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Abstract

Background: Asthma is a chronic airway disease, affecting

over 300 million people worldwide. 5–10% of patients suffer

from severe asthma and account for 50% of asthma-related

financial burden. Availability of real-life data about the

clinical course of severe asthma is insufficient. Objectives:

The aims of this study were to characterize patients with

severe asthma in Switzerland, enrolled in the Swiss Severe

Asthma Registry (SSAR), and evaluate predictors for asthma

control. Method: A descriptive characterisation of 278 pa-

tients was performed, who were prospectively enrolled in

the registry until January 2022. Socio-demographic vari-

ables, comorbidities, diagnostic values, asthma treatment,

and healthcare utilisation were evaluated. Groups of con-

trolled and uncontrolled asthma according to the asthma

control test were compared. Results: Forty-eight percent of

patients were female and the mean age was 55.8 years

(range 13–87). Themean bodymass index (BMI) was 27.4 kg/

m2 (±6). 10.8% of patients were current smokers. Allergic
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comorbidities occurred in 54.3% of patients, followed by

chronic rhinosinusitis (46.4%) and nasal polyps (34.1%).

According to the ACT score, 54.7% had well controlled,

16.2% partly controlled and 25.9% uncontrolled asthma. The

most common inhalation therapy was combined inhaled

corticosteroids/long-acting β2-agonists (78.8%). Biologics

were administered to 81.7% of patients and 19.1% received

oral steroids. The multivariable analysis indicated that

treatment with biologics was positively associated with

asthma control whereas higher BMI, oral steroids, exacer-

bations, and COPD were negative predictors for asthma

control. Conclusion: Biologics are associated with improved

control in severe asthma. Further studies are required to

complete the picture of severe asthma in order to provide

improved care for those patients. © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Asthma is a respiratory disorder characterised by
chronic airway inflammation with respiratory symptoms
such as cough, shortness of breath, wheezing, chest
tightness, and airflow limitation that vary over time [1].
Asthma is one of the most common chronic diseases
worldwide, affecting around 339 million people and
accounting for 23.7 million Disability Adjusted Life Years
globally in 2016 [2]. An estimated 5–10% of asthmatics
suffer from severe asthma [3–5]. Although patients with
severe asthma represent only a small proportion of the
overall asthma population, this group constituted about
50% of the medical costs related to asthma and carried a
high disease burden [6–8].

In 2014, an international European Respiratory Society
and American Thoracic Society (ERS/ATS) taskforce
published new guidelines about the definition and
treatment of severe asthma [7]. They defined severe
asthma as being treated with high-dose inhaled corti-
costeroids (ICS) and an additional controller medication
(and/or systemic corticosteroids) to prevent asthma from
becoming uncontrolled or which remains uncontrolled
despite this therapy [7]. As adequate controller medi-
cation, long-acting β2-agonists (LABA), leukotriene re-
ceptor antagonists (LTRA), and theophylline are rec-
ommended [7]. In 2020, the ERS/ATS taskforce for-
mulated recommendations about the use of monoclonal
antibody treatments in severe asthma [9], which are
equivalent to the Global Initiative for Asthma (GINA)
guidelines steps 4–5, on which the Swiss guidelines are
based on [10, 11].

Despite precise definitions of severe asthma and
treatment recommendations, little is known about the
real-life situation of patients with severe asthma. Patients
enrolled in randomised controlled trials with biologics are
not representative of the severe asthma population [12].
The pathogenesis, clinical course, therapy, and prognosis
are not well known, which makes severe asthma chal-
lenging to treat [7]. To close this knowledge gap, several
countries have initiated severe asthma registries that aim
to collect information about individuals with severe
asthma and have so far provided interesting findings such
as the presence of different severe asthma phenotypes,
enabling a more personalised therapy [13–16].

In Switzerland, data on patients affected by severe
asthma are sparse and the prevalence of patients can only
be estimated. In 2017, around 4.8% of the Swiss pop-
ulation aged 15 or older was self-diagnosed with asthma,
whereas women (5.3%) were more often affected than
men (4.2%) [17]. The prevalence of severe asthma in
Switzerland is estimated to be around 5% of the asthmatic
population [18, 19]. However, there might still be a
substantial number of patients wrongly diagnosed with
severe asthma due to factors such as inadequate inhaler
technique, untreated comorbidities or non-adherence to
therapy [10, 20–23]. The Swiss Severe Asthma Registry
(SSAR) was established to obtain more comprehensive
information regarding patients with severe asthma in
Switzerland.

The SSAR aims to collect baseline and follow-up data
for up to 15 years, in order to optimise diagnostic work-
up and treatment of patients with severe asthma. The
analysis and interpretation of this dataset aim to provide
reliable information about disease phenotypes and their
treatments in Switzerland and to improve the under-
standing of asthma’s clinical course and health-related
quality of life. This paper describes the characteristics of
the severe asthma population in Switzerland.

Secondary aim was to identify characteristics as-
sociated with asthma control which is important to
improve care of severe asthma patients and reduce the
burden of disease due to symptoms and exacerbations.
Previous studies have identified several variables as-
sociated with poor asthma control, such as smoking,
obesity, and socioeconomic status [24–27]. However,
predictors of asthma control in severe asthma may
differ between populations and registries of severe
asthmatics. Therefore, we aimed to evaluate differ-
ences in characteristics between controlled and un-
controlled asthma according to patients’ scores in the
asthma control test (ACT).
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Methods and Materials

Study Design
The SSAR is a multicentre, prospective, open cohort study of

patients suffering from severe asthma. Forty-five centres were
initiated to recruit patients, 30 centres did actively recruit patients
(online suppl. Table 1; for all online suppl. material, see https://doi.
org/10.1159/000533474). Participating centres include primary,
secondary, and tertiary pulmonary care facilities across all regions
of Switzerland. The range of included patients per centre was from
1 patient to 40 patients (median: 5 patients). Recruitment of
patients is ongoing.

