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ABSTRACT

Objectives: To evaluate the association between cardiorespiratory fitness (CRF), lung cancer incidence
and cancer mortality in men.
Design: Prospective cohort study.
Methods: Maximal exercise testing was performed in 4920 men (59.2 + 11.4 years) free from malignancy
atbaseline. Multivariate Cox hazard models adjusted for established cancer risk factors including smoking
were analyzed for lung cancer incidence and cancer mortality among those who were diagnosed with
lung cancer. Population attributable risks (PAR) of low CRF (<5 METs) were determined.
Results: During 12.7 & 7.5 years follow-up, 105 (2.1%) participants were diagnosed with lung cancer and
83 (79%) of those died from cancer after 3.6 4 4.6 years from diagnosis. CRF was inversely and indepen-
dently associated with cancer outcomes. A 1-MET increase and categories of moderate and high CRF were
associated with 10%, 47% and 65% reduction in lung cancer incidence (p=0.002), and 13%, 58% and 76%
reduction in cancer mortality (p=0.002), respectively. Also, individuals who were diagnosed with lung
cancer and were at moderate or high CRF categories at baseline exhibited longer survival time (p <0.001).
The PARs% for lung cancer incidence and cancer mortality were 8.7% and 18.5%, respectively.
Conclusions: Higher CRF is associated with lower lung cancer incidence in men. Among individuals who
were diagnosed with lung cancer, higher CRF was associated with reduced cancer mortality and longer
survival time. These results support the protective benefits of higher CRF in the prevention of lung can-
cer outcomes. Eliminating low CRF as a risk factor would potentially prevent considerable lung cancer
morbidity and mortality.

© 2018 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.

1. Introduction

cigarette smokers do not develop lung cancer and thus there may
be other factors besides smoking that modify the risk.>*

Worldwide, lung cancer remains the most frequent cancer with
over 2 million new cases and 1.8 million lung cancer related
deaths.’? In the US, lung cancer is the second most common
cancer in both men and women and a leading cause of cancer
related death.?> Lung cancer is one of the most aggressive cancers
in humans, with a 5-year survival of only 10%-17%.!-> Tobacco use
is the single most important risk factor for lung cancer and it’s
responsible for approximately 80% of lung cancer mortality and
22%-30% of total cancer mortality.'~> Despite the fact that smok-
ing increases the risk for lung cancer about 25-fold, the majority of
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Mounting evidence has firmly established that low cardiores-
piratory fitness (CRF) is an important risk factor for the incidence
of many chronic conditions as well as all-cause and cardiovascu-
lar mortality.>® A recent meta-analysis demonstrated that higher
CRF levels are associated with reduced risk for cancer-related
mortality.” Several reports have also demonstrated the preventive
role of CRF in lung cancer with an overall reduced incidence and
mortality among individuals with comparatively higher CRF.*10.11
However, a significant gap exists with respect to the association
between CRF at pre-lung cancer diagnosis and cancer mortality
among those prospectively diagnosed with lung cancer. Given the
low survival rate of patients with lung cancer,>!* investigation of
the preventive value of CRF on lung cancer outcomes clearly has
important public health implications. The current study aimed to
evaluate the association between CRF, lung cancer incidence and

1440-2440/© 2018 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.


https://doi.org/10.1016/j.jsams.2018.10.002
http://www.sciencedirect.com/science/journal/14402440
http://www.elsevier.com/locate/jsams
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jsams.2018.10.002&domain=pdf
mailto:baruch.v1981@gmail.com
https://doi.org/10.1016/j.jsams.2018.10.002

404 B. Vainshelboim et al. / Journal of Science and Medicine in Sport 22 (2019) 403-407

cancer mortality among men diagnosed with lung cancer. An addi-
tional aim was to quantify the potential public health impact on
lung cancer outcomes by removing low CRF as a risk factor.

