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Introduction: Assessing COVID-19 risk in asthma patients is challenging due to disease heterogeneity and complexity. We
hypothesized that potential risk factors for COVID-19 may differ among asthma age groups, hindering important insights when
studied together.

Methods: We included a population-based cohort of asthma patients from the Swedish National Airway Register (SNAR) and linked
to data from several national health registers. COVID-19 outcomes included infection, hospitalization, and death from Jan 2020 until
Feb 2021. Asthma patients were grouped by ages 12—-17, 18-39, 40-64, and >65 years. Characteristics of asthma patients with
different COVID-19 outcomes were compared with those in their age-corresponding respective source population.

Results: Among 201,140 asthma patients studied, 11.2% were aged 12—17 years, 26.4% 18-39, 37.6% 40—64, and 24.9% >65 years.
We observed 18,048 (9.0%) COVID-19 infections, 2172 (1.1%) hospitalizations, and 336 (0.2%) COVID-19 deaths. Deaths occurred
only among patients aged >40. When comparing COVID-19 cases to source asthma populations by age, large differences in potential
risk factors emerged, mostly for COVID-19 hospitalizations and deaths. For ages 12—17, these included education, employment,
autoimmune, psychiatric, and depressive conditions, and use of short-acting -agonists (SABA) and inhaled corticosteroids (ICS). In
the 18-39 age group, largest differences were for age, marital status, respiratory failure, anxiety, and body mass index. Ages 40—-64
displayed notable differences for sex, birth region, cancer, oral corticosteroids, antihistamines, and smoking. For those aged >65,
largest differences were observed for cardiovascular comorbidities, type 1 diabetes, chronic obstructive pulmonary disease, allergic
conditions, and specific asthma treatments (ICS-SABA, ICS-long-acting bronchodilators (LABA)). Asthma control and lung function
were important across all age groups.

Conclusion: We identify distinct differences in COVID-19-related risk factors among asthma patients of different ages. This
information is essential for assessing COVID-19 risk in asthma patients and for tailoring patient care and public health strategies
accordingly.

Plain language summary: Why was the study done?

Asthma patients may be more susceptible to COVID-19 outcomes. Asthma affects all ages, and COVID-19-related risk factors may
vary with age. Investigating factors that contribute to COVID-19 infection, hospitalization, and mortality within distinct age groups of
asthma patients can yield a more comprehensive understanding of the age-specific nuances of COVID-19 risk.

What did the researchers do and find?

We analyzed sociodemographic characteristics, comorbidities, prescribed medications, and clinical characteristics of asthma patients
with COVID-19 in different age groups and compared them with their age-corresponding source asthma populations.

Potential risk factors for COVID-19 and its outcomes differed by age group For ages 12-17, these included education, employment,
autoimmune, psychiatric, and depressive conditions, and use of short-acting -agonists (SABA) and inhaled corticosteroids (ICS). In
the 18-39 age group, largest differences were for age, marital status, respiratory failure, anxiety, and body mass index. Ages 40-64
displayed notable differences for sex, birth region, cancer, oral corticosteroids, antihistamines, and smoking. For those aged >65,
largest differences were observed for cardiovascular comorbidities, type 1 diabetes, chronic obstructive pulmonary disease, allergic
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asthma, and specific asthma treatments (ICS-SABA, ICS-long-acting bronchodilators (LABA)). Asthma control and lung function
were important across all age groups.

What do these results mean?

These results emphasize the importance of recognizing age-specific patterns contributing to COVID-19 risk for consideration in
causal analyses. The findings also highlight the necessity for age-specific approaches in both clinical and public health interventions in
managing COVID-19 in asthma patients.

