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WOMEN WHO ENGAGE IN

regular exercise have
been shown to have a re-
duced risk of breast can-

cer.1-4 It is not clear if physical activity
after menopause reduces the risk of
breast cancer or if life-long physical
activity is required. The intensity and
amount of exercise needed to reduce
risk are unknown, and some studies
have suggested that strenuous activity
is needed for risk reduction.1,5 It is im-
portant to determine if moderate physi-
cal activity late in life can reduce risk
of breast cancer, since this can be
achieved by most women.

We therefore examined the associa-
tion between recreational physical ac-
tivity in adulthood and breast cancer in-
cidence in a large, ethnically and racially
diverse cohort of older women from the
Women’s Health Initiative (WHI) Ob-
servational Study. Using detailed as-
sessments of physical activity, we as-
sessed the associations between physical
activity (past strenuous activity at ages

18, 35, and 50 years, and current total
physical activity score, hours per week
of strenuous activity, and combined
hours per week of moderate and strenu-
ous activity) and incidence of breast
cancer.

METHODS
Study Population

The study population consisted of 74171
women who were enrolled in the WHI
Observational Study, a multicenter, mul-
tiethnic cohort of postmenopausal
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Context Women who are physically active have a decreased risk for breast cancer,
but the types, amounts, and timing of activity needed are unknown.

Objective To prospectively examine the association between current and past rec-
reational physical activity and incidence of breast cancer in postmenopausal women.

Design, Setting, and Patients Prospective cohort study in 74171 women aged
50 to 79 years who were recruited by 40 US clinical centers from 1993 through 1998.

Main Outcome Measure Incident invasive and in situ breast cancer.

Results We documented 1780 newly diagnosed cases of breast cancer over a
mean follow-up of 4.7 years. Compared with less active women, women who
engaged in regular strenuous physical activity at age 35 years had a 14% decreased
risk of breast cancer (relative risk [RR], 0.86; 95% confidence interval [CI], 0.78-
0.95). Similar but attenuated findings were observed for strenuous physical activity
at ages 18 years and 50 years. An increasing total current physical activity score
was associated with a reduced risk for breast cancer (P=.03 for trend). Women
who engaged in the equivalent of 1.25 to 2.5 hours per week of brisk walking had
an 18% decreased risk of breast cancer (RR, 0.82; 95% CI, 0.68-0.97) compared
with inactive women. Slightly greater reduction in risk was observed for women
who engaged in the equivalent of 10 hours or more per week of brisk walking. The
effect of exercise was most pronounced in women in the lowest tertile of body
mass index (BMI) (�24.1), but also was observed for women in the middle tertile of
BMI (24.1-28.4).

Conclusions These data suggest that increased physical activity is associated with
reduced risk for breast cancer in postmenopausal women, longer duration provides
most benefit, and that such activity need not be strenuous.
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women aged 50 to 79 years at study en-
try.6 A total of 93676 women were en-
rolled into the study between October
1993 and December 1998 from 40 US
clinical centers. Women were eligible for
the study if they were aged 50 to 79
years, postmenopausal, planned to live
in the clinical center area for at least 3
years, and free of serious health condi-
tions that might reduce survival during
the 3 years (eg, class IV congestive heart
failure, obstructive lung disease requir-
ing supplemental oxygen, or severe
chronic liver or kidney disease). Women
were excluded from the present analy-
sis if they reported a history of breast
cancer on study entry or had missing
physical activity or covariate data. The
women included in these analyses
represented a diverse cohort of US
women including 10863 (15%) Afri-
can American, Hispanic (Mexican
American, Puerto-Rican Hispanic, and
Cuban Hispanic), Asian/Pacific Is-
lander (Japanese, Chinese, Hawaiian),
and Native American women.7 Details
of the scientific rationale, design, eligi-
bility requirements, and baseline char-
acteristics of the cohort have been pub-
lished previously.6,7

All participants signed informed con-
sent forms. The institutional review
boards at all participating institutions,
including the coordinating center, sub-
contractors, and clinical centers, ap-
proved the study protocols and proce-
dures.

The follow-up rates for medical his-
tory updates in years 1, 2, 4, 5, and 6
(the years in which medical histories
were collected by mail) were 96%, 94%,
94%, 95%, and 94%, respectively. As of
February 28, 2002, 3.2% of the women
stopped participation or have been lost
to follow-up, and 2.7% have died.

