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ABSTRACT

Asthma is usually associated with pulmonary and extrapulmonary comorbidities that are more common
in patients with severe asthma than in those with mild-to-moderate illness or in the general population.
These comorbidities may affect the clinical intensity and severity of asthma and, as a result, increase
health care costs related to its therapy. On the other hand, their recognition and appropriate treatment
appear to improve asthma outcomes while optimizing therapy by preventing overtreatment. Comorbid
conditions such as gastroesophageal reflux disease, allergic rhinitis, obesity, depression, diabetes
mellitus, and cardiovascular disease are commonly known, though their prevalence varies significantly
between studies; however, many more comorbidities may remain undiagnosed and only be discovered
in an experienced specialized environment. Unfortunately, the pathogenetic pathways linking asthma and
many comorbidities are still unknown, which explains why they may often be misdiagnosed as diseases
related to asthma treatment. Nevertheless, asthma and comorbid conditions often have common risk
factors, and some evidence suggests that they share inflammatory pathways which exacerbate asthma.
Inflammation was shown to play an essential role in the onset and development of various comorbidi-
ties. The role of systemic inflammation in asthma, on the other hand, remains unknown. Understanding
the mechanism(s) that link(s) asthma and its concomitant disorders is critical for developing an effective
treatment strategy. This review examines the epidemiology, pathophysiology, treatment suggestions,
and significant knowledge gaps of these comorbidities.

Introduction The term “comorbidities” can refer =~ common in severe asthma patients than in those

to diseases that develop coincidentally, although
it is mainly used to denote 2 illnesses that impact
one another." Asthma is frequently accompanied
by various comorbidities that influence its clin-
ical intensity, severity, or care.? Each additional
comorbidity is associated with a clinically signif-
icant decrement in quality of life (QoL).* How-
ever, it can be challenging to distinguish a co-
morbidity from a coexisting condition. The dif-
ference between these 2 entities is that the for-
mer contributes to the pathophysiology of asth-
ma and leads to its exacerbations, while the latter
does not. In any case, both must be appropriate-
ly identified and treated.?

Several population-based retrospective studies
using health administrative data found that asth-
matic patients had considerably higher rates of
comorbidities.*” They can be either pulmonary*®
or extrapulmonary’® in nature, and are more
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with mild-to-moderate disease or in the general
population.”” The prevalence of comorbidities in
asthmatic patients varies between studies but it
is high mainly in asthmatic women of older age,
former smokers, and patients with asthma who
are prednisone-dependent.®

These findings highlight the need for more ex-
tensive research into the origins of the problem,
actual influence of comorbidities on the natural
history and severity of asthma, mechanisms by
which they may affect asthma, and implications
for asthma therapy.®

Respiratory tract/pulmonary comorbidities Respi-
ratory tract/pulmonary comorbidities specifi-
cally affect the upper and middle /lower respira-
tory tract. Obstructive sleep apnea (OSA), aller-
gic rhinitis, chronic rhinosinusitis, nasal polypo-
sis, and vocal cord dysfunction (VCD) /inducible



laryngeal obstruction are upper respiratory tract
disorders associated with asthma.” Dysfunction-
al breathing, chronic obstructive pulmonary dis-
ease (COPD), and bronchiectasis are comorbidi-
ties that specifically affect the middle/lower re-
spiratory tract.’

Upper respiratory tract comorbidities Obstructive
sleep apnea OSA is common in obese individu-
als with severe asthma and leads to more severe
disease and poor asthma control.”'’ The preva-
lence of OSA can reach up to 90% in severe asth-
ma.’ However, the interplay of the 2 entities is
still not fully understood. Increased vagal tone
leading to airway hyperresponsiveness (AHR) and
recurrent oxidative stress at the bronchial level
via hypoxia and hyperoxygenation are 2 mecha-
nisms that may contribute to bronchoconstric-
tion.? There is compelling evidence that continu-
ous positive airway pressure and adenotonsillec-
tomy, the first-line treatments for OSA in adults
and children, improve asthma control.'” Howev-
er, it is unknown how asthma medication affects
OSA in people with both disorders.

Allergic rhinitis Most patients with asthma have
symptoms of seasonal or perennial allergic rhini-
tis.*? Therefore, some consider the simultaneous
presence of allergic rhinitis and asthma as a sin-
gle disorder referred to as combined asthma and
allergic rhinitis syndrome, which predominant-
ly manifests as a type 2 (T2) immune response.'!

