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Purpose: Severe asthma is frequently accompanied by comorbidities such as chronic rhinosinusitis, nasal polyps, allergies, and
gastroesophageal reflux disease (GERD). With increasing age, non-communicable conditions such as cardiovascular diseases and
multimorbidity become more prevalent. This study aimed to analyze the prevalence of comorbidities and their impact on asthma-
related outcomes over a two-year period using data from the Swiss Severe Asthma Registry (SSAR).

Patients and Methods: We included 234 patients with baseline data and 2 years of follow-up visits from the SSAR. Patient’s asthma
control (ACT), quality of life (QoL), forced expiratory volume in 1 second (FEV1), forced vital capacity (FVC), diffusing capacity of
the lungs for carbon monoxide (DLCO) and fraction expiratory nitric oxide (FeNO) and their association to comorbidities were
analyzed longitudinally using general estimation equations (GEEs) with log link function.

Results: Over the study period, ACT and QoL scores significantly improved, and the frequency of exacerbations declined. The
prevalence of the examined comorbidities remained stable. However, the presence of chronic obstructive pulmonary disease (COPD)
was significantly associated with lower ACT scores, reduced QoL, and impaired pulmonary function (all p < 0.05). GERD was also
linked to lower ACT and QoL (p < 0.05), while depression was associated with a significant decrease in DLCO (p < 0.05).
Conclusion: Our findings underscore the strong impact of comorbidities—particularly COPD, GERD, and depression—on asthma
control, quality of life, and lung function in patients with severe asthma. These results highlight the need for integrated, multi-
disciplinary management strategies targeting comorbid conditions to improve overall asthma outcomes. Further research should
explore these subgroups in more detail to guide personalized treatment approaches.
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Introduction
Asthma is a chronic inflammatory condition of the airways, marked by increased sensitivity and airway obstruction. The

severity and occurrence of symptoms, as well as airflow restrictions, can fluctuate over time, influenced by various
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external factors, including physical activity, allergens, weather changes, and respiratory infections, or comorbid
conditions.'

Asthma affects over 300 million people globally, making it one of the most prevalent chronic non-communicable
diseases (NCDs), driven by factors such as urbanization and lifestyle changes.*>

Severe asthma (SA) is a distinct, high-burden asthma phenotype that requires a high level of therapy and is
characterized by persistent symptoms and frequent exacerbations despite. It is defined as asthma that requires treatment
with high-dose inhaled corticosteroids (ICS) plus a second controller with or without oral corticosteroids (OCS) for 50%
of the previous year to prevent the disease to become uncontrolled or the disease remains uncontrolled despite a high
level of therapy.'* According to estimates 5% to 10% of asthma patients are affected by severe asthma.® Despite
affecting only a small proportion of asthma patients, severe asthma accounts for a disproportionate share of asthma-
related healthcare utilization and costs.” SA impacts not only daily life by its high disease burden, but often leads to long-
term use of oral OCS and its associated side effects such as obesity, diabetes, osteoporosis, hypertension, adrenal
suppression, or psychological issues like depression and anxiety.®

Comorbidities play a significant role in both the clinical course but also the management of SA. Comorbid conditions,
can both exacerbate respiratory symptoms and reduce the quality of life.”* Certain comorbidities are linked to more
frequent or SA exacerbations and can affect the severity and course of the disease.”” These conditions, which are more
common in patients with SA, include allergic rhinitis, chronic sinusitis, nasal polyps, sleep apnea, gastroesophageal
reflux disease (GERD), diabetes, dyslipidemia, cardiovascular diseases (CVDs), osteoporosis and depression.” " SA
may contribute to worsening of these conditions, through factors like corticosteroid use, reduced physical activity, or
poor sleep.'®!!

Diseases of the upper airways, including allergic and nonallergic rhinitis or sinusitis are described to be moderately to
strongly associated with asthma outcomes.’'? Chronic Rhinosinusitis with or without nasal polyps is associated with type
2 inflammation pathways, which also plays an important role in severe asthma.®'> GERD affects around 40 to up to 60%
of individuals with SA, which may be facilitated by an abnormal respiratory physiology, and is described to be associated
with worse symptom control and poorer quality of life.'"*'> The common co-occurrence of depression, diabetes mellitus,
obesity, and asthma is particularly notable in clinical practice.'® Obesity is commonly co-occurring with asthma and is
associated with a higher use of asthma medication, reduced lung function and worse disease control and quality of life.'”

Previous studies have shown that patients with asthma have a higher risk for CVDs including arterial hypertension
compared to individuals without asthma, requiring an integrated management due to overlapping risk factors like obesity
or smoking.'*'®!” The co-existence of asthma and chronic obstructive pulmonary disease (COPD) results in worse
outcomes such as higher exacerbation rates and a lower quality of life and a faster decline in lung function.?”

