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Abstract 

Background  Chronic obstructive pulmonary disease (COPD) is a significant global health issue, suspected to elevate 
the risk for various cancers. This study sought to discern whether COPD serves as a risk marker or a causative factor 
for prevalent cancers.

Methods  We employed univariable MR (UVMR) analyses to investigate the causal relationship between COPD 
and the top ten common cancers. Sensitivity analyses were performed to validate the main findings. Multivariable 
MR (MVMR) and two-step MR analyses were also conducted. False-discovery-rate (FDR) was used to correct multiple 
testing bias.

Results  The UVMR analysis demonstrated notable associations between COPD and lung cancer (odds ratio 
[OR] = 1.42, 95%CI 1.15–1.77, FDR = 6.37 × 10–3). This relationship extends to lung cancer subtypes such as squamous 
cell carcinoma (LUSC), adenocarcinoma (LUAD), and small cell lung cancer (SCLC). A tentative link was also identified 
between COPD and bladder cancer (OR = 1.53, 95%CI 1.03–2.28, FDR = 0.125). No significant associations were found 
between COPD and other types of cancer. The MVMR analysis that adjusted for smoking, alcohol drinking, and body 
mass index did not identify any significant causal relationships between COPD and either lung or bladder cancer. 
However, the two-step MR analysis indicates that COPD mediated 19.2% (95% CI 12.7–26.1%), 36.1% (24.9–33.2%), 
35.9% (25.7–34.9%), and 35.5% (26.2–34.8%) of the association between smoking and overall lung cancer, as well 
as LUAD, LUSC, and SCLC, respectively.

Conclusions  COPD appears to act more as a risk marker than a direct cause of prevalent cancers. Importantly, it 
partially mediates the connection between smoking and lung cancer, underscoring its role in lung cancer prevention 
strategies.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a 
widespread global health issue, characterized by persis-
tent airflow limitation and respiratory symptoms [1]. Its 
prevalence has been steadily increasing, resulting in a 
significant disease burden worldwide [2]. In addition to 
its well-established impact on lung function and over-
all health regardless of the smoking status, COPD has 
recently been identified as a potential risk factor for vari-
ous types of cancer [3–7]. For example, findings from a 
Danish nationwide cohort study revealed that patients 
with first-time hospital-diagnosed COPD are at consid-
erably increased risk of developing both lung cancer and 
extrapulmonary cancers including cancers of the lar-
ynx, tongue, oral cavity, pharynx, esophagus, stomach, 
liver, pancreas, cervix uteri, and urinary tract [4]. Like-
wise, a cohort study performed in Taiwanese showed 
that COPD patients had increased risk for both pulmo-
nary and extrapulmonary cancers [7]. These studies have 
highlighted a systemic influence of COPD, potentially 
linked to factors such as chronic inflammation or oxida-
tive stress associated with the disease [5, 8]. For instance, 
research indicates that COPD exacerbations are often 
accompanied by significant systemic oxidative stress [9], 
a factor that may contribute to carcinogenesis in organs 
beyond the lungs, such as the liver [10].

Although previous epidemiological studies have con-
sistently demonstrated an association between COPD 
and increased cancer risk, it is important to acknowledge 
that observational studies are vulnerable to several meth-
odological challenges. Reverse causality poses a notable 
concern, as the presence of cancer may influence the 
development or severity of COPD, rather than the other 
way around [11]. Furthermore, confounding variables, 
such as smoking, age, and comorbidities, can indepen-
dently contribute to both COPD and cancer, potentially 
influencing the observed associations [12, 13]. The relia-
bility and generalizability of findings may also be affected 
by the duration of follow-up and sample size limitations 
in these studies.

