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Abstract
Purpose We investigated the association of physical activity
with survival for 601 Hispanic women and 682 non-Hispanic
white women who participated in the population-based breast
cancer case-control New Mexico Women’s Health Study.
Methods We identified 240 deaths among cases diagnosed
with a first primary invasive breast cancer between 1992 and
1994, and 88 deaths among controls. Follow-up extended
through 2012 for cases and 2008 for controls. Multivariable
hazard ratios (HRs) and 95 % confidence intervals (CIs) were
estimated using Cox proportional hazards regression.
Results Higher levels of total physical activity were inversely
associated with all-cause mortality among Hispanic cases
(Quartile (Q)4: HR=0.55, 95 % CI 0.31–0.99). A non-
significant trend was observed for recreational activity in His-
panic cases also (Q4: HR=0.50, 95 % CI 0.23–1.09, p for
trend=0.08). No significant associations were noted for non-
Hispanic white cases or for controls.
Conclusions The results suggest that increasing physical ac-
tivity may be protective against mortality in Hispanic women
with breast cancer, despite reporting lower levels of recrea-
tional activity than non-Hispanic white women or Hispanic
controls.

Implications for Cancer Survivors Public health programs in
Hispanic communities should promote physical activity in
women as a means of decreasing breast cancer risk and im-
proving survival.
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Abbreviations
AARP American Association of Retired Persons
BMI Body mass index
CI Confidence interval
HEAL Health, Eating, Activity and Lifestyle Study
HR Hazard ratio
LACE Life After Cancer Epidemiology
MET Metabolic equivalent task
MET-h/
week

Metabolic equivalent task in hours per week

NIH National Institutes of Health
NMWHS New Mexico Women’s Health Study
Q Quartile
SEER Surveillance, Epidemiology, and End Results

Breast cancer is the most common form of cancer diagnosed
among women [1]. With advances in early detection and
breast cancer treatment, the population of long-term survivors
is growing. Breast cancer survivors are often interested in
modifying health behaviors, including increasing physical ac-
tivity, which could positively influence cancer prognosis [1,
2]. Potential biological mechanisms influencing the associa-
tion of physical activity with cancer risk and prognosis include
shifts in insulin, sex hormones, and inflammation levels [3].
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Accumulating epidemiological evidence indicates that
moderate to vigorous intensity levels of physical activity are
positively associated with improved survival in women diag-
nosed with breast cancer [4–18]. While the magnitude of es-
timates were similar, these studies differed in the timing of
measured physical activity; some reported activity before
breast cancer diagnosis [4, 8–10, 17, 18], others after diagno-
sis [5–7, 11, 12, 15, 16], and the remaining presented separate
analyses for pre- and post-diagnostic levels [13, 14]. Ballard-
Barbash et al. [19] conducted a systematic review summariz-
ing 17 reports published through August 2011, and concluded
that pre-diagnosis (9 studies) or post-diagnosis (8 studies)
physical activity consistently showed a reduction in both
breast cancer-specific and all-cause mortality. A recent meta-
analysis [20] reported summary estimates that were signifi-
cantly reduced for the association between pre-diagnosis
physical activity and breast cancer-specific mortality (hazard
ratio (HR)=0.77, 95 % confidence interval (CI) 0.66–0.90)
and total mortality (HR=0.77, 95 % CI 0.69–0.88). Summary
estimates for post-diagnosis were similar for breast cancer-
specific mortality; however, results were stronger for total
mortality (HR=0.52, 95 % CI 0.42–0.64). No heterogeneity
among studies was observed [20].

Previous studies also vary on the specific types of activity
considered. Few studies examined a full range of physical
activity [10, 16], with most restricted to recreational or leisure
activities. The type of physical activity also may be important
when evaluating differences in effects across race or ethnicity.
Slattery et al. [21] found that the most frequently reported
activities among Hispanic women were walking, housework,
and gardening, while non-Hispanic white women most fre-
quently reported sports-based activities. In a study conducted
by Neighbors et al. [22], levels of leisure-time physical activ-
ity were lower in Hispanic versus non-Hispanic white women.
These findings suggest that studies including Hispanic women
should examine non-recreational activities.

