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Background: Cardiovascular disease(CVD) remains a significant global challenge. Asthma, which is characterized by airway hyperresponsiveness and reversible and limited airflow, plays an important role in cardiovascular diseases. This study aimed to investigate the association between asthma and CVD.



Methods: This cross-sectional study included demographic, laboratory, and questionnaire data from the National Health and Nutrition Examination Survey (NHANES) 1999–2018. CVD included stroke, congestive heart failure, coronary heart disease, and angina. Multiple logistic regression models were used to detect the association between asthma and the prevalence of CVD, adjusting for age, gender, race, education level, body mass index, ratio of family income to poverty, smoking exposure, drinking exposure, diabetes history, hypertension history, chronic obstructive pulmonary disease (COPD) history, and chronic kidney disease (CKD) history. A subgroup analysis was performed to investigate the association between asthma and CVD in different populations.



Results: In total, 16,807 participants were included in this study, including 2,446 who reported having asthma. Compared with participants without asthma, the prevalence of stroke in those with asthma was increased by 1.607 times; the prevalence of congestive heart failure was increased by 1.911 times. Asthma significantly increased the prevalence of stroke among participants aged 18–44 years old, with a BMI 18.50–29.99 kg/m2, with low education levels, and with a PIR < 1.00. Asthma also increased the prevalence of angina in females, non-Hispanic Blacks, participants aged 45–59 years old, with a BMI ≥ 30.00 kg/m2, and with a PIR < 1.00. The prevalence of congestive heart failure was positively associated with asthma in non-Hispanic Whites or Blacks, participants aged ≥45 years old, with a BMI 25.00–29.99 kg/m2, with a PIR < 1.00, and with a low or middle education level.



Conclusion: Asthma significantly increases the prevalence of stroke, congestive heart failure. Patients with asthma should be monitored for CVD, including stroke and congestive heart failure.
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1 Introduction

Cardiovascular disease (CVD) is a leading cause of global mortality and a significant factor affecting patients’ quality of life. Although deaths from CVD are more prevalent in middle-income countries, recent data from the American Heart Association indicate that 928,741 individuals died from CVD in the United States in 2020 (1). CVD also impose a substantial economic burden on society. Between 2018 and 2019, the overall direct and indirect costs attributed to CVD reached $407.3 billion, accounting for 12% of the nation's total healthcare expenditure (2), and this figure continues to rise on a global scale (3, 4).

The treatment and management of CVD are focal points of global attention and pose significant challenges worldwide. The critical interactions between respiratory diseases and the cardiovascular system have been reported in several previous studies. Chronic obstructive pulmonary disease is associated with hypertension (5), myocardial infarction (6), atrial fibrillation (7), and heart failure (8). Recent studies reported a positive association between asthma and CVD. A Multiethnic cohort study demonstrated a significantly higher prevalence of CVD among patients with asthma than among those without asthma (9). A prospective population-based study conducted in Norway revealed a 38% higher risk of atrial fibrillation in individuals diagnosed with asthma (10). Additionally, findings from another study (11) indicated that patients with asthma exhibit an increased risk of cerebrovascular diseases [risk ratio (RR) 1.20, 95% CI (1.15–1.25)], coronary artery disease [RR 1.40, 95% CI (1.35–1.45)], and heart failure [RR 2.14, 95% CI (2.06–2.22)]. However, the results of two Mendelian randomized trials suggested that asthma does not significantly increase the prevalence of coronary artery disease (12, 13). Another large-scale longitudinal study in South Korea reported that asthma is a risk factor for stroke (14). Variations in race and socioeconomic status may contribute to the differences observed in the outcomes of these studies.

Although the Global Initiative for Asthma and World Heart Federation have provided optimal treatment and management strategies for patients with asthma and cardiovascular diseases worldwide, the annual prevalences of asthma and CVD continue to rise in most countries. Therefore, this population-based study using data from the NHANES was conducted to better understand the association between asthma and CVD.