To address the limitations of observational studies 
and gain a deeper understanding of the causal relation-
ship between COPD and cancer, alternative approaches 
are needed. Mendelian randomization (MR) analysis, 
utilizing genetic information as instrumental variables, 
offers a promising method for causal inference in obser-
vational studies [14, 15]. By leveraging genetic variants 
associated with COPD as proxies for the disease, MR 
analysis can help mitigate the effects of confounding and 
reverse causality, providing a more reliable estimate of 
the causal effect. For instance, using MR analysis, Higbee 
et al. found limited evidence for a causal effect of either 
lung function or COPD on Alzheimer’s disease [16]. MR 

analysis performed by Zhu et  al. showed a significant 
positive causal effect of COPD on resting heart rate [17]. 
However, there was yet no MR assessment for the asso-
ciation between COPD and common cancers.

In this study, we aimed to investigate the causal rela-
tionship between COPD and the top ten common can-
cers (i.e., cancers of lung, esophagus, liver, stomach, colon 
and rectum, thyroid, bladder, prostate, female breast, and 
cervix) [18] using MR analysis. Our findings hold the 
potential to enhance our understanding of the COPD-
cancer link and have implications for targeted interven-
tions, prevention strategies, and personalized treatment 
approaches in both COPD and cancer management.

Materials and methods
Study design
In this analysis, we constructed a two-sample MR analy-
sis framework, in which COPD was set was the exposure 
and the ten common cancers were the outcomes. Genetic 
variants that associated with COPD were used as the 
instrumental variables (IVs). A valid IV for inferring cau-
sality between exposure and outcome should meet the 
following assumptions: (1) the IVs are associated with the 
exposure of interest; (2) there are no unmeasured con-
founders of the associations between IVs and outcome; 
and (3) the IVs affect the outcome only via the exposure 
of interest [19].

GWAS summary data of instrumental variables of COPD
We retrieved genetic summary data of COPD from the 
Global Biobank Meta-analysis Initiative (GBMI), which 
incorporated 18 biobanks involving up to 1.8 million 
participants with diverse ancestries (Table  1) [20]. In 
this study, we only retrieved the genetic data of par-
ticipants with European ancestry, of which 61,627 were 
diagnosed as COPD and 980,360 were defined as healthy 
controls (Supplementary Tables S1-2). Each biobank 
conducted genotyping, imputation and quality controls 
and estimated sample ancestry independently. Fixed-
effect meta-analyses based on inverse-variance weighting 
were performed for COPD with all biobanks stratified by 
each ancestry and by sex. Thus, we also retrieved COPD 
GWAS summary data of males and females for sex-spe-
cific analysis (e.g., analysis for prostate and female breast 
cancers).

We followed a series of quality control steps to iden-
tify eligible IVs for COPD. First, we extracted SNPs that 
showed an association with COPD at the traditional 
GWAS threshold (P < 5 × 10–8). Second, we performed 
a clumping process based on the linkage disequilibrium 
(LD) estimates from the European samples in the 1000 
genomes project. We only retained the SNP that had the 
lower P value among those pairs of SNPs that had an LD 
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estimate above the specified threshold (0.01) and a win-
dow size of 10,000  kb. Third, we removed SNPs with a 
minor allele frequency < 1%. We also calculated the F-sta-
tistics for the IVs of COPD [21]; a mean F-statistic > 10 
denotes a low probability of weak-IV bias.

GWAS summary data of common cancers
We retrieved the genetic summary data of ten common 
cancers from their respective GWAS (Table  1). When 
selecting GWAS for the common cancers, our primary 
criterion was the comprehensiveness and specificity of 
the data available for each cancer type. For certain can-
cers where specific GWAS were not available, we turned 
to large-scale databases such as FinnGen and the UK 
Biobank. Our choice was guided by the number of avail-
able cases, ensuring the robustness and reliability of our 
analysis. This strategy allowed us to leverage the most 
extensive datasets, thereby enhancing the validity of our 
findings and providing a comprehensive overview of the 
genetic associations across a broad spectrum of cancers. 
All cancer GWASs were limited to Europeans. For lung 
cancer, we also retrieved the GWAS summary data of 
its histological subtypes, that are lung adenocarcinoma 
(LUAD), lung squamous cell carcinoma (LUSC), and 
small cell lung carcinoma (SCLC).

