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ARTICLE INFO ABSTRACT

Keywords: Background: Numerous observational studies have posited that gastroesophageal reflux disease
GERD (GERD) might amplify the risk of chronic airway conditions such as chronic obstructive pulmo-
COI;D nary disease (COPD) and asthma. Yet, a definitive causal link remains to be established. To this
2:.15:11?ty end, we utilized a two-sample Mendelian randomization approach (MR) to investigate the po-

tential causal dynamics between GERD and these chronic obstructive respiratory diseases.
Methods: Using a two-sample bidirectional MR, we explored the causal influence of GERD on the
risks of developing COPD and asthma, drawing on aggregated genome-wide association study
data from European cohorts.

Results: Our analysis elucidated a notable causal relationship, with individuals genetically in-
clined towards GERD exhibiting a significantly elevated propensity to develop COPD (odds ratio
[OR] = 1.520, 95 % confidence interval [CI] 1.376~1.680, P = 2.173 x 107'%) and asthma (OR
=1.420, 95 % CI 1.340—1.504, P = 1.269 x 10~32). The absence of heterogeneity and pleiotropy
was confirmed through the Cochran Q test, funnel plots, MR-Egger intercept test, and MR-
PRESSO. Directional causality was further substantiated by Steiger testing. Conversely, reverse
MR analyses did not identify a significant causal pathway between COPD or asthma and GERD
onset.

Conclusion: This investigation substantiates a robust positive correlation between GERD and
increased risks for COPD and asthma, laying a foundational basis for incorporating GERD man-
agement into preventive and therapeutic strategies for these chronic obstructive respiratory
diseases.

1. Introduction

Chronic obstructive pulmonary disease (COPD) is a multifaceted pulmonary disorder characterized by persistent and chronic
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inflammation of the airways, which is susceptible to recurrent exacerbations due to ongoing airway obstruction [1]. Such exacer-
bations inevitably lead to an irreversible decline in lung function, culminating in a diminished quality of life and imposing a
considerable social and economic burden on affected individuals [2]. Similarly, asthma is another chronic respiratory condition,
distinguished by airway inflammation and constriction [3]. Importantly, COPD and asthma are not standalone conditions; they often
co-occur with a range of comorbidities that can accelerate their progression and negatively influence the prognosis for patients. The
coexistence of additional health issues such as cardiovascular diseases, diabetes, and depression among individuals with COPD and
asthma has been unequivocally demonstrated to significantly impact the management strategies, quality of life, and overall survival
rates [4-6].

Gastroesophageal reflux disease (GERD) stands out as a prevalent comorbidity in patients with COPD and asthma, characterized by
the regurgitation of gastric contents into the esophagus. This condition presents with hallmark symptoms such as heartburn, acid
reflux, and coughing, all of which can significantly aggravate respiratory symptoms [7-9]. Notably, individuals with COPD who also
suffer from GERD are predisposed to more frequent and intense exacerbations, culminating in adverse health outcomes compared to
those in patients with COPD who do not have GERD [10,11]. In addition, studies in other chronic respiratory conditions, such as
idiopathic bronchiectasis (IB), suggest that dysphagia and silent aspiration may contribute to exacerbations and poor health outcomes
[12]. Although dysphagia and silent aspiration are often overlooked, research has shown that dysphagia is prevalent in IB patients,
with 44.6 % showing signs of swallowing difficulties as measured by the Eating Assessment Tool (EAT-10) questionnaire. In the context
of asthma, the substantial occurrence rate of GERD underscores a bidirectional relationship, where GERD not only has the potential to
trigger and intensify asthma symptoms but may also be exacerbated by the asthma itself [13-15]. The prevalence rates of GERD in
those with COPD and asthma range dramatically from 19 % to 90 %, and based on demographic and diagnostic criteria, the data
highlight the profound interconnectedness of these conditions [16]. As seen in IB patients, the link between GERD, aspiration, and
airway inflammation may play a significant role in the exacerbation of both asthma and COPD. Given the prevalence of GERD and its
potential impact on respiratory function, it is essential to consider undiagnosed swallowing dysfunction and silent aspiration in these
patients, as they may further complicate management and worsen clinical outcomes. Despite the abundance of research corroborating
the association between GERD and these respiratory diseases, delineating the exact causal mechanisms remains an area of ongoing
investigation.

