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Background: Chronic obstructive pulmonary disease (COPD) is associated with an increased risk of coronary artery disease (CAD).
However, the role of emphysema, which represents an important structural subtype of COPD, in the development of CAD remains
insufficiently clarified. This study aimed to evaluate whether quantitatively assessed emphysema on high-resolution computed
tomography (HRCT) independently predicts CAD in COPD patients.

Methods: This retrospective cohort study included 392 COPD patients with no prior history of CAD between 2015 and 2020. All
participants underwent HRCT for automated emphysema quantification using 3D Slicer software. Emphysema extent was quantified as
the percentage of low attenuation areas (LAA%) below —950 Hounsfield units, with severe emphysema defined as LAA% >16.95%.
Logistic regression and restricted cubic spline (RCS) analysis were employed to assess the relationship between emphysema index and
CAD, including subgroup and interaction analyses. The ability of the emphysema index to predict CAD was evaluated using receiver
operating characteristic (ROC) curves.

Results: Severe emphysema was independently associated with a higher risk of CAD in COPD patients (OR = 2.08, 95% CI:
1.30-3.34; p = 0.002). This association remained robust even after adjusting for confounders (adjusted OR= 2.28, p = 0.005). RCS
analysis indicates that the risk of CAD increases with the rise of the emphysema (p for nonlinearity =0.031). The area under the ROC
curve for the predictive model was 0.81 (95% CI 0.77, 0.86). Additionally, patients with severe emphysema exhibited significantly
more complex coronary lesions, reflected by higher SYNTAX scores (median 10.00 vs 16.29; p = 0.013).

Conclusion: Quantitative HRCT-based emphysema independently predicts CAD in COPD and demonstrates additive risk with
traditional cardiovascular factors. Integrating emphysema quantification with clinical risk assessment improves CAD risk stratification
in COPD patients.
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Introduction

Chronic obstructive pulmonary disease (COPD) and coronary artery disease (CAD) are two of the leading causes of
morbidity and mortality worldwide.'” Cardiovascular diseases, especially CAD, are among the most common and
clinically significant comorbidities in COPD, worsening patient outcomes and increasing healthcare utilization.>~
A 2022 cohort study highlighted that COPD patients had a 25% higher risk of major cardiovascular events compared
to non-COPD individuals,’® while CAD alone was responsible for over one million deaths among COPD patients,
representing the leading cause of premature mortality in this population.” Emphysema, a key pathological feature of
COPD, is characterized by protease-mediated alveolar wall destruction, resulting in lung hyperinflation and loss of
elasticity.®® These changes can impair ventricular function and elevate pulmonary vascular resistance, increasing

cardiovascular strain.'® In addition, previous studies have provided mechanistic evidence supporting the link between
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emphysema and more frequent and complex CAD. First, a key pathway is chronic systemic inflammation, where
activated macrophages and neutrophils in the lungs release cytokines and proteases, which contribute to atherosclerosis
by inducing endothelial dysfunction, foam-cell formation, and plaque destabilization.'' Second, hypoxemia and vascular
remodeling further exacerbate cardiovascular risk. Alveolar destruction and air trapping lead to chronic hypoxia,
reducing VEGFR2 expression and nitric oxide (NO) production, inducing endothelial apoptosis, and increasing vessel
permeability.'? These changes promote LDL-C infiltration and plaque vulnerability, thereby increasing cardiovascular
risk."?

Previous studies have linked lung hyperinflation to CAD, and the associations between forced expiratory volume in
one second (FEV 1), emphysema, and CAD are substantially attenuated after adjusting for hyperinflation, suggesting that
the direct relationship between emphysema and CAD remains unclear and warrants further investigation."* From
a symptomatic perspective, acute exacerbations of COPD (AECOPD) are also associated with increased cardiovascular
risk, with both their severity and frequency linked to worse clinical outcomes.'> According to the 2023 GOLD guide-
lines, patients in Group E—characterized by frequent exacerbations and greater symptom load—may be particularly
vulnerable to CAD.'® Furthermore, studies have confirmed that poorer lung function (lower FEV 1) was associated with
higher SYNTAX scores (SS), indicating more severe and complex coronary lesions once CAD is present in advanced
COPD.'""? These findings raise the possibility that emphysema may be associated with the complexity of CAD.

According to the 2025 GOLD guidelines, computed tomography (CT) is an effective tool for assessing the distribu-
tion and severity of emphysema and identifying individuals at increased risk for COPD.?® It has been widely adopted in
both COPD-related research and clinical practice. Emphysema is typically quantified by calculating the percentage of
low attenuation areas (LAA), defined as the proportion of lung voxels with a density of < —950 Hounsfield Units.?'
Quantitative lung density analysis is a valuable tool for COPD detection. In the NLST, a 1% emphysema threshold in
individuals over 65 years old achieved sensitivities of around 65% (women) and around 75% (men), with specificities
above 70% and 65%, respectively.”> This quantitative metric shows strong correlation with pathological emphysema,
airflow limitation, and increased risks of symptoms, exacerbations, disease progression, and mortality. These advances
support the growing role of quantitative high-resolution computed tomography (HRCT) in identifying COPD patients at
higher risk of comorbid conditions such as CAD.?>** Given that overlapping symptoms often delay CAD diagnosis in
COPD patients,”* identifying imaging-based predictors could improve early recognition and guide preventive strategies.

Therefore, this study aims to investigate the association between HRCT-based emphysema metrics and CAD,
providing novel insights into the prevention and management of CAD in patients with COPD.

Materials and Methods

Study Population
This retrospective cohort study enrolled patients diagnosed with COPD (post-bronchodilator FEV1/FVC < 0.70)
hospitalized at the **** between January 2015 and January 2020.

Inclusion Criteria
(1) Completion of chest HRCT, pulmonary function test, and transthoracic echocardiography during hospitalization; (2)
availability of hospital visit records within five years in addition to the index admission.

Exclusion Criteria
(1) Interstitial lung disease; (2) pulmonary malignancies; (3) renal insufficiency (eGFR < 30 mL/min/1.73 m?); (4) pre-
existing cardiovascular diseases. A total of 392 patients were ultimately included in the analysis (Figure 1).

This study was exploratory in nature, and currently, no prior literature provides established incidence rates of CAD or
corresponding odds ratios (ORs) specifically comparing mild versus severe emphysema in patients with COPD.
Therefore, the sample size was determined based on the study design and the predefined observation period.”> All
eligible patients meeting the inclusion criteria between January 2015 and January 2020 were consecutively enrolled. To
address concerns about sample adequacy, we performed a post-hoc power analysis. Based on the observed sample
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Figure | Flow-chart of study cohort.
Abbreviations: COPD, Chronic obstructive pulmonary disease; FEV |, Forced expiratory volume in | second; FVC, Forced vital capacity; HRCT, High-resolution computed
tomography; PFT, Pulmonary function test; TTE, Transthoracic echocardiography; eGFR, Estimated glomerular filtration rate; CAD, Coronary artery disease.

distribution (143 patients with mild emphysema and 249 with severe emphysema) and corresponding CAD incidence
rates (15.4% vs 40.2%), we estimated the statistical power of our study. Although there is no definitive literature on
overall CAD prevalence in COPD populations, we conservatively assumed a baseline CAD rate of 20% in the mild
emphysema group. Using an odds ratio of 2.28 for the severe emphysema group, the calculated power at a two-sided
alpha level of 0.05 was approximately 99.4%. These findings indicate that our sample size was sufficiently powered to
detect the observed association between emphysema severity and CAD risk.

