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Background: The prevalence of chronic obstructive pulmonary disease (COPD) in patients with ischemic heart disease (IHD)
remains uncertain, and its association with adverse outcomes is frequently overlooked. This study aimed to estimate the prevalence of
COPD, and its impact on pharmacological treatment, and clinical outcomes in patients with IHD.

Methods: A systematic literature search was conducted in Web of Science, Embase, and PubMed until November 20, 2023. All
studies that reported the prevalence of COPD in IHD patients were included, and a random-effects model was employed to calculate
the pooled prevalence. Data on cardiovascular risk factors/comorbidities, beta-blockers (BBs) prescription, acute phase outcomes [in-
hospital mortality, major adverse cardiovascular events (MACE), acute heart failure (AHF), and cardiogenic shock], and long-term
mortality were compared according to COPD status.

Results: A total of 82 eligible studies that reported the prevalence of COPD in 18 million IHD patients were included. The pooled
prevalence of COPD was 12.0% [95% confidence intervals (CI): 9.9%—14.1%] in patients with IHD. In subgroup analysis, the
prevalence of COPD was highest in North America (15.3%), followed by Europe (10.0%), and Asia (8.8%). In addition, COPD was
associated with a higher burden of cardiovascular risk factors/comorbidities, but lower BBs prescription [odds ratio (OR) 0.50, 95% CI
0.38-0.66]. Moreover, COPD was linked to an increased risk of in-hospital mortality (OR 1.47, 95% CI 1.37-1.58), MACE (OR 1.81,
95% CI 1.44-2.27), AHF (OR 2.14, 95% CI 1.86-2.46), cardiogenic shock (OR 1.30, 95% CI 1.01-1.68), as well as long-term
mortality (OR 1.99, 95% CI 1.80-2.20).

Conclusion: This meta-analysis demonstrated that COPD is prevalent in IHD, involving 12.0% of IHD patients, and is linked to
a lower prescription of BBs, an increased burden of comorbidities, and worse acute phase outcomes and long-term mortality.
Keywords: ischemic heart disease, chronic obstructive pulmonary disease, prevalence, beta-blockers, outcomes

Introduction

Chronic obstructive pulmonary disease (COPD) is a heterogeneous condition characterized by persistent, usually
progressive airflow limitation and airway inflammation, along with systemic manifestations.'” As the third leading
cause of mortality, COPD’s annual toll is expected to reach 4.4 million by 2040, imposing substantial and growing
economic and social burdens.® Ischemic heart disease (IHD), sharing primary risk factors with COPD like aging,
smoking, and systemic inflammation, is another leading cause of death, accounting for over 9 million fatalities in
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2016.* These two diseases often coexist in the same individual and have become issues of great concern, making
diagnosis, management, and outcomes more complex than each comorbidity exists separately.® Despite the reciprocal
association between these two conditions, whether COPD contributes to cardiovascular disease (CVD) or vice versa was
still uncertain because of the cross-sectional nature of the present evidence.” Compared with the general population,
many studies have concluded that patients with COPD are more susceptible to IHD, increasing more than 2-fold,
contributing substantially to clinical outcomes, mortality, and resource use.® > However, less attention has been paid to
COPD as a comorbid condition of THD, potentially resulting in the overlook of its possible adverse effects.'* !¢

Recognizing the connection between IHD and COPD has significant consequences for disease management,
such as target “case finding” in IHD patients, risk factors intervention, drug usage like beta-blockers (BBs), and
the application of an integrated care approach. Studies have demonstrated a substantially increased risk of
concomitant COPD and its adverse impact on outcomes in patients with THD,'” 2! and this was recapitulated in
previous narrative reviews.”® Yet, no prior study has formally quantified the clinical relationship between these
two conditions using quantitative evidence synthesis. Considering these factors, the primary aim of this study was
to determine the prevalence of COPD in IHD patients. Additionally, we aimed to evaluate the relationship between
cardiovascular risk factors/comorbidities and COPD in patients with THD, analyse the prescription of BBs in IHD
patients comorbid with COPD, and assess the impact of COPD on clinical outcomes.

Methods

Study Design

This systematic review and meta-analysis followed the Meta-analysis Of Observational Studies in Epidemiology
(MOOSE) guidelines.”” The study was registered on PROSPERO (CRD42023483569) and reported by the guidelines
of Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA),?* and the PRISMA Checklist was
also provided.

