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Background: Severe asthma outcomes in primary care are poorly documented. This study characterizes adults with severe
uncontrolled asthma and evaluates modifications of prescribed inhalation therapy and exacerbations over 12 months.

Methods: Adult primary care asthma patients, with visits recorded in the Swedish National Airway Register from July 2017 to
February 2019 (index date), were included. Data were linked to National Prescribed Drug Register. Severe asthma was defined by
adherence to high dose inhaled corticosteroids (ICS) + long-acting beta-agonists (LABA) or ICS+LABA-+long-acting muscarinic
antagonists. Inhalation therapy was assessed 12 months pre- and post-index. All other variables were collected up to 24 months pre-
index and 12 months post-index. Uncontrolled asthma was defined as Asthma Control Test <19.

Results: Severe asthma was identified in 2789 patients, of which, 1261 had uncontrolled disease. Severe uncontrolled asthma
associated with regular OCS use 24 months pre-index (OR 1.77, 95% CI 1.42-2.20), obesity (1.63, 1.32-2.02), primary school
education (1.55, 1.22-1.96) and inversely associated with asthma management education (0.77, 0.66—0.90). Post-index, 5%, 55% and
45% increased, maintained or reduced their inhalation therapy, respectively. Patients increasing inhalation therapy had lower mean
FEV,% predicted (67.8 vs. 80.9 and 79.4), more regular OCS uses pre-index (34.8% vs. 17% and 21.9%), and high SABA use (33.3%
vs. 27.3% and 21.3%). Post-index asthma exacerbations in severe uncontrolled asthma associated with rhinitis (1.46, 95% CI
1.14-1.88), cardiovascular disease (1.38, 1.06—1.80), high SABA use (1.79, 1.38-2.34), and treatment increase (1.83, 1.08-3.10).
Conclusion: In primary care, severe uncontrolled asthma was among other factors associated with regular OCS use, obesity, lower
educational level and absence of asthma management education. Uncontrolled patients already adhering to high dose ICS medication
and further increased inhalation therapy were at greater risk of exacerbations, indicating the need for referral to secondary care.
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Introduction

Asthma is a chronic inflammatory respiratory disease affecting hundreds of millions of people worldwide with an
estimated prevalence of 8-10% in high-income countries.' ™ It is a variable disease with symptoms such as wheezing,
dyspnea, cough, mucus production and airway hyper-responsiveness.” Disease severity, mild, moderate or severe asthma,
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is diagnosed retrospectively and defined according to treatment response.” Severe asthma is estimated to 4-10% of the
asthma population and is diagnosed in patients who, despite confirmed adherence, correct inhalation technique, and
optimal management of comorbidities, require high-dose inhaled corticosteroids (ICS) plus at least one additional
maintenance therapy to achieve symptom control.*” Severe uncontrolled asthma occurs despite these measures and is
characterized by elevated symptom burden, frequent exacerbations, impaired lung function and comorbidities.* '
However, if asthma control is not achievable in primary care, referral to specialist centers is advised for further
evaluation.”'* Despite that, it has been reported that 48-72% of patients with severe uncontrolled asthma patients are
not being referred to secondary care, highlighting the unmet need for this patient group.®'>"'¢

Comorbidities related to severe asthma can be linked to the underlying type 2-high inflammation, such as allergic
rhinitis and nasal polyposis.'” Some comorbidities may also be related to oral corticosteroid (OCS) treatment, including
osteoporosis, psychiatric disorders, cardiovascular disease, obesity and type 2 diabetes.'®° Severe uncontrolled asthma
has a detrimental impact on the individual patient but also for the society with increased costs, including comorbidity
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related costs.**! > Although severe uncontrolled asthma is rare, it has 1.7 to 5 times higher net cost compared to mild to

moderate disease.>'*> > Furthermore, healthcare resource utilization and societal costs are higher in patients treated with
regular or periodic OCS compared to non-OCS users.”®

Taken together, it is of utmost importance to recognize severe uncontrolled asthma patients in primary care and to
identify barriers to enable the patient to reach controlled disease in a timely manner. This is crucial to avoid disease
progression, long-term exposure of OCS treatment and reduce health care usage and costs.