Keywords: asthma, COVID-19, population-based, register-study, risk factors

Introduction
Numerous risk factors, including advanced age, obesity, male sex, and comorbidities such as cardiovascular diseases,
diabetes, chronic obstructive pulmonary disease (COPD), immunodeficiency, and malignancies, have been associated
with poorer medical prognosis and outcomes in COVID-19."* However, decreased or increased risk of COVID-19 in
patients with asthma and the factors that might drive it are not entirely clear.>”’

Early in the pandemic, COVID-19 risk varied among studies for asthma patients, with some indicating a reduced risk,’

10,11

others finding an increased,>*? and others reporting no discernible risk. More recent studies have provided valuable

insights into the complex nature of COVID-19 risk among asthmatic patients, that may depend on several factors, including

underlying comorbidities,'? the type and severity of asthma,''*'¢ level of asthma control,'” and concurrent medications,

13:18.19 and oral corticosteroids (OCS).?’ Notably, the use of medium to high-dose

20,21

particularly inhaled corticosteroids (ICS)
ICS or OCS, possibly as markers of severe asthma, has shown associations with increased COVID-19 mortality.
Furthermore, there is evidence indicating favorable outcomes for asthma patients receiving anti-type 2 inflammation
biologics during COVID-19,?? but this hypothesis lacks robust support from observational studies.”* >

Asthma is a heterogenous disease, affecting a diverse patient population with varied characteristics. The Global
Initiative for Asthma (GINA) guidelines*® underscore the importance of age-specific treatments, emphasizing the need to
tailor interventions to suit the requirements of different age groups with different asthma phenotypes. Considering the
known very strong age-related risk of severe COVID-19,* investigating the impact of COVID-19 only across all ages
could thus oversimplify findings, potentially overlooking crucial patterns that age-specific analyses might reveal. Our
hypothesis was that age-specific analyses would uncover nuanced relationships between asthma and COVID-19,
shedding light on distinct risk factors in different age groups. Therefore, we conducted a descriptive analysis to identify
age-specific patterns and differences by comparing demographics, comorbidities, medications, and clinical factors of
asthma patients with COVID-19 with the frequencies of such characteristics in the corresponding age-specific source

asthma populations.

Methods

Study Design and Population

We performed a descriptive cohort study based on data from the SCIFI-PEARL (Swedish COVID-19 Investigation for
Future Insights - Population Epidemiology Approach using Register Linkage) project.”® The study population included
asthma patients >12 years old registered in the Swedish National Airway Register (SNAR)*’ on 1 Jan 2020 (index date)
with a prior asthma diagnosis (International Classification of Diseases version 10, (ICD-10) code J45) in primary or
specialist care and linked with other data using pseudonymized personal identifiers. We categorized asthma patients in
alignment with GINA treatment guidelines, distinguishing between adults and children. We grouped adults into three age
groups to reflect the onset of COPD around age 40 and the increased prevalence of chronic conditions from age 65. The
main analysis focused on age 12 and above due to very few outcomes observed in younger children. Ethical approval was
granted by the Swedish Ethical Review Authority (2020-01800 and subsequent amendments). Data access complied with
relevant data protection and privacy regulations.
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Outcomes and Follow-Up

COVID-19 outcome data was obtained during follow-up from 1 Jan 2020 until 28 Feb 2021 (cutoff before widespread
vaccination) from SmiNet (the national database of notifiable diseases),’® the National Patient Register (NPR)*' and the
Cause-of-Death Register (CDR).**> Three COVID-19 outcomes were identified: COVID-19 infection as positive poly-
merase chain reaction test for SARS-CoV-2 in SmiNet, or COVID-19 (ICD-10 U07.1 or U07.2) as primary or secondary
diagnosis from inpatient or specialist outpatient care in the NPR, or COVID-19 as underlying or contributing cause of
death in the CDR; hospitalization as inpatient care with primary or secondary diagnosis of COVID-19 from NPR; and
death records with COVID-19 as underlying or contributing cause of in the CDR. ICU admissions were also identified
from the Swedish Intensive Care register but were not further analyzed.

Baseline Characteristics

Sociodemographic data from the Register of Total Population (RTB)** and the Longitudinal Integrated Database for
Health Insurance and Labor Market Studies (LISA)** at Statistics Sweden included education, employment status,
marital status, and region of birth (for detailed definitions see e-Table 1).

