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Abstract
Difficult-to-treat and severe asthma are challenging clinical entities. In the face of suboptimal asthma control,
the temptation for clinicians is to reflexively escalate asthma-directed therapy, including increasing exposure
to corticosteroids and commencement of costly but potent biologic therapies. However, asthma control is
objectively and subjectively assessed based on measurable parameters (such as exacerbations or variability in
pulmonary physiology), symptoms and patient histories. Crucially, these features can be confounded by
common untreated comorbidities, affecting clinicians’ assessment of asthma treatment efficacy.

Educational aims
• To review the prevalence of selected comorbidities in severe asthma.
• To describe the role of comorbidities in contributing to poor asthma control and confounding treatment

response.
• To present the benefits of active management of comorbidities associated with difficult-to-treat and severe

asthma.

Introduction
The 2007 National Institutes of Health (NIH) guidelines on asthma define asthma as “a common chronic
disorder of the airways that involves a complex interaction of airflow obstruction, bronchial
hyperresponsiveness and an underlying inflammation. This interaction can be highly variable among patients
and within patients over time” [1]. Asthma is common, affecting 5–10% of the population; yet, confirming
the diagnosis remains challenging, leading to issues with both under- and overdiagnosis [2, 3].
“Difficult-to-treat” asthma is defined as asthma that is not controlled despite high or medium doses of
inhaled steroids [4] or in which high doses of treatment are required to maintain an adequate control of the
symptoms and to reduce the risk of exacerbations [5, 6]. “Severe” asthma is defined by the Global Initiative
for Asthma (GINA) as asthma which remains “uncontrolled despite adherence with maximal optimised
[therapy] and management of contributory factors, or that worsens when high-dose treatment is decreased” [7],
thereby representing a subset of difficult-to-treat asthma. Although difficult-to-treat and severe asthma only
affect a small proportion of all patients living with asthma, their impact on patient outcomes, healthcare
utilisation and associated cost is exponential [5, 8, 9]. The true prevalence of severe asthma is challenging
to determine; however, it has been estimated to represent ∼5–10% of all patients living with asthma [10].

The aim of good asthma management is for each patient to receive the lowest dose of inhaled
corticosteroid (ICS) required to maintain freedom from symptoms and exacerbations [7]. Factors associated
with poor asthma control include suboptimal patient insight into their condition, as well as non-adherence
to inhaled therapies or poor inhaler technique [11–13]. Moreover, numerous comorbidities can have an
impact on asthma control, or indeed confound the subjective response to asthma treatments.
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A meticulous review of comorbidities is therefore an essential part of a clinical assessment of asthma,
helping to differentiate between undertreated asthma and undertreated comorbidities, and to avoid reflexive
escalation of asthma-directed therapies in the first instance [5, 14–16]. This review provides the clinician
with an overview of the most common comorbidities associated with asthma (table 1 and figure 1), their
established and emerging treatment options, as well as new areas of interest.

Asthma–COPD overlap
Asthma and COPD are the two most common respiratory conditions globally [17]. Moreover, they are
frequently mimics and confounders of each other, making their distinction in the clinical setting a common
challenge. The entity of “asthma with COPD overlap” (ACO) remains a major diagnostic challenge and
one for which a widely accepted definition remains elusive and disputed. ACO has been reported to be
associated with higher asthma and COPD severity, decreased lung function and greater health burden
compared with COPD or asthma alone [18].

Several clinical features are shared by asthma and COPD, including a history of current or past smoking,
dyspnoea, wheeze and cough [19, 20]. The traditional and reductionist view that bronchodilator
reversibility at spirometry denotes a diagnosis of asthma, and that fixed airflow obstruction with negative
bronchodilator reversibility is supportive of COPD, is poorly predictive of underlying diagnosis [21]. Fixed
airflow obstruction (ratio of forced expiratory volume in 1 s (FEV1) to forced vital capacity (FVC) less
than the lower limit of normal or <0.7) after bronchodilator administration and negative bronchodilator
reversibility is a common feature in asthmatic populations, and more so in severe asthma. Equally,
significant post-bronchodilator reversibility in spirometry (i.e. >200 mL in FEV1 or FVC) is frequently
described in COPD cohorts, although it is unusual to have a post-bronchodilator response of >400 mL
without a concomitant diagnosis of asthma [22, 23]. Moreover, while eosinophilia has traditionally been
thought of as a hallmark of asthma, the evidence supporting eosinophilia as a “treatable trait” in COPD is
well established [24].

Much of the confusion surrounding ACO arises from the traditional view of considering asthma and COPD
as two distinct diseases. While airway remodelling appears to differ significantly between individuals with
asthma and COPD, those with a clinical diagnosis of ACO may demonstrate a distinct pattern of their own,
with higher goblet cell numbers than in those with COPD, but lower smooth muscle thickness than in
those with asthma [25]. Given the lack of established consensus on the best definitions of phenotypes in
this area, there has been a growing tendency to shift away from fixed disease labels in obstructive airways
disease, and towards identifying and treating individual treatable traits [26]. Given that established
pharmacological classes in asthma and COPD overlap significantly (i.e. ICS, long-acting β-agonists
(LABAs) and long-acting muscarinic antagonists (LAMAs)), the challenge becomes one of identifying the
best-fit sequence of treatment escalation, meaning clinicians can be more focused on identifying treatable
traits and appropriate clinical interventions.

The Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines for the management of
COPD suggest that where a coexistent diagnosis of asthma with COPD is suspected, treatment algorithms
should in the first instance follow asthma guidelines [27], which fundamentally implies an
ICS±LABA-based management plan [28]. Treatment with 3 months of ICS±LABA for ACO with mild to
moderate airflow limitation has been shown to significantly improve lung function [29]. Thereafter,
escalation of treatment for patients with ACO can be guided by consideration of the predominant
symptoms. Dyspnoea, in the absence of typical indicators of asthma, might be best addressed by addition
of a LAMA bronchodilator and pulmonary rehabilitation targeting the COPD component. While
pulmonary rehabilitation has demonstrated benefits in COPD, there is growing evidence to support its use
in asthma [30], suggesting a benefit in ACO is plausible. Conversely, if the predominant symptoms burden
is typical of asthma, escalation along the GINA guidelines might be more appropriate. Finally, recent
evidence from the BOREAS study demonstrated that treatment of individuals with COPD and type 2 (T2)
inflammation with the anti-interleukin (IL)-4/IL-13-receptor drug dupilumab resulted in a reduction in
severe exacerbations, improved FEV1 and improved symptoms compared to placebo [31]. Similarly,
exacerbation rates in eosinophilic COPD have been shown to be modestly improved by the anti-IL-5 drug
mepolizumab [32], although not by the IL-5-receptor antagonist benralizumab [33].