Gathering of Information
Basic information collected: Demographic and clinical data including age, sex, body mass index (BMI), ABE classifica-
tion, and comorbidities (hyperlipidemia, hypertension, diabetes mellitus, and smoking history) were collected from
medical records by trained researchers. Anthropometric measurements such as weight and height were used to calculate
BMI (kg/m?). Post-bronchodilator pulmonary function tests—including FEV1, FEV1 predicted %, FEV1/FVC ratio,
MEF50, MEF25, and MMEF75/25—were performed during hospitalization to evaluate the degree of airflow limitation
and the small airway dysfunction. Cardiac function was assessed using transthoracic echocardiography, with left
ventricular ejection fraction (LVEF) calculated via the modified Simpson’s method and pulmonary artery systolic
pressure (PASP) estimated from peak tricuspid regurgitation velocity. Coronary artery calcification (CAC) was evaluated
using chest HRCT with mediastinal window settings. In this study, the indication for invasive coronary angiography
(ICA) was guided by clinical criteria aligned with the 2024 European Society of Cardiology (ESC) Guidelines.*® Patients
were referred for ICA if they exhibited persistent or severe symptoms refractory to anti-anginal therapy, demonstrated
significant functional impairment attributable to angina or dyspnea, or showed high-risk features on non-invasive testing
—such as suspected >50% stenosis of the left main coronary artery. The primary outcome was five-year progression of
CAD, defined as either >50% coronary stenosis on coronary angiography (CAQG) or the presence of significant coronary
artery narrowing as indicated by coronary computed tomography angiography (CCTA), as assessed by certified
cardiologists in accordance with standard diagnostic criteria.”’ To support outcome assessment, all cardiovascular-
related medical records within five years prior to the index hospitalization—including CCTA and ICA—were compre-
hensively reviewed.

For patients who developed CAD, ICA documented lesion characteristics, including affected vessels, vessel occlu-
sion, number of involved vessels, and revascularization procedures (PCI or Coronary artery bypass grafting [CABG]).
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SYNTAX scores were calculated to assess lesion complexity. The observation period spanned from the date of initial
hospital admission to a five-year follow-up.

The study protocol was approved by the Institutional Ethics Committee (First Affiliated Hospital of Wenzhou Medical
University 2016NO.131), with waived informed consent.

Quantitative Assessment of Emphysema by HRCT
All participants underwent HRCT scans using one of the following scanners: LightSpeed Pro 16 Slice (GE, United
States). Scans were performed at full inspiration in the supine position with the following parameters: detector
collimation width of 64x0.6 mm or 128x0.6 mm; tube voltage of 120 kV; tube current of 40—80 mA; slice thicknesses
of 1.25 mm or 2.00 mm; and reconstruction intervals of 1.25 mm or 2.00mm.

HRCT images were analyzed using 3D Slicer 5.0.3 (https://www.slicer.org) (Figure 2). The Lung CT Segmenter

module automatically segmented the lungs into left lung, right lung, and trachea, with manual corrections applied as
needed (Figure 2A). The Lung CT Analyzer V2.60 module then quantified lung tissue characteristics, including
emphysema, inflated lung, infiltration, collapsed regions, and vessels, providing measurements in absolute volumes
and percentages relative to total lung volume (Figure 2B). The extended results feature further calculated the proportion
of each feature within the total lung volume.

Emphysema was quantified based on voxel density, with regions below —950 Hounsfield Units (HU) identified as
low-attenuation areas. The total emphysema volume was determined by summing the volumes of all voxels meeting this
threshold. The percentage of emphysema was determined by dividing the emphysema volume by the total lung volume
and multiplying by 100.

Statistical Analysis
All statistical analyses were performed using SPSS version 25.0 and R version 4.4.3, with two-tailed p-values <0.05
considered statistically significant. The normality of continuous variables was assessed using the Kolmogorov—Smirnov
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Figure 2 Quantitative Analysis of Lung Tissue Features Using 3D Slicer 5.0.3. (A) The Lung CT Segmenter module automatically segmented the lungs into left lung, right
lung, and trachea. (B) The Lung CT Analyzer V2.60 module quantified lung tissue characteristics, including emphysema, inflated lung, infiltration, collapsed regions, and
vessels.

Abbreviations: R, right; S, superior; P, posterior; L, left; I, inferior.
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test. Normally distributed variables are expressed as mean =+ standard deviation (SD), while non-normally distributed
variables are presented as median with interquartile range (IQR). Categorical variables are reported as frequencies and
percentages. Emphysema severity was classified into mild (emphysema% < 16.95%) and severe (emphysema% >
16.95%) groups based on the optimal cut-off, with the mild group as the reference. Comparisons between continuous
variables were made using the independent samples #-test or the Mann—Whitney U-test, and categorical variables were
compared using the chi-square test.

The relationship between emphysema and CAD was assessed using both univariate and multivariate logistic regression
models to compute odds ratios (ORs) with 95% confidence intervals (CIs). Three models were constructed: (1) unadjusted
model; (2) adjusted for age and sex; (3) fully adjusted model, including comorbidities (hypertension, diabetes, hyperlipide-
mia) and covariates with p < 0.1 in univariate analysis (FEV1, LVEF >50%, PASP >50 mmHg, CAC, and ABE group).
Restricted cubic splines (RCS) were used to examine the potential non-linear relationship between emphysema and CAD.
Subgroup analyses were conducted to explore variations in the association across different patient subgroups. Model
performance was evaluated using the area under the receiver operating characteristic curve (AUC). Interaction effects
between emphysema and selected covariates were assessed using the likelihood ratio test.

Results

Baseline Characteristics

Among the 392 COPD patients included, 143 (36.5%) had mild emphysema and 249 (63.5%) had severe emphysema. The
baseline demographic and clinical characteristics are summarized in Table 1. While age distributions were balanced
between cohorts (70.8+8.5 vs 70.8+8.3 years, p = 0.938), the severe emphysema group showed significantly greater

Table | Participant Characteristics

Variable Mild Emphysema | Severe Emphysema | P
N=143 N=249

Demographics
Age, years 70.76 * 8.47 70.82 * 832 0.938
Sex, male 115 (80.4) 225 (90.4) 0.008
BMI, kg/m? 23.58 * 3.67 21.64 £ 3.62 <0.001
ABE Group 0.188

A 17 (11.9) 19 (7.6)

B 29 (20.3) 41 (16.5)

E 97 (67.8) 189 (75.9)
Comorbidities & Risk Factors
Hyperlipidemia 25 (17.5) 36 (14.5) 0.470
Hypertension 69 (48.3) 115 (46.2) 0.753
Diabetes 31 (21.7) 37 (14.9) 0.097
Smoking 96 (67.1) 188 (75.5) 0.079
Pulmonary Function
FEVI, L 0.99 (0.70-1.35) 0.88 (0.68—1.13) 0.021
FEVI pred,% 44.10 (33.70-59.20) | 37.60 (27.60—48.95) <0.001
FEVI/FVC,% 55.32 £ 10.86 4831 % 10.63 <0.001
MEF50 0.52 (0.34-0.82) 0.40 (0.29-0.59) <0.001
MEF50 pred,% 14.45 (9.85-22.60) 13.92 (7.93-17.08) <0.001
MEF25 0.22 (0.15-0.31) 0.20 (0.15-0.25) 0.081
MEF25 pred,% 20.65 (14.75-29.98) | 19.15 (13.60-25.75) 0.066
MMEF75/25 0.44 (0.29-0.70) 0.35 (0.26-0.50) 0.001
MMEF75/25 pred,% 15.80 (10.63-24.88) | 12.90 (9.83-18.48) 0.002

(Continued)
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Table | (Continued).