Comorbidities were defined based on ICD codes in the National Patient Register during five years prior to 1 Jan 2020,
including overall cardiovascular disease, hypertension, heart failure, type 1 and 2 diabetes, respiratory failure, COPD, allergy,
cancer, chronic kidney disease, autoimmune disease, sleep apnea, depression, anxiety, and psychiatric disorders (e-Table 1).

Relevant prescribed medications, defined using anatomical therapeutic classification (ATC) codes from the National
Prescribed Drug Register (NPDR),*’ were included for dispensed prescriptions for 2019 (e-Table 1). Medical treatments
were categorized in accordance with the Global Initiative for Asthma (GINA) treatment guidelines into the following
groups: inhalation treatments, including short-acting B-agonists (SABA), inhaled corticosteroids (ICS); and inhalation
combinations, such as ICS-SABA, ICS with long-acting -agonists (ICS-LABA); and triple therapy of ICS with LABA
and long-acting muscarinic antagonists (ICS-LABA-LAMA). ICS-LABA and ICS-LABA-LAMA regimens may include
an add-on SABA. Other medications included were leukotriene receptor antagonists (LTRA), biologics, and oral
corticosteroids (OCS) (e-Table 1).

Clinical characteristics obtained from SNAR (e-Table 1) included: asthma control as measured by asthma control
test (ACT, categorized as uncontrolled asthma (score <19) and controlled asthma (>19)); lung function as measured by
spirometry (post-bronchodilator Forced Expiratory Volume in one second percent of predicted (FEV % predicted), based
on the Swedish Hedenstrom reference values®®); body mass index (BMI), classified as underweight (<18.5), normal
(18.5-24.9), overweight (25.0-29.9) and obese (>30.0 kg/m?). We defined two asthma phenotypes: (1) allergic asthma,
based on present or absent concurrent allergy diagnosis as reported in SNAR, and (2) asthma with obesity, based on
BMI>30. Smoking history from SNAR (never, former, and current smoking) was included as a lifestyle factor. Since
spirometry, BMI, ACT, and smoking were not measured on every visit, we relied on the most recently recorded
measurement in the period 2015-2019 to mitigate missingness.

Statistical Analysis

We performed descriptive analyses. Categorical variables were reported as frequencies and proportions, and continuous
variables as means with standard deviation, or as medians and interquartile ranges (IQR). For the main analysis,
characteristics of asthma patients with COVID-19 infection, hospitalization and death were compared to their respective
age-specific asthma source population, which includes all asthma patients in the specific age group. Relative differences
between groups were evaluated using standardized mean differences (SMDs),?” which were also visualized graphically.
SMDs were calculated using the TableOne package in R,*® which compares variables between two groups. A standar-
dized difference can be obtained for each variable. For continuous variables, means are compared and standardized and
for binary variables, proportions are compared and standardized.’*** For multinomial variables, a multivariate
Mahalanobis distance is used.** The SMD in principle compares the difference in means in units of the pooled standard
deviation,*' for different variable types. Thus it is not influenced by sample size and can be used to compare balance
between groups in measured variables, facilitating comparison of the relative balance of variables measured in different
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units.*?> SMDs greater than 0.1 were considered indicators of substantial differences.’*** Data management was
performed in Stata 17.1, while statistical analysis and visualization were conducted in R 4.2.2.

Results

Cohort Characteristics

We studied a cohort of 201,140, asthma patients, comprised of 11.2% aged 12—17 years, 26.4% aged 18—40 years, 37.6%
aged 40-64 years and 24.9% aged 65 and over (Table 1). Among them, 18,048 (9.0%) contracted COVID-19, whereof
2172 (1.1%) were hospitalized, and 336 (0.2%) died from COVID-19 by end of follow-up (Table 1).

