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Abstract

Background: Severe asthma increases the risk of severe COVID-19 outcomes such as
hospitalization and death. However, more studies are needed to understand the association
between asthma and severe COVID-19.

Methods: A cohort of 150,430 adult asthma patients were identified in the Swedish National
Airway Register (SNAR] from 2013 to December 2020. Data on body mass index, smoking
habits, lung function, and asthma control test (ACT) were obtained from SNAR, and
uncontrolled asthma was defined as ACT <19. Patients with severe COVID-19 were identified
following hospitalization or in death certificates based on ICD-10 codes U07.1 and U07.2. The
Swedish Prescribed Drug register was used to identify comorbidities and data from Statistics

Sweden for educational level. Multivariate logistic regression analyses were used to estimate

associations with severe COVID-19.

Results: Severe COVID-19 was identified in 1067 patients (0.7%]). Older age (OR = 1.04,

95% Cl = 1.03-1.04), male sex (1.42, 1.25-1.61), overweight (1.56, 1.27-1.91), obesity (2.12,
1.73-2.60), high-dose inhaled corticosteroids in combination with long-acting B-agonists
(1.40, 1.22-1.60), dispensed oral corticosteroids =2 (1.48, 1.25-1.75), uncontrolled asthma
(1.64, 1.35-2.00), cardiovascular disease (1.20, 1.03-1.40), depression (1.47, 1.28-1.68), and
diabetes (1.52, 1.29-1.78) were associated with severe COVID-19, while current smoking was

inversely associated (0.63, 0.47-0.85). When comparing patients who died from COVID-19 with
those discharged alive from hospital until 31 December 2020, older age, male sex, and current

smoking were associated with COVID-19 death.

Conclusion: Patients with uncontrolled asthma and high disease burden, including increased
asthma medication intensity, should be identified as risk patients for severe COVID-19.
Furthermore, current smoking is strongly associated with COVID-19 death in asthma.
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Background

At an early stage in the coronavirus disease-19
(COVID-19) pandemic, several diseases includ-
ing diabetes, hypertension, and cardiovascular
disease were identified as risk factors of worse
COVID-19 outcome.!2 Although a few studies

have reported a prevalence of asthma up to 14%
in hospitalized COVID-19 patients and asthma as
risk factor for hospitalization,?* there is growing
evidence that asthma does not increase the risk of
acquiring COVID-19.5 In Sweden, the frequency
of severe COVID-19 in asthma has been

Ther Adv Respir Dis
2022, Vol. 16: 1-12

DOI: 10.1177/
17534666221091183

© The Authorl(s), 2022.

Article reuse guidelines:
sagepub.com/journals-
permissions

Correspondence to:
Johanna Karlsson
Sundbaum

Department of Health,
Education and Technology,
Luled University of
Technology, 97187 Luled,
Sweden.
johanna.sundbaum(@ltu.se

Jon R. Konradsen
Department of Women’s
and Children’s Health,
Karolinska Institutet,
Stockholm, Sweden

Lowie E.G.W. Vanfleteren
COPD Center, Department
of Respiratory Medicine
and Allergology,
Sahlgrenska University
Hospital, Gothenburg,
Sweden

Department of Internal
Medicine and Clinical
Nutrition, Institute of
Medicine, Sahlgrenska
Academy, University of
Gothenburg, Gothenburg,
Sweden

Sten Axelsson Fisk
Department of Clinical
Sciences Lund, Obstetrics
and Gynaecology, Lund
University and Ystad
Hospital, Lund, Sweden

Christophe Pedroletti
Department of Women's
and Children’s Health,
Uppsala University,
Uppsala, Sweden

Yvonne Sjoo

The Swedish National
Airway Register,
Gothenburg, Sweden

Jorgen Syk

Department of Women's
and Children’s Health,
Uppsala University,
Uppsala, Sweden

Academic Primary Health
Care Centre, Stockholm,
Sweden

Department of
Neurobiology, Care
Sciences and Society,
Karolinska Institutet,
Stockholm, Sweden

journals.sagepub.com/home/tar

@ @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
@ (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
BY NC

provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://journals.sagepub.com/home/tar
https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
mailto:johanna.sundbaum@ltu.se

