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Editorial

Inflammation  Without  Borders:  The  Interconnected  Pathways
of  Asthma  and  Heart  Disease

Asthma and heart disease are among the most common

global non-communicable diseases with significant health and cost

impacts. An estimated 262 million people live with asthma which,

in 2021, was linked to 455,000 death globally [1].  In the U.S., over

25 million children and adults live with asthma which caused 9.8

million asthma attacks in  2021 with an estimated annual cost of $80

billion [2]. Fortunately, the mortality rate due to asthma around the

world has been decreasing. Contrary to this, cardiovascular disease

(CVD) continues to be the leading cause of death worldwide with

20.5 million deaths in  2021 [3]. While it is mainly a disease of adults,

about 1 in 5  individuals over age 20 has coronary artery disease in

the U.S. Beyond its incredible toll on human life, the financial cost of

CVD is also enormous. Between 2020 and 2021, $418 billion were

spent in medical care, medicines and lost productivity due to CVD

in the U.S. alone.

While respiratory diseases and CVD have distinct clinical pre-

sentation and management strategies, accumulating evidence

suggests that they share common risk factors and pathophysio-

logic mechanisms and indeed can co-exist in the same patient.

Longitudinal studies suggest an association between asthma and

CVD. Indeed, asthma and CVD share common risk factors such as

smoking, exposure to  environmental pollution, underlying aller-

gic inflammation, metabolic syndrome, obesity, and sleep apnea.

Data from a prospective population-based cohort (the Framing-

ham Offspring Study) demonstrated a  clear association between

asthma and CVD incidence (hazard ratio, 1.28; 95% CI 1.07–1.54) [4].

The study also noted a higher rate of CVD in  women with asthma

compared to men. Furthermore, longitudinal analysis of the Nord-

Trondelag County cohort in Norway suggested that adults with

active asthma had 29% higher risk of developing acute myocardial

infarction (AMI) compared to adults without asthma [5]. Addition-

ally, there appears to be a  dose–response relationship between

asthma control and AMI  with patients with uncontrolled asthma

having 73% higher risk of AMI compared to those with controlled

asthma. In the Multi-Ethnic Study of Atherosclerosis (MESA) cohort,

patients with persistent asthma were noted to have higher carotid

plaque scores and elevated inflammatory biomarkers produced by

dysregulated immune cells [6].  A meta-analysis of seven cohort and

nested case–control studies with 1,405,508 subjects with asthma

showed that asthma was associated with higher risk of atrial fibril-

lation (odds ratio 1.15; 95% CI  1.01–1.29) [7]. Another meta-analysis

of 18 studies examined the risk ratios of four different cardio-

vascular disease in  subjects with and without asthma. Patients

with asthma were at higher risk of heart failure (relative risk [RR],

2.10; 95% CI 1.98–2.22) and myocardial infarction (RR 1.39; 95% CI

1.16–1.66), whereas only those with active asthma had high risk

of atrial fibrillation (RR 1.70; 95% CI 1.45–2.00) [8].  The presence

of airway obstruction and asthma may  often be under-recognized

in  patients with cardiac disease because symptoms may overlap

and thus the diagnosis of asthma is often challenging. In a  study of

475 subjects with known obstructive coronary artery disease who

underwent spirometry, undiagnosed airflow limitation was seen in

10.7% [9].  However, it is  unclear how many of these patients had

COPD vs asthma.

The exact pathophysiological mechanisms linking cardiovas-

cular disease and asthma are  not well understood. Nonetheless,

asthma and CVD share several common inflammatory pathways

which suggest bidirectional interactions. Studies have linked

excessive release of cysteinyl leukotrienes from eosinophils, which

are prevalent cells in type-2 asthma, with CVD pathogenesis [10].

Several cytokines such as interleukin (IL)-1�, IL-6, IL-17, interferon

(IFN)-�,  tumor necrosis factor (TNF)-� also play important roles

as common inflammatory drivers, which may  partly explain this

bidirectional relationship of these two  conditions [11].  Specifically,

IL-6 and TNF-�, which are known to be associated with the

neutrophilic asthma endotype, are thought to be key drivers of

atherosclerosis [11]. Leukotrienes (LT) mediate mucus hypersecre-

tion, airway edema and bronchospasm in  asthma and have also

been increasingly expressed in  the cardiac conduction system [12].

Furthermore, LTB4 is among the powerful inducers of IL-6 [12].

Oxidative stress due to imbalance of reactive oxidative species and

antioxidants is  also common to both asthma and CVD. Bronchial

epithelial cells, smooth muscle cells, mast cells, macrophages and

eosinophils are a  major source of vascular endothelial growth

factor (VEGF), which plays a role in  vascular remodeling. Increased

blood pressure and hypoxemia during acute asthma attacks have

also been proposed to  influence the link with heart disease in

patients with asthma. Allergic asthma has also been linked with

accelerated atherosclerosis in mice deficient in apolipoprotein E.