Next, we extracted the statistics (i.e., beta coefficient 
and standard error) for the IVs from the cancer GWAS 
summary data and harmonized them with that of the 
COPD GWAS. If a requested SNP was not present in the 
cancer GWAS, we retrieved the data of an SNP proxy that 
had an LD estimate of R2 > 0.8 with the requested SNP. 

We corrected or directly excluded the effects of ambigu-
ous SNPs with inconsistent alleles and palindromic SNPs 
with ambiguous strands in the subsequent two-sample 
MR analysis.

Univariable Mendelian randomization analysis
We performed the univariable MR (UVMR) according 
to the following procedure. First, we tested for horizon-
tal pleiotropy using the MR-PRESSO global test [22] and 
removed outliers (i.e., SNPs with P < 0.05) if horizontal 
pleiotropy was present. Second, we tested for between-
SNP heterogeneity using the inverse variance weighting 
(IVW) method based on the SNPs that remained after 
pleiotropy correction. We used Cochran’s Q statistic to 
check for the presence of heterogeneity and removed 
SNPs with P < 1.00 in MR-PRESSO analysis if heterogene-
ity was significant (P value of Cochran’s Q statistic < 0.05). 
Third, we conducted MR analysis using the IVW method. 
We obtained the IVW estimate by meta-analyzing the 
SNP-specific Wald estimates using multiplicative ran-
dom effects. We calculated the statistical power for MR 
analysis using mRnd website [23]. We also performed a 
series of sensitivity analyses using four different methods: 
MR-Egger regression, weighted median, weighted mode, 
and MRPRESSO methods. Additionally, we conducted a 
“leave-one-out” analysis to identify influential SNPs.

Multivariable Mendelian randomization analysis
To further overcome the potential pleiotropy, we per-
formed multivariable MR (MVMR) analysis [24], in which 
smoking, alcohol drinking, and body mass index (BMI) 

Table 1  GWAS sources of chronic obstructive pulmonary disease (COPD) and common cancers

a including 6,167 European ancestry Barrett’s esophagus cases

Traits PMID Case (N) Control (N) Web source

COPD 36777996 61,627 980,360 http://​resul​ts.​globa​lbiob​ankme​ta.​org/

Lung cancer 28604730 85,716 29,266 GWAS-Catalog: GCST004748

Lung adenocarcinoma 66,756 11,273 GWAS-Catalog: GCST004744

Lung squamous cell carcinoma 63,053 7,426 GWAS-Catalog: GCST004750

Small cell lung carcinoma 24,108 2,664 GWAS-Catalog: GCST004746

Esophageal cancera 27527254 10,279 17,159 GWAS-Catalog: GCST003740

Gastric cancer FinnGen 1,054 238,678 https://​stora​ge.​googl​eapis.​com/​finng​en-​public-​data-​r7/​summa​ry_​stats/​finng​
en_​R7_​C3_​STOMA​CH_​EXALLC.​gz

Liver cancer UK Biobank 539 419,992 https://​pan.​ukbb.​broad​insti​tute.​org/​pheno​types/​index.​html

Colorectal cancer UK Biobank 5,657 372,016 IEU-OpenGWAS: ieu-b-4965

Thyroid 36777996 6,997 1,369,273 http://​resul​ts.​globa​lbiob​ankme​ta.​org/

Prostate cancer 29892016 79,194 61,112 http://​pract​ical.​icr.​ac.​uk/​blog/?​page_​id=​8164

Female breast cancer 32424353 133,384 113,789 https://​bcac.​ccge.​medsc​hl.​cam.​ac.​uk/​bcacd​ata/​oncoa​rray/​oncoa​rray-​and-​combi​
ned-​summa​ry-​result/​gwas-​summa​ry-​assoc​iatio​ns-​breast-​cancer-​risk-​2020/

