a healthy lifestyle.
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