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ABBREVIATIONS: 32 

 33 

ACQ  Asthma Control Questionnaire 34 

AQLQ  Asthma Quality of Life Questionnaire 35 

AHR  Airway hyperresponsiveness 36 

ATS  American Thoracic Society 37 

CT  Computed tomography 38 

ERS  European Respiratory Society  39 

FEV1  Forced expiratory volume in 1 second 40 

FVC  Forced vital capacity 41 

FeNO  Fractional exhaled nitric oxide 42 

GERD  Gastroesophageal reflux disease 43 

GSRS  Gastrointestinal Symptom Rating Scale 44 

HADS  Hospital Anxiety and Depression Scale 45 

ICS  Inhaled corticosteroids 46 

LABA  Long-acting beta-agonist 47 

NSAID  Nonsteroidal anti-inflammatory drug 48 

OCS  Oral corticosteroids 49 

OSA  Obstructive sleep apnea 50 

PEF  Peak expiratory flow 51 

 52 
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ABSTRACT 54 

 55 

 56 

Background  57 

Guidelines recommend a differentiation of difficult-to-treat asthma from severe asthma. However, 58 

this might be complex and to which extent this distinction is achievable in clinical practice remains 59 

unknown. 60 

 61 

Objective 62 

To evaluate to which degree a systematic evaluation protocol enables a differentiation between 63 

severe versus difficult-to-treat asthma in patients in specialist care on high intensity asthma 64 

treatment, i.e. potentially severe asthma. 65 

 66 

Methods 67 

All adult asthma patients seen in four respiratory clinics over one year were screened prospectively 68 

for asthma severity. Patients with difficult-to-control asthma according to ERS/ATS criteria (high–69 

dose inhaled corticosteroids/oral corticosteroids) underwent systematic assessment to differentiate 70 

severe asthma patients from those with other causes of poor asthma control: objective confirmation 71 

of the asthma diagnosis as well as assessment of treatment barriers and comorbidities.  72 

 73 

Results 74 

Overall, 1034 asthma patients were screened, of whom 175 (16.9%) had difficult-to-control asthma. 75 

117 of these accepted inclusion, and completed systematic assessment. Asthma diagnosis was 76 

objectively confirmed in 88%. Sub-optimal adherence (42.5%), inhaler errors (31.5%) and 77 

unmanaged comorbidities (66.7%) were common. After primary assessment, 12% (14/117) fulfilled 78 
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strict criteria for severe asthma. Moreover, 56 % (66/117) were classified as difficult-to-treat 79 

asthma due to poor adherence/inhaler technique. Finally, an ´overlap´ group of 32 % (37/117) were 80 

identified with patients being adherent and displaying correct inhaler technique, but had unmanaged 81 

comorbidities —potentially fitting into both the difficult-to-treat and severe group. 82 

 83 

Conclusion 84 

Only a minority of patients with difficult-to-control asthma were found to have severe asthma after 85 

primary systematic assessment. Nevertheless, strict categorisation of severe vs. difficult-to-treat 86 

asthma seems to pose a challenge. 87 

 88 

 89 

 90 

 91 

 92 

KEYWORDS 93 

 94 

Severe asthma, difficult-to-treat asthma, asthma, systematic assessment, asthma management 95 
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INTRODUCTION: 96 

 97 

Patients with severe asthma experience low quality of life, frequent hospitalisations and increased 98 

risk of severe adverse effects caused by high-dose asthma therapy.1,2 Novel biological treatments 99 

for severe asthma represent promising therapeutic alternatives for these patients, but are expensive 100 

and only effective in selected cases. Moreover, patients with seemingly severe asthma may have 101 

other, modifiable causes of poor asthma control. Hence, the ERS/ATS guidelines on severe asthma 102 

recommend a thorough assessment of patients with possible severe asthma (difficult-to-control), in 103 

order to differentiate severe asthma patients from those with other causes of poor asthma control 104 