Asthma and allergic rhinitis share similar trig-
gers and pathophysiology, characterized by simi-
lar inflammatory cell infiltrates.'? The upper and
lower respiratory tracts have the same anatomi-
cal, functional, pathogenic, clinical, and immuno-
logical features, including the same lymphoid net-
work, thus reacting to airborne allergens by acti-
vating similar effector cells. Asthma and allergic
rhinitis are both immunoglobulin (Ig) E-mediated
allergies that are induced by comparable allergens
and share some inflammatory and pathophysio-
logical pathways. Other mechanisms of the nose-
-lung interaction have been proposed, includ-
ing autonomic imbalance via changes in neural
tone to effector tissues.'? For example, neuro-
nal stimulation in the nose can result in the re-
lease of cholinergic neurotransmitters and con-
traction of the airway smooth muscle (ASM)."?
Also, neuropeptide release, interaction with cellu-
lar recruitment, increased lower airway exposure
to airborne contaminants from mouth breathing,
and increased demand for conditioning of the in-
spired air could play a role in the pathogenesis of
both disorders.'? In any case, examination of IgE
polysensitization to multiple aeroallergen com-
ponents revealed common IgE sensitivity to pol-
len and indoor allergens in asthma and rhinitis
rather than to pollen allergens in rhinitis alone."?

The prevalence of allergic rhinitis in asthmatics
is similar regardless of asthma severity. For ex-
ample, in the U-BIOPRED (Unbiased Biomarkers
in Prediction of Respiratory Disease Outcomes)

POLISH ARCHIVES OF INTERNAL MEDICINE  2022; 132 (4)

cohort, allergic rhinitis was present in 55% of se-
vere asthma patients and 60% of those with non-
severe asthma.'” The SAPALDIA study showed
similarities in the inflammatory pattern of asth-
ma and allergic rhinitis, in which eosinophils and
T-lymphocytes are the predominant cells.'® How-
ever, rhinitis is also common in nonallergic asth-
ma.'® Individuals with allergic rhinitis who are
sensitized to perennial allergens are significant-
ly more likely to develop asthma than individ-
uals who are sensitized to seasonal allergens.!”

Adequate therapy with inhaled corticosteroids
and/ or second-generation antihistamines in pa-
tients with asthma and allergic rhinitis is critical
for lowering the risk for occurrence of acute asth-
ma exacerbations.'®

Chronic rhinosinusitis and nasal polyposis The in-
cidence of chronic rhinosinusitis among asthma
patients is believed to be between 22% and 45%.'°
Approximately 20% of patients with chronic rh-
inosinusitis have nasal polyposis.'® Chronic rhi-
nosinusitis with nasal polyposis (CRSwNP) is fre-
quently associated with asthma and allergic rhi-
nitis but the cellular and molecular mechanisms
that contribute to the clinical symptoms are not
fully understood.'® The presence of chronic rhi-
nosinusitis increases the incidence of exacerba-
tions and reduces symptom control and QoL in
asthmatic patients.?’

Bronchoconstriction often accompanies si-
nusitis, presumably due to reflexes controlled
at the pharyngeal level through extra-thoracic re-
ceptors.” Chronic rhinosinusitis with and with-
out nasal polyps may be related to allergic and
nonallergic causes and may increase the risk of
aspirin-induced asthma in individuals with late-
-onset asthma.” Furthermore, patients with se-
vere asthma and CRSwNP are given oral cortico-
steroids (OCS) on a regular basis, which puts them
at a significant risk of OCS-related side effects.?!
CRSwNP may also be associated with other co-
morbidities of asthma, such as depression, obe-
sity, and cardiovascular disease.?’:??

In severe asthma, surgery or medical treatment
of chronic rhinosinusitis improves asthma man-
agement and QoL by decreasing airway obstruc-
tion.* In addition, current biological therapy with
anti-interleukin (IL)-4, IL-5, and IL-13 monoclo-
nal antibodies should also be used.?*

Vocal cord dysfunction/inducible laryngeal obstruc-
tion VCD, now referred to as inducible laryngeal
obstruction,?* is a syndrome characterized by ab-
errant adduction of the vocal cords during inspi-
ration, resulting in variable blockage of the extra-
-thoracic airway. It is a confounder of asthma and
may erroneously lead to the diagnosis of hard-to-
-treat asthma.?®

The prevalence of inducible laryngeal obstruc-
tion can vary from 19% to 50%." VCD can be
caused by occupational, chemical, and physical
irritants and postnasal drip, gastroesophageal re-
flux disease (GERD), and viral upper respiratory



tract infections.’ In addition, patients with VCD
are more likely to have GERD, rhinitis, and expe-
rience anxiety and sadness.’ Exercise can often
induce a laryngeal obstruction.®

