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Abstract
Purpose—Physical activity may protect against breast cancer. Few prospective studies have
evaluated breast cancer mortality in relation to cardiorespiratory fitness, an objective marker of
physiologic response to physical activity habits.

Methods—We examined the association between cardiorespiratory fitness and risk of death from
breast cancer in the Aerobics Center Longitudinal Study. Women (N=14,811), aged 20 to 83 years
with no prior breast cancer history, received a preventive medical examination at the Cooper
Clinic in Dallas, TX, between 1970 and 2001. Mortality surveillance was completed through
December 31, 2003. Cardiorespiratory fitness was quantified as maximal treadmill exercise test
duration and was categorized for analysis as low (lowest 20% of exercise duration), moderate
(middle 40%), and high (upper 40%). At baseline, all participants were able to complete the
exercise test to at least 85% of their age-predicted maximal heart rate.

Results—A total of 68 breast cancer deaths occurred during follow-up (mean=16 years). Age-
adjusted breast cancer mortality rates per 10,000 woman-years were 4.4, 3.2, and 1.8 for low,
moderate, and high cardiorespiratory fitness groups, respectively (trend P = 0.008). After further
controlling for body mass index, smoking, drinking, chronic conditions, abnormal exercise
electrocardiogram responses, family history of breast cancer, oral contraceptive use, and estrogen
use, hazard ratios (95% CI) for breast cancer mortality across incremental cardiorespiratory fitness
categories were 1.00 (referent), 0.67 (0.35–1.26), 0.45 (0.22–0.95); trend P = 0.04.

Conclusions—These results indicate that cardiorespiratory fitness is associated with a reduced
risk of dying from breast cancer in women.
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Introduction
Breast cancer is the second leading cause of cancer death and the most frequently diagnosed
form of cancer among women in the United States. According to the most recent publication
from the American Cancer Society, in 2008, an estimated 182,462 new cases of invasive
breast cancer will be diagnosed among women, and approximately 40,480 women are
expected to die from this disease. The etiology of breast cancer remains to be fully
explained, with less than 50% of the cases attributed to known risk factors (1). Several
potential risk factors including genetic components, diet, smoking, alcohol intake, and
physical activity have been identified (28).

It has been suggested that physical activity, one of the few established modifiable breast
cancer risk factors, may protect against both the development of the disease (9, 36, 37, 39)
and progression after diagnosis (19, 27). A recent systematic review by Monninkhof and
colleagues (30) found evidence of an extreme inverse association between physical activity
and breast cancer in postmenopausal women; i.e., equivalent to a 20 to 80% decrease in risk
of incident disease. Differences in risk estimates may result from imprecise physical activity
assessment collected from self-report instruments, especially in women (3). In addition,
most of previous studies have reported either on physical activity and incident (9, 37) or
combined fatal/nonfatal (36, 39) breast cancer. Because physical activity protects against
incident breast cancer (9, 12, 18, 37), it might be reasonable to expect that physical activity
would confer protection against fatal breast cancer. However, this inference can not
confidently be drawn from studies of combined nonfatal/fatal events or studies solely reliant
on nonfatal outcomes. To the best of our knowledge, no study has been conducted on
cardiorespiratory fitness, an objective and reproducible measure that reflects the functional
consequences of physical activity habits, short-term effects of disease status (e.g.,
respiratory tract infections), and genetics (21). We therefore examined the association
between the cardiorespiratory fitness, objectively measured by maximal exercise test on a
treadmill, and breast cancer mortality in women from the Aerobic Center Longitudinal
Study (ACLS).

METHODS
Study sample

The population for the current analysis was composed of primarily white (>99%), married,
well-educated women with no prior history of breast cancer. These women, ranging in age
from 20–83 years, received a preventive medical examination at the Cooper Clinic in Dallas,
TX, between 1970 and 2001 (N=14,811). Study participants came to the clinic for periodic
preventive health examinations and to receive counseling regarding diet, exercise, and other
lifestyle factors associated with increased risk of chronic disease. Many participants were
sent by their employers for the examination; some were referred by their personal
physicians; while the rest were self-referred. At baseline, all participants were able to
complete an exercise stress test to at least 85% of their age-predicted maximal heart rate
(220 minus age in years). The study protocol was approved annually by the Institutional
Review Board of the Cooper Institute.