Bladder cancer 32887889 2,242 410,350 GWAS-Catalog: GCST90011817

Cervical cancer 32887889 6,563 410,350 GWAS-Catalog: GCST90011816

http://results.globalbiobankmeta.org/
https://storage.googleapis.com/finngen-public-data-r7/summary_stats/finngen_R7_C3_STOMACH_EXALLC.gz
https://storage.googleapis.com/finngen-public-data-r7/summary_stats/finngen_R7_C3_STOMACH_EXALLC.gz
https://pan.ukbb.broadinstitute.org/phenotypes/index.html
http://results.globalbiobankmeta.org/
http://practical.icr.ac.uk/blog/?page_id=8164
https://bcac.ccge.medschl.cam.ac.uk/bcacdata/oncoarray/oncoarray-and-combined-summary-result/gwas-summary-associations-breast-cancer-risk-2020/
https://bcac.ccge.medschl.cam.ac.uk/bcacdata/oncoarray/oncoarray-and-combined-summary-result/gwas-summary-associations-breast-cancer-risk-2020/
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were included as the covariates. The genetic summary 
data of smoking and alcohol drinking were retrieved 
from a GWAS of risk tolerance and risky behaviors in 
over 1 million individuals [25]. Smoking was measured by 
its status (i.e., ever vs. never smokers), and alcohol drink-
ing was measured by drinks per week. The genetic sum-
mary data of BMI was retrieved from a GWAS for height 
and BMI in ∼700000 individuals of European ancestry 
[26]. Multivariable weighted median method was applied 
if the presence of significant between-SNP heterogeneity, 
otherwise, multivariable IVW method was employed.

Mediation analysis
Since smoking is a well-determined risk factor for both 
COPD and cancers, we performed a two-step MR anal-
ysis to investigate the mediation effect of COPD on the 
association between smoking and cancers [27]. To assess 
the indirect effect, we adopted the “product of coeffi-
cients” strategy. Two-step MR uses a series of UVMR 
analyses to estimate the total effect of the exposure on 
the outcome, the effect of the exposure on the mediator, 
and the effect of the mediator on the outcome [28]. The 
indirect effect of the exposure on the outcome can then 
be calculated by multiplying the effect of the exposure 
on the mediator and the effect of the mediator on the 
outcome. Standard errors were derived using the sum of 
squares method.

We used false-discovery rate (FDR) to adjust for mul-
tiple testing and an FDR < 0.05 was deemed statistically 
significant. A P value < 0.05 but FDR > 0.05 denotes a sug-
gestive association. All statistics were performed using 
R program (v 4.1.1). TwoSampleMR, MendelianRand-
omization, and MRPRESSO packages were used for MR 
analyses.

Results
Following rigorous quality control processes, we included 
a number of IVs, ranging from seven to 23, for MR anal-
ysis for cancers (Table  2; Supplementary Table  S3). The 
mean F-statistics were all > 10, indicating a low probabil-
ity of weak IV bias. However, significant between-SNP 
heterogeneities were observed for IVs in the MR analysis 
of lung cancer and its histological subtypes, bladder, colo-
rectal, prostate, and cervical cancers (Table 2). No signifi-
cant horizontal pleiotropy was found for any cancer type, 
further validating the robustness of the MR analysis. 
Thus, for MR analyses showing significant between-SNP 
heterogeneity, we reported estimates of weighted median 
method as the main findings, otherwise IVW estimates 
were reported. In the current scenario, we have enough 
statistical power to identify an association (represented 
by an odds ratio [OR]) less than 0.8 or greater than 1.2 
between COPD and cancers. When aiming to identify 

an OR between 0.8 and 1.2, the statistical powers were 
decreased to varying degrees, ranging from 78 to 95.

