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ABSTRACT 

Cardiovascular disease (CVD) is often associated with asthma, and asthma patients have an 

increased risk of CVD mortality. Our understanding of the bidirectional risk of CVD and 

asthma has been based on several observational studies. However, the specific pathogenetic 

mechanisms underlying the development of cardiovascular comorbidities in patients with 

asthma have not yet been fully determined.  Such cardiovascular complications in patients with 

asthma have been attributed to airway and system inflammation present in both asthma and 

CVD. Indeed, there is evidence that mast cells, eosinophils, inflammatory cytokines, and 

immunoglobulin E increase in both lungs of patients with asthma, and in injured heart and 

vessels of CVD patients. These findings suggest that allergic asthma and CVD may share 

pathogenic pathways. Understanding these pathways is critical to the choice of pharmacological 

interventions. Currently, the most appropriate therapeutic approach lies in using the best 

available evidence to optimize the management of both asthma and CVD. Therapy should be 

optimized to take advantage of the favorable benefits that each medication may have on both 

organs while minimizing the likelihood of adverse effects on the lungs and heart. It is 

noteworthy that inhaled β2-agonists induce benefit in patients with acute decompensated heart 

failure. Furthermore, ICSs may reduce the risk of atherosclerosis. On the other side, asthma is 



  

not an absolute contraindication to use cardio-selective β1-blockers, but these medications 

should be prescribed with caution especially if are necessary for acute cardiovascular events 

and alternative treatment options are unavailable. In addition, when aspirin intake causes the 

onset of hypersensitivity, P2Y12 inhibitors (e.g., clopidogrel, prasugrel, and ticagrelor) are 

effective and safe treatment alternatives. 
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ASTHMA HETEROGENEITY 

Asthma is a heterogeneous condition characterized by airway hyperresponsiveness, variable 

airflow obstruction that can become permanent over time, and chronic inflammation [1, 2]. 

However, not all of these characteristics are usually present, and one or two may prevail when 

large cohorts of asthma patients are analyzed [3]. Furthermore, asthma must at least be divided 

into two main endotypes according to their type 2 (T2) inflammation. It is defined as T2high, 

characterized by upregulation of T2 immune pathways (ie, interleukin (IL)-4 and IL-13 gene 

sets) and eosinophilic airway inflammation, or T2low (usually characterized by neutrophilic or 

paucigranulocytic airway inflammation) [4]. Patients with T2high asthma are more allergic and 

have more eosinophils and airway hyperresponsiveness than patients with low expression [5]. 

T2low asthma remains poorly understood. It encompasses extremely late-onset asthma, obesity-

related asthma, smoking-related asthma, neutrophilic asthma, and asthmatic patients with mild 

inflammation [6]. 

Age at the onset of asthma has emerged as a crucial determinant in differentiating between 

endotypes [7]. Patients with early-onset (or childhood-onset) asthma are often atopic, with T2-

predominant inflammation and a favorable prognosis. On the other hand, patients with adult-

onset or late-onset asthma are frequently nonatopic, have a poor prognosis, and are more likely 

to have permanent airway obstruction. The absence of clinical allergy in late-onset asthma 

indicates that the T2 pathway is distinct from, and likely more complex than, the one associated 

with the early-onset allergic phenotype [8]. A T2 inflammatory process in the lung is achievable 

in the absence of mucosal-specific immunoglobulin (Ig)E and clinical allergic responses [8]. 

Some people have sputum neutrophilia mixed in with their eosinophilic process. This mixed 

inflammatory process suggests that other immune pathways interact with T2 immunity, 

including activation of IL-33 and IL-17 pathways [8]. 

Chest tightness, wheezing, and coughing can limit everyday activities, impair function, and 

disturb sleep [1, 2]. Asthma management aims not only to establish adequate control of 



  

symptoms and relieve them when they occur but also to reduce the risk of asthma-related 

exacerbations and mortality, prolonged airflow limitation, and treatment-related adverse 

effects.  

The basis of asthma management includes inhaled corticosteroids (ICS) and long-acting β2-

agonists (LABAs) [1, 2]. However, long-acting muscarinic receptor antagonists (LAMAs), 

CysLT receptor antagonists (CysLTRAs), oral corticosteroid (OCS), and biological therapies 

such as omalizumab that targets IgE, preventing it from binding to receptors on basophils and 

mast cells, mepolizumab and reslizumab which are monoclonal antibodies (mAbs) that target 

interleukin-5 (IL-5), benralizumab which is an IL-5 receptor α (IL-5 R)-directed cytolytic mAb, 

or dupilumab which is an anti-IL-4 receptor α mAb that blocks both IL-4 and IL-13 signaling, 

are accessible as alternatives. In addition, growing evidence demonstrates the benefits of 

treating asthma with the triple regimen of ICS, LABA, and LAMA [9, 10].  

Asthma guidelines and therapeutic strategies still provide treatment recommendations 

disregarding the complexity of asthma and advocate a progressive approach, increasing or de-

escalating therapy by shifting to a higher or lower step, depending on the frequency and severity 

of the patient's symptoms [11]. 

However, it is critical to identify the particular component of asthma that drives symptoms in 

each patient prior to therapy selection [12]. Eosinophilic airway inflammation usually responds 

to standard treatment with corticosteroids and biologics, although biological therapies are 

suggested only in patients with severe asthma [1, 2]. T2low asthma is not responsive to treatment 

with ICSs, but instead, it is a predictor of response to antibiotics [6, 12]. Macrolides, including 

clarithromycin and azithromycin, have demonstrated their effectiveness [12]. No interventions 

have been evaluated for this specific inflammatory endotype, although preliminary evidence 

suggests therapies targeting the IL-6 pathway may be beneficial. Asthmatics with 

paucigranulocytic airway inflammation may not warrant anti-inflammatory treatment as 

symptoms in these patients may be driven solely by smooth muscle dysfunction (airway 

hyperresponsiveness) [6, 12]. Therefore, these patients may benefit from smooth muscle-

directed therapies such as additional bronchodilators and LAMAs, mast-cell directed therapies, 

or in the most severe cases, bronchial thermoplasty [6, 12]. 

 

COMORBIDITIES AND ASTHMA 

Adult-onset asthma may share metabolic and inflammatory components with other diseases 

such as obesity, metabolic syndrome, type 2 diabetes, cardiovascular disease (CVD), and 

psychiatric disorders [7]. Asthma, mainly in individuals with neutrophilic airway inflammation, 



  

causes systemic inflammation, with an increase in circulating proinflammatory cytokines such 

as IL -6 and tumor necrosis factor-α (TNF-α), as well as high-sensibility C-reactive protein 

(CRP) [13]. Systemic inflammation, a phenomenon common for many nonrespiratory disorders 

and asthma, constitutes a possible link between these disorders and at least certain endotypes 

of asthma [14]. 

Numerous comorbid illnesses, including gastroesophageal reflux, allergic rhinitis, obesity, 

depression, diabetes mellitus, and CVD, have been associated with asthma [15].  

These comorbidities can affect the course of asthma and its severity as well as its treatment 

modality. Therefore, the identification of such comorbidities, a thorough evaluation of their 

effects, and appropriate treatment may reduce their impact must become a fundamental part of 

the approach to a patient with asthma [15].  

Since asthma and CVD constitute major public health problems, there is genuine interest in 

determining the extent of any association between them and in understanding how one disease 

affects the other. Regrettably, epidemiological research on this relationship has produced 

contradictory evidence. 

 

ARE ASTHMA AND CVD ASSOCIATED? 

Some epidemiological studies found a strong link between asthma and CVD, particularly 

coronary artery disease (CAD), acute myocardial infarction (AMI), and arterial hypertension 

[16, 17]. Arterial hypertension shows the strongest association with asthma [18]. In a recent 

systematic review and meta-analysis that analyzed data from 5,493,776 subjects, the strength 

of association with asthma was weak for CAD, moderate for heart failure (HF), hypertension, 

cardiovascular comorbidities, and pulmonary hypertension, and strong for hypertensive 

cardiomyopathy [19]. In severe asthma, cardiovascular comorbidities, CAD, and HF were 

moderately associated, while hypertension was strongly associated. Furthermore, arterial 

hypertension has been associated with established measures of adult asthma severity, as 

evidenced by the use of more than 6 canisters of short-acting β-agonists (SABAs), history of 

emergency department visits or hospitalizations, and corticosteroid administration in a US case-

control study [20]. 

The CVD risk has been reported to be 32% [21] to 42% [22] higher in asthmatics than in people 

without asthma. Analysis of 30 cohort studies comprising 4,157,823 participants showed that 

asthma and CVD had stronger links in women than in men (39% vs. 19%) and that patients 

with late-onset were at higher risk than patients with early-onset asthma (39% vs. 26%) [19]. 

Women have an increase in the prevalence rate of asthma, which is temporally correlated with 



  

variations in estrogen levels [23]. However, overweight women (body mass index 25-30) with 

adult-onset asthma had a stronger association with CVD than those with adult-onset asthma 

who were not overweight [24]. Furthermore, asthma is associated with an increased risk of 

CVD among smokers [25] and among adults whose asthma is work-related [26]. 

However, several other investigations found only modest or no connections between asthma 

and CVD. According to the Atherosclerosis Risk in Communities (ARIC) study conducted in 

the United States, those who have ever had asthma have an adjusted relative risk of coronary 

heart disease of 0.87 (95% CI 0.66-1.14), while those who currently had asthma had an adjusted 

relative risk of 0.69 (95% CI 0.46-1.05) [27]. Although CVD and hypertension were more 

common in individuals with asthma than in the general population, an Italian population-based 

retrospective cross-sectional analysis revealed that there was only a weak correlation between 

asthma and these conditions [18]. A Polish epidemiological study revealed no increased 

prevalence of comorbidity between cardiovascular diseases and asthma, with only ischemic 

heart disease (IHD) showing a odds ratio (OR) > 1 [28]. Furthermore, asthma significantly 

reduced the risk of atherosclerosis (OR = 0.33) in the patients with asthma compared to controls. 

