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Abstract

INTRODUCTION—Investigations of the independent associations of physical inactivity with
cancer endpoints have been mounting in the epidemiological literature, in part due to the high
prevalence of physical inactivity among cancer patients and to evidence that inactivity associates
with carcinogenesis via pathways independent of obesity. Yet, physical inactivity is not currently
recognized as a well-established risk or prognostic factor for lung cancer. As such, we examined
the associations of lifetime physical inactivity with lung cancer risk and mortality in a hospital-
based, case-control study.

PRESENTATION OF CASE

Materials and Methods: The analyses included data from 660 lung cancer patients and 1335
matched cancer-free controls. Multivariable logistic regression analyses were utilized to assess the
association between lifetime physical inactivity and lung cancer risk, and Cox proportional
hazards models were utilized to estimate the association between lifetime physical inactivity and
mortality among lung cancer cases.

Results: We observed a significant positive association between lifetime physical inactivity and
lung cancer risk: [Odds ratio (OR)=2.23, 95% confidence interval (Cl): 1.77-2.81]; the association
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remained significant among never smokers (OR=3.00, 95% CI:1.33-6.78) and non-smokers
(OR=2.33, 95% CI: 1.79-3.02). Wke also observed a significant positive association between
lifetime physical inactivity and lung cancer mortality [Hazard ratio (HR)=1.40, 95% ClI: 1.14—
1.71]; the association remained significant in non-smokers (HR=1.51, 95% CI: 1.16-1.95).

DISCUSSION/CONCLUSION—These data add to the body of evidence suggesting that
physical inactivity is an independent risk and prognostic factor for cancer. Additional research
utilizing prospectively collected data is needed to substantiate the current findings.

Keywords

lung cancer epidemiology; lung cancer risk; lung cancer survival; lung cancer mortality; physical
inactivity

INTRODUCTION

In 2018, lung cancer will account for over 234,000 new cancer diagnoses and 154,000
cancer deaths in the United States, making it the second most commonly diagnosed, and the
most deadly, cancer in the U.S.[1] Active cigarette smoking is the most well-established
behavioral risk factor for lung cancer, accounting for as much as 90% of newly diagnosed
lung cancer cases [2]. Thus, the majority of efforts to prevent lung cancer and improve
prognosis are focused on smoking cessation. However, given the high burden of lung cancer
incidence and the poor survival outcomes, the identification of additional behavioral risk and
prognostic factors for lung cancer could be of significant public health importance,
especially among never-smokers. In fact, lung cancer among never smokers represents the
seventh most common cancer globally [3], and lung cancer rates among female never-
smokers are rising [4].

While a recently published meta-analysis of epidemiological evidence reported an inverse
association between the highest level of recreational physical activity exposure and lung
cancer risk [2], data representing the associations between physical activity and lung cancer
endpoints among women, non-smokers, and among the individual subtypes of lung cancer
are limited [2, 4]. Importantly, physical activity exposure is not currently recognized by the
National Cancer Institute or the American Cancer Society as a well-established protective or
prognostic factor for lung cancer [5, 6], and little is known about the independent association
of physical /nactivity with lung cancer risk and prognosis.

Despite national guidelines encouraging Americans to avoid physical inactivity [7], current
reports suggest that 50 to 79% of Americans are insufficiently physically active during their
leisure time [8]. As a result, researchers have called for more investigations of the
associations between physical /nactivity and cancer endpoints [9]. Yet, under the prevailing
paradigm of epidemiological physical activity research, the “no-activity”, or the lowest
activity level, is typically identified as the referent group. Thus, the independent associations
of physical inactivity with cancer risk and survival often remain unreported. This may be an
important public health oversight due to a recently published report suggesting that even the
smallest amounts of physical activity associate with decreased mortality [10]. Therefore,
investigations emphasizing physical inactivity as an independent exposure of interest may be
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especially impactful for disease sites in which physical activity exposure has not been
identified as a well-established protective or prognostic factor. That is, a lack of a consistent
association between incrementally higher quantities of physical activity with cancer
endpoints should not preclude additional investigations of the independent associations of
inactivity with cancer risk and mortality merely due to convention. Rather, given the high
prevalence of physical inactivity at the population level and the hypothesis that the greatest
protective benefits can be achieved by increasing activity levels among those at the low end
of the activity continuum [11], physically inactive individuals could be a particularly
important group to study from a public health perspective. Further, there is also a body of
literature suggesting that self-reported physical inactivity is assessed with less exposure
misclassification in comparison to self-reported incrementally higher levels of activity
exposure [11, 12], and that inactivity may associate with cancer endpoints independently of
obesity [13] [9].

Based on this collective knowledge, we sought to investigate the associations of lifetime
recreational physical /nactivity with lung cancer risk and mortality. We hypothesized that
lung cancer patients would be more likely to report a history of lifetime physical inactivity in
comparison to controls without cancer and that physically inactive patients would have
poorer survival outcomes. To address additional gaps in the literature [2, 4], we also
examined the associations of physical inactivity with lung cancer endpoints in subgroups
based upon sex, smoking status, body mass index (BMI) and lung cancer histology.

MATERIALS AND METHODS

Study Population

The study population for the current analyses included individuals who received medical
services at Roswell Park Cancer Institute (RPCI) between 1990 and 1998 who also agreed to
complete a comprehensive epidemiological questionnaire and participate in the Patient
Epidemiology Data System (PEDS). Lung cancer cases were identified from the RPCI
Tumor Registry and Diagnostic Index and included 660 individuals diagnosed with primary,
incident lung cancer. Controls were age-frequency matched to cases on five-year age strata
and included 1,335 individuals identified from a pool of 10,642 potentially eligible controls.
Control participants came to RPCI with a suspicion of cancer but were diagnosed with
conditions that included non-malignant diseases of the circulatory system, genitourinary
system, gastrointestinal system, respiratory system, or other conditions. The RPCI
Institutional Review Board approved the conduct of the study and all participants provided
written informed consent.

