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Abstract
Objective—To clarify aspects of the association between physical activity and breast cancer, such
as activity intensity required, and possible effect modification by factors such as menopausal
hormone therapy (MHT) use.

Methods—We prospectively examined physical activity in relation to breast cancer risk among
45,631 women participating in the U.S. Radiologic Technologists cohort. Participants provided
information at baseline regarding hours spent per week engaging in strenuous activity, walking/
hiking for exercise, and walking at home or work. We estimated multivariable relative risks (RR)
and 95% confidence intervals (CI) of breast cancer using Cox regression.

Results—We identified 864 incident invasive breast cancers. Greatest risk reduction was observed
among women who reported walking/hiking for exercise 10 or more hours per week (RR, 0.57;95%
CI, 0.34-0.95) compared with those reporting no walking/hiking. The association between walking/
hiking for exercise and breast cancer was modified by MHT use (p for interaction=0.039).
Postmenopausal women who never used MHT had reduced risks of breast cancer associated with
physical activity whereas no relation was observed among ever users of MHT.

Conclusion—Our study suggests moderate intensity physical activity, such as walking, may protect
against breast cancer. Further, the relation between physical activity and breast cancer may be
modified by MHT use.
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INTRODUCTION
Breast cancer is the most commonly diagnosed cancer among women in the United States
[1]. Physical activity represents one of the few established risk factors for breast cancer that
can be modified through behavior changes. Numerous observational studies have reported a
reduced risk of breast cancer in relation to increasing levels of physical activity [2-6], with
evidence of this association classified as “convincing” in 2002 by IARC [7]. Several biological
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mechanisms have been proposed to explain the relationship between physical activity and
breast cancer risk, including a decrease in endogenous hormone levels, reduction of insulin
and insulin-like growth factors, favorable modification of menstrual characteristics, and
enhanced immune function [8-11].

Several aspects of the association between physical activity and breast cancer risk remain
uncertain including the type of activity, timing in life of activity, dose of activity required
(including duration, frequency, and intensity), and whether risks differ among certain
population subgroups. The current investigation will primarily focus on the intensity level of
physical activity and the association between physical activity and breast cancer according to
menopausal status and menopausal hormone therapy use. Inconsistencies exist regarding the
intensity of physical activity required for risk reduction, and it is important to investigate
whether moderate intensity physical activity can also reduce risk. Some studies observe risk
reduction with strenuous or moderate forms of physical activity [5,12,13] and others suggest
that strenuous activity is required for risk reduction [14,15]. A recent review reported that
although moderate intensity activity has been associated with reduced risk of breast cancer,
the reductions are even stronger with vigorous intensity activity [16]. In addition, results of
epidemiologic studies also suggest that the association between physical activity and breast
cancer may differ by menopausal status. The majority of studies report a reduced risk of breast
cancer related to increased physical activity among postmenopausal women, but the evidence
for this association among premenopausal women is much less consistent [6,16-19]. Further,
few studies have evaluated the modifying effects of menopausal hormone therapy among
postmenopausal women [4,5,13,19-23].

In the present study, we examine the association between physical activity of varying intensities
and breast cancer risk in the U.S. Radiologic Technologists (USRT) cohort, with special
emphasis on potential effect modification of the physical activity and breast cancer relation by
menopausal hormone therapy among postmenopausal women.

MATERIALS AND METHODS
The U.S. Radiologic Technologists Cohort

The USRT cohort is a collaborative effort between the U.S. National Cancer Institute, the
University of Minnesota, and the American Registry of Radiologic Technologists (ARRT).
The study is comprised of a cohort of radiologic technologists residing in the United States
and who were certified by the ARRT for at least 2 years between 1926 and 1982. Detailed
information on the study population and methods has been published previously [24,25].

Briefly, an initial questionnaire was mailed in 1983-1989 that collected detailed information
on employment history, demographic and lifestyle factors, and reproductive and medical
history. The current study, however, uses as its baseline the second self-administered
questionnaire (1994-1998), which ascertained incident cancers and collected information on
demographic, reproductive, and other potential risk factors, including physical activity. Of the
94,495 known living female technologists that were mailed the second questionnaire, 69,998
responded (74%). A third questionnaire distributed in 2004-2005 collected additional
information on cancer risk factors and updated health outcomes. Of the 69,998 female
responders to the second questionnaire, 52,563 women responded to the third questionnaire
(75%).

