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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 (CI): 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). We also observed a significant positive association between 

lifetime physical inactivity and lung cancer mortality [Hazard ratio (HR)=1.40, 95% CI: 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 inactivity 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 inactivity 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 

Cannioto et al. Page 2

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

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



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 inactivity 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 inactivity 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 
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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% CIs 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.

RESULTS

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% CI: 

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% 

CI: 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% CI: 1.33–6.78), former smokers (OR=2.39, 95% CI: 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% CI: 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% CIs 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%CI: 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.
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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 enrollment. 

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 inactivity 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.

Cannioto et al. Page 11

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

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



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)1

Characteristic Cases (N = 660)
N (SD or %)

Controls (N = 1335)
N (SD or %) 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/m2) 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)4 <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

3
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 enrollment.
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