This study aims to characterise the patients (n = 278) enrolled
in the SSAR between April 2019 to January 2022 and investigate
which variables are associated with poor asthma control. Inves-
tigators were encouraged to recruit all patients with severe asthma
irrespective of comorbidities and treatment to reflect the true
clinical situation in Switzerland.

Ethics
All seven Local Ethics Committees in Switzerland approved the

SSAR and use of the collected data for analysis (BASEC ID 2018-
01553). The SSAR is registered on clinicalTrials.gov (NCT03984253).

Participants and Data Collection
For the enrolment in the SSAR, all patients diagnosed with

severe asthma, aged 6 years or older, who fulfil the ERS/ATS
definition for severe asthma, respectively, require treatment

according to the GINA guidelines steps 4–5 are eligible for par-
ticipation (Table 1) [7, 9, 10]. Exclusion criteria were a life ex-
pectancy below 6 months or insufficient knowledge of one of the
registry languages (German, French, or Italian). For children and
adolescents, the inclusion criteria were slightly adapted. The pa-
tients have to be followed up by a respiratory specialist for at least
6 months and differential diagnoses must have been excluded by
fulfilling diagnostic features of asthma. Furthermore, they must
have a high level of therapy for over a year to prevent asthma from
becoming uncontrolled or which was uncontrolled despite this
therapy was required.

The eligible patients were asked to participate in the SSAR by
their treating respiratory specialist and enrolled after giving their
written informed consent. At the baseline visit, socio-demographic
information as well as medical data were collected and entered in a
non-public electronic register provided by the German Asthma
Net e.V., located inMainz, Germany [28]. The follow-up visits take
place annually, or as treatment evaluation after 4 months after
initiating a monoclonal antibody treatment. At the follow-up
visits, routine diagnostics are collected if performed and ques-
tionnaires about symptoms, treatment, healthcare utilisation, and
comorbidities are filled out. No requested sample size has been
defined for the cohort.

Variables
Pulmonary function testing (PFT) values are obtained by

performing spirometry or body plethysmography. The forced
expiratory volume in 1 s (FEV1), the ratio between FEV1 and

Table 1. Enrolment criteria for the registry

Enrolment criteria

Asthma diagnosed by a respiratory physician
In- and outpatients
Age ≥6 years
Informed consent as documented by signature

High-level therapy (presence of at least one)
1. High-dose inhaled corticosteroids (ICS) in combination with long-acting β2-agonist (LABA) or leukotriene modifier/
theophylline for the previous year
2. Daily long-term therapy with systemic corticosteroids (CS) for ≥50% of the previous year to prevent asthma from becoming
“uncontrolled” or which remains “uncontrolled” despite this therapy
3. Therapy with monoclonal antibodies independent from the co-therapy
4. Daily long-term therapy withmedium- to high-dose ICS in combination with LABA or leukotrienemodifier/theophylline for
the previous year

Symptom control (presence of at least one in addition to the criteria)
1. Poor symptom control: ACQ consistently >1.5 or ACT <20 (or “not well controlled” by NAEPP/GINA guidelines) despite
maximal optimised therapy and treatment of contributory factors
2. Frequent severe exacerbations: two or more bursts of systemic CS (>3 days each) in the previous year
3. Severe exacerbations: at least one hospitalisation, ICU stay or mechanical ventilation in the previous year
4. Airflow limitation: after appropriate bronchodilator withhold FEV1 <80% predicted (in the presence of reduced FEV1/FVC
defined as less than the lower limit of normal)
5. Controlled asthma that worsens on tapering of these high doses of ICS or systemic CS (or additional biologics)

ACT, asthma control test; ACQ, asthma control questionnaire; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity;
GINA, global initiative for asthma; ICU, intensive care unit; LABA, long-acting β2-agonist; NAEPP, National Asthma Education and
Prevention Program.
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forced vital capacity (FVC) (FEV1/FVC) as well as the total lung
capacity (TLC) were analysed [29].

The focus of the current study is the following variables
documented at the baseline visit:
• Socio-demographic: sex, age, age at asthma onset, body mass

index (BMI), smoking status and pack-years, asthma type ac-
cording to the international classification of disease 10th ver-
sion, chapter J45.0 to J45.8 (ICD-10) [30] March 25, 2023, 14:
18:00, asthma in relatives

• Comorbidities
• Diagnostic values: FEV1% predicted, FEV1 l, FEV1/FVC %,

TLC % predicted, TLC l, GINA asthma control, asthma control
test score (ACT), common asthma biomarkers (blood eosin-
ophil count, immunoglobulin E (IgE), fractional exhaled nitric
oxide)

• Asthma treatment: medication, rehabilitation, asthma
training, inhaler technique education

• Healthcare utilisation within the last 12 months: unplanned
outpatient visits, number of exacerbations, emergency de-
partment visits, hospital admissions, inability to work due to
asthma

Asthma Control
Asthma control according to GINA is evaluated by physicians

using four questions. Asthma is considered well controlled if all
questions are answered with no, partly controlled if 1–2 questions
are answered with yes and uncontrolled when 3–4 questions are
answered with yes [1]. The questions are:
1. Daytime asthma symptoms more than twice/week?
2. Any night awakening due to asthma?
3. SABA reliever for symptoms more than twice/week?
4. Any activity limitation due to asthma?