(“difficult-to-treat asthma”)3,4: The diagnosis of asthma should be confirmed objectively and 105 

comorbidities, poor adherence and external factors should be addressed before assigning the 106 

diagnosis of true severe asthma.3,4  107 

However, distinguishing patients with severe asthma from those with difficult-to-treat asthma may 108 

be complex and time consuming5–7 – and it seems relevant to question how complicated is it to 109 

make this differentiation in clinical practice? 110 

We therefore aimed to evaluate to which degree a systematic evaluation protocol enables a 111 

differentiation between severe versus difficult-to-treat asthma in a cohort of patients on high 112 

intensity asthma treatment, i.e. potentially severe asthma. 113 

 114 

  115 
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METHODS & MATERIAL 116 

Design and material 117 

In a cross-sectional design, we prospectively recruited patients with difficult-to-control asthma, 118 

defined as persistent use of high dose asthma treatment, from four respiratory outpatient clinics in 119 

Denmark.  120 

With the aim of selecting a clinically representative population, the study population was identified 121 

in a stepwise manner (Figure 1). All patients with a diagnosis of asthma (International 122 

Classification of Diseases, Tenth revision: DJ45.0-DJ45.9) seen in the respiratory clinics over 12 123 

months (beginning October 2015) were screened to identify those currently receiving high-dose 124 

asthma treatment.4 These patients underwent telephone screening in relation to the inclusion 125 

criteria.  126 

 127 

Criteria for study inclusion were: a physician’s diagnosis of asthma and high-dose inhaled 128 

corticosteroids (ICS) treatment (≥1600 µg budesonide or equivalent) with a second controller (long 129 

acting beta-agonist (LABA), theophylline or leukotriene-antagonist) for the previous year or OCS 130 

for ≥ 50 % of the previous year.4 131 

Exclusion criteria were as follows:  age below 18 years, pregnancy or judged by the investigator to 132 

be unable to comply with the study protocol.  133 

 134 

Methods 135 

All included patients (n = 120) underwent a comprehensive systematic evaluation including 136 

objective confirmation of the asthma diagnosis, exclusion of alternative diagnoses, evaluation of 137 

adherence and inhaler technique, and identification of exposures and comorbidities as 138 

recommended by the ERS/ATS guidelines.4 Detailed descriptions of all three study visits and the 139 

systematic assessment protocol are described in the Supplemental material. 140 
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 141 

Severe versus difficult-to-treat asthma 142 

Severe asthma was defined strictly according to the ERS/ATS guidelines with patients being 143 

classified as severe if the asthma diagnosis was objectively confirmed and no contributory factors 144 

were identified (adherence ≥80 %, correct inhaler technique and all comorbidities and exposures 145 

being managed). Further, patients with either sub-optimal adherence or poor inhaler technique were 146 

classified as having difficult-to-treat asthma. Finally, patients with correct inhaler technique and 147 

good adherence for therapy, but an ongoing exposure, unmanaged comorbidity or only a clinical 148 

asthma diagnosis (without objective confirmation of variable airflow limitation) were categorised as 149 

an ´overlap´ group, because these patients might potentially fit into both the difficult-to-treat and 150 

severe group.  151 

 152 

Asthma control 153 

Patients filled in the Asthma Control Questionnaire (ACQ-5)8 and mini Asthma Quality of Life 154 

Questionnaire (miniAQLQ).9 Asthma exacerbations (a burst of OCS or an increase in the 155 

maintenance doses of OCS treatment10) were retrospectively evaluated for the 12 months preceding 156 

the first study visit. Uncontrolled asthma was defined according to ERS/ATS guidelines as at least 157 

one of the following: ACQ > 1.5, ≥2 OCS requiring exacerbations in the previous year, ≥1 158 

hospitalisation due to asthma, or airflow limitation (pre-bronchodilator FEV1<80% and 159 

FEV1/FVC<lower limit of normal).4 160 

 161 

General examinations  162 

Spirometry and fractional exhaled nitric oxide (FeNO) were measured according to the ERS 163 

guidelines.11,12 Induced sputum was processed as described by Bafadhel et al.13 Blood eosinophil 164 
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count and total IgE were analysed. Eosinophilic airway inflammation was defined as sputum 165 

eosinophil count ≥3%14, blood eosinophil count ≥0.315 x 109/L or FeNO >50 ppb16. Atopy was 166 

defined as a positive skin prick test (SPT) (≥3 mm) or elevated specific IgE (> 0.35 kU/L) for at 167 

least one of 12 aeroallergens (birch, grass, mugwort, ragweed, horse, cat, dog, house dust mites (D. 168 