Patients with VCD often complain of attacks
of dyspnea with a defined onset and end point
that do not respond to bronchodilators used to
prevent or relieve symptoms.® Inspiratory stridor
or a sense of air hunger are also frequently ob-
served. Individuals with exercise-induced larynge-
al obstruction often experience symptoms at the
highest level of exertion. Outside the abovemen-
tioned episodes, basic physiological tests, such as
spirometry and bronchodilator tests, are usually
normal.’ Flow volume loops often demonstrate
flattening of the inspiratory curve after a metha-
choline challenge test. However, the specificity of
this finding for VCD is limited. Laryngoscopy is
the usual diagnostic method for VCD, although
it may show false negative results when conduct-
ed during an interval without exacerbations.* Al-
though VCD is difficult to diagnose, it should be
considered when patients have chronic wheez-
ing at rest after utilizing inhaled bronchodilators.

Since some symptoms of VCD overlap with
those of asthma, its detection and treatment may
reduce the risk of hospitalization, overmedication,
and unnecessary health care costs.?® Many ath-
letes with confirmed exercise-induced laryngeal
obstruction utilize asthma medication, often de-
spite negative asthma testing, and few claim that
the therapy relieves their respiratory problems
during high-intensity exercise.?’ Therefore, exer-
tional respiratory issues that do not respond to
asthma medication should prompt diagnostics for
exercise-induced laryngeal obstruction in athletes.

Antimuscarinic agents were shown to be ben-
eficial in small case series and are being studied
in randomized trials.’ In addition, supraglotto-
plasty, a surgical procedure used to treat laryngo-
malacia that involves removing or modifying ob-
structive tissue to promote greater airway stabil-
ity and patency, is sometimes suggested for ob-
structions limited to the supraglottic structures.’®
Speech therapy is considered the cornerstone of
VCD treatment. Finally, several behavioral treat-
ment techniques are mentioned, including visu-
al biofeedback during the VCD episodes, inspira-
tory muscle training, and behavioral health / per-
formance psychology intervention.’

Middle/lower respiratory tract comorbidities Dys-
functional breathing The term “dysfunctional
breathing” refers to a group of disorders in which
there is a persistent shift in the biomechanical
respiratory rhythm that causes pulmonary and
extrapulmonary symptoms® which can lead to
mental discomfort.?® In patients with asthma,
the incidence of dysfunctional breathing is about
30%?° but in the population with severe asthma,
it is 44%." The most common symptoms are dys-
pnea (at rest and during exercise), chest tightness,
chest pain, excessive yawning, deep sighing, and
hyperventilation.® They occur in the absence of
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an organic abnormality and often despite normal
lung function. As these symptoms can mimic or
be mistaken for those of asthma, they can lead
to misdiagnosis of asthma and even overtreat-
ment.® However, dysfunctional breathing does
not respond to asthma therapy.® Nevertheless,
AHR may result from dysfunctional breathing
because hyperventilation, promoting hypocap-
nia, can lead to increased airway resistance in
asthmatics.’ In addition, stress may cause bron-
choconstriction directly via vagal stimulation or
increase airway caliber sensitivity in susceptible
individuals.?®

Asthmatics with coexisting dysfunctional
breathing have poorer asthma control and low-
er QoL than people with asthma alone.” Women
are at a higher risk, and asthmatic patients with
dysfunctional breathing are also more likely to
have other comorbid conditions such as sinona-
sal symptoms, anxiety, depression, obesity, and
frequent acute asthma episodes.®?°
Chronic obstructive pulmonary disease There is
a large group of asthmatic patients, commonly
smokers with severe asthma, who have fixed air-
way obstruction, primarily because of airway re-
modeling in addition to a neutrophilic pattern,
and in this manner resemble those with COPD.
On the other hand, there are many COPD pa-
tients with good reversibility of airway obstruc-
tion and increased eosinophil counts who, as
a consequence, can be confused with asthmatic
patients.’’ Furthermore, it is widely recognized
that there are patients, especially elderly, who
present with features of both illnesses. The pre-
sentations of asthma and COPD can converge and
mimic each other, making it difficult to diagnose
these patients with either condition.*'

The interactions between the cellular and mo-
lecular pathways of the 2 disorders are compli-
cated and appear to go beyond the primary addi-
tive impact. Therefore, the coexistence of asthma
and COPD in the same patient was recognized as
a separate entity labelled as asthma-COPD over-
lap (ACO).?? The prevalence of ACO among pa-
tients with asthma ranges from 3.2% to 51.4%,
with a pooled prevalence of 26.5%.%* T2 inflam-
mation is elevated in people with ACO, which is
related to higher reversibility of airflow obstruc-
tion and improved responsiveness to inhaled cor-
ticosteroids.?*? On the other hand, individuals with
ACO have worse diffusion capacity and higher
neutrophil and IL-6 concentrations as compared
with nonsmokers. However, the 2021 strategy re-
port of the Global Initiative for Chronic Obstruc-
tive Lung Disease stated that “we no longer refer
to asthma-COPD overlap (ACO), instead we em-
phasize that asthma and COPD are different dis-
orders, although they may (...) coexist in an indi-
vidual patient. If a concurrent diagnosis of asth-
ma is suspected, pharmacotherapy should pri-
marily follow asthma guidelines, but pharmaco-
logical and nonpharmacological approaches may
also be needed for their COPD.”*



