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Background: Observational studies suggest a link between common analgesic use and chronic obstructive pulmonary disease 
(COPD), but causality is unclear. This study aimed to investigate the bidirectional causal relationship between the genetically 
predicted use of paracetamol, aspirin, and ibuprofen, and COPD risk using a two-sample Mendelian randomization (MR) approach.
Methods: We performed a bidirectional MR study using summary statistics from large-scale genome-wide association studies 
(GWAS). Genetic instruments for paracetamol, aspirin, and ibuprofen use were from the UK Biobank (N=457,547). COPD summary 
statistics were from the FinnGen consortium (24,138 cases, 409,070 controls). The primary analysis used the inverse-variance 
weighted (IVW) method. We conducted extensive sensitivity analyses (MR-Egger, weighted median, weighted mode, MR- 
PRESSO) to assess pleiotropy and heterogeneity.
Results: Genetically predicted paracetamol use was significantly associated with an increased risk of COPD (IVW OR: 6.00, 95% CI: 
2.43–14.82, P < 0.001). Conversely, genetically predicted aspirin use was associated with a decreased risk of COPD (IVW OR: 0.19, 
95% CI: 0.05–0.71, P = 0.014). Genetically predicted ibuprofen use showed no significant association with COPD risk (IVW OR: 
0.47, 95% CI: 0.06–3.82, P = 0.483). In the reverse analysis, genetic liability to COPD was not causally associated with the use of any 
of the three analgesics (P > 0.05). Sensitivity analyses supported the robustness of these findings, showing no significant directional 
pleiotropy or heterogeneity for the primary results.
Conclusion: This MR study provides genetic evidence supporting a causal relationship between paracetamol use and an increased 
risk of COPD, and between aspirin use and a decreased risk. These findings suggest that the choice of analgesic may have important 
implications for COPD risk, warranting further clinical investigation.
Keywords: analgesics, chronic obstructive pulmonary disease, mendelian randomization, paracetamol, aspirin, ibuprofen, causal 
inference

Introduction
Chronic Obstructive Pulmonary Disease (COPD) is a major global health burden, affecting approximately 400 million 
people worldwide and ranking as the third leading cause of death.1 It is a progressive and largely irreversible lung 
condition characterized by persistent respiratory symptoms and airflow limitation, arising from abnormalities in the 
airways and/or alveoli, typically caused by significant exposure to noxious particles or gases.2 The pathophysiology of 
COPD is complex, involving chronic inflammation, oxidative stress, and an imbalance of proteases and antiproteases, 
leading to structural changes in the lungs such as emphysema and chronic bronchitis. Key risk factors for COPD are 
well-established and include tobacco smoking, exposure to biomass fuels, occupational dusts and fumes, and genetic 
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predisposition.3,4 The high prevalence and mortality associated with COPD underscore the need for a better under
standing of its etiology and modifiable risk factors.

Common analgesics, including paracetamol (acetaminophen), aspirin, and ibuprofen, are among the most widely used 
medications globally for pain and fever management. Given their widespread use, often as over-the-counter products, 
their potential long-term effects on chronic diseases have been a subject of interest. Observational studies have reported 
associations between the use of these analgesics and various respiratory conditions. For instance, increased use of 
paracetamol has been linked to a higher risk of both asthma and COPD, as well as reduced lung function, in a dose- 
dependent manner with an adjusted odds ratio of 1.16 (95% CI 1.09–1.24) for COPD per increasing category of intake.5 

The proposed mechanism for paracetamol’s effect on the respiratory system involves the depletion of glutathione, 
a critical antioxidant in the lungs. This depletion can lead to increased oxidative stress, a key factor in the pathogenesis 
of COPD, as paracetamol use results in a dose-dependent decrease in pulmonary glutathione levels.6 For non-steroidal 
anti-inflammatory drugs (NSAIDs) like aspirin and ibuprofen, the mechanism of action involves the inhibition of 
cyclooxygenase (COX) enzymes, which can alter the balance of pro-inflammatory and anti-inflammatory eicosanoids. 
In susceptible individuals, this can lead to bronchospasm, and aspirin-exacerbated respiratory disease (AERD) is a well- 
described clinical syndrome characterized by asthma, chronic rhinosinusitis with nasal polyposis, and respiratory 
reactions upon exposure to COX-1 inhibitors.7