Pteryssinus, D. Farinae), moulds (Aspergillus Fumigatus, Cladosporium herbarum, Alternaria 169 

tenuis)).17  170 

 171 

Objective confirmation of the asthma diagnosis 172 

We attempted to confirm the asthma diagnosis objectively using reversibility testing, daily peak 173 

expiratory flow (PEF) monitoring, and bronchial challenge testing with methacholine and mannitol. 174 

If at least one of the tests were positive, the asthma diagnosis was considered to be objectively 175 

confirmed.  176 

In patients with no current evidence of variable airflow limitation, it was recorded if they previously 177 

had demonstrated a positive diagnostic asthma test according to the medical record. 178 

In patients with no present or previously documented variable airflow limitation, the asthma 179 

diagnosis was based on presence of typical asthma symptoms and exclusion of alternative 180 

diagnosis, and described as not objectively confirmed. Test methods are described in details in the 181 

Supplemental material. 182 

 183 

Adherence and inhaler technique 184 

Prescription fillings were calculated for the preceding 12 months before inclusion (number of doses 185 

of issued / number of doses expected x 100%).18 Sub-optimal adherence was defined as < 80 % of 186 

prescribed medication dispensed.18 Inhaler technique for ICS was evaluated using device-specific 187 

checklists for each inhaler type and poor inhaler technique was defined as ≥ 1 critical error.19  188 
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 189 

Comorbidities and exposures 190 

Identification of comorbidities was based on clinical symptoms and validated questionnaires: 191 

anxiety/depression symptoms (Hospital Anxiety and Depression scale (HADS)20,21), dysfunctional 192 

breathing (Nijmegen questionnaire22), obstructive sleep apnea (OSA) (Berlin questionnaire23) and 193 

gastroesophageal reflux disease (GERD) (Gastrointestinal Symptom Rating Scale (GSRS)24. 194 

Persistent allergic rhinitis was diagnosed according to clinical symptoms.17  Rhinosinuitis was 195 

based on the presence of typical symptoms and findings on computed tomography (CT) of the 196 

sinuses. High resolution CT of thorax was used to identify bronchiectasis.  197 

Current smoking, allergen exposure (pets, dust mites) with known atopy or treatment with non-198 

steroid-anti-inflammatory drugs (NSAID), salicylates or beta-blockers were considered potential 199 

asthma triggers. Further details see Supplemental material, e-Table 1. 200 

 201 

Statistical analysis: 202 

Data analysis was performed using SPSS version 24.0. Continuous data is shown as mean ± 203 

standard deviation for parametric data and as median (minimum – maximum) for data non-204 

parametric data. Categorical data is shown as percentages and numbers.  205 

 206 

Ethics 207 

Study approval was obtained from the local scientific Ethics Committee (project-identification: H-208 

1-2014-047) and all patients provided written informed consent.  209 

  210 
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RESULTS 211 

Study population 212 

Across the four respiratory outpatient clinics, 1034 patients completed screening for asthma severity 213 

during the 12 months screening period (Figure 1). Among these, 175 patients (16.9%) received 214 

high-dose asthma treatment according to the ERS/ATS criteria4 and hence fulfilled criteria for 215 

difficult-to-control asthma. In total, 120 patients were eligible and accepted study-inclusion (Figure 216 

1). There was no difference in age and gender distribution between the 120 patients included and 55 217 

non-included patients (data not shown). The final study population consisted of 117 patients with 218 

difficult-to-control asthma (Figure 1).  Patient characteristics are summarized in Table 1. Mean dose 219 

of ICS was 2275 ± 959 µg budesonide and 12.8 % received maintenance OCS. Further details 220 

regarding treatment are available in the Supplemental material, e-Table 2.  221 

 222 

 223 

 224 

 225 

Figure 1: Strobe flow diagram. 
 