The focus of most studies investigating the association of
physical activity and breast cancer survival has been based
predominantly on non-Hispanic white populations. Hispanic
participants, when included, are few in number. Several stud-
ies have adjusted for ethnicity in analysis [4, 5, 9, 13, 14, 18,
16]; however, the Breast Cancer Family Registry, a multina-
tional study of participants in the USA, Canada, and Australia,
was the only previous study to present a subgroup analysis by
ethnicity, including a small sample of Hispanic women (n=
148) diagnosed with estrogen receptor positive breast cancer
[18]. Lastly, few studies have compared associations of phys-
ical activity with mortality in cases with a sample of popula-
tion-based, matched controls. Such a comparison would better
establish whether breast cancer diagnosis affects patterns of
physical activity to alter associations with mortality.

The present report investigated the association of pre-
diagnostic total, recreational, and non-recreational physical

activity with breast cancer-specific, all-cause, and non-
cancer mortality among Hispanic and non-Hispanic white
women who participated in the NewMexicoWomen’s Health
Study (NMWHS). Previous results from this study found an
association with pre-diagnosis physical activity levels and re-
duced risk of breast cancer in Hispanic women but not non-
Hispanic white women [23].

Methods

Study participants

The NMWHS was a population-based case-control study de-
signed to investigate risk factors for breast cancer in Hispanic
and non-Hispanic white women and has been previously de-
scribed [24]. Briefly, women were eligible to be included in
the study if they were diagnosed with an invasive or in situ
breast cancer from 1992 to 1994. Cases were ascertained
through the New Mexico Tumor Registry, a member of the
Surveillance, Epidemiology, and End Results (SEER) Pro-
gram of the National Cancer Institute. All Hispanic cases
and 33 % of non-Hispanic white cases, randomly selected
by age-group and geographical region, were considered eligi-
ble. A total of 722 cases completed in-person interviews, in-
cluding a risk factor and a food frequency questionnaire. We
excluded cases from the current analysis if they had an un-
known first cancer diagnosis or their diagnosis was
misclassified or if they had a prior breast cancer diagnosis
(n=30), if they were diagnosed with in situ breast cancer
(n=110), if their stage of disease was classified as unknown
(n=5), or if there were missing data for physical activity (n=
22) or menopausal status, estrogen use, daily energy intake, or
body mass index (BMI) (n=15). A total of 540 cases were
eligible for the present analyses.

Random-digit dialing was used to select the controls. They
were matched to cases based on ethnicity, age-group, and
geographic region. A total of 844 controls completed inter-
views. Controls were included in analyses to determine if the
survival benefit of physical activity differed in a population of
womenwith breast cancer versus those without. Controls were
excluded if they had a previous breast cancer diagnosis (n=
60) including four breast cancer deaths, if they were missing
physical activity data (n=13) or were missing estrogen use,
daily energy intake, or BMI data (n=28). A total of 743 con-
trols were eligible for the present analyses.

The NMWHS was approved by the Human Research
Protections Office at the University of New Mexico. A
follow-up study of survival and quality of life in both
cases and controls was conducted and approved by the
Institutional Review Board for Human Subjects at the
University of Louisville.
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Mortality ascertainment

Women were followed from date of diagnosis for cases, and
date of baseline interview for controls to date of death or last
available date of death information (December 31, 2012 for
cases; December 31, 2008 for controls), whichever came first.
Date of death and the underlying cause of death were verified
through linkage to the National Death Index for controls and
the New Mexico Tumor Registry for cases.

Physical activity assessment

Women were asked in the baseline interview to report activi-
ties performed regularly during the year (for at least 6 months)
preceding study eligibility, as well as the average time spent in
those activities during a week. Activities included: walking/
hiking, running/jogging, exercise class, biking, dancing, lap
swimming, tennis, squash/racquetball, calisthenics/rowing,
bowling, golf, softball/baseball, basketball, volleyball, house-
work, and yard work/gardening. Duration was reported as the
number of hours per week (<1, 1.5, 2–3, 4–6, 7–10, >10 h)
spent engaged in the activity.

Each activity was assigned a metabolic equivalent task
(MET) as a measure of the relative energy expenditure and
was based on the 2011 classification by Ainsworth et al. [25].
Sitting is equivalent to 1.0 MET; walking at an average pace
for an hour (2.5 MPH) is equivalent to 3.0 METs. Moderate
scores were selected for activities with multiple MET values
(e.g. walking, hiking, swimming, tennis, calisthenics, rowing,
yard work, gardening, housework). To compute the average
weekly expenditure for each activity, the METwas multiplied
by the midpoint of the selected range of hours per week, ex-
cept the highest category, which was multiplied by 12. These
were summed to obtain total MET-hours/week (MET-h/
week).