Exposure Assessment
All exposure information in this analy-
sis was collected when women en-
tered the study. A standardized writ-
ten protocol, centralized training of
clinic staff, and periodic quality assur-
ance visits by the coordinating center
were used to ensure uniform adminis-
tration of data collection instruments.

At a required baseline screening clinic
visit, participants completed several self-
administered questionnaires, includ-
ing medical history, reproductive and
menstrual history, health behavior in-
cluding physical activity and diet, and
family history of select diseases includ-
ing breast cancer. Staff collected an-
thropometric measures (height, weight,
waist circumference) and interviewed
participants regarding lifetime use of
hormone therapy.

Women first were asked (yes/no) if
they usually did strenuous or very hard
exercises (long enough to work up a
sweat and make their heart beat fast) at
least 3 times per week at ages 18, 35, and
50 years. Participants then were asked
howoften theycurrently (at studyentry)
walked outside the home for more than
10 minutes without stopping, the usual
duration,andthespeed.Categoriesof fre-
quency were rarely/never, 1 to 3 times
per month, 1 time per week, 2 to 3 times
per week, 4 to 6 times per week, and 7
or more times per week. Duration cat-
egories were less than 20 minutes, 20 to
39minutes,40 to59minutes, and1hour
or more. Four speed categories ranged
from less than 2 mph (casual walking)
to more than 4 mph (very fast).

Women then were asked how often
they currently (at study entry) exer-
cised at strenuous levels (that in-
creased heart rate and produced sweat-
ing) by checking categories never, 1, 2,
3, 4, or 5 d/wk or more, and for how
long they exercised at each session by
checking categories less than 20 min-
utes, 20 to 39 minutes, 40 to 59 min-
utes, or 1 hour or more. Examples pro-
vided of strenuous activities included
aerobics, aerobic dancing, jogging, ten-
nis, and swimming laps. Women were
asked similar questions about moder-
ate- and low-intensity physical activi-
ties. Examples provided of moderate-
intensity activities included biking
outdoors, using an exercise machine,
calisthenics, easy swimming, and popu-
lar or folk dancing; and examples pro-
vided of low-intensity activities in-
cluded slow dancing, bowling, and golf.

We constructed several composite
current physical activity variables. We

imputed the midpoint value for ranges
of frequency and duration of exercise
sessions. We multiplied minutes� fre-
quency to create a variable “hours ex-
ercised per week,” separately for strenu-
ous, moderate, light, and 3 intensities
of walking. We assigned metabolic
equivalent (MET) values for strenu-
ous-, moderate-, and low-intensity ac-
tivities as 7, 4, and 3 METs, respec-
tively.8 For mean speed of walking
(average [2-3 mph], fast [3-4 mph], and
very fast [�4 mph]), we assigned MET
values of 3, 4, and 4.5, respectively. We
computed a current total physical ac-
tivity variable (MET-hours/week) by
multiplying the MET level for the ac-
tivity by the hours exercised per week
and summing values for all of the types
of activities.

Age at menopause was determined as
the youngest age when the participant
experienced any of the following: last
menstrual bleeding (all participants
were �12 months after last menstrual
period), removal of both ovaries, or be-
ginning of hormone therapy. Age at first
birth was calculated as the age at first
pregnancy of 6 months’ duration or
longer. Total daily kilocalorie intake
and percentage of kilocalories from fat
were assessed with a 120-item semi-
quantitative food frequency question-
naire developed and tested for the
WHI.9

Reproducibility and Validation of
the Physical Activity Assessment
Among a random sample of 536 par-
ticipants, second measures of all physi-
cal activity variables were ascertained
approximately 10 weeks after base-
line. The test-retest reliability (weighted
�) for the physical activity variables
ranged from 0.53 to 0.72, and the in-
traclass correlation for the total physi-
cal activity variable was 0.77.7

Ascertainment of End Points
Study physicians and cancer coders,
blinded to exposure status, reviewed pa-
thology reports, discharge summa-
ries, operative reports, and radiology re-
ports for all biopsies and surgeries and
coded cases according to National Can-
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cer Institute Surveillance, Epidemiol-
ogy, and End Results guidelines.10,11

Statistical Analyses
The physical activity questions on past
and current activity collected at study
baseline were used in the analyses. Fol-
low-up time for each woman was ac-
crued from enrollment to the date of di-
agnosis of breast cancer, death from a
non–breast cancer cause, loss to follow-
up, or administrative censor date (April
30, 2002). Age-adjusted relative risks
(RRs) were computed as the inci-
dence rate in a specific category of ac-
tivity divided by the incidence rate in
the “no activity” category.