Asthma, particularly the uncontrolled eosinophilic phenotype, is a risk factor for CVD, not only 

in the classic form with coronary artery occlusion, but also in vasospastic episodes without 

occlusion [29]. 

Several population-based cohort studies have concluded that asthma is associated with an 

increased risk of CAD of up to about 30% [16, 30]. However, it has been reported that only 

those with asthma with an allergy have an elevated risk of CAD [31]. In any case, women with 

adult-onset asthma appear to have a higher risk of CAD [32]. 

In subjects with active asthma, defined as current users of asthma medications, the risk of acute 

myocardial infarction (AMI) is estimated to be 29% higher than in subjects without asthma, 

regardless of high-sensitivity (hs)CRP levels, smoking history, physical activity levels, or 

gender [33]. Inactive asthma, defined as the lack of asthma-related events within one year 

before AMI, does not increase the risk of AMI, although current asthma, characterized by the 

occurrence of any asthma-related episodes, including asthma symptoms (cough with wheezing, 

shortness of breath, and tightness in the chest), the use of asthma medications, unexpected office 

visits for asthma, emergency room visits for asthma, or hospitalization for asthma within a year 

before the index date of AMI, does [34]. Asthma exacerbations have been found to correlate 

with a significantly higher risk of AMI, particularly in the initial 1-week interval after acute 

exacerbation [35]. Data from the Korean Genome and Epidemiology Study prospective cohort 



  

from 2004 to 2016 showed that asthma was mainly associated with IHD in the older age ( ≥53 

years) group and the untreated asthma group [36].  

Patients with asthma are at increased risk of all-cause and CVD mortality [23]. Chinese research 

using data from the National Health and Nutrition Examination Survey from 2001-2002 to 

2013-2014 showed that people with current childhood-onset asthma had a slightly higher CVD 

death rate than those with current adulthood-onset asthma [37]. However, according to an 

Australian study, asthma in children had no effect on CVD mortality and CAD, HF, or major 

CVD events in adults [38]. Adult asthma is greatly influenced by factors intrinsic to the body, 

such as hormones and chest wall stiffness [30]. These inherent variables may increase the risk 

of CAD, but cigarette smoking also has an impact on adult asthma and is a risk factor for CAD 

[30]. In a sample of more than 400,000 Taiwanese adults, patients with active, but not inactive, 

asthma were more likely to die from CVD [39]. The risk of death from CAD was increased 

similarly. However, in a sensitivity analysis that excluded people with previous heart disease, 

only the relationship with CVD mortality persisted. Men had a higher correlation with active 

asthma than women regarding CVD mortality. Patients with asthma who had moderate to severe 

acute exacerbation during the previous year have higher mortality following CVD events [40]. 

 

PATHOGENETIC MECHANISMS LINKING ASTHMA TO CVD 

Cardiovascular complications in patients with asthma can be attributed to the inflammation 

present in asthma and CVD. However, the specific pathogenetic mechanisms that can facilitate 

the development of cardiovascular comorbidities have not yet been fully determined. 

Despite the limitations translating animal responses into humans, it should be noted that 

experimentally, acute and chronic allergic lung inflammation evoked in mice by sensitization 

and challenge with ovalbumin facilitated atheroma formation, regardless of whether lung 

inflammation occurred before, after, or concurrently with atherogenesis [41]. Pathological 

changes in the arteries have also been demonstrated in asthmatic patients [42]. Asthma is 

associated with pre-atherosclerotic vascular changes, such as increased arterial stiffness, and 

especially with a higher prevalence of overt atherosclerosis than in subjects without asthma. 

The severity of asthma is related to more pronounced pathological vascular alternations [42]. 

Furthermore, subjects with persistent asthma exhibited not only a more significant carotid 

plaque burden but also higher levels of serum inflammatory biomarkers (IL‐6 and hsCRP) than 

those without asthma [43]. 

Chronic airway inflammation in asthma could contribute to systemic inflammation [44], 

suggesting that the vasculature is systemically exposed to inflammation generated in the lungs 



  

[45] (figure 1). Female sex hormones have been shown to increase allergic lung inflammation 

in animal models [46]. This may suggest that systemic inflammatory responses to be triggered 

more strongly in women with asthma than in men, leading to a pro-inflammatory state that puts 

women with asthma at an increased risk of developing CVD [46].  

Atherosclerosis has long been recognized as a chronic inflammatory disease characterized by 

inflammation and immunological dysfunction [47]. Several inflammatory cells, including 

macrophages, monocytes, lymphocytes, neutrophils, and mast cells, which are present in the 

walls of asthmatic bronchoalveolar and atherosclerotic vessel, play an important role in the 

pathogenesis of both diseases and perform comparable functions [48]. T1 cells appear to be the 

key driver driving atherosclerotic CVD [49]. Nevertheless, IgE concentrations are higher in 

coronary events [49]. However, it is unclear whether this is due to their involvement in the 

genesis of the coronary event or to the inflammatory response caused by the tissue damage that 

occurred during the event [50].  

In any case, IgE-triggered mast cells and eosinophil leucocytes have been proposed as potential 

essential players [51]. Both types of cells, by producing chemokines and cytokines, particularly 

IL-4, IL-6, IL-9, IL-17A, and IL-33, but also interferon-γ and TNF-α [45], enhance vascular 

permeability and admission of low-density lipoprotein-cholesterol and inflammatory cells into 

the arterial wall. Furthermore, evidence shows that mast cells accumulate excessively in injured 

endothelium, which on the one hand stimulates the formation of foam cells and atherosclerotic 

plaques, and on the other hand, is an important factor in plaque degradation and the initiation 

of coagulation due to cytokines released from granules and proteolytic enzymes [52]. 

IL-6 is a crucial effector cytokine in the atherosclerotic T1 process, as it directly inhibits T-

regulatory cells, allowing the proatherogenic T1 response to occur [53]. IL-6 also causes 

endothelial dysfunction, the first step in arterial damage and the production of atherosclerotic 

plaques, spreads inflammation, and predicts future atherosclerotic CVD events [54, 55]. 

The shared inflammatory mechanisms of asthma and CVD from the 5-lipoxygenase enzymatic 

pathway may contribute to long-term concomitant airway and atherosclerosis [56]. Cysteinyl-

leukotrienes (CysLTs) operate as powerful smooth muscle constrictors in the airways, causing 

tissue edema and signaling eosinophil recruitment. Furthermore, they profoundly influence left 

ventricular function, heart rate, and coronary artery tone, causing myocardial depression when 

secreted by immunologically activated human cardiac mast cells. There is also evidence that 

CysLTs can increase the probability of thrombosis by activating of platelets and clotting factors 

with subsequent coronary thrombosis [57].  



  

Human heart mast cells generate chymase and renin, which locally activate the angiotensin 

system and cause arteriolar vasoconstriction [58]. Furthermore, when immunologically 

activated, they also secrete histamine and platelet activating factor, with their well-known 

harmful effects on asthma and CVD [58].  

Smooth muscle remodeling is another process that can be induced by inflammatory mediators. 

Hyperplasia and aberrant smooth muscle cell contraction leading to airway constriction in 

asthma are also recognized as characteristics of vascular remodeling and endothelial 

abnormalities seen in CVD [59]. 

Uncontrolled asthma, particularly in patients with a T2 inflammatory profile or significant 

eosinophilic activation, can promote a procoagulant state [16]. However, most patients with 

asthma do not experience thromboembolic events [16], although increasing evidence suggests 

that asthma is associated with greater risks of pulmonary embolism [60]. 

 

ASTHMA, CVD AND MUTUAL PHARMACOLOGICAL INTERFERENCES 

There is a possibility that therapeutic approaches used to treat asthma can cause or worsen CVD 

[61, 62], but drugs used to treat CVD can also adversely affect asthma [62]. On the other hand, 

there is growing evidence that some asthma medications can improve CVD and that different 

CVD treatments can reduce the severity of asthma [62]. 

Inhaled β2-agonist treatment can increase the incidence of acute AMI, atrial fibrillation (AF), 

congestive HF, cardiac arrest, and sudden cardiac mortality in asthmatic patients [61]. This risk 

is higher in people with long QT syndrome [59]. The increased risk of AMI, which is not limited 

to β2-agonists but also involves ICSs, generally occurs primarily in the first 3 months, and then 

decreases [63]. Furthermore, long-term intensive use (more than 13 prescriptions in a year) of 

an ICS and a SABA has also been associated with an increased risk of AMI [62]. Some patients 

with asthma may have stronger sympathetic responses to β2-agonists contributing to their 

increased cardiovascular risk [64]. However, this possibility is negated by retrospectively 

collected data from the Taiwan National Health Insurance database [65]. The results showed 

that new bronchodilator users, but not previous users, had a reduced risk of coronary vasospastic 

angina, possibly because new users would be less susceptible to increased sympathetic activity 

and thus vasospasm. The ability of inhaled β2-agonists to induce benefit in patients with acute 

decompensated HF is important. In fact, they improve cardiovascular hemodynamics, increase 

cardiac output, reduce peripheral vascular resistance, and reduce pressure in the pulmonary 

circulation [61]. Furthermore, bronchoconstriction in patients with HF is frequently reversible 

with inhaled β2-agonists, and the resulting decrease in work of breathing might potentially 



  

further reduce cardiac workload [61]. In any case, a recent nested case-control analysis 

conducted using the UK Clinical Practice Research Datalink of patients with asthma suggested 

that the use of SABA or ICS/LABA combination therapy was not associated with an increased 

risk of major adverse cardiovascular events (CVE) defined as the first occurrence of stroke, HF, 

AMI, arrhythmia, or cardiovascular death compared with ICS [66]. 

Similarly, other drugs used to treat asthma can adversely affect the heart. For example, 

ipratropium bromide, a short-acting muscarinic antagonist (SAMA), was associated with a 69% 

increase in the risk of arrhythmias in patients with asthma 12-24 years of age who used such 

high-dose SAMA (more than 114 mg) [67]. However, the risk was not statistically significant 

in low dose SAMA users (114 mg or less). Furthermore, it should be noted that LAMAs, such 

as tiotropium, glycopyrronium and umeclidinium, demonstrated safety and tolerability 

comparable to placebo when added to ICS therapy at different treatment steps in adults with 

symptomatic asthma [68]. 

