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Background: Cardiac arrhythmias are commonly seen in patients with acute exacerbations of chronic obstructive pulmonary disease 
(AECOPD), but their prevalence, risk factors, and prognostic significance are still not fully understood.
Objective: To estimate the prevalence of arrhythmias in patients with AECOPD, identify related clinical factors, and assess their 
influence on in-hospital mortality.
Methods: A systematic search of PubMed, Embase, Web of Science, CENTRAL, and Cochrane Reviews was conducted to identify 
observational studies and randomized controlled trials. A random-effects meta-analysis using the DerSimonian–Laird method was performed. 
Subgroup and sensitivity analyses were conducted to explore heterogeneity, and publication bias was assessed using Egger’s and Begg’s tests.
Results: Twenty-eight studies were included. The pooled prevalence of arrhythmias in AECOPD patients was 15% (95% CI: 12–18%), with 
considerable heterogeneity (I² = 99.93%). Prevalence was higher in studies from developed countries, particularly those with larger sample 
sizes and older populations. Advanced age (WMD = 2.79 years) and elevated C-reactive protein levels (WMD = 5.32) were associated with 
increased arrhythmia risk. Use of long-acting beta-agonists (LABAs) was associated with a reduced risk (OR = 0.42), although the causal 
mechanism remains uncertain. Arrhythmias were significantly associated with increased in-hospital mortality (RR = 3.33, 95% CI: 3.27–3.38). 
In a predefined subgroup analysis, atrial fibrillation (AF) was also linked to a higher risk of death (RR = 3.70, 95% CI: 2.40–5.70). Sensitivity 
analyses confirmed the robustness of these findings, and no significant publication bias was detected.
Conclusion: Arrhythmias are common during AECOPD and are associated with increased short-term mortality, especially in patients with 
AF. Aging and systemic inflammation appear to be key contributors. While LABA use may have a protective association, this finding requires 
cautious interpretation. Standardized ECG monitoring and individualized risk stratification are warranted to improve patient outcomes.

Plain Language Summary:   

● About 15% of patients hospitalized for acute exacerbations of chronic obstructive pulmonary disease (AECOPD) develop abnormal 
heart rhythms (arrhythmias).

● Older age and higher levels of C-reactive protein (CRP), a marker of inflammation, are linked to an increased risk of arrhythmias.
● Patients who develop arrhythmias during AECOPD have a significantly higher risk of dying during hospitalization. Specifically, 

those with atrial fibrillation (AF) face nearly four times greater risk of in-hospital death compared to those without AF.
● These findings highlight the need for early identification, continuous heart monitoring, and personalized treatment strategies to 

reduce complications and improve outcomes for patients with AECOPD.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a heterogeneous pulmonary disorder characterised by persistent, often 
progressive airflow limitation resulting from airway abnormalities (eg, bronchitis and bronchiolitis) and/or alveolar 
destruction (eg, emphysema). This pathophysiology leads to chronic respiratory symptoms such as dyspnea, cough, 
sputum production, and/or acute exacerbations. COPD is one of the most prevalent non-infectious lung diseases globally 
and represents a leading cause of morbidity, mortality, and healthcare burden.1–3 In China, large-scale epidemiological 
studies have reported a COPD prevalence of 8.6% in adults over 20 years of age and up to 13.7% in those over 40, with 
an estimated patient population nearing 100 million.4

Acute exacerbation of COPD (AECOPD) refers to an acute episode of worsening respiratory symptoms, typically 
occurring within 14 days, often accompanied by tachypnea or tachycardia. It is commonly triggered by respiratory 
infections or environmental pollution that induces local or systemic inflammation.5–8AECOPD not only marks a key 
turning point in disease progression but also contributes significantly to COPD-related mortality, with an in-hospital 
mortality rate estimated at 1.9% in China.7

Repeated exacerbations accelerate the decline in lung function and increase the risk of comorbidities such as 
cardiovascular diseases, respiratory failure, and death.9–11Multinational studies have shown that AECOPD is associated 
with a significantly increased risk of major adverse cardiovascular events (MACE), including myocardial infarction, 
stroke, and cardiovascular mortality—even in patients without prior cardiovascular history.12 The odds of cardiovascular 
events in COPD patients are approximately 25% higher than in non-COPD populations,13 and the presence of arrhythmia 
further elevates the risk of in-hospital mortality by up to 2.7-fold.14

Cardiac arrhythmias—particularly atrial fibrillation (AF) and ventricular arrhythmias—are frequently observed in 
AECOPD patients, with a reported prevalence of 40–60% during hospitalisation.15–17 Arrhythmias may exacerbate 
symptoms, contribute to haemodynamic instability, and increase the frequency of subsequent exacerbations. Furthermore, 
meta-analytic evidence has linked arrhythmias during AECOPD to a significantly increased risk of all-cause mortality.18

Despite these findings, the epidemiology, determinants, and prognostic impact of arrhythmias in AECOPD remain 
incompletely understood. This systematic review and meta-analysis aims to summarize the prevalence of arrhythmias in 
AECOPD patients, identify clinical risk factors, and evaluate their associations with key clinical outcomes, such as in- 
hospital mortality and length of stay.

Methods
Literature Search Strategy
We systematically searched the databases of PubMed, Embase, Web of Science, Cochrane Central Register of Controlled 
Trials (CENTRAL), and Cochrane Reviews from their inception until February 21, 2025. We imposed no language 
restrictions and considered only peer-reviewed studies. The search strategy included both MeSH/Emtree terms and 
relevant free-text keywords. Core terms consisted of “COPD”, “acute exacerbation”, and various synonyms related to 
cardiac arrhythmias. Detailed search strategies are available in e-Table 1. This systematic review and meta-analysis were 
prospectively registered in the International Prospective Register of Systematic Reviews (PROSPERO, 
CRD420250649650) and conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) guidelines.19 The PRISMA-S checklist is summarized in e-Table 2.

Study Selection and Eligibility Criteria
Two reviewers (D.N. and Q.W.D.) independently screened and selected studies based on the following inclusion criteria: (i) 
cohort studies (prospective or retrospective), case-control studies, case-crossover studies, or randomized controlled trials 
(RCTs); (ii) adult populations diagnosed with chronic obstructive pulmonary disease (COPD), according to clinical or 
spirometric criteria if reported; (iii) reporting data on arrhythmia prevalence or clinical outcomes during acute exacerbations 
of COPD (AECOPD); (iv) a total sample size of ≥50 participants; and (v) full-text articles published in peer-reviewed journals. 
Exclusion criteria included: (i) abstracts, editorials, letters, or preprints without peer review; and (ii) studies lacking extractable 
data on arrhythmia prevalence, clinical outcomes during AECOPD, or relevant comparator information. Eligible studies were 
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selected through a two-stage process involving title and abstract screening, followed by full-text review. Disagreements 
between the two reviewers were resolved through discussion and consensus with a third reviewer (C.J.M).

Endpoint Definitions
Arrhythmia Outcomes and Subgroup Classifications
The primary outcome was the in-hospital prevalence of any arrhythmia, defined by clinical or electrocardiographic 
diagnoses from the original studies. For subgroup analyses, arrhythmias were stratified by: (i) country income level 
(developed vs developing, according to World Bank classification); (ii) arrhythmia type (atrial fibrillation [AF] vs non- 
AF); (iii) mean age (<70 vs ≥70 years); (iv) sample size (≥500 vs <500 participants); (v) method of arrhythmia diagnosis 
(Holter monitoring, standard ECG, or hospital/ICD-based diagnosis); (vi) ICU status (ICU or mixed ICU/non-ICU vs 
non-ICU populations). These classifications are summarized in e-Table 3.