Allergic rhinitis, chronic rhinosinusitis and nasal polyposis
Allergic rhinitis and severe asthma are two respiratory conditions that may coexist in up to 40% of people
with asthma. Allergic rhinitis is characterised by immunoglobulin E (IgE)-mediated inflammation of the
nasal passages in response to allergens such as pollen, dust mites or pet dander, and is subdivided into
intermittent and persistent allergic rhinitis based on the transient/seasonal or perennial exposure to
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TABLE 1 Summary of significant comorbidities in difficult asthma

Comorbidity Impact on asthma Diagnosis Treatment Treatment impact on asthma outcomes

COPD Confounder of PROMs of asthma
control, especially dyspnoea
scores, cough and wheeze

Appropriate clinical context plus spirometry
evidence of fixed airflow obstruction

±CT-evident emphysema

As with asthma, LABA±LAMA±ICS
Azithromycin prophylaxis
±Pulmonary rehabilitation
±LTOT/home NIV
±Lung volume reduction techniques

ICS±LABA for ACO improves lung function
LAMA and pulmonary rehabilitation may
improve dyspnoea

Anti-IL-4/IL-13 and anti-IL-5 receptor drugs
may improve lung physiology and
exacerbation frequency, respectively

Allergic rhinitis May contribute to or worsen cough
via post-nasal drip

Direct effects on lower airway
changes are unclear

Clinical history (rhinorrhoea, sneezing,
nasal obstruction, pruritus, conjunctivitis)

Demonstration of allergen via skin prick/
in vitro testing

Trigger avoidance
Nasal/oral antihistamines
Nasal ICS
LTRA
Allergen-specific SCIT and SLIT

Nasal ICS treatment may improve asthma
control

LTRA use improves nasal and asthma
control

Antihistamines can improve asthma
symptoms and bronchial
hyperresponsiveness

CRS with or without
nasal polyposis

May contribute to or worsen cough
via post-nasal drip

Nasal polyposis raises possibility of
AERD/NERD

3 months of symptoms plus objective proof
of mucosal inflammation (CT or nasal
endoscopy)

±Visualisation of polyps

Nasal irrigation
Nasal ICS
FESS, polypectomy or posterior nasal
neurectomy in selected patients

Improvement in quality of life and decrease
in steroid and antibiotic dependency

ABPA Worsens pulmonary function,
cough, wheeze, mucus
production, exacerbation
frequency and steroid
requirements

Various criteria exist; typically: 1) proven CF
or asthma and 2) total IgE >1000 IU·mL−1

and 3) increased Aspergillus sensitisation
(IgE) and 4) increased Aspergillus IgG/
radiographic changes/peripheral blood
eosinophilia

Glucocorticoids and/or azoles
Defined best regimen lacks
consensus

Omalizumab
Anti-IL-5/5R and IL-4α receptor
antagonist

Glucocorticoids and azoles decrease ABPA
exacerbations and improve symptoms

Biologics have been helpful in decreasing
steroid dosing and decreasing
exacerbation frequency

Bronchiectasis Confounds symptoms of cough
and wheeze

Associated with frequent
exacerbations, decline in lung
function and poor quality of life

CT imaging evidence of bronchiectatic
airways

While not diagnostic, sputum or
bronchoscopy derived microbiology
samples help guide treatment

Airway clearance education
Vaccination
Targeted antibiotic therapy based on
sputum culture and sensitivity

Azithromycin prophylaxis

Unclear: bronchiectasis management can
be expected to reduce exacerbation
frequency, but specific asthma outcomes
have not been assessed

GORD Responsible for poor control of
asthma directly and indirectly

Associated with obesity and OSAS

History suggestive of symptomatic reflux
Oesophageal pH manometry
Endoscopy may demonstrate oesophagitis/
laryngopharyngeal inflammation
suggestive of GORD

Empiric trial of PPI for 8 weeks
Lifestyle modification (head of bed
elevation, trigger avoidance, meal
timing)

Endoscopy in PPI non-responders
Surgical management

No asthma benefit for asymptomatic GORD
treatment

Treatment of symptomatic GORD in asthma
patients reduces steroid and reliever use
and may improve lung function

Obesity Associated with high symptom
burden, increased frequency of
exacerbation and poor quality of
life, and steroid resistance

Objective verification of BMI >30 kg·m−2 Weight management strategies and
bariatric surgery aiming for >5%
body weight loss

>5% body weight loss has been shown to
improve spirometry, peak flow and
asthma control in adults and children

Bariatric surgery has been associated with
decreased dependency on asthma
medication and reduced hospitalisation

Continued
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TABLE 1 Continued

Comorbidity Impact on asthma Diagnosis Treatment Treatment impact on asthma outcomes

OSAS Independent risk factor for poor
control of asthma

Gold standard is polysomnography, but
limited sleep studies, overnight
spirometry and validated questionnaire
can be used as screening tools

Weight loss
Optimisation of nasal/tonsillar
disease

Mandibular advancement devices
CPAP
Surgery

CPAP use has shown benefit in asthma
symptom control and improvement in
lung function in some studies

T2DM Insulin resistance and metabolic
syndrome have been associated
with both asthma development
and increased exacerbation risk

Any two of: 1) 8-h fasting plasma glucose
⩾7.0 mmol·L−1, 2) 2-h plasma glucose
⩾11.1 mmol·L−1 during OGTT#, 3) HbA1c
⩾6.5% (48 mmol·mol−1), 4) random
plasma glucose ⩾11.1 mmol·L−1 in a
patient with classic symptoms of
hyperglycaemia or hyperglycaemic crisis

Lifestyle and dietary optimisation
Weight management
Anti-hyperglycaemic therapy
Comprehensive management of
comorbidities such as
hypertension and dyslipidaemia

Metformin use in patients with concurrent
T2DM and asthma has been associated
with reduced asthma exacerbation rates
and asthma-related hospitalisation

GLP-1RA use is associated with lower
asthma exacerbation rates in patients
with T2DM and asthma compared with
SGLT-2 inhibitors, DPP-4 inhibitors, basal
insulin and sulfonylureas

ILO Mimics poorly controlled asthma
Non-response to ICS can result in
reflex escalation of asthma
therapies with high side-effect
burden, including excessive
corticosteroids and occasionally
intubation

Gold standard is direct laryngoscopy
visualising excessive adduction of vocal
cord or laryngeal structures ±provocation
challenge

Flattened inspiratory flow–volume loop at
spirometry can suggest ILO

Continuous laryngoscopy with exercise is
gold standard for EILO

Identifying and modifying
environmental and occupational
irritants, alongside speech and
language therapy for throat
relaxation and cough suppression

Case series reports of low-dose
amitriptyline, botulin toxin and
surgical resection

Speech and language therapy retraining
interventions have been demonstrated to
reduce symptom burden in those with
chronic cough refractory to medical
management; while such an intervention
may therefore reduce corticosteroid use
in patients with ILO and asthma, further
trials are needed to guide management
in ILO

Dysfunctional
breathing

Results in disproportionate
symptoms of breathlessness,
confounding PROMs of asthma

Specialist physiotherapist assessment is
required for diagnosis

Nijmegen Questionnaire score ⩾24 may
support a diagnosis

Physiotherapy-led breathing
retraining, can be in-person or
online

Significant improvements in mean Asthma
Control Test and Asthma Quality of Life
Questionnaire scores

Anxiety/depression Reduce treatment adherence,
worsen asthma control

Panic disorders confounding PROMs
of asthma control, namely
dyspnoea

World Health Organization International
Classification of Diseases 11th Revision
criteria