Variable Mild Emphysema | Severe Emphysema | P
N=143 N=249

Cardiac Parameters

LVEF 250% 58 (40.6) 75 (30.1) 0.046
PASP 250mmHg 15 (10.5) 30 (12.0) 0.743
CAC 71 (49.7) 137 (55.0) 0.305

Note: All continuous data are given as median (IQR), all categorical data as N (%).

Abbreviations: BMI, body mass index; FEVI, forced expiratory volume in one second; FVC, forced vital
capacity; MMEF, maximal mid-expiratory flow; MEF, maximum expiratory flow; LVEF, left ventricular ejection
fraction; PASP, pulmonary artery systolic pressure; CAC, coronary artery calcification; pred, predicted value; P,
P-value; N, number of patients.

male prevalence (90.4% vs 80.4%; OR 2.25, 95% CI 1.24—4.08) and reduced adiposity (BMI 21.6+3.6 vs 23.6+3.7 kg/m?,
p <0.001). The distribution of ABE groups did not differ significantly (p = 0.188), with group E predominating in both.
Comorbidities such as hyperlipidemia, hypertension, diabetes, and smoking history were comparable between groups.
Pulmonary function was more impaired in the severe emphysema group, with significantly lower FEV1 (0.88 vs 0.99
L, p =0.021), FEV 1% predicted (37.60% vs 44.10%, p < 0.001), and FEV /FVC ratio (48.31% vs 55.32%, p < 0.001).
Markers of small airway function, including MEFs,, MMEF75/25, and their predicted percentages, were also signifi-
cantly reduced (all p < 0.01). Differences in MEF25 and MEF25% predicted did not reach statistical significance.
Regarding cardiac parameters, patients with severe emphysema were less likely to have preserved LVEF (>50%)
(30.1% vs 40.6%, p = 0.046). There were no significant differences in PASP (>50 mmHg) or CAC between the groups.

Association of Emphysema Severity with CAD Risk

In the logistic regression analysis, the unadjusted model (Model 1) revealed that emphysema percentage (%) was
significantly associated with an increased risk of CAD (OR = 1.03, 95% CI: 1.01-1.05; p = 0.017). After adjusting
for age and sex (Model 2), the association was attenuated and became borderline significant (OR = 1.02; p = 0.069). In
the fully adjusted model (Model 3), which additionally included covariates with p < 0.1 in the univariate analysis
(Supplementary file 1), the association remained significant (OR = 1.03, 95% CI: 1.00-1.06; p = 0.020), suggesting that
emphysema severity is independently associated with CAD in COPD patients. Additionally, severe emphysema
(>16.95%) was associated with more than a twofold higher risk of CAD (OR = 2.08, 95% CI: 1.30-3.34; p = 0.002).
This association remained significant after adjusting for age and sex (OR = 1.93, 95% CI: 1.19-3.12; p = 0.007). The
final model (Model 3) demonstrated that severe emphysema remained an independent risk factor for CAD (OR = 2.28,
95% CI: 1.29—4.03; p = 0.005). The final model (Model 3), using emphysema as a binary variable, is shown in Table 2.
The OR of emphysema-related variables across the three models are summarized in Table 3.

Table 2 Multivariable Logistic Regression Analysis of Risk Factors
Associated with Progression to CAD

Odds Ratio | 95% CI P
Age 1.01 0.97-1.04 | 0.714
Sex, male 3.76 1.47-9.61 | 0.006*
ABE ref:A <0.00 | ##*

B 3.07 I.16-8.14 | 0.024*

E 0.80 0.33-1.93 | 0.622
FEVI, L 1.32 0.70-2.49 | 0.397
Hyperlipidemia 3.01 1.54-5.91 | 0.001*

(Continued)
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Table 2 (Continued).

Odds Ratio | 95% CI P
Hypertension 1.65 0.98-2.78 | 0.060
Diabetes 0.94 0.48-1.84 | 0.855
LVEF 250% 0.46 0.26-0.80 | 0.007*
PASP =50mmHg 0.76 0.32-1.81 | 0.536
CAC 4.65 2.66-8.15 | <0.00|***
Severe Emphysema (216.95%) | 2.28 1.29—4.03 | 0.005*

Note: *P<0.05, **P<0.001.

Abbreviations: FEVI, forced expiratory volume in one second; LVEF, left ventricular
ejection fraction; PASP, pulmonary artery systolic pressure; CAC, coronary artery
calcification; P, P-value; Cl, confidence interval; ref:A, reference group A.

Table 3 Association Between Emphysema Severity and the Presence of CAD

Model | Model 2 Model 3

OR (95% CI) P OR (95% CI) P OR (95% CI) P
Emphysema,% 1.03 (1.01-1.05) | 0.017 | 1.02 (1.00—1.04) | 0.069 | 1.03 (1.00-1.06) | 0.020
Severe Emphysema (216.95%) | 2.08 (1.30-3.34) | 0.002 | 1.93 (1.19-3.12) | 0.007 | 2.28 (1.29-4.03) | 0.005

Notes: Adjusted covariates: Model |: unadjusted; Model 2: adjusted by age, sex; Model 3: Model 2 + comorbidities (hypertension,
diabetes, hyperlipidemia) + covariates with p < 0.1 in univariate analysis (FEVI, LVEF250%, PASP 250 mmHg, CAC, ABE group).
Abbreviations: OR, odds ratio; Cl, confidence interval; FEVI, forced expiratory volume in | second; LVEF, left ventricular ejection
fraction; PASP, pulmonary artery systolic pressure; CAC, coronary artery calcium; P, P-value.

Restricted Cubic Spline and Subgroup Analyses of the Emphysema—CAD Association
To further assess the potential nonlinear association between emphysema (%) and the risk of CAD, we applied a RCS
regression model (Figure 3). The overall association was statistically significant (Chi-square = 6.95, p = 0.031),
indicating that emphysema (%) is significantly associated with CAD risk. However, the test for nonlinearity was not
significant (Chi-square = 1.66, p = 0.199), suggesting that the relationship is more likely to be linear rather than nonlinear
across the range of emphysema (%).

In the subgroup analyses, the association between emphysema severity and the risk of CAD remained broadly
consistent across most subgroups (Figure 4). No significant interactions were detected (all p > 0.05).

Predictive Value of Emphysema for CAD in COPD Patients

Figure 5 presents the ROC curves for all three models. Model 1, which included only the emphysema index, achieved an
AUC of 0.58 (95% CI: 0.53-0.63; p = 0.002), indicating a modest ability to discriminate between patients with and without
CAD. Upon adjusting for age and sex in Model 2, the AUC increased to 0.65 (95% CI: 0.59-0.71; p <0.001). Model 3, which
incorporated a broader set of clinical covariates, demonstrated the highest predictive accuracy, with an AUC of 0.81 (95% CI:
0.77-0.86; p < 0.001). This substantial increase underscores the significant predictive value of emphysema, particularly when
considered alongside other clinical factors, enhancing its utility in identifying CAD risk among COPD patients.

