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Abstract

Chronic obstructive pulmonary disease (COPD) is a leading global cause of morbidity and mortality, manifesting as a
systemic disorder marked by persistent inflammation, oxidative stress, and metabolic dysfunction that closely link it to
cardiovascular diseases (CVD) such as ischemic heart disease, heart failure, arrhythmia, and stroke. Shared risk factors,
overlapping pathophysiological mechanisms including endothelial dysfunction and autonomic imbalance, and the
impact of COPD exacerbations synergistically elevate the risk of major adverse cardiovascular events (MACE), especially
within critical post-exacerbation windows. Long-acting bronchodilators (LABA, LAMA) and inhaled corticosteroids
(ICS) form the cornerstone of COPD management, with extensive evidence from randomized trials, meta-analyses, and
real-world cohorts demonstrating their cardiovascular safety and, in some contexts, protective effects via inflammation
suppression. Triple therapy (ICS/LAMA/LABA) is recommended as first-line for high-risk COPD phenotypes
characterized by frequent exacerbations and cardiovascular comorbidity, showing superiority in reducing severe
cardiopulmonary events and all-cause mortality. Despite concerns of transient cardiovascular risks during treatment
initiation, robust cumulative data affirm the long-term safety profile of these inhaled therapies, underpinning
individualized, phenotype-driven treatment strategies to mitigate COPD’s cardiovascular burden and improve clinical
outcomes.
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1. Introduction

COPD is a leading cause of morbidity and mortality worldwide, characterized by persistent respiratory symptoms and
airflow limitation due to airway and/or alveolar abnormalities (1). Chronic obstructive pulmonary disease (COPD) is
not only a respiratory condition but a systemic disorder characterized by chronic inflammation, oxidative stress, and
metabolic dysfunction (2). These biological disruptions link COPD closely with cardiovascular diseases such as ischemic
heart disease, heart failure, arrhythmia, and stroke. There are several important links between COPD and CVD, including
shared risk factors such as smoking, common pathobiological pathways, and the impact of abnormal lung physiology
and COPD medications on CVD. Patients with COPD have up to a two-fold higher risk of major adverse cardiovascular
events (MACE), and cardiovascular complications represent a leading cause of hospitalization and mortality in this
population(3). Because the presence of one condition increases the risk of the other, clinicians should be vigilant when
evaluating these patients (4). However, real-world data show that current clinical practice is suboptimal.
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Long-acting bronchodilators including LABA, LAMA, and their fixed-dose combinations have become the primary
therapeutic modality for symptom control and exacerbation prevention (5). Inhaled corticosteroids (ICS), alone or as
part of dual or triple therapy, are incorporated mainly for patients with frequent exacerbations or eosinophilic
inflammation (6). Despite decades of use, questions remain about the cardiovascular safety of these medications,
especially during long-term therapy.

Concerns have centered on f32-agonist-driven sympathetic stimulation, antimuscarinic effects on cardiac conduction,
and the possibility of increased heart rate variability or arrhythmogenesis (7). In contrast, the ability of ICS to reduce
airway and systemic inflammation suggests a potential cardioprotective effect (8). As treatment strategies for COPD
evolve toward more intensive regimens especially with the growing use of triple therapy, rigorous assessment of
cardiovascular safety has become an essential component of therapeutic decision-making. This review synthesizes
contemporary evidence on the cardiovascular effects of long-term bronchodilators and ICS, combining biological
rationale with RCTs, meta-analyses, and real-world cohort data.

2. Pathophysiological Links Between COPD and Cardiovascular Events

2.1. Systemic inflammation and endothelial dysfunction

Systemic inflammation plays a central role in linking COPD and cardiovascular events. COPD is characterized by
persistently elevated levels of pro-inflammatory cytokines such as interleukin-6 (IL-6), tumor necrosis factor-alpha
(TNF-a), and acute phase reactants like C-reactive protein (CRP). These circulating inflammatory mediators contribute
to endothelial dysfunction, which is a hallmark of cardiovascular disease pathogenesis (3). Li et al.(2022) also noted in
his study that inflammatory mediators circulate from the lungs to the whole body, causing intravascular dysfunction,
promoting the formation and rupture of atherosclerotic plaques, and ultimately leading to the occurrence and
development of CVD (9).