Therapeutic Advances in Respiratory Disease 16

Therese Sterner
Department of
Occupational and
Environmental
Dermatology, Skane
University Hospital, Lund
University, Malmg, Sweden

Anne Lindberg

Caroline Stridsman
Department of Public
Health and Clinical
Medicine, Umed
University, Devision of
Medicine/ The OLIN- unit,
Umea3 University, Ume3,
Sweden

Alf Tunsater

Department of Respiratory
Medicine and Allergology,
Skéne University Hospital,
Lund University, Lund,
Sweden

Fredrik Nyberg

School of Public Health
and Community Medicine,
Institute of Medicine,
Sahlgrenska Academy,
University of Gothenburg,
Gothenburg, Sweden

Ann Ekberg-Jansson
COPD Center, Department
of Respiratory Medicine
and Allergology,
Sahlgrenska University
Hospital, Gothenburg,
Sweden

relatively low,° and several meta-analyses show
that patients with asthma are not at risk of severe
COVID-19-related outcomes such as hospitaliza-
tion, intensive care, or mortality.”-® It has even
been speculated that inhaled corticosteroid treat-
ment might have a protective effect against
COVID-19.°

Despite the low risk of patients with asthma of
acquiring the infection,>® studies are indicating
that severe asthma and non-allergic asthma can
increase the risk of severe COVID-19-related
outcomes.1%-12 Yet, there is need for further stud-
ies in larger asthma cohorts on factors associated
with severe COVID-19 in asthma. These factors
could be important when identifying patients at
risk of COVID-19 and developing guidelines in
asthma-related COVID-19 care. The current
study is based on a large and well-characterized
cohort of patients with physician-diagnosed
asthma within the Swedish National Airway
Register (SNAR).%13:14 In this cohort, patients
hospitalized or who died from COVID-19 have
been identified, giving a unique opportunity to
study the burden of asthma and its association
with severe COVID-19.

Methods

Study population

The Swedish National Airway Register. SNAR is a
national quality register launched in 2013 and
includes data on patients from primary and sec-
ondary care with a physician diagnosis of asthma
(children and adults) or chronic obstructive pul-
monary disease (COPD).%13:14 In this study, we
included adult patients (=18years) with asthma
diagnoses (International Classification of Dis-
eases, version 10; ICD-10 J45) identified in
extracted data from SNAR on 1 February 2020.
Patients with COPD diagnosis (ICD-10 J44)
were excluded from the study population.

Severe COVID-19 detected by national regis-
ters. As cases, we identified asthma patients with
severe COVID-19 by linking data extracted from
SNAR with data obtained up to 31 December
2020 from the National Patient Register (NPR),
the Swedish Intensive Care Registry (SIR), and
the Swedish Cause of Death Register (SCDR).1>
Those registers provide data about COVID-19
based on the ICD-10 codes U07.1 (COVID-19
confirmed by laboratory testing) and U07.2

(COVID-19 clinically or epidemiologically diag-
nosed, but laboratory testing is inconclusive or
not available). Severe COVID-19 was defined as
inpatient care identified as primary discharge
diagnosis in NPR or care at the intensive care unit
in SIR, or COVID-19 death registered as an
underlying cause of death in SCDR. The asthma
patients without severe COVID-19 were defined
as controls.

Definitions

Clinical data. Clinical data were obtained from
SNAR including the latest uploaded information
about body mass index (BMI), smoking habits,
Forced Expiratory Volume in 1 s as percent of
predicted value (FEV,%), and Asthma Control
Test (ACT). BMI was used as a continuous vari-
able but also categorized as underweight (BMI
<19), normal weight (BMI 19-25), overweight
(BMI 26-30), and obese (BMI>30). Smoking
was categorized as current smokers, ex-smokers
(including those who quit smoking during the
last 6 months), and non-smokers. The Swedish
reference values by Hedenstrom were used to
calculate FEV,% predicted,!®!7 and if post-val-
ues were missing, pre-values were used. ACT
scores were used as a continuous variable (range,
5-25; poor control to complete control), and
ACT =19 was used to define uncontrolled
asthma.!8