Assessment of symptom severity
Risk assessment
Education and psychosocial
interventions

Pharmacotherapy and short interval
reassessment

Specialist psychiatric assessment as
deemed appropriate

Mixed evidence regarding the role of
cognitive behavioural and relaxation
therapies in improving asthma-related
outcomes among those with anxiety or
depression

No evidence for asthma-specific
management strategies

ABPA: allergic bronchopulmonary aspergillosis; ACO: asthma with COPD overlap; AERD/NERD: aspirin/nonsteroidal anti-inflammatory drug-exacerbated respiratory disease; BMI: body mass index;
CF: cystic fibrosis; CPAP: continuous positive airway pressure; CRS: chronic rhinosinusitis; CT: computed tomography; DPP-4: dipeptidyl peptidase-4; EILO: exercise-induced laryngeal obstruction;
FESS: functional endoscopic sinus surgery; GLP-1RA: glucagon-like peptide-1 receptor agonist; GORD: gastro-oesophageal reflux disease; HbA1c: haemoglobin A1c; ICS: inhaled corticosteroid;
IL: interleukin; ILO: inducible laryngeal obstruction; LABA: long-acting β-agonist; LAMA: long-acting muscarinic antagonist; LTOT: long-term oxygen therapy; LTRA: leukotriene receptor antagonist;
NIV: noninvasive ventilation; OGTT: oral glucose tolerance test; OSAS: obstructive sleep apnoea syndrome; PPI: proton pump inhibitor; PROMs: patient-reported outcome measures;
SCIT: subcutaneous immunotherapy; SGLT-2: sodium/glucose cotransporter-2; SLIT: sublingual immunotherapy; T2DM: type 2 diabetes mellitus. #: glucose load equivalent to 75 g anhydrous
glucose dissolved in water, with baseline, 1-h and 2-h plasma blood glucose measurement.

https://doi.org/10.1183/20734735.0133-2023
4

B
REATH

E
REVIEW

|
J.K

H
AN

ET
AL.



causative allergens [34]. Common symptoms include sneezing, congestion, rhinorrhoea and associated
allergic conjunctivitis. Allergic rhinitis may increase the likelihood of developing asthma [35] and eventual
poor asthma control, including hospital attendance [36]. The diagnosis of allergic rhinitis is typically
clinical, although in the setting of asthma, specific allergen testing for triggers may occur as part of clinical
phenotyping by way of either allergy skin testing or in vitro tests for specific allergens.

Treatment of allergic rhinitis is usually pharmacological. Trigger avoidance is ideal, but not always
feasible. First-line treatment is with oral antihistamines, especially in mild and intermittent disease. For
moderate to severe symptoms or persistent allergic rhinitis, nasal ICS are indicated with or without the
addition of inhaled topical antihistamines such as azelastine. Addition of the leukotriene receptor
antagonist montelukast has demonstrated effectiveness in patients who have both allergic rhinitis and
asthma, reducing asthma medication needs [37], exacerbations [38], and healthcare utilisation and cost [39].
Where sensitisation to certain allergens is proven, subcutaneous or sublingual immunotherapy has been
shown to be efficacious in children and adults for both allergic rhinitis and asthma [40–43], although
safety and efficacy evidence is less clear in severe asthma [44]. Biologic therapies such as anti-IgE,
anti-IL-5/5R and anti-IL-4/13R are not indicated in allergic rhinitis but can provide benefit when
administered for treatment of severe asthma.

Chronic rhinosinusitis (CRS) is defined as objectively assessed (by endoscopic or computed tomography
(CT) examination) chronic inflammation of the paranasal sinuses or nasal airway tissues, accompanied by
persistent symptoms of at least 3 months duration [45]. CRS is a disease of middle age, with peak
incidence between the third and fifth decade of life, and prevalence varies between 5% and 17% in asthma
patients [46], but has been reported in up to 35–60% in severe asthma cohorts [47–49]. CRS is further

Obesity Diabetes

Allergic rhinitis

and CRS

Dysfunctional

breathing

ILO and OSAS

Anxiety and

depression

COPD and

bronchiectasis

SAFS and ABPA

FIGURE 1 Common comorbidities encountered in difficult and severe asthma. CRS: chronic rhinosinusitis; ILO:
inducible laryngeal obstruction; OSAS: obstructive sleep apnoea syndrome; SAFS: severe asthma with fungal
sensitisation; ABPA: allergic bronchopulmonary aspergillosis.
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subclassified by the presence or absence of nasal polyposis. CRS with nasal polyposis is associated with
T2 inflammation, in both upper and lower airways, as well as eosinophilic asthma [50]. The well described
triad of aspirin intolerance, nasal polyposis and asthma, known as Samter’s triad or aspirin/nonsteroidal
anti-inflammatory drug-exacerbated respiratory disease (AERD or NERD), has a reported prevalence of 5–
25% in asthma populations, and is associated with exacerbation-prone asthma and increased reliance on
oral glucocorticoids [51]. CRS frequently coexists with asthma and correlates with asthma severity [52].
The pathophysiology of CRS is incompletely understood and varies by subtype, but is known to be
multifactorial, including allergic, inflammatory and genetic causes. The available evidence suggests that
where CRS occurs in conjunction with identifiable allergic triggers, severity is worse, especially when the
allergic triggers are perennial [52].

Diagnosis is made based on symptoms and accompanying endoscopic or CT features. The diagnosis of
AERD/NERD is made on the basis of CRS with nasal polyposis, asthma, and a history of dyspnoea or
asthma after ingestion of aspirin or other nonsteroidal anti-inflammatories, where aspirin challenges may
help clarify the latter feature [53]. Tools such as the Self-Administered Odor Questionnaire (SAOQ),
Visual Analog Scale (VAS) and Sino-Nasal Outcome Test-22 (SNOT-22) may help improve the diagnosis
of CRS in patients with asthma, but primarily track symptom severity.

Treatment of CRS is broadly divided into medical and surgical management. First-line treatment is nasal
glucocorticoids, which help in reducing inflammation. This can be combined with nasal irrigation, with
resultant decrease in dependency on oral corticosteroids and antibiotics. In selected patients, nasal
irrigation with steroids is superior to nasal spray. Recent studies of targeted monoclonal antibodies for
CRS with nasal polyposis, including dupilumab [54], omalizumab [55], mepolizumab [56], reslizumab
[57, 58] and benralizumab [59–61], have shown positive results.

Surgical treatment with functional endoscopic sinus surgery (FESS) is effective in restoring sinus drainage,
allowing maintenance sinusitis medications to work better; however, polyp recurrence is common. FESS
may improve asthma outcomes post-operatively, although the evidence is conflicting [62, 63]. Posterior
nasal neurectomy has been studied in a selected cohort of patients with combinations of allergic rhinitis,
CRS and asthma, demonstrating improvements in symptoms of nasal congestion and quality of life, and
some benefits relating to asthma control and pulmonary function [64–66].