For analyses of past activities, we used
“strenuous activity at age 18,” “strenu-
ous activity at age 35,” and “strenuous
activity at age 50,” as binary covariates.
For total current physical activity, we
created indicator variables for no activ-
ity, 5 MET-h/wk or less, 5.1 to 10 MET-
h/wk, 10.1 to 20 MET-h/wk, 20.1 to
40 MET-h/wk, and more than 40
MET-h/wk. For combined moderate/
strenuous exercise we created indica-
tor variables for no activity, 1 h/wk or
less, 1.1 to 2 h/wk, 2.1 to 3 h/wk, 3.1 to
4 h/wk, 4.1 to 7 h/wk, and more than 7
h/wk. For hours of strenuous exercise,
the indicator variables were for no ac-
tivity, 1 h/wk or less, 1.1 to 2 h/wk, 2.1
to 4 hours h/wk, and more than 4 h/wk.

We used stratified adjustment and
Cox proportional hazards regression
model12 to adjust simultaneously for po-
tential confounding variables. Categori-
cal variables included age, body mass in-
dex ([BMI] calculated as weight in
kilograms divided by the square of
height in meters), use of hormone
therapy, race, geographic region, in-
come, education, ever breastfed, hyster-
ectomy status, first-degree relative with
breast cancer, smoking status, parity, age
at first birth, number of mammograms
in 5 years before study enrollment, and
use of alcohol. Continuous variables in-
cluded age at menarche and age at meno-
pause. In a separate analysis, we also ad-
justed for daily kilocalorie intake and
percentage of calories from fat as con-
tinuous variables.

To assess the relative contributions
of strenuous and moderate activity to
the total physical activity effect on
breast cancer risk, we tested 2 addi-
tional models of total physical activity
effect on breast cancer risk including
as adjustment variables percentage of
total activities that were strenuous in-
tensity and percentage of total activi-
ties that were moderate or strenuous in-
tensity. We also assessed the association
between these 2 variables and breast
cancer risk in separate models. Analy-
ses were performed using S-Plus (In-
sightful Inc, Seattle, Wash).

RESULTS
During a mean length of follow-up of
4.7 years (347 519 woman-years of
observation), we identified 1780 newly
diagnosed cases of breast cancer. Of
these, 1537 cases had central coding
complete: 85% were invasive (75.5%
stage I, 3.6% stage II), and 85% were
estrogen receptor positive.

Women who engaged in strenuous
physical activity at least 3 times per week
at age 35 years had a statistically signifi-
cant decreased risk of breast cancer of
14% (RR, 0.86; 95% CI, 0.78-0.95) com-
pared with women who did not engage
in this level of activity (TABLE 1). Re-
sults for invasive and in situ cancers were
similar, although the results were sta-
tistically significant only for invasive can-
cers (P=.006, data not shown). Simi-
larly, women who reported engaging in
strenuous physical activity at least 3
times per week at age 50 years had a

slight, nonstatistically significant reduc-
tion in risk of overall breast cancer.
There was a statistically significant re-
duction in risk of invasive cancer of 11%
(P=.04) and no difference in risk of in
situ cancer compared with women who
did not engage in regular strenuous ac-
tivity at this age (data not shown). Regu-
lar strenuous activity at age 18 years was
associated with only a marginally de-
creased risk of breast cancer.