Risk Factors
The included variables were categorized into three groups: (i) clinical characteristics (eg, age, sex, smoking history); (ii) 
comorbidities (eg, hypertension, coronary artery disease); (iii) pharmacological treatments (eg, long-acting beta-agonists 
[LABAs], anticholinergics, inhaled corticosteroids [ICS], systemic glucocorticoids).

Clinical Prognostic Outcomes
The primary prognostic outcome was in-hospital mortality. Prognostic data were extracted according to definitions 
reported in the original studies.

Risk of Bias Assessment
The risk of bias was assessed using design-appropriate tools. For cohort and case-control studies, the Newcastle–Ottawa 
Scale (NOS) was used to evaluate selection, comparability, and outcome domains (maximum score = 9); studies scoring 
≥7 were considered high quality. The ROBINS-E tool was utilized for dynamic exposure cohort studies based on 
electronic health records (eg, EXACOS series), addressing seven domains including confounding, selection, exposure 
classification, and outcome measurement. For prediction model studies (eg, Chen et al, 2023), the PROBAST tool was 
applied to assess both risk of bias and applicability.20–22 All assessments were carried out independently by two 
reviewers (D.N. and Q.W.D)., and any disagreements were resolved through discussion or by consulting a third reviewer.

Statistical Analysis
For prevalence analysis, we applied the Freeman–Tukey double arcsine transformation to stabilize variance, and we 
calculated pooled prevalence estimates with 95% confidence intervals (CIs) using the DerSimonian–Laird random-effects 
model. Subgroup analyses were conducted based on country income level (developed vs developing), arrhythmia type 
(AF vs non-AF), mean age (≥70 vs <70 years), sample size (≥500 vs <500), and detection method (ECG, Holter, or 
clinical diagnosis) to explore sources of heterogeneity. For risk factor analysis, we assessed dichotomous variables (eg, 
smoking, hypertension, medication use) using pooled odds ratios (ORs), while we analyzed continuous variables (eg, 
age, CRP) using weighted mean differences (WMDs), both under a random-effects model. We used the metan or 
metaprop command for binary variables, and we calculated WMDs using metan. In-hospital mortality data were 
extracted for prognostic analysis to compute pooled risk ratios (RRs) with 95% confidence intervals (CIs) comparing 
patients with and without arrhythmias. A predefined subgroup analysis was also performed for atrial fibrillation (AF). We 
assessed heterogeneity using Cochran’s Q and I² statistics, with I² > 50% or P < 0.10 indicating substantial heterogeneity. 
We conducted sensitivity analyses (leave-one-out) and subgroup analyses to evaluate the robustness of pooled estimates 
and explore sources of heterogeneity. We examined publication bias through visual inspection of funnel plots and formal 
statistical testing using Egger’s and Begg’s methods, with P < 0.1 considered indicative of potential small-study effects. 
All statistical analyses were conducted using Stata MP version 18.0 (StataCorp LLC, College Station, TX, USA) and 
R version 4.2.2 (R Foundation for Statistical Computing, Vienna, Austria). We deemed two-tailed p < 0.05 statistically 
significant for all analyses unless otherwise specified.
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Results
Study Selection
After removing duplicates, 1523 potentially relevant articles were identified. Following the screening of titles and 
abstracts, 71 articles were evaluated for full-text eligibility. Ultimately, 28 studies met the inclusion criteria and were 
included in the final meta-analysis (Figure 1).23–50

Study Characteristics
This meta-analysis included 28 studies involving hospitalized patients with acute exacerbations of COPD (AECOPD). 
Most studies used retrospective cohort or observational designs, with sample sizes varying from 45 to over 1.2 million. 
The research was conducted in Asia, Europe, North America, and the Middle East. The mean age of participants ranged 
from 60 to 81 years, with most being male. Arrhythmias were identified through ECG, Holter monitoring, or diagnosis- 
based coding. Atrial fibrillation (AF) was the most frequently reported subtype, although some studies included other 
arrhythmias (eg, PVCs, AA, VT), while others did not specify the type. Approximately one-third of the studies involved 
ICU or mixed ICU/non-ICU populations. Key study and patient characteristics are summarized in Table 1.

Figure 1 PRISMA 2020 flowchart illustrating the study selection process for the systematic review and meta-analysis. Records were identified through five databases 
(PubMed, Embase, Web of Science, CENTRAL, and Cochrane Reviews), screened, and assessed for eligibility. A total of 28 studies were included in the final analysis.
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Table 1 Characteristics of Study Participants

Authors, Year Country Study Design Sample  
Size (n)

Mean 
Age(Years)

Male 
(%)

AECOPD Diagnosis,  
0 = GOLD diagnostic  
criteria; 1 = ICD diagnostic 
codes

Type of 
Arrhythmia

Detection Method  
of Arrhythmia,  
0=ECG, 1=Holter,  
2=diagnosis

ICU 
Population  
(0 = Non-ICU; 
1=ICU Only/ 
Mixed)

Outcomes Reported

Einvik et al 201723 Norwegian Retrospective cohort 
study

45 66 51.11 0 PVC 1 0 None

Hu et al 202024 China Nested case-control 
study

496 81 83.67 0 N/A 2 0 In-hospital mortality

Lüthi et al 202325 Switzerland Retrospective 
observational study

170 74 53.5 0 N/A 2 0 1-year mortality

Nguyen et al 202426 Vietnam Retrospective 
observational study

197 74.3 88.8 0 AF 1 0 None

García et al 202027 Spain Retrospective 
observational study

602 73.7 86.05 0 AF 2 0 None

Zhang et al 202228 China Retrospective 
observational study

392 77.33 77 0 N/A 2 1 In-hospital mortality

Perera et al 201229 USA Retrospective 
observational study

1254703 70.6 47.2 1 N/A 2 0 In-hospital mortality

Memon et al 201930 Pakistan Prospective cohort 
study

162 67.12 57.4 1 AF 2 1 In-hospital mortality

Pethyabarn et al 202031 Thailand Retrospective cohort 
study

220 76.23 90 1 N/A 2 1 None

Thomas et al 201832 USA Retrospective cohort 
study

96 62.72 40.62 1 N/A 2 1 None

Zhang et al 201933 China Retrospective cohort 
study

890 73 70.2 1 AF 2 0 1-year mortality

Santus et al 202134 Italy Retrospective 
observational study

316 71.33 63.8 1 AA 0 0 Length of hospitalization, 
In-hospital mortality

Wang et al 201635 China Retrospective 
observational study

70 61.01 65.71 0 VT 0 0 None

Zidan et al 202036 Egypt Prospective 
observational study

100 60.6 87 0 AF 0 1 In-hospital mortality

Calabria et al 202437 Italy Retrospective cohort 
study

69620 74 56.8 1 N/A 2 0 None

Nafae et al 201438 Egypt Retrospective cohort 
study

200 69.35 51 0 AF 0 1 In-hospital mortality

Chen et al 202339 USA Retrospective 
prediction model

1922 71.16 49.06 1 AF 2 1 None

(Continued)
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Table 1 (Continued). 

