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Background: Current evidence suggests that cardiovascular disease (CVD) plays a role in the progression of chronic obstructive pulmonary disease (COPD). However, the relationship between CVD and the severity of COPD remains inadequately understood. Therefore, this study aims to elucidate the association between CVD and the severity of COPD.



Methods: In this cross-sectional study involving 7,152 individuals with COPD., Logistic regression, subgroup and sensitivity analyses were employed to evaluate the association between CVD, its subcategories, and the severity of COPD.



Results: Multivariable logistic regression analysis showed that CVD and hypertension remained independently associated with COPD severity (P < 0.001). Patients with CVD had a 1.701 times higher risk of developing severe or very severe COPD compared to those without CVD, while patients with hypertension had a 1.686 times higher risk of developing severe or very severe COPD compared to those without hypertension (P < 0.05). Subgroup analyses showed that the association between CVD and COPD severity remained stable among men, patients ≤ 70 years of age, patients > 70 years of age, BMI < 24 or ≥24 kg/m2, and never smokers, whereas coronary artery disease was significantly associated with COPD severity only among patients ≤ 70 years of age and never smokers (P < 0.05). In addition, hypertension was also stably associated with COPD severity among men, patients ≤ 70 years of age, patients > 70 years of age, BMI < 24 or ≥24 kg/m2, and never smokers. Sensitivity analyses reconfirmed the robustness of the associations of CVD and hypertension with COPD severity among patients who excluded bronchiectasis, tuberculosis, lung cancer, pulmonary hypertension, pulmonary heart disease, and diabetes (P < 0.05).



Conclusion: The strong association between CVD and its subcategories (mainly hypertension) and the severity of COPD suggests that the potential risk of exacerbation of CVD should also be addressed in the clinical management of patients with COPD. However, limitations of the cross-sectional design may limit the extrapolation of the results, and more large prospective clinical cohort studies are needed in the future to further validate the association.
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Introduction

In recent years, chronic obstructive pulmonary disease (COPD) has continued to maintain a high mortality rate and remains a significant public health concern worldwide. It is predicted that by 2030, COPD will become the third leading cause of death globally (1, 2). Clinically, patients with COPD often experience recurrent symptom exacerbations, a progressive decline in lung function, reduced quality of life, and decreased physical activity, which can ultimately lead to fatal outcomes (3, 4). Cardiovascular diseases (CVD) are primarily caused by atherosclerosis, which is characterized by the narrowing or blockage of arteries due to plaque buildup from fatty deposits on the artery walls. There is growing evidence suggesting a strong co-existence of COPD and CVD, with an intricate relationship between the two (5). In addition to common risk factors like smoking and age, inflammation plays a critical role in connecting these diseases. In the progression of COPD, the significance of chronic inflammation cannot be ignored. Chronic inflammation inflicts damage on the lung parenchyma and surrounding airways, leading to persistent respiratory symptoms and irreversible airflow limitation (6). In addition, low-grade chronic inflammation is associated with increased rates of atherosclerosis and insulin resistance, which play an important role in the occurrence and development of CVD (7). Fianlly, the progression of COPD is influenced by several factors, particularly its comorbidities (8–10). Research has shown that CVD are major contributors to the exacerbation of chronic lung conditions and significantly increase the risk of mortality in individuals with COPD (11–13).

However, much of the existing research has focused on individual CVD and has often involved small sample sizes, lacking representation from the Chinese population. Therefore, to further investigate the relationship between CVD and the severity of COPD, a large population-based cohort of 40,000 participants from northwestern and southeastern China between 2014 and 2021 was selected for a cross-sectional study. According to the current research background, in order to fill some knowledge gaps, this study innovatively evaluate the association of CVD and its subclassification with the severity of COPD patients through multiple statistical methods including multivariate logistic regression analysis, subgroup analysis and sensitivity analysis, aiming to provide new clues and theoretical basis for clinical management and prognosis assessment of COPD patients.