Severe COVID-19 leading to hospitalization and death was more common among adults than the 12—17 age group,
with deaths only in patients aged 40 and above, especially 65 and older (Table 1). Across all outcomes, COVID-19
impacted more women (58.3% to 60.6%) (Table 1), although males dominated in the age group 12-17 (52.3%)
(e-Table 2a) and for deaths in ages 40-64 (51.3%) (e-Table 2b). In age groups below 40, proportion of women was
higher in asthma patients with COVID-19 outcomes than the respective source population. Conversely, for those aged 40

Table | Socio-Demographic Characteristics of a Population-Based Cohort of Asthma Patients in
Sweden on | Jan 2020, Overall and for Patients with Three Different COVID-19 Outcomes from |
Jan 2020 to 28 Feb 2021 (n (%) or Mean (SD))

Education © ¢
Primary
Upper secondary
Tertiary

Employment © ©
Non-employed
Employed

Marital Status
Non-married
Married

Region of birth
Sweden
Nordic
Europe f

Non-Europe

37,879 (20.3%)
78,893 (42.2%)
69,958 (37.5%)

61,203 (31.8%)
131,055 (68.2%)

125,761 (62.5%)
75,358 (37.5%)

164,066 (81.6%)
6448 (3.2%)
5593 (2.8%)

25,025 (12.4%)

3056 (18.0%)
7284 (42.9%)
6624 (39.0%)

3690 (21.2%)
13,727 (78.8%)

11,041 (61.2%)
7007 (38.8%)

13,946 (77.3%)
442 (2.4%)
482 (2.7%)

3177 (17.6%)

551 (26.1%)
930 (44.0%)
634 (30.0%)

1093 (50.4%)
1075 (49.6%)

1210 (55.7%)
962 (44.3%)

1430 (65.8%)
137 (6.3%)
83 (3.8%)
522 (24.0%)

Asthma COVID-19 outcomes °
Population * R .
Infections Hospitalizations Deaths

N 201140 18,048 2172 336
Age (Years)

Mean (SD) 47.2 (21.2) 43.8 (19.4) 62.9 (17.1) 78.8 (10.6)

Median [IQR] 48.00 [29.00, 64.00] | 44.00 [28.00, 57.00] | 64.00 [52.00, 77.00] | 60.0 [52.0,70.0]
Age categories

12—-17 years 22,611 (11.2%) 1923 (10.7%) 15 (0.7%) 0 (0.0%)

18-39 years 53,005 (26.4%) 5629 (31.2%) 186 (8.6%) 0 (0.0%)

40-64 years 75,536 (37.6%) 7892 (43.7%) 923 (42.5%) 39 (11.6%)

2 65 years 49,988 (24.9%) 2604 (14.4%) 1048 (48.3%) 297 (88.4%)
Sex

Male 80,820 (40.2%) 7118 (39.4%) 902 (41.5%) 140(41.7%)

Female 120,320 (59.8%) 10,930 (60.6%) 1270 (58.5%) 196 (58.3%)

135 (42.1%)
118 (36.8%)
68 (21.2%)

285 (84.8%)
51 (15.2%)

213 (63.4%)
123 (36.6%)

233 (69.3%)
37 (11.0%)
17 (5.1%)
49 (14.6%)

Notes: a = All individuals in the Swedish population who have an asthma diagnosis in the Swedish National Airways Register by

Jan 2020. b = Individuals from the study population with the defined COVID-19 outcomes. ¢ = Percent of non-missing. Missing data

as percent of total: d = 14,410 (7.2%), e = 8882 (4.4%), f = other parts of Europe except the Nordic countries.
Abbreviations: COVID-19, Coronavirus disease 2019; SD, standard deviation.
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and older, the proportion of men with COVID-19 outcomes surpassed that of men in the respective source population
(e-Table 2a and e-Table 2b).

Salient Characteristics in Asthma Patients with COVID-19

Results are presented separately for each COVID-19 outcome. Figure 1 shows the absolute value of the standardized
differences in frequency of characteristics among patients with different COVID-19 outcomes from the expected based
on the respective source population, with substantial differences (SMD > 0.1) in bold. Figures 2—3 present, the side-by-
side, absolute frequencies for some characteristics, namely comorbidities and prescribed medications, respectively, to

illustrate the same differences.