Epidemiological Questionnaire

The PEDS questionnaire, including a lifetime recreational physical activity assessment, was
a self-administered epidemiological questionnaire offered to patients receiving medical
service at RPCI. The PEDS questionnaire was offered to all new patients upon admission,
regardless of diagnosis or reason for seeking care at RPCI. All questionnaires were
completed within six months from date of diagnosis (median 21 days), with a 50% response
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rate among all admitted patients [14]. The detailed content and administration methods
associated with the PEDS questionnaire have been previously described [15-17].

Physical Inactivity

The recreational physical activity section of the PEDS questionnaire was comprised of items
assessing the age of onset of regular activity, the total years of regular activity, and the
frequency of the activity (i.e., number of times per week or month). Recreational activity
was defined as regularly exercising for health or pleasure in activities such as jogging,
walking, or aerobics. We defined recreational physical /nactivity in accordance with The
2008 Physical Activity Guidelines for Americans [7]. Thus, individuals reporting no regular,
weekly, recreational physical activity throughout their adult lifetime (on average, less than
one session per week or less than four sessions per month) were classified as physically
inactive. Conversely, participants reporting, on average, at least one regular, weekly session
of physical activity were classified as active. In exploratory analyses, we also examined
physical inactivity during the time period spanning two decades prior to study enrollment, as
this may be a more relevant exposure window relative to carcinogenesis.

Identification of Confounding Variables

We pre-specified age, sex, BMI, family history of lung cancer, and smoking (pack years) as
important variables for adjustment in risk analyses. For survival analyses, we pre-specified
age, sex, stage, grade, smoking (pack years), and BMI as important adjustment variables. We
also examined the potential confounding effects of additional putative epidemiological risk
and prognostic factors (i.e., education, race, treatment regimen, etc.) by applying the ten
percent change-in-estimate method described by Maldonado et al.[18].

Statistical Analysis

Physical Inactivity and Lung Cancer Risk—In descriptive analyses, differences in
demographic and risk factor characteristics between lung cancer cases and controls were
evaluated with two-tailed t-tests and Pearson’s Chi-square. In risk analyses, we utilized age-
adjusted and multivariable-adjusted binary logistic regression models to estimate the odds
ratios (OR) and 95% confidence intervals (CI) representing the association between lifetime
physical inactivity and lung cancer risk. We estimated associations of inactivity with lung
cancer risk overall, and also by subgroups based upon sex, BMI status (normal weight
versus overweight/obese), smoking status (never-smoker, former-smoker, current-smoker,
non-smoker) and histological subtype (adenocarcinoma, squamous-cell carcinoma, small-
cell carcinoma and ‘other histology,” which consisted of all additional histological subtypes
of lung cancer). In subgroup analyses by smoking status, the non-smoker group was defined
as those participants who were not smoking at the time of study entry, and included never
smokers and former smokers who had quit at least one year prior to study enrollment.

For all subgroup analyses, if we observed evidence that point estimates varied considerably
across strata based upon sex, BMI, or smoking status, we evaluated the potential for
statistical interaction via the inclusion of a physical inactivity cross-product term in
multivariable models. Lastly, in exploratory analyses designed to examine the possibility of
a synergistic effect of physical inactivity and smoking relative to lung cancer risk, we

Cancer Treat Res Commun. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cannioto et al.

RESULTS

Page 5

evaluated whether there was evidence of a positive, additive interaction among physically
inactive smokers.

Physical Inactivity and Lung Cancer Mortality—The study population for the
survival analyses included 579 lung cancer cases with available follow-up data. Follow-up
data were obtained from the RPCI Tumor Registry update to the PEDS dataset and included
information on vital status, date of last follow-up, date of death, and cause of death. Time to
last follow-up was calculated in days from the date of diagnosis until the date of death or
date of last follow-up, with the most recent Tumor Registry update occurring in February
2016. Lung cancer cases that died within 30 days of diagnosis were excluded from the
survival analyses.

In descriptive analyses, differences in demographic and prognostic factors between
physically inactive and physically active lung cancer patients were evaluated with two-tailed
t-tests and Pearson’s Chi-square. To characterize the survival experience of physically
inactive and physically active lung cancer patients, Kaplan-Meier plots were generated to
compare the overall and disease-specific survival among lung cancer cases. Log rank tests
were utilized to assess whether significant differences in survival were observed between
physically inactive and physically active patients. Multivariable Cox proportional hazards
models were also utilized to calculate hazards ratios (HRs) and 95% Cls representing the
association of lifetime physical inactivity with all-cause and lung cancer-specific mortality
while controlling for potential confounding variables. We assessed associations between
lifetime physical inactivity and mortality in the overall study population and in subgroups
based upon sex, BMI, smoking status, histological subtype, tumor stage (local/regional vs.
distant disease) and type of treatment (surgery, chemotherapy and radiation therapy). For all
subgroup analyses, if we observed evidence that hazard ratios varied considerably across
strata, statistical interactions for physical inactivity with sex, BMI, smoking status,
histological subtype and/or treatment type were assessed via the inclusion of a cross-product
term in multivariable models. All statistical analyses for both risk and survival analyses were
performed using SAS for Windows, version 9.4 and were considered significant at p<0.05.

Physical Inactivity and Lung Cancer Risk

The descriptive characteristics of the study population by case-control status are presented in
Table 1. As expected, in comparison to controls, lung cancer cases were more likely to be
smokers (p<0.001), had a significantly lower BMI (p<0.001), were more likely to be
physically inactive (p<0.001), and were more likely to have a family history of cancer
(p=0.002) (Table 1). We observed no significant differences in age distribution between
cases and controls (Table 1).

