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Abstract

Purpose: To assess the association between cardiorespiratory fitness (CRF) and the incidence and mortality from cancer in women, and to evalu-
ate the potential public health implications for cancer prevention.

Methods: Maximal exercise testing was performed in a pilot cohort of 184 women (59.3 £ 15.2 years) who were followed for 12.0 £ 6.9 years.
Cox hazard models adjusted for established cancer risk factors and accounting for competing events were analyzed for all-type cancer incidence
and mortality from cancer. Population-attributable risks and exposure impact number were determined for low CRF (<5 metabolic equivalents
(METs)) as a risk factor.

Results: During the follow-up, 11.4% of the participants were diagnosed with cancer and 3.2% died from cancer. CRF was inversely and inde-
pendently associated with cancer outcomes. For every 1-metabolic equivalent increase in CRF, there was a 20% decrease in the risk of cancer
incidence (hazard ratio (HR)=0.80, 95% confidence interval (CI): 0.69—0.92; p=0.001) and a 26% reduction in risk of cancer mortality
(HR=0.74, 95%CI: 0.61—-0.90; p=0.002). The population-attributable risks of low CRF were 11.6% and 14% for incidence and mortality of
cancer, respectively, and the respective exposure impact numbers were 8 and 20.

Conclusion: Greater CRF was independently associated with a lower risk of incidence and mortality from cancer in women. Screening for low
CREF as a cancer risk factor and referring unfit individuals to a supervised exercise program could be a public health strategy for cancer preven-
tion in middle-age women.

2095-2546/© 2019 Published by Elsevier B.V. on behalf of Shanghai University of Sport. This is an open access article under the CC BY-NC-ND
license. (http:/creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction Although developing cancer has multifactorial reasons, up
to two-thirds of the cancer burden is attributed to lifestyle fac-
tors. These include cigarette smoking, poor diet, obesity, and
physical inactivity, which are modifiable and potentially pre-

Cancer is one of the leading causes of death in men and
women worldwide, with an estimate of >18 million new diag-

nosed cases and 9.6 million cancer-related deaths occurring in ventable.% ¢ Al though the preventive role of physical activity

2018." Data from the United States show that approximately ” . .
800,000 women developed cancer and about 200,000 died from has bee()rﬂll (\)Nell—estabhshed both for incidence and mortality of

cancer in 2018. The American Cancer Society estimates that the cancef, the role of cardiorespiratory fitness (CRF), in ]p.ag
lifetime probability for developing any type of cancer is 1 in

3 women, and 1 of 5 will die from cancer.> Cancer incidence is
projected to increase by approximately 70% worldwide and
45% in the United States over the next 2 decades,” having a
substantial economic burden and the largest lost years of life
and productivity compared with other causes of death.>”

an objective physiological surrogate of physical activity,
is less characterized in cancer, particularly among women.
Mounting evidence established that low CRF is an important
risk factor for the incidence of many chronic conditions and all-
cause, cardiovascular, and cancer mortali‘[y.12 4 Most of the
evidence to date supporting the preventive role of higher CRF
in cancer derives from studies in men,'* > and the few existing
data among women are limited and inconsistent.'™'****> For
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to be significant.'>'® In addition, the role of moderate CRF lev-
els and the association between CRF and cancer incidence,
among women, to our knowledge have not been explored and
warrant further investigation. Given that moderate CRF is
achievable for most individuals, there is a high probability for
practical implications and a large public health impact. There-
fore, in the current pilot analysis, we aimed to assess the associ-
ation between CRF, all-type cancer incidence, and mortality
from cancer in women. We also evaluated the potential public
health implications of CRF for cancer prevention. We hypothe-
sized that higher CRF levels would be associated with lower
risk of all-type cancer incidence and mortality from cancer
among women, and both moderate and high CRF levels would
be associated with favorable cancer outcomes.

2. Materials and methods
2.1. Participants

The present study used the Veterans Exercise Testing Study
(VETS), which has been previously described.”®*’ In brief, the
VETS is an ongoing, prospective evaluation of veterans (aged
21—89 years) who have been referred for exercise testing for
clinical reasons. The VETS is designed to address exercise
test, clinical, and lifestyle factors and their association with
health outcomes. All participants who underwent a maximal
treadmill exercise test at the Veterans Affairs Palo Alto Health
Care System between 1987 and 2012 were considered for
inclusion in the present study. The study was approved by
Institutional Review Board at Stanford University, and written
informed consent was obtained from all the participants. Clini-
cal information on diagnoses, risk factors, and health behav-
iors (smoking, alcohol, and drug abuse) was collected at the
time of the exercise test using the Veterans Affairs Computer-
ized Patient Record System and self-report health history. Of
204 women who completed the baseline evaluation, 20 were
excluded from the present study for the following reasons: his-
tory of malignancy (n=>5), an incomplete or prematurely ter-
minated exercise test (n=28), and lost to follow-up (n=7). A
total of 184 female veterans, who were followed for a mean of
12.0 £ 6.9 years, were included in the present study.