COVID-19 Infection

Compared to the same-age asthma source population, large differences were evident only in age and employment status
for asthma patients aged 12—17, and only in employment for those aged 18-39 among asthma patients aged <40 years
with COVID-19 infection (Figure 1, e-Table 3). Older age groups (>40) also displayed larger than expected differences in
age, marital status, and region of birth, with the 65 and older cohorts exhibiting particularly pronounced differences, and
the 40—64 group showing the largest difference for employment (Figure 1, e-Table 3). Notably, the 65 and older group
showed larger than expected differences in prior cardiovascular diseases, type 2 diabetes, asthma control, and BMI, while
the 40—64 group exhibited substantially larger than expected difference in smoking (Figure 1, e-Table 3, Figure 2,
e-Table 4a and e-Table b).

Age

COVID-19 infection

O 1217years @ 1839 years

406ayears ® 65+ years

COVID-18 hospitalization

COVID-19 death

<

.0

Sex Lo *
Education level * o *
Employment status ) > 0 O *
-

Soude B0wep008

Marital status
Region of birth . O e *

Cardiovascular disease * O e * *
Hypertension - ) - .
Heart failure . . .
Type 1 diabetes & .
Type 2 diabetes . . - .
COPD . .
Allergic rhinitis <o A
Chronic sinusitis ¢
Sleep Apnea > .
Respiratory failure ) .

SempIGIOWoD

Cancer
Chronic kidney disease . *
Autoimmune disease *
Depression o O *
Anxiety *
Psychiatric disorders . 0O *

Inhaled SABA only O
ICS only O

ICS-SABA .

ICS-LABA -

ICS-LABA-LAMA G .

LTRA

ocs

SuOREIPaW Paquosald

Biologics
Antihistamines <O
o

Allergic asthma
Asthma with obesity

ACT * @ O *
FEV1 * o o O *
Body Mass Index * * . *
Smoking status -] O

Buviows pue eow| |-edkians

025 050 075 100 000 025 050 075 100
Standardized mean differences

Figure | Standardized mean differences (SMD)* between characteristics of asthma patients with COVID-19 infections, hospitalizations, and deaths in Sweden during the
period | Jan 2020 to 28 Feb 2021, compared to expected characteristics of the source asthma population of the same age group. COPD, chronic obstructive pulmonary
disease; ICS, inhaled corticosteroids; OCS, oral corticosteroids; ACE, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blockers; SABA, short-acting
bronchodilator agonists; LABA, long-acting bronchodilator agonists; SAMA, short-acting muscarinic antagonists; LAMA, long-acting muscarinic antagonists; LTRA, leuko-
triene receptor antagonists; COVID-19, Coronavirus disease 2019; ICU, intensive care unit. ACT, Asthma Control Test; FEV,, Forced Expiratory Volume in
| second, percent of predicted.
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Asthma population [Jf}j covip-t9 infections [Jf] covip-19 nospitaiizations [Jfj covip-19 deatns

Cardiovascular diseases Hypertension Heart failure Type 1 diabetes
80
60 4
304 44
604 20 34
404 209 2]
4 204 104
P i i | '] g
04 —_ —a 0 L. 04 — __. 04— ‘
12-17 18-39 40-64 65+ 12-17 18-39 40-64 65+ 12-17 18-39 40-64 65+ 1217 18-39 40-64 65+
Type 2 diabetes Respiratory failure COPD Allergic asthma*
%0 10.0
204 404
20 7.51 154 304
5.04 4 4
10_ - - = - ¥ ol o . In
.54 4 -
0- T T T T 0.0+ = T T T 0+ T T T T 0 T T T T
12-17 18-39 40-64 65+ 12-17 18-39 40-64 65+ 12-17 18-39 40-64 65+ 12-17 18-39 40-64 65+
. Allergic rhinitis Chronic sinusitis Asthma with obesity* Sleep apnea syndromes
9 3 15
~ 304 404
5 20 24 304 104
£ 20
N il ] N .
I — 0 - — 04 04— _.
o T T T T T T T T T T T T T T T T
12-17 18-39 40-64 65+ 12-17 18-39 40-64 65+ 1217 18-39 40-64 65+ 12-17 18-39 40-64 65+
Cancer Chronic kidney disease Autoimmune disease Depression
51 154
154 o] 154
10+ 34 104 104
24
4 __mll ! N e il ] i
0t—+ i ' : 04 : . ! . 04 — : ; o I : . :
12-17 18-39 40-64 65+ 1217 18-39 40-64 65+ 12-17 18-39 40-64 65+ 1217 18-39 40-64 65+
Anxiety Psychiatric disorders
154
20 4
104
o 0| |
12-17 18-39 40-64 65+ 12-17 18-39 40-64 65+