Data on asthma medications. Data on dispensed
asthma medications between 1 January 2019 and
28 February 2020 were retrieved from the Swed-
ish Prescribed Drug Register (SPDR)!4 using
Anatomical Therapeutic Chemical (ATC) codes.
Asthma medication was classified as short-acting
B-agonists (SABA) (R03AC02-03), short-acting
muscarinic antagonists (SAMA) (R03BBO01),
long-acting B-agonists (LABA) (R03ACI12,
13,18,19), long-acting muscarinic antagonists
(LAMA) (R03BB04-07), inhaled corticosteroids
dCS) (R03BA), LABA-ILAMA combinations
(R0O3A1.03-07), LABA-ICS combinations (R03AK),
LABA-LAMA-ICS combinations (RO3AI1.08,09,
11,12),leukotriene antagonists (LTRA) (RO3DCO03),
acetylcysteine (RO5CBO01), and oral corticoste-
roids (OCS) (H02AB01,02,06). OCS were classi-
fied into =1 and =2 dispensations. Based on the
different ATC codes, and a 4-month dispensed
coverage of single or combination medication,
dispensed inhaled medications were further divided
into groups: (1) SABA and/or SAMA only, (2) ICS
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only, (3) LABA-ICS, (4) LABA-LAMA-ICS, and
(5) other inhaled medication, that is, LABA only,
LAMA only, or LABA-LAMA. Dispensed high-
dose ICS were defined according to the Global
Initiative for Asthma (GINA) guidelines.>

Data on level of education, asthma healthcare
utilization, and comorbidities. Data on level of
education were obtained from Statistics Swe-
denl!® and classified into primary school (usually
9 years), secondary school (usually 12 years), and
tertiary education (longer than 12years). Prior
inpatient or secondary care due to asthma was
identified from the NPR, defined as patients who
had been hospitalized or had a secondary care
visit in 2019 with a primary ICD-10 code for
asthma (J45 or J46). Medication-treated comor-
bidities were identified through the SPDR with
ATC codes for dispensed medication between 1
January 2019 and 28 February 2020 and classi-
fied into cardiovascular disease (C01-03, CO08,
C09), depression (N06), diabetes (A10A, A10B),
and rhinitis (RO1A).

Statistical analyses

Data analyses were conducted using SAS 9.4 for
Windows (SAS Institute Inc, Cary, NC, USA).
Baseline data of cases and controls were expressed
as means, standard deviations (SD), and percent-
age of relative frequencies. For comparative anal-
yses between the cases and controls, z-tests were
used for continuous data and Chi-square tests for
categorical data. All p-values <0.05 were consid-
ered statistically significant. Odds ratios (OR)
and 95% confidence intervals (CI) were gener-
ated using multivariable logistic models, with
severe COVID-19 as a dependent variable.
Independent variables were age, sex, level of edu-
cation, BMI, smoking habits, FEV,% predicted,
ACT scores <19, asthma medication (high-dose
ICS in combination with LABA and OCS), prior
asthma inpatient/secondary care, and concomi-
tant comorbidities (cardiovascular disease,
depression, diabetes, and rhinitis). Missing
values were handled in two ways: missing as a
separate category (Model 1) and a complete case
analysis (Model 2).20 We further explored factors
associated with COVID-19-related death by
comparing patients dying from COVID-19 with
those discharged from hospital alive. This analy-
sis was conducted with COVID-19 death as the
dependent variable and the same covariates as
described above.

Ethics

The study complies with the Declaration of
Helsinki and was approved by the Swedish Ethical
Review Authority (2020-02777).

Results

Up to 31 December 2020, 150,430 living adult
asthma patients in SNAR were identified, of
whom 1067 (0.7%) fulfilled the definition of
severe COVID-19. In total, 875 patients were
identified following hospitalization due to
COVID-19 (=777 NPR and »=98 NPR and
SIR) and an additional 192 patients were identi-
fied in death certificates (SCDR) (Figure 1). A
majority of cases, 1059 (99%), were confirmed by
laboratory testing (ICD-10 U07.1).