Authors, Year Country Study Design Sample  
Size (n)

Mean 
Age(Years)

Male 
(%)

AECOPD Diagnosis,  
0 = GOLD diagnostic  
criteria; 1 = ICD diagnostic 
codes

Type of 
Arrhythmia

Detection Method  
of Arrhythmia,  
0=ECG, 1=Holter,  
2=diagnosis

ICU 
Population  
(0 = Non-ICU; 
1=ICU Only/ 
Mixed)

Outcomes Reported

Santos et al 202540 Spain Retrospective time- 
dependent cohort 
study

18901 69.5 78.2 1 AF/Arrest/others 2 0 All-cause mortalitytime 
periods  
(1–7, 8–14, 15–30,  
31–180, 181–365,  
and > 365 days)

Almarshoodi et al 202441 UAE Retrospective cohort 
study

512 73.3 67 1 AF 2 0 None

TelukuTla et al 202042 India Prospective cohort 
study

170 60.61 63.53 1 AF 2 1 In-hospital mortality

García-Sanz et al 201743 Spain Retrospective cohort 
study

757 74.71 77.45 0 AF 2 1 1-year mortality5-year 
mortality

Graul et al 202444 UK Retrospective time- 
dependent cohort 
study

146448 69.8 49.3 0 N/A 2 0 None

Sangwan et al 201745 India Prospective cohort 
study

50 62.16 86 1 AF 0 0 None

Goto et al 201846 USA Self-controlled case 
series

16424 69.33 43 1 AF 2 0 None

Swart et al 202347 Netherlands Retrospective time- 
dependent cohort 
study

2234 67.6 50 1 N/A 2 0 None

Hawkins et al 201948 Canada Retrospective time- 
dependent cohort 
study

142787 68.1 51.7 1 AF/Arrest/others 2 0 None

Matsunaga et al 202449 Japan Retrospective time- 
dependent cohort 
study

63182 72.5 60.2 1 AF/Arrest/others 2 0 None

Vogelmeier et al 202450 Germany Retrospective time- 
dependent cohort 
study

48982 64.5 60.35 1 N/A 2 0 None

Notes: This table summarises the characteristics of studies included in the meta-analysis, covering demographics, study design, type of arrhythmia, detection method, and clinical outcomes. 
Abbreviations: AF, atrial fibrillation; PVC, premature ventricular contraction; ECG, electrocardiogram; ICU, intensive care unit; N/A, not available.
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Prevalence of Arrhythmias
In the 28 studies analyzed, the pooled prevalence of arrhythmias among AECOPD patients was 15% (95% CI: 12–18%), 
showing substantial heterogeneity (I² = 99.93%, p < 0.001; Figure 2). Given the observed heterogeneity, additional 
subgroup analyses were performed to explore potential sources of variability in Figure 2.

Subgroup Analysis
Subgroup analyses were carried out based on predefined study-level characteristics to investigate potential sources of 
heterogeneity. As shown in the Supplementary Figures (e-Figures 1–6), studies from developed countries reported 
a higher prevalence of arrhythmias compared to those from developing countries (18% vs 12%, p = 0.035; 
e-Figure 1). The prevalence was similar between AF-focused and non-AF studies (16%, p = 0.942; e-Figure 2). 
Studies with a mean participant age of ≥70 years demonstrated a significantly higher prevalence than those with younger 
populations (19% vs 11%, p < 0.001; e-Figure 3). Larger studies (≥500 participants) reported a higher prevalence than 
smaller ones (20% vs 11%, p = 0.003; e-Figure 4). In terms of detection methods, studies using ECG reported a lower 

Figure 2 Forest plot showing the pooled prevalence of cardiac arrhythmias in patients with acute exacerbations of chronic obstructive pulmonary disease (AECOPD). 
Estimates were calculated using a random-effects model. The effect size (ES) and 95% confidence intervals (CIs) are presented for each study. The size of each square reflects 
the weight assigned to that study. Heterogeneity across studies is indicated by the I² statistic.
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prevalence (10%) than those using Holter monitoring or diagnosis-based classification (both 17%, p = 0.146; e-Figure 5). 
No significant difference was noted between non-ICU and ICU or mixed populations (16% vs 15%, p = 0.853; 
e-Figure 6). High heterogeneity remained across all subgroups.

Risk Factor Analysis
Risk factor analyses were conducted for both dichotomous and continuous variables. A comprehensive summary of the 
pooled effect estimates is presented in Table 2, which outlines key risk factors associated with arrhythmia in patients with 
AECOPD. Except for Table 2, all supporting data and visualizations referenced in this section are provided in the 
Supplementary Material. Baseline clinical characteristics of the included study populations are detailed in e-Table 4, 
while extracted data for dichotomous and continuous variables are shown in e-Tables 5 and 6, respectively. Among the 
dichotomous variables, only the use of long-acting β2-agonists (LABAs) was significantly associated with a reduced risk 
of arrhythmia (OR = 0.42, 95% CI: 0.24–0.76; I² = 0%). No significant associations were found for smoking, female sex, 
hypertension, cardiovascular disease, inhaled corticosteroids (ICS), systemic corticosteroids, or anticholinergic use. 
Forest plots for these variables are presented in e-Figures 7–14.

Regarding continuous variables, patients who developed arrhythmias were generally older (WMD = 2.79 years, 95% CI: 
0.05–5.52; I² = 34.6%) and had higher C-reactive protein (CRP) levels (WMD = 5.32 mg/L, 95% CI: 1.43–9.22; I² = 0%). 
These associations are illustrated in e-Figures 15 and 16, respectively. Together, these findings suggest that increasing age and 
systemic inflammation may contribute to arrhythmogenesis in the context of AECOPD.

In-Hospital Mortality Outcomes
Seven studies reported in-hospital mortality among AECOPD patients with and without arrhythmias. Pooled analysis 
showed a significantly higher risk of death in patients with arrhythmias (RR = 3.33, 95% CI: 3.27–3.38; e-Figure 17). 
Leave-one-out sensitivity analysis confirmed the robustness of this finding. The study by Perera et al, with 
a disproportionately large sample size, yielded an extreme RR (143.19), suggesting potential bias and warranting 
cautious interpretation when pooling heterogeneous arrhythmia types.

To explore subtype-specific effects, a predefined subgroup analysis focused on atrial fibrillation (AF) was conducted 
using four studies. The pooled RR for in-hospital mortality was 3.70 (95% CI: 2.40–5.70), with no significant heterogeneity 
(I² = 0.0%, p = 0.520) (Figure 3). These findings suggest that AF is independently associated with increased in-hospital 
mortality in AECOPD patients. Supporting definitions and prognostic data are summarized in e-Tables 7 and 8.