The asthma control test (ACT) is composed of five questions
with the possibility of 1–5 points per question. One equals
maximum impairment and five means no impairment at all. The
points of the five questions are then summarised for the ACT
score. ACT score ≥20 reflects well-controlled asthma; ACT score
16–19 reflects partly controlled asthma; ACT score 5–15 reflects
poorly controlled asthma [1, 31, 32]. The questions of the ACT
refer to the past 4 weeks and involve working impairment due to
asthma, shortness of breath, night time awakening due to asthma
symptoms, use of rescue medication, and a rating of asthma
control [31]. The ACT has proven to be useful as an objective
measure for asthma control [33].

Statistical Analyses
In the descriptive analysis, median values and range were

calculated for continuous variables. For categorical variables,
absolute numbers and percentages were evaluated. We checked for
outliers and normal distribution, by visual inspection of boxplots
and histogram of the continuous data. Unrealistic or implausible
values were replaced by a missing value.

For the analysis of variables associated with asthma control, two
groups were created depending on the ACT score. Controlled
asthma was defined as an ACT score of 20–25 and uncontrolled
asthma as ACT score of 5–19 [1]. We show median values and
range across controlled and uncontrolled asthma patients for
continuous variables as well as absolute numbers and percentages
across controlled and uncontrolled asthma patients.

To prepare data for multivariable analysis, predictive variables
with more than 20% missing values were removed. Variables with
fewer than 20% missing values were imputed with k = 10
neighbours using the median for continuous variables or mode for
discrete variables. For sensitivity analysis, we show results of the

Table 2. Baseline characteristics of the enrolled patients in the
Swiss severe asthma registry

Baseline characteristics Overall (n = 278)

Female, n (%) 134 (48.2)
Age, median (range), years 57 (13–87)

Age at diagnosis
Age, median (range), years 45.5 (1–83)
Unknown, n (%) 100 (36)
<18 years, n (%) 22 (7.9)
18–40 years, n (%) 48 (17.3)
>40 years, n (%) 108 (38.8)

Relatives with asthma, n (%) 88 (31.7)
Asthma type

Allergic asthma, n (%) 128 (46)
Non-allergic asthma, n (%) 95 (34.2)
Mixed asthma, n (%) 52 (18.7)

BMI
BMI, median (range) 26.35 (16.7–63.3)
<18.5, n (%) 7 (2.5)
≥18.5–<25, n (%) 95 (34.2)
≥25–>30, n (%) 97 (34.9)
≥30, n (%) 77 (27.7)

Smoking status
Non-smoker, n (%) 145 (52.2)
Active Smoker, n (%) 30 (10.8)
Ex-smoker, n (%) 102 (36.7)

Pack-years, median (range) 12.5 (0.05–80)

PFT pre-bronchodilation, n (%) 231 (83.1)
FEV1% predicted, median (range) 78 (27.9–124)
FEV1 l, median (range) 2.31 (0.32–4.73)
FEV1/FVC %, median (range) 71 (26–106)
TLC %, median (range) 103 (61–140)
TLC l, median (range) 6.5 (3.31–14.6)

GINA control
Controlled, n (%) 150 (54)
Partially controlled, n (%) 69 (24.8)
Uncontrolled, n (%) 58 (20.9)

ACT score, median (range) 20 (5–25)
20–25, n (%) 152 (54.7)
16–19, n (%) 45 (16.2)
5–15, n (%) 72 (25.9)

ACT, asthma control test; BMI, body mass index (kg/m2); PFT,
pulmonary function test; FEV1, forced expiratory volume in 1 s;
FVC, forced vital capacity; TLC, total lung capacity; GINA, Global
Initiative for Asthma.
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complete cases and the imputed dataset. Most important pre-
dictors from literature [34] were used for the multivariable analysis
and encompassed: age, smoking status, ICD-10 asthma type,
number of unplanned physician visits, BMI, number of exacer-
bations in the last year, relatives with asthma, asthma medication
and treatment, comorbidities, pulmonary function, and rehabili-
tation. To evaluate predictive factors for asthma control, a mul-
tivariable logistic regression model was built using a generalised
linear model of the binomial family (1 = asthma control, zero = no
asthma control).

For the statistical analyses, we used R version 4.0.3 [35]. All tests
were two-tailored. A p value <0.05 was defined as statistically
significant.

Results

Demographic
The initial dataset comprised in total 278 patients,

which were analysed for the baseline characteristics
(Table 2). There were more male patients (51.8%) en-
rolled and the overall mean age was 55.8 years (range
13–87). Late onset asthma (37.8%) was more common
than early onset (20.9%) in the enrolled patients. The
majority of patients were overweight or obese (BMI
25–29.99 kg/m2, 34.9%, BMI ≥30 kg/m2, 27.7%) and only
a small proportion of 2.5% was underweight
(BMI <18.5 kg/m2). Roughly, half of the patients reported
a history of smoking (former and current smokers) with a
mean pack-year amount of 18.5. For 2 patients, the BMI
was not available. One patient was entered in the data-
base, but no data were filled in.

Asthma Control
Data on asthma control according to GINA were

available for 277 patients of which 54% were reported
having controlled asthma, 25% partly controlled asthma
and 21% uncontrolled asthma. According to ACT, 55% of
patients had controlled asthma (ACT ≥20), 16.2% partly
controlled asthma (ACT 16–19), and 26% uncontrolled
asthma (ACT 5–15). Asthma control test (ACT) values
were available only in 269 patients, and their distribution
is shown in Figure 1.

Comorbidities
The most frequent comorbidities were allergic co-

morbidities (56.1%), chronic rhinosinusitis (47.96%),
nasal polyps (35.3%), gastroesophageal reflux disease
(GERD, 26.4%), and arterial hypertension (20.4%)
(Table 3). 34.2% of patients suffered from allergic rhinitis,
8.6% from food allergy, 8.6% from atopic eczema, and
16.4% from another kind of allergy.