Associations between lifetime physical inactivity and lung cancer risk are presented in Table
2. In multivariable-adjusted logistic regression models, we observed a significant positive
association between lifetime physical inactivity and lung cancer risk in the overall study
population (OR=2.23, 95% CI: 1.77- 2.81). When we examined the exposure window
spanning only two decades prior to study entry, the observed association between physical
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inactivity and lung cancer risk was similar in magnitude and remained statistically
significant (OR=1.98; 95% CI: 1.58-2.49).

We also observed positive associations between lifetime physical inactivity and lung cancer
risk in every subgroup we examined. For example, in subgroup analyses by histological
subtype, the association between lifetime physical inactivity and lung cancer remained
significant for each of the four groups examined: adenocarcinoma (OR= 1.87, 95% ClI:
1.30-2.69); squamous-cell carcinoma (OR= 3.26, 95% CI: 2.20-4.83); small-cell carcinoma
(OR=2.82, 95% CI: 1.59-4.99); and ‘other’ histological subtypes (OR=1.77, 95% CI: 1.26—
2.47) (Table 2). In subgroup analyses by BMI status, the association between lifetime
physical inactivity and lung cancer risk persisted and remained significant in both normal-
weight (OR= 2.74, 95% CI: 1.92-3.92) and overweight/obese participants (OR =1.84, 95%
Cl: 1.36-2.49) (Table 2) and although the observed associations are of greater magnitude
among the normal-weight group, we observed no statistical evidence of effect modification
by BMI classification (p-for-interaction=0.463).

When we evaluated associations of lifetime physical inactivity with lung cancer risk by
smoking status, we observed increased risks of lung cancer in inactive never-smokers
(OR=3.00, 95% ClI: 1.33-6.78), former smokers (OR=2.39, 95% ClI: 1.82-3.13), non-
smokers (OR=2.33, 95% CI: 1.79-3.02), and current smokers (OR=1.43, 95% CI: 0.83-
2.47), but the association was shy of significance among current smokers (Table 2). While
the magnitudes of the observed associations are different across smoking status strata, we
observed no statistical evidence of an inactivity-by-smoking status interaction via a cross
product term (p-for-interaction = 0.322). However, in additional exploratory analyses, we
observed evidence suggestive of a positive, additive interaction among physically inactive
smokers. Specifically, utilizing fully adjusted multivariable models to assess associations,
the relative excess risk due to interaction (RERI) was 4.05 (95% CI: —6.65-14.75) for
current- versus never-smokers and 13.58 (95% Cl: 1.21-25.95) for ever- versus never-
smokers, but the CI contained the null for the former comparison.

Lastly, in subgroup analyses by sex, we observed significant positive associations between
lifetime physical inactivity and lung cancer risk in women (OR=2.29, 95% CI: 1.64-3.21)
and men (OR=2.14, 95% CI: 1.55-2.94) (Table 2). In additional exploratory analyses
stratified by sex and smoking status, the association between lifetime physical inactivity and
lung cancer risk persisted among female non-smokers (OR = 2.14, 95% CI: 1.44-3.19) and
male non-smokers (OR=2.42, 95% CI: 1.71-3.44) (data not shown).

Physical Inactivity and Lung Cancer Mortality

Prognostic characteristics among lung cancer cases by inactivity status are presented in
Table 3. Physically inactive cases were older (p=0.003) and were more likely to have
received chemotherapy as part of their treatment (p=0.011) (Table 3). However, we observed
no significant differences between physically inactive and physically active cases by surgery
or radiation therapy, tumor stage, tumor grade, BMI, family history of lung cancer, smoking
status or the number of pack years smoked (p>0.05). After 18 years of follow-up, there were
560 total deaths and 481 lung cancer-specific deaths among the 579 lung cancer cases
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included in the analysis. Collectively, median follow-up time for lung cancer cases was 475
days.

Kaplan Meier survival curves comparing the survival experience of physically inactive and
physically active lung cancer cases are presented in Figures 1a and 1b. For overall survival,
we observed significantly different survival probabilities between physically inactive and
physically active cases (log rank p<0.001), with a median survival disadvantage of 170 days
among physically inactive cases (Figure 1a). The significant survival disadvantage among
physically inactive lung cancer cases persisted in analyses limited to lung-cancer-specific
survival, with physically inactive cases experiencing a 133-day survival disadvantage in
comparison to more physically active cases (log rank p<0.001) (Figure 1b).

Hazard ratios and 95% Cls representing the associations of lifetime physical inactivity with
all-cause and lung cancer-specific mortality are presented in Table 4. In multivariable Cox
regression models, we observed significant positive associations of lifetime physical
inactivity with all-cause mortality (HR=1.31, 95% CI: 1.09-1.58) and lung cancer-specific
mortality (HR=1.40, 95% CI: 1.14-1.71) in the overall study population. The association
between lifetime physical inactivity and mortality remained significant in non-smokers for
both all-cause mortality (HR=1.45, 95% CI: 1.14-1.84) and lung cancer-specific mortality
(HR=1.51, 95% CI: 1.16-1.95) (Table 4).

In sub-group analyses by sex, the significant positive association between lifetime physical
inactivity and all-cause and lung cancer-specific mortality persisted among men: HR=1.30,
(95%Cl: 1.01-1.68) and HR=1.53, (95% CI: 1.17-2.01), respectively. Among women, we
observed a significant association between lifetime physical inactivity and all-cause
mortality (HR=1.35, 95% CI: 1.02-1.79), and the association for lung-cancer specific
mortality was borderline significant (HR=1.32, 95% CI: 0.97-1.80) (Table 4). In further
analyses by BMI status, the point estimates representing the association between lifetime
physical inactivity and mortality were above null in both normal-weight and overweight/
obese subgroups, but were only significant among overweight/obese subgroups for both all-
cause and lung-cancer-specific mortality: HR=1.41, (95% CI:1.09-1.81) and HR=1.73,
(95% CI: 1.31-2.28), respectively (Table 4). In further analyses by histological subtype, we
observed evidence of a positive association between lifetime physical inactivity and
mortality for adenocarcinoma and squamous-cell carcinoma, but the association was only
statistically significant in the ‘other’ subgroup: HR=1.73, (95% CI:1.18-2.53) (Table 4). In
stratified analyses by disease stage, we observed a significant positive association of lifetime
physical inactivity with local/regional disease (HR=1.73, 95% HR: 1.32-2.26), but the
association did not reach statistical significance for distant disease (HR=1.13, 95% CI: 0.90-
1.49). Lastly, we observed no considerable differences in hazard ratios between treatment
groups in stratified analyses by chemotherapy, surgery, or radiation therapy status (data not
shown).