Association of Emphysema with CAD Complexity and Intervention

Among the 122 patients who developed CAD within 5 years, no significant associations were observed between
emphysema severity and the involvement of the four major coronary arteries or the presence of total occlusion in the
three primary coronary arteries. Involvement of the left anterior descending artery (LAD) was more frequent in the severe
emphysema group compared to the non-severe group (87.3% vs 66.7%), approaching but not reaching statistical
significance (p = 0.098). However, severe emphysema was significantly associated with a higher rate of PCI (68.2%
vs 33.3%, p = 0.037) and a higher SYNTAX score (median: 16.29 vs 10.00, p = 0.013), indicating more complex CAD in
this group (Table 4).
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Figure 3 Dose—Response Relationship between Emphysema and the Risk of CAD Using Restricted Cubic Spline Analysis. Adjusted OR for CAD according to emphysema
(%) using restricted cubic spline analysis. The blue line represents adjusted ORs, and the shaded area indicates the 95% confidence interval. A logistic regression model was
fitted, adjusting for age, sex, FEVI, diabetes, hypertension, hyperlipidemia, LVEF, PASP, CAC, and ABE classification. The dashed horizontal line represents the reference OR
= 1.0, while the red arrow and vertical dashed line indicate the turning point, suggesting a potential threshold for increased risk.

Discussion

In this study, we evaluated whether CT-quantified emphysema could independently predict the presence and complexity
of CAD in patients with COPD. Our key findings were as follows: (1) Emphysema extent, measured as the percentage of
low-attenuation lung on HRCT, was significantly associated with CAD, even after adjusting for age, sex, and other
conventional risk factors. (2) Using a data-driven cutoff (>16.95%) to define severe emphysema, we found that patients
with severe emphysema had a markedly higher likelihood of CAD compared to those with milder disease. (3) Severe
emphysema was also associated with more complex CAD, as indicated by higher SYNTAX scores and a greater need for
PCI procedures.

Our findings support substantial evidence that emphysematous COPD is associated with increased atherosclerotic
progression. COPD patients have approximately twice the risk of cardiovascular comorbidities compared to non-COPD
individuals.?® A meta-analysis further reported a 2—5-fold increase in ischemic heart disease (IHD) risk among those with
COPD.* Consistently, several angiographic studies have demonstrated more severe CAD in COPD patients, with lower
FEV: correlating with more complex CAD,*° and a linear relationship between advanced COPD and higher SYNTAX
scores.’! Our findings extend these observations by using imaging-based emphysema quantification rather than airflow
metrics. However, the link between emphysema and CAD has not been consistent across studies. In large population
cohorts, CT-measured emphysema did not independently predict CAC.**** For instance, Barr et al found that while
airflow obstruction (FEV1/FVC) was associated with CAC, quantitative emphysema on CT was not.>> Similarly, the
MESA Lung Study showed no correlation between emphysema on cardiac CT and CAC scores.>* These differences may
reflect study design and endpoints: CAC is a marker of calcific plaque burden in asymptomatic individuals, while our
study focused on angiographically significant CAD in symptomatic patients. It is possible that emphysema may have

a stronger association with non-calcified vulnerable plaques or the overall complexity of atherosclerosis compared to
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Variable Count OR (95% CI) P value P for interaction
Overall 392 2.50 (1.44 - 4.35) . 0.001
Age 3 0.066
>70 205 4.55(2.01-10.29) | <0.001
<=70 187 1.16 (0.51 -2.65) —»+—— 0.716
Hypertension 0.988
No 208 2.44 (1.04 - 5.71) —— 0.040
Yes 184  2.49 (1.18 — 5.29) — 0.017
Hyperlipidemia ! 0.290
No 331 3.00 (1.58 - 5.71) e 0.001
Yes 61 0.99 (0.24 - 4.12) ——— 0.986
Diabetes 0.696
No 324 2.40 (1.29 - 4.47) f—— 0.006
Yes 68 3.28(0.75 - 14.29) - 0.114
FEV1 : 0.406
<0.92L 195 413 (1.54-11.07) ! 0.005
>=0.92L 197  2.02(0.98 - 4.17) —— 0.057
CAC | 0.429
No 184 3.38(1.13-10.17) ! 0.030
Yes 208 2.11 (1.09 - 4.09) — 0.027
ABE : 0.621
A 36 0.21 (0.01 - 3.75) =——— 0.291
B 70 3.74(1.08 - 12.90) 0.037
E 286 2.74 (1.35 - 5.56) ——— 0.005
LVEF ! 0.361
<50% 259 2.34 (1.20 - 4.59) —— 0.013
>=50% 133 4.43(1.32-14.80) 0.016
PASP E 0.805
<50mmHg 347  2.55(1.42 - 4.58) ———— 0.002
. 0.988

>=50mmHg 45 0.98 (0.09 - 11.21)
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Figure 4 Logistic Regression Subgroup Analysis of Emphysema as a Risk Factor for CAD. The primary outcome was five-year progression of CAD, defined as either 250%
coronary stenosis on coronary angiography (CAG) or the presence of significant coronary artery narrowing as indicated by coronary computed tomography angiography
(CCTA), as assessed by certified cardiologists in accordance with standard diagnostic criteria. Arrows on the confidence interval bars indicate that the upper or lower
boundary of the confidence interval is off the scale.

calcification alone.*® In support of the emphysema-CAD link, other imaging studies have shown a higher prevalence of
significant CAD in emphysematous patients.>> Moreover, emphysema severity has been associated with higher arterial
stiffness®® and increased cardiovascular mortality,®” indicating systemic vascular consequences.

Potential Mechanisms Linking Emphysema to CAD

Several mechanisms may explain why severe emphysema predisposes to more frequent and complex CAD. First, chronic
systemic inflammation, a hallmark of COPD, intensifies with disease progression.*® Activated macrophages and
neutrophils in emphysematous lungs release cytokines (eg IL-6, TNFa) and proteases (eg MMP-2/9), which enter the
circulation and promote atherogenesis by inducing endothelial dysfunction, foam-cell formation, and plaque
destabilization.**** This inflammatory milieu also reduces nitric oxide (NO) bioavailability, impairing vasodilation and
accelerating atherosclerosis.*' Moreover, concurrent elastin and collagen degradation in pulmonary and vascular tissues
suggests shared proteolytic mechanisms linking emphysema with arterial stiffening and atherosclerosis.****

Second, hypoxemia and vascular remodeling further contribute. Alveolar destruction and air trapping reduce gas
exchange, causing chronic hypoxia. This downregulates VEGFR2 expression, triggering endothelial apoptosis and
vascular remodeling.'**> These changes compromise endothelial integrity and NO production, facilitating LDL-C and
immune cell infiltration and increasing plaque vulnerability.'**® Capillary rarefaction and reduced myocardial perfusion
further exacerbate coronary ischemia.*” Hypoxia induces inflammation, oxidative stress, and upregulation of endothelial
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Figure 5 ROC Curves of Three Logistic Regression Models for Predicting CAD. Adjusted covariates: Model |: unadjusted; Model 2: adjusted by age, sex; Model 3: Model 2
+ comorbidities (hypertension, diabetes, hyperlipidemia) + covariates with p < 0. in univariate analysis (FEVI, LVEF250%, PASP 250 mmHg, CAC, ABE group).

adhesion molecules, all promoting atherosclerosis progression.””** It further drives pulmonary hypertension via HIF-

mediated pathways, exacerbating coronary dysfunction.*® Additionally, hyperinflation and dynamic respiratory pressures

may impair cardiac filling and left ventricular diastolic dysfunction, further limiting myocardial ischemia.