The presence of multiple comorbidities (multimorbidity) becomes more common with age and is associated with
worse clinical outcomes, increased mortality, and higher medical costs. However, multimorbidity remains inconsistently
defined in asthma research, often referring to the coexistence of two or more chronic conditions.'*?!** Despite its
clinical importance, there are limited longitudinal data on the evolution and impact of comorbidities in patients with SA,
especially within structured care pathways.

To our knowledge, longitudinal data on the specific population of patients with severe asthma and other diseases, with
and without associated clinical pathways, are scarce. For Switzerland, no such data are available.

Due to the lack of thorough data, the Swiss Severe Asthma Registry (SSAR) was started to obtain comprehensive,
longitudinal information regarding patients with severe asthma in Switzerland to optimize the diagnostic evaluation,
treatment of patients with severe asthma and better understanding influencing factors.”® The aim of the current study is to
take a closer look at comorbidities and severe asthma, especially their prevalence over a period of three years.
Furthermore, we want to investigate if there are associations between comorbidities and asthma control, asthma-
related quality of life, and FEV1.

Materials and Methods
For this analysis, we used data from the SSAR. The SSAR is an ongoing multicenter, longitudinal, prospective cohort
study that includes patients with SA in Switzerland.”* This study is conducted in accordance with the ethical principles
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outlined in the Declaration of Helsinki and was approved by all seven ethics committees in Switzerland under the lead of
the ethics committee of northwestern and central Switzerland (EKNZ) with the BASEC (Business Administration System
for Ethics Committees) 2018—-01553.

Participants and Data Collection
Patients with severe asthma aged 6 years or older who fulfill the definition of SA according to ERS/ATS guidelines can
be included in the registry after giving their written informed consent, in children under the age of 14 the parents had to
give their consent.” In this study, we analyzed the data of 234 patients who were included in the registry from May 2019
to July 2022 and had completed at least two years of follow-up.

Socio-demographic information and medical data are collected both at inclusion visit and in the annual follow up
visit. In addition, self-reported asthma-related quality of life (Mini-AQLQ) and self-reported asthma control (ACT) are
assessed. The data are recorded in a non-public electronic database.

Outcomes
Our study aimed to investigate how asthma-related outcomes change over time in the study population and in individuals
with certain comorbidities. The comorbidities were chosen according to their prevalence (<10% at time of inclusion) in
our cohort as well as the current literature. Asthma-related outcomes were defined as the asthma control test score (ACT),
the Mini AQLQ (disease-specific health-related quality of life questionnaire), the presence of acute exacerbations (AE)
and pulmonary function parameters (FEV1, FVC, DLCO and FeNO).>*?’

The minimal clinically important differences (MCID) for the outcomes were 3 points for the ACT, and 0.5 points for
the MiniAQLQ.*%?°

For the airway parameter, FEV1, FVC and DLCO, no MICD values have been established so far, due to multiple
limitations, for FeNO a change of 20% in either direction is considered as MCID.*

Statistical Analysis

R version 4.3.1 was used for all statistical analyses. All tests were two-tailed and a p value <0.05 was defined as
statistically significant, missing data were noted but not imputed.® For continuous variables, the mean and standard
deviation (SD) were calculated across all included patients per visit. For categorical variables, absolute and relative
frequencies were evaluated. A #-test for dependent samples was used to evaluate the mean change of continuous variables
between follow-up visits. The X test was used to compare the change of categorical variables between follow-up visits.
To estimate the association of comorbidities with the expected change in the outcome variables over the two years, we
used a generalized estimating equation (GEE) model. The GEE accounts for repeated measures, especially the within-

subject correlation and non-independence of the variables.*'**

Results

Descriptive Analysis

Baseline characteristics, asthma-related outcomes, and treatment patterns were described and compared over the two-year
follow-up period. This section summarizes the temporal changes in patient demographics, clinical parameters, and
management approaches observed during the study. At time of inclusion, the mean age was 56.1 years, and 47.9% of
patients were female. 22.2% of patients had their asthma diagnosed in childhood. In terms of asthma type, 46.2% of
patients were reported to have an allergic form of asthma, 37.6% have a non-allergic type of asthma and 16.2% have
a mixed form of asthma (Table 1).

Longitudinal Assessment of Patient Characteristic and Asthma-Related Outcomes
Changes of patient characteristics, asthma-related outcomes and treatment over the follow-up period are summarized in
Table 2. At time of inclusion, 9.8% of patients were current smokers at time of inclusion in the registry and 7.7% at visit
2, respectively.
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Table | Patient Characteristics

Baseline Characteristics VO (n = 234)
Age, mean (+SD) 56.1 (15.3)
Female, n (%) 112 (47.9)
Male, n (%) 122 (52.1)
Childhood onset?, n (%) 52 (22.2)
Asthma in Relatives®, n (%) 106 (45.3)

Asthma Type
Allergic asthma, n (%) 108 (46.2)
Non-allergic asthma, n (%) 88 (37.6)
Mixed form, n (%) 38 (16.2)

Notes: *Age of onset before the age of 12 "Asthma in first
degree relatives (mother, father, siblings, own children).