Table 2 Summary of Risk Factors Associated with Arrhythmia in AECOPD Patients

Risk Factor Type No. of Studies Effect Size (95% CI) I² (%) p-value Association

Smoking Categorical 2 OR = 1.05 (0.55–2.02) 0% 0.803 NS

Female Sex Categorical 4 OR = 1.44 (0.83–2.48) 0% 0.234 NS

Hypertension Categorical 2 OR = 1.57 (0.96–2.59) 0% 0.338 NS

CVD Categorical 3 OR = 0.86 (0.03–2.42) 19.70% 0.862 NS

LABA Use Categorical 4 OR = 0.42 (0.24–0.76) 0% 0.004 ↓ Risk *

Anticholinergic Use Categorical 3 OR = 0.60 (0.31–1.13) 0% 0.12 NS

ICS Use Categorical 2 OR = 099 (0.32–3.057) 2.70% 0.977 NS

Systemic Corticosteroid Use Categorical 2 OR = 1.13 (0.53–2.44) 0% 0.748 NS

Age Continuous 4 WMD = 2.79 (0.05–5.52) 34.60% 0.1002 NS

CRP Continuous 2 WMD = 5.32 (1.43–9.22) 0% 0.008 ↑ Risk *

Notes: ↑ Risk: indicates increased risk of arrhythmia; ↓ Risk: indicates reduced risk of arrhythmia. 
Abbreviations: NS, not significant; CVD, cardiovascular disease; LABA, long-acting beta agonists; ICS, inhaled corticosteroids; CRP, C-reactive protein; 
WMD, weighted mean difference; OR, odds ratio. *Statistically significant (P < 0.05).
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Sensitivity Analysis and Publication Bias
Among the 28 included studies, risk of bias was assessed using study design–appropriate tools: 20 studies (19 cohort and 
1 nested case-control) were rated high quality by the Newcastle–Ottawa Scale (e-Table 9); 7 dynamic exposure cohort 
studies were evaluated with ROBINS-E and found to have low overall risk; and 1 prediction model study assessed with 
PROBAST was rated high overall risk (e-Table 10).Leave-one-out sensitivity analyses confirmed the robustness of the 
pooled estimates, with minimal changes observed for both arrhythmia prevalence (e-Figure 18) and in-hospital mortality 
(e-Figure 20) after sequential exclusion of individual studies. For in-hospital mortality, the pooled risk ratio remained 
stable (RR: 3.33 [3.27–3.38]), and no single study significantly altered the overall effect size or direction. Although 
omission of Perera et al resulted in a slightly wider confidence interval (RR: 3.55 [2.43–5.20]), the effect remained 
statistically significant and consistent with the overall estimate, suggesting high robustness of the findings.For overall 
arrhythmia prevalence, the funnel plot showed slight asymmetry with clustering of smaller studies to the right. Egger’s 
test yielded a borderline p-value of 0.078, and Begg’s test indicated potential bias (p = 0.009), suggesting a small-study 
effect and warranting cautious interpretation (e-Figure 19, e-Table 11). No significant publication bias was detected for 
other outcomes, including atrial fibrillation prevalence, risk factor associations, and in-hospital mortality, as confirmed by 
both Egger’s and Begg’s tests (p > 0.1 for all; e-Table 11).

Discussion
This meta-analysis, encompassing 28 studies of hospitalized patients with AECOPD, revealed several clinically relevant 
findings.

First, the pooled prevalence of arrhythmias during AECOPD reached 15%, which is substantially higher than that 
reported in the general population (typically 1–3%) or among patients with stable COPD (ranging from 5% to 10%).44,51,52 

National data from China further illustrate this disparity: atrial fibrillation prevalence was estimated at 0.85% in males and 
0.63% in females, with rates of only 0.32% in individuals under 65 years, compared to 3.56% in those aged 65 and above.51 

These differences suggest that arrhythmia burden sharply increases during acute exacerbations. Pathophysiologically, this 
may be attributed to hypoxaemia, systemic inflammation, acid–base imbalance, sympathetic activation, and increased 
pulmonary vascular pressure—all of which are common during AECOPD episodes and may precipitate electrophysiolo
gical instability.53,54

Second, subgroup analyses revealed that the prevalence of arrhythmias was notably higher in studies conducted in 
developed countries, among older patient populations, and in larger cohorts. These findings suggest that demographic 
characteristics and the intensity of rhythm surveillance influence arrhythmia detection rates. Age remains the most 

Figure 3 Association between atrial fibrillation (AF) and in-hospital mortality in patients with AECOPD. This forest plot shows the pooled risk ratios (RRs) and 95% CIs for 
in-hospital mortality in patients with AECOPD with versus without AF. A total of four studies were included. Estimates were calculated using a random-effects model. The 
pooled RR was 3.70 (95% CI: 2.40–5.70), indicating a significantly increased risk of in-hospital mortality associated with AF. The size of each square reflects the weight of each 
study, and the diamond represents the pooled estimate. Between-study heterogeneity was low (I² = 0.0%, p = 0.520).
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significant risk factor for atrial fibrillation (AF), with incidence rising sharply after 65 due to cumulative effects of 
oxidative stress, chronic low-grade inflammation, and atrial structural remodeling.55,56 The association between systemic 
inflammation and arrhythmia risk, particularly AF, has been well documented. Aviles et al57 first demonstrated that 
elevated C-reactive protein (CRP) levels were significantly associated with both prevalent and incident AF. More 
recently, Yang et al58 confirmed this association in a large UK Biobank cohort, where higher CRP levels independently 
predicted new-onset AF. These findings suggest that chronic inflammation may promote atrial remodeling and electrical 
instability, supporting CRP as a potential biomarker for risk stratification. Furthermore, the relative prevalence of AF is 
highest in high-income countries, potentially due to more intensive cardiac monitoring and higher detection rates.59 

These results emphasize the need for standardized surveillance protocols, especially in aging and high-risk groups.
Third, arrhythmias were associated with a significantly increased risk of in-hospital mortality (RR = 3.33), underscoring 

their prognostic significance. Consistent with our findings, Pirera et al18 reported that the first week after AECOPD onset 
represents a critical window for cardiovascular events. Large registries further support this association: in the EORP-AF and 
GLORIA-AF cohorts, COPD comorbidity in patients with atrial fibrillation was linked to significantly increased risks of all- 
cause mortality and major adverse cardiovascular events, even after adjustment for confounders.60–62 These findings reinforce 
the importance of timely rhythm monitoring and cardiovascular risk stratification during AECOPD hospitalization.

In subgroup analysis, atrial fibrillation alone was associated with an even greater mortality risk (RR = 3.70, 95% CI: 
2.40–5.70), with no heterogeneity across studies. This suggests that AF confers particularly poor short-term prognosis in 
AECOPD, likely due to overlapping hemodynamic stress, atrial dysfunction, and comorbid burden. These findings 
support early identification and targeted management of AF during exacerbations.

In our analysis, LABA use was associated with a significantly lower risk of arrhythmias (OR = 0.42, 95% CI: 
0.24–0.76). While this finding appears to contradict earlier concerns regarding β2-agonists’ pro-arrhythmic potential, it 
aligns with recent evidence supporting their cardiovascular safety in COPD populations. A 24-trial meta-analysis 
reported that inhaled LABAs significantly reduced fatal cardiovascular events without increasing arrhythmia risk.63 

Another review of 43 RCTs showed that certain LABAs, such as olodaterol and formoterol, were not associated with 
increased cardiovascular risk and may potentially reduce events such as cardiac ischemia and hypertension.64 However, it 
is important to interpret these findings with caution. The observed association may reflect indirect benefits—such as 
improved oxygenation, reduced lung hyperinflation, and decreased sympathetic drive—rather than a direct anti- 
arrhythmic mechanism. Current evidence does not support a causal or cardioprotective role for LABAs in arrhythmia 
prevention, and further prospective studies are warranted. In contrast, no significant associations were observed with 
corticosteroids or ICS, despite their anti-inflammatory potential. These observations highlight the necessity of a balanced, 
evidence-based evaluation of pharmacotherapy safety in COPD patients at risk of cardiac complications.

To our knowledge, this is the first meta-analysis to quantify the burden and prognostic impact of arrhythmias in 
patients with acute exacerbations of COPD (AECOPD). By synthesizing evidence from various clinical contexts, our 
findings demonstrate strong generalizability. Importantly, our analysis emphasizes the clinical relevance of early rhythm 
surveillance and its association with in-hospital mortality.