Total physical activity, recreational physical activity, and
non-recreational physical activity were categorized into quar-
tiles based on the distribution within each stratum for cases
and controls separately. This ensured an adequate comparison
of women participating in higher levels of physical activity to
those with lower levels of activity.

Covariates

Covariates were selected for inclusion based on independent
associations with mortality in univariate analyses or a change
>10 % in the effect estimates in the multivariable analyses.
Clinical and tumor characteristic data were obtained from the
New Mexico Tumor Registry, and included SEER summary
stage (local [referent] vs. regional and distant), breast cancer
treatment (surgery only [referent], surgery with radiation, sur-
gery with chemotherapy, surgery with radiation and chemo-
therapy, and no surgery), and age at diagnosis.

Baseline characteristics were obtained from the risk factor
questionnaire. Ethnicity was self-reported. BMI was comput-
ed using self-reported height (meters) and weight (kilograms)
and calculated as kilograms per square meter. Women were
asked questions regarding menstruation and menopausal his-
tory. Based on the responses, subjects were classified as pre-
menopausal, post-menopausal, or surgical unknown. Women
who responded that they were pregnant, had a period in the
last 12 months without hormone-replacement therapy, or were
younger than 44 years, and had a hysterectomy with intact
ovaries were classified as pre-menopausal. BSurgical
unknown^ was assigned to women between the ages of 44
and 53 who reported a hysterectomy with intact ovaries. The
remaining subjects were identified as post-menopausal. Wom-
en were asked to report all periods of estrogen use, which was
summed and categorized for analyses (never [referent],
≤1 year, 1 to ≤4 years, 4 to ≤10 years, >10 years). Baseline
energy intake (kilocalories per day) was collected using a
standardized food frequency questionnaire and categorized
by quartiles based on the distribution of eligible cases.

Other covariates considered but not included in the final
models due to <10 % change in effect were years of oral
contraceptive use (never used [referent], <1.5 years, 1.5 to
<5 years, 5+ years), age at first live birth (≤18 years, 19–20,
21–22, 23–26, ≥27, nulliparous [referent]), parity (nullipa-
rous, 1, 2, 3, ≥4 [referent]), years of breast feeding (nullipa-
rous; parous, 1–12months; parous, >12months; parous, never
[referent]), first- and second-degree family history (yes/no),
estrogen receptor status (positive versus negative), education-
al level (<12 years, 12 years [referent], >12 years), employ-
ment status (employed versus unemployed), and smoking sta-
tus (ever versus never).

Statistical analysis

Cox proportional hazards models [26] were calculated sepa-
rately by ethnicity to estimate hazard ratios and 95 % confi-
dence intervals of death classified as any cause, breast cancer-
specific, and non-breast cancer-specific mortality. The under-
lying time metric was follow-up time calculated as date of
diagnosis for cases or date of baseline interview for controls
to date of death or last date of available death information,
whichever came first. The average follow-up time was
14.7 years in cases and 13.3 years in breast cancer-free con-
trols. For the analyses involving breast cancer-specific out-
comes or non-breast cancer-specific outcomes, deaths due to
other causes were censored at date of death. Except where
noted, all models were adjusted for potential confounders.
The hazard ratios were stratified by quartiles of MET-h/week
with the lowest quartile of activity as the reference group. The
median value for each category was used to calculate the P
value for the linear test of trend [27]. The proportional hazards
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assumption was tested statistically by interacting covariates
with time [26]. These effects were not significant in our
models and we determined there were no violations. All anal-
yses were performed using SAS version 9.3 with a signifi-
cance level of <0.05.

Results

A total of 240 (44 %) cases died during the follow-up period.
The primary cause of death was breast cancer (n=132), ac-
counting for 55 % of all deaths. The remaining 108 deaths
were other cancers (n=38), heart disease (n=21), accidental
death (n=6), chronic obstructive pulmonary disease (n=6),
diabetes (n=4), stroke (n=4), liver disease or cirrhosis (n=
3), and miscellaneous other deaths (n=26). The total person-
years of follow-up were 7,947 years. Among those who died,
the average follow-up time was 8.9 years for death by any
cause, 6.8 years for death from breast cancer, and 11.4 years
for non-breast cancer-specific causes.