2 Methods


2.1 Study population

All data were sourced from the National Health and Nutrition Examination Survey (https://wwwn.cdc.gov/nchs/nhanes/Default.aspx) conducted by the United States National Center for Health Statistics. This study aimed to evaluate the health and nutritional statuses of adults and children in the United States. Data from 1999 to 2018, prior to the Coronavirus Disease 2019 pandemic, were used to exclude any potential impacts of the novel coronavirus on the study outcomes.

A total of 59,204 participants aged ≥18 years were included in the NHANES between 1999 and 2018. Participants with incomplete or missing data for body mass index (BMI), ratio of family income to poverty (PIR), or education level (n = 12,970); incomplete or missing data for smoking exposure, drinking exposure, hypertension history, or diabetes history (n = 29,283); or incomplete or missing data for the questionnaires “have you ever been told had stroke,” “have you ever been told had congestive heart failure,” “have you ever been told had coronary heart disease,” or “have you ever been told had angina/angina pectoris” (n = 144) were excluded from the study. Finally, 16,807 participants were included in the study (Figure 1).
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FIGURE 1
Flowchart of participant filtration in NHANES 1999–2018.




2.2 Definition of asthma and cardiovascular events

Individuals who responded “Yes” to the questionnaire item, “Has a doctor or other health professional ever told you that you have asthma?” were considered to have asthma.

In this study, CVD included were stroke, congestive heart failure, coronary heart disease, and angina/angina pectoris. The participants were considered to have a history of CVD if they answered “Yes” to any of the following questions in the NHANES questionnaire: “Has a doctor or other health professional ever told you that you had congestive heart failure?”, “Has a doctor or other health professional ever told you that you had coronary heart disease?”, “Has a doctor or other health professional ever told you that you had angina, also called angina pectoris?”, and “Has a doctor or other health professional ever told you that you had a stroke?”.



2.3 Evaluation of covariates

According to preformed study (15, 16), this study selected 12 indicators as covariates. Demographic data included age, gender, race, educational level, and PIR. Examination and questionnaire data included BMI, smoking exposure, drinking exposure, hypertension history, diabetes history, chronic obstructive pulmonary disease (COPD) history, and chronic kidney disease (CKD) history.


	(a)Age: presented as a continuous variable.

	(b)Gender: categorized into male and female categories.

	(c)Race: divided into four groups: Mexican American, non-Hispanic white, non-Hispanic black, and others.

	(d)Educational level: divided into high school or below, some college, and college graduate or above.

	(e)PIR: divided into three groups: below 1.00, between 1.00 and 1.99, and ≥2.00.

	(f)BMI: according to the World Health Organization's 2000 BMI guidelines (17), participants were categorized as obese (≥30.00 kg/m2), overweight (25.00–29.99 kg/m2), normal weight (18.50–24.99 kg/m2), or underweight (<18.50 kg/m2).

	(g)Drinking exposure: based on the annual alcohol consumption frequency (cut-off value, 12 times) or average monthly frequency (cut-off value, 1 time), participants were divided into those with drinking exposure and those without drinking exposure.

	(h)Smoking exposure: based on the total amount of tobacco smoked (cut-off value, 100 cigarettes), participants were divided into smoking exposure and no smoking exposure.

	(i)Hypertension and diabetes history: according to the responses to the questionnaire, participants were divided into groups with and without a history of hypertension and with or without a history of diabetes.

	(j)COPD history: Participants were classified as having COPD if they answered “Yes” to any of the following questions: “Have you ever been told that you have emphysema?”, “Have you ever been told that you have chronic bronchitis?”, or “Have you ever been told that you have chronic obstructive pulmonary disease?” (18).

	(k)CKD history: The estimated glomerular filtration rate (eGFR) values were calculated using the CKD-EPI formula for different genders, ages, and races (19). An eGFR < 60 ml/min/1.73 m2 was considered to indicate the presence of CKD.





2.4 Statistical analyses

All statistical analyses were conducted using IBM SPSS Statistics 26 and EmpowerStats. Survey weights, strata, and primary sampling units were used for all analyses to accommodate the complex and multi-unit survey design. Continuous variables are presented as mean and standard deviation (MD ± SD), while categorical variables are presented as percentages. The baseline characteristics of the participants with asthma were analyzed using paired t-tests for continuous variables and chi-squared tests for categorical variables. After adjusting for covariates, multivariate logistic regression was used to explore the association between asthma and CVD. Statistical significance was set at P < 0.05.