Bronchiectasis Bronchiectasis, which is usually
thought to be the result of uncontrolled long-term
asthma,* is more common in older people and
may be related to smoking history.*® The mean
prevalence of bronchiectasis in asthma patients
is 36.6%.%% These patients have a lower ratio of
forced expiratory volume in 1 second to forced
vital capacity and more frequent exacerbations
than those with asthma alone, with no signifi-
cant difference in sex, asthma duration, or se-
rum IgE levels between asthmatic patients with
and without bronchiectasis.

Uncontrolled bronchial inflammation likely
causes increases in mucus production and local
mucosal damage, culminating in anatomical ab-
normalities typical of bronchiectasis.*® There is ev-
idence that neutrophilic airway inflammation in
asthmatic patients can cause epithelial damage®’
and that imbalances between proteases (particu-
larly neutrophil elastase) and antiproteases can
even induce lung tissue damage.*® This patholog-
ical scenario is exacerbated by altered mucocili-
ary clearance, leading to further injury and air-
way remodeling.*® In addition, recurrent airway
infections and increased bronchial secretions can
lead to airway limitation which can exacerbate or
worsen underlying asthma symptoms.*?

Bronchiectasis associated with asthma has
at least 2 phenotypes: eosinophilic bronchiec-
tasis and chronic infectious bronchiolitis / bron-
chiectasis.”' A direct link between T2 inflamma-
tion and bronchiectasis cannot often be ruled out
or confirmed.*? Certainly, eosinophils can cause
damage to the bronchial tissue through degran-
ulation and the production of enzymes such as
eosinophil-derived neurotoxin, eosinophil cation-
ic protein, eosinophil peroxidase, and major ba-
sic protein. It has been suggested that this dam-
age induces the production of alarmins, such as
IL-25, IL-33, and thymic stromal lymphopoietin,
by bronchial epithelial cells.*? The alarmins, in
turn, activate type 2 innate lymphoid cells to pro-
duce IL-5, IL-4, and IL-13, resulting in a vicious
cycle with further recruitment and activation of
eosinophils, mucus production, and the devel-
opment of subepithelial fibrosis with airway re-
modeling. On the other hand, IL-17 and tumor
necrosis factor-o (TNF-a), which are major me-
diators in neutrophilic airway inflammation, en-
hance ASM hyperresponsiveness to contractile
agonists,*! which may contribute to airway con-
striction. Furthermore, when activated with li-
popolysaccharide, neutrophil-derived exosomes
increase ASM cell proliferation.*' Bronchiectasis
has also been documented as a long-term con-
sequence in asthma patients who had bronchi-
al thermoplasty.®

Long-term macrolide therapy is well tolerated
and successful in the treatment of exacerbation-
-prone noneosinophilic asthma, and it should
be considered when both conditions overlap.” In
addition, biologics that target T2 inflammation
may be considered in patients with bronchiecta-
sis and severe asthma.’?
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Extrapulmonary comorbidities GERD, cardiovascu-
lar disease, obesity, diabetes mellitus, and anxi-
ety / depression are the most frequent extrapul-
monary comorbidities of asthma.®

Gastroesophageal reflux disease The abnormal
respiratory physiology of patients with asthma
facilitates the occurrence of GERD.%'* The respi-
ratory obstruction may cause negative pleural
pressures which increase the pressure gradient
between the chest and abdominal cavity and pro-
mote reflux. On the other hand, GERD can cause
asthma symptoms directly through its effects on
AHR, and indirectly through aspiration-induced
inflammation.