There were 88 non-breast cancer-specific deaths among the
743 breast cancer-free controls during the follow-up period.
These included heart disease (n=25), other cancer (n=25),
chronic pulmonary lung disease (n=9), and miscellaneous
other deaths (n=29). Controls were followed for a total of 9,
903 person-years. The average follow-up time among those
who died was 8.6 years.

Age-standardized descriptive characteristics and covariates
are presented in Table 1 according to quartiles of physical
fitness and ethnicity for cases and controls. In general, His-
panic cases were younger at diagnosis than non-Hispanic
white cases, and non-Hispanic white cases were more likely
to be post-menopausal at baseline. While total physical activ-
ity was similar, recreational activity tended to be lower and
non-recreational activity higher in Hispanic compared to non-
Hispanic white cases. In contrast, controls were of similar age,
regardless of ethnicity, and Hispanic controls in the lowest
quartile of exercise were more likely to be post-menopausal
at baseline than non-Hispanic white controls in the same quar-
tile. Levels of total, recreational, and non-recreational activity
were closely similar in Hispanic and non-Hispanic white con-
trols, and levels were higher for controls than for cases. His-
panic women had a higher BMI than non-Hispanic white
women. In contrast to the non-Hispanic white women, BMI
did not significantly decrease with increasing physical activity
level in Hispanic cases. Hispanic women reported a higher
caloric intake at the highest level of physical activity than
non-Hispanic white women.

Age-standardized clinical characteristics by level of physi-
cal activity and ethnicity for cases are presented in Table 2.
Hispanic cases were diagnosed with more advanced stage of
disease and were less likely to receive radiation therapy. Che-
motherapy was used more often in Hispanic cases with higher

levels of physical activity. Non-Hispanic white cases with
higher levels of total physical activity were more likely to
have ER-positive tumors.

Table 3 presents the multivariable-adjusted hazard ratios of
all-cause and breast cancer-specific mortality in cases and
non-breast cancer-specific mortality in cases and controls by
level of total, recreational, and non-recreational physical ac-
tivity, stratified by ethnicity. Stage of disease was coded as
local versus a combined regional and distant stage because
results did not change significantly (data not shown) when
women diagnosed with distant stage were excluded (n=16).
The results indicate that higher levels of total physical activity
are associated with decreased risk of all-cause mortality in
Hispanic cases. In contrast, there was no association in non-
Hispanic white cases. Compared with women in the lowest
category of total physical activity, Hispanic cases in the
highest levels of activity had a multivariable hazard ratio of
0.55 (95 % CI 0.31–0.99) for all-cause mortality, 0.49 (95 %
CI 0.23–1.04) for breast cancer-specific mortality, and 0.78
(95 % CI 0.29–2.11) for non-breast cancer-specific mortality.
For the non-Hispanic white cases, the hazard ratios for total
physical activity were 0.99 (95 % CI 0.58–1.68), 0.66 (95 %
CI 0.31–1.43), and 1.35 (95 % CI 0.60–3.02) for all-cause,
breast cancer-specific, and non-breast cancer-specific mortal-
ity, respectively. There was a non-significant trend toward a
protective association for recreational activity with all-cause
(0.50, 95 % CI 0.23–1.09, p for trend=0.08) and breast
cancer-specific mortality (0.48, 95 % CI 0.19–1.27, p for
trend=0.06) for Hispanic cases also, but not for non-
Hispanic cases. There were no associations with non-
recreational activity in either Hispanic or non-Hispanic white
cases with all-cause, breast cancer-specific, or non-breast can-
cer mortality. Hispanic controls at the highest level of total
physical activity had a multivariable hazard ratio of 0.38
(95 % CI 0.12–1.27) but did not have a statistically significant
linear trend of increased survival (p trend=0.10). There were
no statistically significant associations with either recreational
or non-recreational activity.