1Not asthma as judged by treating physician, 2High-dose ICS treatment (≥1600 µg budesonide or equivalent) with a second 
controller (long acting beta-agonist, theophylline or leukotriene-antagonist) for the previous year or OCS for ≥ 50 % of the 
previous year. 3of patients receiving high-dose asthma treatment according to ERS/ATS severe asthma guidelines. 
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Table 1: Baseline patient demographics and characteristics 

 
 

Study population (n=117) 
 

Age (years) 46.8 ± 14.5 
Age at diagnosis (years) 25 (1; 78) 
Asthma diagnosis < 18 years 33.3 % (39) 
Asthma duration (years) 17.5 (1; 56) 
Family history of asthma  49.6 % (58) 
Sex (females)  59.0 % (69) 
BMI (kg/m2)    28.2 ± 6.3 
Atopy  52.1 % (61) 
Total IgE  (kU/L) 99 (1; 13.500) 
Inhaled corticosteroids daily dose (µg)1 2275.4 ± 959.3 
Current / ex / never smoker (%) 6.0%/ 35.0% / 59.0% 
Pack-years (current/ex–smokers)  10 (0.2-69.0) 

Asthma control and health care utilisation  
ACQ-5  1.9 ± 1.16 
ACQ-5>1.5  58.1% (68) 
MiniAQLQ  5.1 ± 1.1 
≥1 exacerbation/12 months 60.7% (71) 
≥2 exacerbation/12 months 36.8% (43) 
≥1 emergency department visit/12 months  17.1% (20) 
≥1 hospital admission/12 months  27.4% (32) 
Uncontrolled asthma (ERS/ATS)2 79.5% (93) 

Lung function  
FEV1% (pre)   75.7 ± 21.3 
FEV1<80% (pre) 57.3% (67) 
FEV1/FVC (pre) 0.71 ± 0.13 
FEV1/FVC<LLN (pre) 
Fixed airflow obstruction3 

Markers of inflammation 
FeNO (ppb) 
FeNO: <25 ppb / 25-50 ppb / >50 ppb 
Blood eosinophil count x 109/L 
Sputum eosinophil count (%) 
Sputum eosinophil count (≥3%) 
Sputum neutrophil count % 
Sputum neutrophil count (>61%) 
Eosinophilic airway inflammation5 

49.6% (58) 
34.2% (40) 

 
25.8 ± 20.7 

60.7 % / 26.5 % / 12.8 % 
0.28 ± 0.25 

1.5 (0 – 92.3) 
33.3 % (30)4 

50.99 ± 30.65 
42.2 % (38)4 

41.9% (49) 
Data are presented as mean ± SD, median (min-max) or % (n).  
1Budesonide equivalent, 2 ACQ > 1.5, ≥2 OCS requiring exacerbation in the previous year, ≥1 hospitalisation due to 
asthma or airflow limitation (pre-bronchodilator FEV1<80% and FEV1/FVC<lower limit of normal) 3Post-
bronchodilator FEV1/FVC<0.7 4Sputum count available in 90 patients. 5Sputum eosinophil count ≥3%, blood 
eosinophil count ≥0.3 x 109/L or FeNO >50 ppb.  ACQ: Asthma Control Questionnaire, miniAQLQ: mini Asthma 
Quality of Life Questionnaire, BMI: Body mass index, FeNO: fractional exhaled nitric oxid, FEV1: forced expiratory 
volume in one second, FVC: forced vital capacity, LLN: lower limit of normal. 
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Proportion of severe refractory vs. difficult-to-treat asthma after primary assessment of patients 226 

with difficult-to-control asthma 227 

If full ERS/ATS criteria (objectively confirmed asthma diagnosis, adherence, inhaler technique, 228 

comorbidities and exposures being managed) were applied, only 12 % (14/117 patients) of patients 229 

with difficult-to-control asthma could be categorized as having severe asthma after initial 230 

assessment (Figure 2). Moreover, 56 % (66/117) were classified as difficult-to-treat asthma due to 231 

sub-optimal adherence or poor inhaler technique. Lastly, an ´overlap´ group of 32 % (37/117), who 232 

potentially coul were identified with patients being adherent and displaying correct inhaler 233 

technique, but either had an ongoing exposure, unmanaged comorbidities or only a clinical asthma 234 

diagnosis (without objective confirmation of variable airflow limitation)  (Figure 2)  235 

 236 

 237 

 238 

 239 

 240 

 241 

 242 

 243 

 244 

 245 

 246 

 247 

Figure 2: Distribution of patients with difficult-to-treat asthma and severe asthma after 

primary systematic assessment.  
 