Findings of univariable Mendelian randomization analysis
UVMR analysis (IVW method or weighted median 
method) suggested that COPD was significantly asso-
ciated with the risk of lung cancer (OR = 1.42, 95% CI 
1.15–1.77, FDR = 6.37 × 10–3), LUSC (OR = 2.27, 95% CI 
1.60–3.21, FDR = 7.84 × 10–5), LUAD (OR = 2.03, 95% CI 
1.53–2.69, FDR = 5.53 × 10–5), and SCLC (OR = 2.47, 95% 
CI 1.49–4.10, FDR = 2.81 × 10–3), and was suggestively 
associated with bladder cancer (OR = 1.53, 95% CI 1.03–
2.28, FDR = 1.25 × 10–1) (Fig. 1). No significant or sugges-
tive association was detected between COPD and other 
eight types of cancer.

For most COPD-cancer pairs, estimates from different 
MR methods were consistent in directions (Fig.  2; Sup-
plementary Figure S1). For instance, all methods indi-
cated a positive association between COPD and lung 
cancer while revealing a negative association between 
COPD and gastric cancer. Moreover, in the “leave-one-
analysis”, we did not identify any potential outlier that 
significantly influences the association between COPD 
and cancers, namely the association did not significantly 
change when excluding any SNP (Fig. 3; Supplementary 
Figure S2).

Findings of multivariable Mendelian randomization 
analysis
To further validate the significant and suggestive asso-
ciation that identified in UVMR analysis, we performed 
a MVMR for lung cancer (including its histological sub-
types) and bladder cancer. A total of 877, 919, 887, 930, 
and 994 eligible IVs were used for these five types of 
cancer, respectively. MVMR analysis reported an OR of 
0.98 (95% CI 0.92–1.04) for lung cancer, 1.00 (95% CI 
0.91–1.10) for LUSC, 1.01 (95% CI 0.92–1.09) for LUAD, 
1.02 (95% CI 0.88–1.19) for SCLC, and 0.88 (95% CI 
0.76–1.01) for bladder cancer (Fig.  4). In this analysis, 
we found that smoking is a causal factor for lung can-
cer (OR = 1.19, 95% CI 1.07–1.31, FDR = 1.64 × 10–2) as 
well as its subtypes LUAD (OR = 1.21, 95% CI 1.06–1.39, 
FDR = 2.64 × 10–2) and SCLC (OR = 1.43, 95% CI 1.13–
1.81, FDR = 2.64 × 10–2) (Fig. 4).

Mediation effect of COPD
In our analysis, we focused on estimating the mediat-
ing effect of COPD in the relationship between smok-
ing and lung cancer, given that there’s no causal link 
between smoking and bladder cancer risk (OR = 1.35, 
95% CI 0.97–1.88). Through the UVMR analysis, a sig-
nificant association was observed between smoking and 
both COPD and lung cancer (Fig.  5). This association 
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was also present for different lung cancer subtypes. 
These results imply that while smoking acts as a con-
founder in the COPD-lung cancer relationship, COPD 
might also be a mediator for smoking’s effect on lung 
cancer. The two-step MR analysis indicates that COPD 
mediated 19.2% (95% CI 12.7–26.1%), 36.1% (24.9–
33.2%), 35.9% (25.7–34.9%), and 35.5% (26.2–34.8%) 
of the association between smoking and overall lung 

cancer, as well as LUAD, LUSC, and SCLC subtypes, 
respectively (Fig. 5).

Discussion
Our study aimed to investigate the causal relationship 
between COPD and common cancers using MR analy-
sis. We comprehensively analyzed data for various can-
cer types, including lung, liver, gastric, esophageal, 

Fig. 1  Genetic association between chronic obstructive pulmonary disease and common cancers according to univariable Mendelian 
randomization analysis
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Fig. 2  Scatter plot showing the SNP effects on both chronic obstructive pulmonary disease (exposure) and lung and bladder cancers (outcome). 
(The gray error bars denote the 95% confidence intervals of the effects; A-E represents lung cancer, lung squamous cell carcinoma, lung 
adenocarcinoma, small cell lung carcinoma, and bladder cancer, respectively.)