Population-based nationwide data on well characterized severe asthma patients with longitudinal follow up are scarce.
We therefore aimed to fill an evidence gap of severe uncontrolled asthma in primary care by utilizing multiple population
registers, including disease specific register. The specific objectives were to: (I) describe the characteristics and clinical
variables of severe uncontrolled asthma in primary care and to (II) investigate modifications in inhalation therapy and

factors associated with exacerbations in severe uncontrolled asthma patients 12 months after a primary care visit.

Methods
Study Design and Population

In this observational, retrospective, cohort study, patients with a diagnosis of asthma (ICD-10 J45) and with a healthcare
visit registered in the Swedish National Airway Register (SNAR) between July 2017 and February 2019 (index date)
were identified (n = 42945). The overall study population, medication use, and variables have been described in detail
previously.?” In the current study, we included adult patients with asthma, registered in primary care and adherent to
inhalation treatment corresponding to modified GINA step 4-5. Patients younger than 18 years, patients registered in
secondary care and/or with a concomitant COPD diagnosis were excluded (Figure 1A). The study was approved by the
Swedish Ethical Review Authority (2019-04915; 2020-00508) and complies with the Declaration of Helsinki. Informed
consent was not obtained as it is not required in Sweden when using anonymized register data.

Clinical Data and Definitions
Severe asthma was defined as being adherent to prescribed inhalation treatment corresponding to modified GINA step 4;
very high dose ICS (>1600 pg daily budesonide eq) with or without long-acting beta agonist (LABA) or long-acting
muscarinic antagonist (LAMA), or medium to high dose ICS (>400-1599 pg daily budesonide eq) + LABA + LAMA
and GINA step 5; very high dose ICS + LABA + LAMA.*®

Drug adherence was calculated using Medication Possession Ratio (MPR); sum of days supply dispensed from the
first fill until the end of the time period (12 months pre-index) divided by sum of the number of days from the first fill
until the end of the time frame (inclusive of last prescription) [25]. Only patients with at least 80% MPR to prescribed
treatment were included, n = 2789 (Figure 1A).

Clinical data were collected up to 24 months pre-index from the national registers SNAR, National Prescribed Drug
Register (NPDR) and National Patient Register (NPR) (Figure 1B). Variables included from SNAR were level of care,
sex, age, body mass index (BMI), smoking history, post-bronchodilator forced expiratory volume in 1 second as percent
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The Swedish National Airway Register
01 July 2017 - 28 Feb 2019
ACT score
n = 42945

——» Age < 18 years, n = 10122

—— > Concomitant COPD diagnosis, n = 1943

—» Secondary care, n = 1120
A
Patient cohort linked to the National Prescribed Drug Register
and National Patient Register
n=29760

——— No ICSinhalation therapy, n = 3285
———— Low to medium ICS dose, n= 15808

——— Non-adherent to high dose ICS, n = 7878

v
Severe asthma
To evaluate characteristics and clinical variables
n=2789

B
Index date:
The latest healthcare visit in SNAR between
01 July 2017 and 28 February 2019
A 1
< 1 1] |
Up to 24 months pre-index 12 months pre-index | 12months post-index

Clinical data™* Treatment step” I Treatment step’
Exacerbation”** Exacerbation **

Figure | Schematic overview of the (A) study population and (B) Variables pre- and post-index.

Notes: (A) Severe asthma was defined by adherence to high dose ICS * long-acting beta-agonists (LABA) or ICS+LABA+long-acting muscarinic antagonists. (B) *Data from
Swedish Prescribed Drug Register 1 Data from Swedish National Airway Register. ¥ Data from National Patient Register.

Abbreviations: ACT, asthma control test; COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroid.

of predicted value (FEV% pred), asthma management education and Asthma Control Test (ACT). Uncontrolled asthma
was defined as having an ACT score of 19 or lower.

Asthma exacerbations were investigated 12 months post-index and defined as hospitalization with a primary diagnosis
of asthma (ICD-10 classifications J45 and J46), alternatively J46 secondary care in NPR and/or any use of OCS in
NPDR.