12,49-51

Third, the presence of protective factors in individuals with mild emphysema may help explain the lower incidence of
CAD compared to those with severe disease. Recent studies have suggested that anti-inflammatory mediators, such as

Table 4 Comparison of CAD-Related Outcomes Between Mild and Severe

Emphysema Groups

Variable Mild Emphysema | Severe Emphysema | P
N =22 N =100
Affected Vessels
LCA 7(77.8) 72 (87.8) 0.399
LAD 6 (66.7) 69 (87.3) 0.098
LCX 4 (50.0) 38 (48.7) 0.945
RCA 5 (55.6) 53 (654) 0.557
Occluded Vessel
LAD occlusion 0 (0.0) 18 (16.1) 0.170
LCX occlusion 2 (20.0) 8 (7.1) 0.156
RCA occlusion I (10.0) 16 (14.3) 0.708
(Continued)
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Table 4 (Continued).

Variable Mild Emphysema | Severe Emphysema | P
N =22 N =100
Number of Affected Vessels | 2 (I-3) 2 (0.5-3) 0.924
Treatment
PCI 3 (333) 58 (68.2) 0.037
CABG I (I.1) 4 (4.7) 0.416
SYNTAX score 10.00 (5.00-12.00) 16.29 (11.00-21.00) 0.013

Note: All continuous data are given as median (IQR), all categorical data as N (%).

Abbreviations: CAD, coronary artery disease; LCA, left coronary artery; LAD, left anterior descending
artery; LCX, left circumflex artery; RCA, right coronary artery; PCl, Percutaneous coronary intervention;
CABG, coronary artery bypass grafting; P, P-value; N, number of patients.

TNF-related apoptosis-inducing ligand (TRAIL), may have protective effects against emphysema.’” Circulating TRAIL
levels are typically preserved in smokers with mild emphysema but significantly reduced in those with advanced disease,
particularly among those with concurrent CAC. Furthermore, reduced TRAIL levels have been independently associated
with increased mortality in smokers, particularly in those with coexisting emphysema and coronary artery calcification.>
In addition, another study demonstrated that decreased TRAIL levels, along with elevated concentrations of its receptor
TRAIL-R2, are associated with higher all-cause mortality in patients with cardiovascular disease.”* Moreover, better
functional status may serve as another protective factor. The ECLIPSE study found that worsening dyspnea and reduced
exercise capacity are strongly linked to CAD in COPD patients, suggesting that preserved physical capacity in mild
emphysema may reduce cardiovascular risk.”> Together, these findings highlight that both biochemical and physiological
factors may confer relative protection against CAD in patients with mild emphysema, whereas their loss in more
advanced stages may contribute to increased cardiovascular vulnerability.

Fourth, shared risk factors and accelerated aging provide a backdrop. Smoking is a common etiologic factor for both,
and although adjusted for in our analysis, residual confounding cannot be excluded.’®”” COPD is increasingly recog-
nized as a disease of accelerated aging, characterized by telomere shortening and oxidative stress. In emphysema,
senescent parenchymal cells perpetuate inflammation and tissue damage.’® While the role of oxidative stress in
atherosclerosis remains debated, it is increasingly implicated in vascular injury among COPD patients.>® Furthermore,
emphysema-induced alveolar loss and elevated pulmonary pressures may impair diffusing capacity and reduce LVEF,
leading to chronic hypoxemia and increased cardiovascular strain.®

Finally, our multivariate regression analysis revealed a significantly higher OR in Group E of the ABE classification.
Persistent respiratory symptoms and systemic inflammation in this group likely promote atherogenesis. This is supported
by evidence showing that GOLD E patients have double the cardiovascular hospitalization rates compared to AO
patients.'> A 2022 study also found that greater respiratory symptom burden predicts higher CVD incidence and
mortality in middle-aged populations,®’ while Australian data confirm increased mortality risk in symptomatic elderly
patients.®® Collectively, findings underscore the progressive cardiovascular risk associated with worsening respiratory
symptoms across populations.

Clinical Relevance of Emphysema-Associated CAD Pathogenesis

These findings underscore the need for heightened cardiovascular vigilance in COPD patients with radiographic evidence
of emphysema—particularly those with frequent respiratory symptoms or a history of > 2 annual hospitalizations for
exacerbations. First, the presence of emphysema on lung imaging should prompt comprehensive cardiovascular risk
assessment. For instance, a chest CT showing > 16.95% emphysema may warrant cardiology referral, intensified risk-
factor modification (eg, lipid-lowering agents, antihypertensive therapy, smoking cessation), and potentially noninvasive
screening for coronary artery disease. In the NLST cohort, incidental emphysema detected during lung cancer screening
was independently associated with increased cardiovascular mortality.®® Incorporating quantitative emphysema metrics
into risk stratification models may enhance prediction accuracy; patients with severe emphysema might benefit from

International Journal of Chronic Obstructive Pulmonary Disease 2025:20 hetps: 3157



Su et al

coronary artery imaging—such as CT angiography or calcium scoring. Second, raising clinical awareness is crucial.
Although current guidelines increasingly recommend aggressive cardiovascular risk management in COPD patients,
adherence in routine practice remains suboptimal. Early identification of high-risk individuals enables timely interven-
tions, including Long-Term Oxygen Therapy (LTOT), which may alleviate hypoxemia and mitigate cardiovascular
complications. Collectively, these insights support the integration of pulmonary imaging findings into multidisciplinary
cardiovascular care strategies for COPD patients.

Strengths and Limitations

This study leveraged comprehensive imaging data to explore the interplay between pulmonary and cardiovascular
disease, which represents a key strength. Quantitative HRCT enabled objective and reproducible assessment of
emphysema burden. The inclusion of both continuous and dichotomous emphysema variables enhanced the robust-
ness and interpretability of the results. Moreover, adjustment for a broad range of clinical confounders increases
confidence that the observed association is not solely attributable to shared risk factors. Clinically, the use of
angiographically confirmed CAD as the outcome provides a hard endpoint that directly reflects disease burden and
patient morbidity.**

However, this study has several limitations. The retrospective design prevents causal inferences and may introduce
selection bias since only patients receiving both HRCT and coronary evaluation were included. Residual confounding
from unmeasured factors (eg, physical activity, smoking history) may persist despite adjustments. Technical variations in
CT scanning and lack of longitudinal cardiac event data further constrain our findings. The single-center design and
limited sample size also affect generalizability. Despite these caveats, the observed associations are strong and biologi-
cally plausible, and they complement external evidence linking emphysema to cardiovascular risk.

Conclusion

This study evaluated the association between emphysema severity and CAD in COPD patients, demonstrating that more
severe emphysema is an independent risk factor for CAD progression. Additionally, patients with severe emphysema
exhibited significantly more complex coronary lesions. These findings underscore the importance of incorporating
emphysema severity into cardiovascular risk assessment and management strategies for COPD patients, highlighting
its potential clinical predictive value. The emphysema threshold identified in this study (=16.95% LAA-950) may serve
as a practical imaging biomarker for early cardiovascular risk stratification in COPD patients, enabling timely evaluation
and intervention. However, as this threshold was derived from a single-center retrospective cohort, its clinical imple-
mentation requires further validation in external, prospective, and multicenter studies.
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Intervention With Taxus and Cardiac Surgery; AUC, Area Under the Curve; eGFR, Estimated glomerular filtration rate;
CAC, Coronary artery calcification; LVEF, Left ventricular ejection fraction; PASP, Pulmonary artery systolic pressure;
ICA, Invasive coronary angiography; PCI, Percutaneous coronary intervention, CABG, Coronary artery bypass graft
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VEGFR2, Vascular endothelial growth factor receptor II; HIFs, Hypoxia-inducible factors; LTOT, Long-term oxygen
therapy; NO, Nitric oxide; IL-6, Interleukin-6; BMI, Body mass index.