Study Population
We included 51,473 women who responded to the second questionnaire, were cancer-free
(except for non-melanoma skin cancer) at completion of the second questionnaire and who
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responded to the third questionnaire or died during the intervening period. We excluded 5,842
women with missing data on any of the three physical activity questions (N=5,759) or
unrealistic data on physical activity(defined as women who reported spending 80 or more hours
a week participating in a combination of strenuous activity and walking/hiking for exercise)
(N=83), resulting in an analytic cohort consisting of 45,631 women. The 5,842 excluded
women did not differ appreciably from women in the analytic cohort on most covariates;
however, excluded women tended to be older at baseline and were more likely to be smokers.

Cohort maintenance
Annual follow-up is conducted through re-certification with the ARRT. For individuals who
fail to renew certification, vital status is determined through linkage to mortality and national
address change databases, including the Social Security Death Index and National Death Index
Plus. The Institutional Review Boards of the National Cancer Institute and the University of
Minnesota approved this study.

Assessment of physical activity
Participants provided information at baseline (1994-1998) regarding the number of hours spent
per week during the previous year engaging in each of the following activities as written on
the questionnaire: exercising strenuously (e.g. aerobics, jogging, swimming), walking or hiking
for exercise and walking at home or at work. Response options for each question included:
‘none’, ‘<1hour’, ‘1-3 hours’, ‘4-9 hours’, ‘10-19 hours’, ‘20-39 hours’, or ‘over 40 hours’. A
midpoint value was assigned for the number of hours per week spent engaging in physical
activity (the ‘over 40 hours’ category was assigned a value of 41) and multiplied by the
estimated metabolic equivalent task (MET) value specific to that intensity level. MET values
for strenuous exercise, walking for exercise, and walking at home or work were assigned MET
values of 7, 4, and 3, respectively [26]. We created a total physical activity score by summing
the MET-hours per week for all three physical activity variables. The MET-hours per week
were divided into quintiles for the analyses, based on their distribution in the total population.
Studies assessing the reliability and validity of self-reported physical activity have concluded
that questionnaires, in general, are a reasonably useful method of estimating physical activity
in large epidemiologic studies [27,28].

Breast cancer validation
A total of 1,445 self-reported breast cancers were identified between the second and third
surveys (Figure 1). Participants were asked to say whether they had been diagnosed with
invasive or in situ breast cancer. The case definition was limited to invasive breast cancer and
in situ breast cancers were excluded. Pathology reports or medical records were obtained for
960 (66.4%) patients reporting breast cancer (invasive or in situ); of which 954 breast cancer
cases were confirmed, resulting in a 99% confirmation rate. We excluded the 6 incorrectly
reported “breast cancers”. The 954 validated breast cancers included 263 in situ breast cancer
cases, which we excluded, leaving 691 confirmed invasive breast cancers. Since such a large
percentage of self-reported breast cancer cases were confirmed among women for whom
medical records could be obtained, we included 270 self-reported invasive breast cancer cases
for whom medical records were unavailable and excluded 215 self-reported in situ breast
cancers. We also included 38 breast cancer cases identified via cancer registry linkage (N=26),
linkage with the National Death Index with breast cancer as the underlying cause of death
(N=8), and incidental reports (originally reported as non-breast cancers but later found to be
invasive breast cancer through validation) (N=4). Of the 999 total invasive breast cancer cases
available (N=691+270+38), 864 breast cancer cases remained from 45,631 women for analysis
after exclusions due to missing physical activity data. Cases identified using death certificates
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had a diagnosis date imputed by subtracting the average breast cancer survival time (based on
data from the Surveillance, Epidemiology, and End Results Program) from the date of death.

Statistical analysis
To assess the association between physical activity and breast cancer, we used multivariable
Cox proportional hazards regression to estimate relative risks (RRs) and corresponding
confidence intervals (CIs), with age as the underlying time scale. Analyses were stratified at
baseline for 5-year birth cohorts to control for secular trends. Person-time began at the
completion of the second questionnaire and ended at the date of first reported cancer diagnosis
(except non-melanoma skin cancers), death, response to the third questionnaire, whichever
occurred first.