2.2. Measures

Participants underwent maximal sign- or symptom-limited
exercise tests using an individualized ramp treadmill protocol
according to established guidelines.''** The exercise protocol
included continuous, individualized increments in treadmill speed
and grade adjusted to achieve a targeted duration between 8 and
12 min as previously recommended. A 12-lead electrocardio-
gram, heart rate, blood pressure, and Borg 6-20 perceived exer-
tion rating were continuously recorded throughout the tests, and
standard criteria for test termination were used.''** CRF (in met-
abolic equivalents (METSs)) was calculated from the peak tread-
mill speed and grade using established metabolic equations from
the American College of Sports Medicine.”® CRF was analyzed
as a continuous as well as a categorical variable divided into 3
categories (low CRF: <5 METs; moderate CRF: 5—10 METs;
and high CRF: >10 METs).'*"’
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The Veterans Affairs Computerized Patient Record System
was used for capturing cancer outcomes; all-type cancer diagnosis
and cancer-related mortality were the primary outcomes. Previous
reports have demonstrated that the Veterans Affairs death records
are relatively complete compared with those from other sources,
such as the Social Security Administration.”” The Veterans
Affairs records also have excellent agreement (x=0.82—0.91)
with state death records™ and high sensitivity for the incidence of
several chronic conditions.”’ ** Medical records were reviewed
carefully by qualified medical personnel who were otherwise
blinded to treadmill test results and other study information. Can-
cer diagnosis was verified using pathology reports and the Inter-
national Classification of Diseases 9th and 10th edition codes.
Cancer diagnosis and vital status for each patient were ascertained
as of August 2015.

2.3. Statistical analysis

SPSS (Version 23.0; IBM, Armonk, NY, USA) was used for
statistical analyses. The significance level was set at p < 0.05.
Demographic, clinical, and physiological data for the participants
are presented as mean + SD. Categorical variables are presented
in percentages. Continuous and categorical multivariable Cox
proportional hazard models were used to assess the association
between CRF, cancer incidence, and cancer mortality. The mod-
els were adjusted for established cancer risk factors, including
age, smoking status (never smokers, previous smokers, and cur-
rent smokers), history of alcohol and drug abuse, body mass
index, and physical activity status (active or inactive).” ® The
hazard models also took into account competing events (death
resulting from causes other than cancer).’* Comparisons between
participants who were diagnosed with cancer and those who were
free from cancer were performed using independent samples ¢
tests for continuous variables and x> tests for categorical varia-
bles. One-way analysis of variance was performed to compare
participants’ ages across CRF categories. Population-attributable
risk (PAR%) for low CRF as a risk factor was analyzed. PAR%
is a metric quantifying the contribution of a risk factor to the bur-
den of disease or death and represents the proportional decrease
in population disease or mortality burden that would occur if
exposure to a risk factor was eliminated (e.g., no tobacco use).
PAR% was calculated as™

P(Relative risk (RR)—1)
1+P(RR—1)

PAR% = x 100%

Eq. (1)
where P is the prevalence of the risk factor and RR is a fully
adjusted relative risk calculated from the Cox hazard
model.***” Kaplan-Meier curves using the log-rank test were
constructed for CRF categories, with cancer mortality as the
outcome. The proportional hazards assumption was evaluated
graphically for CRF categories and was confirmed using the
scaled Schoenfeld residuals.
The exposure impact number (EIN) was calculated as

1 . RR
(RR—1) x Pyg - (RR—1) x (1—Pyg)

EIN= Eq. (2)

where RR is the fully adjusted relative risk from Cox hazard
models accounting for competing events and Py is the event
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rate in the nonexposed population.”® *' The EIN is the corre-
sponding epidemiologic measure of a number needed to treat
(NNT), an analysis commonly used in randomized, controlled
trials. The EIN is the average number of exposed patients to the
risk factor who would need to be removed from the exposure to
prevent 1 additional adverse event or outcome. The EIN and
NNT permit quantification of the effort needed to be taken
for preventing 1 event, thus providing an objective comparison
of cost effectiveness with other treatments or interventions.
In general, the lower EINs and NNTs suggest a more cost-effec-
tive intervention for the prevention of an adverse outcome.”® '