3 Results


3.1 Baseline characteristics of participants

Among the 16,807 participants included in this study, 2,446 (15.20%) had a self-reported history of asthma. The baseline characteristics of the study participants are presented in Table 1. Asthma was more prevalent among participants aged 18–44 years, females, non-Hispanic Black individuals, obese individuals, individuals with a PIR < 2.00, individuals with a college education, and those with a history of COPD, hypertension and diabetes. Compared with non-asthmatic participants, those with asthma had higher prevalences of stroke (3.53%), congestive heart failure (3.43%), and angina (3.02%).


TABLE 1 Characteristics of asthma and non-asthma participants.
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3.2 Associations of asthma and CVD

Table 2 presents the association between asthma and cardiovascular diseases (CVD). In the crude model, individuals with asthma had a higher prevalence of stroke [odds ratio (OR) 1.688, 95% confidence interval (CI) (1.359–2.098)], coronary heart disease [OR 1.965, 95% CI (1.536–2.5513)], and angina [OR 1.545, 95% CI (1.185–2.016)], but a lower prevalence of congestive heart failure [OR 0.699, 95% CI (0.544–0.897)].


TABLE 2 Associations between asthma and cardiovascular diseases.

[image: Table 2]

After adjusting for age, gender, and race, Model I showed an elevated prevalence of stroke [OR 1.899, 95% CI (1.520–2.372)], congestive heart failure [OR 2.199, 95% CI (1.708–2.832)], and angina [OR 1.676, 95% CI (1.520–2.372)]. Model II further adjusted for BMI and PIR, with the results remaining stable. Model III, which adjusted for all covariates, demonstrated that asthma was associated with an increased incidence of stroke [OR 1.607, 95% CI (1.213–2.129)] and congestive heart failure [OR 1.911, 95% CI (1.480–2.467)].



3.3 Subgroup analysis of the association between asthma and CVD

To further investigate the association between asthma and cardiovascular disease in different populations, subgroup analyses were conducted, as shown in Table 3. Asthma significantly increased the prevalence of stroke among participants aged 18–44 years old, with a BMI 18.50–29.99 kg/m2, with low education levels, and with a PIR < 1.00 (Figure 2). No gender-based associations were identified between asthma and stroke. The prevalence of congestive heart failure was positively associated with asthma among non-Hispanic Whites or Blacks, participants aged ≥45 years old, with a BMI 25.00–29.99 kg/m2, with a PIR < 1.00, and with a low or middle education level. (Figure 3). There were no significant differences between gender-based groups.


TABLE 3 Subgroup analysis of the association between asthma and cardiovascular disease.
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FIGURE 2
Forest plot of association between asthma and the prevalence of stroke. BMI, body mass index; PIR, the ratio of family income to poverty.



[image: Figure 3]
FIGURE 3
Forest plot of association between asthma and the prevalence of congestive heart failure. BMI, body mass index; PIR, the ratio of family income to poverty.


Asthma also increased the prevalence of angina among females, non-Hispanic Blacks, participants aged 45–59 years old, with a BMI ≥ 30.00 kg/m2, and with a PIR < 1.00 (Figure 4). However, the prevalence of coronary artery disease was negative associated with asthma in participants with low education level (Figure 5).


[image: Figure 4]
FIGURE 4
Forest plot of association between asthma and the prevalence of angina. BMI, body mass index; PIR, the ratio of family income to poverty.
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FIGURE 5
Forest plot of association between asthma and the prevalence of coronary artery disease. BMI, body mass index; PIR, the ratio of family income to poverty.





4 Discussion

The findings of this study indicate a strong association between asthma and CVD, especially stroke, congestive heart failure. The subgroup analyses further validated the associations between asthma and CVD in several age groups, ethnicities, and PIR levels and in both genderes. These findings provide evidence for implementing national public health initiatives and control measures. This study also enhances public awareness of the interplay between respiratory diseases and CVD.