In the analysis, we assessed risk using three models, one adjusting for age only, one adjusting
for age and potential confounders (described below), and an additional model that was mutually
adjusted for all three categories of physical activity. For strenuous activity and walking for
exercise, we selected as the reference group women who reported never engaging in physical
activity. To evaluate the relations with time spent walking at home or work, <1 hour/week
served as the referent group. Women who reported never walking at home or work were not
used as the referent group because their inactivity may have been due to underlying disease
potentially related to breast cancer. A similar approach has been used previously to account
for this effect [22,29].

Analyses that adjusted for confounding included the following factors, which are commonly
included in breast cancer analyses: age at menarche (<11, 11-14, 15+, unknown), number of
live births (none, 1-3, 4+, unknown), age at first live birth (<20, 20-<25, 25-<30, 30-<35, 35
+ and nulliparous, unknown), age at menopause (pre-menopausal, <35, 35-<40, 40-<45, 45-
<50, 50-<55, 55+), family history of breast cancer (no, yes, unknown), personal history of
breast disease (no, yes, unknown), use of oral contraceptives (never, ever, unknown), race
(white, black, Asian, other/unknown), menopausal hormone therapy use (MHT) (never/
premenopausal, ever, unknown), smoking (never, quit and ≤20 cigarettes/day, quit and >20
cigarettes/day, current smoker and ≤20 cigarettes/day, current smoker and >20 cigarettes/day,
unknown), alcohol (<1 drink/week, 1-6 drinks/week, 7-12 drinks/week, 13+ drinks/week,
unknown), and body mass index (BMI) (<25 kg/m2, 25-<30 kg/m2, 30+kg/m2, unknown).
Missing values for menopausal status and/or age at menopause were imputed for 7.3% of
participants using mean values for women of similar age. Other covariates (height, years spent
working, marital status, and vitamin use) were evaluated for potential confounding but were
not included in the models because they did not appreciably affect the risk estimates and have
generally not been shown to confound an association with physical activity in previous studies.

Trend tests for each physical activity variable were calculated by assigning the median value
to each exposure category and treating each as a single continuous variable in the model. Effect
modification was tested using the resulting P-value of a cross-product interaction term between
the physical activity variable and the covariate of interest together with the main effects in the
appropriate model. The coefficient of the interaction term was evaluated using a Wald test. All
tests of statistical significance were two-sided and P<0.05 was considered statistically
significant. The statistical analyses were conducted using the PHREG procedure of the
Statistical Analysis System (SAS) software package (version 8.2, SAS Institute, Inc., Cary,
NC).

RESULTS
During a mean length of follow-up of 8.9 years (total person-years: 404,457), we identified
864 incident cases of breast cancer. Age-adjusted study population characteristics stratified by
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total physical activity score (in quintiles) are listed in Table 1. The mean age of study
participants at baseline was 47.2 years. More active women were slightly younger at first birth,
had lower parity, consumed more alcohol, and had a lower BMI than their inactive counterparts.
Unexpectedly, more active women were more likely to be current smokers. Modest differences
were observed across physical activity quintiles for other variables.

Table 2 shows age- and multivariable-adjusted risk estimates for associations of four indices
of physical activity with breast cancer incidence. Risk estimates were similar after
multivariable adjustment for several risk factors, including BMI. Risk reduction was greatest
among women who reported walking/hiking for exercise 10 or more hours per week (RR, 0.57;
95% CI, 0.34-0.95) compared to women who never walk/hike for exercise, although the trend
was not significant (P=0.321). Breast cancer risk was slightly reduced among women reporting
40 or more hours per week of walking at home or at work (RR, 0.88; 95% CI, 0.67-1.16),
compared to women walking less than 1 hour per week. After mutually adjusting for the three
categories of physical activity evaluated in the questionnaire, observed risk estimates for all
three exercise variables were slightly attenuated. Further, the association between walking/
hiking for exercise and breast cancer was similarly attenuated among women who reported
that they never engaged in strenuous physical activity (data not shown). Total physical activity
(based on MET-score) was not statistically significantly associated with breast cancer risk
(P=0.174), however risk was suggestively decreased among women in the highest two quintiles
(RR, 0.87; 95% CI, 0.70-1.08 and RR, 0.91; 95% CI, 0.74-1.13, respectively).