Table 2 Patient Characteristics Over Time

Patient Characteristics Vo \4| V2 p-value
Smoking Status
Non-smoker, n (%) 211 (90.17) | 213 (91.02) | 213 (91.02 0.491
Active Smoker, n (%) 23 (9.8) 19 (8.1) 18 (7.7)
Missing, n (%) 0.00 2 (0.8) 3(1.3)
BMI
BMI, mean (xSD) 27.3 (5.9) 27.1 (5.6) 27.2 (5.8) 0916
Exacerbations
None 110 (47.0) 163 (69.7) 172 (73.5) | < 0.001
Ix year 51 (21.8) 41 (17.5) 30 (12.8)
More than | x/ year 67 (28.7) 23 (9.8) 28 (12)
Asthma Control
ACT, mean (xSD) 18.9 (4.9) 20.3 (4.4) 19.9 (4.6) 0.009
ACT 2 20, n (%) 127 (54.3) 134 (57.3) 134 (57.3) | <0.001
Asthma Related Quality of Life
Mini AQLQ, mean (+SD) 74.1 (20.2) | 83.4 (l16.6) | 82.9 (16.6) | < 0.00l
Mean response per question (range) 4.9 (1.3) 5.6 (I.1) 55 (1.1) < 0.001
Pulmonary Function Tests
FEVI |, mean (£SD) 2.37 (0.85) | 2.34 (0.80) | 2.36 (0.82) 0.925
FEV1% predicted, mean (£SD) 76.6 (20.6) | 76.4 (20.3) | 77.2 (20.6) 0.912
FVC |, mean (£SD) 3.55 (0.99) | 3.46 (0.98) | 3.55 (0.95) 0.514
FVC % predicted, mean (xSD) 90.9 (16.2) | 89.7 (l6.1) | 92.3 (16.3) 0.266
DLCO mmol/min/kPa, mean (+SD) 7.56 (2.36) | 7.59 (3.18) | 7.89 (3.00) 0.699
DLCO % predicted, mean (xSD) 86.6 (20.9) | 85.3 (22.5) | 91.9 (28.3) 0.181
FeNO ppb, mean (+SD) 42.4 (39.9) | 40.6 (50.8) | 39.5 (39.9) 0.834
(Continued)
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Table 2 (Continued).

Patient Characteristics Vo \4! v2 p-value

Current Treatment
ICS, n (%) 45 (19.2) 39 (16.7) 38 (16.2) 0.204
LABA, n (%) 12 (5.1) 8 (3.4) 7(29) 0.146
ICS/LABA, n (%) 195 (83.3) 192 (82.1) 183 (78.2) 0.158
LAMA, n (%) 109 (46.6) 102 (43.6) 99 (42.3) 0.205
LTRA, n (%) 49 (20.9) 42 (17.9) 37 (15.8) 0.123
ICS/LABA/LAMA, n (%) 6 (2.6) 12 (5.1) 18 (7.7) 0.049
OCS, n (%) 54 (23.1) 38 (16.2) 32 (13.7) 0.010
Beclomethasone equivalent in pg/day, mean (¥SD) | 1502 (1003) | 1303 (832) | 1239 (701) 0.003
Prednisone equivalent in mg/day, mean (+SD) 11.7 (14.5) 10.8 (11.5) 9.2 (10.3) 0.682

Biologics
Patients treated with a biologics, n (%) 191 (81.6) 194 (82.9) 191 (81.6) 0.946
Benralizumab, n (%) 55 (23.5) 58(24.8) 54(23.1) 0.265
Dupilumab, n (%) 21 (8.9) 38 (16.2) 45 (19.2) 0.002
Mepolizumab, n (%) 74 (31.6) 62 (26.5) 57 (24.4) 0.082
Omalizumab, n (%) 39 (16.7) 33(14.1) 31 (13.2) 0.181
Reslizumab, n (%) 4(1.7) 3(1.3) 3(1.3) 0.307
Tezepelumab, n (%) NA 2 (0.9) 3 (1.3) < 0.001

Abbreviations: ACT, Asthma control test; BMI, Body mass index; DLCO, Diffusing capacity for carbon monoxide; FEVI, Forced
expiratory volume in | second; FVC, Forced vital capacity; FeNO, Fractional exhaled nitric oxide; ICS, Inhaled corticosteroids;
LABA, Long-acting beta agonist; LAMA, Long-acting muscarinic antagonist; LTRA, Leukotriene receptor antagonist; Mini AQLQ,
Asthma quality of life questionnaire, short version; OCS, Oral corticosteroids.