Baseline examination
The baseline clinical examination was performed after receiving written informed consent
from each participant and included fasting blood chemistry analyses, personal and family
health history, anthropometry, resting blood pressure and electrocardiogram, and a maximal
graded exercise test. Examination methods and procedures followed a standard manual of
operations, as described previously (6). Briefly, body mass index [BMI=weight(kg)/

Peel et al. Page 2

Med Sci Sports Exerc. Author manuscript; available in PMC 2013 September 16.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



height(m)2] was computed from measured height and weight. Resting blood pressure was
recorded as the first and fifth Korotkof sounds by ausculatatory methods. Serum samples
were analyzed for lipids and glucose using standardized automated bioassays by a laboratory
that participates in and meets quality control standards of the CDC Lipid Standardization
Program. Information on smoking habits (whether a current smoker), alcohol intake (number
of drinks per week), personal history of cardiovascular disease (myocardial infarction or
stroke), hypertension and diabetes, family history of breast cancer, oral contraceptive use,
and exogenous estrogen use was obtained from a standardized questionnaire.

Cardiorespiratory fitness was assessed at the baseline examination as the duration of a
symptom-limited maximal treadmill exercise test using a modified Balke protocol (5, 6).
The treadmill speed was 88m • min−1 for the first 25 min. During this time the grade was
0% for the first minute, 2% the second minute, and increased 1% each minute until 25 min
had elapsed. After 25 min, the grade remained constant while the speed increased 5.4 m •
min−1 each minute until test termination. Patients were encouraged to give a maximal effort
during the test. The mean (SD) percentage of age-predicted maximal heart rate achieved
during exercise was 100.0 (6.3). The duration of the maximal exercise treadmill test on this
protocol is highly correlated with directly measured maximal oxygen uptake in women (r =
0.94), an accepted measure of CRF (32). Maximal metabolic equivalents (METs, 1 MET =
3.5 ml O2 uptake • kg−1 • min−1) were estimated from the final treadmill speed and grade
(4). We used our previously published age-specific distribution of treadmill duration from
the overall ACLS population to define fitness groups as low (lowest 20%), moderate
(middle 40%), and high (upper 40%) to maintain consistency in the study methods, and
because we have found that a low level of fitness, defined in this way, is an independent
predictor of mortality (6) and morbidity (38). The respective cut points for total treadmill
time and METs in the low, moderate, and high fitness groups were described in detail in a
recent report (38).

Abnormal exercise electrocardiogram (ECG) responses were broadly defined as rhythm and
conduction disturbances and ischemic ST-T wave abnormalities as described in detail
elsewhere (13). We have found 90% agreement between the ECG interpretation recorded in
our database and that of a group of three physicians who read a random sample of 357
patient records (13).

Mortality surveillance
All participants were followed from the date of their baseline examination until their date of
death or December 31, 2003. The National Death Index (NDI) was the primary data source
for mortality surveillance. The underlying cause of death was determined from the NDI
report or by a nosologist’s review of official death certificates obtained from the department
of vital records in the decedent’s state of residence. Breast cancer mortality was defined by
International Classification of Diseases, Ninth Revision (ICD-9) codes 174 to 175 before
1999 and Tenth Revision (ICD-10) codes C50 during 1999–2003. We computed woman-
years of exposure as the sum of follow-up time among decedents and survivors.

Statistical analysis
Baseline characteristics of the population were calculated for the entire cohort and by
cardiorespiratory fitness groups. Differences in covariates were assessed using F-tests.
Kaplan-Meier plots were used to compare survival curves and Cox proportional hazards
models were used to estimate adjusted hazard ratios (HRs), associated 95% confidence
intervals (CI), mortality rates ( deaths/10,000 woman-years of follow-up), and linear trends
of breast cancer mortality for levels of each fitness category. When calculating HRs, the low
fitness group was used as the reference category. Multivariable-adjusted models controlled
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for the potential confounding effects of baseline age (years), BMI (kg/m2), smoking (current
smoker or not), alcohol intake (≥5 drinks/wk or not), chronic conditions (cardiovascular
disease, hypertension or diabetes, present or not for each), family history of breast cancer
(present or not), abnormal exercise ECG responses (present or not), oral contraceptive use
(yes or no), and estrogen use (yes or no). Cumulative hazard plots grouped by exposure
suggested no appreciable violations of the proportional hazards assumption.