Search Strategy and Selection Criteria

After identifying relevant Medical Subject Headings (Mesh), a systematic search was performed in Web of
Science, Embase, and PubMed until November 20, 2023. Details regarding the search strategy are reported in
Table S1. After removing duplicates, 2 reviewers (M.K. and Z.X.) independently and systematically screened titles
and abstracts, and then reviewed full texts. Studies were included if they reported the prevalence of COPD in IHD
patients with a sample size of more than 400, irrespective of study design. We excluded the studies which had one
of the following characteristics: 1) the study population were highly selected cohorts of patients with IHD (such as
cohorts based only on patients with IHD and atrial fibrillation (AF); 2) the language used in the article was not
English; 3) article type was conference abstracts, letters, editorials, and review articles. If two or more studies
were based on the same cohort, only the study with the largest sample size was included.

Data Extraction

Two independent reviewers (MK and ZX) extracted data from the included studies, with discrepancies resolved by a third
reviewer (DH) when necessary. The following data were extracted: author, publication year, geographical regions, study
design, sample size, number of patients with COPD, mean age, the proportion of males, risk factors/comorbidities [including
smoking history, hypertension, diabetes mellitus (DM), chronic heart failure (CHF), AF, chronic kidney disease (CKD)]. In
addition, available data on BBs prescription, acute phase outcomes [in-hospital mortality, major adverse cardiovascular
events (MACE), acute heart failure (AHF), and cardiogenic shock], and long-term mortality were also extracted.

Quality Assessment

After extracted data from eligible studies, 2 independent reviewers (MK and ZX) critically analysed all studies to
evaluate the risk of bias. A modified Newcastle—Ottawa Scale (NOS),>*> consisting of five elements across the areas of
selection, comparability, and outcome, was employed for the evaluation of COPD prevalence, given a score out of five
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(Table S2). Studies with a score less than 3 points were classified as having a high likelihood of bias. Additionally, in the
studies that grouped IHD patients based on the diagnosis of COPD, a modified NOS was employed, which consists of
eight elements across three domains (Table S3). Studies with a score of modified NOS less than 6 points was considered
at high risk of bias. All discrepancies were discussed with a third reviewer (DH).

Outcomes Definition

The primary outcome of this study was the prevalence of COPD among individuals with IHD. Furthermore, the odds
ratios (OR) for baseline cardiovascular risk factor/comorbidities, the prescription of BBs, and the acute phase outcomes
(in-hospital mortality, MACE, AHF, and cardiogenic shock) and long-term mortality were also investigated in IHD
patients according to the diagnosis of COPD.

Statistical Analysis

Prevalence estimates were extracted as raw proportions. Pooled estimates were determined through a random-effects
model, applying the Freeman-Tukey double arcsine transformation for variance stabilization. Point estimates of propor-
tions along with 95% confidence intervals (CI) were computed and presented in forest plots. For pooled estimates, tau?
was utilized for estimating variance across studies, while the /? served to assess heterogeneity. The jackknife sensitivity
analyses were conducted with a “leave-one-out” method, which sequentially excluded each study to evaluate its impact
on pooled estimate and heterogeneity. Furthermore, we calculated COPD prevalence by progressively excluding studies
that had sample sizes below defined cut-offs. To identify possible sources of heterogeneity in COPD prevalence, multiple
subgroup analyses were conducted based on geographical location, study design, definition of COPD, age cutoffs,
and year of data source (1980s, 1990s, 2000s, 2010s). In order to further clarify the possible factors contributing to the
heterogeneity of COPD prevalence, meta-regressions were performed. Initially, univariable meta-regressions were
conducted based on factors like study design, mean age, male proportions, definition of COPD, and proportion of
relevant comorbidities. Subsequently, a multivariable meta-regression was conducted incorporating factors that showed
significant associations with COPD prevalence at univariable meta-regression. The studies with AF data were limited, so
AF will not be included in the multivariable regression analysis, even if it showed statistical significance in the
univariable analysis.

In the comparisons based on COPD status, we calculated weighted-pooled summary estimates of OR with a random
effects model. The jackknife sensitivity analyses were also conducted. In addition, Meta-regressions for the prescription
of BBs, and long-term mortality were performed. Funnel plots and Begg’s test were employed to evaluate potential
publication bias in comparisons based on COPD status, with at least 10 studies included. All statistical analyses were
performed using Stata 17.0 software.