Bronchiectasis
Bronchiectasis is a clinical syndrome characterised by cough and sputum production in the presence of
abnormal thickening and dilation of the bronchial wall that is visible on lung imaging [67] and is a
common finding in many lung conditions. In severe asthma, bronchiectasis affects 25–68% of individuals [5],
with an apparent association with advancing age and exacerbation frequency [68]. The aetiology of
bronchiectasis is highly variable. Among patients with severe asthma, T2 inflammation, eosinophilic
degranulation and RNA expression of the Charcot–Leyden crystal protein have been shown to associate
with a bronchiectatic phenotype [69], suggesting a possible shared pathobiology.

Asthma patients with coexisting bronchiectasis are at increased risk of exacerbations, worse lung function,
more frequent hospitalisations, and poor quality of life. Coexistent bronchiectasis may increase mortality in
patients with corticosteroid-dependent asthma [70], and the presence of asthma is associated with increased
risk of relapse after 14 days in patients treated for bronchiectasis exacerbations [71]. Bronchiectasis is
therefore an important and frequent comorbidity in severe asthma that should be considered in patients with
severe asthma who are failing to respond to standard therapy, and those with persistent crepitations,
clubbing, frequent pulmonary infection or complex sputum microbiology. High-resolution CT imaging of the
lungs is the gold standard for diagnosis of bronchiectasis and the argument for greater use of CT for earlier
detection in severe asthma has been made by some authors [72], while sputum or bronchial washing culture
and sensitivities can help identify complicating microbiology. Identification of bronchiectasis in severe
asthma should prompt consideration of the possibility of allergic bronchopulmonary aspergillosis (ABPA).

The mainstay of treatment is minimising acute infective exacerbations through empiric antibiotic therapy
guided by prior cultures, augmenting airway clearance, attempting eradication of Pseudomonas aeruginosa in
first-time isolates, and ensuring up-to-date vaccination status, although these recommendations are in line
with general management of bronchiectasis, and not specific to asthma patients [67]. Patients with comorbid
bronchiectasis and asthma are at increased risk of relapse and antibiotic duration should be 14 days, as
advised in the European Respiratory Society and British Thoracic Society guidelines on the management of
bronchiectasis [73, 74]. Low-dose macrolides, particularly azithromycin, share a therapeutic evidence base in
both non-P. aeruginosa-colonised refractory bronchiectasis and exacerbation-prone asthma as maintenance
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therapy [75, 76], but there is a risk of antibiotic resistance, cardiotoxicity and ototoxicity. There is a lack of
evidence for the role of combined ICS+LABA in bronchiectasis alone, but based on the coexistence of
asthma, in particular severe asthma, there is an assumption of benefit for inclusion of ICS in management
strategies [77]. There has been increased interest in the role of biologic therapies in improving
bronchiectasis outcomes [78], particularly among asthma patients with a T2-high phenotype. Thus far, the
anti-IL-5 mepolizumab [15, 79] and anti-IL-5R benralizumab [80, 81] therapies have shown clinical
effectiveness in improving relevant clinical outcomes in patients with comorbid severe asthma and
bronchiectasis [82].

ABPA and severe asthma with fungal sensitisation
Severe asthma with fungal sensitisation (SAFS) is defined as severe asthma driven by allergy to
identifiable fungal triggers, but where diagnostic criteria for ABPA are not met. ABPA is a specific form
of SAFS in which airway destruction occurs due to hypersensitivity reaction to filamentous fungi, most
commonly Aspergillus species [83]. Aspergillus fumigatus is a common airborne pathogen that contributes
to severe asthma [84]. The major predisposing factors for the development of ABPA are underlying asthma
and cystic fibrosis (CF), with an estimated incidence of ABPA in asthma of 2.5–15%, or 4–5 million
cases, worldwide [85–87]. The prevalence of Aspergillus sensitisation may be higher still in severe
asthma [88]. Recognised manifestations of ABPA include worsening asthma control, wheeze, fleeting
pulmonary infiltrates, eosinophilia, proximal bronchiectasis and mucus plug formation with impaction and
evidence of hyperattenuating mucus on CT imaging [89, 90].

Various diagnostic criteria for ABPA have been proposed over the years [91, 92]. The 2013 International
Society for Human and Animal Mycology (ISHAM) guidelines [93] suggest that a diagnosis of ABPA
requires 1) the presence of asthma or CF as predisposing factors and 2) evidence of both specific
Aspergillus sensitisation and an elevated total IgE >1000 IU·mL−1, as well as 3) any two of the following
three minor criteria: precipitating serum antibodies to A. fumigatus/elevated A. fumigatus-specific IgG
levels, radiographic findings consistent with ABPA, or a total peripheral eosinophil count >500 cells·μL−1.

The management of ABPA has historically focused on medium-term glucocorticoid therapy and systemic
antifungal therapy, namely azoles. The exact best combination of these agents remains a point of debate,
although the Infectious Diseases Society of America (IDSA) recommends the use of both glucocorticoids
and antifungals in the acute stage [94]. In a 2004 meta-analysis of itraconazole use for ABPA in non-CF
asthma patients, use of itraconazole was associated with an increased likelihood of reducing serum IgE by
>25% [95], a finding that was also seen in a prospective double-blinded randomised trial examining the
effectiveness of addition of itraconazole in steroid-dependent ABPA [96]. While the bulk of experience of
azole use in ABPA lies with itraconazole, newer agents such as voriconazole and posaconzole have
demonstrated efficacy in ABPA [97] and can offer practical advantages over itraconazole including
tolerability and bioavailability. Indeed, a 2018 single-centre study suggested equivalent response can be
seen when comparing voriconazole or glucocorticoid monotherapy in ABPA [98].

Typically, the dosing of glucocorticoids is in the range of 0.5 mg per kg body weight of prednisone
equivalent for initially at least 2 weeks, followed by tapering over a number of months guided by the
observed response in total serum IgE levels. The initial dosing, duration and tapering practices are all
highly variable in the literature. In one series of 24 patients receiving 0.5 mg·kg−1 daily for 1 month with
subsequent taper, a mean reduction in baseline serum IgE levels was ∼25% after 1 month and ∼60% after
2 months, although the variance in response was significant [99]. In one randomised control trial of 92
patients with ABPA assigned to either 0.5 mg·kg−1 or 0.75 mg·kg−1 at treatment outset, no significant
differences in response were noted between groups and rates of ABPA exacerbations were similar at 1 year
(50% versus 40%; p=0.59) [100].

High relapse rates, as well as the challenges and side-effects of long-term and repeated courses of azoles or
glucocorticoids, have led to interest in the role of biologic therapies for the management of ABPA. Here,
omalizumab has demonstrated good efficacy, improving exacerbation rates, glucocorticoid dosing, FEV1

and symptoms [101–104], although optimal dosing is unknown given the highly elevated IgE levels seen
in ABPA. Similar effectiveness for anti-IL-5/5R therapy has been demonstrated in both ABPA and SAFS
in a growing body of case series [105, 106], while evidence of a role for the IL-4α receptor antagonist
dupilumab is also growing [107, 108].