Despite these plausible biological mechanisms and observational findings, establishing a causal relationship between 
analgesic use and COPD risk is challenging. Observational studies are prone to limitations including confounding factors 
(eg., smoking, underlying health conditions), reverse causation, and exposure misclassification, which can introduce bias 
in estimating causal effects.8 The observational design raises concerns about residual confounding and reverse causality.9 

Therefore, it remains unclear whether the observed associations are causal.
To overcome these challenges, we employed Mendelian randomization (MR), an analytical method that uses genetic 

variants as instrumental variables (IVs) to infer causal relationships between exposures and outcomes.10 The random 
assortment of genes at conception mimics a natural randomized trial, allowing MR to mitigate confounding and be less 
susceptible to reverse causation, thus providing more robust evidence for causality than traditional observational studies.

Graphical Abstract
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In this study, we employed a two-sample, bidirectional MR approach to investigate the causal relationship between 
the genetically predicted use of three common analgesics—paracetamol, aspirin, and ibuprofen—and the risk of COPD. 
We acknowledge that using genetic variants as proxies for medication use has inherent limitations, but it provides 
a valuable opportunity to examine long-term effects while minimizing traditional confounding from factors like smoking. 
We hypothesized that the use of these analgesics might causally influence COPD risk, and conversely, that a diagnosis of 
COPD might lead to altered patterns of analgesic use. By leveraging large-scale genome-wide association study (GWAS) 
summary statistics, this study aims to provide robust evidence on these potential causal links. Our findings could have 
significant implications for clinical practice and public health recommendations regarding pain management in indivi
duals at risk of or with COPD.

Methods
Study Design
This study employed a two-sample, bidirectional Mendelian randomization (MR) design to investigate the causal 
relationships between the use of common analgesics (paracetamol, aspirin, and ibuprofen) and the risk of COPD. The 
MR method is predicated on three core assumptions for the genetic variants used as instrumental variables (IVs): (1) 
relevance – they must be strongly associated with the exposure of interest; (2) independence – they must not be 
associated with any confounders of the exposure-outcome relationship; and (3) exclusion restriction – they must affect 
the outcome only through the exposure, with no independent pathway (ie., no horizontal pleiotropy).10–12 In the forward 
MR analysis, we assessed the causal effect of analgesic use on COPD risk. In the reverse MR analysis, we assessed the 
causal effect of COPD on analgesic use. A bidirectional MR design further allows for the investigation of causality in 
both directions, helping to disentangle the temporal relationship between two associated traits.10 An overview of the 
study design is presented in Figure 1. All data used in this study were obtained from publicly available summary statistics 
from genome-wide association studies (GWAS), and thus, no new ethical approval was required.

Figure 1 Study Design A directed acyclic graph (DAG) illustrating the bidirectional Mendelian randomization design used in this study. In the forward analysis, genetic 
instruments (SNPs) are used to assess the causal effect of analgesic use (paracetamol, aspirin, ibuprofen) on COPD risk. In the reverse analysis, genetic instruments are used 
to assess the causal effect of COPD on analgesic use. The design relies on the three core assumptions of MR: (1) the genetic variants are strongly associated with the 
exposure, (2) the genetic variants are not associated with confounders, and (3) the genetic variants influence the outcome only through the exposure.
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Data Sources and Selection of Genetic Instruments
Analgesic Use GWAS Data
Summary statistics for the use of paracetamol, aspirin, and ibuprofen were obtained from the UK Biobank GWAS 
dataset, available through the IEU OpenGWAS database.13 The specific GWAS IDs used were: ukb-b-17595 for 
paracetamol use, ukb-b-7137 for aspirin use, and ukb-b-8888 for ibuprofen use. These datasets are based on 
a European population of 457,547 individuals. The exposure phenotypes were based on self-reported use of each 
analgesic, treated as a binary trait.

