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Abstract
Asthma is a heterogeneous disease, usually characterized by chronic airway inflammation, bronchial reversible
obstruction and hyperresponsiveness to direct or indirect stimuli. It is a severe disease causing approximately half a
million deaths every year and thus possessing a significant public health burden. Stroke is the second leading cause
of death and a major cause of disability worldwide. Asthma and asthma medications may be a risk factors for
developing stroke. Nevertheless, since asthma is associated with a variety of comorbidities, such as cardiovascular,
metabolic and respiratory, the increased incidence of stroke in asthma patients may be due to a confounding
effect. The purpose of this review is to analyze the complex relationship between asthma and stroke.
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Introduction
Asthma is a heterogeneous disease, usually characterized
by chronic airway inflammation, bronchial reversible obstruction and hyperresponsiveness to direct or indirect
stimuli. It is a problem worldwide with estimated 495,
000 deaths every year, thus possessing a significant public health burden [1]. Asthma complications are often
the reason for admission to emergency healthcare service and therefore require special attention [2]. Asthma
is not curable, but it should be controlled by continuous
patient assessment in two domains: symptoms control
and future risk of adverse outcomes [1]. Poorly controlled asthma and patients with frequent exacerbations
show a greater risk for cardiovascular diseases and ischemic stroke [3, 4]. It is also revealed that the pharmacotherapy of asthma, including β2-agonists and systemic
corticosteroids, has implications in the development of
asthma comorbidities such as stroke [5, 6]. In addition,
as a chronic inflammation, asthma has also a systemic
impact by having a correlation with increased atherosclerotic vessel disorders [7]. However, smokers with
asthma compared to non-smokers with asthma have

frequent asthma symptoms, more medication use,
poorer lung function and higher prevalence of comorbidities [3]. This raises the question that stroke in asthmatics may be due to confounding effect (smoking).
Stroke is the second leading cause of death and a
major cause of disability worldwide, and there is a further
increase in its incidence due to expanding population
numbers and aging as well as the increased prevalence of
modifiable stroke risk factors [8]. It was demonstrated that
stroke may be more frequent in patients with respiratory
conditions [9]. Therefore, there may be a significant interplay between asthma and stroke, as it may be an independent risk factor for stroke, and its severity exhibits a
linear response of stroke development [10]. These facts
represent the base for development of neuropulmonology,
which emphasizes the importance of the interconnection
between the central nervous and respiratory systems for
optimizing the management of patients wherein these
pathologies co-exist, especially in the neurocritical care
environment [11].
The purpose of this review is to summarize available
data on the association between asthma and stroke and
to describe their possible pathophysiological links.
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Method
AC, SIu, SC performed the literature review using the
terms “asthma”, “stroke”, “subarachnoid hemorrhage”,
“smoking”, “SABA”, “LABA”, “SAMA”, “LAMA”, “corticosteroids”, “TPA”, “antiepileptic”, “seizure”, “hypoxia”,
“aspirin”, “beta blockers”, “angiotensin converting enzyme”, “comorbidities” along with the MESH terms. The
reference list of the articles was carefully reviewed as a
potential source of information. The search was based
on Medline, Scopus and Google Scholar engines. Selected publications were analyzed and their synthesis
was used to write the review and support the hypothesis
of the relationship between asthma and stroke.
Risk factors
Shared risk factors between asthma and stroke

Asthma may be categorized by itself as a risk factor for
stroke that is independent of basal lung functioning. It
can trigger directly cerebral hypoxemic episodes during
asthma attacks or can indirectly increase stroke risk by
inducing prothrombotic factors and endothelial dysfunction, thus initiating the development of atherothrombosis [12]. The major risk factors for stroke are history of
hypertension, diabetes mellitus, cerebrovascular disease;
tobacco exposure, older age, stress, depression, sleep disorders, obesity [13]. Some of these risk factors can also
be seen in asthma patients and thus the link between
asthma and stroke can be to some degree due to confounding effect (Fig. 1).
A nationwide population-based cohort study was conducted in an Asian population to investigate the effects
of asthma on the risk of stroke. The people enrolled in
the National Health Insurance program represented the
data source, divided into 2 cohorts: patients with newly

diagnosed asthma that received treatment (without
stroke baseline), were matched for age, sex and index
year with 4 reference subjects without asthma. The risk
of stroke was analyzed using Cox proportional hazard
regression models. The overall incidence of stroke was
greater in the asthmatic cohort than in the nonasthmatic cohort (HR = 1.53, 95% CI = 1.47–1.60) with
an adjusted HR of 1.37 (95% CI = 1.27–1.48) when
adjusting for age, sex and comorbidities [10]. Similar results were registered in 2020 in the HUNT study
wherein participants with active asthma showed evidence for a modest increased risk for stroke (adjusted
HR 1.17, 95% CI = 0.97–1.41) [3].
Conversely, a recent Korean study did not find increased ischemic stroke risk among asthma subjects
(HR = 0.91, 95% CI = 0.86–0.95) [14]. However, there
was a significantly higher risk of stroke among asthma
patients who encounter more than 3 exacerbations per
year (HR = 3.05, 95% CI = 2.75–3.38) [10].

Stroke subtypes and asthma

A recent meta-analysis on stroke risk in asthma patients that included five articles comprising 524,637
participants and 6031 stroke cases demonstrated that
asthma was associated with a significantly increased
risk for (see all similar) developing stroke [15]. However, it is not clear whether the increased risk persists
for all stroke subtypes. The nationwide study on
Asian population revealed that patients with asthma
were 1.38 fold more likely to develop ischemic stroke
(95% CI = 1.27–1.49) and were 1.31 fold more likely
to develop hemorrhagic stroke (95% CI = 1.09–1.65)
than were the non-asthmatic controls after adjusting
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Fig. 1 Overlapping risk factors for asthma and stroke
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for age, sex, and comorbidities. Thus, incidence of
both subtypes of stroke are increased in asthma, especially in those with more than three annual exacerbations [10]. However, the data on subarachnoid
hemorrhage (SAH) and asthma is limited mostly presented as case reports [16, 17]. In a prospective cohort study of 20,534 men and 7237 women that
lasted 26 years baseline lung function, expressed as
low FEV1 or FEV1/FVC, was a risk factor for SAH,
independently of smoking [18]. These results suggest
that asthma patients may also be at risk for SAH and
this depends on degree of obstruction. Therefore, it
seems that the current evidence demonstrates an increased risk of all major stroke subtypes in patients
with asthma.
Impact of smoking on stroke risk among asthma patients