Mendelian randomization (MR) is a sophisticated analytical method that leverages genetic variations to explore the causal re-
lationships between an exposure and a subsequent health outcome [17]. Anchored in the principle that genetic variants are impartially
allocated at conception, MR is shielded from the typical confounding factors that may taint observational studies, thus serving as a
robust instrument for the exposure under study [18]. The technique is lauded for its myriad of benefits, including its capacity to
navigate around issues of confounding and reverse causation and furnish a quasi-experimental framework conducive to evaluating
intervention efficacies [19]. The application of MR spans a diverse array of medical research domains, attesting to its versatility and
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Fig. 1. Workflow of MR study revealing causality from GERD on COPD and asthma.
Abbreviations: GERD, gastroesophageal reflux disease; COPD, chronic obstructive pulmonary disease; MR, mendelian randomization; IVW, inverse
variance weighting; SNP, single nucleotide polymorphism.
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effectiveness in deciphering the causal dynamics between risk factors and diseases. For example, in the context of venous thrombo-
embolism research, MR has elucidated a definitive causal link between body measurements, such as waist and hip circumference, and
the risk of developing venous thromboembolism or pulmonary embolism [20]. Concurrently, in neurology, MR analyses have illu-
minated potential causal associations, suggesting that elevated levels of low-density lipoprotein cholesterol could amplify the risk of
Alzheimer’s disease, both sporadic and familial [21].

In this research, given the established consequential effects of GERD on COPD and asthma, a meticulous exploration of potential
causal associations was conducted employing a two-sample MR framework, informed by genome-wide association study (GWAS)
statistics. The outcomes of this investigation not only broaden our comprehension of the underlying mechanisms and progression of
COPD and asthma but also offer instrumental insights for the development of targeted screening protocols and preventive measures in
a clinical setting, thereby enhancing patient care and health outcomes.

2. Methods
2.1. Study design

In this study, we used a two-sample bidirectional MR study to explore the causal relationship between GERD and chronic
obstructive respiratory diseases (COPD and asthma) [Fig. 1]. The robust MR study design was compatible with three principal hy-
potheses: a) genetic instrumental variables were strongly associated with exposure factors; b) genetic instrumental variables were not
associated with confounding factors; c) genetic instrumental variables were not associated with outcomes and only influenced them
through exposure factors [22].

2.2. Exposure GWAS data for GERD

The GWAS data for GERD were obtained from the GWAS catalog (ebi.ac.uk) with a total of 602,604 European descents, including
129,080 cases and 473,524 controls [23]. Genetic instruments were selected using the following criteria: single nucleotide poly-
morphisms (SNPs) strongly associated with exposure were first screened according to P-values less than 5 x 108, and then those with
linkage disequilibrium (LD) were further screened according to [LD]r? < 0.001 and index variants <10000. We also calculated F values
to exclude SNPs less than 10. Next, SNPs with palindromic sequences were removed by harmonization, and outlier SNPs with plei-
otropy were excluded by MR radial.

2.3. Outcome GWAS data for COPD and asthma

The most recent GWAS data for COPD were meticulously sourced from the FinnGen database (version 10, released on December 18,
2023), accessible at https://www.finngen.fi/en/access_results. This comprehensive database incorporates data from 20,066 COPD
case groups juxtaposed with 338,303 controls, providing a robust dataset for our analysis [24]. Concurrently, the GWAS data pertinent
to asthma were diligently acquired from the IEU Open Database, which includes 56,167 asthma cases and 352,255 controls [25].

2.4. MR analyses

Five approaches were employed to explore the causality of GERD on COPD and asthma, namely, inverse variance-weighted (IVW),
weighted median, MR Egger simple mode, and weighted mode methods. The IVW method functioned in the primary analysis, which
was performed by combining the Wald ratios of each SNP on the outcome and finally obtaining the causality on the whole [26]. The
other four methods were used as a complement to MR analysis.

2.5. Sensitivity analysis

The Cochran Q test was performed to detect the presence of heterogeneity, and Cochran Q-derived p-values greater than 0.05 were
accepted as the absence of heterogeneity [27]. Funnel plots, which are used in meta-analyses, were applied in the assessment of
heterogeneity. Pleiotropy was assessed based on MR Egger regression [28]. Leave-one-out (LOO) analysis was performed to detect the
effect of SNP removal on IVW results. The goodness-of-fit heterogeneity statistic was used to determine whether the IVW or MR Egger
regression model was more suitable for the interpretation of the results, and MR Rucker-derived p-values greater than 0.05 were
regarded as more appropriate for designation of the IVW model as the outcome model [29]. Additionally, we verified whether the
observed causality was biased by reverse causality using the Steiger test [30]. A Steiger P value greater than 0.05 indicated that the
direction of causal inference might be biased; that is, reverse causality might be present. Lastly, we consulted PhenoScanner (http://
www.phenoscanner.medschl.cam.ac.uk/), a platform with comprehensive information on genotypic and phenotypic associations, to
identify whether these SNPs were associated with potential risk factors, including body mass index, obesity, smoking, and alcohol
consumption, and eliminate SNPs that were associated with these potential confounders [31,32].