For each analgesic, we selected single nucleotide polymorphisms (SNPs) as IVs that reached the genome-wide 
significance threshold (P < 5 × 10−8). To ensure the independence of the IVs, we performed clumping using a stringent 
linkage disequilibrium (LD) threshold of r2 < 0.001 within a 10,000 kb window, based on the European 1000 Genomes 
Project reference panel. We calculated the F-statistic for each SNP to assess instrument strength, using the formula F = 
(beta/se)2, where beta and se are the effect size and standard error of the SNP-exposure association, respectively. SNPs 
with an F-statistic less than 10 were considered weak instruments and were excluded from the analysis. The mean 
F-statistics for the selected instruments were well above 10 for all exposures, indicating sufficient strength to mitigate 
weak instrument bias. The proportion of variance (R2) in the exposure explained by each set of instruments was also 
calculated (details in Supplementary Table S1 and Table S2). Proxy SNPs were identified (LD r2 > 0.8) for any SNPs that 
were not present in the outcome GWAS data. Finally, we removed palindromic SNPs with intermediate allele frequencies 
(minor allele frequency > 0.42) to avoid ambiguity in aligning effect alleles between exposure and outcome datasets.

COPD GWAS Data
Summary-level GWAS data for COPD were obtained from the FinnGen consortium (Release 12), with the GWAS ID 
finngen_R12_J10_COPD.14 This dataset included 24,138 cases and 409,070 controls, totaling 433,208 participants of 
European ancestry. COPD cases were defined based on International Classification of Diseases (ICD) codes. The same 
procedures for IV selection—genome-wide significance, clumping, F-statistic calculation, and removal of weak and 
palindromic SNPs—were applied when COPD was treated as the exposure in the reverse MR analysis.15

Details of the GWAS summary statistics used in this study, including the number of instrumental variables for each 
analysis, are provided in Table 1.

Statistical Analysis
The statistical analysis was performed using the “TwoSampleMR” package in R (version 4.2.1).

Primary Mendelian Randomization Analysis
The primary MR analysis was conducted using the random-effects inverse-variance weighted (IVW) method. The IVW 
method combines the Wald ratios (SNP-outcome effect / SNP-exposure effect) for each SNP in a meta-analysis, 

Table 1 Details of the GWAS Summary Statistics Used in the MR Analysis

Phenotype Role Phenotype GWAS ID Consortium/ 
Author

Sample Size  
(Cases/Controls)

Total SNPs Year

Exposure Paracetamol Ukb-b-17595 UK Biobank 457,547 9,851,867 2018

Exposure Aspirin ukb-b-7137 UK Biobank 457,547 9,851,867 2018
Exposure Ibuprofen Ukb-b-8888 UK Biobank 457,547 9,851,867 2018

Outcome COPD Finngen_R12_J10_COPD FinnGen (Release 12) 433,208 (24,138/409,070) 20,111,953 2024

Exposure COPD Finngen_R12_J10_COPD FinnGen (Release 12) 433,208 (24,138/409,070) 20,111,953 2024
Outcome Paracetamol Ukb-b-17595 UK Biobank 457,547 9,851,867 2018

Outcome Aspirin Ukb-b-7137 UK Biobank 457,547 9,851,867 2018

Outcome Ibuprofen Ukb-b-8888 UK Biobank 457,547 9,851,867 2018

Abbreviations: GWAS, genome-wide association study; MR, Mendelian randomization; COPD, chronic obstructive pulmonary disease; UK Biobank, United Kingdom 
Biobank; SNP, single nucleotide polymorphism.
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weighting each by the inverse of its variance. It provides the most precise causal estimate under the assumption that all 
IVs are valid or that any pleiotropy is balanced and not directional.16

Sensitivity Analyses
To assess the robustness of our findings and test for violations of the MR assumptions, several sensitivity analyses were 
performed.