The mean BMI remained stable in the overweight range at all three visits (27.3 kg/m* vs 27.1 kg/m? vs 27.2 kg/m?
respectively, p = 0.916). The proportion of patients with no exacerbation in the previous 12 months increased over the
observational period from 47% at time of inclusion to 73.5% after two years (p < 0.001). The mean ACT score increased
significantly from 18.9 to 19.9 (p = 0.009), but did not reach the MCID of three points. The Mini-AQLQ increased
significantly from a mean per question of 4.9 to 5.5 (p < 0.001), which is above the MCID of 0.5 points. There was no
significant change in pulmonary function as measured by FEV1, FVC, DLCO or FeNO.

Longitudinal Assessment of Treatment

Most patients received a fix combination of inhaled corticosteroids with a long-acting beta agonist (ICS- LABA) as
maintenance therapy. At the end of the follow-up period, significantly more patients received a triple therapy compared to
the inclusion visit (7.7% vs 2.6% respectively. p = 0.049). In addition, significantly less patients received maintenance
OCS (23.1% vs 13.7%, p = 0.010) at the end of the follow-up period, with no significant decrease in the mean dose of
daily OCS (11.7 mg/day vs 9.2 mg/day prednisone equivalent, p = 0.682). However, there was a significant decrease in
the mean daily dose of inhaled corticosteroids at the end of the follow-up period (1502 pg/day 1239 pg/day, beclo-
methasone equivalent; p = 0.003).

Most of the included patients have been treated with monoclonal antibodies during the observational period (81.6% at
inclusion vs 81.6% at visit 2, p = 0.946). A significantly higher number of patients were treated with dupilumab at
the second follow-up visit, compared to inclusion (19.2% vs 8.9% respectively, p = 0.002). There was no significant
change in the usage frequency of the other biologics.

Longitudinal Assessment of Comorbidities

The most prevalent comorbidity at the time of inclusion were allergies (55.1%), followed by CRS (48.3%) and nasal
polyps (35%). None of the comorbidities showed statistically significant differences in prevalence during the observa-
tional period (Table 3).
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Table 3 Comorbidities Over Time

Comorbidities Vo \4 V2 p-value
Allergies, n (%) 129 (55.1) 134 (57.3) 136 (58.1) 0.832
CRS, n (%) 113 (48.3) 106 (45.3) 109 (46.6) 0.364
Nasal polyps n (%) 82 (35.0) 86 (36.8) 84 (36.3) 0.382
GERD, n (%) 68 (29.1) 66 (28.2) 67(28.7) 0.423
Arterial hypertension, n (%) 50 (21.4) 52 (22.2) 51(21.8) 0.244
Other CVDs, n (%) 27 (11.5) 32 (13.7) 37 (15.8) 0.101
COPD, n (%) 27 (11.5) 24 (10.3) 25 (10.7) 0.232
Depression, n (%) 24 (10.3) 21 (8.9) 26 (11.1) 0.184
Obesity, n (%) 64 (27.3) 59 (25.2) 62 (26.5) 0.107
Multimorbidity, n (%) 148 (63.3) 148 (63.3) 148 (63.3) 1.00

OCS induced side effects
None 173 (73.9) 173 (73.9) 167 (71.4) 0.262
Diabetes 13 (5.6) 10 (4.3) Il (4.7) 0.391
Skin lesions 15 (6.4) 13 (5.6) 19 (8.1) 0.302
Weight gain 9 (3.8) 8 (3.4) Il (4.7) 0.496

Abbreviations: COPD, Chronic obstructive pulmonary disease; CRS, Chronic rhinosinusitis; CVDs,
cardiovascular diseases; GERD, Gastroesophageal reflux disease.

Most of the patients had no reported steroid induced side effects or associated long-term complications at all three
visits (73.9% vs, 73.9% vs, 71.4%, p = 0.262). Diabetes skin lesions and weight gain were the most frequently reported
OCS induced side effects (5.6%, 6.4% and 3.8% respectively).

Comorbidities and Asthma-Related Outcomes

To investigate the association between comorbidities and longitudinal changes in clinical and physiological outcomes
over the two-year follow-up period, GEE models were conducted. Outcome variables included the ACT, the Mini-
AQLQ, FEV ., FVC, DLCO, and FeNO.

An overall time effect was found for both the 1-year and 2-year follow-up in the ACT and the Mini-AQLQ and
Exacerbations. Our model showed significant positive associations between time and ACT (1 year: b2 = 1.06; 95% CI:
1.02-1.10; p < 0.001; 2 years: b2 =1.06; 95% CI: 1.06—-1.09; p < 0.001) (Figure 1), Mini-AQLQ (1 year: b2 = 1.10; 95%
CI: 1.06-1.14; p < 0.001; 2 years: b2 = 1.11; 95% CI: 1.08-1.15; p < 0.001) (Figure 2), as well as exacerbations (1 year:
OR =0.43 95% CI: 0.22-0.83); p = 0.012, 2 years OR = 0.30; 95% CI: 0.16-0.57; p < 0.001) (Figure 3). The time-based
changes are also shown in the Supplementary Figures 1-4. For the other outcome variables, no time effect was shown.