Results

Characteristics of Included Studies

The search in databases yielded 23374 publications (12213 from Web of Science, 6336 from Embase, 4822 from
PubMed, and 3 from other sources). After removing duplicates and conducting title and abstract screening, 308 full texts
were reviewed for eligibility. Finally, a total of 82 studies, with a combined sample of 18 million subjects, which reported
the prevalence of COPD in IHD patients were included for quantitative synthesis (Figure 1, Table S4). Among 82 studies,
35 were from North America, 27 from Europe, 15 from Asia, and 5 from other geographical regions. According to the
study designs, 33 studies were from administrative databases, 23 studies were from observational multicentre studies, 21
studies were from observational single centre studies, and the remaining 5 studies were from secondary analysis of
randomized controlled trials (RCTs). As for the classifications based on the non-pharmacological interventions, 20
studies were from the coronary artery bypass grafting (CABG) cohorts, 18 were from percutaneous coronary intervention
(PCI) cohorts, and the remaining 44 studies were from other cohorts. According to the definition of COPD, 43 studies
were based on ICD/Spirometry, while 39 studies were based on patients’ self-reports. Assessment of bias in the
prevalence of COPD was provided in Table S5, and 17 studies were considered at high risk of bias.
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Figure | PRISMA flowchart of this study.

The Prevalence of COPD in IHD Patients

From the random-effects meta-analysis, the pooled prevalence of COPD was 12.0% (95% CI 9.9%—14.1%), with a high
heterogeneity across different studies (Figure 2). Sensitivity analyses were performed with the use of the “leave-one-out”
approach, and we did not observe substantial effects of individual studies on the pooled estimates or on heterogeneity
(Table S6). Further sensitivity analyses were conducted by progressively excluding studies with sample sizes below
increasing cutoff values (cut-off values were 1000, 10,000, 20,000,100,000). Similar results were observed, with all
figures falling within the 95% CI of the pooled prevalence of COPD (Table S7).

Subgroup analyses were performed to assess the potential sources of heterogeneity (Table 1). Among the different
geographical locations, the prevalence of COPD was highest in North America (15.3%, 95% CI 13.0%—17.6%), followed
by Europe (10.0%, 95% CI 8.6%—11.3%), and Asia (8.8%, 95% CI 5.3%—12.3%). Across most settings, administrative
databases had higher COPD prevalence (16.0%, 95% CI 12.9%-19.2%) than observational single centre/multicentre
studies or RCTs. An analysis according to the mean age showed that the prevalence of COPD was higher in patients >70
years (18.3%, 95% CI 14.6%—-22.0%, p < 0.001) compared with those <70 years. The prevalence of COPD, when defined
based on self-reported, was lower compared to that defined by ICD/spirometry criteria (10.2% vs 13.1%), though the
difference was not statistically significant. In addition, the prevalence of COPD showed an upward trend over time, with
the highest prevalence of 13.1% in 2010s. Finally, no statistical differences in the prevalence of COPD were found

among different non-pharmacological intervention cohorts.
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%