MR-Egger Regression: This method can detect and adjust for directional pleiotropy. It is similar to the IVW method 
but allows the intercept term in the regression to be non-zero. A non-zero intercept is indicative of directional pleiotropy, 
and the slope of the regression provides a causal estimate adjusted for this pleiotropy. The validity of the MR-Egger 
estimate relies on the Instrument Strength Independent of Direct Effect (InSIDE) assumption.11

Weighted Median Estimator: This method provides a consistent causal estimate if at least 50% of the weight in the 
analysis comes from valid IVs. It is robust to the presence of some invalid instruments, making it less sensitive to 
outliers.17

Weighted Mode Estimator: This method is based on the assumption that the largest cluster of SNPs with similar 
causal effect estimates represents the true causal effect, making it robust to a plurality of invalid instruments.18

MR-Pleiotropy Residual Sum and Outlier (MR-PRESSO) Test: This method identifies horizontal pleiotropy by 
detecting outlier SNPs and provides a causal estimate after removing them. We used the MR-PRESSO global test to 
assess overall pleiotropy and, if significant, corrected the causal estimate by removing identified outliers.19

Heterogeneity and Pleiotropy Assessment
Cochran’s Q Test: Heterogeneity among the causal estimates from individual SNPs was assessed using Cochran’s 
Q statistic. Significant heterogeneity (P < 0.05) may indicate the presence of pleiotropy or other violations of MR 
assumptions.20

MR-Egger Intercept Test: The intercept from the MR-Egger regression was examined to test for directional 
pleiotropy. A P-value < 0.05 for the intercept suggests the presence of significant directional pleiotropy.

Leave-One-Out Analysis: We performed a leave-one-out sensitivity analysis by systematically removing one SNP at 
a time and re-estimating the causal effect. This helps to determine if the overall causal estimate is disproportionately 
influenced by a single SNP.

Funnel and Scatter Plots: We generated funnel plots and scatter plots to visually inspect for heterogeneity and 
potential pleiotropic outliers.

Multiple Testing Correction
For the primary analysis results, we applied a false discovery rate (FDR) correction to account for multiple testing across 
the different analgesics and analysis directions. An FDR-corrected P-value < 0.05 was considered statistically significant.

Results
Primary Analysis: Causal Effect of Analgesic Use on COPD Risk
The bidirectional MR estimates for the causal association between analgesic use and COPD risk are summarized in 
Table 2. The results of the primary IVW analysis indicated a statistically significant causal relationship between 
genetically predicted paracetamol use and an increased risk of COPD. For each standard deviation increase in the 
genetic predisposition to paracetamol use, the odds of developing COPD increased six-fold (OR: 6.00, 95% CI: 
2.43–14.82, P < 0.001). This association remained significant after FDR correction (P-FDR < 0.001).

In contrast, genetically predicted aspirin use was associated with a significantly reduced risk of COPD. The IVW 
analysis showed that genetic predisposition to aspirin use was associated with 81% lower odds of COPD (OR: 0.19, 95% 
CI: 0.05–0.71, P = 0.014). This finding also remained significant after FDR correction (P-FDR = 0.021).

For ibuprofen, the IVW analysis did not reveal a statistically significant causal association with COPD risk (OR: 0.47, 
95% CI: 0.06–3.82, P = 0.483).

These results are visually represented in the forest plot in Figure 2.
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Sensitivity Analyses for the Effect of Analgesics on COPD
The results from the sensitivity analyses (MR-Egger, weighted median, and weighted mode) were largely consistent with 
the primary IVW findings, although with wider confidence intervals.

For paracetamol, the weighted median (OR: 5.47, 95% CI: 1.75–17.12, P = 0.004) and weighted mode (OR: 5.88, 
95% CI: 1.15–30.12, P = 0.051) methods provided estimates of similar direction and magnitude to the IVW analysis, 
supporting a positive causal association. The MR-Egger analysis also showed a similar direction of effect, though it did 
not reach statistical significance (OR: 0.69, 95% CI: 0.02–25.65, P = 0.845), likely due to the lower statistical power of 
this method.