Fig. 3  Leave-one-out analysis for chronic obstructive pulmonary disease and lung and bladder cancers. (The blue line denotes the integrated 
effect size; A-E represents lung cancer, lung squamous cell carcinoma, lung adenocarcinoma, small cell lung carcinoma, and bladder cancer, 
respectively)
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colorectal, thyroid, female breast, cervical, and pros-
tate cancers. The results of our study reveal a signifi-
cant causal association between COPD and lung cancer, 
specifically its histological subtypes, which include lung 
squamous cell carcinoma, lung adenocarcinoma, and 
small cell lung carcinoma. Additionally, we found evi-
dence suggesting a potential causal association between 
COPD and bladder cancer. However, in multivariable MR 
analysis that included smoking, alcohol drinking, and 
BMI as the covariates, the associations between COPD 
and lung and bladder cancers become statistically non-
significant. Our MR analysis did not detect any signifi-
cant associations between COPD and the other cancer 
types investigated.

Observational studies have consistently reported an 
increased risk of lung cancer among individuals with 
COPD [29]. Although efforts have been made to adjust 
for common confounders such as smoking, studies inves-
tigating the association between COPD and cancer often 
encounter inherent limitations, including underadjust-
ment for confounders and reverse causality, which can 
impact the interpretation of the observed associations. 
For example, the smoking data were typically obtained 

through questionnaires, making them susceptible to 
recall bias [30]. Moreover, smoking represents a complex 
and subjective variable that poses challenges in its pre-
cise measurement within epidemiological studies. The 
assessment of smoking varied among studies, with some 
utilizing a categorical approach by comparing never or 
former smokers to current smokers [31, 32], while others 
quantified smoking using pack-years [33, 34]. Given the 
inherent limitations, the findings of observational studies 
should be interpreted with cautions and further valida-
tions were also warranted. In the current study, by utiliz-
ing MR analysis, we aimed to overcome these limitations 
and provide robust evidence for the causal relationship 
between COPD and lung cancer and other common 
cancers. Our findings were largely aligning with previ-
ous research, strengthening the evidence for a causal link 
between COPD and lung cancer.

The underlying mechanisms driving the causal relation-
ship between COPD and lung cancer can be explained by 
several factors. COPD is characterized by chronic inflam-
mation and oxidative stress in the lungs, both of which 
play significant roles in the development and progres-
sion of lung cancer [35, 36]. Inflammatory mediators and 

Fig. 4  Genetic association between chronic obstructive pulmonary disease and lung and bladder cancers according to multivariable Mendelian 
randomization analysis
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reactive oxygen species generated in the lungs of COPD 
patients can lead to DNA damage, impaired DNA repair 
mechanisms, and disruption of cellular homeostasis [37]. 
These processes contribute to the oncogenic transfor-
mation observed in lung cancer. Furthermore, shared 
genetic factors and common environmental exposures, 
such as tobacco smoke, contribute to the co-occurrence 
of COPD and lung cancer [38, 39]. Genetic variations 
associated with COPD may also influence lung can-
cer risk through pleiotropic effects on cellular pathways 
involved in cancer development [40].