2.6. Statistical analysis

All statistical analyses were rigorously conducted utilizing the TwoSampleMR package (version 0.5.8) and the RadialMR package
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(version 1.0) within the R programming environment (version 4.2.2). To ascertain the robustness of our findings, statistical power was
computed using the mRnd tool available at https://shiny.cnsgenomics.com/mRnd/, with outcomes generally deemed robust at a
statistical power threshold of 80 % or higher. Mendelian randomization estimates are presented as odds ratios (ORs) with their
respective 95 % confidence intervals (CIs). Statistical significance was set at P values less than the 0.05.

3. Results
3.1. Genetic link of GERD to COPD and asthma

In this comprehensive analysis, a total of 52 SNPs were meticulously selected for delineating the genetic underpinnings of COPD,
while a distinct set of 68 SNPs were employed to elucidate the genetic basis of asthma. The robustness of these genetic instruments was
underscored by F-statistics ranging impressively from 207.50 to 669.24, suggesting a potent instrumental relevance to the exposure
factor [33]. Through the precision of radial MR, outliers were judiciously identified and subsequently removed from further analyses to
ensure the integrity of our findings. Subsequent MR analysis robustly established the genetic predilection of GERD towards an
increased risk for both COPD ([OR] = 1.520, 95 % [CI] 1.376—1.680, P = 2.173 x 10~ '%) and asthma (OR = 1.420, 95 % CI
1.340—1.504, P = 1.269 x 107°2), as detailed in Table 1 and illustrated in Fig. 2. Utilizing the IVW approach, this primary investi-
gation was further substantiated by corroborative results from additional MR methodologies. For a more granular visualization of these
associations, scatter plots depicting the MR outcomes are provided in Supplementary Fig. 1, offering a comprehensive graphical
synopsis of the causal inferences drawn. The integrity and reliability of the IVW analysis findings are further bolstered by the fact that
the computed powers reached the pinnacle of confidence at 100 %.

3.2. Sensitivity analysis of the causal effect of GERD on COPD and asthma

To ascertain the reliability of the MR estimates, a comprehensive series of heterogeneity assessments were conducted. The
Cochrane Q test that was applied to the causal analyses concerning COPD and asthma yielded P values of 0.512 and 0.095, respec-
tively, suggesting an absence of significant heterogeneity within the IVW results [Table 2]. Funnel plot analysis further corroborated
these results, in which the SNPs demonstrated symmetrical distribution on both sides of the IVW estimate, reinforcing the consistency
and minimizing concerns of heterogeneity [Supplementary Fig. 2A and B].

The IVW method aggregates the effect of Wald ratios for each SNP to elucidate the outcome impact comprehensively. An LOO
analysis was performed to scrutinize the influence of individual SNPs on the aggregated results. This analysis confirmed that no single
SNP disproportionately affected the robustness of the outcomes related to COPD and asthma, attesting to the stability of our findings
[Supplementary Fig. 2C and D]. Further robustness was assessed through MR-Egger regression, and the MR-PRESSO global test
substantiated the absence of pleiotropic effects, eliminating another potential source of bias [Tables 2 and 3].

The MR Steiger test was conducted to consolidate the inference of a causal relationship between GERD and the increased risks of
COPD and asthma and preclude any assumptions of reverse causality. The results of significant p-values of COPD and asthma (1.95 x
107°2 and 6.44 x 10~%, respectively) not only confirm the directional correctness of our causal inference but also underscore the
substantive link between GERD and the heightened risks for these respiratory conditions [Table 4].