Stroke, congestive heart failure, coronary heart disease, and angina are among the most common conditions affecting the elderly population. These diseases share risk factors with bronchial asthma including advanced age, obesity, depression, and smoking history (20). Asthma may contribute to the development of stroke by influencing the coagulation processes. Acute asthma exacerbations can lead to hypoxemia, which triggers the production of thrombogenic factors and impairs endothelial function (21). Bazan-Socha et al. (22) reported that individuals with asthma exhibited significantly increased thrombin generation and impaired fibrinolysis. Inflammation is another key factor linking asthma and stroke. A recent study (23) confirmed a significant association between increased levels of the Systemic Immune-Inflammation Index and Systemic Inflammation Response Index and an increased prevalence of stroke in patients with asthma. Interleukin-33 (IL-33), which is elevated in patients with asthma, promotes Th2-type immune responses (24, 25). Interestingly, the IL-13 levels are significantly elevated in patients with acute ischemic stroke and are positively correlated with infarct size (26). In this study, a significant increase in stroke prevalence was observed among participants with asthma aged 18–44 years old, participants with a BMI 18.50–29.99 kg/m2, participants with a low education level, participants with a PIR < 1.00.

Previous studies (11, 27) have reported that patients with asthma have a 2.14-fold increased risk of heart failure [95% CI (2.06–2.22)] and a 1.44-fold increased risk of angina [95% CI (1.17–1.77)]. Asthma may contribute to the development of heart failure by elevating the IgE levels. Cardiac mast cells respond to IgE-mediated inflammatory stimuli by releasing large amounts of inflammatory mediators that can damage the normal structure and function of the heart (28). Moreover, asthma medications, including corticosteroids and beta-adrenergic agonists, have adverse effects on the cardiovascular system (29). A meta-analysis (30) found that beta-adrenergic agonists significantly increase the risk of CVD [RR: 2.54; 95% CI (1.59–4.05)]. In this study, positive associations between asthma and congestive heart failure were observed in individuals aged ≥45 years old, especially among non-Hispanic-white or black groups, individuals with a BMI 25.00–29.99 kg/m2, and participants with a PIR < 1.00. Asthma also significantly increases the prevalence of angina heart failure in female, non-Hispanic black, and participants with an age 45–59 years old, a BMI ≥ 30.00 kg/m2, participants with a PIR < 1.00.

The association between asthma and coronary heart disease (CHD) remains controversial. A meta-analysis (31) demonstrated that asthma significantly increases the risk of myocardial infarction (RR 1.39; 95% CI: 1.16–1.66, I2 = 59.3%; p < 0.001), a finding consistent with several large population-based studies from the Denmark (32), and Chinese Taiwan region (33). However, one observational study and a Mendelian randomization analysis (13) denied an association between asthma and CHD. The probability of developing CHD varies among different subgroups of asthma patients. Study form Taiwan (33) found that males had a higher risk of cardiovascular mortality. Research from the United States (11) identified allergies as a risk factor for CHD, but not allergic asthma. The Copenhagen study (32) observed an increased risk of asthma-related CHD only among smokers. In our study, we found that the risk of CHD was decreased only among asthma patients with a lower education level.

Compared with other studies, this research is a cross-sectional study based on the U.S. population, with a large sample size and high data reliability from the NHANES database. We used an in-depth analytical approach to adjust for a range of potential confounding factors, including sociodemographic factors, lifestyle behaviors, and comorbidities, which strengthened our ability to assess the robustness of the asthma-cardiovascular disease (CVD) relationship in the U.S. population. This study also investigated the association between asthma and CVD in different subgroups, which may help raise public awareness of cardiovascular risks among the asthma population in the U.S. However, there are some limitations. As a cross-sectional study, it cannot infer causal relationships between asthma and CVD. Additionally, the study has geographical limitations, and further research across multiple regions would be meaningful. The mechanisms through which asthma affects CVD still require further exploration.



5 Conclusion

Asthma significantly increases the prevalence of stroke, congestive heart failure. Patients with asthma should be monitored for CVD, including stroke and congestive heart failure.
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