Discussion

Our results suggest that total physical activity in the year be-
fore diagnosis is associated with improved all-cause survival
in Hispanic women with breast cancer. A similar protective
association was not apparent in more active breast cancer-free
Hispanic women. Additionally, our results suggest that the
protection of physical activity may be stronger for recreational
than non-recreational physical activities for Hispanic women.
Taken together, these results suggest that physical activity is
associated with better survival for Hispanic women with a
history of breast cancer. This association was not apparent in
non-Hispanic white women.
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There are some distinct differences between the present
study and previous ones of the association of physical activity
with survival in women diagnosed with breast cancer. The
current study is the largest to date to examine the association
of physical activity and mortality after breast cancer diagnosis
in Hispanic women. While most studies suggest that vigorous
recreational activity is associated with lower mortality in
women with breast cancer, our study suggests that the strength
of this association may be ethnic-specific. Despite the fact that
Hispanic women in our study reported more household and
less recreational activity than non-Hispanic white women, as-
sociations of total and recreational activity with all-cause and
breast cancer mortality were stronger in Hispanic than non-
Hispanic white women. Most studies have examined only
associations with all-cause and breast cancer-specific mortal-
ity and have not examined non-breast cancer-specific mortal-
ity separately. Our results suggest that physical activity is not
associated with non-breast cancer-specific mortality in either
Hispanic or non-Hispanic white women. Moreover, there
were no associations between physical activity and non-
breast cancer mortality in controls. These findings strengthen
the evidence for a direct effect of physical activity on survival
in women with breast cancer, rather than an indirect effect on
mortality due to other causes. To our knowledge, our study is
the only one derived from a population-based case-control
study to report parallel analyses comparing the associations
of physical activity with mortality in women with and without
diagnosed breast cancer.

In the present study, Hispanic and non-Hispanic white
women differed in the strength and statistical significance of

association of physical activity with both breast cancer risk
and survival. This difference cannot be ascribed to statistical
power because the study design ensured that the ethnic groups
were of similar size and the number of deaths did not differ
substantially between groups. The current results for survival
are consistent with the ethnic difference in the association of
physical activity with breast cancer risk reported previously
for the NMWHS [23]. Although the previous analysis used
METs-h/week values based on the 1993 compendium [28],
we believe the association cannot be attributed to recalculation
of the MET values with the updated 2011 compendium be-
cause recalculation did not greatly change the previously ob-
served trend (Hispanic: original estimate: odds ratio (OR)=
0.30, 95 % CI 0.18–0.49 [23]; recalculated estimate: OR=
0.31, 95 % CI 0.18–0.53; non-Hispanic white: original esti-
mate [23]: OR=0.67, 95 % CI 0.43–1.06; recalculated esti-
mate: OR=0.76, 95 % CI 0.48–1.22). Taken together, these
results appear to suggest that Hispanic women may be more
sensitive to the beneficial effects of physical activity on breast
cancer survival as well as risk than non-Hispanic white
women.

The ethnic difference in the strength of the associations
does not appear to be attributable to different patterns of phys-
ical activity. The five most frequently reported activities in the
NMWHS were housework, yard work/gardening, walking/
hiking, and exercise classes for all women, dancing for His-
panic women, and biking for non-Hispanic white women.
Household activities accounted for 62.2 % of total activity in
Hispanic cases versus 52.9 % in non-Hispanic white cases.
The 4-Corners Breast Cancer Study also indicated that

Table 2 Age-adjusted clinical characteristics of cases, stratified by ethnicity and quartiles of MET h/week for total physical activity, NMWHS, 1992–
1994 (n=540)

Hispanic
(n=259)

non-Hispanic White
(n=281)

MET-h/weeka Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

N 66 69 63 61 69 66 72 74

Estrogen receptor, positive, % 63.6 56.5 50.8 67.2 55.1 65.2 62.5 71.6*

Stage, %

Local 54.0 62.8 61.9 52.5 65.6 65.7 64.5 67.5

Regional/Distant 46.0 37.2 38.1 47.5 34.4 34.3 35.5 32.5

Treatment, %

Surgery only 35.4 32.4 35.1 36.3 34.3 33.4 36.7 33.6

Surgery and radiation 23.3 22.5 23.9 11.6 25.1 26.4 14.3 25.6

Surgery and chemotherapy 20.8 20.9 17.4 17.9 19.7 14.3 13.7 19

Surgery, radiation, chemotherapy 20.7 24 20.5 34.2 18.1 26 30.9 21.8

Q quartile, MET h/week metabolic equivalent task hours/week
aQ1–Q4 for Total Activity: Q1, <25.5; Q2, 25.5 to <40.0; Q3, 40.0 to <61.5; Q4, ≥61.5
*P≤0.05 across levels of physical activity based on either F test statistic from analysis of variance for means or chi-square for proportions within ethnic
groups
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Hispanic women in the southwestern USA are more likely to
report housework than non-Hispanic white women [21].
Nonetheless, non-recreational activities were not associated
with all-cause or breast cancer-specific mortality in either eth-
nic group. Thus, it remains unclear whether ethnic differences
in the associations of total physical activity are due to different
patterns of physical activity.