We examined the relation of physical activity to risk of breast cancer according to menopausal
status and menopausal hormone therapy use (Table 3). In pre-menopausal women, decreased
risk of breast cancer was greatest among women walking/hiking for exercise for 10 or more
hour per week (RR, 0.37; 95% CI, 0.16-0.84), although the trend was not statistically
significant. The relationship at ≥ 10 hours/week remained even after adjustment for
participation in other types of physical activity. Slightly reduced breast cancer risks were also
observed for pre-menopausal women engaging in strenuous exercise and time spent walking
at home/work, but risks for strenuous activity were attenuated after adjusting for other types
of physical activity. No statistically significant effect modification was observed for any of the
physical activity variables and menopausal status (data not shown).

Postmenopausal women who never used MHT experienced reduced risks of breast cancer with
all three types of physical activity. Associations approaching statistical significance were
observed for increasing levels of strenuous activity (RR comparing extreme categories, 0.57;
95% CI, 0.23-1.42, P=0.070) and walking/hiking for exercise (RR comparing extreme
categories, 0.39; 95% CI, 0.09-1.62, P=0.078). There was, however, no clear association
between physical activity and breast cancer risk among postmenopausal MHT users. We
observed a slight decrease in breast cancer risk among women who reported engaging in no
walking at home/work compared to the reference group. A significant interaction was observed
between MHT use and walking/hiking for exercise among postmenopausal women (P=0.039),
although the interaction was not significant for strenuous activity (P=0.150).

The association between physical activity and breast cancer risk was not modified by age, body
mass index, race, age at menarche, parity, family history of breast cancer, personal history of
breast disease, oral contraceptive use, smoking, or alcohol consumption. Additionally, to
investigate the effect of undiagnosed cancer on physical activity levels, we excluded the first
year of follow-up. We found reported associations between physical activity and breast cancer
remained largely unchanged.
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DISCUSSION
Results from this large prospective cohort of radiologic technologists support a modest inverse
relationship between physical activity and breast cancer risk. The strongest associations were
observed for walking for exercise among premenopausal women and postmenopausal women
who never used MHT, although dose-response relationships were not observed. This is one of
few studies to evaluate physical activity and breast cancer risk among postmenopausal women
according to MHT use. Further, these data provide additional support that even forms of
physical activity of moderate intensity may confer protection against breast cancer.

Our finding of a decrease in breast cancer risk with physical activity is consistent with most
previous research [6,7]. However, the intensity of physical activity required to decrease breast
cancer risk is an important public health issue, on which results from previous studies are
largely inconclusive. Among studies that differentiate between exercise intensity, most report
stronger breast cancer risk reduction associated with strenuous physical activity [14,15,30,
31]. However, several studies have also observed risk reductions with moderate forms of
physical activity [5,12,13,19,21,32-34]. With regard to strenuous activity, results of the present
study are similar to those reported by Dorn et al. [14] where breast cancer risk reduction was
modest in the highest level of activity and no evidence of a dose-response relationship was
observed.

Few studies [5,14,35] have specifically evaluated the effects of walking on breast cancer risk.
In the current study, women reporting the highest levels of walking/hiking for exercise (10 or
more hours per week) experienced the greatest reduction in breast cancer risk, even after
accounting for strenuous activity. Modest risk reduction was also observed for women
reporting the highest levels of walking at home or work. These findings are promising and
suggest that women may not necessarily have to engage in the most strenuous activities to
reduce their breast cancer risk. Discrepancies across study results may be attributed to difficulty
in accurately recalling moderate levels of intensity as opposed to more strenuous forms of
exercise as has been described previously [36,37].

Findings from our study of pre-menopausal women add to the data suggesting that increased
physical activity may decrease risk of breast cancer in this population. Results from previous
studies of premenopausal women have been largely inconsistent [6]. Some studies have
observed a decreased risk of breast cancer among premenopausal women [3,32,38,39], while
others have not [18,30,35,40-43]. Results from the Nurses’ Health Study I observed an
approximately 20% risk reduction associated with the highest category of physical activity in
both pre- and post-menopausal women [12]. However the Nurses’ Health Study II, which was
conducted in a cohort of pre-menopausal women only, found no overall association between
physical activity and risk of breast cancer [35].

Studies among postmenopausal women have consistently observed an inverse relationship
between physical activity and breast cancer risk [3,5,6,22,29,41]. A recent review [6] classified
the evidence as strong for this association, with risk reductions in postmenopausal women
ranging from 20% to 80%. In our study, MHT use among postmenopausal women modified
the relationship between physical activity and risk of breast cancer. We found that among
postmenopausal women who never used MHT, both moderate and strenuous physical activity
reduced the risk of breast cancer. No reduction in risk with physical activity was observed for
women who reported ever using MHT at baseline.