DISCUSSION

In this epidemiological investigation, we observed significant positive associations between
lifetime recreational physical inactivity and lung cancer risk and mortality. Our analyses
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provided consistent evidence of a positive, significant association of lifetime physical
inactivity with lung cancer risk in men and women, normal-weight and overweight/obese
subgroups, and among each of the lung cancer histological subgroups examined herein. We
also observed consistent evidence of an association between lifetime physical inactivity and
overall survival and lung-cancer specific survival in the total population of lung cancer
cases. To our knowledge, no previous studies have systematically examined lifetime physical
Inactivity as an independent exposure of interest relative to both lung cancer risk and
mortality. However, the most recent meta-analysis summarizing the associations of
incrementally higher levels of physical activity exposure with lung cancer risk from 28
epidemiological studies reported a 24% decreased risk of lung cancer among the most
physically active individuals, but the protective effects of physical activity were not seen
among never smokers [2]. Herein, we observed a significant positive association between
lifetime physical inactivity and lung cancer risk among never smokers and non-smokers who
had quit at least one year prior to study enrollment, but the association was only borderline
significant among current smokers. We also observed a significant positive association
between lifetime physical inactivity and lung cancer risk among female non-smokers, a
population in which lung cancer incidence has been increasing.

Only four previous studies have examined associations of varying quantities of physical
activity exposure with lung cancer risk among never-smokers, and the evidence has been
inconclusive [2], suggesting that previously reported associations between physical activity
and lung cancer risk in smokers may be the result of confounding by smoking. That is,
individuals who participate in regular, weekly recreational physical activity may be less
likely to be heavy smokers, while regular smokers may be more likely to be physically
inactive because of a clustering of lifestyle patterns or because of impaired lung function
associated with their smoking behavior [2, 19]. Importantly, in the current analyses, we
uncovered two sources of evidence suggesting that the observed association between
lifetime physical inactivity and lung cancer risk cannot be entirely explained due to
confounding by smoking. First, we observed a significant association between lifetime
physical inactivity and lung cancer risk in never smokers. Second, we observed evidence of
a positive additive interaction among physically inactive smokers, suggesting a potential
synergistic effect between smoking and physical inactivity. Thus, not only did our data
suggest that lifetime physical inactivity is associated with an increased risk of lung cancer
among never smokers; lifetime physical inactivity also contributed to considerably elevated
risks in current and ever-smokers.

Similarly, it is commonly reported that observed associations between physical activity (or
inactivity) and cancer endpoints are likely confounded by overweight and/or obesity.
However, recently emerging epidemiological evidence suggests that the associations
between physical activity (or inactivity) and cancer endpoints are, at least in part,
independent of obesity [9, 13, 20, 21]. Our findings are consistent with these data in that
obesity is not an established risk factor for lung cancer, and we observed evidence of a
robust association between lifetime physical inactivity and lung cancer risk which was
consistently seen among both normal-weight and overweight/obese participants.

Cancer Treat Res Commun. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cannioto et al.

Page 9

In addition to our findings of a positive association between lifetime physical inactivity and
lung cancer risk, we also observed significant positive associations between pre-diagnostic
lifetime physical inactivity and all-cause mortality and lung cancer-specific mortality in the
overall study population. These findings are consistent with one additional study that
reported a positive association between post-diagnostic self-reported lifetime physical
inactivity and lung cancer mortality (HR=1.29, 95% CI: 1.003-1.669, p=0.047) [22]. Four
additional studies have evaluated the associations between incrementally higher amounts of
pre-diagnostic physical activity exposure and lung cancer outcomes, and each were
suggestive of an inverse association between physical activity and mortality [4, 23-25].
Alfano et al. reported a significant inverse association between the highest level of physical
activity and lung cancer mortality among women, but not among men [23]. An additional
study observed a significant inverse association between the highest level of physical activity
and lung cancer mortality when men and women were considered jointly (0.84; 0.77-0.92;
p-trend <0.001) [24]. A third study of men demonstrated that cardiorespiratory fitness was
inversely associated with lung cancer mortality, but only among current and former smokers
[25]. Most recently, Wang and colleagues reported a significant trend between increasing
levels of physical activity and decreased lung cancer mortality in post-menopausal women
for low activity (HR=0.80, 95% CI: 0.69-0.92), medium activity (HR=0.68, 95% CI: 0.59-
0.80), and high activity (HR=0.78, 95% CI: 0.66-0.93) [4].

The biologic pathways specifically linking increased levels of physical activity with
decreased risk of lung cancer have been previously summarized [2] and may involve
increases in pulmonary function, which likely reduces the duration of exposure to
carcinogenic agents in the lungs [2]. Further, regular physical activity has been shown to
attenuate the decline in forced expiratory volume (FEV) and forced vital capacity (FVC),
which are commonly seen in current and former smokers [26]. Additional mechanisms
accounting for an association between recreational physical inactivity and lung cancer risk
may include, but are not limited to, chronic inflammation, impaired immune surveillance
and responsiveness, increased free-radical production, and impaired DNA repair capacity [2,
27, 28].