Lung Function and Blood Eosinophil Count
Pulmonary function testing (PFT) prior to broncho-

dilation was available for 83% (n = 231) (Table 2; Fig. 2)
fractional exhaled nitric oxide was available for 161 pa-
tients (58%). From the patients with an available blood
eosinophil count (n = 138), 44% showed an elevated value
over 150 cells/uL. In 29%, an IgE level above 500 Ul/mL
was observed, but only the IgE values for 112 patients
were available (online suppl. Table 2).

Asthma Treatment
In our cohort, 78.8% of patients received a combined

inhaler that contain ICS/LABA (Fig. 3), 19.4% received
inhaled corticosteroids (ICS) as single inhalers. The mean
dose for ICS was 1,416 μg beclomethasone equivalent
daily. The majority (81.7%) received treatment with a
monoclonal antibody with a median treatment duration
of 16 months (range: 0–120). Mepolizumab was used in
30.2%, which was the most frequent biologic in the Swiss
study population. The distribution of the applied
monoclonal antibodies is presented in Figure 4, the
treatment duration for each available monoclonal anti-
body is shown in the online supplementary Figures 1, 2.
19.1% were treated with continuous oral steroids with a
mean prednisolone equivalent dose of 12.5 mg daily. Two
patients received theophylline and immunotherapy
(sublingual or subcutaneous) respectively. No patient that
was treated by bronchial thermoplasty was enrolled.
Medication was not available for 4 patients. Absolute
numbers of patients for each treatment and for each
treatment combination can be found in the online sup-
plementary Table 3.

In addition, we observed statistically significant dif-
ferences between patients who were treated with biologics
compared to those who were not on the following var-
iables: FEV1% predicted (p = 0.003) and FEV1 l (p =
0.001). There was no statistically significant difference in
achieving asthma remission (according to [36]) in both
groups (biologics: 33.6% vs. no biologics 25.5%, p = 0.244)
(online suppl. Table 4).

Healthcare Utilisation
The majority of patients (66.2%) with severe asthma

did not have unplanned outpatient visits related to
asthma during the year prior to enrolment (Table 4).
Exacerbations occurred once per year in 18.7% and
2–11 times per year in 28.8% of the patients. Almost half
of the patients (48.6%) did not have an exacerbation in
the previous year. About one-third presented to the
emergency department and 15% were hospitalised due to
their asthma in the previous year. 18.3% of the enrolled
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patients had at least 1 day of absence at work or school
due to their asthma (not including patients who were
retired) (Table 4). The number of emergency department
visits and hospitalisations in the last 12 months before
enrolment was not available for 10 patients. The number
of exacerbations was not reported for 20 patients.

Predictors of Asthma Control
There were 2 patients with more than 70% missing

values in the remaining dataset and were excluded from
the uni- and multivariable analyses. Statistically signifi-
cant differences between controlled (ACT 20–25) and
uncontrolled asthma (ACT 5–19) were found in the
univariable logistic regression analysis for 18 of the an-
alysed variables (online suppl. Table 5).

A statistically significant result was found for BMI,
which was on average higher in the group with uncon-
trolled asthma (p = 0.007). Statistically significant dif-
ferences were found in surgery of nasal polyps (p = 0.048)
and surgery of chronic sinusitis (p < 0.001), which had

occurred more often in the group with good asthma
control. However, chronic obstructive pulmonary disease
(COPD, p = 0.003), depression (p = 0.001) and inducible
laryngeal obstruction (p = 0.037) were more frequent in
the group with uncontrolled asthma. An overview of the
frequency of comorbidities in each group is shown in
Table 3 and in the online supplementary Table 6.

For the diagnostic variables, statistically significant
results were found for mean FEV1% predicted (p < 0.001)
and FEV1 in l (p = 0.006), which were higher in the
controlled group. Furthermore, mean TLC % (p = 0.038)
and number of eosinophil blood count above 150 cells/uL
(p = 0.006) were lower in the controlled group (online
suppl. Table 5).

For the asthma treatment, statistically significant
differences existed for the use of mepolizumab (p =
0.009), oral corticosteroids (OCS) (p = 0.001), long-acting
anticholinergic (p = 0.008), and LTRA (p = 0.005). Except
for mepolizumab, all these treatments were more often
used in the group with uncontrolled asthma (online

Fig. 1. Distribution of the asthma control
test (ACT) scores. Black line – normal
distribution curve. Red dotted line – cut-off
for good asthma control (20 points).
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suppl. Table 7). The number of exacerbations (p < 0.001),
visits to the emergency department (p < 0.001), hospi-
talisations (p = 0.004) and inability to work due to asthma
(p = 0.007) were negatively associated with asthma
control (online suppl. Table 8).

Independent factors associated with asthma control
are presented in Table 5 and Figure 5. The area under the
curve was 0.80 for the multivariable logistic regression
model. The optimal threshold was at a predicted prob-
ability of 0.57 with an accuracy of 0.75, a specificity of
0.72, and a sensitivity of 0.77 (online suppl. Fig. 3–6).

Discussion

The SSAR included 278 patients from all regions of
Switzerland and from different care facilities ranging
from primary to tertiary asthma care. This means that

despite the small sample size, it is likely that the collected
data give a representative insight in the care of severe
asthma patients in Switzerland.

