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ABSTRACT

Background: Evidence from observational studies of physical activity has been inconclusive
regarding its association with lung cancer risk. We investigated the causal relevance of phys-
ical activity for lung cancer using two-sample Mendelian randomization (MR) analysis.
Methods: Summary data of genome-wide association studies on physical activity and lung
cancer were identified using PubMed and the GWAS catalog. Twenty six single nucleotide
polymorphisms (SNP) known at P < 5x10°®to be associated with self-reported or accelerome-

ter-assessed physical activity served as instrumental variables.

Results: Self-reported physical activity was associated with lower risk of overall lung cancer
(inverse variance weighted odds ratio [OR] per standard deviation (SD) increase in : 0.48,
95% confidence interval [Cl]: 0.32-0.73, P=5.61x10", false discovery rate (FDR) = 1.12x107),
squamous cell carcinoma, small cell carcinoma, and lung cancer in ever-smokers. Accel-
erometer-assessed physical activity was associated with lower risk of overall lung cancer
(OR per 1-SD: 0.93, 95% CI: 0.90-0.97, P=2.96x10™*, FDR = 1.68x107), adenocarcinoma,

lung cancer in never-smokers, and lung cancer in ever-smokers.

Conclusions: The results support a potentially causal protective relationship between physi-
cal activity and risk of lung cancer and foster the hypothesis that enhancing physical activity

may be an effective prevention strategy for lung cancer.
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Introduction

Lung cancer causes more preventable death than any other cancer worldwide [1]. Smoking
is the risk factor most strongly linked to all lung cancer subtypes [2]. Potential non-smoking
related risk factors for lung cancer include environmental carcinogens, pulmonary fibrosis,
genetic history, dietary factors, and insufficient physical activity [3, 4]. Several meta-analyes
of observational studies suggested an inverse association between physical activity and lung
cancer risk [5-7]. Yet, the evidence has been limited to current and former smokers in most
studies [5-7]. Interpretation of this inverse association has been constrainted by potential
confounding, as smoking causes lung cancer and renders physical activity more difficult [5,
8]. Reverse causation may also affect the association between physical activity and lung
cancer risk, as the presence of lung cancer symptoms may lead to avoidance of physical
activity. Accordingly, the World Cancer Research Fund/American Institute for Cancer Re-
search [4] and a recent umbrella review [9] have categorized the overall evidence from ob-
servational studies as inconclusive. Mendelian randomization is a method that uses genetic
variants as instrumental variables to uncover causal relationships in the presence of unob-
served confounding and reverse causation [10]. Previous Mendelian randomization studies
have established obesity, a variable closely related to physical activity, as a contributor to the
development of lung cancer [11]. In the current study, we performed two-sample Mendelian
randomization analyses to assess the causal association between physical activity and lung

cancer.

Materials and Methods

The study design had three components: (1) identification of genetic variants to serve as
instrumental variables for physical activity; (2) the acquisition of summary data for the genetic
instruments from genomewide association studies on physical activity; (3) acquisition of in-
strumenting SNP-outcome summary data from genome wide association studies of lung

cancer.
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Selection of instrumental variables for physical activity

A genome-wide study of 377,234 UK Biobank participants identified 18 SNPs associated with
self-reported moderate-to-vigorous physical activity (metabolic equivalents per week) at ge-
nome-wide significance (P < 5 x 10®) [12], with an estimated heritability of 5% (Supplemen-
tary Table 1). In addition to those 18 SNPs, we used 8 SNPs associated with accelerometer-
based physical activity (mean acceleration in milli-gravities) at genome-wide significance in
91,084 individuals [12]. The estimated SNP-based heritability for accelerometer-based phys-

ical activity was 14%.

Lung cancer data

Summary data for the association of the self-reported SNPs and the accelerometer SNPs
with lung cancer (overall, adenocarcinoma, squamous cell carcinoma, small cell carcinoma,
never-smokers, ever-smokers) were obtained from a GWAS on 29,266 cases and 56,450

controls [13]. That GWAS for lung cancer did not include the UK Biobank.