An important strength of the current analysis is that we were able to examine the potential
confounding role of a number of important epidemiological risk and prognostic factors that
may be associated with lung cancer risk and survival, as well as other factors that tend to
parallel physical activity (or inactivity) in lifestyle patterns. Further, our use of two inactivity
exposures (i.e., self-reported inactivity spanning all of the years of adulthood prior to study
enrollment and self-reported inactivity spanning two decades prior to study enrollment),
decreases the likelihood that the observations reported herein were due to a reverse causation
bias. That is, in order to be categorized as physically inactive in any of the analyses,
respondents had to report never engaging in any regular, weekly, recreational physical
activity throughout adulthood and/or throughout the two decades prior to study enroliment.
Additional strengths of our survival analyses include the long duration of follow-up and our
ability to examine the association of lifetime physical inactivity with lung cancer-specific
mortality while adjusting for important prognostic variables.
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Conversely, as previously described [20] the potential measurement error associated with
self-reported physical inactivity data categorized dichotomously is an important limitation of
the current work. However, there is a body of literature suggesting that simplified activity
questionnaires, including binary categorization of physical inactivity behavior, is a valid
method for identifying the most physically inactive individuals in a population [29-35].
However, we also recognize that the validity of simplified questionnaires may be optimized
for measurement of “current” activity rather than self-reported lifetime activity. However,
the self-reported lifetime physical inactivity prevalence reported herein among cases (68%)
and controls (50%) was well within the range of other self-reported population estimates
suggesting that 50-79% of Americans are insufficiently active [8].

We also recognize that a referent group broadly defined as active could result in
misclassification among individuals with lower, compared to higher, activity levels and that
our approach also precludes the ability to examine a dose-response association between lung
cancer endpoints and physical activity exposure [20]. However, reliance upon binary
classification of physically inactive versus active participants likely underestimates the true
ORs and HRs associated with inactivity because the referent group is not restricted to the
most active participants. Importantly, the aim of the current analyses was to study the most
physically inactive segment of the population by examining lifetime physical inactivity as
the independent exposure of interest. Further, given that controls were also seen at a hospital
and diagnosed with non-neoplastic conditions that could affect activity level, or the recall of
activity, in a manner similar to cases, the potential for differential exposure misclassification
is likely reduced. Therefore, if a biased measure of association were to occur, it most likely
would be conservative and non-differential according to case-control status, resulting in an
underestimation of the associations of lifetime physical inactivity with lung cancer risk.
Similarly, although not likely a concern in the current survival analyses, non-differential
misclassification according to vital status would also result in attenuation of observed hazard
ratios estimating the association between lifetime physical inactivity and lung cancer
mortality.

The current findings are also limited because we did not consider physical inactivity in other
behavioral domains (i.e., occupational, household, etc.); nor can we account for explicitly
sedentary behavior (i.e., hours of sitting) in these analyses, a distinct behavioral construct
which is likely associated with cancer endpoints via similar physiological pathways as
recreational physical inactivity. Survival analyses were also limited by the use of pre-
diagnostic self-reported physical inactivity levels, which prevented us from assessing
changes in physical activity that may have occurred after diagnosis. While data in the
existing literature depicting the association between post-diagnostic physical activity and
lung cancer survival are scant, there are data to suggest that post-diagnosis physical activity
interventions designed for lung cancer patients and survivors are feasible, and may be
associated with improved quality of life [36-42].

Furthermore, a limited number of events among never-smokers may have impaired our
ability to detect an association between lifetime physical inactivity and lung cancer mortality
among never-smokers. To combat this limitation, we adopted a similar approach as
described in previously published reports and combined never-smokers and former smokers
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into a “non-smoking” group [2, 43, 44]. However, we limited former smokers to only those
who had quit at least one year prior to study enrollment. While there are no previously
published reports describing the association between lifetime physical inactivity and lung
cancer risk in never-smokers, four previous studies of physical activity and lung cancer risk
have yielded inconclusive results [2]. Thus, additional research of the associations between
(in)activity and lung cancer endpoints among larger populations of never smokers will be an
important area of focus to help rule out the confounding effects of cigarette smoking [2].

Our findings may also be limited by low response rates and the recruitment methods
inherent in this hospital-based case-control study. For example, the identification of
participants with non-neoplastic diagnoses as controls could have resulted in a higher
prevalence of unhealthier, physically inactive individuals in the control group than are
present in the overall population. Importantly, if control participants reported a higher
prevalence of recreational physical /nactivity than the general population, our observed risk
estimates would be attenuated toward the null. Furthermore, we cannot account for the
potential effects of a survivor bias, nor can we account for any temporal changes in the
staging, classification and/or the treatment of lung cancer since the time of data collection.

Lastly, the potential for residual confounding and other non-causal explanations for the
statistically significant observed associations between lifetime physical inactivity and lung
cancer risk and mortality cannot be ruled out [2]. For example, smoking status and pack-
years were based on self-report data and no biomarkers of tobacco use were available in the
current analysis. Furthermore, other unmeasured factors that may be associated with both
physical inactivity and smoking could also be a source of residual confounding. Healthier
lifestyles associated with regular recreational physical activity may also be associated with
healthier diets, including increased fruit and vegetable consumption, and it has been well-
established that diets high in fruits and vegetables are inversely associated with lung cancer
risk [45, 46]. Further, it is possible that more active individuals have increased exposure to
vitamin D [47, 48], and vitamin D directly correlates with FEV in chronic obstructive
pulmonary disorder (COPD) patients [49, 50] and is also directly associated with improved
survival in early-stage lung cancer patients [51].