Allergies

Allergic comorbidities occur in more than 55% of the investigated population, with a non-significant increase over the
observational period (Table 3). When looking at the effect of allergies on asthma-related outcomes our models showed
that Allergies have a significant negative association on the Mini AQLQ score (b2 = 0.95; 95% CI: 0.90-0.99; p = 0.036)
(Figure 2). In the other outcome variables, no significant association was found with the ACT (Figure 1), Exacerbations
(Figure 3), FEV1 (Figure 4), FVC, DLCO or FeNO (Supplementary Figures 5-7).

CRS and Nasal Polyps

In our population, around 50% of the patients suffer from CRS, and more than a third of the patients has nasal polyps,
without relevant changes in the prevalence over the observational period (Table 3). CRS was not associated with
a change in either direction in the outcome variables investigated (Figures 1-4). The same was observed for nasal
polyps, our models did not show any significant associations, with either the patient reported outcome variables (ACT
and Mini AQLQ and exacerbations; Figures 1-3) or the physiological outcome measures (FEV1, FVC, DLCO and
FeNO; Figure 4; Supplementary Figures 5-7).
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Forest Plot of GEE Model Parameters forthe ACT

. 95% Confidence Forest Plot

Variable b? Interval p-value
1Year 1.06 [1.02 1.10] 0.001 hd
2Years 1.06 [1.02 1.09] 0.001 -
Allergies 0.97 [0.93 1.03] 0.391 -
Sinusitis 0.98 [0.94 1.03] 0.392 -
Nasal Polyps 1.04 [0.99 1.10] 0.067 el
COPD 0.83 [0.76 0.92] <0.001 ——
GERD 0.91 [0.87 0.98] 0.009 -
Depression 0.95 [0.88 1.04] 0.269 —
Arterial Hypertension 1.00 [0.94 1.09] 0.666 -
CVDs 0.94 [0.89 1.01] 0.087 -
Obesity 0.96 [0.90 1.02] 0.170 -a-
Multimorbidity 0.97 [0.92 1.03] 0.146 -

0.71 1.0 1.15

Figure | GEE Model Estimates and forest plot for the ACT Score. Model estimate: generalized estimating equations with Gamma Distribution and Log Link function.
Dependent Variable: ACT, Controller Variable: Age (b2= 1.00, 95% CI: 0.99-1.00, p = 0.173), Biologic Treatment (b2= 1.12, 95% CI1.05-1.18, p < 0.001). Multimorbidity
defined as 2 or more additional chronic diseases.

Abbreviations: COPD, chronic obstructive pulmonary disease; GERD, gastroesophageal reflux disease; CVDs, cardiovascular disease.

Forest Plot of GEE Model Parameters for the MiniAQLQ

95% Confidence F
A orest Plot
Variable b? Interval p-value
1 Year 1.10 [1.06 1.14] <0.001 -
2 Years 1.11  [1.08 1.15] <0.001 . 3
Allergies 0.95 [0.90 0.99] 0.036 [ =]
Sinusitis 0.99 [0.94 1.04] 0.742 -
Nasal Polyps 1.04 [0.99 1.11] 0.138 -
COPD 0.88 [0.80 0.97] 0.007 -
GERD 0.92 [0.86 0.98] 0.006 - -
Depression 1.00 [0.92 1.09] 0.959 —0—
Arterial Hypertension 0.98 [0.91 1.04] 0.451 —-—
CVDs 1.00 [0.94 1.09] 0.787 -
Obesity 0.93 [0.88 0.99] 0.016
Multimorbidity 0.98 [0.93 1.05] 0.622 -

0.71 1.0 1.20

Figure 2 GEE Model Estimates and forest plot for the Mini AQLQ Score. Model estimate: generalized estimating equations with Gamma Distribution and Log Link function.
Dependent Variable: MiniAQLQ, Controller Variable: Age (b2= 1.00, 95% CI: 1.00-1.00, p = 0.088), Biologic Treatment (b2= I.11, 95% CI1.06-1.17, p < 0.001).
Multimorbidity defined as 2 or more additional chronic diseases.

Abbreviations: COPD, chronic obstructive pulmonary disease; GERD, gastroesophageal reflux disease; CVDs, cardiovascular disease.