Evidence is accumulating that MHT use may modify the association between physical activity
and breast cancer risk. A study by Patel and colleagues [22] observed a stronger association
between recreational physical activity and breast cancer among women who were not currently
using MHT, similar to the results of our investigation. In a more recent study, both Hispanic
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and non-Hispanic white women who were postmenopausal and not recently exposed to
hormones experienced the most consistent reduction in breast cancer risk [44]. Based on this
pattern, it has been suggested that physical activity may affect breast cancer risk in
postmenopausal women through hormonal pathways.

Several biologic mechanisms have been proposed to explain the association between physical
activity and breast cancer risk. One likely explanation is that physical activity may reduce risk
by diminishing adipose tissue. In postmenopausal women, adiposity increases the production
of estrogen, which is the main source of circulating estrogen in women not taking MHT [18,
45]. Moderate levels of physical activity on hormone levels in women already at lower levels
of baseline circulating estrogen may be sufficient to reduce breast cancer risk whereas more
intense activity may be required in women with higher baseline levels of estrogen [22]. Other
biological mechanisms proposed to explain to protective effect of physical include changes in
insulin-related factors, regulation of the immune system, and hormonal and cellular metabolism
pathways [16].

We found a slight decrease in breast cancer risk among postmenopausal ever-users of MHT
who engaged in no walking at home/work compared to the reference group. A similar
observation among all postmenopausal women was noted in a previous study [22]. As
suggested in that report, this pattern may be due to the presence of conditions such as
osteoporosis in “never walkers”. Osteoporosis is associated with lower levels of circulating
estrogens and consequently lower breast cancer risk; women with osteoporosis are also less
likely to engage in physical activity. In the subgroup of postmenopausal women who reported
never walking at home/work, women who ever took MHT were more likely to report
osteoporosis than those reporting some walking. However, results did not change appreciably
after excluding women who reported osteoporosis at baseline.

Strengths of this study include its prospective design, large cohort size and number of incident
breast cancers, and extensive information on potential confounders and effect modifiers.
Potential limitations of this study result from the use of self-reported physical activity measures.
Since physical activity was not a primary study aim in the USRT study, only limited indicators
of physical activity were included in the questionnaire for analysis, incomplete dietary
information was available, and physical activity measures in our questionnaire were not
specifically validated. Our basic measures of physical activity may also introduce confounding
of type of physical activity with the intensity of physical activity. Information on occupational
physical activity other than walking was not collected, which may be an additional source of
exercise [21]. However, the USRT cohort comprises current and former radiologic
technologists and current technologists may have similar occupational physical activity levels,
suggesting that confounding by occupational activity may be minimal. We also did not collect
information about physical activity performed at other ages. Physical activity reported at
baseline in this study reflects activity by women who have consistently exercised over their
lifetime as well as activity by women who recently began exercising. Thus, our results may
reflect the benefit of long term exercise or current exercise with no ability to differentiate
between these two effects. Another limitation of this study is the moderate amount of missing
physical activity data. Some misclassification of menopausal status may be present since we
did not have updated information on menopausal status, thus some women who were
premenopausal at baseline may have become postmenopausal during the follow-up period.
Lack of significant associations may also be due to small numbers of breast cancer cases in
some categories of physical activity.

In summary, our results provide modest support that moderate physical activity may protect
against breast cancer. Effect modification by MHT use among postmenopausal women
suggests that physical activity may reduce risk through hormonal mechanisms. Further
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epidemiologic and mechanistic research among postmenopausalwomen is required to clarify
the potential hormonal association between physical activity and breast cancer.
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Figure 1.
Diagram showing case validation and inclusion steps
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Table 3
Risk of breast cancer according to physical activity, menopausal status, and
menopausal hormone therapy use

a
Postmenopausal women with “unknown MHT status (n=143) were excluded from the ever used/never used stratified analysis.

b
Adjusted for entry age, body mass index, age at menarche, parity, age at first birth, family history of breast cancer, personal history of breast disease,

OC use, race, smoking, and alcohol consumption. Model conducted among postmenopausal women were additionally adjusted for age at menopause.
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