Ethics Approval and Consent to Participate
This study was conducted in accordance with the Declaration of Helsinki. As it did not involve the collection or
disclosure of any personally identifiable information, the requirement for informed consent was waived. Ethical approval

3158  hees International Journal of Chronic Obstructive Pulmonary Disease 2025:20



Su et al

was obtained from the Ethics Committee of the First Affiliated Hospital of Wenzhou Medical University, Zhejiang
Province (Approval No. KY2023-R084).

Acknowledgments
We are grateful to all the patients who contributed to this study.

Funding

This study was funded by the National Key Research and Development Program of China grants 2016 YFC1304000 (C
Chen); The National Natural Scientific Foundation of China 82170017, 82370085 (C Chen); Zhejiang Provincial Key
Research and Development Program 2020C03067 (C Chen).

Disclosure
The authors declare that they have no competing interests.

References

—_

W

W

ool

12.

13.

14.

15.

16.

17.

18.

19.

20.

2

—_

. Khan MA, Hashim MJ, Mustafa H, et al. Global epidemiology of ischemic heart disease: results from the global burden of disease study. Cureus.

2020;12:9349. doi:10.7759/cureus.9349

.Murray CJL. The State of US Health, 1990-2010: burden of diseases, injuries, and risk factors. JAMA. 2013;310(6):591. doi:10.1001/

jama.2013.13805

. Kunisaki KM, Dransfield MT, Anderson JA, et al. Exacerbations of chronic obstructive pulmonary disease and cardiac events. A Post Hoc cohort

analysis from the SUMMIT randomized clinical trial. Am J Respir Crit Care Med. 2018;198(1):51-57. doi:10.1164/rccm.201711-22390C
Onor 10, Stirling DL, Williams SR, et al. Clinical effects of cigarette smoking: epidemiologic impact and review of pharmacotherapy options.
Int J Environ Res Public Health. 2017;14(10):1147. doi:10.3390/ijerph14101147

.2024 GOLD Report. Global initiative for chronic obstructive lung disease - GOLD. Available from: https://goldcopd.org/2024-gold-report/.

Accessed July 19, 2025.

. 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

.Roth GA, Abate D, Abate KH, et al. Global, regional, and national age-sex-specific mortality for 282 causes of death in 195 countries and

territories, 1980-2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet. 2018;392(10159):1736—1788. doi:10.1016/
S0140-6736(18)32203-7

. Johnson SR. Untangling the protease web in COPD: metalloproteinases in the silent zone. Thorax. 2016;71(2):105-106. doi:10.1136/thoraxjnl-

2015-208204
Ferguson GT. Why does the lung hyperinflate? Proc Am Thorac Soc. 2006;3(2):176-179. doi:10.1513/pats.200508-094DO

. Williams MC, Murchison JT, Edwards LD, et al. Coronary artery calcification is increased in patients with COPD and associated with increased

morbidity and mortality. Thorax. 2014;69(8):718. doi:10.1136/thoraxjnl-2012-203151

. Rocha NDN, De Oliveira MV, Braga CL, et al. Ghrelin therapy improves lung and cardiovascular function in experimental emphysema. Respir Res.

2017;18(1):185. doi:10.1186/s12931-017-0668-9

Clarenbach CF, Sievi NA, Brock M, Schneiter D, Weder W, Kohler M. Lung volume reduction surgery and improvement of endothelial function
and blood pressure in patients with chronic obstructive pulmonary disease. A randomized controlled trial. Am J Respir Crit Care Med. 2015;192
(3):307-314. doi:10.1164/rccm.201503-04530C

Minamino T, Miyauchi H, Yoshida T, Ishida Y, Yoshida H, Komuro I. Endothelial cell senescence in human atherosclerosis: role of telomere in
endothelial dysfunction. Circulation. 2002;105(13):1541-1544. doi:10.1161/01.¢ir.0000013836.85741.17

Chandra D, Gupta A, Kinney GL, et al. The association between lung hyperinflation and coronary artery disease in smokers. Chest. 2021;160
(3):858—-871. doi:10.1016/j.chest.2021.04.066

Vanfleteren LEGW, Lindberg A, Zhou C, Nyberg F, Stridsman C. Exacerbation risk and mortality in global initiative for chronic obstructive lung
disease group A and B patients with and without exacerbation history. Am J Respir Crit Care Med. 2023;208(2):163-175. doi:10.1164/
recem.202209-17740C

2023 GOLD Report. Global initiative for chronic obstructive lung disease - GOLD. Available from: https://goldcopd.org/2023-gold-report-2/.
Accessed July 19, 2025.

Bhatt SP, Dransfield MT. Chronic obstructive pulmonary disease and cardiovascular disease. Trans/ Res. 2013;162(4):237-251. doi:10.1016/j.
trs1.2013.05.001

Serruys PW, Morice MC, Kappetein AP, et al. Percutaneous coronary intervention versus coronary-artery bypass grafting for severe coronary artery
disease. N Engl J Med. 2009;360(10):961-972. doi:10.1056/NEJM0a0804626

Sianos G, Morel MA, Kappetein AP, et al. The SYNTAX Score: an angiographic tool grading the complexity of coronary artery disease.
Eurolntervention. 2005;1(2):219-227.

2025 GOLD Report. Global initiative for chronic obstructive lung disease - GOLD. Available from: https://goldcopd.org/2025-gold-report/.
Accessed July 19, 2025.

. Zheng B, Leader JK, McMurray JM, et al. Automated detection and quantitative assessment of pulmonary airways depicted on CT images. Med

Phys. 2007;34(7):2844-2852. doi:10.1118/1.2742777

International Journal of Chronic Obstructive Pulmonary Disease 2025:20 hetps: 3159


https://doi.org/10.7759/cureus.9349
https://doi.org/10.1001/jama.2013.13805
https://doi.org/10.1001/jama.2013.13805
https://doi.org/10.1164/rccm.201711-2239OC
https://doi.org/10.3390/ijerph14101147
https://goldcopd.org/2024-gold-report/
https://doi.org/10.1183/13993003.02364-2022
https://doi.org/10.1016/S0140-6736(18)32203-7
https://doi.org/10.1016/S0140-6736(18)32203-7
https://doi.org/10.1136/thoraxjnl-2015-208204
https://doi.org/10.1136/thoraxjnl-2015-208204
https://doi.org/10.1513/pats.200508-094DO
https://doi.org/10.1136/thoraxjnl-2012-203151
https://doi.org/10.1186/s12931-017-0668-9
https://doi.org/10.1164/rccm.201503-0453OC
https://doi.org/10.1161/01.cir.0000013836.85741.17
https://doi.org/10.1016/j.chest.2021.04.066
https://doi.org/10.1164/rccm.202209-1774OC
https://doi.org/10.1164/rccm.202209-1774OC
https://goldcopd.org/2023-gold-report-2/
https://doi.org/10.1016/j.trsl.2013.05.001
https://doi.org/10.1016/j.trsl.2013.05.001
https://doi.org/10.1056/NEJMoa0804626
https://goldcopd.org/2025-gold-report/
https://doi.org/10.1118/1.2742777

Su et al

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

SI.