1Severe asthma: confirmed asthma diagnosis and adherence, inhaler technique, comorbidities and exposures 
being managed. 2Difficult-to-treat asthma: Sub-optimal adherence or incorrect inhaler technique. 
3 “Overlap group” where patients potentially could belong into both groups: adherence ≥80%, no critical 
inhaler errors but at least one of the following: clinical asthma diagnosis (but no objective confirmation), 
unmanaged comorbidity (DB, obesity or untreated GERD, OSA (high risk), allergic persistent rhinitis, 
rhinosinuitis or anxiety/depression) or ongoing exposure (current smoking, allergen exposure combined with 
atopy or use of salicylates, NSAID or beta-blockers). 
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Below, the outcome of each step of the systematic assessment protocol is described: 248 

 249 

Confirming the asthma diagnosis:  250 

Overall, the diagnosis of asthma was confirmed objectively in 60.7 % (n=71) when applying a 251 

complete test panel (Table 2) – increasing to 88 % when including those who also had a historical 252 

positive asthma test in their medical record. All patients performed a reversibility test and 29 253 

patients (24.8 %) showed significant reversibility. Of those eligible for a bronchial challenge test 254 

(FEV1%≥70), 38.5 % (25/65) and 37.7 % (26/69) had airway hyperresponsiveness to mannitol or 255 

methacholine, respectively.  256 

 257 

Table 2: Diagnostic tests for asthma 

 
 

Study population (n= 117) 
 

Reversibility for short-acting-beta-agonist 
Reversibility (%) 
Positive reversibility test  
Peak expiratory flow 
Peak flow diurnal variability  
Diurnal peak expiratory flow >10%  
Bronchial challenge test with mannitol 
AHR to mannitol 
PD15 (mg) median (min-max) 
RDR to mannitol (% fall in FEV1/mg) 
Bronchial challenge test with methacholine 
AHR to methacholine % (n/n) 
PD20 (µmol) median (min-max) 
RDR to methacholine (% fall in FEV1/mg) 
median (min-max) 
≥ 1 positive diagnostic test for asthma4  
Only one positive asthma test4 

≥2 positive diagnostic asthma tests4 

Positive diagnostic test ever5 

 
6.4 (-3.5 – 62.8) 

24.8 (29) 
 

7.9 (1.4 – 36.5) 
29.2 % (281) 

  
38.5 % (252) 

170.2 (3.0 – 629) 
0.02  (-0.01 – 11.8) 

 
 37.7 % (263) 

0.94 (0.4 – 7.2) 
1.96 (-0.97 – 178.7) 

 
60.7 % (71) 
38.5 % (45) 
22.2 % (26) 
88.0 % (103) 

Data are presented as mean ± SD, median (min-max) or % (n).  
1Peak expiratory flow only available in 96 patients. 265 patients performed a mannitol test. 369 patients performed a 
methacholine test. 4Positive reversibility test, diurnal peak expiratory flow >10%, AHR to mannitol or methacholine. 
5Positive reversibility test, diurnal peak expiratory flow >10%, AHR to mannitol or methacholine or a historical 
verified asthma diagnosis according to patient medical record 
AHR: airway hyperresponsiveness, RDR: response dose ratio 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

 

15

15

Contributory factors 258 

Overall, 42.5 % of patients had sub-optimal adherence for ICS prescriptions and 31.5 % had at least 259 

one critical inhaler error (Figure 3). The prevalence of comorbidities and exposures is summarized 260 

in Table 3. Most patients had ≥1 comorbidity to asthma (88%) (Figure 4) with OSA (44.3%), 261 