Even at therapeutic blood concentrations, theophylline can cause tachycardia and serious 

arrhythmias, of which multifocal atrial tachycardia may herald sudden cardiac death [69]. 

Although not explicitly studied in patients with asthma, those receiving high-dose 

corticosteroid treatment (7.5 mg equivalent of prednisone per day) have an increased risk of 

developing CAD or HF [70]. Furthermore, the risk of AF occurrence with 7.5 mg equivalent of 

prednisone per day is six times higher than in patients who did not receive the drug [71]. 

Apparently, the risk of CVE when using oral doses of prednisolone >10 mg per day is higher 

during the first 30 days than during the longer period [72]. 

Interestingly, given higher levels of IgE in patients with CVD and their association with IHD 

[50], omalizumab has been reported to increase the risk of CVE, as well as arterial and venous 

thromboembolic events, in individuals with moderate to severe asthma [73]. However, the study 

that described these findings included individuals at a much higher CAD burden who received 

omalizumab. In fact, a subsequent pooled analysis of 25 omalizumab-related randomized 

controlled trials and 2 extension studies did not find evidence of any elevated cardiovascular 

risk [74]. Nonetheless, there are sporadic reports of cases in which omalizumab has been 

associated with arterial and venous thromboembolic events [75]. Furthermore, a French 

pharmacovigilance research demonstrated that omalizumab was associated with hypertension, 

ventricular arrhythmia, and venous thromboembolism to a significantly greater extent than 

mepolizumab, reslizumab and benralizumab [76]. 

Since inhaled bronchodilators must always be administered in combination with ICS in patients 

with asthma, ICS treatment was compared to ICS-LABA treatment using real-world data; no 



  

significant differences were found between the two groups [77]. However, in women with 

asthma, the use of ICS is associated with significantly lower cardiovascular and all-cause 

mortality [78]. On the other hand, patients who had received much lower mean daily doses of 

ICS in the previous two years were reported to have greater atherosclerotic alterations [74]. 

ICSs may reduce the risk of atherosclerosis in two ways: directly through absorption across the 

lungs and exerting a direct impact on the artery wall, or indirectly by lowering the airway 

inflammatory response [79]. 

The documentation that CysLTs cause inflammatory changes and induction of 

immunothrombosis, and consequently, have also been implicated in CVD, is the reason why 

the use of a CysLTRA has been suggested to cause a reduction in AMI and the risk of 

atherosclerosis [57, 80]. Results of a recent observational retrospective 3-year study of 800 

adult asthmatic patients suggest that montelukast, a potent and selective CysLT1RA, may play 

a role in the prevention of incident myocardial ischemia events in the elderly asthmatic 

population [81]. However, although ICS + CysLTRA treatment in older adults is associated 

with a lower risk of CVEs than ICS + LABA treatment, its risk of asthma exacerbations is 

higher [82]. 

β-Blockers are frequently used in the treatment of CVD, but they can deleteriously impact 

asthma patients. Over time, evidence has accumulated on their ability to cause 

bronchoconstriction, neutralize the effectiveness of β2-agonists, and induce moderate and 

severe asthma exacerbations [83, 84]. However, this unfavorable impact on the heart is mainly 

observed with non-selective β-blockers while cardio-selective β-blockers, which are 13 to 19 

times more potent in blocking β1-adrenoceptors (ARs) than β2-ARs [85], are better tolerated 

than non-selective β-blockers, although not completely risk-free mainly in patients with 

unstable asthma or those with severe airway obstruction [86]. Therefore, asthma is not an 

absolute contraindication, but these medications should still be prescribed with caution 

especially if cardio-selective β1-blockers are necessary for acute CVEs and alternative treatment 

options are unavailable [86]. The choice could possibly fall on drugs more suitable for 

concomitant CVD and asthma, such as nebivolol, a selective for β1-AR with nitric oxide-

mediated vasodilatory effects and is metabolically neutral, or celiprolol, a β-blocker possessing 

strong β1-AR antagonist and mild β2-AR agonist properties, but even in this case the risk of 

bronchoconstriction, even if of modest magnitude, cannot be ruled out [87]. Chronic use of a 

nonselective β-blocker with β2-AR inverse agonist characteristics, such as nadolol, which exert 

their beneficial effects on airway epithelial cells and immune cells by inhibiting constitutive 

pro-inflammatory signaling through non-canonical β-arrestin-2-mediated signaling may be 



  

another choice [88]. In fact, it is well tolerated, may have favorable effects on airway 

hyperresponsiveness, and does not neutralize the effectiveness of salbutamol, according to two 

small clinical studies that were not supported by larger research [89, 90]. 

Statin use is the cornerstone of CVD prevention [91]. Furthermore, even in smokers with 

asthma, they improve the anti-inflammatory effects of ICSs [92]. However, a Cochrane review 

published in 2020 concluded that statin therapy was unsuccessful for asthma [93]. Nevertheless, 

a recent meta-analysis of 8 observational studies and 11 RCTs on asthma reveals that statins 

can reduce exacerbations and improve asthma management [94]. Furthermore, statins have 

been shown to improve asthma symptoms and lower levels of hsCRP, sputum eosinophil ratio, 

and IL-6 without affecting lung function in people with asthma [95]. 

Due to its role in the development of pro-inflammatory mediators in the lungs, the renin-

angiotensin system may have a role in the pathophysiology of asthma. There is substantial meta-

analytical evidence linking high circulating ACE concentrations with the onset of asthma [96]. 

The high levels of angiotensin II and renin found in patients with severe asthma during 

exacerbations compared to those without exacerbation cause bronchoconstriction, smooth 

muscle cell hyperplasia, and lung inflammation [97]. As a result, angiotensin converting 

enzyme (ACE) inhibitors and angiotensin II type 1 (AT1) receptor blockers may be beneficial 

for people with asthma. However, contrary to expectations, ACE inhibitors were linked to 

higher asthma morbidity in patients with hypertension and asthma, including increased use of 

SABAs, systemic corticosteroids, and emergency department visits or hospitalizations [20]. 

These events are quite rare, although potentially serious, and generally occur in the first few 

weeks of treatment [98]. On the contrary, a small reduction in airway hyperresponsiveness was 

observed with AT1 receptor blockers [99]. 

There is no evidence that calcium channel blockers worsen asthma when administered orally 

[62]. On the contrary, they may be useful for improving lung function, particularly in exercise-

induced asthma [100]. Additionally, calcium channel blockers reduce the annual decline in lung 

function in asthmatic patients. This effect is thought to be caused by their inhibitory action on 

inflammation and airway remodeling [101]. 

Aspirin is the cornerstone for treating ischemic heart disease and secondary prevention of 

ischemic and valvular heart disease. Aspirin intake can cause the onset of hypersensitivity, 

known as aspirin-exacerbated respiratory disease (AERD), characterized by symptoms such as 

rhinorrhea, sneezing, nasal congestion, ocular tearing, bronchospasm, skin flushing, hives, 

hypotension [102]. After aspirin administration, changes in arachidonic acid metabolism may 

cause an imbalance between pro-inflammatory and anti-inflammatory substances, resulting in 



  

an overproduction of CysLTs, IL-33/Thymic stromal lymphopoietin, and prostaglandin (PG)D2 

and diminished production (or increased catabolism) of PGE2 in the respiratory tract [103]. 

AERD affects a considerable number of patients with asthma, with a prevalence of about 7% 

[104], and becomes higher in those who also have nasal polyposis, with estimates ranging from 

30 to 40% [105].  

Antithrombotic agents that do not include aspirin, such as P2Y12 inhibitors (e.g., clopidogrel, 

prasugrel, and ticagrelor) are treatment alternatives for people who are allergic to aspirin [106]. 

Clopidogrel was recommended in 2014 by the American College of Cardiology 

Foundation/American Heart Association guidelines for the management of patients with non-

ST-elevation acute coronary syndromes in those with aspirin hypersensitivity, with a loading 

dosage followed by daily maintenance [107]. Compared to aspirin alone, P2Y12 inhibitor 

monotherapy for secondary prevention is linked with a considerable reduction in 

atherothrombotic events without an increased risk of serious bleeding [108]. However, dual 

antiplatelet medication is suggested during acute coronary syndromes, particularly after 

percutaneous coronary intervention [109]. Aspirin desensitization is possible for these 

individuals; however, many “standard” desensitization methods take several days, rendering 

them problematic in the emergency context [110].  

Nevertheless, patients with AERD who are on a stable asthma regimen and have a baseline 

FEV1 of at least 70% predicted can be safely desensitized to aspirin using a 90-minute dose 

escalation protocol, beginning at 40.5 mg, and identifying desensitization as tolerance of the 

repeated provocation dose and at least one subsequent aspirin dose, bringing total cumulative 

daily dose to ≥325 mg [111]. This procedure is often performed in a single day. Furthermore, 

there is some evidence that treatment with omalizumab can help reduce respiratory symptoms 

during aspirin desensitization and potentially restore aspirin tolerance without the need for 

aspirin desensitization [112]. 

 

CONCLUSION 

In summary, accumulating evidence has emerged to suggest associations between asthma and 

CVD. As a result, our understanding of the bidirectional risk of CVD and asthma has increased, 

although our knowledge about this association and its mechanisms remain incomplete. Indeed, 

the clinical evidence supporting the hypothesis that asthma confers an elevated CVD risk in 

patients is not univocal, and the specific biological mechanisms that may facilitate the 

development of cardiovascular comorbidities are unclear because they often overlap and 

sometimes conflict with each other. Understanding these biological mechanisms is critical for 



  

choosing pharmacological interventions. Currently, the most appropriate therapeutic approach 

lies in using the best available evidence to optimize the management of both asthma and CVD. 

In any case, it will be necessary to conduct specific clinical trials studying the effect on clinical 

outcomes of drugs known to be helpful for both CVD and asthma. 