2. Materials and methods

The Veterans Exercise Testing Study (VETS) has been previously
described.'16 In brief, the VETS cohort is an ongoing, prospective
evaluation of Veteran participants (aged 21-89 years) referred for
exercise testing for clinical reasons, designed to address exercise
test, clinical, and lifestyle factors and their association with health
outcomes. The study was approved by the Institutional Review
Board at Stanford University, CA, USA. All participants who under-
went a maximal treadmill exercise test at the Veterans Affairs Palo
Alto Health Care System between 1987 and 2012 were considered
for inclusion. Clinical information on diagnoses, risk factors and
health behaviors (smoking, alcohol and drug abuse) were collected
at the time of the exercise test using the Veterans Affairs Comput-
erized Patient Record System (CPRS) and self-report health history.
Standard criteria to determine hypertension (The Seventh Report of
the Joint National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure) and dyslipidemia (The Third
Report of the Expert Panel on Detection, Evaluation, and Treatment
of High Blood Cholesterol in Adults) were used.!” The database
of 5540 Veterans who completed the baseline treadmill test was
screened and 620 participants were excluded; women (n=352),
those having history of malignancy at baseline (n=76) and incom-
plete or prematurely terminated exercise tests (n=192). A total of
4920 male veterans were included in the analysis; the mean follow-
up was 12.7 £ 7.5 years. During the follow-up period, participants
who were diagnosed with lung cancer were also followed for a
mean of 3.6 +£4.6 years from diagnosis.

Participants underwent maximal sign or symptom-limited
exercise tests using an individualized ramp treadmill protocol
according 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 electrocardiogram, heart
rate, blood pressure and Borg 6-20 perceived exertion rating were
continuously recorded throughout the tests. Standard criteria for
test termination were used. Participants were exercised to voli-
tional fatigue in the absence of a clinical indication for stopping,
and Borg scale >17 was used to verify maximal effort.!” CRF [in
Metabolic Equivalents (METs)] was calculated from peak treadmill
speed and grade utilizing well-established metabolic equations
from the American College of Sports Medicine.!” CRF was ana-
lyzed as a continuous as well as a categorical variable divided into
3 categories (Low CRF < 5METs, Moderate CRF 5-10 METs and High
CRF> 10 METs).6:10

The Veterans Affairs CPRS was used for capturing cancer out-
comes; lung cancer diagnosis in the total cohort and cancer-related
mortality in those who were diagnosed with lung cancer. Previous
reports have demonstrated that the Veterans Affairs death records
are relatively complete compared to those from other sources,
such as the Social Security Administration.'® The Veterans Affairs
records also have excellent agreement (kappa=0.82-0.91) with
state death records'? and high sensitivity for incidence of several
chronic conditions.22! Lung cancer diagnosis and cancer mortality
were verified using pathology reports and International Classifica-
tion of Diseases ninth and tenth edition codes. Medical records were
carefully reviewed by qualified medical personal who were other-
wise blinded to treadmill test results and other study information.
Cancer diagnosis and vital status for each patient were ascertained
as of August 2015.

SPSS (IBM, Chicago, IL, USA) version 23 was used for statistical
analyses. The significance level was set at p<0.05. Demographic,
clinical and physiological data of the participants are presented
as mean + SD. Categorical variables are presented in percentages.
Comparisons between participants who were diagnosed with lung
cancer and those who were free from lung cancer were per-
formed using independent sample t-tests for continuous variables
and Chi-Square tests for categorical variables. The continuous
and categorical Cox proportional hazard models were adjusted
for age, smoking status (never smokers, previous smokers and
current smokers) history of alcohol and drug abuse, presence
of any pulmonary disease, body mass index and physical activ-
ity status (active or inactive). In order to address the potential
reverse causality bias, a secondary analysis was performed after
excluding participants who had less than two years follow up.
Population attributable risk (PAR) was calculated for low CRF (<5
METs) according to the equation: P(RR-1)/1 + P(RR-1)*100,%2 where
P = prevalence of the risk factor (low CRF) and RR = relative risk cal-
culated from the adjusted Cox models.2324 Kaplan-Meier curves
were constructed for CRF categories, lung cancer incidence and can-
cer mortality and the log-rank test was utilized for calculating mean
survival time in those who were diagnosed with lung cancer.