Age group (years)

Figure 2 Prevalence of comorbidity among asthma patients of different age groups in Sweden during the 5 years up to | January 2020, among those who had COVID-19
outcomes between | Jan 2020 and 28 Feb 2021, and patients in the source asthma population of the same age group. Comorbidities and outcomes meeting each group’s
minimum count required (5 individuals) are shown. COVID-19, Coronavirus 2019; COPD, chronic obstructive pulmonary disease.

Note: *Concurrent allergy or obesity diagnoses can be considered asthma subtypes.

COVID-19 Hospitalization

There were many substantial differences between hospitalized asthma patients with COVID-19 and respective asthma
source populations (Figure 1, e-Table 3). Notably, the most pronounced differences in characteristics were specific to
distinct age groups. Specifically, patients aged 12—-17 exhibited largest differences in education, employment, auto-
immune disease, depression, psychiatric disorders, inhaled SABA, ICS, ICS-SABA, allergic rhinitis, asthma control and
lung function (Figure 1, e-Table 3, e-Tables 4a and e-Table 4b, e-Tables 5a and e-Table 5b). Patients aged 18-39 showed
largest differences were in age, marital status, respiratory failure, BMI and anxiety. Those aged 40-64 displayed the
largest differences in sex, region of birth, ICS-LABA, OCS and asthma with obesity. For those aged 65 and older, the
most pronounced differences were in cardiovascular diseases, type 1 diabetes, COPD, chronic kidney disease, ICS-
LABA-LAMA and allergic asthma (Figure 1, e-Table 3).

COVID-19 Death

Asthma patients who died from COVID-19 were most obviously different from the respective source populations across
many characteristics (Figures 1-3, e-Table 3, e-Figure 1). In the 40-64 age group, more pronounced differences were

observed for sex, employment status, region of birth, type 2 diabetes, respiratory failure, cancer, chronic kidney disease,
depression, psychiatric disorders, sleep apnea and chronic sinusitis. The >65 age group showed larger differences from
expected in age, education level, marital status, cardiovascular comorbidities, type 1 diabetes, autoimmune disease,
anxiety, COPD and allergic asthma (Figure 1, e-Table 3). For medication usage, particularly OCS and antihistamines
differed the most from expected in the 40—-64 age group, while ICS-SABA, ICS-LABA and OCS usage differed notably
among those aged 65 and older (Figure 1, e-Table 3, e-Table 5b). Asthma control and lung function also differed

substantially from expected in individuals aged 40 and above, particularly in the 40-64 age group, with smoking
differing only within this age group (Figure 1, e-Tables 3, e-Table 6a, e-Table 6b).
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ICS-LABA ICS-LABA-LAMA ocs
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20- . | ‘ i
04 0 il 4

12117 1839 40'64 65+ 12117 1839 4064 65+ 1217 1839 40'64 65+

Proportion (%)

o

LTRA Biologics Antihistamines
20
404

044
304
24 204
|

12117 1839 40-64 65+ 12117 18-39 4064 65+ 1217 1839 40'64 65+
Age group (years)

Figure 3 Prevalence of prescribed medications among asthma patients of different age groups in Sweden during the one year up to | January 2020, among those who had
COVID-19 outcomes between | Jan 2020 and 28 Feb 2021, and asthma patients in the source asthma population within the specific age group. Prescribed medication only
included those of respiratory indications, the other studied medications were excluded and outcomes meeting the minimum count required (5 individuals) in each group are
shown. ICS, inhaled corticosteroids; LABA, long-acting beta-agonists; SABA, short-acting beta-agonists; LTRA, leukotriene receptor antagonists; OCS = oral corticosteroids.
Note: ICS-LABA and ICS-LABA-LAMA regimens may include an add-on SABA.