B2-adrenergic receptors, widely expressed in cardiac tissue, mediate sympathetic nervous system signaling. Persistent
B2-adrenergic receptor activation in COPD can lead to receptor desensitization, altered intracellular calcium handling,
and myocardial remodeling, which contribute to impaired cardiac contractility and electrophysiological perturbations
(10,11). Furthermore, hypoxemia and oxidative stress associated with COPD exacerbate autonomic nervous system
imbalance by activating chemoreceptors and increasing sympathetic output, thereby worsening endothelial dysfunction
and promoting vasoconstriction (12).

Vascular endothelial dysfunction refers to the imbalance between vasodilator and vasoconstrictor factors produced by
endothelial cells, which is the main factor of atherosclerosis and occurs in the early stages of atherosclerosis (13).
Endothelial dysfunction induced by systemic inflammation in COPD leads to impaired nitric oxide bioavailability,
increased oxidative stress, and upregulation of adhesion molecules (14). These changes promote the formation and
destabilization of atherosclerotic plaques, increasing the risk of thrombogenesis. This prothrombotic environment
predisposes COPD patients to myocardial ischemia, atrial fibrillation, and stroke (3).

Acute COPD exacerbations further aggravate systemic inflammation, causing surges in inflammatory mediators
temporally correlated with increases in cardiovascular complications (10,14). Recent meta-analyses and cohort studies
support that endothelial vasodilatory dysfunction worsens and oxidative stress intensifies during exacerbations,
accelerating vascular injury and acutely elevating cardiovascular risk (15). This highlights a continuous
pathophysiological axis linking pulmonary and vascular inflammation in COPD patients.

Multiple studies have also elucidated that oxidative stress, endothelial dysfunction, and adhesion molecule activation
synergistically destabilize plaques and promote atherosclerosis progression in COPD (3,9,14). Emerging evidence
underscores the necessity of therapeutic strategies addressing not only pulmonary symptoms but also systemic
inflammation and endothelial repair to reduce cardiovascular morbidity in this population

2.2. Autonomic imbalance and f32-adrenergic activation

Autonomic imbalance and 32-adrenergic activation represent critical pathophysiological mechanisms linking COPD to
cardiovascular events beyond pharmacological effects. In COPD, chronic systemic inflammation and hypoxia contribute
to alterations in autonomic nervous system regulation, resulting in an increased sympathetic tone and reduced
parasympathetic (vagal) activity. This dysregulation favors heightened heart rate, increased myocardial oxygen
consumption, and electrical instability, which predispose patients to arrhythmias such as atrial fibrillation and
ventricular tachycardia (3,9).
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B2-adrenergic receptors, widely expressed in cardiac tissue, mediate sympathetic nervous system signaling. Persistent
2-adrenergic receptor activation in COPD can lead to receptor desensitization, altered intracellular calcium handling,
and myocardial remodeling, which contribute to impaired cardiac contractility and electrophysiological perturbations
(10,11). Furthermore, hypoxemia and oxidative stress associated with COPD exacerbate autonomic nervous system
imbalance by activating chemoreceptors and increasing sympathetic output, thereby worsening endothelial dysfunction
and promoting vasoconstriction (15).

2-agonists can acutely increase cardiac output and heart rate by stimulating sympathetic pathways. LAMA agents, on
the other hand, inhibit parasympathetic tone, theoretically reducing vagal protection and increasing arrhythmogenic
potential in susceptible individuals (16). Although these pathways offer a coherent biological rationale, the extent into
clinically meaningful cardiovascular effects in real-world COPD populations remains a matter of ongoing investigation.

2.3. Exacerbation-related hypoxemia and cardiovascular instability

Exacerbation-related hypoxemia significantly contributes to cardiovascular instability in patients with chronic
obstructive pulmonary disease (COPD), serving as a key pathophysiological link between pulmonary and cardiac
complications. During acute exacerbations, impaired gas exchange leads to systemic hypoxemia, which triggers
sympathetic nervous system activation, pulmonary vasoconstriction, and increased cardiac workload (3,9). Hypoxemia-
induced sympathetic overdrive elevates heart rate and blood pressure, destabilizing hemodynamics and increasing
myocardial oxygen demand, thereby precipitating ischemic episodes and arrhythmias in vulnerable COPD patients
(14,15). Acute hypoxemia and hypercapnia increase sympathetic outflow and reduce vagal tone, creating
electrophysiological conditions favorable to atrial and ventricular arrhythmias (17).