3. Results

The study sample included a total of 4290 men, aged 59.2+-11.4
years. Clinical, demographic and physiological characteristics of
the sample are presented in Table 1. Approximately 58% were
Caucasian, 20.6% African-American, 8.7% Hispanic and 8.3% Asian.
Approximately 12% had a history of cardiovascular disease, 6.4%
had pulmonary disease and 14.1% had diagnosis of diabetes at base-
line. Twenty nine percent were smokers at baseline and 34.1% had
history of smoking. Mean CRF was 8.3 + 3.5 METs. Participants who
were diagnosed with lung cancer were older, had higher preva-
lence of current smoking habit, and exhibited lower CRF at baseline
(Table 1).

During a mean 12.7+7.5 years follow-up, 105 (2.1%) partici-
pants were diagnosed with lung cancer, and 83 (79%) of them died
from cancer (Tables 1 and 2). Among those who developed lung
cancer, CRF was assessed at baseline (7 + 5.3 years prior to the diag-
nosis) and followed for a mean of 3.6 4+ 4.6 years after diagnosis. CRF
was inversely and independently associated with lung cancer inci-
dence and cancer mortality when examined as either continuous
or categorical models. Each 1-MET increase was associated with
10% reduction in lung cancer incidence in the total cohort [Hazard
Ratio (HR)=0.9 95%Confidence Interval (CI) (0.84-0.96), p=0.002]
and 13% reduction in cancer mortality in those who were diagnosed
with lung cancer [HR=0.87 95%CI (0.8-0.9), p=0.002]. Categories
of moderate and high CRF were associated with 47% and 65% reduc-
tion in lung cancer incidence (p trend =0.002) in the total cohort,
and 58% and 76% reduction in cancer mortality (p trend=0.002)
in those who were diagnosed with lung cancer, respectively. In
individuals who diagnosed with lung cancer, mean survival time
was significantly longer among those who exhibited moderate and
high CRF levels (p<0.001), when compared to those with low CRF
levels (Table 2). After the exclusion of those with less than two
years follow up, CRF was still a significant predictor of lung cancer
incidence [HR =0.92, 95%CI (0.86-0.99), p=0.032] and cancer mor-
tality in those who diagnosed with lung cancer [HR=0.88, 95%CI
(0.79-0.98), p=0.021]. The PAR% for lung cancer incidence was 8.7%
95% CI(4.7-11.6), p=0.001 and for cancer mortality was 18.5% 95%
CI(10-23.4),p=0.001.Kaplan-Meier curves confirmed the positive
association between lower CRF and higher lung cancer incidence
and cancer mortality (Fig. 1).
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Table 1
Demographic and clinical characteristics of the study sample (n=4,920).
Clinical history and All (n=4920) Free from lung cancer Diagnosed with lung P value
demographics (n=4815) cancer (n=105)
Age (years) 59.2+114 57.9+17.2 67.1+18.5 <.001
Body mass index (kg/m?2) 27.6+55 284+5.1 27.3+43 .026
Race
Caucasian 57.9% 57.4% 81%
African-American 20.6% 21% 1%
Hispanic 8.7% 8.8% 2.9% <.001
Asian 8.3% 8.2% 12.4%
Other 4.5% 5.6% 2.7%
Clinical history
Family history of coronary artery disease 22% 22.1% 238 .680
Hypertension 50.4% 50.4% 53.3% 547
Dyslipidemia 35% 34.5% 42.9% .075
Obesity (body mass index > 30) 33% 31.6% 23.3% .072
Any cardiac diseases 11.5% 11.5% 10.5% 743
Any pulmonary diseases 6.4% 6.1% 22.9% <.001
History of alcohol abuse 2.4% 2.4% 1.9% 748
History of drugs abuse 1.6% 1.6% 2.9% 302
Diabetes 14.1% 14% 13.6% .884
Never smokers 36.5% 37.3% 3.9%
Current smokers 29.3% 28.8% 51.5% <.001
Previous smoker 34.1% 33.9% 44.7%
Pack/years 42.7+£29 42.7+£27 22.5+17.7 289
Cardiorespiratory fitness (METs) 8.3+3.5 83+35 7+34 <.001
Medications
Anti-hypertensive drugs 20.3% 20.3% 21% 872
Anti-hyperlipidemias drug 8.4% 8.5% 6.7% 510
Data presented as means =+ standard deviation or % of the group for categorical variables.
Table 2
Hazard ratios of cardiorespiratory fitness and lung cancer outcomes.
Outcomes/ CRF Number of Low <5 METs Moderate 5 to10 High >10 METs P trend 1-MET increase P value
categories events (n/%) METs
Lung cancer incidence in the 105/2.1 4.2% 2% 1.3% N/A N/A <.001
total cohort (n=4920)
HR 95% (CI) for lung cancer 1 (Reference) 0.53 0.35 .002 0.9 .002
incidence (0.33-0.83) (0.19-0.65) (0.84-0.96)
Cancer mortality among those 83/79 97% 73% 61% N/A N/A .004
who diagnosed with lung
cancer (n=105)
HR 95% (CI) for cancer 1 (Reference) 0.42 0.24 .002 0.87 .002
mortality (0.24-0.74) (0.12-0.62) (0.8-0.95)
Mean survival time from 4.6 9.4 11.5 N/A N/A <.001
baseline among those who (3.3-6) (7.5-11.2) (8-14.9)
diagnosed with lung cancer
(years) (n=105)
Prevalence 16.6% 55.1% 28.3%