CONCLUSION

Our primary findings suggest that pre-diagnostic lifetime recreational physical inactivity is
significantly and positively associated with lung cancer risk and mortality in the overall
study population. Given that lung cancer is one of the most common and deadliest cancers in
the United States, and given the persistence of recreational physical inactivity at the
population level, replicating these findings in further investigations could be of significant
public health importance. If the observed associations of lifetime recreational physical
inactivity with lung cancer risk and mortality are corroborated in future reports, then
additional intervention-based research should aim to address whether the associations of
physical inactivity with lung cancer endpoints reflects a causal pattern, and if so, to further
characterize the dose of physical activity necessary to improve lung cancer outcomes and
decrease lung cancer risk.
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CLINICAL PRACTICE POINTS

Mounting evidence has demonstrated the safety, efficacy and feasibility of exercise
interventions designed to improve the quality of life and attenuate treatment-related
toxicities among cancer patients. Recreational physical activity, including targeted exercise
interventions designed for lung cancer patients and survivors, has been shown to reduce
sleep disturbance, fatigue, depression, and anxiety, while improving health-related fitness
and physical function. Importantly, initiating exercise rehabilitation prior to treatment can
decrease the length of hospitalization and post-surgery treatment complications among lung
cancer patients. The results of the current study, in combination with mounting evidence
demonstrating the safety and efficacy of exercise for lung cancer patients throughout the
cancer care continuum [36—42], suggest that physical activity counseling is an important
aspect of lung cancer care, even among patients with metastatic disease. Clinical teams
should be encouraged to develop services and community collaborations which promote and
incorporate physical activity as part of a multi-disciplinary cancer care program. Further,
well-planned randomized clinical exercise trials designed to examine the effects of
supervised exercise on lung cancer clinical outcomes are also warranted.
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Figure 1.
Kaplan-Meier survival plots depicting the (1a) overall survival and (1b) lung cancer-specific

survival experience of lung cancer cases according to self-reported physical (in)activity
status
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Table 1

Descriptive characteristics of the study population by case-control status (N=1995)7

Characteristic C?\ISEE;E)NO: SSO) Con’EIr(()ISsD(l;lri/g)S %) p—value2

Age (Continuous) 63.42 (9.96) 63.40 (10.20) 0.969

Sex <0.001
Male 379 (57.42%) 579 (43.40%)

Female 281 (42.58%) 755 (56.60%)

Family History of Lung Cancer 0.002
Yes 87 (14.90%) 120 (9.95%)

No 497 (85.10%) 1086 (90.05%)

BMI (kg/m?) 25.63 (4.42) 26.58 (5.16) <0.001

BMI Classification 0.005
Underweight 16 (2.45%) 18 (1.36%)

Normal 289 (44.33%) 538 (40.79%)
Overweight 261 (40.03%) 513 (38.89%)
Obese 86 (13.19%) 250 (18.95%)

Recreational Inactivity <0.001
Active 209 (31.67%) 674 (50.49%)

Inactive 451 (68.33%) 661 (49.51%)

Smoking (Pack Years) <0.001
0 35 (5.34%) 552 (41.47%)
>0-31 23 (3.51% 93 (6.99%)
>31-46 30 (4.57%) 38 (2.85%)
>46-64 31 (4.73%) 59 (4.43%)
>64 537 (81.86%) 589 (44.25%)

Smoking Status (3 levels)3 <0.001
Never-smoker 39 (5.91%) 551 (41.27%)
Former-smoker 486 (73.64%) 608 (45.54%)

Current Smoker 135 (20.45%) 176 (13.18%)

Smoking Status (2 levels)? <0.001
Current Smoker 135 (25.14%) 176 (13.72%)

Non-Smoker 402 (74.86%) 1107 (86.28%)

1 .
Numbers may not sum to total due to missing data

2 . . . . . .
p-value represents Chi square test for independence for categorical variables and t-test for continuous variables

Former smokers included all participants who reported quitting smoking prior to study enrollment; Current smokers were actively smoking at the
time of study enrollment.

4 . . . .
Current smokers were actively smoking at the time of study enrollment; non-smokers included only those who were never-smokers and those who
had quit smoking at least one year prior to study enroliment.

Cancer Treat Res Commun. Author manuscript; available in PMC 2019 January 01.



Page 19

100> | 66%-65T | 28¢ | 100> | ¥r¥-697T | vLC 799 29 aAnoeRU|
- - 18y - - 194 L9 sz aANIY BWOUIdIRY |[30-|[BWS
100> | €8¥-o0ze | 9z | 100> | 02¥-T€T | 62°E 799 8rT aAngeU| adAigns [ea1BojoIsiH
Jague) bunT
- - 194 - - 19y 719 % NNV BWOUIDIRY |[99-snowenbs
100> | 692-0¢T | 28T | T00> | €9z-seT | 88T 799 60T aAnoeRU|
- - 198 - - 194 /9 19 ANy BWIOUIDJBI0UPY
8610 | ivz-628 | sv1 | vero | ere-o60 | syT AN 16 aAnoeRU|
- - 194 - - 1oy ¥9 8e AN J3Y{OWs JusIIND
100> | €1e-28T | 62 | 100> | 882-9.T | sz 162 sze aAnoeRU|
- - 194 - - 194 A 19T BV Jajouws-Jswiod
gsners Bujows
8000 | 8,9-¢€T | 00°¢€ 1000 | 865-v€T | €8¢ 852 62 aAnoeRU|
- - 194 - - 194 £62 01 BV Jajouws-IanaN
100> | zoe-62T | €€ | 100> | Ssiz-0sT | 91 025 99z aAnoeRU|
- - 194 - - 194 185 9eT BV Jajouws-uoN
100> | 6y2-9¢T | v8T | T00> | ovz-TPT | ¥8T 90y ez aAnoeRU|
(0'sz<1ng)
- - 194 - - 194 158 1T aANIY 3sago pue 1yBramIsnQ
uoneayIsse|d NG
100> | 26€-26T | vie | 100> | vee-1T2 | 26 vz 112 aAnoeRU| I
- - 194 - - 194 z1e 6 aANIY -G'8T 1ING) 1yB1am [ewioN
100> | T2e-¥9T | 622 | 100> | 292-157T | 10T 158 81 aAnoeRU|
- - 18y - - 194 86¢ 66 aANIY a[ewa
XaS
100> | ¥62-ssT | vTe | 100> | 90e-S.T | 2 0g 692 aAnoeRU|
- - 18y - - 194 slz 0TT aANIY e
100> | 182-227T | €z | 100> | 2sz-€87T | €2 799 5% aAnoeRU|
- - 18y - - 194 L9 602 aANIY uone|ndod Apms |[e4en0
anfea-d 1D %56 do | enpead 1D %66 do
Z19POIN paisnipy-ajqerreAniniy [8PON paisnipy-aby (5e€T=N) 100u0D | (099 =N) 858D | AnAnow(u|) [euonesIsy dnoabans

Cannioto et al.