Several previous studies have investigated the associations
of physical activity before diagnosis with mortality in women
with breast cancer. The majority, however, mainly considered
only recreational activities and few stratified analyses by race
or ethnicity. Although occupational and household activities
were measured in the Health, Eating, Activity and Lifestyle
(HEAL) Study, results were only reported for recreational ac-
tivity for which non-significant protective associations were
observed at the highest level of activity (≥9 MET-h/week/
year) for breast cancer-specific (HR=0.83, 95 % CI 0.49–
1.38) and all-cause mortality (HR=0.69, 95 % CI 0.45–
1.06) [14]. While the HEAL Study included Hispanic women,
the number was too small to provide precise estimates for this
ethnic group. The Life After Cancer Epidemiology (LACE)
Study combined household, occupational, recreational, and
transportation activities, and graded these as moderate and
vigorous using both MET-hours/week and hours/week. A sta-
tistically significant protective trend (p=0.04) was observed
only between hours/week of moderate physical activity and
all-cause mortality (HR=0.66, 95 % CI 0.42–1.03) for>6 h/
week [16]. Similar to the present study design, Friedenreich
et al. [10] followed cases from a population-based case-con-
trol study conducted in Canada for all-cause and breast
cancer-specific mortality over a 10-year period. Physical ac-
tivity was defined in terms of MET hours/week of total, rec-
reational, occupational, and household activities. Decreased
risk of all-cause (HR=0.73, 95 % CI 0.53–1.00) and breast
cancer-specific (HR=0.54, 95 % CI 0.36–0.79) mortality was
observed only for the highest levels of recreational activity. In
contrast to our results, they reported an increased risk of all-
cause mortality for the highest level of non-recreational,
household activity (HR=1.46, 95 % CI 1.02–2.09). The Col-
laborative Women’s Longevity Study reported an inverse as-
sociation between total recreational physical activity and both
breast cancer-specific and all-cause mortality [11]. The Na-
tional Institutes of Health (NIH)-American Association of Re-
tired Persons (AARP) Diet and Health Study concluded that
routine activity during the day, including household activities,
may be associated with a reduced risk of breast cancer [29].

A few studies have examined associations of survival with
physical activity after diagnosis also. Holmes et al. [12] ana-
lyzed the association of physical activity measured within
2 years following breast cancer diagnosis with mortality in
women in the Nurses’ Health Study, and reported statistically
significant protective trends with increasing MET-hours/week
for both all-cause and breast cancer mortality. The

associations of physical activity measured before diagnosis
and 2 years after diagnosis with mortality were compared in
the HEAL Study [14]. There were statistically significant
(p<0.05) protective trends for all-cause, but not breast
cancer-specific mortality with increasing physical activity
both before and after diagnosis. Moreover, compared to wom-
en who were relatively inactive at both time points, women
who decreased activity following diagnosis had increased risk
of both all-cause and breast cancer mortality, while women
who increased their activity had decreased risk. Bradshaw
et al. [30] recently reported that among women categorized
in the highest physical activity tertile (>9.0 yearly MET
h/week) in the Long Island Breast Cancer Study, the associa-
tion in the first 2 years post-diagnosis for physical activity
with all-cause mortality (HR=0.14, 95 % CI 0.03–0.44) and
breast cancer-specific mortality (HR=0.18, 95 % CI 0.05–
0.59) was stronger than in the follow-up period greater than
2 years (HR=0.37, 95 % CI 0.25–0.55; HR=0.30, 95 % CI
0.16–0.56, respectively).