One of the main risk factor for death after stroke is
smoking [19]. However, the impact of tobacco smoking on health is not limited to those who smoke, but
they also affect those in the vicinity who are exposed
to secondhand smoke (SHS) [20]. One of the largest
number of deaths attributable to SHS in adults is
caused by CAD and stroke [21]. Current smoking is
linked to poorer outcomes of asthma treatment and
thus for more frequent exacerbations and medication
use, that represents a major additional risk factor for
stroke as will be discussed below. In addition, a cohort study on Copenhagen general population emphasizes the substantial role of tobacco smoking in
development of asthma’s cardiovascular comorbidities,
through comparison of never smokers asthma patients
with former or current smokers asthma patients. Adjusted hazard ratios for ischemic heart disease were
1.2 (0.9–1.6) in never smokers, 1.5 (1.2–2.0) in former
smokers, and 2.0 (1.4–2.9) in current smokers. Similar
results were found for ischemic stroke 1.4 (0.9–2.1)
in never smokers, 1.2 (0.8–1.9) in former smokers,
and 3.0 (1.7–5.3) in current smokers [22]. Also, we
should mention that smoking is highly associated with
COPD, that represent by itself an independent risk
factor for stroke [23]. Asthma and COPD can occur
concurrently and is termed as asthma-COPD overlap
(ACO). Acute exacerbation of ACO may aggravate
hypoxemia and inflammation of blood vessels, which
are the key risk factors for CHD and stroke [24].
Thus, excess of stroke risk in individuals with asthma
and smoking could be partly due to ACO or misclassification of COPD as asthma in smokers [3].
These results bring into light the importance of
smoking cessation as a first line action in asthma
treatment, since the prevalence of tobacco smoking is
similar in individuals with asthma, as it is in the general population [25].
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Pathogenesis and pathophysiology
Atherosclerosis is the main pathophysiological
mechanism of stroke development in asthma?

Asthma has a systemic impact that is associated with the
development of atherosclerosis and several studies revealed measurable modifications in the structure and
function of blood vessels. In details, central pulse wave
velocity has the highest values in severe asthma cohort
(p = 0.005); vascular strains presented a relevant decrease
of circumferential and radial strains in severe asthma
(3.18 ± 0.23%, 3.47 ± 0.20%, respectively) in comparison
to controls (4.29 ± 0.35%; p = 0.013) [7]. Brachial-ankle
pulse wave velocity measurement is a marker of early
atherosclerotic changes that was assessed in a cohort
study, demonstrating an increase in baPWV in patients
with asthma compared with control subjects [26]. Also,
asthma was not only associated with preatherosclerotic
vessel alterations, such as higher arterial stiffness, but
much more with increased prevalence of manifested atherosclerosis compared to non-asthma individuals. Specifically, atherosclerotic plaques were seen in 43.1% of
patients with severe asthma, 25% of mild-to-moderate
asthma and 14.3% of control study participants (p =
0.035) [7]. Subclinical atherosclerosis in asthmatic patients was described in a cross-sectional study, through
measurement of carotid and femoral intima thickness,
which both were significantly higher in patients with
asthma compared to control groups (5.52 ± 0.4 mm vs
5.36 ± 0.4 mm; p = 0.038 and 5.64 ± 0.4 mm vs 5.46 ± 0.5
mm; p = 0.036, respectively) [27].
Underlying mechanisms in initiating atherosclerosis
seems to be related to the hypercoagulable state of
asthma. Bazan-Socha and coworkers demonstrated the
increase in both thrombin generation and platelet activation and the decrease in fibrinolysis. Asthma patients
had 20.0% increased endogenous thrombin potential and
14.4% longer clot lysis time (p = 0.001) associated with
21.3% higher plasminogen activator inhibitor-1 [28]. Furthermore, they investigated whether this prothrombotic
state is due to chronic inflammation, and showed that
asthma was characterized by 62% higher plasma Il-6 and
35% higher TNFα, along with higher CRP, fibrinogen, as
well as α2-macroglobulin and PF-4 [29]. Similar results
were obtained also by Sneeboer and coworkers, who revealed high levels of PAI-1, D-dimer, von Willebrand
factor and plasmin-α2-antiplasmin complexes in asthma
[30]. While pro-inflammatory cytokine Il-6 is an inducer
of acute phase proteins, such as CRP, hepcidin, fibrinogen, which are the cause of increased thrombin generation, PAI-1 and TNFα are the main regulators of
fibrinolysis. PF-4 has implications in platelet activation
cascade and α2-macroglobulin seems to counteract the
enhanced thrombin dynamics, but can also promote coagulation by binding to protein C and accelerate the

Corlateanu et al. Asthma Research and Practice

(2021) 7:3

cascade [28]. In addition, it was associated an increase in
both baPWV and CRP in asthma patients compared
with control subjects [26]. There are evidences that CRP
is associated mostly with plaque instability [31]. It was
found a link between the activity of lipoproteinassociated phospholipase A2 and increased risk of atherosclerosis in asthma patients [32]. The elevated risk of
thromboembolic and cardiovascular events in asthma
could be also linked to fibronectin, a marker of vascular
injury, which is suggested to be a newly determined
modulator of prothrombotic plasma properties, and also
a sign of the degree of severity of asthma [33].
All the above findings highlights the importance of
evaluating the hypercoagulable state of asthmatic patient
in order to monitor as predictors of atherosclerotic and
thromboembolic events, events that per se can lead to
stroke.
Relationship between FEV1 and stroke risk

The relationship between pulmonary function expressed
by forced expiratory volume in 1 s (FEV1) and asthma
comorbidities such as CVD or stroke was established by
several cohort studies. FEV1 at rest and after response to
bronchodilation are the generally accepted surrogate
marker of asthma severity. Gulsvik and coworkers conducted an extensive study on 5617 participants, and observed an association between baseline FEV1 and risk of
fatal stroke HR = 1.38 (95% CI = 1.11–1.71) and HR =
1.62 (95% CI = 1.22–2.15) for men and women, respectively (adjusted for age and height). The findings could
not be explained by smoking, hypertension, diabetes,
atherosclerosis, socioeconomic status, obstructive lung
disease, physical inactivity, cholesterol or body mass
index and persisted in s never-smokers, subgroups without respiratory symptoms and survivors of the first 20
years of follow-up [34]. Similarly, the Atherosclerosis
Risk in Communities study which followed 13,842
middle-aged adults initially free of stroke and CHD for
13 years it was demonstrated that white subjects with
impaired lung function have a modestly higher risk of ischemic stroke even if they have never smoked nor had
respiratory symptoms [35].
However, another cohort study suggested a correlation
between FEV1 and arterial stiffness in asthmatic patients. In detail, FEV1 in asthmatics was positively correlated with small arteries elasticity index and negatively
correlated with the systemic vascular resistance in these
patients. These correlations were not observed in nonasthmatic controls [36]. Moreover, there was a negative
correlation between baPWV and FEV1, after adjusting
age, gender, BMI and smoking status [26] and both
CIMT and FIMT were negatively correlated with FEV1
(r = − 0.417, p < 0.001 and r = − 0.294, p = 0.007, respectively) [27]. These findings suggest once more the
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importance of prospective monitoring and treatment of
asthma patients.
Impaired lung function and CVD risk and stroke