 

Article information 

Conflict of interest: None declared. 

Funding: None. 

Open access: This article is available in open access under Creative Common Attribution-Non-

Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to 

download articles and share them with others as long as they credit the authors and the 

publisher, but without permission to change them in any way or use them commercially. For 

commercial use, please contact the journal office at kardiologiapolska@ptkardio.pl. 

 

REFERENCES 

1. Cloutier MM, Baptist AP, Blake KV, et al. 2020 Focused Updates to the Asthma 

Management Guidelines: A Report from the National Asthma Education and Prevention 

Program Coordinating Committee Expert Panel Working Group. J Allergy Clin 

Immunol. 2020; 146(6): 1217–1270, doi: 10.1016/j.jaci.2020.10.003, indexed in 

Pubmed: 33280709. 

2. Reddel HK, Bacharier LB, Bateman ED, et al. Global Initiative for Asthma Strategy 

2021: Executive Summary and Rationale for Key Changes. Am J Respir Crit Care Med. 

2022; 205(1): 17–35, doi: 10.1164/rccm.202109-2205PP, indexed in 

Pubmed: 34658302. 

3. Lötvall J, Akdis CA, Bacharier LB, et al. Asthma endotypes: a new approach to 

classification of disease entities within the asthma syndrome. J Allergy Clin Immunol. 

2011; 127(2): 355–360, doi: 10.1016/j.jaci.2010.11.037, indexed in 

Pubmed: 21281866. 

4. Fahy JV. Type 2 inflammation in asthma--present in most, absent in many. Nat Rev 

Immunol. 2015; 15(1): 57–65, doi: 10.1038/nri3786, indexed in Pubmed: 25534623. 

5. Woodruff PG, Modrek B, Choy DF, et al. T-helper type 2-driven inflammation defines 

major subphenotypes of asthma. Am J Respir Crit Care Med. 2009; 180(5): 388–395, 

doi: 10.1164/rccm.200903-0392OC, indexed in Pubmed: 19483109. 

http://dx.doi.org/10.1016/j.jaci.2020.10.003
https://www.ncbi.nlm.nih.gov/pubmed/33280709
http://dx.doi.org/10.1164/rccm.202109-2205PP
https://www.ncbi.nlm.nih.gov/pubmed/34658302
http://dx.doi.org/10.1016/j.jaci.2010.11.037
https://www.ncbi.nlm.nih.gov/pubmed/21281866
http://dx.doi.org/10.1038/nri3786
https://www.ncbi.nlm.nih.gov/pubmed/25534623
http://dx.doi.org/10.1164/rccm.200903-0392OC
https://www.ncbi.nlm.nih.gov/pubmed/19483109


  

6. Fitzpatrick AM, Chipps BE, Holguin F, et al. T2-"Low" Asthma: Overview and 

Management Strategies. J Allergy Clin Immunol Pract. 2020; 8(2): 452–463, 

doi: 10.1016/j.jaip.2019.11.006, indexed in Pubmed: 32037109. 

7. Ilmarinen P, Tuomisto LE, Kankaanranta H. Phenotypes, Risk Factors, and Mechanisms 

of Adult-Onset Asthma. Mediators Inflamm. 2015; 2015: 514868, 

doi: 10.1155/2015/514868, indexed in Pubmed: 26538828. 

8. Wenzel SE. Asthma phenotypes: the evolution from clinical to molecular approaches. 

Nat Med. 2012; 18(5): 716–725, doi: 10.1038/nm.2678, indexed in Pubmed: 22561835. 

9. Cazzola M, Calzetta L, Rinaldi B, et al. Clinical characteristics, treatment patterns and 

adherence in patients with asthma on multiple inhaler triple therapy: a review of 

findings. Expert Rev Respir Med. 2022; 16(11-12): 1205–1212, 

doi: 10.1080/17476348.2023.2167715, indexed in Pubmed: 36629483. 

10. Cazzola M, Braido F, Calzetta L, et al. The 5T approach in asthma: Triple Therapy 

Targeting Treatable Traits. Respir Med. 2022; 200: 106915, 

doi: 10.1016/j.rmed.2022.106915, indexed in Pubmed: 35753188. 

11. Cazzola M, Matera MG, Rogliani P, et al. Pharmacodynamic and pharmacokinetic 

assessment of fluticasone furoate + vilanterol for the treatment of asthma. Expert Opin 

Drug Metab Toxicol. 2016; 12(7): 813–822, doi: 10.1080/17425255.2016.1192125, 

indexed in Pubmed: 27253498. 

12. Svenningsen S, Nair P. Asthma Endotypes and an Overview of Targeted Therapy for 

Asthma. Front Med (Lausanne). 2017; 4: 158, doi: 10.3389/fmed.2017.00158, indexed 

in Pubmed: 29018800. 

13. Wood LG, Baines KJ, Fu J, et al. The neutrophilic inflammatory phenotype is associated 

with systemic inflammation in asthma. Chest. 2012; 142(1): 86–93, 

doi: 10.1378/chest.11-1838, indexed in Pubmed: 22345378. 

14. Kankaanranta H, Kauppi P, Tuomisto LE, et al. Emerging Comorbidities in Adult 

Asthma: Risks, Clinical Associations, and Mechanisms. Mediators Inflamm. 2016; 

2016: 3690628, doi: 10.1155/2016/3690628, indexed in Pubmed: 27212806. 

15. Cazzola M, Rogliani P, Ora J, et al. Asthma and comorbidities: recent advances. Pol 

Arch Intern Med. 2022; 132(4), doi: 10.20452/pamw.16250, indexed in 

Pubmed: 35485651. 

16. Argueta F, Alviar C, Peters J, et al. Chronic asthma and the risk of cardiovascular 

disease. Cardiovascular Complications of Respiratory Disorders. Sheffield, European 

Respiratory Society. 2020: 82–95, doi: 10.1183/2312508x.10027519. 

http://dx.doi.org/10.1016/j.jaip.2019.11.006
https://www.ncbi.nlm.nih.gov/pubmed/32037109
http://dx.doi.org/10.1155/2015/514868
https://www.ncbi.nlm.nih.gov/pubmed/26538828
http://dx.doi.org/10.1038/nm.2678
https://www.ncbi.nlm.nih.gov/pubmed/22561835
http://dx.doi.org/10.1080/17476348.2023.2167715
https://www.ncbi.nlm.nih.gov/pubmed/36629483
http://dx.doi.org/10.1016/j.rmed.2022.106915
https://www.ncbi.nlm.nih.gov/pubmed/35753188
http://dx.doi.org/10.1080/17425255.2016.1192125
https://www.ncbi.nlm.nih.gov/pubmed/27253498
http://dx.doi.org/10.3389/fmed.2017.00158
https://www.ncbi.nlm.nih.gov/pubmed/29018800
http://dx.doi.org/10.1378/chest.11-1838
https://www.ncbi.nlm.nih.gov/pubmed/22345378
http://dx.doi.org/10.1155/2016/3690628
https://www.ncbi.nlm.nih.gov/pubmed/27212806
http://dx.doi.org/10.20452/pamw.16250
https://www.ncbi.nlm.nih.gov/pubmed/35485651
http://dx.doi.org/10.1183/2312508x.10027519


  

17. Guo J, Zhang Y, Liu T, et al. Allergic asthma is a risk factor for human cardiovascular 

diseases. Nat Cardiovas Res. 2022; 1(5): 417–430, doi: 10.1038/s44161-022-00067-z. 

18. Cazzola M, Calzetta L, Bettoncelli G, et al. Cardiovascular disease in asthma and 

COPD: a population-based retrospective cross-sectional study. Respir Med. 2012; 

106(2): 249–256, doi: 10.1016/j.rmed.2011.07.021, indexed in Pubmed: 21856140. 

19. Rogliani P, Laitano R, Ora J, et al. Strength of association between comorbidities and 

asthma: a meta-analysis. Eur Respir Rev. ; 2023(in press). 

20. Christiansen SC, Schatz M, Yang SJ, et al. Hypertension and Asthma: A Comorbid 

Relationship. J Allergy Clin Immunol Pract. 2016; 4(1): 76–81, 

doi: 10.1016/j.jaip.2015.07.009, indexed in Pubmed: 26342745. 

21. Zhang B, Li ZF, An ZY, et al. Association Between Asthma and All-Cause Mortality 

and Cardiovascular Disease Morbidity and Mortality: A Meta-Analysis of Cohort 

Studies. Front Cardiovasc Med. 2022; 9: 861798, doi: 10.3389/fcvm.2022.861798, 

indexed in Pubmed: 35369308. 

22. Hekking PP, Amelink M, Wener RR, et al. Comorbidities in Difficult-to-Control 

Asthma. J Allergy Clin Immunol Pract. 2018; 6(1): 108–113, 

doi: 10.1016/j.jaip.2017.06.008, indexed in Pubmed: 28734857. 

23. Onufrak SJ, Abramson JL, Austin HD, et al. Relation of adult-onset asthma to coronary 

heart disease and stroke. Am J Cardiol. 2008; 101(9): 1247–1252, 

doi: 10.1016/j.amjcard.2007.12.024, indexed in Pubmed: 18435952. 

24. Lee HMu, Truong ST, Wong ND. Association of adult-onset asthma with specific 

cardiovascular conditions. Respir Med. 2012; 106(7): 948–953, 

doi: 10.1016/j.rmed.2012.02.017, indexed in Pubmed: 22445771. 

25. Pollevick ME, Xu KY, Mhango G, et al. The Relationship Between Asthma and 

Cardiovascular Disease: An Examination of the Framingham Offspring Study. Chest. 

2021; 159(4): 1338–1345, doi: 10.1016/j.chest.2020.11.053, indexed in 

Pubmed: 33316236. 

26. Dodd KE, Blackley DJ, Mazurek JM. Cardiovascular Disease Among Adults With 

Work-Related Asthma, 2012-2017. Am J Prev Med. 2023; 64(2): 194–203, 

doi: 10.1016/j.amepre.2022.09.010, indexed in Pubmed: 36371324. 