o
Study COPD Total Prevalence (95% CI) Weight
Cai (2021) 523 39915 * : 0.01(0.01,0.01 1.22
Yao (2022) 229 10072 * ' 0.02 (0.02, 0.03 1.22
Nishiyama (2010) 240 9877 * 0.02 1.22
Januszek (2018) 5594 221187 * ! 0.03 1.22
Dankner (2022) 423 14697 * ! 0.03 1.22
Sharoni (2009) 69 1758 - ! 0.04 1.22
Barthel (2013) 39 941 - ! 0.04 1.22
Baechli (2020) 4433 104906 * ! 0.04 1.22
Berger (2004) 183 4284 PY 1 0.04 122
Gharacholou (2011) 282 5745 * 1 0.05 1.22
Hadi (2010) 434 8167 * 1 0.05 1.22
Rexius (2004) 327 5864 *> I 0.06 1.22
Butt (2019) 2112 36475 * I 0.06 1.22
Wu (2014) 693 11897 * i 0.06 1.22
Andell (2014) 4867 81191 * 1 0.06 1.22
Maynard (2003) 1158 19205 * I 0.06 1.22
Mosca (2012) 197 3188 - 1 0.06 1.22
Sachdev (2004) 95 1471 —_— , 0.06 122
Rossello (2019) 683 10568 * 0.06 1.22
Kilg (2019) 149 2208 - ! 0.07 1.22
Komajda (2018) 150 2200 - ! 0.07 122
Behar (1992) 406 5839 - ! 0.07 1.22
de Miguel (2015) 36478 508135 * ! 0.07 1.22
Serban (2017) 31 418 —— | 0.07 1.20
Sanmartin (2021) 18151 241760 * 1 0.08 1.22
Goedemans (2017) 133 1750 - 1 0.08 1.22
Huang (2017) 148 1901 —-— | 0.08 1.22
Enriquez (2011) 860 10908 L d I 0.08 1.22
Sung (2013) 124 1554 —— 1 0.08 1.22
Sabzi (2013) 94 1164 —_ 0.08 121
de Oliveira (2010) 45 546 —_—— 0.08 1.21
Wang (2021) 154 1800 -, 0.09 1.22
Hawkins (2009) 1258 14703 * | 0.09 1.22
Lazzeri (2013) 7 818 —— | 0.09 1.21
Hasdai (2002) 934 10484 L J 0.09 1.22
Bonacchi (2020) 127 1325 —! 0.10 1.21
Rasmussen (2020) 13496 140278 . ! 0.10 1.22
Piper (2003) 1786 18137 s ! 0.10 1.22
Zhang (2016) 233 2362 - 0.10 122
Alex (2005) 321 3120 - 0.10 1.22
Ter Woorst (2019) 1967 17919 .l 0.1 1.22
Wakabayashi (2010) 365 3249 0.11 1.22
Rothnie (2015) 34019 300161 0.11 1.22
Dziewierz (2010) 81 714 0.11 1.20
Kioller (2004) 765 6669 0.11 122
Kostis (1994) 4937 42595 0.12 1.22
Bursi (2010) 415 3438 0.12 1.22
Dreyer (2015) 5172 42518 0.12 1.22
Munyombwe (2020) 1166 9566 0.12 122
Wang (2019) 23116 186326 0.12 122
van Straten (2010) 1260 10098 0.12 1.22
Zhang (2013) 645 5155 0.13 1.22
Mooe (2015) 52 407 0.13 1.19
Hajduk (2023) 334 2571 013 122
Agarwal (2017) 279488 2120005 0.13 1.22
Strahan (2013) 515 3857 0.13 122
Toumpoulis (2009) 558 4140 0.13 1.22
Aboufakher (2005) 5177 37315 0.14 1.22
Konecny (2010) 2001 14346 0.14 1.22
Heller (2000) 1340 9534 0.14 1.22
Toumpoulis (2006) 550 3760 0.15 1.22
Falkenham (2018) 493 3264 0.15 1.22
Salisbury (2007) 387 2481 0.16 1.22
Aldea (1999) 284 1743 0.16 1.21
Wu (2012) 1426 8597 0.17 122
Choi (2009) 8301 49357 0.17 1.22
Stefan (2012) 1080 6290 0.17 1.22
McNeely (2016) 223774 1264265 0.18 1.22
Campo (2013) 2032 11118 0.18 122
Levitan (2016) 14970 78085 0.19 1.22
Wang (2020) 348180 1769862 0.20 122
Adabag (2021) 6581 31286 021 1.22
Ventura (2019) 8204 38517 021 1.22
Kim (2020) 11494 50864 023 1.22
Al Rifai (2022) 10316 44681 023 1.22
Elbaz-Greene (2020) 108331 440371 025 1.22
Comwell (2015) 16317 65097 025 1.22
Gatta (2022) 1023 4020 025 1.22
Nathan (2023) 2639552 10059269 0.26 1.22
Onishi (2014) 269 995 027 1.20
Tripathi (2021) 6695 21738 0.31 122
Blumenthal (2021) 619 1612 —— 0.38 1.20
Overall (I-squared = 99.99%, p < 0.001) 0.12 100.00

NOTE: Weights are from random effects analysis

0 .05

Figure 2 Pooled prevalence of COPD in patients with ischemic heart disease.
Abbreviations: COPD, chronic obstructive pulmonary disease; Cl, confidence interval; ES, effect size.

The initial univariable meta-regression analysis indicated that mean age, study design, the proportion of hypertension,
DM, CHF, as well as AF, were related to a higher prevalence of COPD (Table 2). Graphical representations of the
univariable meta-regressions for mean age, hypertension, DM, CHF, and AF were documented in Figure S1. The
multivariable meta-regression model, including mean age, hypertension, HF, and study design accounted for the most
proportion of the heterogeneity reported (R = 42.8%, p < 0.001) (Table 2).