Indeed, the microaspiration of stomach acid
can cause airway constriction either directly by
activating a vagal response that promotes bron-
choconstriction, or indirectly by inducing chronic
inflammatory changes that ultimately contribute
to increased airway responsiveness. Exposure of
the bronchial epithelial cells to a mixture of pep-
sin, acid pH, and bile acids was found to induce
structural disruption, increased permeability,
IL-33 production, inflammatory mediator release,
and alterations in the gene expression for a vari-
ety of biological processes.*” These results imply
that GERD may play a role in increasing the expo-
sure of the subepithelial airway mucosa to aller-
gens and pathogenic microorganisms, increasing
the likelihood of inflammation and exacerbations.
However, it was suggested that a shared compo-
nent, including emotional disorders, rather than
a causal relationships may be significant.*® There-
fore, 2 possible mechanisms of action have been
proposed: mediation, in which having an atop-
ic disease increases the risk of depression, anxi-
ety, or neuroticism which then trigger and exac-
erbate GERD; or a common cause, in which hav-
ing depression, anxiety, or neuroticism increas-
es vulnerability to developing or reporting both
atopic diseases and GERD.

In patients with mild-to-moderate asthma,
the prevalence of GERD is 21%, while in patients
with severe asthma, it ranges from 46% to 63%."
GERD has been linked to poor symptom man-
agement and is a risk factor for severe asthma
exacerbations.”

The Global Initiative for Asthma strategy indi-
cates that symptomatic reflux should be treated.*®
Antisecretory drug treatment is based on proton
pump inhibitors (PPIs). Studies analyzing the im-
pact of PPI treatment on asthma show conflicting
results. A meta-analysis documented little impact
on morning peak expiratory flow in asthmatic pa-
tients with symptomatic GERD."” In the case of
uncontrolled asthma and in the absence of clini-
cal symptoms of GERD, there is no reason to ad-
minister systematic treatment with PPIs.*¢

Bronchodilators, including B-agonists and
methylxanthine, may reduce the lower esopha-
geal sphincter tone, thereby promoting acid reflux
and creating a potentially vicious circle.*® Anticho-
linergic drugs not only impair lower esophageal



sphincter function, but also other gastrointestinal
processes implicated in the etiology of reflux.*®

Evidence supporting the efficacy of surgery
for adults with asthma and GERD, as well as ev-
idence in the pediatric population, is currently
insufficient.*®

Cardiovascular disease Clinical evidence sug-
gests a strong link between cardiovascular dis-
ease (CVD) and asthma morbidity.® Asthmatics
have a 42% higher risk of CVD than individuals
without asthma.?® However, CVD is more frequent
in patients with difficult-to-control asthma than
in those with more treatable disease.®' We were
unable to identify a clear association of asthma
with acute or previous myocardial infarction;®
however, a higher risk of ischemic heart disease
appears to be present only in those over 53 years
of age.’? Furthermore, only people with asthma
who report allergies have an elevated risk of cor-
onary heart disease.”® Asthma and CVD appear
to have stronger links in women than in men.’
Although the strength of association is low, hy-
pertension is the most common cardiovascular
comorbidity found in patients with severe asth-
ma.? CVD has been shown to affect outcomes in
patients with asthma, with heart failure playing
a prominent role in the development of edema-
-induced bronchoconstriction.?*

Experimental data indicate that systemic in-
flammation associated with asthma may impair
cardiovascular function.® The specific biological
mechanisms that may facilitate the development
of cardiovascular comorbidity remain to be fully
determined. Dysregulation of cytokines, main-
ly IL-4, IL-6, IL-9, IL-17A, and IL-33 but also
interferon-y and TNF-a, has notable effects in
both diseases, although inflammatory regula-
tion in asthma differs from that of atherosclero-
sis.’® Actually, other inflammatory cells including
macrophages, monocytes, lymphocytes, neutro-
phils, and mast cells also participate to a great ex-
tent in the pathogenesis of both diseases, shar-
ing similar activities.’® The finding that only asth-
ma with allergy is strongly related to the risk of
coronary heart disease may be due to biological
mechanisms such as mast cell release that con-
nect allergy in asthma to coronary heart disease.’’
Histamine, cysteinyl leukotrienes, and platelet-
-activating factor, released by immunologically ac-
tivated human heart mast cells, strongly influence
the left ventricular function, cardiac rhythm, and
coronary artery tone, exerting negative inotropic
effects and inducing myocardial depression. Fur-
thermore, cardiac mast cells produce chymase and
renin which stimulate the angiotensin system lo-
cally and cause arteriolar vasoconstriction.’” In
any case, ASM proliferation is common in both
AHR and atherosclerotic lesions.5°

Asthma medications have been implicated in
most cardiovascular problems in asthmatic pa-
tients.® Surprisingly, the UK General Practice
Research Database showed that the patterns of
risks of myocardial infarction were identical when
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short-acting B,-agonists, long-acting [3,-agonists,
and inhaled corticosteroids were used.*® For each
of these medicines, the risk of myocardial infarc-
tion increased shortly after initiation of ther-
apy and subsequently decreased. Hazard rates
were similarly higher in heavy, long-term users.
The Framingham myocardial infarction risk score
was strongly related to myocardial infarction inci-
dence in persons using asthma medication. These
data imply that the first presentation with symp-
toms like asthma (probably dyspnea) represents
the occurrence of ischemic heart disease in a high
proportion of cases.’