Inhalation treatment adjustments were investigated 12 months post-index and calculated from the earliest prescription
of inhalation therapy followed by additional 3 months forward. Inhalation treatments were categorized into the following
groups of ICS and add-on of LABA and/or LAMA; (I) high dose ICS + LABA + LAMA (II) high dose ICS + LABA or
LAMA or low to medium ICS + LABA + LAMA (I1I) Low to medium dose ICS + LABA or LAMA (IV) low to medium
dose ICS (V) other, eg. short-acting beta agonist (SABA) only and (VI) no prescribed inhalation treatment
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(Supplementary Figure 1). Low to medium and high dose ICS were defined based on the prescribed strength of the ICS

dose in the inhaler (Supplementary Table 1).

Comorbidities were identified by pharmacy claims in the NPDR up to 24 months prior to index date and defined by
Anatomical Therapeutic Chemical (ATC) codes; allergy (R06AX13/22/26-27, RO6AEQ7), rhinitis (R01), cardiovascular
disease (C01-03, C07-09), depression (N06) and diabetes (A10A, A10B).

In the 12 month pre-index period, high use of short-acting beta-antagonist (SABA) was considered having three or
more pharmacy claims and regular OCS use was defined as having at least two pharmacy claims.

Level of education was classified into primary school (9 years of education), secondary school (12 years) and tertiary
education (more than 12 years). Data were retrieved from Statistics Sweden.

Statistical Analysis

Baseline characteristics were reported for all patients included in the study. Continuous variables were described as mean and
standard deviation (SD), and categorical data were presented as relative frequencies (%) observed. For comparisons between
groups, t-tests were used for continuous data and Chi-square tests for categorical data. Odds ratios (OR) and 95% confidence
intervals (CI) were estimated in bivariable and multivariable logistic regression analyses, including missing values as separate
category. Independent variables with statistically significant associations in the bivariable analyses were included in the
multivariable analyses. Statistical analyses were performed using SAS 9.4 for Windows and IBM SPSS statistics 29.

Results

Baseline Characteristics and Associations with Severe Uncontrolled Asthma

Out of 29760 adult asthma patients in primary care, severe asthma was identified in 2789 patients (9.4%). Most severe
asthma patients, 93%, were in the step 4 treatment group. Uncontrolled severe asthma was identified in 1261 patients
(45%), and there was a slightly higher proportion of patients with uncontrolled severe asthma in treatment step 5
compared to step 4 (Figure 2). Patient characteristics and bivariate comparative analysis of patients with controlled
versus uncontrolled asthma are shown in Table 1. Severe uncontrolled patients were more often females (66.5% vs

3,9%

51,5%

3,3%

O Step 4 - controlled @ Step S - controlled
[ Step 4 - uncontrolled B3 Step 5 - uncontrolled

Figure 2 Proportions of severe asthma by treatment steps and asthma control in primary care.
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Table | Baseline Characteristics in Patients with Severe Asthma

Overall ACT > 19 | ACT <19 | P-Value

n = 2789 n= 1528 n=1261

Female, n (%) 1740 (64.4) | 901 (59.0) | 839 (66.5) | <0.001
Age, mean (SD) 555 (16.7) | 553 (17.1) | 55.6 (16.1) | 0.340
BMI, mean (SD) (n = 2604) 28.1 (5.5) | 27.5(5.2) | 289 (5.8) | <0.001

Smoking history (n = 2663)

Never smoker, n (%) 1657 (59.4) | 950 (64.9) | 707 (58.9) | <0.001
Current smoker, n (%) 287 (103) | 128 (8.7) | 159 (13.3)
Ex-smoker, n (%) 719 (25.8) | 385 (26.3) | 334 (27.8)

FEV1% pred, mean (SD) (n = 2227) 81.4 (163) | 829 (159) | 79.6 (16.7) | <0.001

Comorbidities, n (%)

Allergy, n (%) 1120 (40.2) | 580 (38.0) | 540 (42.8) | 0.009
Rhinitis, n (%) 1086 (38.9) | 564 (36.9) | 522 (41.4) | 0.016
Cardiovascular, n (%) 1156 (41.4) | 603 (39.5) | 553 (43.9) | 0.019
Depression, n (%) 588 (21.1) | 250 (16.4) | 338 (26.8) | <0.001
Diabetes, n (%) 247 89) | 117.(77) | 130 (103) | 0.014

Asthma management education, n (%) | 1570 (56.3) | 903 (59.1) | 667 (52.9) | 0.001

Level of education (n = 2763)

Primary school 436 (15.6) | 206 (13.6) | 230 (18.4) | <0.001
Secondary school 1197 (42.9) | 632 (41.7) | 565 (45.3)
Tertiary education 1130 (40.5) | 677 (44.7) | 453 (36.3)
Regular OCS use 424 (152) | 173 (11.3) | 251 (19.9) | <0.001
High SABA use 539 (19.3) | 221 (145) | 318 (252) | <0.001

Abbreviations: ACT, asthma control test; BMI, body mass index; SABA, short-acting B-agonist; FEV,%pred, forced
expiratory volume in | second as percent of predicted value; OCS, oral corticosteroid.