Labaki WW, Xia M, Murray S, et al. Quantitative emphysema on low-dose CT imaging of the chest and risk of lung cancer and airflow obstruction.
Chest. 2021;159(5):1812—-1820. doi:10.1016/j.chest.2020.12.004

Tang LYW, Coxson HO, Lam S, Leipsic J, Tam RC, Sin DD. Towards large-scale case-finding: training and validation of residual networks for
detection of chronic obstructive pulmonary disease using low-dose CT. Lancet Digit Health. 2020;2(5):¢259—267. doi:10.1016/S2589-7500(20)
30064-9

Beyer C, Pizzini A, Boehm A, et al. Current symptom-based risk scores for stable coronary artery disease evaluation are not applicable in COPD
patients. ERJ Open Res. 2020;6(4):00492—02020. doi:10.1183/23120541.00492-2020

Whitehead AL, Julious SA, Cooper CL, Campbell MJ. Estimating the sample size for a pilot randomised trial to minimise the overall trial sample
size for the external pilot and main trial for a continuous outcome variable. Stat Methods Med Res. 2016;25(3):1057-1073. doi:10.1177/
0962280215588241

Vrints C, Andreotti F, Koskinas KC, et al. 2024 ESC Guidelines for the management of chronic coronary syndromes. Eur Heart J. 2024;45
(36):3415-3537. doi:10.1093/eurheartj/ehae177

Virani SS, Newby LK, Armold SV, et al. 2023 AHA/ACC/ACCP/ASPC/NLA/PCNA guideline for the management of patients with chronic
coronary disease. J Am Coll Cardiol. 2023;82(9):833-955. doi:10.1016/j.jacc.2023.04.003

Morgan AD, Zakeri R, Quint JK. Defining the relationship between COPD and CVD: what are the implications for clinical practice? Ther Adv
Respir Dis. 2018;12:1753465817750524. doi:10.1177/1753465817750524

Chen W, Thomas J, Sadatsafavi M, FitzGerald JM. Risk of cardiovascular comorbidity in patients with chronic obstructive pulmonary disease:
a systematic review and meta-analysis. Lancet Respir Med. 2015;3(8):631-639. doi:10.1016/S2213-2600(15)00241-6

Koseoglu C, Kurmus O, Ertem AG, et al. Forced expiratory volume in one second can predict SYNTAX score in patients with chronic obstructive
pulmonary disease. Kardiol Pol. 2016;74(6):584-590. doi:10.5603/KP.a2015.0236

Salari A, Mirbolouk F, Ashouri A, et al. Relationship between pulmonary function tests and severity of coronary artery disease in patients with
chronic obstructive pulmonary disease. Tanaffos. 2020;19(2):144-151.

Barr RG, Ahmed FS, Carr JJ, et al. Subclinical atherosclerosis, airflow obstruction and emphysema: the Mesa Lung Study. Eur Respir J. 2012;39
(4):846-854. doi:10.1183/09031936.00165410

Bhatt SP, Nath HP, Kim Y, et al. Centrilobular emphysema and coronary artery calcification: mediation analysis in the SPIROMICS cohort. Respir
Res. 2018;19(1):257. doi:10.1186/512931-018-0946-1

Sulkowski S, Musiatowicz B, Sulkowska M, et al. Changes of myocardial capillary density in progression of experimental lung emphysema. Exp
Toxicol Pathol. 1996;48(1):19-28. doi:10.1016/S0940-2993(96)80087-X

French JK, Ellis CJ, Webber BJ, et al. Abnormal coronary flow in infarct arteries 1 year after myocardial infarction is predicted at 4 weeks by
corrected Thrombolysis in Myocardial Infarction (TIMI) frame count and stenosis severity. Am J Cardiol. 1998;81(6):665-671. doi:10.1016/S0002-
9149(97)01004-7

McAllister DA, Maclay JD, Mills NL, et al. Arterial stiffness is independently associated with emphysema severity in patients with chronic
obstructive pulmonary disease. 4m J Respir Crit Care Med. 2007;176(12):1208-1214. doi:10.1164/rccm.200707-10800C

Mascalchi M, Romei C, Marzi C, et al. Pulmonary emphysema and coronary artery calcifications at baseline LDCT and long-term mortality in
smokers and former smokers of the ITALUNG screening trial. Eur Radiol. 2023;33(5):3115-3123. doi:10.1007/s00330-023-09504-4

Yang Y, Wu C, Hsu P, et al. Systemic immune-inflammation index (SII) predicted clinical outcome in patients with coronary artery disease. Eur
J Clin Invest. 2020;50(5):¢13230. doi:10.1111/eci.13230

Funamoto K, Yoshino D, Matsubara K, et al. Endothelial monolayer permeability under controlled oxygen tension. Integr Biol. 2017;9(6):529-538.
doi:10.1039/C7IB00068E

Campo G, Pavasini R, Malagu M, et al. Chronic obstructive pulmonary disease and ischemic heart disease comorbidity: overview of mechanisms
and clinical management. Cardiovasc Drugs Ther. 2015;29(2):147-157. doi:10.1007/s10557-014-6569-y

Theodorakopoulou MP, Alexandrou ME, Bakaloudi DR, et al. Endothelial dysfunction in COPD: a systematic review and meta-analysis of studies
using different functional assessment methods. ERJ Open Res. 2021;7(2):00983-02020. doi:10.1183/23120541.00983-2020

Brengle BM, Lin M, Roth RA, et al. A new mouse model of elastin haploinsufficiency highlights the importance of elastin to vascular development
and blood pressure regulation. Matrix Biol J Int Soc Matrix Biol. 2023;117:1-14. doi:10.1016/j.matbi0.2023.02.003

Maclay JD, McAllister DA, Rabinovich R, et al. Systemic elastin degradation in chronic obstructive pulmonary disease. Thorax. 2012;67
(7):606-612. doi:10.1136/thoraxjnl-2011-200949

Wagenseil JE, Mecham RP. Elastin in large artery stiffness and hypertension. J Cardiovasc Transl Res. 2012;5(3):264-273. doi:10.1007/s12265-
012-9349-8

Voelkel NF, Cool C, Taraceviene-Stewart L, et al. Janus face of vascular endothelial growth factor: the obligatory survival factor for lung vascular
endothelium controls precapillary artery remodeling in severe pulmonary hypertension. Crit Care Med. 2002;30(Supplement):S251-S256.
doi:10.1097/00003246-200205001-00013

Bentzon JF, Otsuka F, Virmani R, Falk E. Mechanisms of plaque formation and rupture. Circ Res. 2014;114(12):1852—1866. doi:10.1161/
CIRCRESAHA.114.302721

Canty JM, Suzuki G. Myocardial perfusion and contraction in acute ischemia and chronic ischemic heart disease. J Mol Cell Cardiol. 2012;52
(4):822-831. doi:10.1016/j.yjmcc.2011.08.019

Knutson AK, Williams AL, Boisvert WA, Shohet RV. HIF in the heart: development, metabolism, ischemia, and atherosclerosis. J Clin Invest.
2021;131(17):e137557. doi:10.1172/JCI137557

Maeda T, Dransfield MT. Chronic obstructive pulmonary disease and cardiovascular disease: mechanistic links and implications for practice. Curr
Opin Pulm Med. 2024;30(2):141-149. doi:10.1097/MCP.0000000000001040

Van Der Molen MC, Hartman JE, Vanfleteren LEGW, et al. Reduction of lung hyperinflation improves cardiac preload, contractility, and output in
emphysema: a clinical trial in patients who received endobronchial valves. Am J Respir Crit Care Med. 2022;206(6):704-711. doi:10.1164/
rcem.202201-02140C