For aspirin, the weighted median method showed a directionally consistent protective effect (OR: 0.14, 95% CI: 
0.02–0.78, P=0.025), further supporting the primary finding. The MR-Egger and weighted mode estimates were also 
directionally consistent, though not statistically significant.

Heterogeneity and pleiotropy diagnostics for the analgesic-to-COPD analyses are presented in Table 3. Cochran’s 
Q test showed no significant heterogeneity for the paracetamol and aspirin analyses (P > 0.05), suggesting that the causal 
estimates across the SNPs were consistent. The MR-Egger intercept test did not indicate significant directional pleiotropy 
for any of the analgesics (P > 0.05 for all). Furthermore, the MR-PRESSO global test found no significant evidence of 
pleiotropic outliers for any of the analgesic exposures.

Scatter plots (Figure 3), leave-one-out plots (Figure 4), and funnel plots (Figure 5) provided further visual confirma
tion of the robustness of the primary findings. The leave-one-out analysis for paracetamol and aspirin demonstrated that 
the overall causal estimates were not driven by any single SNP.

Table 2 Bidirectional MR Estimates for the Causal Association Between Analgesic Use and COPD Risk

Direction Exposure Outcome Method nSNP OR (95% CI) P value P-FDR

Analgesics → COPD Paracetamol COPD IVW (Random Effects) 16 6.00 (2.43, 14.82) <0.001 <0.001
MR Egger 16 0.69 (0.02, 25.65) 0.845 -

Weighted median 16 5.47 (1.75, 17.12) 0.004 -

Weighted mode 16 5.88 (1.15, 30.12) 0.051 -
Analgesics → COPD Aspirin COPD IVW 9 0.19 (0.05, 0.71) 0.014 0.021

MR Egger 9 0.00 (0.00.) 0.039 -

Weighted median 9 0.14 (0.02, 0.78) 0.025 -
Weighted mode 9 0.15 (0.01, 1.55) 0.149 -

Analgesics → COPD Ibuprofen COPD IVW 7 0.47 (0.06, 3.82) 0.483 0.483
MR Egger 7 1400.49 (0.27, >1000) 0.157 -

Weighted median 7 0.74 (0.08, 6.62) 0.788 -

Weighted mode 7 0.54 (0.03, 8.77) 0.693 -
COPD → Analgesics COPD Paracetamol IVW 25 1.03 (0.94, 1.13) 0.512 0.512

MR Egger 25 1.01 (0.89, 1.15) 0.834 -

Weighted median 25 1.02 (0.92, 1.12) 0.715 -
Weighted mode 25 1.04 (0.91, 1.18) 0.598 -

COPD → Analgesics COPD Aspirin IVW 25 0.99 (0.91, 1.08) 0.824 0.824

MR Egger 25 1.00 (0.89, 1.12) 0.966 -
Weighted median 25 0.98 (0.89, 1.07) 0.640 -

Weighted mode 25 0.97 (0.86, 1.09) 0.581 -

COPD → Analgesics COPD Ibuprofen IVW 25 1.01 (0.93, 1.10) 0.755 0.824
MR Egger 25 1.02 (0.90, 1.16) 0.791 -

Weighted median 25 1.01 (0.92, 1.11) 0.880 -

Weighted mode 25 1.03 (0.91, 1.17) 0.672 -

Notes: P-FDR refers to P values adjusted for multiple testing using the false discovery rate method. The IVW method is presented with a random-effects model 
where indicated. 
Abbreviations: COPD, chronic obstructive pulmonary disease; MR, Mendelian randomization; SNP, single nucleotide polymorphism; OR, odds ratio; CI, 
confidence interval; IVW, inverse-variance weighted; FDR, false discovery rate.
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Reverse Analysis: Causal Effect of COPD on Analgesic Use
The results of the reverse MR analysis, which investigated the causal effect of genetic liability to COPD on the use of 
common analgesics, are presented in Table 2. In the primary IVW analysis, there was no evidence of a causal association 
between genetic predisposition to COPD and the use of paracetamol (OR: 1.03, 95% CI: 0.94–1.13, P = 0.512), aspirin 
(OR: 0.99, 95% CI: 0.91–1.08, P = 0.824), or ibuprofen (OR: 1.01, 95% CI: 0.93–1.10, P = 0.755). These results are 
visually summarized in Figure 6.