27. Schanen JG, Iribarren C, Shahar E, et al. Asthma and incident cardiovascular disease: 

the Atherosclerosis Risk in Communities Study. Thorax. 2005; 60(8): 633–638, 

doi: 10.1136/thx.2004.026484, indexed in Pubmed: 16061703. 

http://dx.doi.org/10.1038/s44161-022-00067-z
http://dx.doi.org/10.1016/j.rmed.2011.07.021
https://www.ncbi.nlm.nih.gov/pubmed/21856140
http://dx.doi.org/10.1016/j.jaip.2015.07.009
https://www.ncbi.nlm.nih.gov/pubmed/26342745
http://dx.doi.org/10.3389/fcvm.2022.861798
https://www.ncbi.nlm.nih.gov/pubmed/35369308
http://dx.doi.org/10.1016/j.jaip.2017.06.008
https://www.ncbi.nlm.nih.gov/pubmed/28734857
http://dx.doi.org/10.1016/j.amjcard.2007.12.024
https://www.ncbi.nlm.nih.gov/pubmed/18435952
http://dx.doi.org/10.1016/j.rmed.2012.02.017
https://www.ncbi.nlm.nih.gov/pubmed/22445771
http://dx.doi.org/10.1016/j.chest.2020.11.053
https://www.ncbi.nlm.nih.gov/pubmed/33316236
http://dx.doi.org/10.1016/j.amepre.2022.09.010
https://www.ncbi.nlm.nih.gov/pubmed/36371324
http://dx.doi.org/10.1136/thx.2004.026484
https://www.ncbi.nlm.nih.gov/pubmed/16061703


  

28. Panek M, Mokros Ł, Pietras T, et al. The epidemiology of asthma and its comorbidities 

in Poland--Health problems of patients with severe asthma as evidenced in the Province 

of Lodz. Respir Med. 2016; 112: 31–38, doi: 10.1016/j.rmed.2016.01.009, indexed in 

Pubmed: 26852088. 

29. Picado C, Pernigotti A, Arismendi E. Asthma: A New Cardiovascular Risk Factor? Arch 

Bronconeumol (Engl Ed). 2019; 55(7): 353–354, doi: 10.1016/j.arbres.2018.10.016, 

indexed in Pubmed: 30559032. 

30. Wang L, Gao S, Yu M, et al. Association of asthma with coronary heart disease: A meta 

analysis of 11 trials. PLoS One. 2017; 12(6): e0179335, 

doi: 10.1371/journal.pone.0179335, indexed in Pubmed: 28609456. 

31. Ingebrigtsen TS, Marott JL, Vestbo J, et al. Coronary heart disease and heart failure in 

asthma, COPD and asthma-COPD overlap. BMJ Open Respir Res. 2020; 7(1), 

doi: 10.1136/bmjresp-2019-000470, indexed in Pubmed: 33371008. 

32. Liu H, Fu Y, Wang K. Asthma and risk of coronary heart disease: A meta-analysis of 

cohort studies. Ann Allergy Asthma Immunol. 2017; 118(6): 689–695, 

doi: 10.1016/j.anai.2017.03.012, indexed in Pubmed: 28433577. 

33. Cepelis A, Brumpton BM, Laugsand LE, et al. Asthma, asthma control and risk of acute 

myocardial infarction: HUNT study. Eur J Epidemiol. 2019; 34(10): 967–977, 

doi: 10.1007/s10654-019-00562-x, indexed in Pubmed: 31512117. 

34. Bang DW, Wi CI, Kim ENa, et al. Asthma Status and Risk of Incident Myocardial 

Infarction: A Population-Based Case-Control Study. J Allergy Clin Immunol Pract. 

2016; 4(5): 917–923, doi: 10.1016/j.jaip.2016.02.018, indexed in Pubmed: 27157653. 

35. Raita Y, Camargo CA, Faridi MK, et al. Risk of Acute Myocardial Infarction and 

Ischemic Stroke in Patients with Asthma Exacerbation: A Population-Based, Self-

Controlled Case Series Study. J Allergy Clin Immunol Pract. 2020; 8(1): 188–194.e8, 

doi: 10.1016/j.jaip.2019.06.043, indexed in Pubmed: 31323338. 

36. Wee JH, Park MW, Min C, et al. Association between asthma and cardiovascular 

disease. Eur J Clin Invest. 2021; 51(3): e13396, doi: 10.1111/eci.13396, indexed in 

Pubmed: 32888313. 

37. He X, Cheng G, He Lu, et al. Adults with current asthma but not former asthma have 

higher all-cause and cardiovascular mortality: a population-based prospective cohort 

study. Sci Rep. 2021; 11(1): 1329, doi: 10.1038/s41598-020-79264-4, indexed in 

Pubmed: 33446724. 

http://dx.doi.org/10.1016/j.rmed.2016.01.009
https://www.ncbi.nlm.nih.gov/pubmed/26852088
http://dx.doi.org/10.1016/j.arbres.2018.10.016
https://www.ncbi.nlm.nih.gov/pubmed/30559032
http://dx.doi.org/10.1371/journal.pone.0179335
https://www.ncbi.nlm.nih.gov/pubmed/28609456
http://dx.doi.org/10.1136/bmjresp-2019-000470
https://www.ncbi.nlm.nih.gov/pubmed/33371008
http://dx.doi.org/10.1016/j.anai.2017.03.012
https://www.ncbi.nlm.nih.gov/pubmed/28433577
http://dx.doi.org/10.1007/s10654-019-00562-x
https://www.ncbi.nlm.nih.gov/pubmed/31512117
http://dx.doi.org/10.1016/j.jaip.2016.02.018
https://www.ncbi.nlm.nih.gov/pubmed/27157653
http://dx.doi.org/10.1016/j.jaip.2019.06.043
https://www.ncbi.nlm.nih.gov/pubmed/31323338
http://dx.doi.org/10.1111/eci.13396
https://www.ncbi.nlm.nih.gov/pubmed/32888313
http://dx.doi.org/10.1038/s41598-020-79264-4
https://www.ncbi.nlm.nih.gov/pubmed/33446724


  

38. Ng CA, Knuiman MW, Murray K, et al. Childhood asthma and cardiovascular 

morbidity and mortality in adulthood: The Busselton Health Study. Pediatr Pulmonol. 

2021; 56(7): 1915–1923, doi: 10.1002/ppul.25386, indexed in Pubmed: 33819390. 

39. Strand LB, Tsai MK, Wen CP, et al. Is having asthma associated with an increased risk 

of dying from cardiovascular disease? A prospective cohort study of 446 346 Taiwanese 

adults. BMJ Open. 2018; 8(5): e019992, doi: 10.1136/bmjopen-2017-019992, indexed 

in Pubmed: 29858410. 

40. Yu S, Lee SC, Hong JH, et al. Cardiovascular and cerebrovascular mortality in patients 

with preceding asthma exacerbation. Respirology. 2023 [Epub ahead of print], 

doi: 10.1111/resp.14444, indexed in Pubmed: 36596607. 

41. Liu CL, Wang Yi, Liao M, et al. Allergic lung inflammation promotes atherosclerosis 

in apolipoprotein E-deficient mice. Transl Res. 2016; 171: 1–16, 

doi: 10.1016/j.trsl.2016.01.008, indexed in Pubmed: 26898714. 

42. Tuleta I, Skowasch D, Aurich F, et al. Asthma is associated with atherosclerotic artery 

changes. PLoS One. 2017; 12(10): e0186820, doi: 10.1371/journal.pone.0186820, 

indexed in Pubmed: 29073174. 

43. Tattersall MC, Dasiewicz AS, McClelland RL, et al. Persistent Asthma Is Associated 

With Carotid Plaque in MESA. J Am Heart Assoc. 2022; 11(23): e026644, 

doi: 10.1161/JAHA.122.026644, indexed in Pubmed: 36416156. 

44. Jousilahti P, Salomaa V, Hakala K, et al. The association of sensitive systemic 

inflammation markers with bronchial asthma. Ann Allergy Asthma Immunol. 2002; 

89(4): 381–385, doi: 10.1016/S1081-1206(10)62039-X, indexed in 

Pubmed: 12392382. 

45. Gurgone D, McShane L, McSharry C, et al. Cytokines at the Interplay Between Asthma 

and Atherosclerosis? Front Pharmacol. 2020; 11: 166, doi: 10.3389/fphar.2020.00166, 

indexed in Pubmed: 32194407. 

46. Card JW, Zeldin DC. Hormonal influences on lung function and response to 

environmental agents: lessons from animal models of respiratory disease. Proc Am 

Thorac Soc. 2009; 6(7): 588–595, doi: 10.1513/pats.200904-020RM, indexed in 

Pubmed: 19934354. 

47. Gisterå A, Hansson GK. The immunology of atherosclerosis. Nat Rev Nephrol. 2017; 

13(6): 368–380, doi: 10.1038/nrneph.2017.51, indexed in Pubmed: 28392564. 

http://dx.doi.org/10.1002/ppul.25386
https://www.ncbi.nlm.nih.gov/pubmed/33819390
http://dx.doi.org/10.1136/bmjopen-2017-019992
https://www.ncbi.nlm.nih.gov/pubmed/29858410
http://dx.doi.org/10.1111/resp.14444
https://www.ncbi.nlm.nih.gov/pubmed/36596607
http://dx.doi.org/10.1016/j.trsl.2016.01.008
https://www.ncbi.nlm.nih.gov/pubmed/26898714
http://dx.doi.org/10.1371/journal.pone.0186820
https://www.ncbi.nlm.nih.gov/pubmed/29073174
http://dx.doi.org/10.1161/JAHA.122.026644
https://www.ncbi.nlm.nih.gov/pubmed/36416156
http://dx.doi.org/10.1016/S1081-1206(10)62039-X
https://www.ncbi.nlm.nih.gov/pubmed/12392382
http://dx.doi.org/10.3389/fphar.2020.00166
https://www.ncbi.nlm.nih.gov/pubmed/32194407
http://dx.doi.org/10.1513/pats.200904-020RM
https://www.ncbi.nlm.nih.gov/pubmed/19934354
http://dx.doi.org/10.1038/nrneph.2017.51
https://www.ncbi.nlm.nih.gov/pubmed/28392564


  

48. Liu CL, Zhang JY, Shi GP. Interaction between allergic asthma and atherosclerosis. 

Transl Res. 2016; 174: 5–22, doi: 10.1016/j.trsl.2015.09.009, indexed in 

Pubmed: 26608212. 