Association Between Cardiovascular Risk Factors/Comorbidities and COPD in IHD
Patients

To investigate the relationship between cardiovascular risk factors/comorbidities and COPD in IHD patients, the included
studies, which were grouped according to COPD status, were further analysed. Overall, 28 studies provided data on
hypertension and DM, 16 studies on CHF, 13 studies on CKD, and 5 studies on AF. In addition, 27 studies reported data
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Table | Subgroup Analysis for the Pooled Prevalence (%) of COPD in Patients with Ischemic Heart Disease

Subgroups Number of Pooled Lower Upper 12 p-value
Studies Prevalence | 95% Cl | 95% CI

Geographical location <0.001
North America 35 15.3 13.0 17.6 100.0
Europe 27 10.0 8.6 1.3 99.9
Asia 15 8.8 5.3 12.3 100.0
Others 5 9.0 7.0 1.1 97.2

Study design <0.001
Administrative databases 33 16.0 12.9 19.2 100.0
Observational single centre 21 9.7 75 11.8 88.4
Observational multicentre 23 9.2 6.9 1.5 99.8
RCT 5 7.3 5.7 89 96.2

COPD definition 0.285
ICD/Spirometry 43 13.1 10.4 15.9 100.0
Self-reported 39 10.2 84 13.4 99.9

Age class 0.001
<70 years 58 10.6 8.8 12.5 100.0
270 years 13 18.3 14.6 22.0 100.0

Non-pharmacological intervention 0.460
CABG 20 13.7 11.0 16.4 100.0
PCI 18 10.3 3.1 17.6 100.0
Other cohorts 44 11.8 10.1 13.6 99.9

Year of data source 0.374
1980s 3 84 4.6 12.1 98.0
1990s 10 9.8 72 12.4 99.6
2000s 18 1.4 10.0 12.9 99.9
2010s 36 13.1 6.4 17.8 100.0

Abbreviations: RCT, randomized controlled trial; COPD, chronic obstructive pulmonary disease; ICD, International Classification of
Diseases; CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention; Cl, confidence interval; I, inconsistency index.

Table 2 Meta-Regression Analysis for COPD Prevalence in Patients with Ischemic Heart Disease

Variable Coefficient | Standard Error Lower 95% CI Upper 95% CI p-value R?
Univariable analysis
Age (years) 0.005 0.002 0.002 0.008 0.004 0.103
Male —0.087 0.066 -0.219 0.044 0.190 0.010
Hypertension 0.128 0.051 0.026 0.229 0.015 0.072
Smoking history 0.029 0.053 —0.077 0.135 0.590 0.000
DM 0.301 0.093 0.116 0.485 0.002 0.112
CKD 0.084 0.075 —0.070 0.237 0.275 0.008
CHF 0.211 0.064 0.066 0.121 0.002 0.152
AF 0.487 0.210 0.038 0.937 0.036 0.228
Study design <0.001 0.202

Administrative databases Ref Ref Ref Ref

Observational multicentre —0.063 0.018 —0.099 —0.028 0.001

Observational single centre | 0.068 0.017 —0.103 —0.034 <0.001

RCT —0.087 0.031 —0.148 —0.026 0.006

(Continued)
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Table 2 (Continued).
Variable Coefficient Standard Error Lower 95% CI Upper 95% CI p-value R?
COPD definition 0.863 0.000
ICD/Spirometry Ref Ref Ref Ref
Self-reported —0.003 0.016 —0.035 0.029
Multivariable analysis <0.001 0.428
Age (years) 0.004 0.001 —0.003 0.007 0.440
Male 0.023 0.014 —0.015 0.048 0.422
Hypertension 0.106 0.032 0.012 0.188 0.045
DM 0.208 0.054 0.068 0.442 0.038
CHF 0.156 0.040 0.065 0.225 0.006
Study design
Administrative databases Ref Ref Ref Ref
Observational multicentre —0.075 0.024 —0.152 —0.045 0.008
Observational single centre | —0.084 0.016 —-0.122 —0.037 <0.001
RCT 0.023 0.022 —0.115 0.064 0.125

Note: Multivariable meta-regression that included factors showing significant associations with COPD prevalence in the univariable analysis.
Abbreviations: DM, diabetes mellitus; CKD, chronic kidney disease; CHF, chronic heart failure; AF, atrial fibrillation; COPD, chronic obstructive pulmonary
disease; RCT, randomized controlled trial; Cl, confidence interval; ICD, International Classification of Diseases.

on male sex, 23 studies on mean age, 17 studies on smoking history, and 16 studies on mean BMI in IHD patients with and
without COPD. Among these risk factors, DM, hypertension, CHF, CKD, and AF were more prevalent in IHD patients
comorbid with COPD than in those with IHD alone (Table 3, Figures S2-S6). In addition, COPD patients were less likely to be
male sex but were more likely to be smokers (Table 3, Figures S7 and S8). Moreover, higher mean age was observed in IHD
patients with COPD compared with no-COPD patients (4.24, 95 CI 3.86-4.63) (Table 3, Figure S9).