The observations of the SSAR should not only be seen
independently but also in an international context,
therefore a comparison of our data to the registries in the
UK (n = 2,225), Germany (n = 1,317 and n = 2,011), Italy
(n = 437), Belgium (n = 350), Denmark (n = 621), Japan
(n = 154), Latin America (n = 594) as well as the in-
ternational severe asthma registry (ISAR) (n = 4,990)
was made, whenever the analysed variables overlap
[13–16, 36–40]. The differences, respectively, the
similarities between the registries might be partly
explained by the differences in sample size, national
diagnostic, and treatment standards or different time
points of inclusion, such as before or after the market
authorisation of certain treatment approaches such as
monoclonal antibodies.

Table 3. Overall occurrence of comorbidities and comparison between the ACT groups

Comorbidities Overall
(n = 269)

ACT ≤19
(n = 117)

ACT ≥20
(n = 152)

p valuea

Allergic comorbidities, n (%) 151 (56.1) 57 (48.7) 89 (58.6) 0.107
Allergic rhinitis, n (%) 92 (34.2) 39 (33.3) 52 (34.2) 0.440
Food allergy, n (%) 23 (8.6) 9 (7.7) 15 (9.9) 0.530
Other allergies, n (%) 44 (16.4) 13 (11.1) 28 (18.4) 0.088
Atopic eczema, n (%) 23 (8.6) 8 (6.8) 16 (10.5) 0.280

Chronic sinusitis, n (%) 129 (47.96) 51 (43.6) 75 (49.3) 0.347
Sinusitis surgery, n (%) 55 (20.4) 13 (11.1) 41 (27) 0.001**

Nasal polyps, n (%) 95 (35.3) 35 (29.9) 57 (37.5) 0.189
Nasal polyp surgery, n (%) 62 (23.0) 20 (17.1) 41 (27) 0.049*

GERD, n (%) 71 (26.4) 35 (29.9) 34 (22.4) 0.164

Cardiovascular disease
Arterial hypertension, n (%) 55 (20.4) 25 (21.4) 29 (19.1) 0.644
Other cardiovascular disease, n (%) 32 (11.9) 14 (12) 18 (11.8) 0.975
Frequent lower respiratory tract infections (>2 x/y), n (%) 38 (14.1) 22 (18.8) 15 (9.9) 0.980
COPD, n (%) 33 (12.3) 22 (18.8) 10 (6.6) 0.003**
Depression, n (%) 30 (11.2) 19 (16.2) 10 (6.6) 0.001**
Aspirin intolerance, n (%) 27 (10.0) 9 (7.7) 17 (11.2) 0.325
SARS-CoV-2-infection, n (%) 18 (6.7) 10 (8.5) 8 (5.3) 0.300
Urticaria, n (%) 17 (6.3) 9 (7.7) 8 (5.3) 0.430
Bronchiectasis of unknown origin, n (%) 14 (5.2) 7 (6) 7 (4.6) 0.620
EGPA, n (%) 8 (3) 3 (2.6) 5 (3.3) 0.724
Neuromuscular disease, n (%) 7 (2.6) 3 (2.6) 4 (2.6) 0.970
Inducible laryngeal obstruction, n (%) 7 (2.6) 6 (5.1) 1 (0.7) 0.037*
Hyperventilation syndrome and panic disorder, n (%) 6 (2.2) 4 (3.4) 2 (1.3) 0.27
Eosinophilic pneumonia, n (%) 6 (2.2) 3 (2.6) 3 (2) 0.75
Other comorbidities, n (%)b 10 (3.7) 8 (6.8) 12 (7.9) 0.71

COPD, chronic obstructive lung disease; EPGA, eosinophilic granulomatosis with polyangiitis; GERD, gastroesophageal reflux
disease; SARS-CoV-2, severe acute respiratory syndrome with coronavirus-2. Level of significance: * <0.05, ** <0.01, *** <0.001.
a

Significance based on χ2 test.
b

Other comorbidities include all those that are present in <2% in the overall population.
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Fig. 2. Distribution of the FEV1 values.
Black line–normal distribution curve.

Fig. 3. Maintenance therapy used in the
Swiss severe asthma registry.
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Demographic
The sex distribution in the Swiss registry is similar to

the Danish cohort, wheremore male patients are included
[36]. However, themajority of patients are female in other
severe asthma registries [13–16]. The mean age of

55.8 years is also comparable to other registries in Europe.
In the Swiss registry, we observed a relatively late asthma
onset in the early 1940s, compared to registries across
Europe. The mean BMI shows a tendency to over-
weight, which is similar to other countries. The

Fig. 4. Use of monoclonal antibody therapies in per cent.

Table 4. Healthcare utilisation within 12 months prior to enrolment

Healthcare utilisation Overall (n = 278) ACT ≤19 (n = 117) ACT ≥20 (n = 152) p value

Unplanned outpatient visits
1–3, n (%) 60 (21.6) 28 (18.4) 31 (26.5) 0.117a

>3, n (%) 30 (10.8) 14 (9.2) 13 (11.1) 0.61a

0, n (%) 184 (66.2) 107 (70.4) 73 (62.4) 0.169a

Inability to work due to asthma, n (%) 51 (18.3) 30 (26) 19 (12.5) 0.003**a

Exacerbations, mean (SD) 1.2 (1.8) 1.9 (2.2) 0.7 (1.3) <0.001***
0, n (%) 135 (48.6) 39 (33.3) 90 (59.2) <0.001***a

1 x/y, n (%) 52 (18.7) 27 (17.8) 24 (20.5) 0.57a

>1 x/y but <1 x/month, n (%) 80 (28.8) 50 (42.7) 30 (19.7) <0.001***a

≥1 x/month, n (%) 1 (0.4) 1 (0.9) 0 (0) 0.32a

Emergency department visits, n (%) 74 (26.6) 47 (40.2) 26 (17.1) <0.001***a

Hospitalizations, n (%) 42 (15.1) 27 (23.1) 15 (9.9) 0.004**a

Rehabilitation ever, n (%) 57 (20.5) 29 (24.8) 27 (17.8) 0.165a

Asthma training, n (%) 96 (34.5) 47 (30.9) 47 (40.2) 0.116a

Inhaler technique education, n (%) 243 (87.4) 102 (87.2) 134 (88.2) 0.81a

Level of significance: * <0.05, ** <0.01, *** <0.001. aSignificance based on χ2 test.
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percentage of active and former smokers in the Swiss
cohort is higher than in Italy and the UK [14, 16], but
similar to Belgium [13].