We also conducted Cox-regression analyses of cardiorespiratory fitness stratified by
categories of age, BMI, oral contraceptive use, and estrogen use to assess whether the
associations were stronger in particular subgroups. Tests for multiplicative interaction
between an increment of 1 minute of maximal exercise duration and other risk factors in
relation to risk of breast cancer death were assessed using likelihood ratio tests comparing
the models with or without interaction terms. We examined the risk of breast cancer across
increments of METs to assess the shape of the fitness-breast cancer curve. Statistical
analyses were performed using SAS (version 9.1, SAS Institute, Cary, NC) software. All p
values were calculated from two-sided hypothesis tests, and CIs were calculated at the 95%
level.

RESULTS
At baseline, the mean (SD) age of the study participants was 43.0 (10.5) years, the mean
(SD) treadmill test duration was 13.3 (4.7) minutes, and the mean (SD) maximal METs was
9.5 (2.2). The distribution of participant characteristics for several breast cancer risk factors
is given in Table 1 across categories of cardiorespiratory fitness. Women in the high fitness
group were more likely to have a lower BMI, to have a more favorable lipid and blood
pressure profile, and to have a healthier lifestyle (as reflected by smoking and alcohol
intake), and to have a lower rate of chronic conditions (as reflected by cardiovascular
disease, hypertension, diabetes, and abnormal exercise ECG), as compared with low
cardiorespiratory fitness.

In a mean length of 16.4 years (range 1.01–33.7 years) follow-up and 242,900 woman-years
of observation, 68 breast cancer deaths were identified. A steep inverse gradient (ptrend =
0.008) of breast cancer mortality rates was observed across cardiorespiratory fitness groups
(Table 2). After adjusting for covariates (age, BMI, current smoking, alcohol intake, chronic
conditions, family history of breast cancer, abnormal exercise ECG, and oral contraceptive
and estrogen use), women with moderate and high cardiorespiratory fitness had 33% and
55% lower breast cancer risk, respectively, than did women with low cardiorespiratory
fitness (ptrend = 0.04). The Kaplan-Meier plot depicts the breast cancer death rates by fitness
group (Figure 1).

We next examined whether other risk predictors modified the association between
cardiorespiratory fitness and breast cancer death (Table 3). After adjustment for age, we
observed significantly lower risk of death per 1-MET increment in exercise capacity among
younger women (ptrend = 0.004), women who were normal weight (ptrend = 0.03), and
women who never used oral contraceptives (ptrend = 0.03) or estrogen replacement (ptrend =
0.01). The test for interaction was not significant in the subgroups (P for interaction > 0.40
for each). These associations between cardiorespiratory fitness and breast cancer mortality
risk according to categories of other risk factors attenuated after controlling each of the other
variables shown in the table. The inverse association remained significant only among
women who were younger than 55 years old and those who never used estrogen.

To further examine the dose-response characteristics between cardiorespiratory fitness levels
and breast cancer mortality in our population of women, we computed the age-adjusted
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death rates (per 10,000 woman-yrs) for categories of cardiorespiratory fitness defined by
increments of 1 MET across the range of 8 to 10 METs (Figure 2). An exercise capacity of
less than 8 METs was associated with a nearly three-fold higher risk of breast cancer
mortality compared with women having a capacity of 10 METs and greater (p trend = 0.007).
The inverse association remained significant after multivariate adjustment (p trend = 0.02).

DISCUSSION
In this study, we observed an inverse association between cardiorespiratory fitness and the
risk of breast cancer mortality. Women in the moderate and high cardiorespiratory fitness
groups demonstrated a 33% and 55% lower risk, respectively, of dying of breast cancer.
This association persisted after adjustment of other available potential confounders. Women
with an exercise capacity less than 8 METs had a nearly three-fold higher risk of dying of
breast cancer compared with those with higher METs level (≥8). These data suggest that an
exercise capacity of at least 8 METs may be needed to provide substantially protective
benefits.