Statistical power

The a priori statistical power was calculated wusing an online tool at

http://cnsgenomics.com/shiny/mRnd/ [14]. We assumed that the 18 self-reported physical

activity SNPs explained 0.1% and the 8 accelerometer-based physical activity SNPs ex-
plained 0.4% of the phenotypic variable [12, 15, 16]. Given a type 1 error of 5%, we had suf-
ficient statistical power (>80%) when the expected odds ratios (OR) per 1 standard deviation
(SD) for overall lung cancer was <0.80 and <0.91 in genetically instrumented self-reported
physical activity and accelerometer-based physical activity, respectively (Supplementary Ta-

ble 2).

Statistical analyses

The principal analysis was conducted using the inverse-variance weighted (IVW) method,
under a fixed effects model, alongside other methods to adress the violations of specific in-

strumental variable analysis assumptions: weighted median, MR-Egger and MR-Pleiotropy
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RESidual Sum and Outlier (MR-PRESSO) [17, 18]. The results were presented as ORs and
95% confidence intervals (Cls) per 1-SD increment in self-reported moderate-to-vigorous
physical activity or accelerometer-based physical activity. We tested potential directional
pleiotropy by testing the intercepts of MR-Egger models [17]. Finally, we looked up each in-
strument SNP and its proxies (r2>0.8) in Phenoscanncer [19] and the GWAS catalog [20] to
assess any previous associations (P<1x10®) with potential confounders. We performed
leave-one-out analyses and exlusion of potentially pleiotropic SNPs to rule out possible plei-
otropic effects. To correct for multiple testing, we additionally reported the false discovery
rate (FDR) according to Benjamini-Hochberg. Analyses were performed using the
TwoSampleMR (version 0.4.25) [18] and MRPRESSO (version 1.0) packages in R (version

3.6.1). Reporting follows the STROBE-MR statement [21].

Results

We estimated that a 1-SD increment in genetically predicted self-reported physical activity
was associated with a 52% (OR: 0.48, 95% Cl: 0.32-0.73 P=5.61x10", FDR=1.12x10") low-
er risk of overall lung cancer (Table 1). Inverse associations for genetically predicted self-
reported physical activity were also found for squamous cell carcinoma, small cell and lung
cancer in ever-smokers. No associations were found for genetically predicted self-reported
physical activity and adenocarcinoma or lung cancer in never-smokers. By comparison, ge-
netically predicted accelerometer-based physical activity was inversely related to overall lung
cancer (OR per 1-SD: 0.93, 95% CI: 0.90-0.97, P=2.96x10*, FDR:1.68x10'3), adenocarci-
noma, lung cancer in never-smokers, lung cancer in ever-smokers but showed no associa-

tions with squamous cell carcinoma or small cell carcinoma (Table 2).

The F-statistics for the strength of the genetic instruments were all 210 and ranged from 33
to 51 (Supplementary Table 1). The intercept test from the MR-Egger regression was statisti-
cally significant in the analysis for self-reported physical activity with overall lung cancer,
squamous cell carcinoma, and lung cancer in ever smokers (Supplementary Table 3). In the

Phenoscanner and GWAS databases, we identified two of the nine SNPs for self-reported
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physical activity associated with cognitive traits (rs1043595) and blood lipid, blood protein,
inflammation and cognitive decline (rs429358). Removing both SNPs in leave-one out anal-
yses did not change the pattern of the results (Supplementary Table 4). However, removal of
rs2854277 in leave one-SNP-out analyses attenuated associations of self-reported physical
activity with overall lung cancer, adenocardinoma, and lung cancer in never-smokers, which
indicated potential pleiotropy. MR-PRESSO detected one outlier SNP (rs429358) for the as-
sociation between self-reported physical activity with overall lung cancer, squamous cell car-
cinoma, small cell carcinoma and lung cancer among ever smokers but MR estimates re-

mained unaltered after removal of this outlier (Supplementary Table 4).