The chronic inflammation present in asthma mediates
the initiation and progression of atherosclerosis and is
intricately involved in plaque rupture and acute CVD
events. A large contemporary, multiethnic, long-term,
prospective cohort study was conducted by Tattersall
and coworkers to analyze the association of asthma and
CVD. They found that persistent asthmatics had greater
risk of CVD events than non-asthmatics (HR = 1.6, 95%
CI = 1.01–2.5), even after adjustment for age, sex, race,
CVD risk factors, and antihypertensive and lipid medication use [37]. Furthermore, a cohort study comprising
446,346 Taiwanese adults, showed similar results: an increase of 27% risk of dying from CVD in individuals with
active asthma (adjusted HR = 1.32, 95% CI = 1.08–1.62).
Additionally, they established that the risk of death from
CHD or stroke was increased in a similar manner (HR =
1.16, 95% CI = 0.77–1.73 and HR = 1.23, 95% CI = 0.86–
1.74, respectively). Moreover, deaths from CVD and
stroke, were stronger associated with active asthma in
men than in women [38]. Unlikely, a recent study in
Korean adults confirmed a significantly higher prevalence of ischemic heart disease (OR = 1.46, 95% CI =
1.25–1.71) in those with asthma, especially, in older patients and// or untreated asthma patients, but stroke was
not significantly associated with asthma (OR = 1.17, 95%
CI = 0.92–1.48) in adjusted model [39]. A previous
HUNT study concluded that asthma and lack of asthma
control were associated with moderately increased risks
of atrial fibrillation [40].
Heart diseases, such as acute myocardial infarction,
atrial fibrillation and other can induce stroke. These abnormalities are frequent comorbidities in asthma patients. The prothrombotic state encountered in asthma p
that we covered above, along with cardiotoxic effects of
beta-2 agonists, that we will cover later, are some of the
plausible mechanism of CVD due to asthma. Furthermore, we should mention that long-term effects of airway remodeling due to inflammatory response and the
subsequent repair mechanism in asthma can induce irreversible airway obstruction and contribute to decreased
lung function over time, leading to chronic hypoxia and
oxidative stress that may lead to ischemic heart disease
[39]. Dysfunction of the airway autonomic nervous system in asthma patients could be an inducer of dysfunctional atrial electrophysiology, causing atrial arrhythmias
[41]. Also asthma may be associated with CVD due to
other factors such as obesity, smoking, or physical inactivity [39].
Therefore, CVD through multiple factors are a direct
risk factor for stroke. Increased tendency for thrombosis
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may contribute to thrombus formations inside or outside the ventricular cavity, with subsequent cerebral
embolization or rupture of a vulnerable plaque in the
remote cerebral circulation. Also, high plasma levels
of brain natriuretic peptide and D-dimer are independent risk factors for cardioembolic stroke [12].
We, therefore, once again underline the importance of
monitoring these parameters in asthma patients.

Asthma phenotypes, severity and comorbidities
Asthma phenotypes and stroke

Early-onset asthma and late-onset asthma are 2 substantially different disease phenotypes and differ in risk factors,
pathophysiology, answer to treatment, and incidence of
comorbidities, such as CVD, stroke. It has been shown by
certain cohort studies that late-onset asthmatics had a
higher adjusted risk of CVD than non-asthmatics (HR =
1.57, 95% CI = 1.01–2.45) [37]. Furthermore, adult asthma
was associated with a 1.40-fold (95% CI = 1.35–1.45) increased hazard of CHD, a 1.20-fold (95% CI = 1.15–1.25)
hazard of cerebrovascular disease [42].
In addition, Onufrak et al. conducted a study in which
was assessed the correlation between intima-media
thickness and adult-onset asthma. They ascertained that
the mean CIMT difference between women with adult
onset asthma and no history of asthma was attenuated
but remained significant (0.713 mm vs. 0.687 mm, p =
0.008), thus demonstrating that adult-onset asthma but
not child-onset asthma is associated with increased carotid atherosclerosis among women but not among men.
Important to mention that, both men and women with
history of adult-onset asthma were older, had less education, lower FEV1, more pack/years of smoking, and were
more likely to have diabetes and hypertension than their
non-asthmatic counterparts. The mechanism of predisposition of women to atherosclerosis is thought to be
linked with hormonal effect on leukotriene production.
Women with adult onset asthma also had elevated BMI
and reported lower leisure physical activity [43], again
emphasizing the importance of smoking, obesity, sedentariness as the main risk factors for both asthma and
atherosclerosis associated with CVD events and stroke.
It was demonstrated that there is a differential enrichment of genes between adult-onset asthma and childhoodonset asthma. In details, patients with the adult-onset form
have more gene signatures associated with eosinophilic airway inflammation, mast cells, and group 3 innate lymphoid
cells [44]. It seems that eosinophil cationic protein is a biomarker of coronary atherosclerosis [31]. It could be implemented especially in adult-onset non-atopic, inflammationpredominant asthma phenotype to quantify ECP in order
to improve the monitoring of cardiovascular risk.
Adult-onset asthma is characterized by worse prognosis and poorer response to standard asthma treatment,
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that the cause of elevated use of beta-adrenergic and
glucocorticoid drugs [45], that could be a secondary risk
for CVD events or worsening of comorbidities in asthma
patients, as we will point out below.
Asthma control, severity and stroke risk

According to GINA report, asthma symptom control
represents an important predictor of asthma outcomes.
Thus, uncontrolled asthma is the ultimate step to severe
asthma and an important risk factor for exacerbations
[1]. As it was stated in the HUNT study, patients with
not controlled asthma had an increased risk of stroke
(HR = 1.34, 95% CI = 1.03–1.73) compared to controlled
asthma (HR = 1.34, 95% CI = 1.03–1.73) [3]. Moreover,
severe asthma was related to a statistically significant difference in CIMT and FIMT (p = 0.002 and p < 0.001, respectively) [27] and the highest risk for AF (adjusted
HR = 1.74, 95% CI = 1.26–2.42) [40]. Likewise, patients
with severe asthma had increased baPWV and CRP
compared to patients with stable asthma and control
subjects [26].
As we mentioned, there is an obvious risk of atherosclerosis, CVD events in those with severe and uncontrolled asthma. The underlying causes could correlate to
the high frequency of comorbid conditions associated
with asthma control and severity, [46] more flare-ups,
additional medication use with increasing side-effects,
and the remodeling process linked to decreased lung
function.
Therefore, it is imperative to have a good control on
asthma symptoms by a comprehensive therapy.
Asthma exacerbations and stroke risk