COPD

Around 10% of our population were reported to have a coexisting COPD (Table 3). Over the observational period, no
significant change in the prevalence was observed. Our models found a significant negative association with the patient
reported outcomes ACT (b2 =0.83, 95% CI: 0.76-0.92, p < 0.001; Figure 1) and Mini AQLQ (52 = 0.88; 95% CI: 0.80-0.97;
p = 0.012; Figure 2) but not with exacerbations (OR = 1.75; 95% CI: 0.65-4.68; p = 0.266). In the ACT model, patients with
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Forest Plot of GEE Model Parameters for Exacerbations

95% Confidence

Variable OR Interval p-value Forest Plot
1 Year 043 [0.22 0.83] 0.012 —a
2 Years 0.30 [0.16 0.57] <0.001 |—=—
Allergies 0.64 [0.33 1.23] 0.187 —e—
Sinusitis 1.07 [0.53 2.12] 0.844 —a—
Nasal Polyps 049 [0.23 1.07] 0.074 —_—
COPD 1.74 [0.65 4.67] 0.266 —
GERD 251 [1.20 5.22] 0.014
Depression 0.36 [0.09 1.40] 0141 o
Arterial Hypertension 0.88 [0.35 2.15] 0.779 g
CVDs 1.00 [0.34 2.91] 0.991 Y SRS
Obesity 1.37 [0.69 2.73] 0.364 I P
Multimorbidity 417 [1.60 10.90] 0.003

0.0 1.0 11.0

Figure 3 GEE Model Estimates and forest plot for Exacerbations. Model estimate: generalized estimating equations (binominal family). Dependent Variable: Minimum of |
exacerbation, Controller Variable: Age (OR= 0.96, 95% CI 0.94-0.99, p= 0.018), Biologic Treatment (OR 0.60, 95% CI 0.26—1.41, p= 0.249). Multimorbidity defined as 2 or
more additional chronic diseases.

Abbreviations: COPD, chronic obstructive pulmonary disease; GERD, gastroesophageal reflux disease; CVDs, cardiovascular disease.

Forest Plot of GEE Model Parameters for the FEV1 % predicted

95% Confidence
A Forest Plot
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Sinusitis 1.00 [0.96 1.04] 0.955 -
Nasal Polyps 1.02 [0.96 1.08] 0.577 -
COPD 0.79 [0.67 0.93] 0.006
GERD 0.99 [0.93 1.05] 0.699 ki
Depression 0.93 [0.83 1.04] 0.218 T
Arterial Hypertension 1.01 [0.95 1.08] 0.693 el
CVDs 1.04 [0.99 1.10] 0.102 ++
Obesity 0.97 [0.93 1.03] 0.316 -
Multimorbidity 1.00 [0.95 1.05] 0.941 1g

0.65 1.0 1.10

Figure 4 GEE Model Estimates and forest plot for the FEV 1% predicted. Model estimate: generalized estimating equations with Gamma Distribution and Log Link function.
Dependent Variable: FEV I, Controller Variable: Biologic Treatment (b2= 1.05, 95% Cl 0.98-1.12, p= 0.163). Multimorbidity defined as 2 or more additional chronic diseases.
Abbreviations: COPD, chronic obstructive pulmonary disease; GERD, gastroesophageal reflux disease; CVDs, cardiovascular disease.

COPD showed a persistent lower ACT score despite an overall improvement of the score over time (Figure 1, Supplementary
Figure 4). The same effect is observed for the Mini AQLQ, that patients with COPD showed a persistent lower Mini AQLQ
compared to patients with no COPD (Figure 2; Supplementary Figure 2). In addition to the patient reported outcomes, we

observed negative associations of COPD with physiological parameters. Concomitant COPD was associated with lower FEV;
and persistent lower FEV over the observational period (b2 = 0.79; 95% CI: 0.67-0.93; p = 0.006, Figure 4, Supplementary
Figure 3) and FVC (b2= 0.90; 95% CI: 0.83-0.99, p = 0.028, Supplementary Figures 4 and 5). Our analysis also showed

1112 hees Journal of Asthma and Allergy 2025:18


https://www.dovepress.com/article/supplementary_file/521005/521005%20Supplementary%20Material.pdf
https://www.dovepress.com/article/supplementary_file/521005/521005%20Supplementary%20Material.pdf
https://www.dovepress.com/article/supplementary_file/521005/521005%20Supplementary%20Material.pdf
https://www.dovepress.com/article/supplementary_file/521005/521005%20Supplementary%20Material.pdf
https://www.dovepress.com/article/supplementary_file/521005/521005%20Supplementary%20Material.pdf
https://www.dovepress.com/article/supplementary_file/521005/521005%20Supplementary%20Material.pdf
https://www.dovepress.com/article/supplementary_file/521005/521005%20Supplementary%20Material.pdf

Jaun et al

a negative association of COPD on FeNO, meaning that patients with COPD having a lower FeNO (62 = 0.51; 95% CI:
0.37-0.70; p < 0.001, Supplementary Figure 7). No association was found for COPD and DLCO (Supplementary Figure 6).