Discussion

The current study found that higher levels of genetically predicted self-reported and
accelerometrer-based physical activity were associated with lower risks of overall lung can-
cer, several lung cancer subtypes, lung cancer in never- smokers, and lung cancer in ever-
smokers. These findings are consistent with previous observational studies showing an in-
verse association between physical activity and risk of lung cancer. A large pooled analysis
of 12 European and US cohort studies including 19,133 lung cancers reported a relative risk
reduction of 24% (hazard ratio: 0.76; 95% CI: 0.71-0.77) comparing high and low levels of
self-reported physical activity [22]. The most comprehensive meta-analysis comprising 20
cohort studies and 31,807 cases found a 17% relative reduction in lung cancer risk with
highest versus lowest levels of physical activity (hazard ratio: 0.83; 95% CI: 0.77-0.90) [7].
Findings of another meta-analysis suggest no heterogeneity between lung cancer histologic
subtypes [5]. Of note, the above-mentioned pooled analysis revealed an inverse associations
in current- and former smokers and a null association in never-smokers [22]. Similarly, meta-
analyses consistently found that physical activity was inversely associated with lung cancer
among former and current smokers but unrelated to lung cancer among never smokers, alt-

hough the number of study estimates among never smokers was limited [5-7].
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The pooled analysis [22] and the meta-analyses [5-7] relied on observational study designs
that are prone to uncontrolled confounding and reverse causation. By comparision, the cur-
rent study used MR, which is less susceptible to some of the biases inherent in conventional
observational studies. The use of two-sample MR enabled us to use the largest GWAs on
lung cancer [13] to date. Our MR study also incorporated the largest GWAs on physical activ-
ity to increase the precision of SNP-physical activity estimates, to reduce the potential for
weak instrument bias and to increase statistical power. However, our study also had certain
limitations. First, the genetic instruments for self-reported physical activity and accelerome-
ter-assessed physical activity explained a small fraction of the phenotypic variability, which
resulted in some of the subgroup analyses being underpowered. Second, for the two-sample
MR to provide unbiased estimates, the risk factor and outcome sample should come from the
same underlying population. The discovery genome-wide association study of physical activi-
ty consisted of UK Biobank participants of European descent, aged 40 to 70 years [12]. The
SNP-lung cancer associations were derived from cohort and case-control studies of men and
women of European descent aged 18 years and older [13]. Given the limited age range of
the UK Biobank and inclusion of European ancestry individuals only, our results may not be
generalizable to other age groups or ancestral populations. Therefore, replication of our find-
ings in other age groups and non-European populations is warranted. Third, we found signifi-
cant effects on lung cancer risk for genetically predicted self-report physically activity. This is
surprising given that self-report measures is prone to recall and response bias, while more
objective methods to measure physical activity are less susceptible to these biases [23]. In
contrast, previous MR studies on depression [15] and breast and endometrial cancers [24]
discovered that the findings on the relationship with physical activity were specific to objec-
tively measured, but not self-reported, physical activity. One possible explanation for this
finding is that some of the genetic loci for self-reported physical activity are also related to
cognitive performance, which might have introduced measurement bias [25]. Another expla-
nation is that some of the SNPs for self-reported physical activity are also associated with

blood lipids, inflammatory markers and waist-hip ratio [25], which might have introduced hori-
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zontal pleiotropy. Nevertheless, it is reassuring that we also found association between ac-

celerometer-based physical activity and lung cancers.

There was several potential biological explanations for the the inverse association between
physical activity and lung cancer. First, physical activity increases pulmonary function [26]. A
second explanation may be that regular physical activity lowers lowers biomarker levels as-
sociated with lung cancer (estradiol, estrone, C-reactive protein, oxidative stress, interleukin-
6, tumor necrosis factor-a) [6, 7]. Lastly, physical activity may improve immune response and
reverse DNA damage [27]. In conclusion, we found evidence that physical activity may be
causally and inversely related to lung cancer risk. Further studies are warrented to replicate
this association in other ethnic groups, to elucidate the mechanisms by which physical activi-
ty may prevent to lung cancer, and investigate the potential to intervene to reduce lung can-