Asthma exacerbations are highly related to further complications, especially myocardial infarction and stroke.
Raita and coworkers identified 4607 adults hospitalized
for asthma exacerbation who had a first episode of acute
myocardial infarction or ischemic stroke. During the reference period, the incidence rate of CVD events was
25.0/100 person-years. In the subsequent risk period of
one to 7 days after asthma exacerbations, the incidence
rate significantly increased to 129.1/100 person-years
with a corresponding adjusted incidence rate ratio of
5.04 (95% CI = 4.29–5.88) [4]. As well, compared with
the non-asthmatic cohort, the patients in the asthmatic
cohort that visited the emergency room more than 3
times per year were associated with a significantly higher
risk of stroke (adjusted HR = 3.05, 95% CI = 2.75–3.38)
[10]. Moreover patients who have wheeze attacks with
shortness of breath have a greater risk for stroke [47].
There are several potential mechanisms linking asthma
exacerbation to the increased incidence of CVD events, including stroke. Specifically, in acute inflammation, thincap atheroma could rupture and release inflammatory
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cells, causing acute accumulation of platelets, neutrophils,
and fibrin as well as trapping of red blood cells. Moreover,
patients with asthma exacerbation experience hypoxemia,
resulting in oxidative stress and insufficient oxygen supply
to the myocardium or brain tissue. Also, dysfunction of
autonomic nervous system – common mechanism in
asthma and coronary vasospasm – could be the cause of
myocardial infarction. Furthermore, management of
asthma exacerbation, especially excessive use of β2agonists, necessity of oral or systemic corticosteroids, may
have attributed to the subsequent cardiovascular event
risks [4].
Among laboratory parameters describing prothrombotic plasma properties, asthmatics with at least one exacerbation were characterized by longer clot lysis time
and lower levels of α2-macroglobulin. Both these laboratory variables were also shown as independent predictors
of asthma exacerbation in a multiple logistic regression
model [48]. As we mentioned previously the counteractive
function of α2-macroglobulin, lower levels of these universal protease inhibitor in patients with asthma exacerbations, loose the contributing effect to the attenuation of
the prothrombotic state, thus the patients become prone
to thromboembolic events.
These findings provide opportunities for clinicians to
apply cardiovascular prevention measures (antithrombotics) for patients with severe asthma exacerbation during
hospitalization and transition to outpatient care [4].
ACO and stroke

Chronic obstructive pulmonary disease and asthma are
the most frequent chronic respiratory diseases that affect
the general population and may sometimes coexist [49].
It is presumed that patients with ACO experience more
frequent exacerbations, poorer quality o life, more progressive lung function deterioration, and elevated health
care utilization in comparison to asthma or COPD
alone. These characteristics, as we explored earlier, dramatically augment the risk of CVD events and stroke. In
a cohort study, asthma, COPD and ACO patients were
analyzed and differentiated under certain criteria: comorbid conditions, including diabetes, CHD, stroke,
were significantly more common in ACO group compared to asthma and COPD groups; the ACO, vs agematched asthma subgroup had lower prebronchodilator
FEV1 (82.1% vs 88%. P = 0.017); also ACO group had
significantly more asthma attacks in the past year that
the age-matched asthma subgroup (49.8% vs 38.4%) and
more participants with blood eosinophil counts ≥400
cells/μL (16.9%) vs COPD (9.5%) and asthma subgroup
(6.7%) [50].
Yeh et al. evaluated the relation between ACO, neurodegenerative diseases and stroke. They showed that for
ACO cohort the incidence rate of stroke (18.5 vs 15.1
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per 1000 person-years) were higher than did with the
non ACO cohort, with a crude HR of 1.23 (95% CI =
1.15–1.32) The main mechanisms of increased stroke
risk are: the high frequency of exacerbations that aggravate systemic inflammation, hypoxemia that trigger oxidative stress - which is presumed to be the main
mechanism of neurodegeneration, and which in turn aggravate the existing atherosclerosis [51].
Asthma comorbidities and stroke

Chronic respiratory diseases are associated with a number of comorbidities due to their proinflammatory state
[52]. Asthma is not an exception and there list of commonly encountered comorbidities includes chronic rhinitis, chronic sinusitis/rhinosinusitis, gastroesophageal
reflux disease, obstructive sleep apnea/sleep-disordered
breathing, psychological disturbances (particularly depression and anxiety disorders), chronic/recurrent respiratory
infections, hyperventilation syndrome, hormonal disturbances and other [53]. There are also possible emerging
comorbid conditions such as cardiovascular, obesity,
metabolic syndrome, diabetes mellitus, degenerative joint
disease/arthritis and psychiatric diseases [53, 54]. Some of
these comorbidities lead to an increased risk of stroke and
are highly prevalent in asthma patient (Table 1). This
raises the question that the increased risk of stroke in
asthma patients may be due to confounding effect. Nevertheless, the important point is that proper screening and
diagnosis of comorbidities in asthmatics is essential for
preventing serious complications including stroke.

Medication
Impact of asthma treatment on stroke

Asthma treatment, including bronchodilators and oral
or systemic corticosteroids, has been identified as risk
factor for CVD events and stroke, whereas, inhaled corticosteroids showed a protective effect. Compared with
asthmatic patients who received inhaled corticosteroids
the patients who received inhaled SABA or LABA had a
significantly increased risk of stroke (aHR-193, 95% CI =
163–227), followed by those who had received both inhaled corticosteroids and inhaled SABA or LABA treatment (aHR = 133, CI = 113–156) [10]. Also, carotid
atherosclerosis is reduced in asthmatic patients treated
with ICS compared with matched controls, this study
suggests that ICS may have protective effects against
atherosclerosis [76].
Bronchodilators are important in the management of
asthma because they play an essential role in reversing
airway obstruction and provide “bronchoprotection”
against bronchospasm due to exercise and other spasmogenic stimuli, although the current view is that
asthma treatment with a bronchodilator should never be
started in the absence of an ICS [1]. Contrary ICS, use
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Table 1 Prevalence of comorbidities in asthmatics and risk of developing stroke
Comorbidity

Prevalence in asthma patients

Risk of stroke in non-asthmatics

Hypertension

12–40% [55]

in treated controlled group aHR was 2.21 (95% CI, 1.01–4.82), in untreated
hypertension group 2.55 (95% CI, 1.93–3.37), in treated uncontrolled group
4.30 (95% CI, 3.16–5.85) [56]

CAD

7.2–12.9% [57, 58]

HR of 1.8 (95% CI, 1.03–3.43) [59]