3.3. Genetic link of COPD and asthma to GERD (reverse analysis)

In an endeavor to investigate the potential causal impacts of COPD and asthma on GERD, we conducted a reverse MR analysis. The
findings from this reverse-direction analysis did not reveal any significant causal relationships whereby COPD or asthma would
contribute to the onset of GERD [Table 5]. These conclusions are further substantiated by a series of comprehensive sensitivity an-
alyses, which consistently demonstrated the absence of significant heterogeneity or pleiotropic effects across the studies, as docu-
mented in Tables 6 and 7. This rigorous approach reinforces the specificity of the causal pathway between GERD and respiratory

Table 1
Genetic link of GERD to COPD and asthma.
Exposure Outcome Methods OR 95 % CI P -value
GERD COPD MR Egger 0.899 0.500-1.616 0.722
Weighted median 1.406 1.209-1.634 9.368 x 107%
VW 1.520 1.376-1.680 2.173 x 1071°
Simple mode 1.133 0.758-1.693 0.546
Weighted mode 1.117 0.796-1.567 0.525
GERD Asthma MR Egger 1.838 1.327-2.546 <0.001
Weighted median 1.474 1.365-1.593 7.477 x 1075
VW 1.420 1.340-1.504 1.269 x 10732
Simple mode 1.605 1.243-2.073 <0.001
Weighted mode 1.614 1.269-2.053 <0.001

Abbreviations: GERD, gastroesophageal reflux disease; COPD, chronic obstructive pulmonary disease; IVW, inverse variance weighting; MR,
mendelian randomization; OR, odds ratio; CI, confidence interval.
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Outcome: COPD OR 95% CI
MR Egger . — 0.899 0.500-1.616
Weighted median — 1.406 1.209-1.634
Inverse variance weighted — 1.520 1.376-1.680
Simple mode —— 1.133 0.758-1.693
Weighted mode —— 1.117 0.796-1.567

Outcome: asthma

MR Egger —— 1.838 1.327-2.546
Weighted median e 1.474 1.365-1.593
Inverse variance weighted -~ 1.420 1.340-1.504
Simple mode — 1.605 1.243-2.073
Weighted mode —— 1.614 1.269-2.053
0 ¢ 2 3

Fig. 2. Forest plot for the causal effect of GERD on the risk of COPD and asthma derived from MR estimates.
Abbreviations: GERD, gastroesophageal reflux disease; COPD, chronic obstructive pulmonary disease; MR, mendelian randomization; IVW, inverse
variance weighting; OR, odds ratio; CI, confidence interval.

Table 2
Sensitivity analysis of the causal effect of GERD on COPD and asthma.
Outcome Methods Heterogenity MR-Egger intercept
E
xposure Q Q_P -value Egger_intercept SE P -value
GERD COPD vw 50.028 0.512 0.017 0.010 0.081
MR Egger 46.848 0.601
GERD Asthma vw 82.559 0.095 —0.009 0.005 0.120
MR Egger 79.561 0.122

Abbreviations: GERD, gastroesophageal reflux disease; COPD, chronic obstructive pulmonary disease; IVW, inverse variance weighting.

Table 3

Global test of MRPRESSO analysis.
Exposure Outcome RSSobs P -value
GERD COPD 52.233 0.565
GERD Asthma 85.10563 0.191

Abbreviations: GERD, gastroesophageal reflux disease; COPD, chronic obstructive pulmonary disease.

Table 4

Steiger direction test from GERD to COPD and asthma.
Exposure GERD GERD
Outcome COPD Asthma
Direction True True
Steiger P 1.95 x 10792 6.44 x 107%°

Abbreviations: GERD, gastroesophageal reflux disease; COPD, chronic obstructive pul-
monary disease.

conditions, rather than the converse.
4. Discussion

In our most recent MR analysis, we uncovered a significant causal relationship between GERD and the emergence of COPD and
asthma. Specifically, the genetic predisposition to GERD was notably linked with a heightened risk of developing COPD and asthma,

manifesting as a 52 % and 42 % increase in risk, respectively. Moreover, when conducting a reverse MR analysis, we found no evidence
to suggest a reciprocal causal impact of COPD and asthma on the incidence of GERD. This delineates a clear directional influence of
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Table 5
Genetic link of COPD and asthma to GERD (reverse analysis).
Exposure Outcome Methods OR 95 % CI P -value
COPD GERD MR Egger 0.955 0.873-1.046 0.427
Weighted median 1.000 0.954-1.048 0.999
vw 1.016 0.967-1.068 0.534
Simple mode 1.008 0.912-1.114 0.890
Weighted mode 1.000 0.953-1.049 0.994
Asthma GERD MR Egger 1.046 0.949-1.153 0.376
Weighted median 1.008 0.952-1.068 0.778
Inverse variance weighted 0.998 0.960-1.037 0.917
Simple mode 0.916 0.826-1.015 0.107
Weighted mode 1.018 0.953-1.088 0.593

Abbreviations: GERD, gastroesophageal reflux disease; COPD, chronic obstructive pulmonary disease; IVW, inverse variance weighting; MR,
mendelian randomization; OR, odds ratio; CI, confidence interval.