49. Libby P, Lichtman AH, Hansson GK. Immune effector mechanisms implicated in 

atherosclerosis: from mice to humans. Immunity. 2013; 38(6): 1092–1104, 

doi: 10.1016/j.immuni.2013.06.009, indexed in Pubmed: 23809160. 

50. Kounis NG, Hahalis G. Serum IgE levels in coronary artery disease. Atherosclerosis. 

2016; 251: 498–500, doi: 10.1016/j.atherosclerosis.2016.05.045, indexed in 

Pubmed: 27288268. 

51. Winder B, Kiechl SJ, Gruber NM, et al. The association of allergic asthma and carotid 

intima-media thickness in adolescence: data of the prospective early vascular ageing 

(EVA)-Tyrol cohort study. BMC Cardiovasc Disord. 2022; 22(1): 11, 

doi: 10.1186/s12872-021-02452-1, indexed in Pubmed: 35042472. 

52. Bergmann K, Sypniewska G. Is there an association of allergy and cardiovascular 

disease? Biochem Med (Zagreb). 2011; 21(3): 210–218, doi: 10.11613/bm.2011.030, 

indexed in Pubmed: 22420234. 

53. Kimura A, Kishimoto T. IL-6: regulator of Treg/Th17 balance. Eur J Immunol. 2010; 

40(7): 1830–1835, doi: 10.1002/eji.201040391, indexed in Pubmed: 20583029. 

54. Ridker PM, Rifai N, Stampfer MJ, et al. Plasma concentration of interleukin-6 and the 

risk of future myocardial infarction among apparently healthy men. Circulation. 2000; 

101(15): 1767–1772, doi: 10.1161/01.cir.101.15.1767, indexed in Pubmed: 10769275. 

55. Spagnoli LG, Bonanno E, Sangiorgi G, et al. Role of inflammation in atherosclerosis. J 

Nucl Med. 2007; 48(11): 1800–1815, doi: 10.2967/jnumed.107.038661, indexed in 

Pubmed: 17942804. 

56. Tattersall MC, Guo M, Korcarz CE, et al. Asthma predicts cardiovascular disease 

events: the multi-ethnic study of atherosclerosis. Arterioscler Thromb Vasc Biol. 2015; 

35(6): 1520–1525, doi: 10.1161/ATVBAHA.115.305452, indexed in 

Pubmed: 25908767. 

57. Sutton SS, Magagnoli J, Cummings TH, et al. Leukotriene receptor antagonism with 

montelukast as a possible therapeutic for venous thromboembolism prophylaxis: An 

observational study. Prostaglandins Other Lipid Mediat. 2022; 161: 106649, 

doi: 10.1016/j.prostaglandins.2022.106649, indexed in Pubmed: 35595009. 

http://dx.doi.org/10.1016/j.trsl.2015.09.009
https://www.ncbi.nlm.nih.gov/pubmed/26608212
http://dx.doi.org/10.1016/j.immuni.2013.06.009
https://www.ncbi.nlm.nih.gov/pubmed/23809160
http://dx.doi.org/10.1016/j.atherosclerosis.2016.05.045
https://www.ncbi.nlm.nih.gov/pubmed/27288268
http://dx.doi.org/10.1186/s12872-021-02452-1
https://www.ncbi.nlm.nih.gov/pubmed/35042472
http://dx.doi.org/10.11613/bm.2011.030
https://www.ncbi.nlm.nih.gov/pubmed/22420234
http://dx.doi.org/10.1002/eji.201040391
https://www.ncbi.nlm.nih.gov/pubmed/20583029
http://dx.doi.org/10.1161/01.cir.101.15.1767
https://www.ncbi.nlm.nih.gov/pubmed/10769275
http://dx.doi.org/10.2967/jnumed.107.038661
https://www.ncbi.nlm.nih.gov/pubmed/17942804
http://dx.doi.org/10.1161/ATVBAHA.115.305452
https://www.ncbi.nlm.nih.gov/pubmed/25908767
http://dx.doi.org/10.1016/j.prostaglandins.2022.106649
https://www.ncbi.nlm.nih.gov/pubmed/35595009


  

58. Triggiani M, Patella V, Staiano RI, et al. Allergy and the cardiovascular system. Clin 

Exp Immunol. 2008; 153 Suppl 1(Suppl 1): 7–11, doi: 10.1111/j.1365-

2249.2008.03714.x, indexed in Pubmed: 18721322. 

59. Christiansen SC, Zuraw BL, Christiansen SC, et al. Treatment of Hypertension in 

Patients with Asthma. N Engl J Med. 2019; 381(11): 1046–1057, 

doi: 10.1056/NEJMra1800345, indexed in Pubmed: 31509675. 

60. Lee PH, Fu PK. Pulmonary Embolism and Severe Asthma: Case Report and Literature 

Review. Medicina (Kaunas). 2019; 55(10), doi: 10.3390/medicina55100647, indexed in 

Pubmed: 31561622. 

61. Cazzola M, Rogliani P, Calzetta L, et al. Bronchodilators in subjects with asthma-related 

comorbidities. Respir Med. 2019; 151: 43–48, doi: 10.1016/j.rmed.2019.04.001, 

indexed in Pubmed: 31047116. 

62. Ora J, Cavalli F, Cazzola M. Management of patients with asthma or COPD and 

cardiovascular disease: risks versus benefits. Cardiovascular Complications of 

Respiratory Disorders (ERS Monograph). Sheffield, European Respiratory Society, 

2020: 66–81, doi: 10.1183/2312508x.10027419. 

63. Zhang B, de Vries F, Setakis E, et al. The pattern of risk of myocardial infarction in 

patients taking asthma medication: a study with the General Practice Research Database. 

J Hypertens. 2009; 27(7): 1485–1492, doi: 10.1097/HJH.0b013e32832af68d, indexed 

in Pubmed: 19491706. 

64. Moore LE, Kapoor K, Byers BW, et al. Acute effects of salbutamol on systemic vascular 

function in people with asthma. Respir Med. 2019; 155: 133–140, 

doi: 10.1016/j.rmed.2019.07.018, indexed in Pubmed: 31349187. 

65. Hung MJ, Mao CT, Hung MY, et al. Impact of Asthma on the Development of Coronary 

Vasospastic Angina: A Population-Based Cohort Study. Medicine (Baltimore). 2015; 

94(42): e1880, doi: 10.1097/MD.0000000000001880, indexed in Pubmed: 26496346. 

66. Amegadzie JE, Gamble JM, Farrell J, et al. Association between Inhaled β-

agonists Initiation and Risk of Major Adverse Cardiovascular Events: A Population-

based Nested Case-Control Study. Int J Chron Obstruct Pulmon Dis. 2022; 17: 1205–

1217, doi: 10.2147/COPD.S358927, indexed in Pubmed: 35645559. 

67. Adimadhyam S, Schumock GT, Walton S, et al. Risk of arrhythmias associated with 

ipratropium bromide in children, adolescents, and young adults with asthma: a nested 

case-control study. Pharmacotherapy. 2014; 34(4): 315–323, doi: 10.1002/phar.1336, 

indexed in Pubmed: 23918239. 

http://dx.doi.org/10.1111/j.1365-2249.2008.03714.x
http://dx.doi.org/10.1111/j.1365-2249.2008.03714.x
https://www.ncbi.nlm.nih.gov/pubmed/18721322
http://dx.doi.org/10.1056/NEJMra1800345
https://www.ncbi.nlm.nih.gov/pubmed/31509675
http://dx.doi.org/10.3390/medicina55100647
https://www.ncbi.nlm.nih.gov/pubmed/31561622
http://dx.doi.org/10.1016/j.rmed.2019.04.001
https://www.ncbi.nlm.nih.gov/pubmed/31047116
http://dx.doi.org/10.1183/2312508x.10027419
http://dx.doi.org/10.1097/HJH.0b013e32832af68d
https://www.ncbi.nlm.nih.gov/pubmed/19491706
http://dx.doi.org/10.1016/j.rmed.2019.07.018
https://www.ncbi.nlm.nih.gov/pubmed/31349187
http://dx.doi.org/10.1097/MD.0000000000001880
https://www.ncbi.nlm.nih.gov/pubmed/26496346
http://dx.doi.org/10.2147/COPD.S358927
https://www.ncbi.nlm.nih.gov/pubmed/35645559
http://dx.doi.org/10.1002/phar.1336
https://www.ncbi.nlm.nih.gov/pubmed/23918239


  

68. Cazzola M, Rogliani P, Matera MG. The latest on the role of LAMAs in asthma. J 

Allergy Clin Immunol. 2020; 146(6): 1288–1291, doi: 10.1016/j.jaci.2020.06.014, 

indexed in Pubmed: 32603663. 

69. Bittar G, Friedman HS. The arrhythmogenicity of theophylline. A multivariate analysis 

of clinical determinants. Chest. 1991; 99(6): 1415–1420, doi: 10.1378/chest.99.6.1415, 

indexed in Pubmed: 2036824. 

70. Wei Li, MacDonald TM, Walker BR. Taking glucocorticoids by prescription is 

associated with subsequent cardiovascular disease. Ann Intern Med. 2004; 141(10): 

764–770, doi: 10.7326/0003-4819-141-10-200411160-00007, indexed in 

Pubmed: 15545676. 

71. van der Hooft CS, Heeringa J, Brusselle GG, et al. Corticosteroids and the risk of atrial 

fibrillation. Arch Intern Med. 2006; 166(9): 1016–1020, 

doi: 10.1001/archinte.166.9.1016, indexed in Pubmed: 16682576. 