Increased amount of total current
physical activity (increased MET-
hours per week) was associated with a
reduced risk of breast cancer (P=.03 for
trend) (TABLE 2). Women who exer-
cised on average for 5.1 to 10.0 MET-
h/wk (approximately equal to 1.25-2.5
h/wk of brisk walking or equivalent
exercise, or more hours of lower-
intensity exercise) had a statistically sig-
nificant reduction in risk of developing
breast cancer of 18% compared with sed-
entary women (RR, 0.82; 95% CI,
0.68-0.97). Women who exercised more
than 40 MET-h/wk had a 22% reduc-
tion in risk compared with sedentary
women (RR, 0.78; 95% CI, 0.62-1.0).
Women who engaged in more than 7
h/wk of moderate/strenuous physical ac-
tivity had a 21% reduced risk of breast
cancer compared with sedentary women
(RR, 0.79; 95% CI, 0.63-0.99). In-
creased strenuous physical activity was
associated with a slightly reduced risk
for breast cancer that was not statisti-
cally significant (P=.25 for trend).

Adjustment of total activity for ei-
ther percentage of total activities that

Table 1. Risk of Breast Cancer According to Past Participation (No/Yes) in Strenuous Physical
Activity at Ages 18, 35, and 50 Years

No. of
Cases

No. of
Noncases

Annualized Incidence
Rate Per 100

Relative Risk*
(95% Confidence Intervals)

P
Value

Age 18 y
No 984 38 514 0.53 1.00

.21
Yes 725 30 837 0.49 0.94 (0.85-1.04)

Age 35 y
No 1032 38 475 0.56 1.00

.003
Yes 687 31 107 0.46 0.86 (0.78-0.95)

Age 50 y
No 1074 42 204 0.53 1.00

.08
Yes 673 27 922 0.50 0.92 (0.83-1.01)

*Adjusted for 5-year age groups, body mass index (tertiles), hormone therapy status (current/past/never), race, geo-
graphic region, income, education, ever breastfed, hysterectomy status, first-degree relative with breast cancer, smok-
ing status, parity, age at first birth, number of mammograms in 5 years before study enrollment, and alcohol use as
categorical variables, and age at menarche and age at menopause as continuous variables.
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were strenuous intensity or percent-
age of activities that were moderate or
strenuous intensity did not change the
results (data not shown). In that model,
neither percentage of total activities that
were strenuous intensity nor percent-
age of activities that were moderate or
strenuous intensity were associated with
risk of breast cancer (data not shown).

We examined risk of breast cancer
associated with physical activity in ter-
tiles of BMI (TABLE 3). Among women
in the lowest tertile of BMI (�24.13),
a strong and significant reduction in risk
of breast cancer with increasing level
of total current physical activity was ob-
served (P=.03 for trend). Women in
this BMI group who engaged in 5.1 to

10 MET-h/wk of physical activity had
a 30% reduction in risk for breast can-
cer (RR, 0.70; 95% CI, 0.51-0.97).
Women who engaged in 20.1 to 40.0
MET-h/wk (approximately 5-10 h/wk
of brisk walking) had a 32% reduction
in breast cancer risk (RR, 0.68; 95% CI,
0.51-0.92). More than 40 MET-h/wk
decreased risk even further (RR, 0.63;

Table 3. Risk of Breast Cancer According to Amount of Current (Study Entry) Total Physical Activity (MET-h/wk) by Tertiles of Body Mass
Index (BMI)

BMI

�24.13 24.14-28.44 �28.44

No. of
Cases

No. of
Noncases

Annualized
Incidence

Rate per 100
RR*

(95% CI)
No. of
Cases

No. of
Noncases

Annualized
Incidence

Rate per 100
RR*

(95% CI)
No. of
Cases

No. of
Noncases

Annualized
Incidence

Rate per 100
RR*

(95% CI)

All activities,
MET-h/wk

None 63 2116 0.62 1.00 72 2695 0.57 1.00 104 4580 0.49 1.00

0-5.0 94 3809 0.52 0.78 (0.57-1.1) 95 4645 0.43 0.72 (0.53-0.98) 162 5981 0.57 1.1 (0.88-1.5)

5.1-10.0 86 3742 0.47 0.70 (0.51-0.97) 96 4042 0.49 0.78 (0.57-1.1) 88 3933 0.47 0.90 (0.67-1.2)

10.1-20.0 179 6492 0.56 0.80 (0.6-1.1) 149 6200 0.50 0.77 (0.58-1.0) 128 4791 0.57 1.0 (0.79-1.3)