GERD

Around 30% of our study population were reported to have GERD, with slightly less in the follow-up period (Table 3).
For GERD our analyses revealed significant associations with both ACT score (b2 = 0.91, 95% CI: 0.87-0.97, p = 0.009)
and the Mini AQLQ (b2=0.92; 95% CI: 0.86-0.98; p = 0.006), which is shown in Figures 1 and 3. Further, we observed
that patients with GERD are 2.51 times more likely to experience exacerbations compared to patients without GERD
(OR = 2.51; 95% CI 1.20-5.23; p = 0.014, Figure 3). The analysis did not reveal a significant association with the
physiological outcome variables and GERD (Figure 4 and Supplementary Figures 5-7).

Depression

Depression was observed in around 10% of our severe asthma population with a minimal reduction to 8.9% at the
one year follow-up (Table 3). Our GEE models did not show any significant association with patient reported outcomes
ACT Score (b2= 0.95; 95% CI: 0.88-0.102; p = 0.192), Mini AQLQ (2= 1.00; 95% CI: 0.94-0.1.09; p = 0.959) or
exacerbations (OR = 0.36; 95% CI 0.09-1.40; p = 0.141) (Figures 1-3). When looking at the physiological parameters,
we could not detect an association between depression, FEV1 (Figure 4), FVC or FeNo (Supplementary Figures 5 and 6).

However, the GEE Model revealed a significant negative association between depression and DLCO (b2= 0.74; 95% CI:
0.64—0.85; p < 0.001) (Supplementary Figure 7).

Arterial Hypertension and Cardiovascular Diseases

More than 20% of our population was reported to have arterial hypertension, with no changes in the prevalence (Table 3).
Other CVD’s where present in 11.5% of the patients with a non-significant increase up to 15.8% at follow-up two
(Table 3).

We could not observe any significant associations in our analyses of either arterial hypertension or CVD’s with the
patient reported outcomes ACT score, Mini AQLQ or exacerbations (Figure 1-3). When looking in the physiological
parameters, we detected no significant associations between arterial hypertension and FEV1 (Figure 4), FVC, DLCO or
FeNO (Supplementary Figures 5-7). In CVDs, a significant positive association between with FVC % predicted (b2=
1.09; 95% CI: 1.05-1.14, p < 0.001) compared to patients without CVDs was detected (Supplementary Figure 1). For the
other outcome variables, we did not detect any significant associations.

Obesity
Obesity was defined as having a BMI > 30 kg/m* In our population, 27.3% of the patients were considered as obese with
a minimal decrease over time (Table 3).

When looking at the patient reported outcomes, we found no association between obesity and the ACT score
(Figure 1), or exacerbations (OR = 1.37; 95% CI 0.69-2.73; p = 0.364) (Figure 3), but a significant negative association
between obesity and the Mini AQLQ score (b2= 0.93; 95% CI: 0.88-0.99; p = 0.016). For the physiological outcome
measures, we only found a significant association between obesity and a higher DLCO % predicted (b2 = 1.12; 95% CI:
1.03-1.21; p = 0.005) (Supplementary Figure 7).

Multimorbidity

In our population, more than 60% of patients were affected by multimorbidity, meaning to have more than 2 other
conditions (Table 3). In the patient reported outcomes, we could not find an association between multimorbidity and the
ACT Score or the Mini AQLQ (Figures 1 and 2). But we observed, that patients with multimorbidity were four times
more likely to experience at least one exacerbation (OR =4.18; 95% CI 1.60-10.91; p = 0.003) (Figure 3). When looking
at the physiological parameters, our models did not show any significant associations between multimorbidity and any of
the outcome variables (Figure 4, Supplementary Figures 5-7).
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Discussion

This study presents a comprehensive characterization of patients with SA in Switzerland enrolled in a real-world registry,
focusing on demographic features, clinical outcomes, treatment patterns, and comorbidities over a two-year observational
period. Our findings showed notable improvements in asthma control and health-related quality of life, as reflected by
increased ACT and Mini AQLQ scores, as well as a reduction of exacerbations. These trends suggest enhanced disease
management despite the absence of significant changes in pulmonary function test parameters. While our results are
broadly consistent with those reported in previous cohorts, careful interpretation is essential. The absence of formal
assessment of adherence or diagnostic variability may limit internal consistency of the findings, which should be
considered when contextualizing the nuances of SA management in real-world clinical settings.

Overall, our results are in line with previous observations on SA patients. The demographic profile with a mean age of
56.1, as well as the proportion of asthma types (46.2% allergic, 37.6% non-allergic, and 16.2% mixed) aligns with the
characteristics of adults with moderate-to-severe asthma observed in other studies and cohorts. However, our cohort
showed a more equal gender distribution, whereas other studies reported a higher number of female patients.* >

Univariate analysis revealed significant improvements in asthma control (measured by ACT scores) and quality of life
(measured by Mini AQLQ scores) over the observational period. Despite not reaching the MCID of 3 points for the mean
ACT score and the number of patients with score >20 increased, reflecting better asthma control, fewer exacerbations,
and improved quality of life, which is in line with previous ﬁndings.3 637 The mean answer per question in the mini
AQLAQ score, increased by 1.6 points, which is three times more than the MICD of 0.5 points. This finding indicates not
only a statistical but also a clinical important difference of the quality of life in our population over the observational
period. Reduced quality of life.