3. Effects of Long-Acting Bronchodilators on Cardiovascular Events

3.1. Evidence from large studies

Several large cohort studies have examined the cardiovascular safety of long-acting bronchodilators (LABA, LAMA) in
COPD patients, revealing an increased short-term cardiovascular risk immediately after treatment initiation. A
landmark nested case-control study involving over 280,000 COPD patients demonstrated a 1.5-fold increase in
cardiovascular events—particularly arrhythmias and ischemic events—within the first 30 days of initiating LABA or
LAMA therapy (18). However, this excess risk waned with chronic use, suggesting a vulnerable early initiation window
rather than long-term toxicity. Importantly, while the risk is elevated shortly after initiation, it diminishes with
continued use, suggesting an early therapy-related cardiovascular vulnerability (18). Similarly, Gershon et al. (2013)
documented elevated cardiovascular events among older adults during initial bronchodilator therapy, while Wong et
al. (2025) reported LAMA associated with higher atrial fibrillation incidence versus LABA (19,20). 2025 Hong Kong
population-based cohort found that LAMA use was associated with a modestly higher risk of atrial fibrillation compared
with LABA (adjusted HR ~1.14), while other outcomes including acute coronary syndrome and heart failure were not
significantly different (20). These findings suggest transient hemodynamic stress contributes to short-term
susceptibility in high-risk populations.

In the other hand, numerous longitudinal cohort studies report no excess cardiovascular risk during chronic
bronchodilator use beyond this initial period, suggesting overall cardiovascular safety with maintenance therapy. The
UPLIFT trial, which investigated tiotropium (LAMA) over five years, demonstrated no significant increase in
cardiovascular events compared to placebo (21). Cohort studies from Taiwan also show that long-term LAMA or LABA
monotherapy does not increase major adverse cardiovascular event rates and may be associated with reduced
cardiovascular hospitalizations in some populations. Wang et al. (2019) confirmed no significant difference in
cardiovascular risk between LABA and LAMA during long-term follow-up (18). Kim et al. (2024) Korean nationwide
cohort confirmed long-term cardiovascular safety of LABA/LAMA monotherapy without increased MACE incidence
compared to non-users (22). This cumulative evidence supports the safe use of inhaled bronchodilators as a foundation
therapy in COPD without increasing cardiovascular morbidity.

3.2. Comparative safety of LABA/LAMA vs LABA/ICS combinations

Large population based analyses increasingly show that LABA/LAMA fixed-dose combinations offer a more favorable
cardiovascular safety profile than LABA/ICS therapy in patients with COPD. In a nationwide cohort from Taiwan
including 99,506 individuals (n=75,926), Chen etal. (2023) found that LABA/LAMA therapy was associated with a lower
incidence of composite major adverse cardiovascular events (MACE) compared to LABA/ICS (25.22 vs 30.90 per 1000
person-years). The strongest effect was observed for dysrhythmia, where LABA/LAMA significantly decreased risk (23).
Similar findings emerged in a large U.S. claims-based cohort by Samp et al. (2017), which reported a 21% reduction in
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cardiovascular events among LABA/LAMA users compared to LABA/ICS (24). Suissa et al. (2019) demonstrated
LABA/LAMA reduced severe pneumonia risk versus LABA/ICS in a UK CPRD cohort despite equivalent exacerbation
prevention, linking lower hypoxia-mediated CV triggers (25).

Mechanistically, the cardiovascular advantage of LABA/LAMA therapy is plausible. Dual bronchodilation leverages the
complementary actions of $2-agonism (which increases cAMP and relaxes airway smooth muscle) and M3-receptor
antagonism (which reduces vagal bronchomotor tone), resulting in greater improvements in lung hyperinflation,
dynamic airway collapse, and ventilatory efficiency (26,27). These changes reduce intrathoracic pressure swings and
ventricular loading conditions, mitigating the hemodynamic stress that frequently contributes to post-exacerbation
cardiovascular events—particularly within the high-risk 30-day window where MACE risk may increase more than
threefold (28). In the other hand, LABA/ICS increases severe pneumonia risk, precipitating hypoxia-driven arrhythmias
and heart failure, compounded by ICS-induced fluid retention and hypokalemia (25). LAMA's parasympathetic
modulation provides additional cardioprotection against COPD-related atrial fibrillation (23), establishing LABA/LAMA
as the preferred foundation therapy for COPD with cardiovascular comorbidity (24).