These findings support integrating dynamic cardiac monitoring—such as Holter ECG or telemetry—into both hospital 
admission assessments and post-discharge follow-ups for COPD patients, particularly during and after acute exacerbation 
episodes. The 2023 ACC/AHA/HRS guidelines emphasize that intermittent and continuous ECG monitoring—rather than 
one-time recordings—provides superior atrial fibrillation (AF) detection, especially in patients with elevated risk profiles such 
as older adults or those with cardiopulmonary comorbidities.65 While the benefit of screening on hard outcomes remains to be 
proven, targeted rhythm surveillance may still support timely diagnosis and intervention. Evidence from large-scale wearable 
monitoring studies (eg, the Fitbit Heart Study) further supports the value of early detection, demonstrating a 98.2% positive 
predictive value of wearable-based AF detection and over one-third of notified individuals initiating AF-specific therapies.66

These insights highlight the importance of integrating continuous cardiac rhythm surveillance into AECOPD 
management. A multidisciplinary approach involving pulmonologists, cardiologists, and critical care teams is essential 
to interpret arrhythmia findings and tailor management to individual cardiopulmonary risk profiles. This strategy may 
optimize inpatient recovery and enhance long-term disease control.
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Limitations
This study has several limitations. First, the analyses were based on aggregated data from published studies, which may 
introduce ecological bias and limit the ability to adjust for individual-level confounders. Second, there was significant 
heterogeneity among studies regarding arrhythmia definitions, detection methods, and baseline population characteristics, 
which could have influenced the pooled estimates. Third, not all included studies reported arrhythmia subtypes, timing of 
onset, or monitoring modalities, limiting our ability to conduct stratified or time-dependent analyses. Fourth, residual 
confounding cannot be excluded, as several potential modifiers, such as baseline severity of AECOPD, prior arrhythmia 
history, and medication adherence, were not consistently reported. Lastly, some variables of interest could not be 
included in the meta-analysis or meta-regression due to missing data across studies.

Future research should prioritise individual participant data meta-analyses and prospective studies with standardised 
arrhythmia monitoring and outcome definitions. These approaches will help clarify temporal relationships, identify high- 
risk phenotypes, and inform personalised prevention strategies for arrhythmias in AECOPD. Moreover, most of the 
included studies were conducted in Europe, North America, and East Asia, with limited data from South Asia, Central, 
and South America. This geographic imbalance may limit the generalizability of our findings, and future studies should 
aim to include more diverse populations from underrepresented regions.

Conclusion
This systematic review and meta-analysis demonstrates that cardiac arrhythmias are common among patients hospitalised 
for AECOPD, with a pooled prevalence of 15%, and are significantly associated with increased in-hospital mortality. 
Older age and systemic inflammation—as reflected by elevated C-reactive protein (CRP) levels—were key risk factors. 
Conversely, LABA use, when appropriately prescribed, was associated with a reduced risk of arrhythmias, though 
causality remains uncertain. These findings support and extend prior evidence highlighting the cardiovascular burden in 
AECOPD, and underscore the importance of integrating cardiopulmonary monitoring into routine management. Early 
identification of high-risk patients through dynamic ECG surveillance and multidisciplinary collaboration may improve 
short-term prognosis and enhance long-term outcomes. Future research should focus on prospective validation of these 
findings and further development of personalised risk prediction models.

Data Sharing Statement
All data are extracted from published original articles, and in some instances, through correspondence with the authors. 
Our dataset is available upon request.

Ethical Approval
Ethical review and informed consent were waived, as the study utilised secondary data from prior studies.

AI Tools Use Disclosure
ChatGPT (OpenAI, version GPT-4) was used to assist in checking the English language and formatting of tables during 
the preparation of this manuscript. The authors reviewed and approved all AI-assisted outputs to ensure accuracy and 
scientific integrity.

Author Contributions
All authors made a significant contribution to the work reported, whether in the conception, study design, execution, 
acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically reviewing 
the article; gave final approval of the version to be published; have agreed on the journal to which the article has been 
submitted; and agree to be accountable for all aspects of the work. Specifically, D.N. and Q.W.D. contributed equally to this 
work. D.N. was responsible for conceiving the study, acquiring data, conducting statistical analyses, and drafting the 
manuscript. Q.W.D. was involved in the study design, data interpretation, and manuscript drafting. W.K.H. and C.Z. 
Y. assisted with literature screening, data extraction, and quality assessment. C.R.L. contributed to data visualization and 

International Journal of Chronic Obstructive Pulmonary Disease 2025:20                                                https://doi.org/10.2147/COPD.S545658                                                                                                                                                                                                                                                                                                                                                                                                   3069

Ding et al

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



figure preparation. C.J.M. provided methodological consultation and technical support. C.A.L. served as the lead correspond
ing author, offering critical revisions, overall supervision, and coordination of the multidisciplinary collaboration.

Funding
This work was supported by the National Natural Science Foundation of China (Grant No. 81903421) and the 
Guangzhou Science and Technology Project (Grant No. 2021020510515)

Supplementary Material
Supplementary materials are available in the International Journal of Chronic Obstructive Pulmonary Disease.

Disclosure
The content of this manuscript has not been previously presented at any scientific meeting or conference. The authors 
report no conflicts of interest in this work.

References
1. Global Initiative for Chronic Obstructive Lung Disease. Global strategy for the prevention, diagnosis and management of chronic obstructive 

pulmonary disease: 2025 report [Internet]. Fontana, WI: GOLD; 2024. Available from: https://goldcopd.org/wp-content/uploads/2024/12/GOLD- 
2025-report-WEB.pdf. Accessed June 5, 2025.

2. Christenson SA, Smith BM, Bafadhel M, Putcha N. Chronic obstructive pulmonary disease. Lancet. 2022;399(10342):2227–2242. doi:10.1016/ 
S0140-6736(22)00470-6

3. Labaki WW, Rosenberg SR. Chronic obstructive pulmonary disease. Ann Internal Med. 2020;173(3):ITC17–ITC32. doi:10.7326/AITC202008040
4. Wang C, Xu J, Yang L, et al. Prevalence and risk factors of chronic obstructive pulmonary disease in China (the China Pulmonary Health [CPH] 

study): a national cross-sectional study. Lancet. 2018;391(10131):1706–1717. doi:10.1016/S0140-6736(18)30841-9
5. Celli BR, Fabbri LM, Aaron SD, et al. An updated definition and severity classification of chronic obstructive pulmonary disease exacerbations: the 