Association Between BBs Prescription and COPD in IHD Patients

Among the 17 studies that provided data on BBs prescriptions, the probability of COPD patients being prescribed BBs
was only half that of the non-COPD patients (OR 0.50, 95% CI 0.38-0.66) (Figure 3), with a high degree of
heterogeneity. Sensitivity analysis showed that all the estimated ORs were <0.66 after sequentially excluding each
study at a time, which confirmed the high stability of the present findings (Figure S10). To explain the possible sources of
heterogeneity in the pooled estimates for BBs prescription, univariable meta-regressions were conducted based on
baseline characteristics, and no significant associations were observed except for male sex (p = 0.004, R? = 49.38%)

Table 3 Association Between Risk Factors/Comorbidities and Comorbid COPD in Patients with
Ischemic Heart Disease

Conditions Number of | OR'WMD | 95% CI p-value | Tau? x2 2
Studies

DM 28 1.17 1.07-1.29 0.001 0.051 596.19 95.5%
Hypertension 28 1.23 1.08-1.41 <0.001 0.111 1454.21 98.1%
CHF 16 227 1.96-2.64 <0.001 0.067 | 318.94 95.3%
AF 5 1.66 1.37-2.02 <0.001 0.040 159.26 97.5%
Male 27 0.89 0.81-0.98 0.018 0.049 | 719.26 96.4%
Smoking history 17 239 1.98-2.88 <0.001 0.135 | 92842 98.3%
CKD 13 1.67 1.46-1.91 <0.001 0.038 105.69 88.6%
Age (years) 23 424 3.86—4.63 <0.001 0.537 | 219.59 90.0%
BMI 16 -0.34 -0.74-0.05 | 0.125 0.534 | 209.81 92.9%

Abbreviations: COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; CHF, chronic heart failure; AF, atrial
fibrillation; CKD, chronic kidney disease; BMI, body mass index; OR, odds ratio; WMD, weighted mean difference; Cl, confidence
interval.
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Figure 3 Associations of comorbid COPD with pooled prescription of beta-blockers in patients with ischemic heart disease.
Abbreviations: COPD, chronic obstructive pulmonary disease; OR, odds ratio; Cl, confidence interval.

(Table S8, Figure S11). Intriguingly, a multivariable meta-regression model that combines male sex and geographical

locations was able to explain most of the heterogeneity (R* = 62.7%, p = 0.022, Table S8).

Outcomes According to COPD Diagnosis

A total of 26 studies described data on outcomes based on the status of COPD. In the acute phase, 17 studies provided
data on in-hospital mortality, 8 studies on MACE, 5 studies on acute heart failure (AHF), and 4 studies on cardiogenic
shock. Furthermore, 17 studies with no less than 1 year of follow-up presented data on long-term mortality. Assessment
of bias in studies reporting outcomes was provided in Table S9. The scores showed consistency across various outcomes,
and only 5 studies were identified as having a high risk of bias.

In the acute phase, increased risks of in-hospital mortality (OR 1.47, 95% CI 1.37-1.58) (Figure 4A), MACE (OR
1.81, 95% CI 1.44-2.27), AHF (OR 2.14, 95% CI 1.86-2.46), cardiogenic shock (OR 1.30, 95% CI 1.01-1.68) were
observed in COPD compared with non-COPD patients (Figure S12). Similarly, the risk of long-term mortality was also
higher in COPD patients, with a nearly 2 times of odds (OR 1.99, 95% CI 1.80-2.20) (Figure 4B). Subsequently,
univariable meta-regressions were performed to explain the heterogeneity in the pooled estimates for long-term mortality,
and no significant associations were observed between corresponding variable and long-term mortality (Table S10).

In the sensitivity analyses of acute phase outcomes (in-hospital mortality, MACE, AHF, and cardiogenic shock) and
long-term mortality, as shown in Figure S13, both the ORs and the corresponding 95% ClIs remained above 1 after
sequentially excluding each study at a time.