ICU admissions and pediatrics

We observed 254 ICU admissions across age groups: 3 in ages 12—17 (<1%), 13 (5.12%) in 18-39, 144 (56.7%) in
40-64, and 94 (37.0%) in those >65 years (e-Table 7). Similarly, among pediatric asthma patients under 12 (totaling
12,700), 580 (4.5%) were infected with COVID-19, with only 8 (<1%) requiring hospitalization (e-Table 8). Due to

limited numbers, these data were not further analyzed.

Discussion

In our comprehensive real-world asthma register study, we observed substantial age-related differences in COVID-19 outcomes
(being infected, hospitalized, or dying) among asthma patients. The findings suggest potential risk factors specific to different age
groups. In the age 12—17 factors related with COVID-19 hospitalization were education, employment, autoimmune disease,
depression, psychiatric disorders, and SABA and ICS treatment. In the 18-39 age group, age, marital status, respiratory failure,
anxiety, sleep apnea and obesity were of importance. For those aged 40—-64, important factors include sex, cancer, chronic kidney
disease, [CS-LABA combinations, OCS, antihistamines, BMI, and smoking status. In those age 65 and above, cardiovascular
comorbidities, type 1 diabetes, autoimmune disease, anxiety, heart failure, COPD, and allergic asthma, ICS-SABA, ICS-LABA,
and OCS emerged as most notable Uncontrolled asthma and lower lung function were important across all age groups and for the
two severe outcomes of COVID-19 hospitalization and death.
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Demographic Factors

Our results align with previous findings of asthma COVID-19 cohorts from various countries, including France,* the USA,'*+
South Korea,”*” Belgium'® and the UK,** showing a higher proportion of COVID-19 outcomes in women than men. However, we
observed variations across age groups, where more women appeared susceptible to outcomes in younger populations, and more men
in older age groups. This underscores the importance of considering age in understanding asthma patients’ COVID-19 susceptibility.
Moreover, large differences from expected in respective source populations for education, employment status, and country of birth,
within the different age groups, underscores the role of these factors in shaping COVID-19 risk in different ways for different age
strata of asthma patients. For instance, we observed that COVID-19 deaths were more common among unemployed individuals aged
65 and above, possibly due to an increased risk of transmission associated with factors linked to lower socioeconomic status, in this
case unemployment, as supported by prior research.*’

Comorbidities

Inherent to younger age, our findings indicate fewer comorbidities in the young asthma patients. Yet, large differences in
autoimmune diseases, depression, and psychiatric conditions were observed in the 12—17 age group hospitalized for COVID-
19 compared to expected in the same-age asthma source population. In general populations, autoimmune diseases potentially
increase susceptibility to infectious agents, particularly when regular immunosuppressants are used.’® Depression, anxiety,
and psychiatric diagnoses have been identified as significant risk factors for COVID-19 hospitalization in both young and
older adults, highlighting the intricate relationship between mental and somatic health.>"* Our current results for asthma
patients of all age groups expands on this knowledge. This is particularly important during pandemics and restrictions when
psychological issues may worsen, and access to medical, psychiatric, and psychological services could be disrupted.

The higher than expected prevalence of comorbidities such as hypertension, diabetes, obesity, and heart failure in asthma
patients aged 40 and above with COVID-19 who were hospitalized and died aligns with existing literature on respiratory
diseases, reporting higher rates of these risk factor comorbidities in COVID-19 hospitalizations® and deaths.”*® This study
highlights specific, risk factors for COVID-19 relevant for different age groups with asthma, including potential cardiovas-
cular risk in individuals under 40, cancer, smoking, and BMI for those aged 40—64, and heart failure, allergies, type 1 diabetes
and COPD for individuals aged 65 and above. Our results show that older asthma patients (>40 years) who died from COVID-
19 had lower-than-expected prevalence of asthma with concurrent allergic conditions. This finding aligns with existing