CRF; cardiorespiratory fitness, CI; confidence interval, HR; hazard ratio, MET; metabolic equivalent. N/A: not applicable, all hazard models were adjusted for age, smoking
status, history of drug and alcohol abuse, presence of pulmonary disease, body mass index and physical activity status.

4. Discussion

The current study aimed to evaluate the association between
CRF and lung cancer incidence in the total cohort as well as the
association between CRF and cancer mortality in men who were
diagnosed with lung cancer. In addition, we sought to evaluate
the potential public health implications of low CRF as a modifi-
able risk factor for the prevention of lung cancer-related outcomes.
The salient findings indicate that CRF is inversely and independent
of other cancer-related risk factors, associated with lung cancer
incidence and cancer mortality. Participants diagnosed with lung
cancer who had moderate or high CRF levels at baseline exhib-
ited a longer survival time compared to those with low CRF. In
addition, the results suggest that by eliminating the risk factor of
low CRF, 8.7% of lung cancer incidence and 18.5% of cancer mor-
tality in those diagnosed with lung cancer could potentially be
prevented (Table 2). Given that lung cancer is one of the most preva-
lent cancers with a 5-year survival of only 10%-17%,' the current

findings have important public health implication for primary and
secondary prevention of lung cancer. In particular, screening, early
detection and treating low CRF could be a potentially important
strategy for prevention programs, which aligns with the recent rec-
ommendation of the American Heart Association to adopt CRF as a
vital sign.® While these observations do not indicate causality, they
suggest that by reducing the prevalence of low CRF, substantial lung
cancer morbidity and mortality and its associated economic burden
could potentially be lessened.

The current results are consistent with previous reports gen-
erally showing an inverse association between CRF, lung cancer
incidence and cancer mortality.®%'2 Our findings strengthen these
observations, and add relevant novel insights, particularly by
demonstrating the protective benefits of higher pre-lung cancer
diagnosis CRF for reduced cancer mortality risk among those who
were diagnosed with lung cancer later in life. The results also show
that mean survival time and five-year survival were significantly
higher among those at moderate and high CRF levels compared to
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Fig.1. (A)Cumulative hazard of cardiorespiratory fitness categories and lung cancer
incidence in men. (B) Survival probability of cardiorespiratory fitness categories and
cancer mortality among men diagnosed with lung cancer.