(S66T=N) st 18oued Bun| pue AAnoeul
[ea1sAyd [euollealal sWIIBYI| USdMISQ UOIIRID0SSE 3yl Bunuasaidal S[eAlalul 32UBPIIUOD 9456 PUR SOINRI SPPOo paishipe-sjgerieAnnw pue paisnipe-aby

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Cancer Treat Res Commun. Author manuscript; available in PMC 2019 January 01.



Page 20

Cannioto et al.

sadAigns [ea1bojoisiy Jaoued Bunj Jayio |je papnjoul adAigns [eaibojoisiy Jayio, m;._.v

sW(jolua Apnis 40 awi 8y} Je Buryjows A[aAloe 818M SISYOWS JUBLIND JuaL|joius ApnIs Jo
awin ayy Aq Buryows Buminb pauiodas pey oym wuedidnted Aue spnjoul SI9YOWS Jawioy ‘Juawjjoiud Apnis 03 Jouid Jeak auo ueyy 1abuoj 3inb pey oym pue paxows JaAsU SABY OYM 80U} apNjIUI SI8YOWS-UON

ZI3PON paisnipy-a|qerteAnInA

[3poINl paisnipy-aby

(ge€T=N) [013U0D

(099 =N) 8seD

AAnoy(ul) jeuonesiday

3
abe pue ‘Jaoued Bun| o Aioisiy Ajiwey ‘[ING ‘(sieah xoed) Bujows ‘xas 1oy paisnipe sjppow w_ﬂ.‘_@_:ﬁ:_3_>_N
e1ep Buissiw 03 anp [101 0 WNS 10U Aew &8&:2N
1000 A AT LLT 100> | 0SC—¢ET | 28T 199 ZeT aAIjoeU|
- - JEN - - JEN 19 6. 8oy »13U0
anfen-d 1D %56 HO | enead | 1D09%S6 | HO

dnoubgns

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Treat Res Commun. Author manuscript; available in PMC 2019 January 01.



Page 21

Cannioto et al.

(%S5v2) €62 (%96°L2) S¥T ¥2S 8eY oN
(%¥L°€T) ¥§ (%6€8'TT) 22 G2y 9. SaA
7AA] K103SIH Ajweq

(%.2'89) 622 (%v¥'€9) 8TT 9vs A% 13X/0WS-UON

(%vT22) 18 (%Ge'6T) 9 z0r €eT 12YOWS JUBLIND
98£°0 V:m.>m|_ 2) snye1s Bupjows
(%vT'22) 18 (%6S€°6T) 9€ 20y €zt 18OWS JUBLIND
(%9z°2L) ¥82 (%ve9L) TvT 2€s 9zy 18X0WS 18ULI0A
96€'0 (%09°6) 22 (%0e) 8 G'€8E (0} 18XOWS 131N
219027 €) snyexs Bunjowis
(%67°28) €2€ (%8T1'18) TGT G'€2S 17207 r9<
(%ves) 12 (%v8v) 6 16€ 0 r9-9p<
(%L07) 9T (%16'9) TT 207 12 9p-TE<
(%082) TT (%92°€) L Gl2y 8T 16-0<
(%09°6) 22 (%0€v) 8 g'ese 0€ 0
G110 (saeaA Yoed) Bujows
(%67°€T) €5 (%2€72T) €2 v 9. 95890
(%99°L€) 8T (%10°€Y) 08 0% 822 161I8MIAO
(1) 0. 4
(%S5°SY) 64T (%Lv°2v) 6L 525 852 Jybram [ewioN
(%vS2) 0T (%80°1) ¢ S 4 JyB1amiapun
€510 (feorroBereD) 1ING
9260 (1L'v) 99'52 (v6°€) £9'5Z - pug | (Snonunuod) Gw/bx) ing
0! 0
(%69'6€) 95T (%1e'LY) 88 89y 244 ofeLd
(1] 0!

(%1€°09) €2 (9669°29) 86 S6v Gee e
€800 PEI
€000 (59'6) 9779 (€9°01) €2'19 - 6.5 (snonunuo)) by

zenren-d | (o610 @s) N (€6€ = N) @anoeul | (% 40 as) N (98T = N) Aoy | (sAeq) dn-mojjod jo yabue ueipaiN | TN onsusoeIRYD

(625=N) smeis AlAnaeul [eaisAyd jeuoiiealdal swnayl] Aq uoieindod Apnis [eAIAINS aY) JO Sa1ISLIBIdRIRYD aANdIIoSaQ

Author Manuscript

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Treat Res Commun. Author manuscript; available in PMC 2019 January 01.



Page 22

Cannioto et al.