GERD symptoms (34.2%), rhinosinuitis (31.3%), obesity (30.8%) and dysfunctional breathing 262 

(29.9 %) being most frequent (Table 3).  The majority of patients had unmanaged comorbidities 263 

(66.7%) (Table 3, Figure 4).  264 

 265 
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 266 

Figure 3: Proportions of patients with difficult-to-control asthma with adherence for inhaled 
corticosteroids < 80 %, < 60 % and < 40 %, respectively (a) or at least one or two critical 
inhaler errors (b). 
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 267 

 268 

 269 

Table 3: Prevalence of comorbidities and exposures 

 
 

Study population (n= 117) 
 

Comorbidities 2 (0; 8) 
Persistent allergic rhinitis 23.1 % (27) 
Persistent allergic rhinitis treated1 100 % (27/27) 

Rhinosinuitis 31.3 % (35) 2 
Rhinosinuitis treated3 62.9 % (22/35) 

OSA (high risk)4 44.3 % (51)5 

Berlin questionnaire ≥ 2 43.5 % (50)5 

OSA diagnosed (self-reported) 7.7 % (9) 

Treated OSA6 6.0 % (7/51) 

GERD7 34.2 % (40) 
GSRS≥3 23.9 % (28) 

GERD diagnosed (self-reported)8 20.5 % (24) 

Treated GERD9 60.0 % (24/40) 

Anxiety/depression symptoms10 24.3 % (28) 11 
HADS (depression/anxiety) ≥ 8 20.9 % (24)11  

Anxiety/depression diagnosed 6.0 % (7) 

Treated Anxiety/depression 25.0 % (7/28) 

Dysfunctional breathing12  29.9 % (35) 
Obesity13  30.8 % (36)  

Bronchiectasis 31.5 % (34) 14 
Exposures  
Allergen exposure15 13.7 % (16) 

Use of NSAID, salicylates, beta-blockers 23.1 %(27) 

Current smoking 6.0 % (7) 
Data are presented % (n) or median (min; max) 
1Patients with persistent allergic rhinitis treated with nasal steroid, antihistamine, allergen immunotherapy or 
leukotrienantagonist. 2 CT of sinus was only available in 112 patients. 3Patients with rhinosinuitis treated with nasal 
steroid 4Berlin questionnaire ≥ 2 categories or self-reported diagnosis of OSA. 5 Berlin questionnaire was available in 
115 patients 6 Patients with OSA treated with continuous Positive Airway Pressure . 7

≥GSRS≥3 or self-reported GERD 
with acid suppression treatment. 8 Patients with GERD receiving acid suppression treatment 9HADS≥8 or self-reported 
anxiety/depression with antidepressant therapy. 10 HADS was available in 115 patients 11 Anxiety/depression and 
treated with antidepressants. 12Nijmegen ≥23, at current time of this study no formalised treatment of dysfunctional 
breathing was available in Denmark. 13BMI≥30kg/m2, 14High resolution computed tomography was available in 108 
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patients. 15HDM or pets exposure combined with atopy.  

OSA: obstructive sleep apnea; GERD: gastroesophageal reflux disease; HADS: Hospital Anxiety and Depression 
scale; GSRS: Gastrointestinal Symptom Rating scale; NSAID: non-steroid anti inflammatory drug 

 270 

 271 

 272 

 273 

 274 

 275 

 276 

 277 

DISCUSSION 278 

Figure 4: Systematic evaluation in three steps:  step 1: specialist management and 
confirmation of asthma diagnosis, step 2: treatment barriers (adherence and inhaler 
technique) and step 3: asthma triggers. 
1 Positive reversibility test, diurnal peak expiratory flow >10%, positive mannitol or methacholine test or a 
historical verified asthma diagnosis according to patient medical record. 2Correct: no critical errors, Poor: ≥1 
critical error. 3persistent allergic rhinitis, rhinosinuitis, dysfunctional breathing, obstructive sleep apnea, 
anxiety/depression, gastro-esophageal-reflux-disease, obesity or bronchiectasis. 4Comorbidities were 
considered unmanaged if presence of one of the following comorbidities and no concomitant 
treatment/interventions: rhinosinuitis, persistent allergic rhinitis, obstructive sleep apnea, gastro-esophageal-
reflux-disease; dysfunctional breathing, obesity. 5No allergen exposure with atopy, no use of NSAID, 
salicylates or beta- blockers, no current smoking. 
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 279 