Kwon JS, Wolfe LF, Lu BS, Kalhan R. Hyperinflation is associated with lower sleep efficiency in COPD with co-existent obstructive sleep apnea.
COPD J Chronic Obstr Pulm Dis. 2009;6(6):441-445. doi:10.3109/15412550903433000

3160 s International Journal of Chronic Obstructive Pulmonary Disease 2025:20


https://doi.org/10.1016/j.chest.2020.12.004
https://doi.org/10.1016/S2589-7500(20)30064-9
https://doi.org/10.1016/S2589-7500(20)30064-9
https://doi.org/10.1183/23120541.00492-2020
https://doi.org/10.1177/0962280215588241
https://doi.org/10.1177/0962280215588241
https://doi.org/10.1093/eurheartj/ehae177
https://doi.org/10.1016/j.jacc.2023.04.003
https://doi.org/10.1177/1753465817750524
https://doi.org/10.1016/S2213-2600(15)00241-6
https://doi.org/10.5603/KP.a2015.0236
https://doi.org/10.1183/09031936.00165410
https://doi.org/10.1186/s12931-018-0946-1
https://doi.org/10.1016/S0940-2993(96)80087-X
https://doi.org/10.1016/S0002-9149(97)01004-7
https://doi.org/10.1016/S0002-9149(97)01004-7
https://doi.org/10.1164/rccm.200707-1080OC
https://doi.org/10.1007/s00330-023-09504-4
https://doi.org/10.1111/eci.13230
https://doi.org/10.1039/C7IB00068E
https://doi.org/10.1007/s10557-014-6569-y
https://doi.org/10.1183/23120541.00983-2020
https://doi.org/10.1016/j.matbio.2023.02.003
https://doi.org/10.1136/thoraxjnl-2011-200949
https://doi.org/10.1007/s12265-012-9349-8
https://doi.org/10.1007/s12265-012-9349-8
https://doi.org/10.1097/00003246-200205001-00013
https://doi.org/10.1161/CIRCRESAHA.114.302721
https://doi.org/10.1161/CIRCRESAHA.114.302721
https://doi.org/10.1016/j.yjmcc.2011.08.019
https://doi.org/10.1172/JCI137557
https://doi.org/10.1097/MCP.0000000000001040
https://doi.org/10.1164/rccm.202201-0214OC
https://doi.org/10.1164/rccm.202201-0214OC
https://doi.org/10.3109/15412550903433000

Su et al

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Wen F, Wu Y, Shen Y, et al. Increased serum TRAIL and DRS levels correlated with lung function and inflammation in stable COPD patients.
Int J Chron Obstruct Pulmon Dis. 2015;2025:2405. doi:10.2147/copd.s92260

Ajala O, Zhang Y, Gupta A, Bon J, Sciurba F, Chandra D. Decreased serum TRAIL is associated with increased mortality in smokers with
comorbid emphysema and coronary artery disease. Respir Med. 2018;145:21-27. doi:10.1016/j.rmed.2018.10.018

Kakareko K, Rydzewska-Rosotowska A, Zbroch E, Hryszko T. TRAIL and cardiovascular disease—a risk factor or risk marker: a systematic
review. J Clin Med. 2021;10(6):1252. doi:10.3390/jcm10061252

Williams MC, Murchison JT, Edwards LD, et al. Coronary artery calcification is increased in patients with COPD and associated with increased
morbidity and mortality. Thorax. 2014;69(8):718-723. doi:10.1136/thoraxjnl-2012-203151

Iwamoto H, Yokoyama A, Kitahara Y, et al. Airflow limitation in smokers is associated with subclinical atherosclerosis. Am J Respir Crit Care
Med. 2009;179(1):35-40. doi:10.1164/rccm.200804-5600C

Kc R, Shukla SD, Gautam SS, Hansbro PM, O’Toole RF. The role of environmental exposure to non-cigarette smoke in lung disease. Clin Transl
Med. 2018;7(1):¢39. doi:10.1186/s40169-018-0217-2

Tsuji T, Aoshiba K, Nagai A. Alveolar cell senescence in patients with pulmonary emphysema. Am J Respir Crit Care Med. 2006;174(8):886-893.
doi:10.1164/rccm.200509-13740C

Liu J, Wu X, Wang X, et al. Global gene expression profiling reveals functional importance of Sirt2 in endothelial cells under oxidative stress.
Int J Mol Sci. 2013;14(3):5633-5649. doi:10.3390/ijms14035633

Mesquita R, Franssen FME, Houben-Wilke S, et al. What is the impact of impaired left ventricular ejection fraction in COPD after adjusting for
confounders? Int J Cardiol. 2016;225:365-370. doi:10.1016/j.ijcard.2016.10.016

Feng W, Zhang Z, Liu Y, et al. Association of chronic respiratory symptoms with incident cardiovascular disease and all-cause mortality. Chest.
2022;161(4):1036-1045. doi:10.1016/j.chest.2021.10.029

Petrie K, Abramson MJ, Cross AJ, George J. Predicting life expectancy of older people using respiratory symptoms and smoking status: data from
the Australian Longitudinal Study of Ageing. Respirol Cariton Vic. 2020;25(3):267-274. doi:10.1111/resp.13603

Mulshine JL, Aldigé CR, Ambrose LF, et al. Emphysema detection in the course of lung cancer screening: optimizing a rare opportunity to impact
population health. Ann Am Thorac Soc. 2023;20(4):499-503. doi:10.1513/AnnalsATS.202207-631PS

Norgaard BL, Leipsic J, Gaur S, et al. Diagnostic performance of noninvasive fractional flow reserve derived from coronary computed tomography
angiography in suspected coronary artery disease. J Am Coll Cardiol. 2014;63(12):1145-1155. doi:10.1016/j.jacc.2013.11.043

International Journal of Chronic Obstructive Pulmonary Disease Dovepress
Taylor & Francis Group

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 EXin>O 3161


https://doi.org/10.2147/copd.s92260
https://doi.org/10.1016/j.rmed.2018.10.018
https://doi.org/10.3390/jcm10061252
https://doi.org/10.1136/thoraxjnl-2012-203151
https://doi.org/10.1164/rccm.200804-560OC
https://doi.org/10.1186/s40169-018-0217-2
https://doi.org/10.1164/rccm.200509-1374OC
https://doi.org/10.3390/ijms14035633
https://doi.org/10.1016/j.ijcard.2016.10.016
https://doi.org/10.1016/j.chest.2021.10.029
https://doi.org/10.1111/resp.13603
https://doi.org/10.1513/AnnalsATS.202207-631PS
https://doi.org/10.1016/j.jacc.2013.11.043
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
	Materials and Methods
	Study Population
	Inclusion Criteria
	Exclusion Criteria
	Gathering of Information
	Quantitative Assessment of Emphysema by HRCT
	Statistical Analysis

	Results
	Baseline Characteristics
	Association of Emphysema Severity with CAD Risk
	Restricted Cubic Spline and Subgroup Analyses of the Emphysema–CAD Association
	Predictive Value of Emphysema for CAD in COPD Patients
	Association of Emphysema with CAD Complexity and Intervention

	Discussion
	Potential Mechanisms Linking Emphysema to CAD
	Clinical Relevance of Emphysema-Associated CAD Pathogenesis
	Strengths and Limitations

	Conclusion
	Abbreviations
	Ethics Approval and Consent to Participate
	Acknowledgments
	Funding
	Disclosure