Atrial fibrillation

3.8–8.95% [60, 61]

aHR 3.13 (95% CI, 1.50–6.56) [62]

Obesity

21–48% [63–66]

OR 1.57, (95% CI,1.28–1.94) [67]

Diabetes mellitus

8.4%-31.1 [68, 69]

aHR 1.75, 95% CI, 1.64–1.86) [67]

OSAS

40–50% [70, 71]

HR 2.52, (95% CI, 1.04–6.01) [72]

GERD

25.4–82% [73, 74]

1.68-times more likely (95% CI, 1.03–2.76) [75]

of oral corticosteroids, alone or in combination, was associated with greatly enhanced risk of CHD (HR = 2.59,
95% CI = 2.49–2.69), cerebrovascular disease (HR = 1.91,
95% CI = 1.81–2.01) and heart failure (HR = 3.48, 95%
CI = 3.34–3.63) [42]. Oral and systemic corticosteroid
therapy comes with known risks for acute and chronic
complications, including hypertension, metabolic syndrome, osteoporosis, weight gain, cataracts, gastrointestinal bleeds, impaired wound healing and psychological
disorders. Adults receiving SCS treatment had greater
odds of complications and greater associated costs over
3 years than matched non-SCS asthma patients [5]. The
adjusted OR for myocardial infarction in current users
of oral corticosteroids compared to non-users was 1.42
(95% CI = 1.17–1.72) [77]. Asthmatic patients have a
prothrombotic state that increases with asthma severity.
This prothrombotic state is most likely caused by
chronic airway inflammation as we pointed above, and
combined with the effect of high-dose corticosteroids
and might explain the increased risk of patients with severe asthma to have venous thromboembolism [30].
Most patients with severe asthma are exposed to SCS,
which increase SCS-related adverse effects risk. This
suggests that SCS exposure should be minimized as recommended by asthma treatment guidelines [78].
Recent increases in understandings of the mechanisms
of asthma and new biomarkers have led to development
of potentially more targeted therapy for the management
of severe asthma, supplanting the use of long-term steroids and thereby bypassing steroid-related adverse
events [79]. Benralizumab administration for 28 weeks
significantly reduced oral glucocorticoid dose by 75%
compared with placebo, with about half of subjects receiving baseline prednisone doses of less than or equal
to 12.5 mg/d stopping steroids completely [80]. Dupilumab reduced the rate of severe exacerbations, improved
lung function, and improved quality of life in patients
with uncontrolled persistent asthma receiving mediumto high-dose ICSs and LABAs [81]. Furthermore, FEV1
increased after 52 weeks in the low-, medium-, and highdose tezepelumab groups compared with the placebo

group [82]. Nowadays, pharmacological research has
promised safe and effective therapeutic options for patients with severe, uncontrolled asthma, a very complex
and heterogeneous entity [83].
However, a follow-up analysis evaluated the risk of serious cardiovascular and cerebrovascular adverse events
and showed a higher crude incidence of these events in
omalizumab-treated patients (13.4 per 1000 personyears) compared with non-omalizumab-treated patients
(8.1 per 1000 person-years) [84].
Specific potential adverse cardiovascular effects are more
frequent with β2-agonists, including circulatory disturbances via hypokalemia, prolongation of depolarizationrepolarization (QT) interval and sinus tachycardia and
interference with cardiovascular autonomic control [85].
There is an apparent association between altered autonomic cardiovascular control and asthma. This relationship
is twofold: a consequence of both the pathophysiology of
asthma per se and the effects of asthma pharmacotherapy.
Consequently, it is possible that these drugs might be implicated in the pathogenesis of a number of CVD risk factors,
including insulin-resistance, hypertension and cardiovascular hypertrophy and in the evolution of CHD, cerebrovascular disease and sudden death [41]. In detail, a nationwide
population-based nested case-control study in Taiwan documented that inhaled bronchodilators were independently
associated with an increased risk of atrial fibrillation. New
users of bronchodilator had the highest risk of atrial fibrillation during first 6 m [86]. Actually, β2-agonists have been
described as a direct or indirect potential mechanism of
death in asthmatics; they can induce increased risk of myocardial infarction, congestive heart failure, cardiac
arrhythmia/arrest and sudden cardiac death with particularly high-risk of cardiac event in patients with long-QT
syndrome [87]. However, an Australian population based
cohort study reported significant associations of incident
cardiovascular disease and stroke events in both male and
female subjects with traditional risk factors, including use
of a SABA. These events were positively associated with asneeded SABA use (OR, 2.66) but not at least once-daily use
(OR, 0.81), and there was an inverse and non-significant
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association of LABA use alone or in combination with ICSs
(OR, 0.58), although incident events were correlated with
asthma and LABA use with or without an ICS in female
subjects [88]. Furthermore, a nested case-control study
showed that the use of inhaled ipratropium was associated
with an increased risk of arrhythmia in adolescents and
young adults with asthma compared to non-users, although
the absolute risk was low [89]. Theophylline can cause
tachycardia and serious arrhythmias even at serum theophylline concentrations considered to be therapeutic.
Multifocal atrial tachycardia, an arrhythmia associated with
use of this drug, may herald sudden cardiac death. However, there is evidence that doxofylline could offer a promising alternative to theophylline with a superior efficacy and
safety profile in the management of patients with asthma
[90]. In young, otherwise healthy asthmatic subjects, combined therapy with theophylline and an oral β-adrenergic
agonist (terbutaline) does not lead to an increase in the
total number of ectopic beats but may increase the degree
of complexity of ventricular premature beats [91]. This effect could be partly due to hypokalemia and hypomagnesemia were more prevalent among asthmatics that received
β2-agonist in either monotherapy or combined with steroid
and or theophylline [92].
Nonetheless, both β-agonists and xanthines have direct
effects on the human lower esophagus. These actions
most probably are due to an inhibitory effect on active
resting tension in the circular muscle layer of the human
esophago-gastric junction. Actually, inhaled salbutamol
reduces lower esophageal sphincter basal tone and contractile amplitudes in the smooth muscle esophageal body
in a dose-dependent manner and may increase the likelihood of acid reflux at least in patients who receive cumulative dosing, and theophylline treatment causes a
significant increase in total reflux time and reflux symptoms but does not worsen asthma [93]. Anticholinergic
agents not only influence lower esophageal sphincter performance, but also affect other activities in the gastrointestinal tract that are involved in the etiology of reflux. They
decrease saliva secretion, esophageal peristalsis, TLOSRs,
gastric emptying, and gastric acid production [94].
Alternatively, Lee and coworkers showed that inhaled
respiratory treatments including LAMA have no effects
on the development of stroke. LAMA use was not significantly associated with any increase in the risk of
stroke in total study group (in total LAMA; aOR, 0.97;
95% CI, 0.90–1.05) or any subgroup. After adjusting for
covariates, there were no statistically significant effects
of inhaled drugs on the stroke incidence. All of the aOR
ranges were between 0.97 and 1.08. The inhaled bronchodilators did not affect either hemorrhagic or ischemic
strokes. However, ICS without LABA was statistically
significantly associated with hemorrhagic stroke (aOR,
1.51; 95% CI, 1.01–2.25) [95].
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Impact of stroke treatment on asthma