53,54

evidence that indicates atopic conditions are less common in severe COVID-19 cases, possibly due to a type 2 immune

response”~° or the downregulation of ACE-2 receptor in allergic asthma patients.’” The present study suggests that it is not
appropriate to extrapolate explanations regarding atopic status and allergies to older adults, as this relationship appears to vary
with age groups. In our study’s classification of asthma as “allergic vs non-allergic”, with a rather broad categorization of
allergic conditions as reported in SNAR (allergy yes/no), there may be some misclassification between the groups. However,
the spectrum of allergic diseases in the allergic asthma group is as expected and the misclassification between these groups
would likely be limited and non-differential. Further research is needed to explore the role of allergic asthma as a potential risk

factor in different age strata, especially in the elderly, where it appears to hold particular importance.

Medications

We consistently observed age- specific deviations from the expected in asthma medication use among asthma patients with
COVID-19. For instance, in the 12—17 age group, large differences in the use of SABA, ICS and ICS-SABA were evident in the
hospitalized group, although based on low numbers. In older age groups (>40 years), we observed a higher than expected use of
ICS-LABA or ICS-LAMA combinations and use of OCS. SABA is often still used as monotreatment in mild asthma. A Swedish
study has highlighted the association between high childhood SABA use and asthma exacerbations, potentially due to under-
treatment of underlying inflammation.>® This association may, in part, relate to our finding that children who relied on ICS-SABA
only were overrepresented among those hospitalized due to COVID-19. Recent asthma treatment guidelines emphasize regular
controller treatment and recommend a transition toward the use of ICS-LABA or ICS-containing treatment, even in mild
asthma.”® Our findings suggest that this new treatment approach might also help to safeguard children against COVID-19
hospitalization and possibly future viral infections. Furthermore, as OCS is often prescribed for asthma exacerbations,”® our
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findings suggest that previous asthma exacerbations could be a risk factor for hospitalization and death in COVID-19, especially
among older age groups. Notably, previous studies have used OCS prescriptions to define severe asthma, and severe asthma has
been associated with COVID-19-related mortality.”*** Biologic therapies, also employed in severe asthma management, are
hypothesized to potentially impact asthma and COVID-19 outcomes.>* However, their influence could not be assessed in our
dataset due to infrequent usage. Drawing conclusions about the relationship between medication use and COVID-19 is complex
and requires careful consideration of various factors such as dosage, timing, confounding variables, and selection of comparison
groups. Our study strongly suggests age-stratified analyses will be most informative, promoting increased homogeneity in
treatment groups and enabling more meaningful comparisons.

Aside from the treatment-related findings, our study also underscores the importance of asthma severity, as measured by
eg, the asthma control test and lung function - in alignment with earlier studies.'>'° We further highlight BMI and smoking
as potentially important risk factors for asthma patients, as previously reported,''***° particularly in those aged 40 and above.

Strengths and Limitations

Strengths of this study include using a large real-world population-representative cohort from a clinical register of asthma patients
in Sweden, with sufficient power to illustrate the inherent variability of patient characteristics across different age groups,
spanning adolescents to several adult age groups, and for different COVID-19 outcomes. An important feature of our analysis is
the focus on the pre-vaccination phase of the pandemic, allowing a view of the potential age-specific risk factor patterns related to
COVID-19 natural disease progression. However, one limitation is its descriptive nature, precluding formal causal inferences.
Yet the age-stratified approach intentionally aims to illustrate large age-specific differences likely related at least partly to the age-
related heterogeneity of asthma and of asthma therapy — thus providing important information on potentially relevant risk factors
and confounders for different age groups that could be useful in future studies. However, our approach may not fully capture the
heterogeneity within each age group and alternative categorization strategies could be explored in future studies.

Conclusion

This study identified age group specific risk factors for COVID-19 in asthma patients, highlighting variability across different
age groups. These findings suggest that research on asthma and COVID-19 should consider age stratification as a fundamental
element in study design. Moreover, our findings underscore the importance of tailoring COVID-19 risk assessment in asthma
patients based on their age group, rather than across all patients uniformly. Healthcare practitioners and policymakers should
consider these age-specific risk factors to develop more precise strategies for managing and supporting asthma patients.
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