Rome proposal. Am J Respir Crit Care Med. 2021;204:1251–1258. doi:10.1164/rccm.202108-1819PP
6. Global Initiative for Chronic Obstructive Lung Disease. Global strategy for the diagnosis, management and prevention of chronic obstructive 

pulmonary disease: 2022 report [Internet]. GOLD; 2022. Available from: https://goldcopd.org/2022-gold-reports/. Accessed June 5, 2025.
7. Peng L, Zhou C, Zhou H, et al. Risk factors associated with in-hospital mortality in hospitalized patients with acute exacerbation of chronic obstructive 

pulmonary disease: a multicenter retrospective study. Natl Med J China. 2021;101(48):3932–3937. doi:10.3760/cma.j.cn112137-20210709-01542
8. Global Initiative for Chronic Obstructive Lung Disease. Global strategy for the diagnosis, management and prevention of chronic obstructive 

pulmonary disease: 2023 report [Internet]. GOLD; 2023. Available from: https://goldcopd.org/2023-gold-report-2/. Accessed June 5, 2025.
9. Kyu HH, Vongpradith A, Sirota SB. Age–sex differences in the global burden of lower respiratory infections and risk factors, 1990–2019: results 

from the Global Burden of Disease Study 2019. Lancet Infect Dis. 2022;22(11):1626–1647. doi:10.1016/S1473-3099(22)00510-2
10. Rothnie KJ, Müllerová H, Smeeth L, Quint JK. Natural history of chronic obstructive pulmonary disease exacerbations in a general practice–based 

population with chronic obstructive pulmonary disease. Am J Respir Crit Care Med. 2018;198(4):464–471. doi:10.1164/rccm.201710-2029OC
11. Donaldson GC, Hurst JR, Smith CJ, Hubbard RB, Wedzicha JA. Increased risk of myocardial infarction and stroke following exacerbation of 

COPD. Chest. 2010;137(5):1091–1097. doi:10.1378/chest.09-2029
12. André S, Conde B, Fragoso E, et al. COPD and cardiovascular disease. Pulmonology. 2019;25(3):168–176. doi:10.1016/j.pulmoe.2018.09.006
13. Maclagan LC, Croxford R, Chu A, et al. Quantifying COPD as a risk factor for cardiac disease in a primary prevention cohort. Eur Respir J. 

2023;62(2):2202364. doi:10.1183/13993003.02364-2022
14. Ongel EA, Karakurt Z, Salturk C, et al. How do COPD comorbidities affect ICU outcomes? Int J Chron Obstruct Pulmon Dis. 2014;9:1187–1196. 

doi:10.2147/COPD.S70257
15. Buch P, Friberg J, Scharling H, Lange P, Prescott E. Reduced lung function and risk of atrial fibrillation in The Copenhagen City Heart Study. Eur 

Respir J. 2003;21(6):1012–1016. doi:10.1183/09031936.03.00051502
16. Simons SO, Elliott A, Sastry M, et al. Chronic obstructive pulmonary disease and atrial fibrillation: an interdisciplinary perspective. Eur Heart J. 

2021;42(5):532–540. doi:10.1093/eurheartj/ehaa822
17. Romiti GF, Corica B, Pipitone E, et al. Prevalence, management and impact of chronic obstructive pulmonary disease in atrial fibrillation: 

a systematic review and meta-analysis of 4,200,000 patients. Eur Heart J. 2021;42(35):3541–3554. doi:10.1093/eurheartj/ehab453
18. Pirera E, Di Raimondo D, D’Anna L, Tuttolomondo A. Risk trajectory of cardiovascular events after an exacerbation of chronic obstructive 

pulmonary disease: a systematic review and meta-analysis. Eur J Internal Med. 2025;S0953620525000263. doi:10.1016/j.ejim.2025.01.016
19. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health 

care interventions: explanation and elaboration. PLoS Med. 2009;6(7):e1000100. doi:10.1371/journal.pmed.1000100
20. Oxford Centre for Evidence-Based Medicine. The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised studies in 

meta-analyses [Internet]. Available from: https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp. Accessed October 28, 2022.
21. Higgins JPT, Morgan RL, Rooney AA, et al. A tool to assess risk of bias in non-randomized follow-up studies of exposure effects (ROBINS-E). 

Environ Int. 2024;186:108602. doi:10.1016/j.envint.2024.108602
22. Wolff RF, Moons KGM, Riley RD, et al. PROBAST: a tool to assess the risk of bias and applicability of prediction model studies. Ann Intern Med. 

2019;170(1):51–58. doi:10.7326/M18-1376

https://doi.org/10.2147/COPD.S545658                                                                                                                                                                                                                                                                                                                                                                                         International Journal of Chronic Obstructive Pulmonary Disease 2025:20 3070

Ding et al                                                                                                                                                                            

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

https://goldcopd.org/wp-content/uploads/2024/12/GOLD-2025-report-WEB.pdf
https://goldcopd.org/wp-content/uploads/2024/12/GOLD-2025-report-WEB.pdf
https://doi.org/10.1016/S0140-6736(22)00470-6
https://doi.org/10.1016/S0140-6736(22)00470-6
https://doi.org/10.7326/AITC202008040
https://doi.org/10.1016/S0140-6736(18)30841-9
https://doi.org/10.1164/rccm.202108-1819PP
https://goldcopd.org/2022-gold-reports/
https://doi.org/10.3760/cma.j.cn112137-20210709-01542
https://goldcopd.org/2023-gold-report-2/
https://doi.org/10.1016/S1473-3099(22)00510-2
https://doi.org/10.1164/rccm.201710-2029OC
https://doi.org/10.1378/chest.09-2029
https://doi.org/10.1016/j.pulmoe.2018.09.006
https://doi.org/10.1183/13993003.02364-2022
https://doi.org/10.2147/COPD.S70257
https://doi.org/10.1183/09031936.03.00051502
https://doi.org/10.1093/eurheartj/ehaa822
https://doi.org/10.1093/eurheartj/ehab453
https://doi.org/10.1016/j.ejim.2025.01.016
https://doi.org/10.1371/journal.pmed.1000100
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1016/j.envint.2024.108602
https://doi.org/10.7326/M18-1376


23. Einvik G, Bhatnagar R, Holmedahl NH, Neukamm A, Omland T, Søyseth V. Premature ventricular complex is more prevalent during acute 
exacerbated than stable states of chronic obstructive pulmonary disease, and is related to cardiac troponin T. COPD. 2017;14(3):318–323. 
doi:10.1080/15412555.2017.1298085

24. Wping H, Lhamo T, Zhang F, et al. Predictors of acute cardiovascular events following acute exacerbation period for patients with COPD: a nested 
case–control study. BMC Cardiovasc Disord. 2020;20(1):518. doi:10.1186/s12872-020-01803-8

25. Lüthi-Corridori G, Boesing M, Ottensarendt N, Leuppi-Taegtmeyer AB, Schuetz P, Leuppi JD. Predictors of length of stay, mortality and 
rehospitalization in COPD patients: a retrospective cohort study. JCM. 2023;12(16):5322. doi:10.3390/jcm12165322

26. Nguyen H, Nguyen T, Phan P. Prevalence and associated factors of paroxysmal atrial fibrillation and atrial ARRHYTHMIAS DURING 
HOSPITALIZATIONS FOR EXACERBAtion of COPD. COPD. 2024;19:1989–2000. doi:10.2147/COPD.S473289

27. García-Sanz MT, Martínez-Gestoso S, Calvo-álvarez U, et al. Impact of hyponatremia on COPD exacerbation prognosis. JCM. 2020;9(2):503. 
doi:10.3390/jcm9020503

28. Zhang X, Zhou Q, Wang S, Ma Q, Sun Y. Etiology of emergency visit and in-hospital outcomes of patients with COPD. In: Akman C, editor. 
Emergency Medicine International. Vol. 2022. 2022:1–8. doi:10.1155/2022/8247133

29. Perera PN, Armstrong EP, Sherrill DL, Skrepnek GH. Acute exacerbations of COPD in the United States: inpatient burden and predictors of costs 
and mortality. COPD. 2012;9(2):131–141. doi:10.3109/15412555.2011.650239