Several medications are used in treatment and prophylaxis of stroke. Although, it is not commonly underlined
but some of them can have positive and negative effects
in asthma patients.
Tissue plasminogen activator (TPA) is the main drug
that revolutionized the management of ischemic stroke.
As with any other drug there have been cases of anaphylactic reaction which require emergency treatment.
Allergic reactions included angioedema, facial swelling,
urticaria, skin rash, cutaneous hypesthesia, hypotension,
anaphylactic shock, and death [96]. The true incidence
of these events is hard to assess. Out of 924 adverse
events only 12 cases were directly attributed to IV
thrombolytic medication. Eleven cases were due to IV
alteplase and one due to IV reteplase [96]. Asthma patients are generally more likely to have allergic events
due to the atopic nature of their disease [97, 98]. TPA is
an essential lifesaving medication for ischemic stroke
that is associated with an improvement of quality of life
and general prognosis of the disease [99, 100]. However,
as asthma patients are prone to allergic events general
awareness of the possible side effects are important to
consider in selective cases. Mild allergic reaction that involve skin and subcutaneous tissue generally responds
well to steroids and antihistamine drugs, however they
should not be confused with acute anaphylaxis which requires epinephrine [101, 102]. In cases of orolingual angioedema the general steps in the management are
stopping the TPA infusion, diphenhydramine, ranitidine/
famotidine, methylprednisolone, epinephrine, and otolaryngology or anesthesia consult with the assessment of
airways every 15–20 min [103–105].
Aspirin and non-steroidal anti-inflammatory medication are well known drugs that can trigger allergies particularly in asthma patients (Samter’s triade) [106]. This
limits the use of aspirin as an antithrombotic drug in
clinical practice as a method to achieve optimum medical management prior to and after neurointerventional
treatment [107]. In this group of patients aspirin
desensitization therapy can be used to overcome this
problem and have proven their effectiveness in cardiovascular and cerebrovascular disease [107, 108]. Clopidrogel and ticlopidine allergies can be managed in a
similar fashion [109].
β-blockers are frequently used to manage arrhythmias,
hypertension and other cardiovascular disease. Traditionally, they are contraindicated in patients with
asthma as they may lead to bronchoconstriction and exacerbate the condition. However, there is more data on
the use of β-blockers in fundamental and clinical practice [110]. There is a debate between the use of selective
versus non-selective β-blockers as some studies indicate
that selective β-blockers possess less risk for asthma
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patients [111, 112]. Therefore, it seems that β-blockers
can be used more widely when they are indicated but
when the cardiovascular risks overweight the risk for
pulmonary complications [113]. Another group of drugs
frequently used to manage hypertension are angiotensin
converting enzyme inhibitors. Although, that they do
not cause changes of pulmonary function they can cause
cough and wheezing which can be interpreted as asthma
manifestation [114]. Therefore angiotensin-receptor
blockers are a better alternative for asthma patients
[115]. Hypertension can also be managed with calcium
channel blockers. They are not contraindicated in
asthma and in some types of asthma can event be beneficial for lung function improvement [116].
Seizures are a frequent complication in stroke patients.
Interestingly, asthma patients have a higher risk of epilepsy [117]. This makes them particularly at risk of
stroke-associated seizures. Some antiepileptic drugs
might play roles in preventing or reducing the frequency
of asthma attacks particularly phenytoin, valproic acid
and carbamazepin [118–120]. Interestingly, lidocaine
that works primarily by blocking sodium channels and
decreasing membrane excitability is effective in a form
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of nebulizer for treating asthma patients [121]. Although, this group of medications is not the standard of
care in asthma, reports of antiepileptic drug efficiency
raises several important questions that some patients
have a neurogenic component to their disease, particularly in a form of channelopathies.

Disease progression, relationship and prevention
Overall pathophysiological mechanisms from asthma to
stroke

Based on the evidences presented above we may argue
that atherosclerosis could be the main pathophysiological mechanism in development of stroke in asthma
patients, including the facts analyzed previously (Fig. 2).
This concept is also sustained by other studies which try
to explain in detail the pathways that potentially explain
how lung inflammation can trigger acute vascular events
such as heart attacks and stroke. Lung inflammation due
to COPD, asthma, infection, or exposure to air pollution
results in a systemic inflammatory response (split over)
with increase in the levels of circulating leukocytes,
platelets, cytokines, and acute-phase proteins. These mediators activate the vascular endothelium, causing

Fig. 2 Atherosclerosis as a major pathophysiological mechanism in development of stroke in asthma patients
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endothelial dysfunction that is characterized by reduced
vasodilatation with decreases in nitric oxide (NO), increases in endothelin (ET) expression, and increases in
vascular permeability and the uptake of oxidized lowdensity lipoproteins (LDLs) into atherosclerotic plaques.
Collectively, these events destabilize plaque by the upregulation of adhesion molecules with accelerated
leukocyte recruitment, increase foam cell formation and
the recruitment of smooth muscle cells, release and activate proteases that degrade the extracellular matrix and
destabilize plaques, making them vulnerable for rupture
[122]. Indeed, a cohort study demonstrated the close
interplay between systemic endothelial dysfunction and
lung dysfunction could begin already prior to the development of overt respiratory or cardiovascular disease
and suggest that even individuals with mild impairment
of lung function may have vascular damage that increase
the risk for cardiovascular disease [123]. Therefore, patients with asthma may induce an inflammatory environment that favor atherosclerosis progression [124].
The burden of cardiovascular comorbidity in obstructive airway disease is increasingly acknowledged, and
there is a need of identifying which patients are at an increased risk and thus to facilitate optimal treatment and
prevention [125].
Impact of stroke in lung function