72. Varas-Lorenzo C, Rodriguez LA, Maguire A, et al. Use of oral corticosteroids and the 

risk of acute myocardial infarction. Atherosclerosis. 2007; 192(2): 376–383, 

doi: 10.1016/j.atherosclerosis.2006.05.019, indexed in Pubmed: 16787647. 

73. Iribarren C, Rahmaoui A, Long AA, et al. Cardiovascular and cerebrovascular events 

among patients receiving omalizumab: Results from EXCELS, a prospective cohort 

study in moderate to severe asthma. J Allergy Clin Immunol. 2017; 139(5): 1489–

1495.e5, doi: 10.1016/j.jaci.2016.07.038, indexed in Pubmed: 27639934. 

74. Iribarren C, Rothman KJ, Bradley MS, et al. Cardiovascular and cerebrovascular events 

among patients receiving omalizumab: Pooled analysis of patient-level data from 25 

randomized, double-blind, placebo-controlled clinical trials. J Allergy Clin Immunol. 

2017; 139(5): 1678–1680, doi: 10.1016/j.jaci.2016.12.953, indexed in 

Pubmed: 28108337. 

75. Oblitas CM, Galeano-Valle F, Vela-De La Cruz L, et al. Omalizumab as a Provoking 

Factor for Venous Thromboembolism. Drug Target Insights. 2019; 13: 

1177392819861987, doi: 10.1177/1177392819861987, indexed in Pubmed: 31320796. 

76. Quinta JB, Montastruc F, Sommet A, et al. Cardiovascular adverse effects of anti-IL-

5/IL-5Rα therapies: A real-world study. J Allergy Clin Immunol Pract. 2021; 9(3): 

1411–1413, doi: 10.1016/j.jaip.2020.12.031, indexed in Pubmed: 33412311. 

77. Park J, Kang H, Hong S, et al. Comparing Inhaled Corticosteroids and Long-Acting 

Beta Agonists Combination To Inhaled Corticosteroids on Risk of Ischemic 

http://dx.doi.org/10.1016/j.jaci.2020.06.014
https://www.ncbi.nlm.nih.gov/pubmed/32603663
http://dx.doi.org/10.1378/chest.99.6.1415
https://www.ncbi.nlm.nih.gov/pubmed/2036824
http://dx.doi.org/10.7326/0003-4819-141-10-200411160-00007
https://www.ncbi.nlm.nih.gov/pubmed/15545676
http://dx.doi.org/10.1001/archinte.166.9.1016
https://www.ncbi.nlm.nih.gov/pubmed/16682576
http://dx.doi.org/10.1016/j.atherosclerosis.2006.05.019
https://www.ncbi.nlm.nih.gov/pubmed/16787647
http://dx.doi.org/10.1016/j.jaci.2016.07.038
https://www.ncbi.nlm.nih.gov/pubmed/27639934
http://dx.doi.org/10.1016/j.jaci.2016.12.953
https://www.ncbi.nlm.nih.gov/pubmed/28108337
http://dx.doi.org/10.1177/1177392819861987
https://www.ncbi.nlm.nih.gov/pubmed/31320796
http://dx.doi.org/10.1016/j.jaip.2020.12.031
https://www.ncbi.nlm.nih.gov/pubmed/33412311


  

Cardiovascular Diseases in Patients with Asthma. Value in Health. 2017; 20(9): A640, 

doi: 10.1016/j.jval.2017.08.1462. 

78. Camargo CA, Barr RG, Chen R, et al. Prospective study of inhaled corticosteroid use, 

cardiovascular mortality, and all-cause mortality in asthmatic women. Chest. 2008; 

134(3): 546–551, doi: 10.1378/chest.07-3126, indexed in Pubmed: 18641096. 

79. Podgórski M, Kupczyk M, Grzelak P, et al. Inhaled Corticosteroids in Asthma: 

Promoting or Protecting Against Atherosclerosis? Med Sci Monit. 2017; 23: 5337–

5344, doi: 10.12659/msm.904469, indexed in Pubmed: 29120994. 

80. Hoxha M, Lewis-Mikhael AM, Bueno-Cavanillas A. Potential role of leukotriene 

receptor antagonists in reducing cardiovascular and cerbrovascular risk: A systematic 

review of human clinical trials and in vivo animal studies. Biomed Pharmacother. 2018; 

106: 956–965, doi: 10.1016/j.biopha.2018.07.033, indexed in Pubmed: 30119268. 

81. Hoxha M, Tedesco CC, Quaglin S, et al. Montelukast Use Decreases Cardiovascular 

Events in Asthmatics. Front Pharmacol. 2020; 11: 611561, 

doi: 10.3389/fphar.2020.611561, indexed in Pubmed: 33519477. 

82. Altawalbeh SM, Thorpe CT, Zgibor JC, et al. Antileukotriene Agents Versus Long-

Acting Beta-Agonists in Older Adults with Persistent Asthma: A Comparison of Add-

On Therapies. J Am Geriatr Soc. 2016; 64(8): 1592–1600, doi: 10.1111/jgs.14235, 

indexed in Pubmed: 27351988. 

83. Pité H, da Cruz MB, Morais-Almeida M. Obstructive lung diseases and beta-blockers: 

Where do we stand? Eur J Intern Med. 2016; 34: e32–e33, 

doi: 10.1016/j.ejim.2016.04.024, indexed in Pubmed: 27179413. 

84. Morales DR, Jackson C, Lipworth BJ, et al. Adverse respiratory effect of acute β-

blocker exposure in asthma: a systematic review and meta-analysis of randomized 

controlled trials. Chest. 2014; 145(4): 779–786, doi: 10.1378/chest.13-1235, indexed in 

Pubmed: 24202435. 

85. Baker JG, Wilcox RG. β-Blockers, heart disease and COPD: current controversies and 

uncertainties. Thorax. 2017; 72(3): 271–276, doi: 10.1136/thoraxjnl-2016-208412, 

indexed in Pubmed: 27927840. 

86. Tiotiu A, Novakova P, Kowal K, et al. Beta-blockers in asthma: myth and reality. Expert 

Rev Respir Med. 2019; 13(9): 815–822, doi: 10.1080/17476348.2019.1649147, 

indexed in Pubmed: 31352857. 

http://dx.doi.org/10.1016/j.jval.2017.08.1462
http://dx.doi.org/10.1378/chest.07-3126
https://www.ncbi.nlm.nih.gov/pubmed/18641096
http://dx.doi.org/10.12659/msm.904469
https://www.ncbi.nlm.nih.gov/pubmed/29120994
http://dx.doi.org/10.1016/j.biopha.2018.07.033
https://www.ncbi.nlm.nih.gov/pubmed/30119268
http://dx.doi.org/10.3389/fphar.2020.611561
https://www.ncbi.nlm.nih.gov/pubmed/33519477
http://dx.doi.org/10.1111/jgs.14235
https://www.ncbi.nlm.nih.gov/pubmed/27351988
http://dx.doi.org/10.1016/j.ejim.2016.04.024
https://www.ncbi.nlm.nih.gov/pubmed/27179413
http://dx.doi.org/10.1378/chest.13-1235
https://www.ncbi.nlm.nih.gov/pubmed/24202435
http://dx.doi.org/10.1136/thoraxjnl-2016-208412
https://www.ncbi.nlm.nih.gov/pubmed/27927840
http://dx.doi.org/10.1080/17476348.2019.1649147
https://www.ncbi.nlm.nih.gov/pubmed/31352857


  

87. Cazzola M, Noschese P, D'Amato M, et al. Comparison of the effects of single oral 

doses of nebivolol and celiprolol on airways in patients with mild asthma. Chest. 2000; 

118(5): 1322–1326, doi: 10.1378/chest.118.5.1322, indexed in Pubmed: 11083681. 

88. Dickey BF, Walker JKL, Hanania NA, et al. beta-Adrenoceptor inverse agonists in 

asthma. Curr Opin Pharmacol. 2010; 10(3): 254–259, doi: 10.1016/j.coph.2010.03.002, 

indexed in Pubmed: 20399707. 

89. Hanania NA, Singh S, El-Wali R, et al. The safety and effects of the beta-blocker, 

nadolol, in mild asthma: an open-label pilot study. Pulm Pharmacol Ther. 2008; 21(1): 

134–141, doi: 10.1016/j.pupt.2007.07.002, indexed in Pubmed: 17703976. 

90. Hanania NA, Mannava B, Franklin AE, et al. Response to salbutamol in patients with 

mild asthma treated with nadolol. Eur Respir J. 2010; 36(4): 963–965, 

doi: 10.1183/09031936.00003210, indexed in Pubmed: 20889466. 

91. Cardet JC, Bulkhi AA, Lockey RF. Nonrespiratory Comorbidities in Asthma. J Allergy 

Clin Immunol Pract. 2021; 9(11): 3887–3897, doi: 10.1016/j.jaip.2021.08.027, indexed 

in Pubmed: 34492402. 

92. Thomson NC, Charron CE, Chaudhuri R, et al. Atorvastatin in combination with inhaled 

beclometasone modulates inflammatory sputum mediators in smokers with asthma. 

Pulm Pharmacol Ther. 2015; 31: 1–8, doi: 10.1016/j.pupt.2015.01.001, indexed in 

Pubmed: 25595138. 

93. Naing C, Ni H. Statins for asthma. Cochrane Database Syst Rev. 2020; 7(7): CD013268, 

doi: 10.1002/14651858.CD013268.pub2, indexed in Pubmed: 32668027. 

94. Sunata K, Kabata H, Kuno T, et al. The effect of statins for asthma. A systematic review 

and meta-analysis. J Asthma. 2022; 59(4): 801–810, 

doi: 10.1080/02770903.2021.1879850, indexed in Pubmed: 33504228. 

95. Zhang QX, Zhang HF, Lu XT, et al. Statins improve asthma symptoms by suppressing 

inflammation: a meta-analysis based on RCTs. Eur Rev Med Pharmacol Sci. 2022; 

26(22): 8401–8410, doi: 10.26355/eurrev_202211_30376, indexed in 

Pubmed: 36459023. 