3. Results

The study sample included 184 female participants with a
mean age of 59.3 £ 15.2 years. Demographic and clinical
characteristics of the sample are presented in Table 1. African
Americans were 53.8% of the sample, 19.6% Caucasian, 3.8%
Hispanic, 16.3% Asian, and 6.5% other races. Pulmonary dis-
ease was present in 7.6% of the sample, and 11.9% had a diag-
nosis of diabetes at baseline. Current smokers were 24.4%,
and 21.4% had a history of smoking. About 53% reported that
they were physically active, and the CRF was 7.7 &= 3.2 METs
(Table 1). There was no significant difference in age between
CRF categories (low CRF: 60.3 & 14.7 years; moderate CRF:
58.3 £ 15.3 years; and high CRF: 60.6 + 15.5 years;
p=0.735). During a mean of 12.0 4 6.9 years follow-up, 21
women (11.4%) were diagnosed with cancer, 6 (3.2%) died
from cancer, and 6 (3.2%) died from other causes (competing
events). The most common diagnosed cancers were skin
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(3.2%), breast and cervix (2.7%), colorectal (1.6%), lung
(1%), brain (1%), and other (2%) cancers.

Women diagnosed with cancer were older (76 & 20 years vs.
57 &+ 13 years; p < 0.001) and had lower CRF levels (6.2 & 3.4
METs vs. 7.9 £ 3.1 METs; p=0.019) compared with women
who were free from cancer. After adjustment for potential con-
founders and accounting for competing events, both the continu-
ous and categorical models of CRF were inversely and
independently associated with incidence and mortality from can-
cer. For every 1-MET increase in CRF, there was a 20% decrease
in the risk of cancer incidence (p =0.001) and a 26% decrease in
the risk of cancer mortality (p = 0.002). In the categorical models,
both moderate and high CRF levels were associated with reduced
risks of cancer incidence (pyeng=0.021) and cancer mortality
(Pwena=0.014) (Table 2). Kaplan—Meier curves confirmed the
association between lower CRF levels and higher cancer mortal-
ity. Differences in survival rates were primarily observed
between low versus moderate and high CRF categories (Fig. 1).
The PARs% for low CRF (<5 METs) were 11.6% and 14.0%
for cancer incidence and cancer mortality, respectively (Table 3),
and the respective EINs were 8 and 20 (Table 4).

4. Discussion

In the current pilot study, we aimed to assess the association
between CRF and all-type cancer incidence and mortality from
cancer in women. In addition, we evaluated the potential pub-
lic health implications of CRF in cancer prevention. The main
findings indicate that higher CRF is inversely and indepen-
dently (from other established cancer risk factors) associated

Table 1
Demographic and clinical characteristics of the study population.

All (n=184) Free from cancer (n=163) Diagnosed with cancer (n=21) D
Age (year) 593+ 152 57+13 76 + 20 <0.001
BMI (kg/m?) 282+6.1 28.1£5.38 29.1+£8.0 0.484
Race
Caucasian 19.6 22.1 0 0.034
African-American 53.8 50.3 81
Hispanic 3.8 43 0
Asian 16.3 16 19
Other 6.5 7.3
Clinical history
Family history of coronary artery disease 29.3 27.6 429 0.149
Hypertension 37.5 35.6 52.4 0.135
Dyslipidemia 31 345 429 0.805
Obesity (BMI > 30 kg/m?) 33.7 342 332 0.940
Coronary artery disease 15.8 14.7 23.8 0.743
Any pulmonary disease 7.6 8 4.8 0.601
History of alcohol abuse 0.5 0.6 0 0.719
History of drug abuse 1.6 1.8 0 0.531
Diabetes 11.9 5.4 15 0.211
Never smoked 54.2 54.7 50
Former smokers 214 21.6 20 0.386
Current smokers 24.4 23.6 30
Antihypertensive drugs 17.4 28.8 51.5 0.832
Antihyperlipidemias drug 4.9 43 9.5 0.296
CRF (METs) 77+£32 79 +£3.1 62+34 0.019
Physically active 53.0 51.7 57.1 0.645

Note: Data are presented as mean £ SD or % of the group for categorical variables.

Abbreviations: BMI =body mass index; CRF = cardiorespiratory fitness; MET = metabolic equivalent.
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Table 2
Risk models of cardiorespiratory fitness, cancer incidence, and cancer mortality in women (Hazard ratios (95%CI)).