Pulmonary complications, such as respiratory failure,
pneumonia, pleural effusion, acute respiratory distress
syndrome, pulmonary edema, and pulmonary embolism
from venous thromboembolism, are common in stroke
and are among the major causes of death in stroke patients [126]. For instance, a cohort study assessed the
lung function of stroke survivors and the main finding
was that lung function was significantly lower in stroke
patients compared with healthy participants: lower
values for FEV1 (81% of predicted value vs. 95% predicted), FVC (82% vs 92% of predicted values), and PEF
(52% vs 70%). Also, chest excursion was markedly lower
for stroke survivors when compared to control group
(3.0 ± 0.71 vs 3.5 ± 0.91 cm), which may result from
weakened respiratory muscles [127].
Besides, Jung and coworkers demonstrated through
ultrasonographic diaphragmatic motion analysis that
diaphragmatic excursion in right-hemiplegic patients
was reduced on both sides compared to that in control
subjects. However, in left-hemiplegic patients diaphragmatic excursion is reduced on the left side and increased
on the right side compared to that in control subjects
and left diaphragmatic motion during deep breathing
correlates positively with FVC (r = 0.86, p = 0.007) and
FEV1 (r = 0.79, p = 0.021) [128].
The mechanism of lung damage after brain injury is described through a “double hit model”: the catecholamine
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storm and the systemic production of inflammatory mediators (first hit) create a systemic inflammatory environment
which increases pulmonary vascular hydrostatic pressure
and activates biological mechanisms that make the lung
more susceptible to mechanical and non-mechanical insults
(second hit), including mechanical ventilation. Indeed, a
study on mice showed that ischemic stroke caused a significant increase in bronchoalveolar lavage fluid macrophages
and neutrophils and whole lung tissue pro-inflammatory
IL-1βmRNA expression [129]. Furthermore, the phagocytic
ability of macrophages from BALF is markedly reduced in
post-stroke rats [130]. Thus, damage to the alveolar capillary barrier leads to pulmonary ventilation disorder, blood
perfusion disorder and oxygenation disorder, such as acute,
life-threatening neurogenic pulmonary edema that occurs
in about 23% of SAH patients [131].
After stroke, damage to the blood-brain barrier leads
to recruitment of resident and peripheral immune cells
to the affected area, resulting in a reduction in circulating immune cells and a depression of peripheral immunity that increases the susceptibility to infection [126].
Indeed, a study on mice revealed that immunosuppression after stroke is related to an increased expression of
inflammatory mediators and hypothalamic-pituitaryadrenal axis activation which induces elevated glucocorticoid secretion [132].
Stroke-associated pneumonia incidence is high and
can be due to: stroke-induced immunodepression syndrome, dysphagia, decreased level of consciousness, all
risk factors for aspiration pneumonia [126]. In fact, a cohort study demonstrated that in ischemic stroke patients
requiring invasive ventilation, pneumonia occurred in
40% of cases and was associated with a 49% increase in
1-year mortality [133].
Thus, brain-lung crosstalk is relevant to prevent further
pulmonary complications after stroke. In detail, protective
ventilation has to be considered in this population to obtain the target of normoxia and normocapnia avoiding
high tidal volume. Respiratory muscle training showed to
improve the strength and decrease the risk of respiratory
complications in stroke survivors [134]. Also, interventions targeting plasma fibronectin may reduce brain damage following reperfusion – a promising reperfusion
therapy for patients with acute ischemic stroke [135].
Impact of stroke on asthma outcomes

Stroke is associated with major complications, such as,
dysphagia, GERD, aspiration, immunodepression and
pneumonia [136, 137]. Obstructive airway disease, such
as asthma, is the most common extraesophageal manifestation of GERD, with a prevalence of 52.67% in a cohort study and a statistically significant correlation of
severity of GERD and severity of bronchial asthma [138].
In addition, GERD is responsible for a high number of
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annual exacerbations, consultations, hospitalizations and
very frequent use of short-acting bronchodilators in
asthma patients [139].
Besides, GERD and the use of acid suppressing agents
(histamine-2 receptor antagonists and proton pump inhibitors) which are commonly used in GERD [140]; dysphagia, the compromised immune state and the use of
corticosteroids are all risk factors for SAP [141]. SAP is
not associated with increased long-term mortality, but it
is linked with increased mortality up to 1 y, prolonged
length of stay, and poor functional outcome on discharge [142].
Impact of asthma on stroke outcomes

Stroke outcomes could be influenced in long-term by
chronic inflammatory airway disease. In a cohort study,
history of CIAD was independently associated with mortality during long-term follow-up (HR = 1.42, 95% CI =
1.02–2.00). However, CIAD was not significantly associated with short-term mortality after stroke. Furthermore,
CIAD is an independent risk factor for pneumonia after
stroke – pneumonia being a major cause of death in
stroke patients [143]. Also, there is a consistent, independent and long-lasting association between lung function and fatal stroke [34]. A statistical interplay between
mortality due to stroke in asthma patients was demonstrated by Strand and coworkers. Moreover, individuals
with active asthma showed an increased risk of dying
from CVD [38]. Stroke outcomes might be exacerbated
by fibronectin, which promotes inflammation of the
thrombus [135].
As we underlined previously, that asthma patients are
at risk in developing atherosclerosis, atrial fibrillation,
myocardial infarction, stroke and maybe even recurrent
stroke. Asthma exacerbations, ACO and uncontrolled
asthma could have an additional risk for poorer prognosis after stroke. Further studies should investigate
whether the incidence of worse outcomes after stroke
and recurrent stroke in asthma patients is increased.
Similarly, in the current guidelines, asthma is not considered a relevant comorbidity to be addressed for primary or secondary stroke prevention. However, current
data reveals a relevant interaction between asthma and
stroke and thus this statement should be reviewed.
Prevention of stroke in asthma patients

Since stroke is an acute, burdensome, and preventable
condition several preventive options may be useful in
asthma patients.
Firstly, we should focus on modifiable risk factors for
stroke, such as obesity and tobacco use, that could certainly have a great impact on asthma outcomes, stroke
prevention, as well as, stroke outcomes. Obesity can trigger asthma development through several mechanism,
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but also it is associated with worsening of asthma symptoms, increased exacerbations, unresponsiveness to
standard therapy [144]. Scott and coworkers found that
weight loss in an obese asthma population significant
improves health status among participants [145]. In
addition, there is evidence that obesity is associated with
bronchodilator unresponsiveness among black and Latino children and adolescents with asthma [146].
Obesity-related asthma which usually develops in adulthood might be a particular importance to the development of CVD events [38]. The importance of smoking
cessation we have elucidated so far.
As we emphasized the importance of monitoring
asthma patients via standard clinical and laboratory
tests, in order to identify subclinical atherosclerosis prior
to progression to full CVD complicated by acute events.
We mentioned the acute phase reactants, like CRP, hepcidin, fibrinogen; fibronectin, α2-macroglobulin, PAI-1,
von Willebrand factor, D-dimer, brain natriuretic peptide; measurement of clot lysis time, arterial stiffness
through PWV. All of these are either detecting and thus
preventing CVD events or are predictors of the outcomes from those events. A study suggested that routine
administration of the CVHI in a primary prevention
population would yield the benefits of identifying patients with existing subclinical CVD [147].
Asthmatics have a prothrombotic state that could be
counteracted by heparin or enoxaparin therapy. Early
studies described subjective improvement of asthma
symptoms using intravenous or inhaled heparin [148].
Especially for asthma patients with estimated CVD and
stroke risk it should be taken into account the adjuvant
anticoagulant therapy. Furthermore, clinical studies of
patients with asthma reveal heightened platelet activation and accumulation into lung tissue, thus suggesting
the need for further research to exploit the potentially
powerful anti-inflammatory applications possessed by
anti-platelet drugs [149].
In addition, the therapy of each asthma patient should
be customized according to its severity, phenotype and
endotype, its congruency and response to it, as well as
current comorbidities. Target therapy is the future strategy, that could minimize the risk for complications, such
as stroke [83].
Statins have been shown to have multiple pleiotropic
effects other than its lipid lowering activity by modulating multiple signaling pathways that govern inflammatory, mucus-inhibitory, oxidant stress and proliferation.
Thus, the repurposing of statins from conventional anticholesterol oral therapy to inhaled anti-inflammatory
formulation is promising, as it provides direct delivery to
the airways, reduced risk of side effects, increased bioavailability and tailored physical-chemical properties for
enhanced efficacy. Inhaled statins act by reducing airway