Table 6
Sensitivity analysis of the causal effect of COPD and asthma on GERD (reverse analysis).
Outcom Methods Heterogenity MR-Egger intercept
Exposure _
Q Q_P -value Egger_intercept SE P -value
COPD GERD vw 51.625 0.641 —0.002 0.001 0.127
MR Egger 49.228 0.694
Asthma GERD vw 20.331 0.500 —0.003 0.003 0.314
MR Egger 19.265 0.505

Abbreviations: GERD, gastroesophageal reflux disease; COPD, chronic obstructive pulmonary disease; IVW, inverse variance weighting.

Table 7

Global test of MRPRESSO analysis (reverse analysis).
Exposure Outcome RSSobs P -value
COPD GERD 16.0504 0.448
Asthma GERD 22.00872 0.536

Abbreviations: GERD, gastroesophageal reflux disease; COPD, chronic obstructive pulmonary disease.

GERD on these respiratory conditions, emphasizing the importance of managing GERD to potentially mitigate the risk of developing
COPD and asthma.

Gastroesophageal reflux disease is a common disease in Europe, affecting approximately 10-20 % of the population [34]. In recent
years, the prevalence of GERD has increased in Europe, which may be attributed to changes in lifestyle and rising obesity rates [35].
Esophageal motility disorders and GERD can lead to extraesophageal symptoms related to the upper respiratory tract, including
chronic cough, hoarseness, and throat clearing [35]. Furthermore, a growing body of literature has explored the link between
esophageal disorders and lower respiratory complications, including specific lung diseases. Observational studies have revealed a
correlation between GERD and a range of respiratory conditions, such as asthma, COPD, and interstitial lung disease [16,36,37].

The relationship between GERD, COPD, and asthma is intricate and multifaceted. Although epidemiological and observational
studies point to the magnitude of this relationship, the underlying pathophysiological mechanisms continue to be a topic of discussion.
Numerous theories exist to understand this crucial causal correlation. Anatomically, the esophagus is interconnected with the trachea
and lungs through the pharynx, leading to the activation of inflammatory cascades in susceptible cells of the airway epithelium and
lung tissue due to GERD-induced reflux contents [38]. Cough, altered respiratory motion, and changes in pulmonary compliance can
accentuate the transdiaphragmatic pressure gradient during respiration, which can trigger esophagogastric junction dysfunction and
subsequently lead to microaspiration [39]. A decrease in pulmonary compliance could contribute to deformation of the mediastinal
structures and esophageal traction, bringing about a diminished lower esophageal sphincter [40]. Mechanistically, microaspiration of
gastric contents represents a significant pathway through which GERD may exacerbate or initiate the onset of COPD and asthma.
Aspirated material directly irritates and inflames the airways, disrupting the epithelial barrier and increasing vulnerability to external
irritants and pathogens [41]. Concurrently, GERD can activate vagus nerve-mediated reflexes, leading to bronchoconstriction that
aggravates COPD and increases asthma risks [42]. Furthermore, GERD triggers an esophageal inflammatory response with potential
systemic effects, possibly intensifying airway inflammation [43]. Continuous exposure of lung tissue to refluxed content may also alter
the immune response, heightening infection risks and exacerbating respiratory conditions [44]. Additionally, GERD might enhance
bronchial reactivity, sensitizing the airways to allergens and irritants and thereby increasing susceptibility to asthma [45]. Collec-
tively, the inflammatory response resulting in structural damage and airway resistance due to acid reflux are likely to explain the
causal relationship between GERD and COPD as well as asthma. Consequently, it is notable that GERD is responsible for an elevated
risk of COPD and asthma, and it is exceedingly crucial to elucidate the mechanisms between them. In future studies, these findings
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should be validated, and the underlying mechanisms should be explored, which will facilitate the formulation of relevant clinical
recommendations.

Both association and causality analyses can often be time consuming and may not always reflect clinical realities in traditional
observational studies. However, using SNPs as instrumental variables to link "exposure factors" and "outcomes," MR offers a more
reliable assessment of causality and reduces the risk of confounding. As COPD and asthma frequently lead to recurrent acute exac-
erbations and poor quality of life, this study employed a two-sample MR analysis and discovered a novel causal relationship between
GERD and both COPD and asthma. Our study highlights the importance of early initiation of treatment for GERD to achieve optimal
clinical outcomes and prevent complications such as COPD and asthma. Additionally, we recommend early lung function screening for
individuals with GERD to facilitate earlier detection and treatment of COPD and asthma. Our systematic MR analysis, which examined
the association between GERD and COPD as well as asthma in a large European population, provides valuable insights for preventive
care policies and potential interventions for GERD-related COPD and asthma.