Asthma Control
Asthma control according to GINA criteria is good in

54% of patients, enrolled in the registry, which is higher
than in the Japanese (43.5%) and German (13.3%) reg-
istries [39, 40]. A higher mean ACT score than in other
registries (Italy, Belgium, Denmark, and Germany) shows
a better asthma control in the Swiss cohort [13–15, 36].
However, more patients achieve an ACT score ≥20 (well-
controlled asthma) in the Italian registry than in the Swiss
one (64% vs. 55%, respectively).

Comorbidities
In this cohort, 56.1% of patients have an allergic co-

morbidity. This is less than reported in other European
registries like Italy (71%), Belgium (70%), Germany

(63.5%), and the UK (63%) [13–16]. Chronic rhinosi-
nusitis occurred in 47.96% of patients in the Swiss
cohort, which is comparable to other European
countries [13, 14, 38]. Nasal polyps were much more
common in our cohort (35.3%) than in other registries
[13, 16, 37, 38]. The frequency of GERD (26.4%) was
comparable to the numbers in Latin America (27.2%)
and lower than in Belgium (36%) or Germany (35.4%)
[13, 15, 37]. However, the UK registry showed a lower
rate of GERD (16.9%) [16]. Our cohort had more cases
of COPD (12.3% vs. 6%) and inducible laryngeal
obstruction (2.6% vs. 1%) than in Germany and Latin
America [15, 38]. Bronchiectasis was found in 5.2% of
patients in our cohort, which is similar to Germany
(3%) but lower than Italy and Belgium (both 16%)
[13–15]. Comorbidities in the Latin American cohort
were patient reported and therefore might be inac-
curate. Overall, our population has a high proportion
of comorbidities, which has been shown in registries of

Table 5. Results of the multivariable logistic regression model with dependent variable asthma control (ACT scores 20–25) and 23
predictors, imputed dataset from 267 observations

Multivariable regression for predictors
of the ACT score

Frequency, controlled/
uncontrolled, n (%)

OR Lower
95% CI

Upper
95% CI

p value

(Intercept) 0.89 0.06 14.27 0.935
Age, mean (per 10 years) See supplementary Table 3 1.14 0.92 1.42 0.224
Active smoker 14 (9.2)/15 (12.8) 1.56 0.58 4.29 0.38
Non-allergic asthma 57 (37.5)/35 (29.9) 1.62 0.73 3.67 0.237
Mixed asthma form 23 (15.1)/26 (22.2) 0.94 0.39 2.24 0.885
Unplanned physician visits, n See Table 5 1.28 0.76 2.21 0.358
BMI, mean (per 10 kg/m2) See supplementary Table 3 0.62 0.37 1.01 0.06
Exacerbations, n See Table 5 0.63 0.5 0.78 <0.001***
Relatives with asthma 41 (27)/44 (37.6) 0.54 0.28 1.02 0.059
Sex (female) 83 (54.6)/55 (47) 0.71 0.38 1.31 0.271
LAMA/LABA add-on 0.77 0.4 1.5 0.445
ICS/LABA 121 (79.6)/92 (78.6) 1.01 0.47 2.14 0.976
LTRA 24 (15.8)/30 (25.6) 0.93 0.44 2 0.856
Oral corticosteroids 21 (13.8)/31 (26.5) 0.47 0.21 1.05 0.065
Monoclonal antibody 134 (88.2)/86 (73.5) 2.62 1.19 5.89 0.018**
Rehabilitation See table 5 0.87 0.46 1.64 0.665
Allergies 89 (58.6)/57 (48.7) 1.78 0.88 3.64 0.111
Chronic rhinosinusitis with or without nasal polyps 1.52 0.83 2.77 0.174
COPD 10 (6.6)/22 (18.8) 0.33 0.11 0.95 0.044*
GERD 34 (22.4)/35 (29.9) 0.76 0.37 1.54 0.439
Depression 10 (6.6)/19 (16.2) 0.57 0.19 1.58 0.284
FEV1% predicted (per 10) See supplementary Table 3 1.18 0.95 1.47 0.139
FEV1/FVC % (per 10) See supplementary Table 3 0.9 0.66 1.22 0.482
Equivalent dose beclomethason in μg (per 1,000) See supplementary Table 3 1.08 0.78 1.48 0.63

LAMA, acting anticholinergic. Dependent variable was asthma control (ACT scores 20–25). Results are expressed in odds ratios
(OR) and 95% confidence interval (CI) with values above 1 indicating higher likelihood of asthma control whereas values below 1
indicate that the variable is associated with poorer asthma control level of significance: * <0.05, ** <0.01, *** <0.001.
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severe asthma many times. It is important to diagnose
and treat comorbidities as they can aggravate symp-
toms and lead to more uncontrolled asthma and thus
increase the financial and socioeconomic burden of
this disease [1]. A higher proportion of well-treated
comorbidities could partially explain the observed
differences in asthma control compared to other
countries.