To the best of our knowledge, this is the first prospective cohort study to assess the
association of cardiorespiratory fitness to risk of dying of breast cancer. It is important to
note that the vast majority of the literature on breast cancer has focused on incidence, and
not mortality of disease. Mortality reflects the combination of incidence with a variety of
prognostic factors relating primarily to disease-related characteristics such as stage at
diagnosis and grade as well as lifestyle and other factors that might influence outcome.
Despite this, death registration is excellent in countries such as the US and mortality is a
“hard” outcome that we have used with great success in the past (16). It is also important to
note that there are literatures relating factors such as diet, physical activity, and relative body
weight to both breast cancer incidence (9, 10, 15, 22) and mortality (8, 31, 40).

Previous cohort studies using self-reported physical activity show lower risks for incident (9,
37) or combined fatal/nonfatal (30, 36, 39) breast cancer ranging from 15% to 40%.
However, other studies have reported no association (24, 25, 34) between physical activity
and incident breast cancer. The varying range of effects and the inconsistency of results may
be due to the imprecise assessment of physical activity derived from the questionnaires,
population differences in the study cohorts, differences in breast cancer endpoints used,
duration of follow-up after the baseline exposure measurement, or some combination of
these.

Beyond a cardiorespiratory fitness level of 8 METs (Figure 2) it did not appear that there
were substantial decreases in risk of breast cancer death. This finding of an apparent
cardiorespiratory fitness threshold adds insight into the relationship between
cardiorespiratory fitness and breast cancer death. A systematic review of physical activity
and breast cancer endpoints (including occurrence and mortality) indicates that
approximately half of the selected studies observed a dose-response relationship (30). Thune
et al (39) found that compared with being sedentary being moderately active during leisure
time was associated with a 7% lower breast cancer mortality. Being regularly active during
leisure time was associated with a 37% lower breast cancer incidence. These findings
indicate an incremental dose-response relationship between self-reported physical activity
and breast cancer endpoints, rather than the threshold phenomenon between
cardiorespiratory fitness and breast cancer observed in the present study. It is unclear what
contributes to this difference, although the differing approaches to measuring physical
activity exposures (i.e., self-reported physical activity vs. the more objective
cardiorespiratory fitness) likely account for some of the variability. Future studies are
needed to confirm our findings.
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A functional capacity of 8 METs is considered a low to moderate level of cardiorespiratory
fitness for women across the adult age spectrum (6, 38). Most women can attain this level of
cardiorespiratory fitness by participating in moderate and/or vigorous intensity physical
activities for 30 minutes or more on most days of the week (14). Although cardiorespiratory
fitness has a genetic component (21), it is clear that usual physical activity habits are the
primary determinant of fitness. Recently, Church et al. (7) reported that women with an
activity level as low as 4-kcal/kg per week level (approximately 72 min/wk of moderate
intensity walking) had a significant improvement in cardiorespiratory fitness compared with
women in the nonexercise control group. Therefore, cardiorespiratory fitness can be
enhanced in most individuals through participation in a modest amount of moderate
intensity physical activity.

Several biological mechanisms have been proposed to explain how increased physical
activity may protect against breast cancer, including the reduction of endogenous
reproductive hormone levels, decreases in body weight and adiposity, changes in circulating
levels of insulin and insulin-like growth factors (IGFs) and enhanced immune function (12,
17). Unfortunately, we do not have data related to these variables. Therefore, we can not
evaluate these biological mechanisms directly. Because of the unique cohort design of this
study, however, our investigation has several properties that enable examination of fitness
and physical activity in relation to breast cancer mortality. It is rare to have a measure of
fitness in a study of breast cancer and rarer still that to obtain that measure prior to a breast
cancer diagnosis. One possible hypothesis is that women maintained their level of fitness
after their diagnosis, which then resulted in decreased mortality in the high fitness group.
However, previous research among cancer survivors demonstrates that physical activity
typically decreases after a cancer diagnosis (26). Thus, observational data do not support this
supposition. An alternative hypothesis is that “pre-diagnosis” fitness could result in a better
breast cancer prognosis (i.e., women are diagnosed with less aggressive disease) which
could then favorably impact breast cancer mortality. There is some indirect support for this
hypothesis from the literature which has demonstrated a protective effect of physical activity
on markers of breast cancer prognosis such as estrogen and progesterone receptor status (2,
11). In these studies, physical activity was protective for estrogen and progesterone receptor-
negative breast cancer, which is known to be associated with the poorest prognosis and
survival. Examination of the relationship of fitness or physical activity with other breast
cancer prognostic indicators could be an interesting avenue for future study.