Leakage of clotting and tissue factor in the airways of subjects

with asthma can impair anticoagulant activity and attenuate

fibrinolysis [13]. Adipose tissue including those in epicardial and

periaortic areas are rich in inflammatory cells, which release

mediators that can cause Type 2 inflammation which may  confer

a protective role in CVD. Prolonged asthma can lead to airway

remodeling and lung function decline. Studies have linked lung
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Fig. 1. The  interconnected pathways of asthma and heart disease.

function decline with development of CVD [14].  Together these

common pathways promote both airway remodeling in asthma

and endothelial dysfunction seen in CVD.

Beyond common inflammatory pathways, pharmacologic treat-

ments for one condition can be associated with adverse effects on

the other. �2 agonists commonly used in asthma increase heart

rate, reduce serum potassium levels and may  increase risk of CVD

[15]. Anticholinergics in some studies showed increased CVD risk

such as atrial fibrillation although these have not been consistently

described in all studies. Systemic corticosteroids may  also increase

CVD risk, whereas inhaled corticosteroids may  have a protective

role. Similarly, leukotriene modifiers may  also have beneficial role

in CVD. The long-term safety data on  omalizumab on cardiovascular

risk has also been debated with one study showing higher cardio-

vascular event rate and others showing protective effect [16]. On

the other hand, data on anti-IL5 and anti-IL-4 antibodies suggest a

decreased risk of CVD. Among the medications used to treat CVD, �1

adrenoreceptor antagonists may  exacerbate asthma. Angiotensin

converting enzyme inhibitors have been linked with dry cough and

bronchospasm due to increased bradykinin levels. PCSK9 inhibitors

have been linked with an increased risk of asthma in European

population [15].

In summary, the cardiovascular and respiratory systems share

many risk factors and inflammatory pathways which may  explain

the bidirectional relationship between asthma and heart disease

(Fig. 1). T2-low asthma appear to be linked to higher CVD risk,

whereas T2 cytokines appear to confer protection against car-

diovascular insults, while being pathogenic at the same time for

asthma. Addressing common risk factors such as obesity, metabolic

syndrome, tobacco use and sleep apnea, as well as carefully select-

ing pharmacotherapy to minimize cross reactivity between asthma

and CVD would likely be a  part of any comprehensive treatment

approach.

Several challenges and unanswered questions exist in evaluat-

ing the link between asthma and heart disease. The overlapping

symptoms, such as dyspnea and chest discomfort, may  lead to the

underdiagnosis of asthma in patients with CVD and vice versa.

The impact of race, ethnicity and social determinants of  health

on asthma-CVD risk is also not well established and need to  be

evaluated further, especially due to observed disparities in  out-

comes across populations. Moreover, role of hormonal influences

of sex hormones such as estrogen and testosterone remain poorly

understood, despite their well-known impact in airway and CVD.

There is also a  lack of validated biomarkers to  differentiate between

asthma related and CVD related inflammation which also adds

additional barriers to early disease detection as well as co man-

agement. Longitudinal data on cardiovascular impact of  asthma

severity, exacerbation frequency and airway inflammation is  also

limited. Conversely, the mechanism by which CVD influences

asthma outcomes, whether via altered pulmonary hemodynamics,

systemic inflammation or medication cross reactivity, are also not

well understood. There are also therapeutic uncertainties. While

emerging data on the cardiovascular safety of biologics, which

are  cornerstone of severe asthma therapy, is encouraging, real-

world and long-term follow up across diverse patient populations

needs to  be further established. Similarly, newer CVD therapeutics

including angiotensin receptor-neprilysin Inhibitors, glucagon-

like peptide-1 receptor agonists, sodium-glucose co-transporter 2

inhibitors and ivabradine appear to be safe in asthma, but their

effect of immune modulation and chronic airway inflammation is

not  fully characterized. These observations challenge our incom-

plete understanding of these complex interactions. Future research

2



ARTICLE IN PRESS
G Model

ARBRES-3883; No. of Pages 3

M. Adrish and N.A. Hanania Archivos de Bronconeumología xxx (xxxx) xxx–xxx

should also focus on understanding shared pathophysiological

pathways that drive asthma and CVD, particularly the immune

and inflammatory mediators. A multi-omics approach integrating

genomics, metabolomics, and transcriptomics data may  also pro-

vide deeper understanding of the overlapping molecular pathways.

In addition, randomized clinical trials and prospective studies are

needed to further understand cross reactivity and long-term safety

of newer therapies. Finally, there is  a  need for developing multi-

disciplinary guidelines that address precision medicine tailored to

asthma-CVD overlap.
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