Methods


Study population

In this cross-sectional study, all participants were drawn from a population-based cohort in northwestern and southeastern China from 2014–2021. The cohort selected study participants from eight hospitals in five Chinese provinces with a total population of 40,000 through a multistage whole population sampling method. 7,152 individuals were included after excluding individuals with current psychiatric disorders, contraindications to pulmonary function testing, other conditions that affect pulmonary function test results, and those with significant missing information (Figure 1). The data for this study were derived from a multicenter cohort study, the protocols were reviewed and approved by all participating subcenters, all patients signed written informed consent, and the study complied with the basic principles of the Declaration of Helsinki.
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FIGURE 1
Study population inclusion flow chart. FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; FEV1%, percentage of predicted forced epiratory vlume in 1 s.




Assessment of CVD and its subcategories

In this study, CVD and its subcategories [hypertension, arrhythmia, and coronary heart disease (CHD)] were considered as exposure factors. Hypertension was defined as a history of previous hypertension, current use of antihypertensive medication, or systolic blood pressure (SBP)/diastolic blood pressure (DBP) ≥ 140/90 mmHg (14). Arrhythmia was defined as a history of previous arrhythmia or current use of antiarrhythmic medication, including atrial, supraventricular, or ventricular arrhythmias. CHD was defined as a history of previous CHD or the presence of typical CHD symptoms, signs, and imaging. Two groups were divided according to the prevalence of CVD and its subclassifications, respectively.



COPD severity assessment

In this study, both COPD and its severity were determined by lung function. Following the GOLD criteria, COPD was defined as forced expiratory volume in the first second (FEV1)/forced vital capacity (FVC) < 70%, and this ratio was used to assess the degree of airway obstruction after a bronchodilator test (after inhalation of 400 μg of salbutamol for at least 15 min) (15). A uniform spiral flow meter was used for all tests, and each subject underwent two pulmonary function tests, which were confirmed by repeating the test if the post-bronchodilator FEV1/FVC was less than 0.70 in both tests. Severity was graded primarily on the basis of FEV1 as a percentage of the predicted value: mild (GOLD 1): FEV1 ≥ 80% of predicted value. Moderate (GOLD 2): 50% ≤ FEV1 < 80% of predicted value. Severe (GOLD 3): 30% ≤ FEV1 < 50% expected. Very severe (GOLD 4): FEV1 < 30% predicted or FEV1 < 50% with chronic respiratory failure (16). In this study, participants were divided into two groups based on COPD severity: mild to moderate (n = 4,255) and severe to very severe (n = 2,897).



Covariate collection

Data on participants' demographics, exposure factors, and medical conditions were gathered using questionnaires, spirometry, and blood pressure screenings. The main covariates used for this study included age, gender, body mass index (BMI), blood pressure, smoking, frequency of smoking, asthma, chronic bronchitis, bronchiectasis, emphysema, tuberculosis, lung cancer, pulmonary heart disease, chronic rhinitis, diabetes, BMI, SBP, DBP, and heart rate. BMI was defined as weight (kg)/height (m2), and SBP and DBP were the average of three consecutive measurements on different days. Smoking was defined as continuous smoking for more than 6 months, while smoking frequency was divided into three groups: never, occasional and daily. Chronic bronchitis was defined to include any of the following: (1) a previous diagnosis of chronic bronchitis; and (2) clinical symptoms of cough and sputum, with an onset lasting 3 months per year, for 2 or more consecutive years. Bronchiectasis was defined to include any of the following: (1) previous diagnosis of bronchiectasis; (2) imaging suggestive of bronchiectasis. Tuberculosis was defined to include any of the following: (1) previous diagnosis of tuberculosis; and (2) being on anti-tuberculosis medication. Lung cancer was defined as a history of physician-diagnosed lung cancer. Pulmonary heart disease was evaluated by a combination of self-reported past medical history and echocardiographic measurements during this hospitalization. Chronic rhinitis was diagnosed based on the patient's past medical history. Diabetes was defined as a history of a previous diagnosis of diabetes or being treated with glucose-lowering medication or having a fasting blood glucose ≥7.0 mmol/L or glycosylated haemoglobin ≥6.5% or a blood glucose ≥11.1 mmol/L after 2 h of an oral glucose tolerance test (17).