30. Memon MA, Faryal S, Brohi N, Kumar B. Role of the DECAF score in predicting in-hospital mortality in acute exacerbation of chronic obstructive 
pulmonary disease. Cureus. 2019. doi:10.7759/cureus.4826

31. Pethyabarn W, Chewae S, Dadeh A. Factors associated with treatment failure in patients with acute exacerbation of COPD admitted to the 
emergency department observation unit. Emerg Med Int. 2020;2020:1–7. doi:10.1155/2020/8261375

32. Thomas CD, Dupree LH, DeLosSantos M, Ferreira JA. Evaluation of the protective effects of β-blockers in the management of acute exacerbations 
of chronic obstructive pulmonary disease. J Clin Pharm Ther. 2019;44(1):109–114. doi:10.1111/jcpt.12767

33. Zhang Y, Lin Y. Risk factors analysis for one-year and long-term mortality in patients hospitalized for acute exacerbation of chronic obstructive 
pulmonary disease. Chin J Tuberc Respir Dis. 2019;42(12):895–900. doi:10.3760/cma.j.issn.1001-0939.2019.12.004

34. Santus P, Franceschi E, Pini S, et al. Switching to nebulised short acting bronchodilators does not increase the risk of arrhythmia in patients 
hospitalized with a COPD exacerbation. Pharmacol Res. 2021;173:105915. doi:10.1016/j.phrs.2021.105915

35. Wang X, Jiang Z, Chen B, et al. Cardiac autonomic function in patients with acute exacerbation of chronic obstructive pulmonary disease with and 
without ventricular tachycardia. BMC Pulm Med. 2016;16(1):124. doi:10.1186/s12890-016-0287-0

36. Zidan M, Gharraf H, Wahdan B. A comparative study of DECAF score and modified DECAF score in predicting hospital mortality rates in acute 
exacerbation of chronic obstructive pulmonary disease. Egypt J Chest Dis Tuberc. 2020;69(3):532. doi:10.4103/ejcdt.ejcdt_203_19

37. Calabria S, Ronconi G, Dondi L, et al. Cardiovascular events after exacerbations of chronic obstructive pulmonary disease: results from the 
EXAcerbations of COPD and their OutcomeS in CardioVascular diseases study in Italy. Eur J Internal Med. 2024;127:97–104. doi:10.1016/j. 
ejim.2024.04.021

38. Nafae R, Embarak S, Gad DM. Value of the DECAF score in predicting hospital mortality in patients with acute exacerbation of chronic obstructive 
pulmonary disease admitted to Zagazig University Hospitals, Egypt. Egypt J Chest Dis Tuberculosis. 2015;64(1):35–40. doi:10.1016/j.ejcdt.2014.10.007

39. Chen S, Shi Y, Hu B, Huang J. A prediction model for in-hospital mortality of acute exacerbations of chronic obstructive pulmonary disease 
patients based on red cell distribution width-to-platelet ratio. COPD. 2023;18:2079–2091. doi:10.2147/COPD.S418162

40. Santos S, Manito N, Sánchez-Covisa J, et al. Risk of severe cardiovascular events following COPD exacerbations: results from the EXACOS-CV 
study in Spain. Revista Española de Cardiología. 2025;78(2):138–150. doi:10.1016/j.rec.2024.06.003

41. Almarshoodi K, Echevarria C, Kassem A, Mahboub B, Salameh L, Ward C. An international validation of the “DECAF Score” to predict disease severity 
and hospital mortality in acute exacerbation of COPD in the UAE. Hospital Pharm. 2024;59(2):234–240. doi:10.1177/00185787231209218

42. Telukutla SR, Vidya T, Ganesan SN. BAP 65 and DECAF scores in predicting outcomes in acute exacerbation of chronic obstructive pulmonary 
disease: a prospective observational study. JCDR. 2020. doi:10.7860/JCDR/2020/46312.14176

43. García-Sanz MT, Cánive-Gómez JC, Senín-Rial L, et al. One-year and long-term mortality in patients hospitalized for chronic obstructive 
pulmonary disease. J Thorac Dis. 2017;9(3):636–645. doi:10.21037/jtd.2017.03.34

44. Graul EL, Nordon C, Rhodes K, et al. Temporal risk of nonfatal cardiovascular events after chronic obstructive pulmonary disease exacerbation: a 
population-based study. Am J Respir Crit Care Med. 2024;209(8):960–972. doi:10.1164/rccm.202307-1122OC

45. Malik R, Sangwan V. Dyspnea, eosinopenia, consolidation, acidemia and atrial fibrillation score and BAP-65 score, tools for prediction of mortality 
in acute exacerbations of chronic obstructive pulmonary disease: a comparative pilot study. Indian J Crit Care Med. 2017;21(10):671–677. 
doi:10.4103/ijccm.IJCCM_148_17

46. Goto T, Shimada YJ, Faridi MK, Camargo CA, Hasegawa K. Incidence of acute cardiovascular event after acute exacerbation of COPD. J GEN 
INTERN MED. 2018;33(9):1461–1468. doi:10.1007/s11606-018-4518-3

47. Swart KMA, Baak BN, Lemmens L, et al. Risk of cardiovascular events after an exacerbation of chronic obstructive pulmonary disease: results from the 
EXACOS-CV cohort study using the PHARMO Data Network in the Netherlands. Respir Res. 2023;24(1):293. doi:10.1186/s12931-023-02601-4

48. Hawkins NM, Nordon C, Rhodes K, et al. Heightened long-term cardiovascular risks after exacerbation of chronic obstructive pulmonary disease. 
Heart. 2024;110(10):702–709. doi:10.1136/heartjnl-2023-323487

49. Matsunaga K, Yoshida Y, Makita N, Nishida K, Rhodes K, Nordon C. Increased risk of severe cardiovascular events following exacerbations of chronic 
obstructive pulmonary disease: results of the EXACOS-CV study in Japan. Adv Ther. 2024;41(8):3362–3377. doi:10.1007/s12325-024-02920-y

50. Vogelmeier CF, Rhodes K, Garbe E, et al. Elucidating the risk of cardiopulmonary consequences of an exacerbation of COPD: results of the 
EXACOS-CV study in Germany. BMJ Open Respir Res. 2024;11(1):e002153. doi:10.1136/bmjresp-2023-002153

51. Li C, Wang H, Li M, et al. Epidemiology of atrial fibrillation and related myocardial ischemia or arrhythmia events in Chinese Community 
Population in 2019. Front Cardiovasc Med. 2022;9:821960. doi:10.3389/fcvm.2022.821960

52. Kibbler J, Wade C, Mussell G, Ripley DP, Bourke SC, Steer J. Systematic review and meta-analysis of prevalence of undiagnosed major cardiac 
comorbidities in COPD. ERJ Open Res. 2023;9(6):00548–02023. doi:10.1183/23120541.00548-2023

53. Jozwiak M, Teboul JL. Heart–Lungs interactions: the basics and clinical implications. Ann Intensive Care. 2024;14:122. doi:10.1186/s13613-024- 
01356-5

International Journal of Chronic Obstructive Pulmonary Disease 2025:20                                                https://doi.org/10.2147/COPD.S545658                                                                                                                                                                                                                                                                                                                                                                                                   3071