Obesity
Obesity is a growing global health issue and it increases the incidence and prevalence of asthma and
severe asthma [109–113]. The association between obesity and asthma has been suggested to arise even
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prior to birth. Maternal obesity and weight gain during pregnancy have been independently associated with
a ∼15–30% increased risk of asthma in offspring [114, 115]. Thereafter, childhood peak weight velocity
and body mass index (BMI) have been found to be independently associated with wheezing and incident
asthma in children and adolescents [116, 117]. Moreover, among adults, the prevalence of asthma, risk of
hospitalisation from asthma and previously associated negative outcomes (intensive care unit admission,
mechanical ventilation, pneumonia) have been shown to be increased in individuals who are overweight
and obese, relative to those with normal BMI [118–120], with asthma prevalence almost twice as high in
female individuals who are obese compared to those with normal BMI (14.6% versus 7.9%) [121].

The typical severe asthma phenotype is associated with obesity, steroid resistance, airway inflammation
and comorbidities [109, 122–124]. In a post hoc analysis of the TENOR study (The Epidemiology and
Natural History of Asthma: Outcomes and Treatment Regimens), unsupervised clustering methods were
used to identify biological clusters among 518 children and 3612 adolescents/adults with severe asthma.
Obesity was highly prevalent in all clusters, ranging between 20% and 35.6% among five clusters
identified in children and between 52.1% and 62.7% among five clusters identified in adolescents/adults [125].
This suggests that obesity is strongly represented in severe asthma, regardless of the putative underlying
pathobiology. Increased body fat leads to systemic inflammation and increased levels of adiponectin and
leptin [124, 126, 127], which may skew towards a T2-low response [128, 129], although T2-skewed
inflammation is commonly still seen in obese asthma patients. Indeed, a recent analysis of the German
Asthma Net registry suggested that among individuals with severe asthma, obesity was associated with
higher symptom burden and significant differences in gastro-oesophageal reflux disease (GORD), anxiety
and lung volumes, but not in T2 markers of disease (peripheral eosinophils, exhaled nitic oxide or IgE
levels) [130]. Meanwhile, in a study selecting for females with T2-low asthma who were obese, obesity
was associated with increased airway hyperresponsiveness and markers of inflammation in serum and
adipose tissue, but surprisingly not with airway inflammation, when compared to non-asthmatic obese
controls [122].

The role for active weight loss interventions to improve asthma outcomes in individuals who are
overweight or obese is therefore an area of interest. Lifestyle and dietary interventions have been shown to
generally improve spirometry, peak expiratory flow rate and asthma control in both adults and children, as
summarised previously by other authors [112]; however, a >5% body weight loss appears to be a
necessary threshold above which improvements can be expected. One systematic review with meta-analysis
of 15 studies suggested that metabolic and bariatric surgery leads to discontinuation of asthma medication
in 50% of patients [131], while in a self-controlled study of 2261 patients with asthma who were obese, a
baseline 22% annual rate of hospitalisation or emergency department visit due to asthma was reduced by
nearly 60% after bariatric surgery [132]. Consideration and active management of weight in asthma is
therefore of critical importance. Currently, a single-centre randomised, placebo-controlled, proof-of-concept
study is underway to examine the effectiveness of the glucagon-like peptide-1 receptor agonist (GLP-1RA)
semaglutide for the treatment of asthma in individuals who are obese (ClinicalTrials.gov identifier
NCT05254314). Of note, in one study, treatment with biologic agents for severe eosinophilic asthma
requiring intermittent or maintenance oral corticosteroids was shown to reduce not only steroid exposure
but also BMI, highlighting the two-way relationship of asthma and obesity [133]. This effect was most
notable and significant among asthma patients who were obese and requiring maintenance steroids at
baseline, with 39% achieving a clinically significant >5% body weight reduction after starting treatment
with biologics.

Diabetes mellitus
The relationship between asthma and diabetes mellitus has been examined previously, suggesting a small
but significant increase in risk of incidence of diabetes in asthma cohorts [8], although how much this
relationship is confounded by obesity is unclear. Nonetheless, pharmacotherapy for type 2 diabetes
mellitus (T2DM) has been associated with improved asthma outcomes including reduced exacerbation rates
and hospitalisation for diabetic asthma patients [134, 135]. Furthermore, treatment with GLP-1RAs has
been reported to improve asthma exacerbation incidence rates compared to other T2DM pharmacotherapies,
a finding that was independent of changes in BMI or haemoglobin A1c (HbA1c) [136]. Moreover, a small
prospective study in patients with T2DM but without respiratory disease found improvements in FEV1 and
FVC among subjects receiving metformin and GLP-1RA compared with those receiving metformin and
insulin [137].

Obstructive sleep apnoea syndrome
Obstructive sleep apnoea syndrome (OSAS) is a condition characterised by episodic occlusion of the upper
airway, resulting in periods of apnoea or a reduced airflow (hypopnoea) during sleep. OSAS has been
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identified as an independent risk factor for asthma, with the mechanism for this association likely
explained in part by obesity and nasal obstruction arising from allergic rhinitis/CRS [138], as well as
modifications in vagal tone, local and systemic inflammation, and hypoxia-mediated angiogenesis [139].
OSAS is common in asthma populations, and even more so in severe asthma cohorts, with estimates of
prevalence between 30% and 90% [140–142]. OSAS has been reported to be independently associated
with an increased risk of hospital readmission among hospitalised asthma patients [143]. In the Severe
Asthma Research Program (SARP) cohort of severe asthma patients, OSAS was associated with worse
symptoms, higher exacerbation rates and greater reliever inhaler use [142]. Moreover, OSAS with
comorbid asthma is associated with lower nocturnal oxygen saturation and more frequent apnoeas than
without asthma [140].

Gold standard diagnosis of OSAS is by way of polysomnography, but limited sleep studies, overnight
oximetry and questionnaires such as the Epworth Sleepiness Scale (ESS) [144], STOP-Bang [145] or the
Berlin Questionnaire may be useful for screening purposes.

The effect of continuous positive airway pressure (CPAP) for OSAS in asthma patients remains debated.
CPAP has been reported to improve bronchial hyperresponsiveness within 7 days of use [146], while in a
prospective multicentre study of 99 adults with asthma and OSAS, SERRANO-PARIENTE et al. [147] reported
that treatment with CPAP improved symptoms, exacerbation rates and pulmonary function, including
exhaled nitric oxide, after 6 months. Conversely, NG et al. [148] reported that among 37 adults with
asthma who were randomised to CPAP or not, there were no differences in asthma control tests at
3 months. Summarily, the evidence suggests that active treatment of OSAS is likely to result in a benefit in
quality of life and asthma-specific improvements in comorbid asthma, underlining the importance of its
identification in difficult-to-treat and severe asthma cohorts [149].

Gastro-oesophageal reflux disease
GORD is the term used when the otherwise normal physiological retrograde passage of gastric contents
into the oesophagus leads to troublesome reflux symptoms (heartburn, regurgitation and sometimes
dysphagia/odynophagia, chest pain, hypersalivation, nausea or globus sensation) or complications such as
oesophageal macroscopic damage [150]. The estimated prevalence of GORD in asthma patients varies
widely, likely due to varying definitions of GORD and asthma; a systematic review found a sample
size-weighted average prevalence of GORD symptoms in asthma patients of 59.2%, versus 38.1% in
controls [151]. Conversely, asthma is also over-represented in GORD patients, amounting to a bidirectional
interrelationship [152, 153]. GORD is consistently found as a significant comorbidity in
exacerbation-prone severe asthma, including across the SARP and European U-BIOPRED (Unbiased
Biomarkers for the Prediction of Respiratory Disease Outcomes) cohorts [154–157], but is also commonly
found in other relevant comorbidities, namely obesity and OSAS, which can confound analyses of causal
risk in asthma [158]. Mechanistically, GORD could give rise to worsened asthma, and perhaps more so in
severe asthma patients [159], through inducing bronchial hyperreactivity, stimulating vagal tone or via the
micro-aspiration of gastric refluxate composed of acid, pepsin, gas or duodenally transited bile acid and
pancreatic enzymes [159–162].