1s160joyred e Aq pabels aq 03 ajqeun sem Jown} ayl
sa)ealpul abels umoudun {paziselselswl sey Jowny ayl sajealpul abels welsiq ‘sspou ydwA| jeuoibal 01 peaids Jowny ay) sayedipul abels [euoifiay ‘811s Arewiid 01 paulsuod si Jowny e sajealpul abels (820

g

‘Juawyjous Apnis 03 Jorid Jeak auo 1ses| 1e Buijows 1Inb ey oYM 350U} PUE SIHOLIS-19ABU S19M OYM 9SO papn|oul mav_oEm.cozNV

“Juawjoiua Apnis Jo awi ays Je Bujows AjaA11oe 81aM SIaX0WS Jualing ‘Juawjjolus Apnis 03 Joud Bunjows Buminb payuodas oym syuedionued [je papnjoul SIsxows JawioH

&

S9|gRLIEA SNONUIIUOD 10} 1S8)-1 PUE S3|CeLIeA [ed110631ed 1oy aouspuadapul 1oy 1s8) asenbs 1yD sjuasaidal m:_m>-QN

e1ep BuIsSILW 0] anp [10] 01 WNS J0u AeW SIaqWINN

N

(%Seve) GET (%0v'TY) LL §'ze9 21z ON
(%68'v9) GS¢ (%90°85) 80T 6EY €9 SIA

¥0T°0 Adeuay] uoneipey
(%5829) Lve (%v8'vS) 20T LyE 6ve oN
(%6€°9€) EVT (%29'vv) €8 G'890T 9ce SIA

0900 A18bung
(%15°ew) TLT (%59°0€) LS §'6L9 8¢z ON
(%€L'99) 6T¢ (%¢8'89) 82T 1474 LE S9A

1700 Adeaaylowayd
(%9€'02) 08 (%88'92) 05 Sery 0T pauILLIBIaPUL)
(%99°€2) €6 (%ev'0z) 8¢ v6€ €T 4
(%16°L€) 6YT (%eL'1€) 65 G'zes 802 £
(%25'sT) 19 (%50°ST) 82 019 68 z
(%v02) 8 (%16°9) T1 1122 6T T

9800 apet
(%1ee) €T (%92€) L €55 (114 umowyun
(%ELTY) ¥9T (%29'vv) €8 L0g VA% ueisia
(%0T1'v€) vET (%Tv've) ¥9 619 86T [euo1ba
(%¥e'6T) 92 (%€T°97T) 0F 1811 90T pazifeao]

€620 59081

Zren-d | (o610 @s) N (6 = N) sanoeu) | (%40 as) N (98T = N) aanov | (skeq) dn-mojjod jo yibua ueipaiy | N onsLIsoRIRYD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Treat Res Commun. Author manuscript; available in PMC 2019 January 01.



Page 23

Cannioto et al.

sadAigns [ea1bojoisiy Jaoued Bunj Jayio || papnjoul adAigns [eaibojoisiy Jayio, E._.NV

JuswjoJud Apnis Jo awil ayy Aq Bujows Buminb payodas pey oym juedionted Aue spnjoul
SI9)OWS JaWI0} Juswijoiua Apnis 03 Jord Jeak auo ueyy JaBuoj Inb pey oym Jo PaxOWS JaAsU PeY OYM 3SOY) SPN|IUl SISYOWS-UOU ‘JUaW||0Jua ApNIS JO awi} 8yl Je Bujows A[aA110e a1am SIaXOoWs JuaLinD

&
1G pue ‘(sJeak yoed) Buijows ‘apelb Jown) ‘abels Jowny ‘xas ‘abe o} paisnipe sjapow m_ﬂ,\:@_b@>:_3_>_N
eyep Buissiw 03 anp [e10} 0} Wns Jou Aew &mnE:Zw
T00> 8¢'¢ €T €L'T 800°0 81 60T A ] 8G¢ 3s90OAYBIBMIBAD
6€5°0 6v'T 180 07’1 €610 9T 160 T 144 ¥0€ WB1em ewioN
uoneoyIsse|D 1INg
S00°0 €5'¢ 8T'T €L'T <000 144 1T 89T vs 08T BYy10
G599°0 99T 6¥°0 180 T€C0 S¢'1 0ov'0 0.0 S6€ 18 BWOUIDIED [[99-][eWS
Tee0 €6'T 080 veT €250 89T L0 vT'T 929 0LT | ®ewourdsed ||a9-snowenbs
€120 18T G8°0 Ve L0¥°0 19T 180 LT'T Ley 8vT BUIOUIDIBI0USPY
adAigns [eaibojoisiH
2000 S6'T oT'T 19T ¢000 8T 4 Syl oy LVE INOWS-UON
8T€0 187 910 ¥S0 1560 414 8€0 160 8¢ o€ 1)OowWs 19A8N
T00°0 S8'T oT'T Ly'T €000 LT 40" 6€'T 431 S1474 IH0WS JswioH
8€5°0 6LT IZA] ST'T 6v9°0 S9'1T €L0 TT 4014 €eT JXoWS ua1Ing
£Sniels Bupjows
1800 08T 160 4" 6€0°0 6L'T 0T SE'T 89% e dlewad
2000 10°C ITT €91 6€0°0 89T 10T 0€'1T S67 Gee dleN
X3S
T000 LT 4 or'T 7000 89T 60T €T 9.¥ 6.9 uone|ndod Apnis |[e43n0
anjeA-d | eatsiu| 80uspYUOD 9456 | zdH BIABMBARINIAL | snjea-d | |eAssiu] 80UBPYUOD 04G6 | ZdH BlGBLIBARINA (skeq) dn N dnosBan
-moJ|0- 40 (pBua uepsy | T ans

AlerioN oy199ds-a80ue) Bun

Aueion ssned-|v

"(626=N) Aujenow

211193ds-199urd Bun| pue asnea-|je yum AliAioeul [eaisAyd feuonealdal [eniigey Jo suoieldosse ayl Bunuasaidai sones prezey paisnipe ajqeeAn|nin

Author Manuscript

¥ alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Treat Res Commun. Author manuscript; available in PMC 2019 January 01.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study Population
	Epidemiological Questionnaire
	Physical Inactivity
	Identification of Confounding Variables
	Statistical Analysis
	Physical Inactivity and Lung Cancer Risk
	Physical Inactivity and Lung Cancer Mortality


	RESULTS
	Physical Inactivity and Lung Cancer Risk
	Physical Inactivity and Lung Cancer Mortality

	DISCUSSION
	CONCLUSION
	CLINICAL PRACTICE POINTS
	References
	Figure 1
	Table 1
	Table 2
	Table 3
	Table 4