cer risk.
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Table 1 Mendelian randomization estimates between self-reported physical activity and cancer risk
Method OR* (95% CI)* P value FDR
Overall lung cancer
Inverse-variance weighted (fixed effects) 0.48 0.32; 0.73 5.61x10™ 1.12x10°
Weighted median 0.87 0.46; 1.60 0.648 0.876
MR PRESSO 0.75 0.46; 1.20 0.244 0.353
Adenocarcinoma Inverse-variance weighted (fixed effects) 0.62 0.36; 1.09 0.096 0.121
Weighted median 0.61 0.27;1.39 0.236 0.876
MR PRESSO 0.82 0.42; 1.59 0.563 0.543
Squamous cell car-
cinoma Inverse-variance weighted (fixed effects) 0.28 0.15; 0.55 1.57x10™ 0.93x10™
Weighted median 0.55 0.20; 1.54 0.257 0.859
MR PRESSO 0.52 0.23;1.19 0.142
Small cell carci-
noma Inverse-variance weighted (fixed effects) 0.21 0.07; 0.62 4.51x10° 6.77x10
Weighted median 0.40 0.07; 2.20 0.294 0.859
MR PRESSO 0.21 0.05; 0.92 0.045 0.053
Never smoker Inverse-variance weighted (fixed effects) 0.98 0.27; 3.22 0.906 0.906
Weighted median 1.14 0.18; 7.21 0.891 0.890
MR PRESSO 0.92 0.21; 4.20 0.923 0.924
Ever smoker Inverse-variance weighted (fixed effects) 0.49 0.29; 0.82 6.73x10° 8.08x10°
Weighted median 0.88 0.42; 1.84 0.728 0.876
MR PRESSO 0.77 0.47;1.24 0.294 0.354

MR PRESSO, MR Pleiotropy RESidual Sum and Outlier. OR (odds ratio) per one standard increase in metabolic-equivalent (MET)-minutes/week. Cl, confidence interval. SNP, single-nucleotide poly-

morphism. FDR, false discovery rate
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Table 2 Mendelian randomization estimates between accelerometer-based physical activity and lung cancer
Method OR? 95% CI P value FDR
Overall lung cancer
Inverse-variance weighted (fixed effects) 0.93 0.90; 0.97 2.96x10™ 1.68x107
Weighted median 0.99 0.93; 1.05 0.682 0.957
MR PRESSO 0.75 0.46; 1.20 0.244 0.411
Adenocarcinoma Inverse-variance weighted (fixed effects) 0.89 0.84;0.94 1.48 x10° 8.93x10™
Weighted median 0.92 0.84; 0.99 3.91 x10 0.112
MR PRESSO 0.92 0.85, 1.00 0.102 0.308
Squamous cell car-
cinoma Inverse-variance weighted (fixed effects) 0.96 0.90; 1.02 0.163 0.195
Weighted median 1.00 0.91; 1.09 0.958 0.957
MR PRESSO 0.99 0.93; 1.06 0.795 0.795
Small cell carcinoma  Inverse-variance weighted (fixed effects) 0.98 0.88; 1.08 0.647 0.647
Weighted median 0.98 0.86;1.13 0.828 0.957
MR PRESSO 0.98 0.85; 1.13 0.754 0.795
Never smoker Inverse-variance weighted (fixed effects) 0.86 0.76; 0.96 8.99x10°° 1.35x1072
Weighted median 0.85 0.72; 0.99 0.037 0.112
MR PRESSO 0.86 0.77;0.94 0.018 0.105
Ever smoker Inverse-variance weighted (fixed effects) 0.93 0.89; 0.98 6.61x10° 1.32x107
Weighted median 0.95 0.89; 1.02 0.144 0.284
MR PRESSO 0.97 0.93; 1.02 0.273 0.411

OR (odds ratio) per increase in mean acceleration (in milli-gravities). Cl, confidence interval. SNP, single-nucleotide polymorphism. FDR, false discovery rate
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