Large multicentre trials have shown that treating asymptomatic GORD with proton pump inhibitors has no
benefit for mild–moderate severity adult asthma patients or children with poorly controlled asthma
regarding pulmonary function, asthma exacerbation rate, asthma-related quality of life or asthma symptoms
[163, 164]. In contrast, adults with symptomatic GORD and moderate-to-severe asthma administered
30 mg lansoprazole twice daily for 24 weeks had a favourable oral corticosteroid-treated exacerbation rate
of 4% in the active arm versus 13.9% in placebo-treated controls, consistent with the known link of GORD
to exacerbation-prone asthma [154, 165]. An updated Cochrane review that included 23 randomised
controlled trials found moderate-certainty evidence that GORD medications (proton pump inhibitors,
nocturnal use of histamine 2 receptor antagonists) lead to small improvements in lung function and
reduced need for rescue medications [166].

Guidelines suggest that patients with typical GORD symptoms take a proton pump inhibitor once daily,
30–60 min before a meal, as an empiric 8-week diagnostic/therapeutic trial. Endoscopy is indicated in
proton pump inhibitor non-responders, those whose symptoms return when off treatment, or sooner in
those with alarm symptoms (dysphagia, unintentional weight loss, bleeding, emesis or anaemia) [150].
Recommended dietary/lifestyle interventions include weight management if overweight/obese, eliminating
offending foods/drinks, smoking cessation, elevating the head of the bed and avoiding late meals. When
lifestyle, dietary and pharmacological interventions confer insufficient control of severe symptoms, or
patients cannot commit to sustained medical therapy for various reasons (e.g. medication intolerance/

https://doi.org/10.1183/20734735.0133-2023 9

BREATHE REVIEW | J. KHAN ET AL.



non-adherence, personal preference), anti-reflux surgical procedures can be offered to appropriately
selected patients. There is now a heightened rationale for future investigation of anti-reflux interventions
for reflux symptoms comorbidly affecting uncontrolled asthma patients in larger well-designed studies, in
light of a recent Mendelian randomisation analysis of the largest genome-wide association studies of
asthma, GORD and atopic dermatitis showing a strong causal effect of genetically determined GORD on
asthma risk [153].

Inducible laryngeal obstruction
Inducible laryngeal obstruction (ILO) has been suggested as the preferred umbrella term for describing the
range of clinical conditions centred around abnormal function of the laryngeal structure, which can coexist
with or mimic asthma [167]. ILOs encompass vocal cord dysfunction (VCD) and paradoxical vocal cord
motion, among others, but commonly describe conditions in which a hyperfunctioning laryngeal reflex
leads to abnormal paradoxical vocal cord adduction or glottic movement, resulting in obstructed airflow
limitation. This classically occurs during inspiration but can also be during expiration [168].

Given the paucity of studies and variability of definitions and criteria, the true prevalence of ILO is
difficult to determine, with most of the evidence pertaining to VCD. However, prevalence has been
estimated to be 4–6% of the general population and as high as 32–50% among those with difficult asthma
[169, 170]. There is a 2:1 to 3:1 female predominance in the literature, with presentations ranging from
infancy into the ninth decade of life. Similarly, the prevalence of exercise-induced laryngeal obstruction
(EILO) appears to increase from 5–8% in the general population to >20% in high-performing athletes and
combat soldiers [171].

The pathophysiology of ILO remains incompletely understood, and whether all forms share the same
mechanisms is unclear. Nonetheless, there is a suggestion that an exaggerated laryngeal protective reflex,
possibly arising as a result of previous inflammatory insult, is a major component. In a study of young
subjects with confirmed VCD, evidence of laryngopharyngeal reflux was seen in 95% of participants [172].
Similarly, in a recent study that included oesophageal pH studies, individuals with verified VCD were more
likely to report symptoms of reflux and have more time with oesophageal pH <4 compared to participants
without VCD [173]. Rhinosinusitis and chronic post-nasal drip have been shown to increase laryngeal
sensitivity and hyperfunction, although a proven association with ILO or VCD has not been shown [170].
Irritant exposures causing VCD have been reported, frequently misdiagnosed as reactive airways
dysfunction syndrome; in both conditions, symptoms can present within 24 h of exposure to the noxious
agent [174–176]. Some VCD patients are described as having a psychosomatic or “functional” aetiology,
with several studies demonstrating association between VCD and psychiatric illnesses such as anxiety,
depression, personality disorders and post-traumatic stress disorder [170, 177], although emotional stresses
can trigger VCD in the absence of any obvious psychiatric disorder.

Patients with ILO typically experience dyspnoea, wheeze, stridor, cough, throat tightness or changes in
voice [5, 170]. Given the symptoms of ILO can mimic those of asthma, patients are frequently
misdiagnosed as having severe, steroid-refractory asthma with frequent exacerbations, although coexistent
objectively verified asthma is frequent, highlighting the challenges in this area. A study of 132 adult
patients with VCD revealed 42% to be misdiagnosed as having asthma for an average of 9 years and 33%
to have coexistent VCD and asthma [178]. Patients with ILO may present acutely in significant distress
and have been intubated on the assumption of a severe asthma attack. In one case series, 34 out of 42
patients with VCD deemed not to have asthma had been receiving oral prednisone regularly at an average
daily dose of 29.2 mg, while 28% had previously been intubated [168]. When intubated for presumed
asthma, these patients may demonstrate relative ease of ventilation and low airway pressures, a finding
which should prompt consideration of ILO.

Diagnosis of ILO is difficult due to its nonspecific symptoms. A discrepancy between reliever medication
use and lung function preservation, or delayed onset of action of relievers, may suggest ILO. Similarly,
changes in phonation at the time of attacks, or subjective inspiratory rather than expiratory difficulty or
“wheeze”, are suggestive. Among individuals with EILO, symptoms tend to be worse at maximal exertion,
as opposed to symptoms of exercise-induced bronchoconstriction, which typically worsen for up to 1 h
post-exercise. The Pittsburgh VCD Index is a short questionnaire with a reported 83% sensitivity and 95%
specificity in distinguishing asthma from VCD [179], while the Newcastle laryngeal hypersensitivity
questionnaire [180] also shows good ability to discriminate individuals with laryngeal hypersensitivity
disorders from healthy controls. On spirometry, VCD is suggested by a flattened inspiratory flow–volume
loop and an abnormal ratio of forced flow at 50% of expiration to forced flow at 50% of inspiration
(figure 2). The frequency of inspiratory flow–volume loop flattening in VCD ranges from 23% to 46%.
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The gold standard diagnostic test is direct laryngoscopy, enabling visualisation of excessive adduction of
vocal cord or laryngeal structures either during inspiration or throughout the respiratory cycle. Given the
episodic nature of ILO, however, laryngoscopy has been shown to be diagnostic in only 60% of adult
patients [168]. Normal laryngoscopy in a case of suspected VCD should prompt consideration of a
provocation challenge to induce obstruction, with evidence for both histamine [174] and methacholine [181],
although standardised protocols are lacking. Resting laryngoscopy is usually normal in patients with only
exercise-induced symptoms. EILO can be diagnosed with post-exercise laryngoscopy and/or continuous
laryngoscopy with exercise (CLE), although access and availability of these diagnostic procedures is limited.
CLE is well tolerated and can improve the yield of ILO in asymptomatic individuals, while also helping to
differentiate exercise-induced VCD from other ILOs such as dynamic collapse of the supraglottic structures
or laryngomalacia [181–183].