However, no significant changes were observed in pulmonary function test parameters, suggesting that ACT and Mini
AQLQ improvements may not directly correlate with pulmonary function.

Improvement of asthma control and quality of life is often associated with optimized management, such as biologic
treatment or lifestyle modifications.*® While there was no increased use of biologics over the observational period,
reductions in daily ICS doses and OCS use confirm a positive long-term effect of biologic treatment, already found by
previous studies.>” *° Improved treatment adherence, better monitoring or guideline adherence since inclusion in the
registry could be other contributing factors, however those factors were not systematically assessed.*'

Prevalence of comorbidities was similar to prior studies.””'> No significant increase in comorbidities, multimorbidity,
or steroid-induced side effects was observed during the 2-years follow-up. The prevalence of allergies, CRS, nasal polyps
and GERD was notably higher in SA patients (55.1% for Allergies, 48.3% for CRS, 35% for nasal polyps, 29.1% for
GERD) compared to the general population (1-20%, for CRS, 1-4% or nasal polyps, 20-30% respectively).'*!>4?
Hypertension and CVD rates (22% and 16% respectively) were lower compared to global averages (30-50%), possibly
due to reporting gaps, highlighting the need for better cross-disciplinary data sharing.*> COPD prevalence (10-12%) was
slightly lower compared to global prevalence (12-14%), likely due to lower smoking rates in patients with asthma or
diagnostic overlap of both diseases.** The identification of COPD in severe asthma is challenging, due to heterogenous
clinical presentations or the lack of established definition criteria.*’

About 27% of patients were obese (BMI > 30 kg/m?), which is nearly double the global prevalence (13%), likely due
to OCS use, reduced physical activity, and disability linked to SA.***” Furthermore, obesity worsens asthma severity and
control and complicates asthma management. Multimorbidity was higher in the study population (63%) compared to the
general population over the age of 45 (30%), and multimorbidity increased with age.*®

Prevalence of steroid induced side effects was lower in our study compared to other cohorts. Treatment for SA in our
study did not differ from other cohorts. Thus, this finding is less likely to be associated with a better asthma management
and could be due to potential underreporting or misclassification.*’

We found several associations between comorbidities and asthma-related outcomes which should be highlighted:

e 11% of the patients with SA were reported to have a comorbid COPD with a significant negative association with
pulmonary function, asthma control and quality of life, as described in previous studies.’® This finding highlights
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the importance of early detection, diagnosis and treatment of both disease in a personalized manner in order to
improve patients outcomes.’’

e Second, GERD was associated with poorer asthma control and quality of life, as described in previous studies.'*'>
However, the prevalence of GERD was significantly lower in our study (30%) compared to other cohorts (60%)."*
GERD may have been underdiagnosed or underreported in our registry. Thus, special attention should be paid to the
assessment of GERD in the management of patients with SA.°

¢ Finally, we found a strong association between depression and a reduction of DLCO over time. DLCO was found to
be a predictor for sleep onset latency and other sleep disorders, especially insomnia and nighttime awakening,
which are also common in patients with depression. Therefore, patients with SA and especially those with reduced
DLCO might benefit if regularly assessed for depression and sleep disorders. Further studies are needed to
investigate the impact of sleep on asthma-related outcomes.

Limitations
Data on socioeconomic status, medication adherence, and incorrect inhalation technique that might also influence
asthma-related outcomes are not collected in the SSAR and could not be included in the models used. Due to study
design, reporting errors cannot be excluded and therefore the results have to be interpreted with regards to the limitations.
In addition, we must assume a selection bias of recruited patients, as preferably patients treated with biologics were
included due to the regular follow-ups. Last, the reporting on comorbidities has its limitations. Due to the structure of the
database only the prevalence of certain comorbidities was assessed in our population. Diabetes was only assessed as
secondary to OCS use, and we do not have information about diagnostic procedures. In addition, the registry data does
not allow a systematic evaluation (including treatment) of comorbidities.

Conclusion

Management of Comorbidities

Given the strong associations between comorbidities such as, GERD and obesity, as well as COPD and lower quality of
life, asthma control, exacerbations or pulmonary function, an integrated and personalized approach to asthma care that
addresses these comorbid conditions should be adopted.

Future Research
Further studies should investigate the outcomes of multidisciplinary management in the subgroups of patients with SA
and GERD or depression as well as the clinical entity of the co-existence of asthma and COPD.
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