According to emerging evidence, a single med-
icine may have the same target in both disorders.
Statins are the basis of CVD prevention.® Howev-
er, a Cochrane analysis published in 2020 found
that statin treatment was ineffective for asth-
ma.’ Nevertheless, a very recent meta-analysis
of 11 RCTs and 8 observational asthma studies
suggests that statins can improve asthma con-
trol and minimize exacerbations.®’ Canakinum-
ab, an anti-IL-1B monoclonal antibody, was found
to be more effective in reducing the incidence of
recurrent cardiovascular events than placebo, re-
gardless of the lipid-level reduction.’' However, it
has not been studied in RCTs on asthma.

Obesity Numerous investigations reported
an important link between obesity and asthma, al-
though the route of causality remains unknown.?
The prevalence of asthma in overweight/obese
people surpasses 50%, with a good association
with the body mass index.?? Obesity has been
shown to increase the risk of asthma in wom-
en but not in men.** Female sex hormones may
play a role in the etiology of asthma, with obe-
sity impacting estrogen levels, which may influ-
ence the transition from a T1 to T2 response.5?
Since obesity is a component of the metabolic
syndrome, a link between the metabolic syndrome
and asthma is speculated to exist.’ Systemic in-
flammatory markers are higher in obesity, and
adipokines generated by adipose cells, albeit mar-
ginally, are associated with asthma symptoms.®
Proinflammatory adipokines in the circulation
might cause or worsen airway inflammation and
modify inflammatory pathways associated with
corticosteroid-resistant asthma, contributing to
AHR or asthma® and better responsiveness to leu-
kotrienes modifiers.’* Obesity may influence air-
way inflammation via mechanisms other than typ-
ical IgE-mediated allergy processes.® Classically ac-
tivated (M1) and alternatively activated (M2) mac-
rophages, which parallel T1 and T2 polarization of
T cells, may coexist in different organs and have
different effects on asthma and obesity. There-
fore, it is plausible that M1-mediated inflamma-
tion in the adipose tissue of obese patients exacer-
bates the M2-mediated asthmatic inflammation of
the lungs.% Furthermore, obesity may affect genes
that regulate the production of 8,-adrenoceptors,
IL-1a, insulin-like growth factor, and glucocorti-
coid receptors.” In any case, the increased tissue



mass in the chest wall and abdomen, which has
direct mechanical effects on the lungs, might af-
fect AHR or directly aggravate the symptoms of
asthma.’ Also, the relationship between obesity
and asthma symptoms might be an epiphenom-
enon, with the underlying association attribut-
able to comorbidities or obesity-related lifestyle
factors.” However, regardless of all these possible
links between asthma and obesity, weight loss pro-
grams and bariatric surgery should be explored in
obese individuals with asthma, particularly those
with poor disease management.*

Diabetes mellitus There are strong connections
between asthma and type 2 diabetes mellitus
(T2DM), at least in women, with a nearly dou-
bled incidence of asthma in those with T2DM.°
Over a mean of 11 years of follow-up, individu-
als with hyperglycemia or T2DM had a 43% in-
creased risk of incident asthma.?® Furthermore,
there is a negative relationship between diabetes
severity (as characterized by illness duration and
type of antidiabetic drugs) and lung function, sug-
gesting that the lung is a target organ of diabet-
ic harm.%” High levels of glycated hemoglobin A,
are linked to asthma-related hospitalizations and
small decrements in lung function.?® These last
findings are not surprising given that high glu-
cose concentrations cause hyperresponsiveness
of human isolated bronchi and increased intra-
cellular calcium release in cultured ASM cells via
a Rho/Rho-associated kinase and myosin phos-
phatase targeting subunit 1-dependent pathway,
implying that these critical pathways may con-
tribute to the reduced lung function seen in di-
abetic patients.®®

The molecular basis for the association between
diabetes and asthma is yet to be thoroughly in-
vestigated and understood. There is growing evi-
dence that the systemic inflammatory pathway is
the common connection between airway diseas-
es and T2DM, and several molecular mechanisms
involving proinflammatory pathways and vascu-
lar inflammation have been suggested.”® Never-
theless, the systemic component’s processes re-
main unknown. According to scientific evidence,
asthma and T2DM are linked to low-grade sys-
temic inflammation, which may be dependent or
independent of adiposity.®’