Finally, there are preliminary data to suggest that eucapnic voluntary hyperventilation [184, 185] and
impulse oscillometry testing [186, 187] may have a role in the diagnosis of ILO, while dynamic CT
scanning of the upper airways to diagnose VCD by assessing for reduction in vocal cord luminal area has
also demonstrated utility in prospective studies but is not widely used in clinical practice yet [169, 188].

In acute severe presentation of ILO, first-line management is reassurance and breathing exercises such as
pursed-lip or diaphragmatic breathing to relieve glottic obstruction. Case reports identify other treatment
modalities, such as CPAP [189] or inhaled 80% helium/20% oxygen to decrease airflow turbulence and
aid work of breathing, as well as nebulised lidocaine to anaesthetise the upper airway and decrease
laryngeal constriction.

Chronic management of ILO is multidisciplinary [190], with roles for speech and language therapy (SLT),
psychotherapy [191], pharmacotherapy and occasionally surgery. Identifying and modifying inhalational, often
occupational, irritants or exposures is first-line management. SLT can provide techniques for throat relaxation
and cough suppression, coaching the patient to control their laryngeal response during acute attacks. Speech
therapy for VCD/ILO is typically recommended, and a 2022 systematic review determined that the majority of
studies demonstrated a reduction in symptoms score, although the authors noted that none contained control
arms, there was an overall high risk of bias, and interpretation and intervention description was inconsistent and
poorly described in most [192].

Evidence to support specific pharmacotherapy in ILO is scarce [193]. Initial reports suggested that patients
with EILO might benefit from inhaled ipratropium therapy [194], although more recent studies refute this
finding [195]. One case series of 62 VCD patients demonstrated low-dose amitriptyline to be effective in
90% of cases [196], although randomised studies are lacking. Despite the association with GORD,
treatment appears to have limited benefit for ILO. In a study of 62 VCD patients, 83.9% of whom had
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FIGURE 2 a) Spirometry demonstrating normal inspiratory and expiratory flow–volume curves. b) Spirometry flow loop demonstrating normal
expiratory flow with inspiratory flow obstruction (black arrows), suggestive of variable extrathoracic obstruction.
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GORD, 24.2% reported improvement in the severity and frequency of VCD episodes after 8 weeks of acid
suppression [197], although other authors have reported no significant benefit [197, 198]. In a subset of
patients with supraglottic ILO, surgical resection may induce lasting benefit, while preliminary reports of
botulin toxin use appear favourable [199, 200].

Depression and anxiety in severe asthma
Depression and anxiety, often coexisting, are significantly more common in people with asthma than in
those without [201], with prevalence in the severe asthma population estimated to be around 25% for
depression and 38% for anxiety [202]. Depression and anxiety are both associated with reduced treatment
adherence, a major determinant of asthma control and outcomes [203, 204]. Anxiety and panic disorders
may increase the subjective sensation of dyspnoea, confounding the assessment of asthma control, while
also being frequently reported as a comorbidity in ILO.

While the direction of causality remains unclear, depression has been shown to be an independent risk
factor for developing asthma. Depression has been reported to be associated with increased levels of
pro-inflammatory cytokines including IL-1, IL-4, IL-6 and tumour necrosis factor-α and with sputum
neutrophilia, which in turn may correlate with reduced bronchodilator response [205, 206]. This finding is
supported by similar results in a survey study of 20 272 adult asthma patients, where major depression was
associated with a 4.2% reduction in bronchodilator response [207], while in a study of 234 children and
adolescents, stress was similarly associated with reduced bronchodilator response [208].

Regardless of the mechanisms of disease, screening for anxiety and depression [209] and subsequent
treatment in asthma cohorts appear to be suboptimal [210], especially in light of the fact that these
comorbidities are associated with worse asthma control, higher corticosteroid use, greater non-adherence
and increased symptoms [202].

Studies on the management of anxiety and depression in people with asthma are limited. A 2021
systematic review of the effectiveness of exercise in asthma outcomes demonstrated overall positive effects,
although anxiety and depression measures were only assessed in a few studies [211]. Cognitive behavioural
therapy (CBT) and relaxation therapy may improve psychological outcomes (anxiety and depression) as
well as asthma-related outcomes [202], although a 2016 Cochrane review found no evidence for a role for
CBT in asthma, suggesting further research is needed [212]. More recent trials of CBT and music and
relaxation therapies for panic disorder and comorbid asthma yielded more positive results, although
dropout rates were high [213, 214]. The role for complimentary therapies also remains unclear [215].

Evidence for the best pharmacotherapy for depression/anxiety in the setting of asthma, and particularly
severe asthma, is lacking [216, 217]. A recent meta-analysis identified six randomised controlled trials
investigating the effectiveness and safety of pharmacological interventions in the treatment of
psychological distress (primary major depressive disorder) in individuals with asthma. Meta-analysis of the
pooled data from the four studies on selective serotonin reuptake inhibitors demonstrated no significant
effect on depressive symptoms compared to control [217].

Dysfunctional breathing and severe asthma
Dysfunctional breathing (or breathing pattern disorder) is an umbrella term for heterogeneous disorders
characterised by an abnormal and inefficient breathing pattern, resulting in symptoms of breathlessness
typically disproportionate to the severity of airflow obstruction [218]. Dysfunctional breathing affects 24–
29% of patients with asthma and 30–64% of patients with difficult asthma [218]. Moreover, dysfunctional
breathing has been reported to be frequently associated with ILO/VCD [219].

The most well described dysfunctional breathing patterns are hyperventilation, deep sighing,
thoracic-dominant breathing, mouth breathing, accessory muscle use at rest and thoraco-abdominal
asynchrony, although overlap between these patterns may occur [218]. The Nijmegen Questionnaire can be
used to aid in the diagnosis of dysfunctional breathing at a score of >23, although its use has only been
validated for hyperventilation with a reported sensitivity of 92.7% and specificity of 91.6% at a score
threshold of >17 [220]. Indeed, an observational study by DENTON et al. [218] reviewed 35 patients from a
difficult asthma clinic suspected clinically to have dysfunctional breathing. Following specialist
physiotherapist assessment, 29 out of 35 were diagnosed with a range of dysfunctional breathing patterns
but seven (24%) of these had normal (<24) Nijmegen scores. Regardless, more sensitive diagnostic
questionnaires are required to detect forms of breathing pattern disorder other than hyperventilation.
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Intervention by physiotherapy-led breathing retraining has been proven beneficial in difficult asthma, as
well as in asthma in primary care. In the aforementioned study, the 29 patients with difficult asthma and
dysfunctional breathing underwent one or more specialist physiotherapy-led breathing retraining sessions,
composed of abdominal and nose breathing, postural training, relaxation and feedback to consciously
decrease the respiratory rate. Follow-up demonstrated significant improvements in mean Asthma Control
Test and Asthma Quality of Life Questionnaire (AQLQ) scores, with significant decrease in exacerbation
frequency [218].