20.1-40 149 6173 0.49 0.68 (0.51-0.92) 133 5005 0.55 0.85 (0.64-1.1) 73 3121 0.49 0.89 (0.65-1.2)

�40 44 2080 0.43 0.63 (0.43-0.93) 35 1467 0.50 0.78 (0.52-1.2) 18 730 0.52 0.94 (0.57-1.6)

P for trend .03 .74 .30

Abbreviations: CI, confidence interval; MET, metabolic equivalent; RR, relative risk.
*Adjusted for 5-year age groups, hormone therapy status (current/past/never), race, geographic region, income, education, ever breastfed, hysterectomy status, first-degree rela-

tive with breast cancer, smoking status, parity, age at first birth, number of mammograms in 5 years before study enrollment, and alcohol use as categorical variables, and age
at menarche and age at menopause as continuous variables.

Table 2. Risk of Breast Cancer According to Amount of Current (Study Entry) Strenuous, Moderate/Strenuous, and Total Physical Activity
(MET-h/wk)

Total Current Physical Activity, MET-h/wk
P Value

for TrendNone �5 5.1-10 10.1-20 20.1-40 �40

No. of cases 239 351 270 456 355 97

No. of noncases 9391 14 435 11 717 17 483 14 299 4277

Annualized incidence
rate per 100

0.54 0.51 0.48 0.54 0.51 0.47

RR (95% CI)* 1.00 0.90 (0.77-1.07) 0.82 (0.68-0.97) 0.89 (0.76-1.00) 0.83 (0.70-0.98) 0.78 (0.62-1.00) .03

Current Moderate or Strenuous Physical Activity, h/wk

None �1 1.1-2 2.1-3 3.1-4 4.1-7 �7

No. of cases 617 202 260 211 171 222 85

No. of noncases 25 124 8632 10 674 8077 6242 8797 4056

Annualized incidence
rate per 100

0.52 0.49 0.51 0.54 0.56 0.52 0.43

RR (95% CI)* 1.00 0.92 (0.78-1.10) 0.91 (0.79-1.10) 0.94 (0.81-1.10) 0.99 (0.83-1.20) 0.91 (0.78-1.10) 0.79 (0.63-0.99) .12

Current Strenuous Physical Activity, h/wk

None �1 1.1-2 2.1-4 �4

No. of cases 1281 157 137 149 44

No. of noncases 51 726 6562 5430 6018 1866

Annualized incidence
rate per 100

0.52 0.49 0.52 0.51 0.49

RR (95% CI)* 1.00 0.94 (0.80-1.10) 0.95 (0.80-1.10) 0.93 (0.78-1.10) 0.91 (0.67-1.20) .25
Abbreviation: MET, metabolic equivalent.
*Adjusted for 5-year age groups, body mass index (tertiles), hormone therapy status (current/past/never), race, geographic region, income, education, ever breastfed, hysterec-

tomy status, first-degree relative with breast cancer, smoking status, parity, age at first birth, number of mammograms in 5 years before study enrollment, and alcohol use as
categorical variables, and age at menarche and age at menopause as continuous variables.
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95% CI, 0.43-0.93). Among women in
the middle tertile of BMI, increased total
physical activity was associated with a
reduced risk of breast cancer, but the
associations were only statistically sig-
nificant for 5 MET-h/wk or less (RR
compared with no activity, 0.72; 95%
CI, 0.53-0.98). Increased total current
physical activity was not associated with
a reduced risk of breast cancer among
women in the heaviest tertile of BMI.

Adjustment for either daily kilocalo-
rie intake or percentage of calories from
fat did not change any of these results
(data not shown).

We also examined the effects of
physical activity on risk of breast can-
cer among tertiles of waist circumfer-
ence (data not shown). Overall, in-
creased MET-hours per week of total
physical activity was associated with de-
creased risk of breast cancer across all
categories of waist circumference, al-
though the effect was strongest for the
women in the lowest 2 tertiles of waist
circumference. None of the tests for
trend was statistically significant.

We examined the effect of physical
activity on risk of breast cancer among
several other subgroups including
age (50-59, 60-69, 70-79 years), par-
ity (parous/nulliparous), family his-
tory of breast cancer (any/none), and
use of hormone therapy (current/past/
never). The reduced risk associated with
increased levels of total physical activ-
ity was seen across all categories of these
variables. Results for risk of estrogen-
receptor positive tumors were similar
to the results for cases overall (data not
shown).