Sensitivity Analyses for the Effect of COPD on Analgesics
The results from the sensitivity analyses for the reverse direction (Table 2) were consistent with the primary IVW 
findings, with all methods (MR-Egger, weighted median, and weighted mode) showing no significant causal effect of 
COPD on the use of any of the three analgesics.

Figure 2 Forest plot of the causal effects of genetically predicted analgesic use on the risk of COPD. The plot shows the odds ratios (ORs) and 95% confidence intervals 
(CIs) from the inverse-variance weighted (IVW) analysis for the effect of paracetamol, aspirin, and ibuprofen use on COPD. The squares represent the OR, and the 
horizontal lines represent the 95% CI.

Table 3 Sensitivity Analyses for Heterogeneity and Pleiotropy

Direction Exposure Heterogeneity (IVW) 
Q Statistic (P value)

Pleiotropy (MR-Egger) 
Intercept (P value)

MR-PRESSO 
Global Test P value

Analgesics → COPD Paracetamol 18.97 (0.215) 0.015 (0.247) 0.267
Aspirin 7.99 (0.434) 0.033 (0.094) 0.478

Ibuprofen 10.47 (0.106) −0.041 (0.120) 0.130

COPD → Analgesics COPD (on Paracetamol) 29.15 (0.214) 0.002 (0.789) 0.241
COPD (on Aspirin) 26.88 (0.311) −0.001 (0.910) 0.355

COPD (on Ibuprofen) 28.04 (0.258) 0.001 (0.864) 0.283

Notes: “Heterogeneity (IVW) Q statistic” assesses variability in causal estimates across SNPs beyond that expected by chance; a high P value indicates little evidence of 
heterogeneity. The MR-Egger intercept test evaluates directional (unbalanced) horizontal pleiotropy; a P value >0.05 suggests no strong evidence of directional pleiotropy. 
The MR-PRESSO global test P value reflects overall horizontal pleiotropy and outlier distortion; non-significant values indicate no substantial pleiotropic distortion of the 
causal estimates. 
Abbreviations: COPD, chronic obstructive pulmonary disease; IVW, inverse-variance weighted; MR, Mendelian randomization; MR-Egger, Mendelian randomization 
Egger regression; MR-PRESSO, Mendelian Randomization Pleiotropy RESidual Sum and Outlier.
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Heterogeneity and pleiotropy diagnostics are shown in Table 3. Cochran’s Q test did not indicate significant 
heterogeneity for any of the analyses in the reverse direction (P > 0.05). Similarly, the MR-Egger intercept and MR- 
PRESSO global tests showed no evidence of directional pleiotropy or outliers. These findings support the conclusion that 
there is no robust evidence for a causal effect of COPD on the use of these common analgesics.

Figure 3 Scatter plot of the causal effects of genetically predicted (A) paracetamol (B) aspirin use on the risk of COPD. Each dot represents a single SNP, with the x-axis 
showing the SNP’s effect on paracetamol use and the y-axis showing the SNP’s effect on COPD risk. The lines represent the causal estimates from different MR methods 
(IVW, MR-Egger, Weighted Median).