In a cohort of women diagnosed with breast cancer, all-
cause mortality includes both breast cancer-specific and non-
breast cancer deaths. It is not possible in this design to deter-
mine whether a breast cancer diagnosis alters the association
of physical activity with non-breast cancer mortality. Results
from some previous studies for associations with all-cause,
but not breast cancer-specific mortality, could be due to ben-
eficial effects of physical activity on non-breast cancer mor-
tality; in other words, improvements in mortality associated
with comorbidity such as cardiovascular disease. Our study
design allowed us to compare the associations of physical
activity with non-breast cancer mortality in women with and
without breast cancer. There were no associations in either
cases or controls for non-breast cancer mortality. This result
should be taken with caution, however, until replicated by
other studies with follow-up for population-based samples of
women without breast cancer who are appropriately matched
for age, geographic region, and ethnicity to women diagnosed
with breast cancer.

The main strengths of the present study included the
population-based design with follow-up of Hispanic and
non-Hispanic white women with breast cancer and women
without a breast cancer diagnosis matched for age and geo-
graphic region, and the analysis of non-recreational household
activity in addition to recreational and total activity. The pri-
mary limitations were the sample size and the collection of
self-reported physical activity before diagnosis (or enrollment
for controls) only. Thus, despite having one of the largest
cohorts of Hispanic women to date, our results are somewhat
imprecise and unstable and need to be replicated in a larger
study. In addition, we were unable to examine protective ef-
fects of post-diagnosis physical activity or changes in physical
activity over time.We believe, however, that the pre-diagnosis
level of activity in our population is an adequate measure
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because in studies where both pre- and post-diagnostic levels
of activity have been examined, inverse associations or trends
are found in both measures [13, 14], and while breast cancer
survivors may decrease their activity during the treatment pe-
riod, particularly obese patients and those treated with chemo-
therapy [31], pre-diagnostic levels of physical activity gener-
ally predict post-diagnostic activity [32].

Another limitation is potential differential information bias,
which may occur when groups being compared differ system-
atically in the accuracy of self-reported information. Some
studies suggest that overweight women may overreport phys-
ical activity [33]. However, while the mean BMI of Hispanic
women was higher than in non-Hispanic white women in our
study, self-reported total physical activity was lower. Addi-
tionally, the overall mean BMI is comparable to that reported
for Hispanic women in the Health, Eating, Activity, and Life-
style study (27.7, SD=6.2) [34], and in the 4-Corners Breast
Cancer Study (28.0, SD=0.25) [35]. Self-reported behaviors,
including physical activity may be influenced by cultural be-
liefs, and Hispanic and non-Hispanic white women may value
types of physical activities, such as non-recreational or recre-
ational activities, differently leading to differential reporting
bias. Self-reported behavior can also be influenced by an in-
formant’s knowledge of reported associations of a behavior or
exposure with an outcome of interest. However, we think that
this is an unlikely influence in this study given that data were
collected between 1994 and 1996. Although there was one
study published prior to this in 1985 on the association be-
tween physical activity and breast cancer [36], other reports on
the benefits of physical activity in relation to cancer occurred
after the 1996 Surgeon General’s Report, which found results
to be inconsistent [37]. More definitive results were later re-
leased in 2002 by the American Cancer Society [38], World
Health Organization [39], and International Agency for Re-
search on Cancer [40].

In conclusion, increased levels of physical activity were
inversely associated with mortality in Hispanic women. Al-
though we were unable to detect a significant association
among non-Hispanic white women, physical activity may be
beneficial to breast cancer survivors for other reasons includ-
ing quality of life and higher levels of physical fitness. Similar
to previous studies, our findings indicate that Hispanic women
report lower levels of recreational physical activity than non-
Hispanic white women [22]. However, levels of non-
recreational physical activity were somewhat higher in His-
panic than non-Hispanic white women in our study, resulting
in closely similar levels of total physical activity. Future stud-
ies should examine more closely ethnic differences in physical
activity literacy, barriers to exercise, as well as types of self-
reported activities as these differencesmay influence results. It
is important to look at factors that may increase the probability
of participation in physical activity [41, 42], and design inter-
ventions that are culturally tailored to address perceived

barriers for initiating physical activity[43]. Additionally, com-
parison to appropriate samples of controls without breast can-
cer should be made to determine if a diagnosis of breast cancer
alters the association of physical activity with subsequent
mortality as well as comorbidity and quality of life. These
studies will provide data for evidence-based recommendations
for interventions to promote physical activity among Hispanic
women.
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