Low CRF Moderate CRF High CRF Prrend 1-MET increase p
Non-accounting for competing events
Cancer incidence 1 0.34 (0.13—-0.92) 0.2 (0.02—0.82) 0.035 0.81 (0.68—0.96) 0.016
Cancer mortality 1 0.1 (0.004—0.570) 0.04 (0.003—0.600) 0.022 0.62 (0.42—0.92) 0.017
Accounting for competing events
Cancer incidence 1 0.4 (0.17—0.95) 0.2 (0.05—0.70) 0.021 0.8 (0.69—0.92) 0.001
Cancer mortality 1 0.24 (0.07—0.77) 0.12 (0.02—0.72) 0.014 0.74 (0.61—-0.90) 0.002

Note: Hazard models were adjusted for age, smoking status, history of drug and alcohol abuse, body mass index, and physical activity status.
Abbreviations: CI = confidence interval; CRF = cardiorespiratory fitness; MET = metabolic equivalent.

1.0 \
0.9 -
p=0.033
= — <5 METs
3 0g | —5w10METs
< —210 METs
-
2} -
0.7 -
0.6 - . r .
0 5 10 15 20

Follow up (year)

Fig. 1. Kaplan—Meier curves of cardiorespiratory fitness categories and
cancer mortality in women. MET = metabolic equivalent.

Table 3

with lower risk of cancer incidence and mortality from cancer
(Table 2 and Fig. 1). The PARs% showed that eliminating low
CRF as a risk factor would potentially result in considerable
decreases in morbidity (11.6%) and mortality (14.0%) from
cancer (Table 3). Given the lifetime probability of 1 in 3
women to develop some type of cancer, and approximately 1
of 5 will die from cancer, these findings have important public
health implications for cancer prevention programs.” Strate-
gies such as screening and treating middle-aged women with
low CRF are potentially cost effective; however, more
research using larger, prospective cohorts is warranted with
respect to CRF and cancer outcomes in women.

The current results are consistent with 2 previous reports
showing an inverse association between CRF and cancer mor-
tality in women.”*** The findings also add a number of novel
insights to existing knowledge, with respect to (1) the impact
of moderate levels of CRF and their potential protective bene-
fits against cancer mortality, (2) the inverse risk association

Prevalence of low cardiorespiratory fitness, relative risk, and population-attributable risks for cancer incidence and cancer mortality in women.

Non-accounting for competing events

Accounting for competing events

Prevalence of low Outcome Relative risks (95%CI) PARs% (95%CI) P Relative risks (95%CI) PARs% (95%CI) P
CRF (<5 METs)

1740 Cancer incidence 3.4(1.3-8.1) 12.3 (4.0—15.3) 0.013 3.0(1.3-6.9) 11.6 (4.0—14.8) 0.011
(17.4%) Cancer mortality 21.2(2.6—173.8) 16.6 (10.7—17.3) 0.005 5.1(1.6—15.5) 14.0 (6.5—16.3) 0.005

Note: Relative risk of cancer was calculated using the Cox proportional hazard model adjusted for age, smoking status, history of drug and alcohol abuse, body

mass index, and physical activity status.

Abbreviations: CI = confidence interval; CRF = cardiorespiratory fitness; METs = metabolic equivalents; PARs = population-attributable risks.

Table 4
Exposure impact number analysis for cancer incidence and cancer mortality in women.

Cancer events () Free from cancer (n) Total (n) Exposure impact number (1) (95%CI) p
Cancer incidence (n)
CRF <5 METs (Exposed) 9 23 32 — —
CRF >5 METs (NonExposed) 12 140 152 8(3.4—47.0) 0.001
Total 21 163 184 — —
Cancer mortality (n)
CRF <5 METs (Exposed) 4 28 32 — —
CRF >5 METs (NonExposed) 2 150 152 20(6.3—129.0) 0.001
Total 6 178 184 — —

Note: Exposure Impact Number was calculated using hazard ratio values from a fully adjusted model, accounting for competing events.