The efficacy and implications of the use of proton pump inhibitors (PPIs) in patients with COPD, particularly those with concurrent
GERD, have been extensively studied, yielding a spectrum of results. On one hand, certain studies advocate the benefits of PPIs,
illustrating their association with decreased risks of acute exacerbations and mortality in patients with COPD presenting with GERD
symptoms. In particular, high doses of PPIs have been linked to favorable outcomes, suggesting a potentially valuable role for PPIs in
this patient subset [46]. On the other hand, the landscape of research reveals complexity; while PPIs may reduce moderate exacer-
bation risks, they appear to exert variable effects on severe exacerbations and pneumonia risks, which may escalate in certain patient
groups during PPI therapy [7]. The broader context includes a systematic review affirming the correlation between GERD and elevated
risk of COPD exacerbations. This review underscores the utility of addressing GERD to alleviate the frequency of exacerbations in those
who suffer from COPD, proposing a nuanced advantage in GERD management [47]. Contrastingly, insights from the COPDGene cohort
suggest potential drawbacks of PPIs, including an accelerated decline in lung function, despite some positive indicators such as
enhanced quality-of-life metrics, hinting at a confounding-by-indication phenomenon [48]. Echoing the need for clarity, a Cochrane
review accentuates the current evidence deficit in conclusively endorsing PPIs for COPD management, advocating for further detailed
and rigorous investigations to elucidate the true impact of PPIs on COPD-related exacerbations, adverse events, and life quality [49]. In
essence, while there is substantiation for PPIs potentially ameliorating exacerbation rates and mortality in patients with COPD who
have GERD, the overarching narrative is intricate, with studies reflecting a range of outcomes. It is imperative for healthcare pro-
fessionals to judiciously evaluate the pros and cons of PPI therapy, tailoring recommendations to the unique profiles and needs of each
patient with COPD and GERD. The debate extends into the asthma domain, where the efficacy of PPIs in improving lung function
among in patients with asthma having GERD remains inconclusive. Recent meta-analyses and cohort studies suggest that lung function
improvement with PPI therapy in such patients is limited, which calls into question the universal recommendation of PPIs for all
patients with asthma having GERD [50,51]. Notably, long-term use of PPIs has been associated with an increased risk of asthma,
although this association appears to be non-significant in certain GERD subpopulations [52].

The study in question adeptly leverages bidirectional MR to mitigate concerns of reverse causality and residual confounding,
underscoring its methodological rigor. The application of multiple MR methods to validate hypotheses enhances the credibility of the
findings, with the convergence of results across various MR models reinforcing the dependability of estimates. Moreover, the absence
of pleiotropy, as indicated by supplementary statistical analyses, bolsters the study’s reliability. However, the study is not without its
limitations. The predominantly European descent of the participant pool, while beneficial for reducing population stratification, raises
questions about the universality of the findings. The need for replication in diverse populations is crucial to ascertain the broader
applicability of the results. Additionally, the intricate biological interplay between GERD and COPD and asthma remains partially
understood, which could complicate the interpretation of instrumental variables and potentially challenge the foundational hypothesis
of this MR study. The absence of a formal mediation analysis to delineate the pathways linking GERD with COPD and asthma signifies a
gap in the exploration of underlying mechanisms. Moreover, while the study delineates a genetic predisposition to COPD and asthma
influenced by GERD, it stops short of offering insights into the prognostic implications of GERD treatment for these respiratory
conditions. The genetic association does not directly inform treatment efficacy or clinical strategies. Therefore, despite the genetic
linkages identified, randomized controlled trials are warranted to confirm these associations and elucidate the potential benefits of
GERD management in the context of COPD and asthma prognosis.

5. Conclusion

In this study, an expansive dataset of genetic information was harnessed to reinforce emerging insights into the causal nexus
between GERD and the elevated risks of COPD and asthma. The findings underscore the imperative to identify and address GERD as a
pivotal risk factor in the landscape of these prevalent respiratory disorders. Given the substantial burden that COPD and asthma place
on individual health outcomes and healthcare systems worldwide, integrating GERD management into the broader therapeutic
strategy could be instrumental in improving patient prognoses and mitigating their extensive socio-economic impacts.
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