96. Hui Q, Hao Y, Ye F, et al. Genetically high angiotensin-converting enzyme 

concentrations causally increase asthma risk: A meta-analysis using Mendelian 

randomization. Front Med (Lausanne). 2022; 9: 941944, 

doi: 10.3389/fmed.2022.941944, indexed in Pubmed: 36419791. 

http://dx.doi.org/10.1378/chest.118.5.1322
https://www.ncbi.nlm.nih.gov/pubmed/11083681
http://dx.doi.org/10.1016/j.coph.2010.03.002
https://www.ncbi.nlm.nih.gov/pubmed/20399707
http://dx.doi.org/10.1016/j.pupt.2007.07.002
https://www.ncbi.nlm.nih.gov/pubmed/17703976
http://dx.doi.org/10.1183/09031936.00003210
https://www.ncbi.nlm.nih.gov/pubmed/20889466
http://dx.doi.org/10.1016/j.jaip.2021.08.027
https://www.ncbi.nlm.nih.gov/pubmed/34492402
http://dx.doi.org/10.1016/j.pupt.2015.01.001
https://www.ncbi.nlm.nih.gov/pubmed/25595138
http://dx.doi.org/10.1002/14651858.CD013268.pub2
https://www.ncbi.nlm.nih.gov/pubmed/32668027
http://dx.doi.org/10.1080/02770903.2021.1879850
https://www.ncbi.nlm.nih.gov/pubmed/33504228
http://dx.doi.org/10.26355/eurrev_202211_30376
https://www.ncbi.nlm.nih.gov/pubmed/36459023
http://dx.doi.org/10.3389/fmed.2022.941944
https://www.ncbi.nlm.nih.gov/pubmed/36419791


  

97. Gregório JF, Rodrigues-Machado Md, Santos RA, et al. Asthma: role of the angiotensin-

(1-7)/Mas (MAS1) pathway in pathophysiology and therapy. Br J Pharmacol. 2021; 

178(22): 4428–4439, doi: 10.1111/bph.15619, indexed in Pubmed: 34235725. 

98. Lunde H, Hedner T, Samuelsson O, et al. Dyspnoea, asthma, and bronchospasm in 

relation to treatment with angiotensin converting enzyme inhibitors. BMJ. 1994; 

308(6920): 18–21, doi: 10.1136/bmj.308.6920.18, indexed in Pubmed: 8298346. 

99. Myou S, Fujimura M, Kamio Y, et al. Effect of losartan, a type 1 angiotensin II receptor 

antagonist, on bronchial hyperresponsiveness to methacholine in patients with bronchial 

asthma. Am J Respir Crit Care Med. 2000; 162(1): 40–44, 

doi: 10.1164/ajrccm.162.1.9907127, indexed in Pubmed: 10903217. 

100. Chiu KYu, Li JG, Lin Y. Calcium channel blockers for lung function improvement in 

asthma: A systematic review and meta-analysis. Ann Allergy Asthma Immunol. 2017; 

119(6): 518–523.e3, doi: 10.1016/j.anai.2017.08.013, indexed in Pubmed: 29032888. 

101. Tsuzuki R, To M, Yamawaki S, et al. Inhibitory effect of calcium channel blockers on 

the deterioration of lung function in adult-onset asthma. Ann Allergy Asthma Immunol. 

2021; 126(6): 731–733, doi: 10.1016/j.anai.2021.02.029, indexed in 

Pubmed: 33705916. 

102. Li KL, Lee AY, Abuzeid WM. Aspirin Exacerbated Respiratory Disease: 

Epidemiology, Pathophysiology, and Management. Med Sci (Basel). 2019; 7(3), 

doi: 10.3390/medsci7030045, indexed in Pubmed: 30884882. 

103. Laidlaw TM, Boyce JA. Updates on immune mechanisms in aspirin-exacerbated 

respiratory disease. J Allergy Clin Immunol. 2022 [Epub ahead of print], 

doi: 10.1016/j.jaci.2022.08.021, indexed in Pubmed: 36184313. 

104. Rajan JP, Wineinger NE, Stevenson DD, et al. Prevalence of aspirin-exacerbated 

respiratory disease among asthmatic patients: A meta-analysis of the literature. J 

Allergy Clin Immunol. 2015; 135(3): 676–81.e1, doi: 10.1016/j.jaci.2014.08.020, 

indexed in Pubmed: 25282015. 

105. Jenkins C, Costello J, Hodge L. Systematic review of prevalence of aspirin induced 

asthma and its implications for clinical practice. BMJ. 2004; 328(7437): 434, 

doi: 10.1136/bmj.328.7437.434, indexed in Pubmed: 14976098. 

106. Thakker RA, Salazar L, Jazar DA, et al. Coronary Artery Disease and Aspirin 

Intolerance: Background and Insights on Current Management. Cardiol Ther. 2022; 

11(2): 175–183, doi: 10.1007/s40119-022-00255-9, indexed in Pubmed: 35344187. 

http://dx.doi.org/10.1111/bph.15619
https://www.ncbi.nlm.nih.gov/pubmed/34235725
http://dx.doi.org/10.1136/bmj.308.6920.18
https://www.ncbi.nlm.nih.gov/pubmed/8298346
http://dx.doi.org/10.1164/ajrccm.162.1.9907127
https://www.ncbi.nlm.nih.gov/pubmed/10903217
http://dx.doi.org/10.1016/j.anai.2017.08.013
https://www.ncbi.nlm.nih.gov/pubmed/29032888
http://dx.doi.org/10.1016/j.anai.2021.02.029
https://www.ncbi.nlm.nih.gov/pubmed/33705916
http://dx.doi.org/10.3390/medsci7030045
https://www.ncbi.nlm.nih.gov/pubmed/30884882
http://dx.doi.org/10.1016/j.jaci.2022.08.021
https://www.ncbi.nlm.nih.gov/pubmed/36184313
http://dx.doi.org/10.1016/j.jaci.2014.08.020
https://www.ncbi.nlm.nih.gov/pubmed/25282015
http://dx.doi.org/10.1136/bmj.328.7437.434
https://www.ncbi.nlm.nih.gov/pubmed/14976098
http://dx.doi.org/10.1007/s40119-022-00255-9
https://www.ncbi.nlm.nih.gov/pubmed/35344187


  

107. Amsterdam EA, Wenger NK, Brindis RG, et al. 2014 AHA/ACC guideline for the 

management of patients with non-ST-elevation acute coronary syndromes: a report of 

the American College of Cardiology/American Heart Association Task Force on 

Practice Guidelines. Circulation. 2014; 130(25): e344–e426, 

doi: 10.1161/CIR.0000000000000134, indexed in Pubmed: 25249585. 

108. Aggarwal D, Bhatia K, Chunawala ZS, et al. P2Y inhibitor versus aspirin monotherapy 

for secondary prevention of cardiovascular events: meta-analysis of randomized trials. 

Eur Heart J Open. 2022; 2(2): oeac019, doi: 10.1093/ehjopen/oeac019, indexed in 

Pubmed: 35919116. 

109. Correction to: 2016 ACC/AHA Guideline Focused Update on Duration of Dual 

Antiplatelet Therapy in Patients With Coronary Artery Disease: A Report of the 

American College of Cardiology/American Heart Association Task Force on Clinical 

Practice Guidelines: An Update of the 2011 ACCF/AHA/SCAI Guideline for 

Percutaneous Coronary Intervention, 2011 ACCF/AHA Guideline for Coronary Artery 

Bypass Graft Surgery, 2012 ACC/AHA/ACP/AATS/PCNA/SCAI/STS Guideline for 

the Diagnosis and Management of Patients With Stable Ischemic Heart Disease, 2013 

ACCF/AHA Guideline for the Management of ST-Elevation Myocardial Infarction, 

2014 AHA/ACC Guideline for the Management of Patients With Non-ST-Elevation 

Acute Coronary Syndromes, and 2014 ACC/AHA Guidelineon Perioperative 

Cardiovascular Evaluation and Management of Patients Undergoing Noncardiac 

Surgery. Circulation. 2016; 134(10): e192–e194, 

doi: 10.1161/CIR.0000000000000452, indexed in Pubmed: 27601566. 

110. Pattanaik D, Lieberman P, Das P. Aspirin sensitivity and coronary artery disease: 

implications for the practicing cardiologist. Future Cardiol. 2012; 8(4): 555–562, 

doi: 10.2217/fca.12.38, indexed in Pubmed: 22871195. 

111. DeGregorio GA, Singer J, Cahill KN, et al. A 1-Day, 90-Minute Aspirin Challenge and 

Desensitization Protocol in Aspirin-Exacerbated Respiratory Disease. J Allergy Clin 

Immunol Pract. 2019; 7(4): 1174–1180, doi: 10.1016/j.jaip.2018.10.032, indexed in 

Pubmed: 30391549. 

112. Woo SD, Luu QQ, Park HS. NSAID-Exacerbated Respiratory Disease (NERD): From 

Pathogenesis to Improved Care. Front Pharmacol. 2020; 11: 1147, 

doi: 10.3389/fphar.2020.01147, indexed in Pubmed: 32848759. 

http://dx.doi.org/10.1161/CIR.0000000000000134
https://www.ncbi.nlm.nih.gov/pubmed/25249585
http://dx.doi.org/10.1093/ehjopen/oeac019
https://www.ncbi.nlm.nih.gov/pubmed/35919116
http://dx.doi.org/10.1161/CIR.0000000000000452
https://www.ncbi.nlm.nih.gov/pubmed/27601566
http://dx.doi.org/10.2217/fca.12.38
https://www.ncbi.nlm.nih.gov/pubmed/22871195
http://dx.doi.org/10.1016/j.jaip.2018.10.032
https://www.ncbi.nlm.nih.gov/pubmed/30391549
http://dx.doi.org/10.3389/fphar.2020.01147
https://www.ncbi.nlm.nih.gov/pubmed/32848759


  

Figure 1. Some pathogenetic mechanisms linking asthma to cardiovascular disease 
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