3.3. Meta-analysis of LAMA and LABA safety

Meta-analyses of randomized controlled trials provide high-level evidence confirming the cardiovascular safety of
LABA/LAMA fixed-dose combinations in COPD. Calzetta et al. (2018) systematic review and meta-analysis of 43 RCTs
(n=52,351 patients) found LABA/LAMA FDCs associated with neutral cardiovascular serious adverse events and no
increased mortality risk compared to monotherapy (29). Chenx et al. (2019) Bayesian network meta-analysis
demonstrated inhaled long-acting bronchodilators (LABA/LAMA) do not elevate cardiovascular adverse events overall,
while Mammen et al. (2020) ATS guideline meta-analysis of 24 RCTs confirmed no differences in pneumonia or
mortality versus monotherapy (30,31). Although Yang et al. (2023) reported higher MACE risk with LAMA/LABA versus
LABA/ICS (RR 1.42,95% CI 1.11-1.81) across 51 RCTs (n=91,021), though this finding requires cautious interpretation
given trial heterogeneity and real-world cohort contradictions (32). These meta-analytic findings establish LABA/LAMA
combinations as cardiovascular-safe foundation therapy for COPD, particularly when avoiding ICS-related pneumonia
risks, aligning with cohort evidence favoring dual bronchodilation in cardiovascular comorbidity.

4, Effects of Inhaled Corticosteroids on Cardiovascular Events

4.1. ICS and cardiovascular outcomes in RCT-based meta-analysis

Chen et al. (2018) comprehensive meta-analysis of 31 RCTs involving 38,669 patients found ICS associated with no
increased risk of composite cardiovascular events, heart failure, arrhythmias (RR 0.97), or myocardial infarction,
confirming direct cardiovascular safety across diverse COPD populations
https://pmc.ncbi.nlm.nih.gov/articles/PMC6079461/. Gadhvi et al. (2023) systematic review incorporating 15 RCTs
reported non-significant protective effects on CVD events, particularly heart failure (OR 0.85) and stroke (OR 0.91) with
follow-up exceeding 3 years, attributable to ICS suppression of COPD-driven systemic inflammation including IL-6 and
CRP pathways that accelerate atherosclerosis (33). In contrast, ICS elevate pneumonia risk by 50-70% (RR 1.5-1.7)
through impaired local pulmonary immunity, precipitating hypoxia-mediated arrhythmias, acute heart failure
decompensation, and post-pneumonia MACE cascades (HR 3.2 within 30 days) (28,34). Inhaled corticosteroid use in
COPD is known to increase the risk of pneumonia, yet this elevated pulmonary infection risk does not translate into
excess cardiovascular harm. The systemic anti-inflammatory effects of ICS appear to counteract the hypoxia-driven
cardiovascular instability typically triggered by pneumonia, resulting in an overall reduction in cardiovascular events
despite higher pneumonia incidence (35).

4.2. ICS and cardioprotection via reduced systemic inflammation

COPD sustain systemic inflammation through chronic neutrophil activation, elevated IL-6, CRP, and fibrinogen,
alongside endothelial dysfunction conditions that accelerate every stage of atherosclerosis, from plaque initiation to
destabilization and rupture. Sin and Man (2004) showed that withdrawing inhaled corticosteroids (ICS) resulted in a
rapid 70% rise in circulating CRP within four weeks, driven by unchecked cytokine release from alveolar macrophages.
Reintroduction of fluticasone reversed this rise, effectively dampening the IL-6-CRP acute-phase signaling cascade that
expands lipid cores and promotes plaque vulnerability (36). In support of this mechanism, Shin et al. (2020) found that
higher cumulative ICS exposure was associated with reduced coronary heart disease incidence despite increased
pneumonia risk, proposing that ICS protect against atherosclerosis by inhibiting IL-6 trans-signaling in vascular smooth
muscle and suppressing CRP-mediated complement activation at plaque shoulders (35)
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Mechanistic work further confirms that ICS directly modulate multiple inflammatory checkpoints that are upregulated
in COPD-related atherosclerosis. The meta-analysis by Gadhvi et al. (2023), which reported a cardiovascular hazard
reduction (HR 0.87), reflects the long-term attenuation of fibrinogen-driven platelet aggregation and suppression of IL-
6-induced smooth muscle proliferation—processes central to plaque stabilization (33). Falk et al,, (2008) further
highlighted that ICS exhibit statin-like pleiotropic behavior by inhibiting NF-kB nuclear translocation in vascular
endothelium, thereby preventing adhesion molecule upregulation and mitigating COPD’s pro-thrombotic milieu (37).
Together, these pathways explain how ICS maintain cardiovascular neutrality or even confer protection, despite their
known pneumonia risk, by directly suppressing the systemic inflammatory architecture that drives atherothrombosis
in COPD.