Figure 4 Leave-one-out plot for the causal effect of genetically predicted (A) paracetamol (B) aspirin use on the risk of COPD. The plot shows the IVW causal estimate 
after removing each SNP one at a time. This analysis assesses the influence of individual SNPs on the overall causal estimate.
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Discussion
In this comprehensive bidirectional Mendelian randomization study, we investigated the causal relationships between the 
use of three common analgesics—paracetamol, aspirin, and ibuprofen—and the risk of chronic obstructive pulmonary 
disease (COPD). Our findings provide novel genetic evidence that supports a differential causal role of these analgesics 
in the etiology of COPD. Specifically, we found that genetically predicted use of paracetamol is causally associated with 
an increased risk of COPD, whereas genetically predicted use of aspirin is causally associated with a decreased risk. In 

Figure 5 Funnel plot for the causal effect of genetically predicted (A) paracetamol (B) aspirin use on the risk of COPD. The funnel plot is used to visually inspect for 
heterogeneity and potential pleiotropy. Each dot represents a single SNP’s causal estimate. In the absence of heterogeneity and pleiotropy, the dots should be symmetrically 
distributed around the overall causal estimate.

Figure 6 Forest plot of the causal effects of genetically predicted COPD on the use of common analgesics. The plot shows the odds ratios (ORs) and 95% confidence 
intervals (CIs) from the IVW analysis for the effect of COPD on the use of paracetamol, aspirin, and ibuprofen.
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contrast, we did not find evidence for a causal link between ibuprofen use and COPD risk. Furthermore, our reverse MR 
analysis showed no evidence of a causal effect of COPD on the use of any of these analgesics, suggesting that the 
observed associations are not due to reverse causation.

The finding of a strong positive association between acetaminophen use and increased COPD risk is a key finding of 
this study. The magnitude of this effect is substantial, suggesting that acetaminophen use may be an important and 
potentially modifiable risk factor for COPD. This finding aligns with previous observational studies that have reported 
a dose-dependent association between acetaminophen use and an increased risk of COPD and reduced lung function.5 

The biological plausibility of this association is supported by the “glutathione depletion” hypothesis. Acetaminophen 
metabolism can deplete cellular levels of glutathione, a crucial antioxidant in the lung epithelial lining fluid.21 Since 
oxidative stress is a central mechanism in the pathogenesis of COPD, the reduction of antioxidant defenses by 
acetaminophen could exacerbate lung damage from smoking or other environmental insults, thereby increasing COPD 
risk.5 Our study provides genetic support for this causal pathway, moving beyond the correlational evidence from 
observational studies.

Conversely, our finding of a protective effect of aspirin use on COPD risk is equally significant. Observational studies 
have reported a reduction in COPD exacerbations and mortality associated with aspirin use; for example, a retrospective 
cohort study found a 40% lower in-hospital mortality among aspirin users hospitalized for acute exacerbation of 
COPD.22 The mechanism underlying this protective effect is likely related to aspirin’s anti-inflammatory properties. 
As a non-steroidal anti-inflammatory drug (NSAID), aspirin inhibits cyclooxygenase (COX) enzymes, leading to reduced 
production of pro-inflammatory prostaglandins.23 Given that chronic inflammation is a hallmark of COPD, the anti- 
inflammatory action of aspirin could plausibly mitigate the inflammatory processes that drive the disease’s progression. It 
is important to note that our findings contrast with concerns about NSAID use in patients with certain respiratory 
conditions, such as aspirin-exacerbated respiratory disease (AERD). However, our study focuses on the risk of devel
oping COPD in the general population rather than exacerbations in individuals with pre-existing conditions, suggesting 
that the overall effect of aspirin on COPD risk may be protective. Recent MR studies have also hinted at a protective role 
for aspirin in other inflammatory conditions,24,25 and our results extend this to COPD.

Our study did not find a significant causal association between ibuprofen use and COPD risk. This neutral finding is 
interesting, as ibuprofen is also an NSAID that inhibits COX enzymes.26 The lack of a significant effect may be due to 
several factors. First, the genetic instruments for ibuprofen use might have been weaker or less specific than those for 
aspirin, leading to lower statistical power. Indeed, the wide confidence intervals in the sensitivity analyses for ibuprofen 
suggest lower precision, possibly due to the smaller number of available SNPs. Alternatively, there might be genuine 
pharmacological differences between aspirin and ibuprofen in their effects on the respiratory system. For instance, aspirin 
is an irreversible inhibitor of COX, whereas ibuprofen is a reversible inhibitor,27 which might lead to different long-term 
effects on inflammatory pathways. It is also possible that the net effect of ibuprofen on COPD risk is null, with potential 
benefits from its anti-inflammatory action being counteracted by other effects.