Lung Function and Blood Eosinophil Count
Our cohort showed better values of FEV1% predicted

and FEV1/FVC than in Italy, Belgium, Germany, the UK,
and Denmark [13–16, 36]. The Japanese cohort showed a
similar FEV1% predicted values [39]. The TLC % pre-
dicted value of our cohort was in the same range as in
Belgium and Denmark [13, 36].

Type 2 biomarker levels are most comparable to Den-
mark, which might be explained by the high ratio of patients
already on biologics in both cohorts [36]. However, most of
our patients were on biologic treatment before being enrolled
in the registry, which might lead to lower type 2 biomarkers.

Asthma Treatment
The most frequent inhalation therapy in our cohort

was a fixed ICS/LABA combination, which was used in
78.8% of patients. Compared to other registries, Germany
had a similar amount (77%), whereas the cohorts in Italy,
Belgium, and the UK registered a 100% rate of fixed ICS/
LABA combination as would be expected in a severe
asthma population [13–16]. Additionally, the beclome-
thasone (ICS) equivalent daily dose was lower in our
cohort compared to other countries except for Japan [39].

Fig. 5. Forest plot with OR and 95% CI of the multivariable results of logistic regression model on asthma control
(ACT scores 20–25) with 23 predictors on the imputed dataset with 267 observations.
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81.4% of our patients received a biologic treatment,
mepolizumab (30.2%) is the most common biologic used
in our cohort. A higher rate of treatment withmonoclonal
antibodies has only been achieved in the Danish cohort
(98%), as it is mandatory to include all patients receiving a
monoclonal antibody in the registry [36]. Thus, the Swiss
registry has the second highest rate of biologic treatment
for severe asthma in Europe. The use of OCS was con-
siderably lower in our population compared to Italy,
Germany, and the UK [14–16]. In Latin America, the use
of OCS was lower than in our cohort [37]. The impact of
single versus multiple inhaler use and of other treatment
combinations in the Swiss registry population was not
analysed in this article. However, the medication in Latin
America was patient reported and might have a reporting
bias. At the time of data analysis of our study, five biologic
agents were authorised for severe asthma in Switzerland
whereas in Belgium only omalizumab was available at the
time of the study. Nevertheless, Belgium showed only
slightly higher rates of OCS use (24% vs. 19%) than
Switzerland [13]. Although in Germany all these biologic
agents were available, only 40% of patients received any
and 36% were still on OCS. A recent publication from the
German cohort showed a slight increase of biologic use
(48.5%) but even higher numbers of OCS use than earlier
[40]. The UK has 51.7% of patients on OCS despite
having a rate of 68.9% on biologics [16]. Those results are
surprising, as biologics have shown to reduce the need for
OCS [41–43]. Unfortunately, data on OCS are not
available for the Danish cohort so far which has the
highest rate of biologic use.

In our cohort, LTRA and theophylline were used
considerably less than in other cohorts [13, 14, 16, 39, 40].
In our cohort, long-acting anticholinergics were fre-
quently used (43.7%). However, this is less than Germany
(56.2%), the UK (53.2%) but more than Italy (35.7%),
ISAR (16.7%), and Japan (14.3%) [14, 16, 38–40]. Single
LABA inhalation was not very common in our cohort
(6.1%) and all but 1 of those patients had additional single
ICS inhaler. Germany reported higher rates of single
LABA inhaler (11.4%) [40].

In summary, the Swiss cohort of severe asthma patients
has a lower percentage of fixed ICS/LABA combination
and lower ICS equivalent daily doses, higher rates of bi-
ologic use and lowerOCS use as well as lower percentage of
additional LTRA and theophylline than most other
countries. This might be due to the desired and expected
effect of the biologic therapies to reduce the need for OCS
use [43]. Lower ICS/LABA and ICS doses could be ex-
plained by a fast dose reduction after achieving good
asthma control with biologics. Further analysis of follow-

up visits is required to evaluate this trend in the long-term,
as well as the effect of combination of different types of
treatments, which was not analysed in the current study.

However, it must be considered, that due to a possible
selection bias favouring patients on biologics in our cohort,
the reality of severe asthmatics in Switzerland might look
different. A recent study from Germany has shown a large
treatment gap with only a minority of patients with severe
asthma being treated with biologics despite a much greater
number having uncontrolled asthma [44].

Healthcare Utilisation
In our cohort, the exacerbation rate per year is lower

than in other registries (Italy, the UK, Denmark, and the
ISAR) [14, 16, 36, 38]. The rate of emergency department
visits in our registry is similar to the ISAR and lower in our
population than in the German and Japanese cohort
[38–40]. The hospitalization rate is lower in our pop-
ulation than in Germany, the ISAR, and Japan [38–40].
Surprisingly, the ISAR and the Latin American registry
have more patients without any exacerbations despite
worse asthma control, which is expected to increase the
risk of exacerbations [1]. Differences in healthcare avail-
ability and utilisation in other European countries, Latin
America, and other countries outside of Europe could
explain this observation. Emergency department visits and
hospitalisation rates due to asthma exacerbations were
significantly higher in patients with poorly controlled
asthma compared to patients with well-controlled asthma.
These observations are in line with recent findings from
Australia that poorly controlled asthma is associated with
higher direct healthcare costs [45].