While access to specialist physiotherapy may be limited, there is promise in self-guided patient use of
online resources. A randomised control trial in primary care of 655 patients aged 16–70 years with
physician-diagnosed asthma with AQLQ score <5.5 demonstrated significant improvements in AQLQ
score at 12 months following three face-to-face physiotherapy-led breathing retraining sessions or following
self-guided intervention through a DVD and booklet, as compared to standard care, with no significant
difference in outcome between the physiotherapy-led or self-guided interventions [221].

Conclusion
The recent consensus among clinicians and researchers that difficult-to-treat asthma is a more prevalent
state than treatment-refractory severe asthma, the latter treated with expensive biologic medicines, mandates
us to explore all clinical factors potentially holding back a therapeutic response in these patients. In
addition to adherence and inhaler technique barriers, a range of well-established comorbidities are
over-represented in uncontrolled asthma and, as evidence shows, can be remedied, often with resultant
gains in asthma exacerbation frequency, asthma control, lung function and quality of life. Given how
prevalent the comorbidities often are, it is prudent for healthcare professionals across the spectrum of
asthma care, from severe asthma multidisciplinary teams to primary care teams, to take a uniform approach
in suspecting and verifying such comorbidities. Future research is needed, employing standardised
definitions of asthma/comorbid disease and objective, valid measures of disease severity, in tandem with
emerging research methods, to allow better conclusions as to the therapeutic merits and cost-effectiveness
in asthma of optimising such prevalent comorbid factors.

Self-evaluation questions
1. A 49-year-old female with severe T2-high eosinophilic asthma with untreated intermittent allergic rhinitis,

OSAS and obesity presents to your clinic reporting poor asthma control despite high-dose ICS. Which
intervention would not be expected to have a positive impact on her asthma control?
a) Treatment of allergic rhinitis with montelukast
b) Empiric treatment for asymptomatic GORD with a proton pump inhibitor
c) Initiation of benralizumab
d) CPAP therapy for OSAS
e) Weight loss of >5%

2. An 18-year-old female never-smoker presents to your clinic. There is a query of a diagnosis of asthma made
on the basis of clinical symptoms. She has completed 3 months of moderate-dose ICS+LABA, confirmed by
electronic smart monitor. This has had no effect on her symptoms. During her episodes of dyspnoea, the
onset is rapid within seconds and terminates quickly. She reports dysphonia, throat fullness and difficulty
breathing in. Triggers for her dyspnoea include exertion (where dyspnoea is greatest at maximal exertion)
and ingesting fluids. These episodes have been happening sporadically for the past 2 years. Her peripheral
eosinophil count is 100 cells·μL−1 (reference range 50–500), her total IgE is in the normal range and an
inhaled allergens panel is negative. The patient reports no childhood history of asthma, dermatitis or
previous allergies and no relevant family history. She reports no nasal or gastro-oesophageal symptoms.
Spirometry is normal with no bronchodilator response and an exhaled nitric oxide fraction of 7 ppb. What
is the most likely diagnosis?
a) T2-low intermittent asthma
b) ILO
c) COPD
d) Dysfunctional breathing
e) Post-nasal drip syndrome

3. A 55-year-old female never-smoker with history of objectively verified T2-high asthma presents with a
2-year history of recurrent and worsening episodes of productive cough, wheezing and shortness of breath.
Her medications include formoterol/budesonide 200/6 μg taken eight times daily, tiotropium 2.5 μg one
puff daily and azithromycin 500 mg three times a week. She has been prescribed four courses of oral
corticosteroids and antibiotics in the past 6 months. Her pulmonary function tests show an FEV1 of 60%
predicted, FVC of 105% predicted and FEV1/FVC ratio of 0.59. Her peripheral eosinophil count is
700 cells·μL−1 (reference range 50–500). C-reactive protein levels are normal. High-resolution CT of the
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thorax demonstrates infiltrates and central bronchiectasis with mucus plugs and no evidence of
emphysema. Her previous asthma workup reveals skin test positivity to ragweed, dog dander, house dust
mite and A. fumigatus. Which of the following would be the single most important subsequent
investigation?
a) Exhaled nitric oxide fraction measurement
b) Bronchoalveolar lavage for bacterial, viral and fungal culture
c) Alpha-1 antitrypsin deficiency testing
d) Inhaler adherence monitoring
e) Total serum IgE
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Suggested answers
1. b. Symptomatic GORD is a significant comorbidity but treating silent GORD has not been proven to improve

asthma outcomes [222]. All other answers have been shown to improve asthma control.
2. b. ILO is a common mimic of asthma and is typified by inspiratory respiratory symptoms and wheeze

[168, 170]. Our patient describes symptoms consistent with laryngeal sensitivity, and rapid onset and remission
of inspiratory symptoms. Her exercise-induced symptoms occur most often at maximum exertion, as opposed
to exercise-induced bronchoconstriction/asthma, which typically worsens after exercise for up to 1 h. Observed
adherence to an ICS has made no difference to her symptoms, which is unusual for most asthma. The
absence of inspiratory loop abnormalities on spirometry is not sensitive for ruling out ILO. Answers a and d are
possibilities, but the clinical history is more consistent with ILO. Normal spirometry rules out COPD (option c),
and there is no clinical indication of post-nasal drip (option e) in the vignette.

3. e. The combination of a predisposing factor such as asthma, central bronchiectasis with plugging and
worsening recurrent exacerbations manifested by shortness of breath and cough should raise the suspicion
of ABPA [93]. This patient has asthma and historic evidence of sensitisation to A. fumigatus, as well as
peripheral eosinophilia and radiological features consistent with ABPA. Confirmation of a total serum IgE
>1000 IU·mL−1 would fulfil the ISHAM criteria for diagnosis of ABPA. Exhaled nitric oxide fraction (option a)
would provide surrogate evidence of eosinophilic airway inflammation, but this would not point to a
specific cause. Option b, while clinically useful in general terms, would not aid in confirming the most
pressing diagnosis of ABPA, as evidence of Aspergillus species is not required. Alpha-1 antitrypsin deficiency
(option c) is not the most likely diagnosis, particularly on the basis that emphysema is not reported on CT.
The association between alpha-1 antitrypsin deficiency and bronchiectasis has been recently debated [223].
Inhaler adherence monitoring (option d) is always useful in uncontrolled asthma, but improved adherence
to ICS is unlikely to achieve control in active ABPA, meaning option e is the most important investigation in
this case.
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