59.0%), had a higher BMI (28.9 vs 27.5), lower FEV % pred (79.6 vs 82.9), higher proportion of regular OCS users 24
months pre-index (19.9% vs 11.3%) and greater proportion of high SABA users (25.2% vs 14.5%) compared to
controlled severe patients (all comparisons, p < 0.001). The severe uncontrolled group also included fewer patients
who had received asthma management education (52.9% vs 59.1%), and fewer patients having completed tertiary level of
education (36.3% vs 44.7%) (all comparisons, p < 0.001). Furthermore, there was a higher proportion of patients in the
severe uncontrolled group that were current smoker or ex-smokers and a higher proportion of patients with comorbidities
than in the severe controlled group (Table 1).

In adjusted analysis, severe uncontrolled asthma was associated with female sex (OR 1.27, 95% CI 1.08-1.50),
obesity (1.63, 1.32-2.02), current smoking (1.43, 1.09-1.86), lower level of education; primary school (1.57, 1.24-1.99)
and secondary school (1.23, 1.04—1.47) and regular OCS use 24 months pre-index (1.77, 1.42-2.22). Having received
asthma management education was inversely associated with severe uncontrolled asthma (0.77, 0.66-0.90). Lower lung
function was significant in crude analysis, and borderline significant in the adjusted analysis (1.24, 1.00—-1.55, p = 0.055)
(Figure 3).
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Female sex |
Obese, BMI = 30 .
FEV1%pred < 80 E»—o—«
Current smoker i ® i
Depression ; . S—
Asthma management education e i
Primary school i ; o |
Secondary school i e
Regular OCS use i °
r t T T 1
0,5 1,0 1,5 2,0 2,5

Figure 3 Adjusted model with poor asthma control as the dependent variable. The model was also adjusted for allergy, rhinitis, cardiovascular disease, diabetes, BMI groups
underweight and overweight which were all non-significant. Reference groups within respective category; BMI 18.5-24.9; smoking habits, non-smoker; and level of education,
tertiary education.

Abbreviations: BMI, Body Mass Index; FEV,% pred, forced expiratory volume in | second as percent of predicted value.

Changes in Inhalation Therapy and Exacerbations in Severe Uncontrolled Asthma
In the severe uncontrolled group, 55% remained within the same treatment strategy, 40% stepped down in treatment and
5% increased their inhalation treatment during the 12 months follow-up period (Figure 4). Of the 66 patients who
increased their inhalation treatment, two patients initiated biologic treatment for severe asthma. Notably, 14.7% (n = 186)
had no ICS prescribed during the follow-up period.

Patients increasing their inhalation treatment were older with a mean age of 64.8 years versus staying within the same
treatment category (56.4 years) or stepping down in treatment (53.4 years). Patients increasing therapy had lower mean

Step 5 High dose ICS+LABA+LAMA
n=110 n=102
High dose ICS + LABA/LAMA
or
Low to medium ICS+LABA+LAMA
Step 4 =698
n=1151 -
Low to medium dose ICS + LABA/LAMA
n=259

Low to medium dose ICS, n= 16
m Other (e.g. SABA only), n= 56

I No prescribed treatment, n= 130

Figure 4 Treatment transitions of severe uncontrolled patients.
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Table 2 Lung Function of Severe Uncontrolled Asthma Patients During Post-Index

Same Treatment Increased Inhalation Reduced Inhalation p-Value
Category (n = 688) | Treatment (n = 66) Treatment (n = 507)
Female, n (%) 457 (66.4) 46 (69.7) 336 (66.3) 0.854
Age, mean (SD) 56.4 (16.0) 64.8 (11.5) 53.4 (16.3) <0.001
FEV1% pred n =534 n=53 n =401
FEVI1% pred mean (SD) 80.9 (16.9) 67.8 (15.2) 79.4 (16.0) <0.001
FEV1% pred < 80 (%) 233 (43.6) 40 (75.5) 191 (47.6) <0.001
FEV1% pred < 60 (%) 57 (10.7) 17 (32.1) 41 (10.2) <0.001
Regular OCS use 177 (17.0) 23 (34.8) 111 (21.9) <0.001
High SABA use 188 (27.3) 22 (33.3) 108 (21.3) 0.018

Abbreviations: FEV %pred, forced expiratory volume in | second as percent of predicted value; SABA, short-acting beta agonist; OCS, oral
corticosteroid.