Publication Bias
The distributions in the funnel plots for the data points for BBs prescription, risk factors/comorbidities, and clinical
outcomes were largely symmetric and indicated no clear evidence of systematic disparities, except for hypertension.
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Figure 4 Associations of comorbid COPD with clinical outcomes in patients with ischemic heart disease. (A) In-hospital mortality and (B) long-term mortality.

Abbreviations: COPD, chronic obstructive pulmonary disease; OR, odds ratio; Cl, confidence interval.

Consistently, the Begg’s test found no substantial bias in meta-analyses that involved a minimum of ten studies (BBs (p =
0.537), DM (p = 0.128), CHF (p = 0.079), smoking history (p = 0.303), in-hospital mortality (p = 0.387), and long-term
mortality (p = 0.837)), except for hypertension (p = 0.002) (Figure S14).

Discussion

To update and extend the qualitative review,”* we quantified the prevalence of COPD in 82 studies covering 18 million

patients with IHD, showing a pooled prevalence of 12.0%, which indicated that COPD is a significant comorbidity in

IHD. The prevalence of COPD, influenced by geographic location, study design, age class, and its definition, was notably
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higher in North America, in older age classes (>70 years), in datasets derived from administrative data, and in those
identified using ICD/spirometry. In addition, the increased mean age, proportion of females, and risk factors/comorbid-
ities (smoking history, hypertension, DM, CHF, CKD, AF) were observed in IHD patients with concomitant COPD.
Intriguingly, IHD patients with concomitant COPD were still less often prescribed BBs, despite having a higher burden
of risk factors/comorbidities. As expected, our findings indicated a nearly 2 times increased risk of long-term mortality
and a 1.3 to 2.1 times higher risk of acute phase outcomes (in-hospital mortality, MACE, AHF, cardiogenic shock).

Subgroup analyses showed that nearly half of the studies were conducted in North America, where the prevalence of
COPD escalates to 15.30% in IHD. Additionally, subgroup analyses by study design reported the highest prevalence in
administrative databases. For example, the National Inpatient Sample (NIS) database reported a prevalence of 26%,
covering more than 10 million THD patients.”® Typically, the lowest prevalence estimates in populations are derived from
self-reported data regarding a physician-diagnosed COPD, and most national data indicate that less than 6% of the adult
population have received a COPD diagnosis.”’ In our meta-analysis, nearly half of the studies utilized self-reported
criteria to define COPD. Furthermore, almost all these epidemiologic studies defined COPD solely based on spirometry,
without considering clinical context.> However, in the present meta-analysis, the diagnostic criteria employed in certain
studies were more stringent than epidemiologic diagnosis. The above-mentioned implies that the actual prevalence could
be higher than the results found in the current meta-analysis.

The significant variation in COPD prevalence among studies is expected and aligns with previous meta-analyses that
estimated COPD prevalence in both general and specific populations.”>*’® Moreover, substantial variations in the
prevalence of COPD were also observed in large-scale surveys, even in different spots within the same geographical
zone.”*’ The variable prevalence of COPD in IHD could be attributed to differences in exposure to risk factors,
variations in analytical approaches and diagnostic criteria, as well as the population from which these patients
originate.”>*° In addition, gender is an important demographic factor that influences the prevalence of COPD, with
males typically exhibiting higher rates.*' However, our results revealed that women with THD exhibit a higher frequency
of comorbid COPD compared to males, in line with previous meta-analyses of COPD in AF cohorts.> Interestingly,
patients with IHD undergoing CABG appeared to have a higher prevalence of COPD compared to those receiving PCI,
indicating a potential association between IHD severity and COPD prevalence.

Both conditions exhibit parallel epidemiological characteristics, typically more prevalent among men, older adults,
and individuals with a smoking history, either current or former.”® In the context of IHD, Soriano et al'* reported the
highest prevalence of airflow limitation of 33.6% in coronary artery disease (CAD), compared with CVD patients and the
general population, with an underdiagnosis rate as high as 87.2%. A large cross-sectional study included 2730 smokers
with confirmed THD and found that 30.5% met the spirometry criteria for COPD, yet 70.6% of them had never undergone
spirometry testing before.'” Similarly, our findings indicated that COPD was common in patients with THD, especially in
North America. The above emphasizes the feasibility of case-finding in patients with IHD. Furthermore, the case-finding
of COPD in IHD is more meaningful than in the general population, given a twofold risk of long-term mortality in IHD
patients with comorbid COPD. Of note, COPD identified through targeted case-finding in IHD based on spirometry was
mainly with less symptom burden and lower grade.'* ' This implies that implementing case-finding for COPD in IHD
cohorts could induce a “stage shift”, possibly enabling early action before significant burdens of comorbidities and
clinical outcomes arise.