MET; metabolic equivalent.

individuals with low CRF levels (Table 2, Fig. 1). These novel findings
suggest that higher CRF in pre-lung cancer diagnosis may play an
important role in risk reduction and prevention of cancer mortality
in those who diagnosed with lung cancer. However, the findings
require further exploration and confirmation in large prospective
studies. To our knowledge, the present study is the first to demon-
strate the population attributable risk of low CRF for lung cancer
outcomes. The latter results are important with respect to resource
allocation and public-health decisions for lung cancer prevention
strategies. Considering that lung cancer patients have >80% mor-
tality over 5 years from the time of diagnosis; our observations
potentially have important implications for primary and secondary
preventions of lung cancer.>'42> The current findings underscore
the protective benefits of higher CRF against lung cancer outcomes
both in general population, and in those who are diagnosed with
lung cancer.

A variety of physiological mechanisms have been proposed in
mediating CRF with lung cancer outcomes.”-26 Potential protective
mechanisms of higher CRF might include reduced chronic-systemic
inflammation (particularly C-reactive protein) which has been
suggested as promoter of carcinogenesis in a wide spectrum
of cancers, including lung tissue.* Improved immune function
through increasing the number of natural killer cells, an elevated
antioxidant capacity, reduced oxidative stress and enhanced DNA
repair, cell proliferation and apoptosis are all potential processes
that could all interact in a complex manner by blocking cancer
cell initiation and countering cancer cell replication among fit
individuals.26-28 In addition, fit individuals may have enhanced
pulmonary ventilation, lung perfusion and cellular gas exchange
which might decrease the interaction time of potential carcino-
gens in the airway and thus decrease the risk of lung cancer.*2°
However, despite growing observational evidence supporting the
concept that CRF has a role in lung cancer prevention,*810 prospec-
tive controlled studies addressing the protective mechanisms of
CRF in lung cancer genesis are warranted.

The strengths of this study include its relatively large sam-
ple size (n=4920), extended follow-up time (approximately 13
years), and prospective assessment of lung cancer outcomes. In
addition, lung cancer diagnosis and cancer mortality were veri-

fied through the Veterans Affairs computerized medical records
system, which has been demonstrated to be comparatively accu-
rate and complete.'82921 CRF was assessed from maximal treadmill
exercise test utilizing an established technique.!” This method has
been widely used in epidemiologic studies and has been shown to
be strongly predictive for incidence and mortality of many chronic
diseases including lung cancer.5%!! The additional analysis after
excluding participants who had less than two years follow up fur-
ther supports the strong association between CRF and lung cancer
outcomes and suggests there was no bias due to reverse causal-
ity. The study also has several limitations. First, our multivariate
hazard models, although adjusted for established covariates simi-
lar to those in previous studies, we did not collect data on dietary
habits or the amount of alcohol consumption which may have an
influence on cancer incidence; this is also consistent with previous
studies.!?-'2 Second, Veteran participants are a unique population
with a rich mixture of co-morbidities that may have influenced
the results by selection bias, although the findings are consis-
tent with previous reports, showing similar lung cancer incidence
(1.4%-3.1%) and hazard ratios.'?-12 Third, the study was limited to
men, and the extent to which the findings apply to women needs to
be examined in future studies. Finally, as in the case of all epidemi-
ological studies, the findings provide an association between CRF
and lung cancer outcomes, but they do not demonstrate a cause
and effect relationship.

5. Conclusions

High CRF is associated with lower incidence of lung cancer and
reduced cancer mortality among men diagnosed with lung cancer,
independent from other cancer-related risk factors. In particular,
individuals who exhibited moderate or high CRF at baseline showed
longer survival after lung cancer diagnosis when compared to those
with low CRF. Eliminating low CRF, a modifiable risk factor, would
potentially prevent considerable lung cancer morbidity and mor-
tality, and reduce the societal and economic burden associated with
lung cancer. Future prospective studies should address the role
of promoting CRF for primary and secondary prevention of lung
cancer outcomes.

Practical implications

e CRF is an independent prognostic marker for lung cancer inci-
dence and cancer mortality in those who were diagnosed with
lung cancer.

¢ Achieving higher CRF provides preventive benefits against lung
cancer outcomes.

¢ Screening, early detection and intervention for low CRF during
middle-age may be an important public health strategy in pre-
vention of lung cancer outcomes.
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