We investigated to which extent a systematic evaluation protocol enabled us to differentiate 280 

between severe vs. difficult-to-treat asthma cohort of patients with difficult-to-control asthma in 281 

specialist care. The prevalence of difficult-to-control asthma defined as persistent use of high dose 282 

ICS plus a second controller, or long-term OCS was 16.9 % in specialist care. The majority of these 283 

patients had potentially modifiable causes influencing poor asthma control, thus emphasizing the 284 

complexity of these patients and the need for a proper systematic assessment. Consequently, when 285 

strictly complying with the ERS/ATS guidelines4, only a minority (12 %) of patients could be 286 

classified as having severe asthma after primary assessment defined by an objectively confirmed 287 

asthma diagnosis and all contributory factors being managed. Moreover, more than half (56 %) was 288 

instantly categorised as difficult-to-treat due to poor adherence or incorrect inhaler technique. 289 

Nevertheless, a strict distinction between severe vs. difficult-to-treat asthma was challenging in 290 

nearly a third (32 %) of difficult-to-control asthma patients. This ´overlap´ group consisted of 291 

patients with correct inhaler technique and good adherence for therapy, but an ongoing exposure, 292 

unmanaged comorbidity or only a clinical asthma diagnosis (without objective confirmation of 293 

variable airflow limitation). Consequently, this latter group needs further intervention and follow-up 294 

to distinguish between severe and difficult-to-treat asthma. Moreover, our findings suggest a need 295 

to consider a further refinement of the definition of severe asthma: Patients with severe asthma 296 

only, and patients with severe asthma as well ´difficult-to-treat´ traits, such as certain comorbidities. 297 

Comorbidities in severe asthma are associated with poor treatment outcomes 25, and while 298 

management of some comorbidities such as OSA improves asthma control 26, there is little effect of 299 

treating other co-morbidities such as GERD 27. Finally, the majority of difficult-to-control patients 300 

have several contributory factors challenging a definite differentiation on difficult-to-treat vs. 301 

severe asthma in some patients even after a proper follow-up period. An example could be a patient 302 
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with persistent need of OCS with side effects of obesity, GERD and OSAS – this patient does not 303 

necessarily fit strictly into only the severe or difficult-to-treat category. 304 

 305 

Overall, our findings also demonstrate the importance of patients with persistent need of high-dose 306 

asthma therapy to undergo a comprehensive systematic evaluation in specialist care, because the 307 

majority have potential modifiable causes influencing asthma control. With increased accessibility 308 

of promising but expensive biological drugs, the question is how do we best ensure systematic 309 

assessment of other causes of poor asthma control, prior to starting such treatments? There is 310 

evidence that multidisciplinary systematic assessment in severe asthma patients improves important 311 

asthma outcomes and reduces health care use 28,29. However, we need consensus on the extent of 312 

systematic assessment and how long comorbidities should be treated before commencing biological 313 

agents.  314 

 315 

The study design enables us to estimate the prevalence of difficult-to-control asthma in specialist 316 

care. Hekking et al. estimated the prevalence of difficult-to-control asthma to be 17.4 % based on 317 

registry data and questionnaires30, which aligns closely with our findings. Further, when only using 318 

the criteria of being adherent and having correct inhaler technique, and not taking unmanaged 319 

comorbidities or triggers in account, Hekking et al. estimated that 20 % of patients with difficult-to-320 

control asthma could be labelled as severe refractory asthma.30 Nevertheless, our study reveals that 321 

from a clinical point of view, a clear distinction between severe vs. difficult-to-treat asthma might 322 

often not be as straightforward as it seems.   323 

Previous studies investigating outcomes of a systematic assessment have mainly been run in 324 

outpatient clinics.5,7,29 However, this study was conducted solely in a research setting allowing us to 325 