Abbreviations: CRF = cardiorespiratory fitness; MET = metabolic equivalent.
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between CRF and cancer incidence, (3) the PAR%s, and (4)
the EIN for low CRF and cancer outcomes in women. This
information is important for resource allocation and public
health decisions for developing cancer screening and preven-
tion programs. Although the existing data among women are
inconsistent with respect to the association between CRF and
cancer mortality,'>'®***> the association between CRF and
cancer incidence, to our knowledge, has not been explored. In
this regard, Farrell et al.”* and Peel et al.”> demonstrated a
decreased risk of cancer mortality only in women with rela-
tively high CRF; however, moderate CRF levels were not sig-
nificantly associated with cancer mortality in these studies. In
contrast, Kampert et al.'® and Evenson et al.'> did not observe
a significant association between either high or moderate CRF
levels and cancer mortality in women. Our study extends these
previous findings by demonstrating a significant risk reduction
for cancer incidence and cancer mortality in the presence of
either moderate or high CRF levels (Table 2 and Fig. 1).
Achieving a relatively modest increase in CRF level (e.g.,
moving from a low to moderate CRF category) was associated
with substantial decrease in risk of both cancer incidence and
cancer mortality. Based on the PAR% analysis, such a change
would potentially result in the prevention of 11.6% to 14.0%
of cancer outcomes (Table 2, Table 3, and Fig. 1). The low
EINs (8—20) we observed further support the potential cost
effectiveness of achieving moderate CRF levels for cancer
prevention.'” This level of CRF has been shown to be attain-
able by most individuals who participate in a supervised exer-
cise training program.'”® The results suggest that for every 8
women who would been moved from low to moderate CRF, 1
case of cancer incidence would be potentially prevented. Simi-
larly, for every 20 women who would be moved from low to
moderate CRF, 1 case of cancer mortality would be potentially
prevented (Table 4). Compared with smoking cessation inter-
ventions, the NNT ranges from 50 to 120, which requires a
much greater investment for 1 smoker to quit.**

Various physiological mechanisms have been proposed to
mediate the association between CRF and cancer-related out-
comes.™ * Cancer is a broad and varied group of diseases; there-
fore, the biological pathways by which CRF influences cancer are
likely to differ based on cancer type and site. Potential protective
mechanisms might include improved insulin sensitivity, decreased
chronic inflammation, enhanced regulation of sex steroid hor-
mones and growth-related hormones, decreased adipose tissue,
optimized immune function, elevated antioxidant -capacity,
enhanced DNA repair, cell proliferation, and apoptosis.”* *°
These mechanisms likely interact in a complex manner by block-
ing cancer cell initiation and countering cancer cell replication
among fit women. However, despite increasing observational evi-
dence supporting the hypothesis that CRF has a role in cancer pre-
vention, prospective, controlled studies addressing for the
mechanistic effect of fitness on cancer genesis are needed.

The strengths of this study include the focus on female partici-
pants, extended follow-up time (mean 12 years), and prospective
assessment of cancer outcomes. In addition, cancer outcomes
were verified through the Veterans Affairs computerized medical
records system, which has been demonstrated to be comparatively
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accurate and complete.”” > CRF was assessed objectively from
maximal treadmill exercise test using an established technique.”
This method has been widely used in clinical and epidemiologic
studies and has been shown to be strongly predictive for incidence
and mortality of many chronic diseases, including cancer in
women.'****>® The hazard models were adjusted for established
cancer risk factors and accounted for competing events, demon-
strating the independent association between CRF and cancer out-
comes.” ® The study also has several limitations. First, this was a
pilot study in which the sample size and number of cancer events
were relatively small, limiting the ability to assess the association
with specific types of cancer. In this regard, the analysis of cancer
incidence included a group of all skin cancers, whereas subdivi-
sion of melanoma and nonmelanoma was not available. Given
the limited sample size, the findings require confirmation from
large, prospective cohorts. Second, women veterans are a unique
population with a rich mixture of comorbidities, and the current
sample included predominance of African Americans. These fac-
tors may have influenced the results by selection bias, although
the findings are consistent with previous reports among women,
providing some support for generalization.”**> Third, the multi-
variable hazard models, although adjusted for established cancer
risk factors that are similar to those in previous studies of CRF
and cancer,>!%**% the models did not include dietary habits,
menopausal status, or other lifestyle factors that may have influ-
enced the results. Finally, similar to previous studies, the findings
provide an association between CRF and cancer outcomes, but
they do not demonstrate a cause-and-effect relationship.

5. Conclusion

Higher CRF is associated with lower risk of incidence and
mortality from cancer in women, independently from other can-
cer-related risk factors. Eliminating low CRF as a risk factor
would potentially decrease cancer morbidity and mortality and
lessen the societal and economic burden related to cancer.
Screening for low CRF and referring unfit individuals to a super-
vised exercise program, may serve as an effective public health
strategy for achieving moderate CRF and contributing for cancer
prevention in middle-age women. Future prospective studies
should address the role of promoting CRF for cancer prevention.
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