4.3. Real-world evidence supporting ICS benefit

Real-world observational evidence consistently shows that inhaled corticosteroids (ICS) provide meaningful
cardiovascular benefits for patients with COPD, offering sustained cardioprotection even in the presence of an elevated
pneumonia risk. In a nationwide Korean NHIS cohort, Shin et al. (2020) reported that patients with higher long-term
ICS exposure experienced markedly fewer coronary heart disease events, and this association remained stable after
accounting for comorbidities and episodes of pneumonia. The pattern followed a clear biological gradient, suggesting
that the systemic anti-inflammatory effects of ICS extend beyond the airways and contribute to clinically relevant
cardiovascular protection in everyday practice (35).

Further support comes from a subsequent, larger Korean NHIS study by the same group, which demonstrated that ICS
use was linked to lower all-cause mortality when evaluated with rigorous time-dependent modelling to eliminate
immortal-time bias. The protective effect appeared strongest among women, individuals who had never smoked, and
those with pre-existing coronary disease (38). These real-world findings are consistent with the randomized evidence
summarized by Chen et al. (2018), who concluded that ICS therapy is overall cardiovascularly neutral across standard
composite cardiovascular outcomes (39). Together, these data reinforce the rationale for selective ICS use in COPD
phenotypes at heightened cardiovascular risk, where the systemic anti-inflammatory benefits of therapy may outweigh
the potential harms associated with pneumonia.

4.4. Triple Therapy (LABA/LAMA/ICS) and Cardiovascular Risk

Major phase 3 trials consistently show that triple therapy combining an inhaled corticosteroid (ICS), a long-acting
muscarinic antagonist (LAMA), and a long-acting beta-agonist (LABA) offers a cardiovascular safety profile that is at
least comparable—and in several analysis superior—to that of dual bronchodilation in patients with moderate-to-
severe COPD. In the ETHOS programme, a post-hoc cardiovascular analysis by Martinez et al. (2025) evaluated
budesonide/glycopyrrolate/formoterol against glycopyrrolate/formoterol in a large cohort of patients and reported
fewer cardiovascular events of special interest, fewer cardiac adverse events, and reductions in severe cardiopulmonary
complications with triple therapy (40). Notably, these improvements were observed despite the higher cumulative
exposure to ICS. Complementary findings from the IMPACT trial demonstrated that fluticasone
furoate/umeclidinium/vilanterol delivered via a single inhaler reduced mortality and exacerbation rates relative to dual
bronchodilators while maintaining cardiovascular safety, highlighting the role of exacerbation prevention in reducing
downstream cardiovascular stress (41).

Meta-analysis reinforce triple therapy's favorable cardiovascular profile through pooled RCT data. Li et al. (2025)
network meta-analysis of 13 randomized controlled trials showed ICS/LAMA/LABA significantly lowered all-cause
mortality, cardiovascular adverse events of special interest, and severe cardiovascular events compared to LAMA/LABA
dual therapy, with budesonide/glycopyrronium/formoterol demonstrating superior efficacy across outcomes (42).
Cazzola et al. (2019) meta-analysis confirmed adding LAMA to existing ICS/LABA therapy improves lung function and
reduces exacerbations without elevating cardiovascular serious adverse events, while Lee et al. (2019) Bayesian
network meta-analysis observed trends toward lower cardiovascular mortality despite pneumonia incidence. These
analyses establish biological plausibility through synergistic anti-inflammatory and bronchodilatory mechanisms
reducing systemic cardiovascular burden (43,44). The most recent GOLD guidance further acknowledges that triple
therapy may convey cardiovascular benefit in high-risk COPD phenotypes by reducing exacerbation-related
cardiopulmonary stress.
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5. Clinical Implications

5.1. Bronchodilator Therapy (LABA/LAMA)

e Long-acting bronchodilators serve as foundational therapy for all COPD patients, with confirmed long-term
cardiovascular safety across large cohort studies and RCTs (1,39).

e Enhanced monitoring is required during the first 30 days post-initiation, particularly in elderly patients or
those with preexisting cardiovascular disease, due to transient elevations in arrhythmia and ischemic risk (18).

o LABA/LAMA fixed-dose combinations demonstrate superior cardiovascular safety compared to LABA/ICS
regimens, with reduced major adverse cardiovascular events and dysrhythmia incidence (18,24).

e ICS avoidance is recommended in patients with infrequent exacerbations to minimize pneumonia risk while
maintaining equivalent symptom control (25).