As already mentioned, systemic inflammatory
markers are elevated in obesity.’ TNF-o and IL-6
promote T2 cell development and the production
of cytokines such as IL-4 and IL-5, which are im-
plicated in the usual inflammation seen in eosino-
philic asthma.®’" These cytokines can also induce
T2 cell development into T17 cells, and an obese
target population with T2DM and severe neutro-
philic asthma has a milieu rich in T17 cells and in-
creased levels of IL-17. Furthermore, when TNF-
-o interacts synergistically with IL-6, it causes an
increase in leptin and resistin circulation levels,
favoring higher peripheral insulin resistance by
blocking signaling through the insulin receptor,
thereby increasing the risk of T2DM.6-70.71
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The relationship between T2DM and poor
lung function may also be related to insulin re-
sistance,’’ which is more strongly associated with
the risk of asthma in adults than obesity.”? How-
ever, it is unclear whether insulin resistance is
a cause of asthma or just the outcome of the ac-
tivity of inflammatory mediators implicated in
the pathophysiology of the disease.”! In any case,
by blocking neuronal M, muscarinic receptors
and boosting acetylcholine release from airway
parasympathetic neurons, hyperinsulinemia en-
hances vagally mediated bronchoconstriction.”?

T2DM as a comorbidity may be managed
using corticosteroids, which may result in
a dose-dependent increase in serum glucose
concentration.”

Currently, most pharmaceutical approaches to
asthma and T2DM therapy are symptomatic and
do not address the underlying causes of these
disorders. However, it is reasonable to consider
the treatment of systemic inflammation as a vi-
able way of treating asthma and T2DM concur-
rently if they present as comorbidities. Exendin-4,
a glucagon-like peptide (GLP)-1 agonist, stimulates
GLP-1 receptor (GLP-1R) in human isolated bron-
chi and causes bronchorelaxation via the cAMP-
protein kinase A pathway.”® Furthermore, GLP-1
has been shown to improve both dysregulated ar-
ginine metabolism and advanced glycation end-
-product-mediated inflammation, which are fre-
quent pathophysiologic processes in obesity and
asthma.”® Treatment with GLP-1R agonists leads
to improved airway function regardless of blood
glucose levels in T2DM patients with no underly-
ing obstructive pulmonary disorders.”” Interest-
ingly a retrospective review of electronic medical
records from an academic medical center found
that participants with T2DM and asthma taking
GLP-1R agonists had considerably reduced rates
of asthma exacerbation than those treated with
other antidiabetic drugs.”®

Anxiety/depression  There is a substantial overlap
between anxiety, depression, and asthma.® Anx-
iety problems impact around 49% of individuals
with severe asthma, as compared with 29% of
patients with other chronic respiratory illness-
es.’ Patients with asthma and depression have
a higher frequency of psychological issues® and
a higher death rate.”® The latter finding can be ex-
plained by the fact that concomitant depression
causes poor adherence to asthma treatments and,
as a result, an increased risk of disease worsen-
ing and emotional discomfort in patients.’ IgE-
-mediated pathways cannot explain the link be-
tween asthma and depression.® However, dysreg-
ulation of the serotonin system might play a role,
although data on the relationship between sero-
tonin and asthma are conflicting.’ Serotonin, act-
ing on 5-HT,, receptors, induces ASM contrac-
tion.?? It also stimulates alveolar macrophages
to secrete T2 inflammatory cytokines. There is
mounting evidence that one or more indepen-
dent variables, either environmental or genetic,



may influence the risk of both asthma and anxi-
ety disorders.?' Systemic inflammation may also
play a role.®? Frequent and high doses of system-
ic corticosteroids used for severe asthmatic pa-
tients may lead to neurotoxicity and cognitive def-
icits,®® while oral corticosteroid usage is unlikely
to be the cause of the higher risk of depression
in asthma patients.?* Since anxiety and depres-
sion can modify the perception of specific asthma
symptoms,®® psychological therapy and breath-
ing exercises can help the patients improve their
QoL and minimize the risk of overmedication,
and help identify individuals with true asthma-
-related exacerbations.

Discussion The presence of comorbid condi-
tions complicates asthma management in all
age groups and can significantly affect asthma
control, the persistence of symptoms, and even
the natural history of the disease. Identification
and treatment of asthma comorbidities are con-
sidered essential, especially in the approach to
difficult-to-control asthma. However, it has not
yet been determined if management of asthma
reduces the prevalence of comorbidities, wheth-
er their treatment improves asthma control, or
whether the existence of comorbidity alters asth-
ma therapy.