Our quantitative results showed that the prescription of BBs in IHD patients with comorbid COPD was only half
compared with THD alone. In addition, meta-regression indicated that male IHD patients were less likely to be prescribed
BBs, which may be related to more severe COPD in men due to smoking habits. BBs are standard drugs for IHD. Since
COPD management typically involves long-term bronchodilator therapy, including 3,-agonists, the use of BBs in COPD
patients has sparked widespread discussion.’> Both the 2016 European Society of Cardiology (ESC) guidelines and
Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2023 recommend that the management of IHD should
adhere to established protocols irrespective of the coexistence of COPD, and vice versa.”> Despite the safety of BBs in
COPD patients, the prescription of BBs in IHD patients with COPD was still insufficient, especially in males, which
highlights an urgent need for measures to address this issue.
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Our analysis systematically investigated and demonstrated that COPD is linked to an increased burden of cardiovas-
cular risk factors and comorbidities in IHD patients. Elevated risks of hypertension, DM, CHF, and AF in COPD are
particularly significant, and evidence suggests that they may have substantial implications on prognosis.”***> The
association between COPD and CKD is not common,** possibly because of the influence of more common DM and
hypertension in patients with COPD. These results prompt us to contemplate the impact of multimorbidity when these
two conditions coexist in the same individual.

Meta-analyses of long-term mortality were based on studies with a follow-up period exceeding 1 year, all studies
included reported higher risk in IHD patients with comorbid COPD, except for Sung et al.>® IHD patients with comorbid
COPD might experience worse outcomes attributable to impaired lung function, elevated inflammation, more burden of
comorbidities, and a more extensive atherosclerotic disease.'®*”*® In addition, these patients are less likely to be treated
with crucial interventions, such as BBs therapy, which may make sense to the enhanced mortality in COPD patients.*
Previous studies have also found that IHD patients with comorbid COPD are at an elevated risk for the onset of acute
phase complications, such as AHF'""'®4%2 and cardiogenic shock,'”'®*'“*> which are associated with increased in-
hospital mortality in THD patients.'®** In addition, individuals with COPD might struggle more to overcome physiolo-
gical stressors like pulmonary edema and hypoxemia, which are frequently seen during myocardial infarction.*’
Therefore, these individuals are more prone to airway deterioration compared to those without COPD.

The major strength of this systematic review was the comprehensive literature search, which yielded a sufficient
number of studies measuring the prevalence of COPD in patients with IHD. In addition, multiple subgroup analyses and
meta-regressions were performed to investigate potential sources of heterogeneity for the prevalence of COPD. This
study has several limitations. Firstly, although a substantial number of studies were identified for this review, some
studies may not have been included due to limitations in our selection criteria. Moreover, the geographic distribution of
the studies included was not proportionate, predominantly from North America and Europe, potentially limiting the
generalizability of the findings to the global population. The second is the quality and consistency of available data due to
the heterogeneity of included studies. For example, this meta-analysis utilized diverse COPD definitions ranging from
self-reported to ICD/spirometry-based diagnoses, enhancing heterogeneity and impacting the estimated prevalence in our
study. Some IHD cohorts were selected based on specific populations, such as studies that only included ST-segment
18.43.46.47 4849 though highly selected IHD cohorts were
excluded. In addition, the pooled risk estimates of long-term mortality were from studies with different follow-up

elevation myocardial infarction (STEMI), or the IHD in veterans,
durations and thus increased the heterogeneity. Thirdly, it was limited by its cross-sectional nature. The pooled risk
estimates including BBs prescription, cardiovascular risk factors, and comorbidities were assessed only at a single time
point, leaving the chronological relationships among them ambiguous. Due to all these considerations, the interpretations
of these findings should be treated with prudence.

Conclusion

In conclusion, this comprehensive analysis demonstrated that the prevalence of COPD in IHD patients is 12%, and
COPD is associated with a lower prescription of BBs, an increased burden of comorbidities, and worse acute phase
outcomes and long-term mortality. Considering these results, our research highlights the need for systematic
respiratory evaluations in IHD patients and the implementation of a comprehensive care strategy for their
management.
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