Strengths of the current study include its prospective design, extensive baseline
examinations to detect subclinical disease, careful measurement of risk factors (as opposed
to self-report), maximal exercise testing to quantify cardiorespiratory fitness, and a hard
endpoint of breast cancer mortality as the study outcome. A limitation is the inability to
adjust for dietary factors and menopausal status due to the lack of data in the current study.
However, a recent study that has adjusted for daily caloric intake and percentage of calories
from fat found that these adjustments did not significantly change conclusions (29).
Although there is evidence that dietary fat may be a stronger risk factor for postmenopausal
breast cancer than for premenopausal breast cancer (20), Kushi et al. (23) only found a
nonsignificant positive association between dietary fat and risk of postmenopausal breast
cancer. According to the latest clinical trial results from the Women’s Health Initiative,
women following a recommended eating pattern including a reduction in total fat did not
experience reduced breast cancer incidence (33). It is possible that residual confounding
may exist, although it seems unlikely that it would account for all of the observed
association between cardiorespiratory fitness and breast cancer. Another limitation of the
present study is that the hormone receptor status (estrogen or progesterone) and the tumor
stage (including in situ) and grade were not available. A recent report from the California
Teachers Study show an inverse association between self-reported physical activity and risk
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of both invasive and in situ breast cancer in women and an inverse association on estrogen-
negative, but not estrogen-positive breast cancer (9). Additional research is needed to further
understand the specificity of associations between cardiorespiratory fitness (or physical
activity) and breast cancer subtypes. The current findings are limited to European-American
women in the middle and upper socioeconomic strata; the results may not be generalizable
to other adult populations. Finally, we had no data on the use of mammography screening
and current cancer and treatment. Future studies need to include this information to confirm
our findings reported here. Given that the cohort was comprised of well-educated women of
a high socio-economic standing, we estimate that the majority of the women were seeking
regular mammography screening (35). Thus we would not anticipate a change in our
findings upon adjustment for screening.

In summary, we found an inverse association between cardiorespiratory fitness and risk of
breast cancer mortality in this cohort of U.S. women and that a certain, relatively low,
threshold of cardiorespiratory fitness may be needed. Given the public health burden of
breast cancer, future research needs to determine the specific biological aspects of exercise
related to breast cancer risk, and if a dose-response relationship exists.
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Figure 1.
Survival free of breast cancer across cardiorespiratory fitness (CRF) status in a mean 16-
year follow-up study of 12411 women.
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Figure 2.
Age- adjusted mortality rates (per 10,000 woman-years) of breast cancer by
cardiorespiratory fitness levels quantified in 1-MET increments obtained during a maximal
treadmill test in women. Number at risk (and number of cases) in <8.0, 8.0–8.9, 9.0–9.9, and
≥10 was 3345 (34), 3805 (15), 2304 (8), and 5357 (11).
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Table 2

Rates and hazard ratios for breast cancer mortality by cardiorespiratory fitness (CRF) groups in 14811 women

Low CRF Moderate CRF High CRF P value for Trend

No. of deaths 20 31 17

No. of woman-years 42,488 96,714 103,554

Rate* 4.4 3.2 1.8 0.008

Age-adjusted HR (95% CI) 1.00 0.72 (0.41–1.27) 0.42(0.22–0.80) 0.008

Multivariate HR (95% CI)† 1.00 0.67 (0.35–1.26) 0.45(0.22–0.95) 0.04

HR = Hazard ratio; CI = Confidence interval; CRF = cardiorespiratory fitness.

*
Rate is expressed as per 10,000 woman-years and adjusted for age.

†
Adjusted for age, body mass index (kg/m2), current smoking (yes or not), alcohol intake (≥5 drinks/wk, or not), chronic conditions (hypertension,

diabetes, or cardiovascular disease present or not for each), family history of breast cancer (present or not), abnormal exercise electrocardiogram
responses (present or not), oral contraceptive use (yes or no), and estrogen use (yes or no).
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