investigate a complete diagnostic test panel in all patients. Objective verification of the asthma 326 
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diagnosis is pivotal, up to 30% of clinically based asthma diagnoses are misdiagnosed.31 Currently, 327 

there is only limited evidence on the most efficacious way to objectively verify the asthma 328 

diagnosis in patients with difficult or severe asthma. In our study we were able to demonstrate 329 

significant variable airflow obstruction in 60 % of patients when applying four different diagnostic 330 

tests. As expected this was lower when compared with asthma cohorts also including patients with 331 

mild-moderate asthma, who receive lower doses of ICS.32  332 

The majority of our patients had only one positive diagnostic test –confirming that extensive testing 333 

is required in the process of demonstrating variable airflow limitation in patients receiving high 334 

dose asthma treatment. In this study, patients with no current or historical variable airflow 335 

obstruction (12 %) had their asthma diagnosis based on clinical presentation. Some patients have 336 

fixed airflow obstruction, making it necessary to rely on a symptom-based diagnosis. However, 337 

according to recommendations3 these patients should have undergone down-titration and re-testing 338 

or alternatively performed a reversibility test using OCS in a final attempt at an objective 339 

verification of the asthma diagnosis. 340 

 341 

The majority of our study population had contributory factors potentially influencing asthma 342 

control. Poor adherence is known to be a significant problem with a prevalence ranging from 40 – 343 

65 % of patients with difficult-to-control asthma.18,29 In alignment we observed that sub-optimal 344 

adherence (42.5%), inhaler errors (31.5%) were common features underlining the importance of 345 

assessing these factors. Nonetheless, there is evidence that the clinical assessment of adherence and 346 

inhaler technique is limited, even in specialist care.33  347 

Despite being recruited from specialist clinics, a substantial proportion of patients had unmanaged 348 

comorbidities, suggesting a lack of systematic evaluation even in specialist care.  In this study, most 349 

comorbidities were diagnosed using validated questionnaires with the assumption that treatment 350 
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was indicated in all cases regardless of symptom severity. However, the potential impact of 351 

comorbidities on asthma symptoms was not evaluated independently in each patient. As a 352 

consequence, some patients may be categorised as having an unmanaged comorbidity, even though 353 

treatment of that specific comorbidity would not necessarily be indicated from a clinical 354 

perspective.  355 

 356 

We acknowledge that this study has several limitations. Being a cross-sectional study it was only 357 

possible to distinguish severe from difficult-to-treat asthma after primary assessment without the 358 

recommended three to six months follow up period 3,4. A follow-up period would have enabled 359 

management and correction of comorbidities, and thus the proportion of patients with severe asthma 360 

is believed to be higher. Another limitation is that we did not taper ICS in those patients (20 %) 361 

who were well controlled according to the ERS/ATS guidelines.4 Consequently, we do not know 362 

the proportion of patients in whom ICS could be tapered to doses corresponding to GINA step 3 or 363 

lower without loss of asthma control. Finally, we screened a population of more than a thousand 364 

asthma patients in four outpatient clinics in the attempt of describing a generalizable population of 365 

difficult-to-control asthma patients in specialist care. Nevertheless, our data are obtained from a 366 

single health care system with free access to specialist care, which could limit the applicability to 367 

countries with very different health care systems. 368 

In conclusion, the majority of difficult-to-control asthma patients have potentially modifiable 369 

causes of poor asthma control. Consequently, after doing a systematic assessment more than half 370 

were categorized as having difficult-to-treat asthma and only a minor group with severe asthma. 371 

Nonetheless, nearly a third of patients could potentially belong into both groups after a primary 372 

assessment, indicating that a strict categorisation of severe vs. difficult-to-treat asthma seems to 373 

pose a challenge in some cases..  374 
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Highlights 

 

• The majority of patients with difficult-to-control asthma have potentially modifiable causes 

influencing asthma control  

• Sub-optimal adherence and incorrect inhaler technique are common in difficult-to-control 

asthma 

• After primary assessment only a minority were categorised with severe asthma 

• Strict categorisation of severe vs. difficult-to-treat asthma might be challenging 

 