Statistical analyses

All statistical analyses in this study were performed using SPSS 26.0. Continuous variables that conformed to normal distribution were expressed as mean ± standard deviation, and differences between groups were tested by independent samples t-test. Continuous variables that did not conform to normal distribution were described as median (quartiles) and differences between groups were tested using non-parametric tests. Categorical variables were described as frequencies (percentages), and differences between groups were tested using the chi-square test. Univariate logistic regression analysis was used to assess the association of all variables with COPD severity, and then variables with P < 0.05 were selected for multifactorial logistic regression analysis to assess the independent association of CVD including CHD, arrhythmia, and hypertension with COPD severity. Then, stratified associations of CVD and its subcategories with COPD severity were further assessed by constructing 8 subgroups based on gender (male or female), age (≤70 or >70 years), BMI (<24 or ≥24 kg/m2), and smoking frequency (never, occasional or daily). Finally, the independent association of CVD and its subcategories with COPD severity was further evaluated in sensitivity analysis by excluding variables that might have an important impact on COPD severity, such as bronchiectasis, tuberculosis, lung cancer, pulmonary heart disease, and diabetes. All tests were two-sided and were considered statistically significant at P < 0.05.




Results


Analysis of baseline information

As shown in Table 1, the study included 7,152 patients, of whom 5,846 (81.7%) were male, with a mean age of (68.36 ± 11.60) years. They were divided into two groups according to the severity of COPD: mild-moderate group and severe-very severe group. Compared with the mild-moderate group, the severe-very severe group was older, had a higher proportion of men and smokers, a higher proportion of occasional smokers, a higher prevalence of chronic bronchitis, emphysema, CVD, CHD and hypertension, but a lower prevalence of chronic rhinitis, and had higher levels of heart rate, but lower levels of BMI and FEV1/FVC (P < 0.05).


TABLE 1 Clinical characteristics of groups according to COPD severity.
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Univariate and multivariate regression

Univariate logistic regression analysis showed that age, male, smoking, smoking frequency, chronic bronchitis, chronic rhinitis, emphysema, CVD, CHD, hypertension, BMI, heart rate, and FEV1/FVC were all associated with COPD severity (P < 0.05) (Table 2). Multivariate logistic regression analysis showed (Table 3), both CVD and hypertension were significantly associated with COPD severity in model 1 (P < 0.05). In model 2, a association between CVD, CHD, and hypertension with COPD severity was observed (P < 0.05). In the fully adjusted model 3, CVD and hypertension remained independently associated with COPD severity (OR: 1.701, 95% CI: 1.320–2.191, P < 0.001; OR: 1.686, 95% CI: 1.282–2.218, P < 0.001). Specifically, patients with CVD had a 1.701 times higher risk of developing severe COPD compared to those without CVD, while patients with hypertension had a 1.686 times higher risk compared to those without hypertension (P < 0.05).


TABLE 2 Univariate logistic regression analysis of COPD severity.
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TABLE 3 Multivariate logistic regression analysis of CVD and its subcategories with COPD severity.
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Stratified analysis

Subgroup analysis revealed an independent association between CVD and COPD severity in males, individuals aged ≤ 70 years, those aged > 70 years, individuals with a BMI < 24 or BMI ≥ 24 kg/m², and never smokers (P < 0.05). Additionally, CHD showed a significant association with COPD severity in individuals aged ≤ 70 years and never smokers, while hypertension was associated with COPD severity in males, individuals aged ≤ 70 years, those aged > 70 years, individuals with a BMI < 24 or BMI ≥ 24 kg/m², and never smokers (P < 0.05) (Table 4).