FEV % pred compared to patients staying on the same treatment step (67.8 vs 80.9) and the group stepping down in
treatment (67.8 vs 79.4). The treatment group increasing inhalation therapy had significantly higher proportions of
patients with a FEV% pred <80 (75.5%), FEV % pred <60 (32.1%), regular OCS use 24 months pre-index (34.8%) (all
p < 0.001) and high SABA use (33.3%) (p = 0.018) compared to patients on the same treatment step or stepped down
(Table 2). A higher proportion of patients stepping down in treatment were regular OCS users 24 months pre-index
compared to patients staying on the same treatment step (21.9% vs 17.0%). There was no difference between the three
groups in BMI, smoking history, comorbidities, having received asthma management education and level of education
(Supplementary Table 2).

In adjusted analysis, post-index exacerbation in the severe uncontrolled group was associated with cardiovascular
diseases (OR 1.38, 95% CI 1.06—1.80), rhinitis (1.46, 1.14-1.88), high SABA use (1.79, 1.38-2.34) and in patients
increasing inhalation treatment (1.83, 1.08-3.1). In crude analysis, better lung function was inversely associated with
post-exacerbation but was not significant in the adjusted model (Figure 5).

FEV1%pred < 80 I —
Allergy r;—.—{
Cardiovascular ; i
Rhinitis i ————
High SABA use i b * i
Escalated treatment i * !

Stepped down treatment —e—H
I

0,5

1,5 2 2,5 3 3,5

(S

Figure 5 Independent predictors of post-index exacerbation in the uncontrolled group. The model was also adjusted for sex and age which were non-significant. Treatment
transition; same treatment step was used as reference.
Abbreviations: FEV1% pred, forced expiratory volume in | second as percent of predicted value; SABA, short-acting B-agonist.
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Discussion

This large nationwide register study, reflecting real-world primary care for patient with severe asthma, showed that
almost half of these patients have uncontrolled disease. Despite their high risk for future exacerbations, treatment
increase in inhalation therapy was rarely implemented during follow-up. Our study identified several treatment barriers,
pharmacological and non-pharmacology, that need to be addressed to be able to achieve sustainable asthma control in
primary care, and which represent a key issue requiring targeted attention from political stakeholders and healthcare
leaders.

The overall prevalence of severe asthma and severe uncontrolled asthma in our primary care study was 9.4% and
4.2%, respectively, which is in line of what has been reported previously.”* Severe uncontrolled asthma was associated
with female sex, obesity, current smoking, and depression. Our data strengthens previous findings from a smaller patient
cohort including 140 patients with severe asthma showing that depression is associated with poorer asthma control and
needs to be addressed in severe asthma management.'® Obesity has shown to be associated with disease progression into
severe asthma and worse symptom control?’ and a recent review addressed the complexity between these two diseases
and that obesity and asthma both aggravate each other.*® Current guidelines emphasise the importance of investigating
smoking habits and comorbidities to be able to achieve symptom control® and our findings further highlight the need to
focus on these parameters during asthma assessment.

Furthermore, severe uncontrolled asthma was also associated with lower education, which is an indirect measure of
socioeconomic status. Previous studies, investigating asthma outcomes and socioeconomic status, have found
a correlation between low socioeconomic status and worse asthma control, highlighting this as a vulnerable patient
group which needs further attention to avoid uncontrolled asthma and associated costs with increased utilization of
healthcare resources.>'*? Moreover, clinical benefit has been reported when providing tailored and repeated patient
education in severe asthma in specialist care and in primary care.*>>> In our study, patients that had at least once
received asthma management education were captured, indicating the benefit of patient education.