However, we have to note that the significantly posi-
tive association between COPD and lung cancer was dis-
appeared when we further adjusted for their shared risk 
factors (i.e., smoking, alcohol drinking, and BMI). This 
finding suggested that the association between COPD 
and lung cancer may be confounded by smoking, namely 

COPD and lung cancer are sequelae of heavy smoking, 
although COPD always precedes lung cancer. In this case, 
COPD per se may not be a causer but only be a risk fac-
tor for lung cancer. We also found that COPD may be a 
mediator between smoking and lung cancer, suggesting 
a potential biological pathway: smoking leads to COPD, 
and then COPD, in turn, increases the risk of lung can-
cer. If COPD indeed acts as a mediator, it emphasizes 
the importance of early detection and management of 
COPD. By effectively managing and potentially slow-
ing the progression of COPD, we might also reduce the 
risk of lung cancer among these patients. Interestingly, 
in our two-step MR analysis, it was observed that COPD 
mediated a higher percentage of the association between 
smoking and specific lung cancer subtypes (LUAD, 
LUSC, and SCLC) compared to overall lung cancer. 
This finding could be partly explained by the differential 

Fig. 5  Directed acyclic graph representing the associations across smoking, COPD, and lung cancer. (α, β1, β2 were calculated from the univariable 
Mendelian randomization analysis. ***denotes P value < 0.001. PM means proportion mediated. LUAD, lung adenocarcinoma; LUSC, lung squamous 
cell carcinoma; SCLC, small cell lung carcinoma)
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impact of genetic variants, which serve as instrumental 
variables in our analysis, on these specific subtypes ver-
sus lung cancer in general. It underscores the nuanced 
role that genetic factors may play in the mediation effects 
across different cancer subtypes, a reflection of the com-
plex interplay between genetics, COPD, and lung cancer 
pathogenesis.

Regarding the potential causal association between 
COPD and bladder cancer, our UVMR findings reveal 
a suggestive relationship, although this association was 
become non-significant in MVMR analysis. The asso-
ciation between COPD and bladder cancer was rarely 
reported in observational studies. Chronic inflamma-
tion in the respiratory tract of COPD patients can induce 
systemic inflammation, which may contribute to the 
development of bladder cancer. Inflammatory mediators 
and other inflammatory markers released in response to 
COPD-related inflammation can potentially affect the 
bladder’s cellular environment and promote carcinogen-
esis [41]. Furthermore, shared risk factors, such as smok-
ing and occupational exposures, may contribute to the 
observed association between COPD and bladder cancer 
[41, 42]. Smoking, in particular, is a well-established risk 
factor for both COPD and bladder cancer and likely plays 
a substantial role in the shared pathogenesis of these con-
ditions [43].

While our study provides valuable insights into the 
causal relationship between COPD and lung cancer and 
suggests a potential association with bladder cancer, it 
is important to acknowledge the limitations. MR analy-
sis relies on several assumptions, including the validity 
of genetic instruments and the absence of pleiotropy. 
Although we employed robust methods to minimize 
biases associated with these assumptions, some residual 
confounding or pleiotropy may still be present. Addi-
tionally, our study focused on a selected set of common 
cancers, and we did not explore associations with other 
cancer types. Therefore, caution should be exercised 
when extrapolating our findings to all cancer types. 
Furthermore, the generalizability of our results may be 
limited to populations with similar ethnic backgrounds 
as the cohorts used for MR analysis. Finally, while our 
study employed comprehensive strategies to minimize 
the impact of pleiotropy, such as rigorous SNP selec-
tion and advanced sensitivity analyses, we recognize the 
inherent challenges in completely ruling out pleiotropy 
in MR studies [44]. For instance, SNPs associated with 
COPD may also be involved in biological pathways such 
as inflammation, oxidative stress, and DNA damage, all 
of which are implicated in the development of various 
cancers. This overlap highlights the complexity of genetic 
influences in disease processes and underscores the need 
for cautious interpretation of MR findings.

Conclusion
In conclusion, our study provides evidence for a causal 
association between COPD and lung cancer. We also 
found indications of a potential causal association 
between COPD and bladder cancer. However, these 
associations may be confounded by smoking. Further 
research is warranted to validate our findings, elucidate 
the underlying mechanisms, explore associations with 
other cancer types, and assess the potential impact of 
interventions.
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