Ding et al

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

https://doi.org/10.1080/15412555.2017.1298085
https://doi.org/10.1186/s12872-020-01803-8
https://doi.org/10.3390/jcm12165322
https://doi.org/10.2147/COPD.S473289
https://doi.org/10.3390/jcm9020503
https://doi.org/10.1155/2022/8247133
https://doi.org/10.3109/15412555.2011.650239
https://doi.org/10.7759/cureus.4826
https://doi.org/10.1155/2020/8261375
https://doi.org/10.1111/jcpt.12767
https://doi.org/10.3760/cma.j.issn.1001-0939.2019.12.004
https://doi.org/10.1016/j.phrs.2021.105915
https://doi.org/10.1186/s12890-016-0287-0
https://doi.org/10.4103/ejcdt.ejcdt_203_19
https://doi.org/10.1016/j.ejim.2024.04.021
https://doi.org/10.1016/j.ejim.2024.04.021
https://doi.org/10.1016/j.ejcdt.2014.10.007
https://doi.org/10.2147/COPD.S418162
https://doi.org/10.1016/j.rec.2024.06.003
https://doi.org/10.1177/00185787231209218
https://doi.org/10.7860/JCDR/2020/46312.14176
https://doi.org/10.21037/jtd.2017.03.34
https://doi.org/10.1164/rccm.202307-1122OC
https://doi.org/10.4103/ijccm.IJCCM_148_17
https://doi.org/10.1007/s11606-018-4518-3
https://doi.org/10.1186/s12931-023-02601-4
https://doi.org/10.1136/heartjnl-2023-323487
https://doi.org/10.1007/s12325-024-02920-y
https://doi.org/10.1136/bmjresp-2023-002153
https://doi.org/10.3389/fcvm.2022.821960
https://doi.org/10.1183/23120541.00548-2023
https://doi.org/10.1186/s13613-024-01356-5
https://doi.org/10.1186/s13613-024-01356-5


54. Polman R, Hurst JR, Uysal OF, Mandal S, Linz D, Simons S. Cardiovascular disease and risk in COPD: a state of the art review. Expert Rev 
Cardiovasc Ther. 2024;22(4–5):177–191. doi:10.1080/14779072.2024.2333786

55. Kornej J, Börschel CS, Benjamin EJ, Schnabel RB. Epidemiology of atrial fibrillation in the 21st Century: novel methods and new insights. Circ 
Res. 2020;127(1):4–20. doi:10.1161/CIRCRESAHA.120.316340

56. Korantzopoulos P, Letsas KP, Tse G, Fragakis N, Goudis CA, Liu T. Inflammation and atrial fibrillation: a comprehensive review. J Arrhythm. 
2018;34(4):394–401. doi:10.1002/joa3.12077

57. Aviles RJ, Martin DO, Apperson-Hansen C, et al. Inflammation as a risk factor for atrial fibrillation. Circulation. 2003;108(24):3006–3010. 
doi:10.1161/01.CIR.0000103131.70301.4F

58. Yang X, Zhao S, Wang S, et al. Systemic inflammation indicators and risk of incident arrhythmias in 478,524 individuals: evidence from the UK 
Biobank cohort. BMC Med. 2023;21(1):76. doi:10.1186/s12916-023-02770-5

59. Ohlrogge AH, Brederecke J, Schnabel RB. Global burden of atrial fibrillation and flutter by National income: results from the Global Burden of 
Disease 2019 Database. JAHA. 2023;12(17):e030438. doi:10.1161/JAHA.123.030438

60. Bucci T, Romiti GF, Shantsila A, et al. Risk of death and cardiovascular events in Asian patients with atrial fibrillation and chronic obstructive 
pulmonary disease: a report from the prospective APHRS Registry. J Am Heart Assoc. 2024;13(7):e032785. doi:10.1161/JAHA.123.032785

61. Proietti M, Laroche C, Drozd M, et al. Impact of chronic obstructive pulmonary disease on prognosis in atrial fibrillation: a report from the 
EURObservational Research Programme Pilot Survey on Atrial Fibrillation (EORP-AF) General Registry. Am Heart J. 2016;181:83–91. 
doi:10.1016/j.ahj.2016.08.011

62. Romiti GF, Corica B, Mei DA, et al. Impact of chronic obstructive pulmonary disease in patients with atrial fibrillation: an analysis from the 
GLORIA-AF registry. Europace. 2024;26(1):euae021. doi:10.1093/europace/euae021

63. Xia N, Wang H, Nie X. Inhaled long-acting β2-agonists do not increase fatal cardiovascular adverse events in COPD: a meta-analysis. PLoS One. 
2015;10(9):e0137904. doi:10.1371/journal.pone.0137904

64. Li C, Cheng W, Guo J, Guan W. Relationship of inhaled long-acting bronchodilators with cardiovascular outcomes among patients with stable COPD: a 
meta-analysis and systematic review of 43 randomized trials. Int J Chron Obstruct Pulmon Dis. 2019;14:799–808. doi:10.2147/COPD.S198288

65. Joglar JA, Chung MK, Armbruster AL. 2023 ACC/AHA/ACCP/HRS guideline for the diagnosis and management of atrial fibrillation: a report of 
the American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. Circulation. 2024;149(1):e1– 
e156. doi:10.1161/CIR.0000000000001193

66. Lubitz SA, Faranesh AZ, Selvaggi C, et al. Detection of atrial fibrillation in a large population using wearable devices: the Fitbit Heart Study. 
Circulation. 2022;146(19):1415–1424. doi:10.1161/CIRCULATIONAHA.122.060291

International Journal of Chronic Obstructive Pulmonary Disease                                                 

Publish your work in this journal 
The International Journal of COPD is an international, peer-reviewed journal of therapeutics and pharmacology focusing on concise rapid reporting 
of clinical studies and reviews in COPD. Special focus is given to the pathophysiological processes underlying the disease, intervention programs, 
patient focused education, and self management protocols. This journal is indexed on PubMed Central, MedLine and CAS. The manuscript 
management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www. 
dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/international-journal-of-chronic-obstructive-pulmonary-disease-journal

International Journal of Chronic Obstructive Pulmonary Disease 2025:20 3072

Ding et al                                                                                                                                                                            

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

https://doi.org/10.1080/14779072.2024.2333786
https://doi.org/10.1161/CIRCRESAHA.120.316340
https://doi.org/10.1002/joa3.12077
https://doi.org/10.1161/01.CIR.0000103131.70301.4F
https://doi.org/10.1186/s12916-023-02770-5
https://doi.org/10.1161/JAHA.123.030438
https://doi.org/10.1161/JAHA.123.032785
https://doi.org/10.1016/j.ahj.2016.08.011
https://doi.org/10.1093/europace/euae021
https://doi.org/10.1371/journal.pone.0137904
https://doi.org/10.2147/COPD.S198288
https://doi.org/10.1161/CIR.0000000000001193
https://doi.org/10.1161/CIRCULATIONAHA.122.060291
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Methods
	Literature Search Strategy
	Study Selection and Eligibility Criteria
	Endpoint Definitions
	Arrhythmia Outcomes and Subgroup Classifications
	Risk Factors
	Clinical Prognostic Outcomes

	Risk of Bias Assessment
	Statistical Analysis

	Results
	Study Selection
	Study Characteristics
	Prevalence of Arrhythmias
	Subgroup Analysis
	Risk Factor Analysis
	In-Hospital Mortality Outcomes
	Sensitivity Analysis and Publication Bias

	Discussion
	Limitations
	Conclusion
	Data Sharing Statement
	Ethical Approval
	AI Tools Use Disclosure
	Author Contributions
	Funding
	Supplementary Material
	Disclosure