While our findings are compelling, the large effect size observed for paracetamol (OR of 6.00) warrants a cautious 
interpretation. Such a strong association is unusual for a complex disease and may be influenced by several factors. 
Although our sensitivity analyses did not detect significant pleiotropy, we cannot entirely rule out unmeasured pleiotropic 
pathways where the genetic instruments for paracetamol use might influence COPD risk through mechanisms other than 
paracetamol metabolism itself. This unusually large estimate could also reflect specific genetic pathways that confer 
a particularly high susceptibility. Therefore, while the direction of the effect is consistent across analyses, the magnitude 
of the risk should be interpreted with caution pending replication in further studies.

The bidirectional design of our study is a major strength, as it allowed us to formally test for reverse causation. The 
lack of any significant causal effect of COPD on the use of paracetamol, aspirin, or ibuprofen provides strong evidence 
against the hypothesis that the associations observed in previous studies were due to individuals with early or 
undiagnosed COPD symptoms using analgesics for pain or fever. This strengthens the causal interpretation of our 
findings in the forward direction.

This study has several strengths, but some limitations must be acknowledged. First, the use of summary-level data 
prevented us from performing stratified analyses, for example, by smoking status, which is the primary risk factor for 

https://doi.org/10.2147/COPD.S586858                                                                                                                                                                                                                                                                                                                                                                                         International Journal of Chronic Obstructive Pulmonary Disease 2026:21 10

Chen and You                                                                                                                                                                       

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



COPD. While the MR design inherently mitigates confounding from such environmental factors due to the random 
allocation of genes, an interaction between genetic predisposition to analgesic use and smoking cannot be ruled out. 
Second, the genetic instruments for analgesic use were based on self-reported, binary data from the UK Biobank, which 
may be subject to misclassification and does not capture information on dose, frequency, or duration of use. This is 
a significant limitation, as the effects of these drugs could be dose-dependent. Such misclassification is likely to be non- 
differential and would typically bias the results towards the null. Third, our study population was restricted to individuals 
of European ancestry, which may limit the generalizability of our findings to other populations. This is particularly 
relevant as the pharmacokinetics and metabolism of analgesics like paracetamol can vary across different ethnic 
groups,28,29 potentially altering their effects. Genetic polymorphisms influencing drug response can also differ between 
populations,30 further underscoring the need for research in non-European ancestries. Fourth, while MR is a powerful 
tool for causal inference, we cannot completely rule out the possibility of residual horizontal pleiotropy. However, our 
extensive sensitivity analyses, including the MR-Egger intercept test and MR-PRESSO, did not detect any evidence of 
significant directional pleiotropy, increasing confidence in our results.

Conclusion
In conclusion, this bidirectional MR study provides genetic evidence supporting a causal role for common analgesics in 
the risk of COPD. Our findings cautiously suggest that genetic liability to paracetamol use increases the risk of COPD, 
while genetic liability to aspirin use may decrease it. These results have important clinical and public health implications, 
highlighting that the potential risks and benefits of different analgesic choices warrant further consideration. For 
individuals at high risk of COPD, such as smokers, the potential long-term respiratory effects of paracetamol may be 
a relevant consideration. Conversely, the potential protective effect of aspirin warrants further investigation, including in 
dose-response MR studies and randomized clinical trials, to explore its viability as a preventive agent for COPD. Future 
research should aim to replicate these findings in diverse populations and to further elucidate the biological mechanisms 
underlying these differential effects.
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participants. Therefore, no additional ethical approval was required for this analysis. This study is in accordance with 
the ethical principles of the Declaration of Helsinki and qualifies for exemption from ethical review under item 1 of 
Article 32 of the “Measures for Ethical Review of Life Science and Medical Research Involving Human Subjects” 
(February 18, 2023, China).
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