TABLE 4 Multivariable stratified analysis of the association between CVD, subtypes, and COPD severity.
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Sensitivity analysis

Sensitivity analysis showed (Table 5), CVD and hypertension remained independently associated with COPD severity after excluding people with bronchiectasis, tuberculosis, lung cancer, pulmonary heart disease, and diabetes (P < 0.05). Specifically, the risk of severe COPD was 1.656 times higher in patients with CVD than in patients without CVD (95% CI: 1.254–2.186, P < 0.001), whereas the risk of severe COPD was 1.706 times higher in patients with hypertension than in patients without hypertension (95% CI: 1.266–2.229, P < 0.001).


TABLE 5 Multivariate logistic regression analysis of the association between CVD, subtypes, and COPD severity: excluding bronchiectasis, tuberculosis, lung cancer, pulmonary heart disease, and diabetes.
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Discussion

In this study, we investigated the association between CVD and their subtypes with the severity of COPD. Our results demonstrated that CVD, particularly hypertension, was consistently and significantly associated with COPD severity, even after adjusting for multiple confounders. Although CHD did not show statistically significant differences between univariate and multivariate analyses, stratified analyses revealed that individuals with CHD had more severe COPD, particularly those aged ≤ 70 years and never smokers. These findings have important clinical implications for the early detection and prevention of severe COPD.

Current evidence suggests that CVD is associated with COPD. For example, Bai et al. found that patients at higher cardiovascular risk had a more rapid decline in lung function, especially for FEV1 and FVC, and that the rate of decline was further accelerated in those with CVD. High levels of physical and social activity can mitigate the negative effects of CVD, thus highlighting that we can intervene to reduce the impact of CVD on lung function (18). Secondly, Alter et al. found that CHD and hypertension were associated with all-cause mortality in COPD. Chronic coronary artery disease and hypertension are associated with increased mortality in patients with COPD, which underscores the need for extensive diagnostic testing in patients with COPD, especially to assess cardiovascular comorbidities (19). In contrast, Chen et al. found that patients with COPD had a higher prevalence of one or more CVD (including CHD, heart failure, heart attack and diabetes) compared to patients without COPD, which highlights the importance of the prevention and management of CVD in patients with COPD (5). In addition, Dalal et al. found that patients with COPD had a higher prevalence of CVD, which in turn led to an increased risk of mortality from cardiovascular-related causes. CVD as a co-morbidity may include several forms of disease such as angina, arrhythmia, cardiac hypertrophy and myocardial infarction. The presence of these CVD severely affects the survival expectancy of patients with COPD, significantly reducing their quality of life and the likelihood of long-term survival. which suggests a close association between COPD and CVD, and further studies are needed to explore the association (20). Almagro et al. discovered a close relationship between COPD and CVD, noting that the treatment strategies for these two conditions influence each other. This highlights the critical importance of appropriately managing both diseases (21). Furthermore, a Canadian COPD cohort study demonstrated a significant association between impaired lung function and the prevalence and incidence of CVD, particularly in patients with moderate to severe COPD. The study found that, compared with individuals with normal lung function, the prevalence of CVD was significantly higher in those with impaired lung function, with OR of 1.66 for the impaired lung function group and 1.55 for the COPD group. The hazard ratio for CVD incidence in both groups was approximately 2.09. Although adding impaired lung function to existing risk scores only slightly improved their predictive ability, the study emphasized the importance of early identification and intervention in individuals with impaired lung function to reduce CVD risk (22). In contrast, this study, based on a large cross-sectional cohort of COPD patients from Chinese hospitals, further explores the relationship between CVD and its subcategories (such as hypertension) with the severity of COPD. Both studies revealed a strong link between CVD and COPD; however, this study, through multivariable regression analysis, subgroup analysis, and sensitivity analysis, found that CVD and hypertension increased the risk of developing severe or very severe COPD by 1.701 times and 1.686 times, respectively. This association was particularly stable among men, individuals aged ≤ 70 years, those with different BMI categories, and never smokers. Sensitivity analyses, excluding potential confounding conditions such as bronchiectasis, tuberculosis, and pulmonary heart disease, confirmed the robustness of these findings. Additionally, unlike the longitudinal design of the Canadian cohort study, this study employed a cross-sectional design. While the cross-sectional approach revealed a strong association between CVD and COPD severity, it could not establish a causal relationship, highlighting the need for future prospective studies to validate these findings. In summary, both studies underscore the critical impact of CVD on COPD patients. The Canadian cohort study focuses on the risk of developing CVD, while this study emphasizes the relationship between CVD and the severity of COPD and its clinical management implications, reflecting the complementary focus of these investigations.