Further prospective studies should look
at these complex issues. However, this review
used an empirical approach, without trustworthy
evidence concerning the link(s) between asthma
and its comorbidities. Indeed, the mechanisms
connecting asthma with the associated comor-
bidities are yet to be determined. Understand-
ing these connections is critical for the develop-
ment of an effective treatment to overcome them.
However, this will not be a simple process, ow-
ing to the heterogeneity of asthma. Now, we can
distinguish a wide range of asthma endopheno-
types.®® Furthermore, there is a significant over-
lap between these endophenotypes, making it
challenging to identify a single phenotype. Due
to the high variability of asthma, the existing
data do not yet allow us to confirm whether a giv-
en endophenotype of asthma may be associated
with a specific comorbidity and subsequently es-
tablish the probable link(s) between asthma and
this comorbidity.

Recently, the interactions between atopy-
-related disorders (rhinitis and asthma) have been
discussed.?” Although each disorder can exist in-
dependently, the genetic proclivity to develop ato-
py determines their real comorbid nature. As pre-
viously stated, asthma and allergic rhinitis share
similar causes and pathogenesis, as character-
ized by inflammatory cell infiltrates.'” Further-
more, barrier failure, in combination with expo-
sure to a changing environment, may contribute
to the fast progression of these 2 atopic disorders.
However, since upper airway disorders, including
nonallergic rhinitis, are a risk factor for asthma,
simultaneous involvement of the upper and low-
er airways may likely occur independently of IgE
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and perhaps also of T2 inflammation. In fact, in
patients with markedly increased total serum IgE
levels (>1000 kU/1), the 2 most commonly associ-
ated comorbid conditions were airway infections
and rhinosinusitis.?®

The link between upper and lower airway dis-
ease extends to COPD, implying that comor-
bid airway disorders are connected regardless
of the etiology. In fact, nasal congestion may af-
fect the lower airways due to impaired filtration
and humidification of inspired air. In addition,
challenges with cold, dry air increase lower air-
way resistance, and many respondents to these
tests have no evidence of allergic disease. This
suggests that alterations in the upper airway can
cause autonomous dysregulation of the lower air-
ways. Due to anatomical, neurological, and sys-
temic inflammatory linkage, respiratory comor-
bidities may all be connected.®’

Systemic inflammation may constitute a pos-
sible link between extrapulmonary comorbidi-
ties and asthma because it is a common phenom-
enon in many of these disorders, and at least in
specific asthma endophenotypes.® Several me-
diators (eg, IL-6 and asymmetric dimethylargi-
nine, which is an inhibitor of all nitric oxide syn-
thase isoforms) have been linked to asthma and
a variety of comorbidities ranging from obesity
to cardiovascular and psychiatric disorders, im-
plying that, in addition to disease-specific media-
tors, mediators that drive systemic inflammation
may play a significant role in the cluster of diseas-
es that are comorbidities of asthma.?® Nonethe-
less, it is still unknown whether low-grade sys-
temic inflammation has local effects on the lung
parenchyma and causes or exacerbates airway in-
flammation. If inflammation affects the systemic
circulation, anti-inflammatory therapy may min-
imize the incidence of comorbidities.

The function of nucleotide-binding oligomer-
ization domain-like receptor family pyrin domain
containing 3 (NLRP3) inflammasome activation
in the development of asthma and related comor-
bidities is becoming clearer as clinical data accu-
mulate.?®?! A substantial body of evidence sup-
ports the significance of reactive oxygen species
and mitochondrial dysfunction in inflammasome
activation, both of which are frequent in obesi-
ty, diabetes, and asthma.? NLRP3 then generates
the caspase-1 enzyme, which converts pro-IL-1B
to its proinflammatory version, IL-1f. The activa-
tion of the NLRP3 inflammasome in the lungs re-
sults in increased neutrophil infiltration and ac-
tivation leading to neutrophil extracellular trap
formation, worsening of asthma symptoms, re-
duced lung function, and increased steroid resis-
tance.” These features are significant in develop-
ing innovative T2-low asthma therapies, particu-
larly for steroid-refractory severe asthma linked
with comorbidities such as obesity and diabetes,
and neutrophilic inflammation. There is evidence
that macrolide antibiotics, including azithromy-
cin, may influence NLRP3 responses;®* however,
further research is warranted.



The identification of comorbidities
must become an essential component of asth-
ma care. Furthermore, a comprehensive assess-
ment of their impact is required to ensure that
they are appropriately treated and/ or controlled
to reduce their influence on asthma. This scenar-
io becomes much more problematic when the ex-
trapulmonary comorbidities are considered, since
they might significantly complicate the overall
care of individuals with severe asthma. Further-
more, the pathogenetic pathways linking severe
asthma and extrapulmonary comorbidities are
still unknown, which explains why they may of-
ten be misdiagnosed as diseases related to asth-
ma treatment.

Conclusion
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