5.2. Inhaled Corticosteroids (ICS)

e Selective ICS use is indicated for patients with frequent exacerbations (=2 moderate or 21 severe annually) or
blood eosinophil counts 2300 cells/pL, per current guidelines (45).

e ICS exhibit cardiovascular neutrality with potential protective effects through systemic inflammation
suppression (IL-6/CRP reduction), supported by RCT meta-analyses and real-world cohorts (18,35).

e In high cardiovascular risk patients with exacerbator phenotypes, ICS benefits—evidenced by dose-dependent
coronary heart disease and mortality reductions—outweigh pneumonia risks (33,35).

e Dose-response relationships favor higher cumulative exposure for cardioprotection, necessitating
personalized risk-benefit assessment.

5.3. Triple Therapy (LABA/LAMA/ICS)

e Triple therapy represents first-line therapy for high-risk COPD phenotypes characterized by frequent
exacerbations and cardiovascular comorbidity (40,46).

e Cardiovascular protection exceeds dual bronchodilation, with reductions in cardiovascular adverse events of
special interest and cardiac events observed in phase 3 post-hoc analyses (40,42).

e Exacerbation prevention confers indirect cardiovascular benefit by mitigating hypoxemia, sympathetic
overdrive, and inflammation-mediated plaque instability (40).

e Budesonide/glycopyrrolate/formoterol 320 demonstrates superior efficacy in pooled network meta-analyses
(42).

6. Conclusion

Chronic obstructive pulmonary disease is now understood as a systemic pro-inflammatory disorder with substantial
cardiovascular implications. Converging evidence demonstrates that persistent neutrophilic inflammation, endothelial
dysfunction, autonomic dysregulation, and exacerbation-associated hypoxemia act synergistically to amplify
cardiovascular risk far beyond that of age-matched populations. Within this pathophysiologic context, long-acting
bronchodilators remain the foundation of COPD pharmacotherapy, with stable cardiovascular safety profiles following
early initiation. Comparative effectiveness studies consistently show that LABA/LAMA combinations offer superior
cardiovascular safety relative to LABA/ICS, driven by lower rates of dysrhythmia and reduced pneumonia-associated
cardiovascular destabilization.

Inhaled corticosteroids maintain cardiovascular neutrality across large randomized controlled trials and appear to
confer additional cardioprotection in real-world settings through sustained suppression of systemic inflammatory
mediators. Population-level analyses from the Korean NHIS highlight meaningful reductions in coronary heart disease
and all-cause mortality with appropriate ICS exposure, even when accounting for pneumonia risk. These findings
reinforce the rationale for selective ICS use in phenotypes characterized by eosinophilic inflammation or recurrent
exacerbations, where anti-inflammatory benefits likely outweigh infection-related harm.

Triple therapy further strengthens risk reduction in patients with high cardiovascular burden or frequent
exacerbations. Post-hoc cardiovascular analyses of phase 3 trials, including ETHOS and IMPACT, together with
contemporary network meta-analyses, demonstrate that ICS/LAMA/LABA regimens reduce severe cardiovascular
events more effectively than dual bronchodilation. These benefits are attributed to the combined anti-inflammatory
actions of ICS and the enhanced ventilatory stabilization afforded by dual bronchodilation. Contemporary evidence
supports individualized therapy per 2025 GOLD guidance: LABA/LAMA for low-risk maintenance, selective ICS for
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eosinophilic exacerbators, and triple therapy for cardiovascular comorbidity with frequent exacerbations. Future
research priorities include biomarker-driven phenotyping, dedicated cardiovascular endpoint trials, and integrated
cardiopulmonology to transform COPD management from pulmonary-centric to comprehensive cardiovascular risk
mitigation.
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