Despite the exciting findings of this study, the underlying biological mechanisms remain unknown. After conducting literature research, we identified several possible mechanisms between CVD and COPD. Firstly, traditional cardiovascular risk factors such as age and insulin resistance may also contribute to the accumulation of lipids between the ribs, and furthermore lead to a decrease in pulmonary static elastic recoil, which reduces lung function and ultimately exacerbates the condition of COPD patients (23, 24). Secondly, there may also be common pathogenic mechanisms between both CVD and COPD, such as inflammation, oxidative stress, and programmed cell death (25–28). Inflammation and oxidative stress play an important role in the occurrence and development of COPD. Inflammation is considered to be one of the causes of coronary atherosclerosis, especially in the case of coronary atherosclerosis, which includes blood-derived immune and inflammatory cells. Meanwhile, reactive oxygen species have also been shown to promote the formation of atherosclerotic plaques (29). Smoking, in particular, not only increases the level of inflammation in the body, but also leads to the formation and rupture of atherosclerotic plaques as well as an increased risk of CVD, which is more closely related to the development of COPD (30). These common associates may act on each other and exacerbate COPD in patients with CVD. Third, inflammation not only promotes the development of atherosclerosis by promoting the growth and migration of vascular smooth muscle cells, but also the damage of small airways and the loss of lung parenchyma. Since atherosclerosis and small airway lesions are the basis of CVD and COPD pathology, respectively, inflammation may be a potential biological mechanism linking the association of CVD and COPD (31). However, there are still more potential mechanisms that need to be further explored by more cellular and animal experiments.

In this study, we also provided some advantages for the clinical management of COPD. For example, this study was conducted using a standardised collection of subject information, which collected information from a representative sample of the Chinese population with a large and representative sample size. Secondly, in the baseline collection, we collected patients' lung function and grouped the subjects according to the standardised method, which explored the association between CVD and severity of COPD in a deeper and multidimensional way, and provided some clinical value and practical guidance for the clinical monitoring and management of COPD patients. However, this study also had certain flaws. For example, in this study, we only conducted a cross-sectional study, so we could only verify the association between CVD and COPD severity, but not the causal relationship, so we need to improve the relevant studies to continue to explore the relationship between the two. Secondly, the information of patients' CVD and its subclassification was collected from questionnaires without on-site monitoring and assessment by medical professionals, which had some recall bias, so more perfect prospective clinical trials are needed to further verify the relationship between the two. In addition, this study only focused on the Chinese population, which may limit the application of the findings to other countries and ethnicities. Finally, the current study lacked some common biomarkers (such as C-reactive protein and N-terminal pro-brain natriuretic peptide) to exclude more confounding factors, so more refined and systematic studies are needed to verify the association between the two. Despite these limitations, our study still provides some clues and theoretical basis for CVD in the clinical management of COPD patients and contributes to the promotion of the inclusion of CVD in the future clinical routine management of COPD.



Conclusion

Patients with severe-very severe COPD are associated with CVD, especially hypertension, compared with patients with mild-to-moderate COPD, which underscores the urgent need for targeted CVD prevention and management strategies in COPD patients. For future research, longitudinal studies are essential to explore the temporal relationship between COPD severity and the development of CVD, particularly hypertension. Interventional studies focusing on pharmacological or lifestyle-based interventions for hypertension in COPD patients should be prioritized. Additionally, more detailed mechanistic studies are needed to understand the pathways linking COPD with cardiovascular outcomes, to inform the development of more precise treatment protocols.
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