Corlateanu et al. Asthma Research and Practice

(2021) 7:3

inflammation and oxidation; regulating NOS, as well as,
attenuating airway remodeling by regulation of MMP expressions and decrease MUC gene expression [150]. Indeed, a cohort study demonstrated that CHD risk was
lower in all statin users, regardless of the duration of
use, whereas ischemic stroke risk was lower only in the
long-term statin users [24]. Consistent with these results,
Chou et al. reported that in adults with a high risk of
CVD but no prior CVD events, statin use is associated
with a low risk of CVD events, and patients at a high
baseline risk have relatively greater absolute benefits
(e.g., those with hypercholesterolemia) [151]. Moreover,
the use of ICS or OS with statins has an additive effect
[152]. A group showed that treatment of OVA-exposed
mice with i.t. pravastatin (30 mg/kg) improved asthma
pathology [153]. Oxidative stress is a constantly discussed component of both of the disease and there is
ongoing research for adequate antioxidant therapy [154].
Vitamin D is a recognized modulator of the immune
response, which is required for an adequate physiologic
response to inflammatory diseases and immune-system
mediated diseases; thus, vitamin D status play a role in
the association between asthma and stroke. Indeed, calcitriol acts as a direct transcriptional regulator of endothelial nitric oxide (NO) synthase (eNOS), and can
promote normalization of eNOS mRNA expression and
enzymatic activity in experimental atherosclerosis. Overall, it is plausible that the impaired endothelial function
that may accompany low circulating vitamin D levels
contributes to an increased risk of cerebrovascular diseases and mortality [155]. In asthma, reduced vitamin D
levels are associated with impaired lung function, increased AHR, and reduced GC response, suggesting that
supplementation of vitamin D levels in patients with
asthma may improve a number 0f parameters of asthma
severity and treatment response [156]. Actually, a cohort
study revealed that FEV1 percent predicted and FEV1/
forced vital capacity ratio showed a significant positive
correlation with vitamin D levels. Also, the use of inhaled steroids, use of oral steroids, and the total steroid dose all showed significant inverse correlations
with vitamin D levels. This findings support that
vitamin D enhances the anti-inflammatory effects of
glucocorticoids, and could be as a potential steroidsparing agent in patients with moderate-to-severe persistent asthma, as well as a modifier of asthma disease
severity [157]. Furthermore, low serum levels of vitamin D at admission have been proposed as an independent prognostic biomarker for greater stroke
severity, a poorer functional outcome at discharge, a
higher risk of death at one or 2 y, and a greater risk
of early recurrent stroke [158, 159].
Vagal nerve stimulation appears to be a safe and feasible
modality for use in the treatment of moderate to severe,
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acute asthma exacerbations in patients unresponsive to
initial standard of care and as a rescue intervention for
mild-to-moderate asthmatic attacks. Maybe neurostimulation could be an option for management of asthma exacerbations, thus preventing complications [160].

Summary and future perspective
It is important to clarify whether asthma increase the risk
of all stroke types and to elaborate safe and effective
methods for stroke prevention. More studies are required
to evaluate whether, adjusting the therapy with anticoagulants is a correct strategy, as well as, which predictors are
the best to be implemented in routine monitoring of
asthma patients. In general, the interaction between lungs
and the brain is complex (Fig. 3). The pro-inflammatory
state generated at the level of the lungs leads to atherosclerosis, comorbid conditions, procoagulatory state. SCS
therapy decreases the inflammatory process but in turn,
also leads to cardiovascular and metabolic diseases. Although, ICS are safer, they are also linked to comorbidities. SABA and LABA are directly linked to arythmogenic
effect, which in turn can lead to thromboembolism. It
seems that all of the abovementioned main drug groups
that are used for asthma treatment are to some degree
linked to stroke. Antimuscarinic agents on the other did
not demonstrate this effect. Similarly, there are other
emerging drug groups which may demonstrate a better
safety profile regarding cardiovascular and metabolic comorbidities as well as stroke risk. We also need agents that
can effectively combat and limit the inflammatory state at
the level of the lungs. Asthma-related comorbidities
should be at special attention in lights of the fact that the
majority are linked to cerebrovascular disease.
No clinical studies were found on the use of inhaled statins. Furthermore, studies on reformulating
statins as an inhaled therapy are still in their infancy
and further investigations are required to better
understand the efficacy, toxicity and mechanism of
action of these statin molecules in the airways and in
the prevention of stroke.
The findings of vitamin D implications in asthma
evolution and stroke outcomes should be confirmed
in a prospective fashion that involves the generation
of an efficient multivariate model, in order to include
vitamin D supplementation as an adjuvant therapy for
asthma patients, especially those with increased risk
for stroke.
Furthermore, current treatment options are limited
and may not be effective for all patient populations.
Hence, new treatment options with superior efficacies to
treat these diseases are urgently required as potential
substitution, alternative or adjunct therapy to currently
available therapies.
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Fig. 3 The complex interaction between lungs and the brain

Conclusions
Asthma is a heterogeneous disease with several key
pathophysiological mechanisms that impact the whole
body. There is enough data that suggests the association
between asthma and atherosclerosis, which in turn leads
to CVD and stroke. It seems that asthma may increase
the risk of both ischemic and hemorrhagic stroke. The
proper management of asthma, prevention of exacerbations, as well as, prospective monitoring and the use of
adjuvant therapy are essential to decrease the risk for
stroke and improve its outcomes. Asthma comorbidities
should be at special attention and there is need for a better understanding of limitations of the current treatment
strategies.
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