In patients with severe uncontrolled asthma, only 5% increased inhalation treatment therapy during follow-up. This
patient group could possibly be classified as severe refractory asthma as we found an association between having an
exacerbation during post-index and increased inhalation treatment. Furthermore, this group had the lowest lung function
with 32% having an FEV % pred below 60, compared to about 10% in the groups stepping down treatment or staying
within the same treatment strategy during follow-up. As a consequence of not being able to reach controlled disease,
patients may develop airway remodeling due to the underlying airway inflammation.’® Persistent airflow obstruction may
indicate structural changes of the airways and has been shown to correlate with FEV,% pred below 60.*” Furthermore,
a recent study investigated pre-biologic disease trajectories and response to biologics and found that patients with chronic
severe asthma had the lowest prevalence of remission.*®

An interesting finding is the high proportion of patients reducing their inhalation treatment. Asthma is a variable
disease, and symptoms may fluctuate with seasonal variations such as weather change, pollen exposure and infections.>*~
*! This could partly explain the reduction in inhalation therapy, however, 14.6% of uncontrolled asthma patients did not
have any prescribed ICS treatment during post-index. Today, ICS is fundamental in asthma management from mild to
severe asthma and well established to prevent exacerbations and mortality.”®** Within the group that reduced their
inhalation therapy, more than 1 in 5 patients were regular OCS users 24 months pre-index, which might indicate
dependency on systemic corticosteroid treatment rather than using ICS.

Our study identified several potential barriers of achieving asthma control in a primary care setting and suggests that
improving asthma control requires a holistic patient approach; including both the patient (eg. asthma management
education, weight management, and smoking cessation support), as well as improving healthcare adherence to guideline
directed therapy (eg. patients with asthma symptoms in combination with high dose ICS+LABA should be referred to
secondary care). For example, asthma control can be improved by nurse-led patient education or using digital home-

4344 and increased adherence to asthma treatment guidelines could potentially be achieved by clinical

monitoring tools
decision support system or artificial intelligence driven approach, which is yet to be optimized and verified on a large

scale.*>*>%® By including both the patient and the healthcare system, there is a great potential in preventing exacerbations
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and OCS-related diseases which would improve the health for the patient, especially low to middle income individuals as
suggested by our results, and simultaneously achieving long-term cost-savings for the healthcare.®*’

The strength of this study is that it is a large nationwide study including patients with a physician diagnosis of asthma.
Further, by using multiple national registers, we could capture disease specific variables, medication use and demo-
graphic information. One limitation is the use of the asthma control test (ACT) to define uncontrolled asthma, which do
not capture previous exacerbations or OCS use. A newly validated instrument, the Asthma Impairment and Risk
Questionnaire (AIRQ), has been developed to capture these parameters and to better identify at-risk patients.**>°
Another limitation is that our study only focused on changes in inhalation therapy and did not include leukotriene
receptor antagonist or azithromycin when investigating treatment modifications. This study includes the assumption of
patients having pharmacy claims will use their inhalers as prescribed and could lead to misclassification of disease
severity. This could, at least partly, explain why 40% of patients with severe uncontrolled asthma stepped down in

inhalation treatment during follow-up.

Conclusions

Patients with severe asthma in primary care are commonly uncontrolled. Poor asthma control is associated with use of
oral corticosteroids, comorbidities eg. obesity, socio-economic factors and absence of asthma management education.
Current healthcare management of severe uncontrolled asthma in primary care is insufficient with only a minority of
patients increasing inhalation treatment. The association between future exacerbation and patients having increased
therapy may indicate severe refractory asthma and too late intervention. This patient group also had the lowest lung
function and should be prioritized for secondary care referrals to prevent future exacerbations and disease deterioration.

Abbreviations

ACT, asthma control test; AIRQ, asthma impairment and risk questionnaire; BMI, Body Mass Index; CI, confidence
intervals; FEV1% pred, forced expiratory volume in 1 second as percent of predicted value; ICD-10, International
Classification of Diseases, Tenth Revision; ICS, inhaled corticosteroid; LABA, long-acting beta-agonist; LAMA, long-
acting muscarinic antagonist; NPDR, National Prescribed Drug Register NPR, National Patient Register; OCS, oral
corticosteroid; OR, odds ratio; SABA, short-acting beta-agonist; SNAR, Swedish National Airway Register.
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