Predictors of Asthma Control
Biologic treatment was associated with good asthma

control, whereas higher BMI, OCS use, exacerbations,
and COPD were associated with poor asthma control.
Throughout our model, biologics suggested a positive
effect on asthma control. This model seems to support
previous findings that monoclonal antibodies improve
asthma control in a real-world population, as they are
known to reduce the need for oral steroids and therefore
reduce side effects of short- and long-term OCS use [41,
42, 46, 47]. Only a minority of patients is currently not
treated with a monoclonal antibody; therefore only
limited conclusions can be made about changes in asthma
control or exacerbation frequency after initiating treat-
ment with a monoclonal antibody. Further analysis of
follow-up data could investigate the development of
asthma control as well as the trajectory of OCS use on
biologic treatment.
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BMI showed an inverse linear relationship with
asthma control which is in line with our result [24, 26, 37,
48]. Overweight and obesity remain a modifiable factor in
patients with severe asthma, appropriate treatment, and
weight loss have shown a positive effect on asthma
control and should be considered in the management of
severe asthma patients [49, 50].

The association of OCS use and poor asthma control has
previously been reported [26, 37, 51, 52]. However, OCS
dependency should be regarded as a sign of poor symptom
control, as OCS is used as a last resort when patients remain
uncontrolled despite appropriate treatment according to
GINA step 5 [1]. Our analyses showed, as expected, an
inverse association between exacerbations and asthma
control. Recurrent exacerbations in the last 3months are risk
factors for further exacerbations which have a negative
impact on asthma control [53]. Additionally, studies have
shown that ACT can predict the risk of asthma exacerbations
and that there is a negative correlation between the ACT
score and the number of exacerbations [54, 55].

Comorbid COPD was negatively associated with
asthma control in our analysis. A negative effect of COPD
on asthma control has previously been shown [48]. Pa-
tients suffering comorbid COPD have more symptoms
and exacerbations, as well as higher mortality rates
compared to patients with asthma or COPD alone [56].
This makes the asthma population with comorbid COPD
particularly vulnerable. Comorbid COPD in patients with
severe asthma may also be a fixed airflow obstruction
instead of COPD, as the differential diagnosis can be
difficult as the diseases can mimic each other [57–59].

Depression, female sex, and current smoking, among
other factors, have been shown to predict asthma control
in other cohorts [33, 37, 48, 60–62], but the association
was not statistically significant in our cohort. As de-
scribed above, other cohorts have had a higher proportion
of female participants included than our cohort, which
might have influenced that female sex is no significant
predictor due to the similar sex distribution. Major de-
pression is more often diagnosed in women than in men,
which might have mediated the effect of depression in
other studies and was not statistically significant in our
cohort due to the similar sex distribution [63].

Another factor associated with poor asthma control is
low FEV1, which showed a statistically significant dif-
ference in the univariable comparison of the two groups
[26]. Due to missing data on FEV1 in 10% of patients, it
could not be used in the multivariable analysis. As lung
function values are crucial for the assessment of asthma, it
is important to improve the rate of lung function values
reported in the registry.

Strengths and Limitations
To our knowledge, the present study is the first systematic

characterisation of patients with severe asthma in Switzer-
land. An important strength is the inclusion of all language
regions in Switzerland, reflecting possible cultural and de-
mographic heterogeneity of the country. Furthermore,
participating centres consist of a wide range of primary,
secondary, and tertiary pulmonary care facilities, which
increases the number of eligible patients and allows a
comprehensive overview of severe asthma patients.

Most of the patients were included from spring 2020
on, which is parallel to the beginning of the COVID-19
pandemic. During the course of the pandemic, it was
observed that exacerbation frequency and severity of
exacerbations were decreasing in patients with severe
asthma [17, 64, 65]. Therefore, the low exacerbation rate
must be interpreted with caution, as it might have been
positively influenced by health policy measures during
the COVID-19 pandemic (e.g., face masks or physical
distancing), changes in health behaviour, reduction of air
pollution, or changes in patient care [17].

One limitation of the current study is the missing data
on socioeconomic status, non-compliance with the pre-
scribed therapy and incorrect inhaler technique, which
also are associated with asthma control [25, 26, 37, 52,
60]. Most patients in our cohort received inhaler tech-
nique education; hence, inhalation technique could be
presumed good. However, not all inhalation mistakes
could be avoided even by repetitive instruction.

Another limitation is the missing data for blood eo-
sinophil count and serum IgE in over 50% at baseline,
therefore type 2 biomarkers could not be included in the
multivariable regression model despite their important
role in the evaluation of biologic treatments. Further-
more, most patients were included in the registry after
starting a biologic therapy that has a direct influence of
type 2 biomarker levels.

Further limitations are the relatively small sample size
and a possible selection bias. Additionally, study design
does not allow a systematic evaluation of comorbidities
and their treatment [20, 66].

Comparing registries is challenging because they do
not always collect the same variables. Therefore, many
differences between our registry and cohorts from other
countries cannot be properly explained yet. Furthermore,
the reimbursement policies for biologic treatment and
healthcare systems differ across countries, which could
have an impact on asthma severity and control. An in-
ternational uniform registry is under development by the
Severe Heterogeneous Asthma Research collaboration,
Patient-centred (SHARP) [67].
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Conclusion

The current study has allowed a demographic charac-
terisation of severe asthma patients in Switzerland and an
indirect comparison with other European cohorts. Severe
asthma patients in Switzerland are more often male, have
better asthma control according to GINA/ACT and lower
OCS use. Biologics seem to play an important role in asthma
control in our population. Still, there is a significant pro-
portion of patients with poor asthma control, highlighting
the necessity to further improve treatment and therapeutic
patient education and thus lower the socioeconomic burden
of severe asthma. The longitudinal cohort design of our
registry will elucidate the clinical course of severe asthma
and the effect of treatment and comorbidities on asthma
control and other health-related outcomes. The registry will
provide real-life data on the medical course of patients
receiving biologic therapy, facilitating the identification of
responder phenotypes that could guide physicians in
choosing the right biologic for their severe asthma patients.
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