COMMENT
These data from a large prospective co-
hort of postmenopausal US women sup-
port a protective role of physical activ-
ity against breast cancer, particularly
past regular strenuous physical activ-
ity at ages 35 and 50 years, and cur-
rent increased total physical activity.
The greatest associations were ob-
served for the lightest-weight women,
although moderately overweight
women also had benefit from in-
creased total physical activity.

Strengths of the present study in-
clude the prospective design, the large
size, the racial and ethnic diversity of
the cohort, the detailed assessment of
physical activity, and the uniform and
strict criteria for the breast cancer end
points. Other strengths of the study in-
clude the high rate of follow-up and the
detailed information about potential
confounding variables.

Although the WHI is a multiethnic,
multiracial cohort, too few numbers of
cases to report race- or ethnic-specific as-
sociations between physical activity and
breast cancer risk were available. We
looked at the data for whites alone and
for African Americans alone, the 2 larg-
est racial/ethnic subgroups of cases, and
found that the associations were simi-
lar to the overall analyses (data not
shown). We did not collect detailed data
on lifetimephysical activity.However,we
did collect information about strenu-
ous exercise at ages 18, 35, and 50 years
and found that regular strenuous exer-
cise at the latter 2 age points was pro-
tective against breast cancer. Some of the
physical activity questions grouped ex-
ercises together into those that are most
often low, moderate, or vigorous in in-
tensity. If individual women performed
activities at other intensities, there would
be misclassification of intensity. The use
of imputed midpoint values for ranges
of physical activity data could have in-
troduced error. Only data on recre-
ational and walking activities were col-
lected. The resulting nondifferential
misclassification of exposure to physi-
cal activity would be expected to bias the
risk estimate toward unity, thus the ob-
served association between increased
physical activity and reduced risk for
breast cancer is likely real. Finally, the
study population, although represent-
ing more diverse racial, ethnic, and so-
cial backgrounds than most previously
studied cohorts, is not an entirely rep-
resentative cross-section of US women.

Several published cohort stud-
ies13-25 have investigated the associa-
tion between physical activity and risk
of breast cancer in postmenopausal
women, of which all but a few23,24 found
a reduced risk for breast cancer in

women who were classified at the high-
est levels of physical activity. The re-
duction in risk ranged from 10% to 70%
for the most active women. The defi-
nition of “most active” varied by study.

A few other cohort and case-control
studies have found that risk reduction
associated with physical activity was
limited to the leanest or middle-
weight compared with obese postmeno-
pausal women.17,20,26,27 These results
were similar to our findings, although
others have found no effect of adipos-
ity on the association betweeen physi-
cal activity and breast cancer.5,18,24,28

Several mechanisms have been pro-
posed to explain the association be-
tween increased physical activity and re-
duced risk for breast cancer. For exercise
in the postmenopausal years, the most
likely mechanism is reduction in body
fat leading to reduced substrate for pro-
duction of estrogen from androgen in fat
tissue through aromatization.2,29 Physi-
cal activity also could increase levels of
sex hormone binding globulin,30 thereby
reducing the amount of estradiol in the
free, most biologically active, state. An-
other potential mechanism is through
exercise reduction of insulin and other
growth factors.2,31 Another analysis of
these data showed that increased adi-
posity was associated with increased risk
for breast cancer, although the effect was
limited to women who had never used
hormone therapy.32

The results of this study suggest that
physical inactivity may be a modifiable
risk factor for which postmenopausal
women can make changes to reduce their
risk of breast cancer. The finding that in-
creased total recreational and walking
physical activity reduces this risk is
promising, although it may not be nec-
essary for women to engage in strenu-
ous activity in their older years to enjoy
the protective effects of exercise. An-
otherpromisingaspectof the study is that
physical activity reduces risk among
women who are using hormone therapy,
a group that is at increased risk for de-
veloping breast cancer.33 For those
women who choose to continue taking
hormone therapy for control of meno-
pausal symptoms or for prevention of
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osteoporosis, it will be welcome infor-
mation that a simple modification of life-
style to increase physical activity can re-
duce their risk of breast cancer.
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