Basic characteristics of cases with severe
COVID-19 and controls

Older age (mean 65.5 years wersus 50.6 years,
$»<<0.001), male sex (42.5% wersus 39.0%,
p»=0.021), higher BMI (mean 30.9 versus 27.8,
$<0.001), lower FEV,% predicted (mean
79.0% wversus 85.4%, p<0.001), and lower ACT
scores (mean 18.2 versus 19.9, p < 0.001) were
more common among cases than controls. The
proportion of patients with primary education
was higher among cases (54.3% wversus 40.1%,
$»<<0.001), while a lower proportion of cases
were current smokers (4.5% wersus 10.1%,
$»<<0.001) (Table 1).

Dispensed ICS-LABA (50.2% wersus 37.2%,
$»<<0.001), ICS-LABA-LAMA (5.3% wversus
2.4%, p<<0.001), and high-dose ICS in combi-
nation with LABA (32.7% wersus 19.4%,
p»<0.001) were more common in cases than
controls, while no asthma medication at all,
SABA or SAMA only, and the use of ICS only
were more common among controls. In addi-
tion, cases were more often dispensed LTRA
(17.7% wersus 10.9%, p<0.001) and OCS
(30.8% wversus 20.2%, p<<0.001), and prior
asthma inpatient or secondary care in 2019
were also more common in cases (8.6% versus
4.5%, p<0.001). Medications for comorbidi-
ties were more common in cases than controls:
cardiovascular disease (59.9% wversus 30.4%,
p»<<0.001), depression (29.1% wersus 19.1%,
p»<<0.001), diabetes (20.4% wersus 7.5%,
$<<0.001), and rhinitis (25.2% versus 22.3%,
p»=0.022) (Table 2).
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The Swedish National Airway Register (SNAR)
Physician diagnosis of asthma
2013 - January 2020
n=150 430 (patients alive)

COVID-19 pandemic (until 31 December 2020)

e

COVID-19 COVID-19
Inpatient care Death certificates
n=875 n=192

Without severe COVID-19
n=149 363

Figure 1. Flow chart of the study population.

Associations with severe COVID-19

A multivariable logistic regression model with
missing values as a separate category showed that
overweight (OR = 1.56, 95% CI = 1.27-1.91),
obesity (OR = 2.12, 95% CI = 1.73-2.60),
uncontrolled asthma (OR = 1.64, 95%
CI = 1.35-2.00), high-dose ICS in combination
with LABA (OR = 1.40, 95% CI = 1.22-1.60),
OCS =2 (OR = 1.48, 95% CI = 1.25-1.75),
prior asthma inpatient or secondary care
(OR = 1.42, 95% CI = 1.13-1.79), cardiovas-
cular disease (OR = 1.20,95% CI = 1.03-1.40),
depression (OR = 1.47, 95% CI = 1.28-1.69),
and diabetes (OR = 1.52, 95% CI = 1.29-1.78)
were associated with severe COVID-19, also
when adjusted for older age and male sex. Current
smoking was inversely associated with severe
COVID-19 (OR = 0.63, 95% CI = 0.47-0.84)
(Table 3, Model 1). The results were similar in a
complete case analysis, although concomitant
cardiovascular disease was not significant (Table
3, Model 2).

Associations with COVID-19 death

In a multivariable logistic regression model, com-
paring those who died from COVID-19 (n=192)
with those discharged alive from hospital
(n=875),olderage (OR = 1.12,95% CI = 1.09—
1.13), male sex (OR = 1.89 95% CI = 1.24-
2.78), and current smoking (OR = 5.35 95%
CI = 2.29-12.48) were  associated  with

=

Severe COVID-19
n=1067

COVID-19 death when adjusted for covariates
(Figure 2).

Discussion

In this large register-based Swedish asthma
cohort, asthma-related factors such as uncon-
trolled asthma increased asthma medication
intensity, and prior asthma healthcare utilization
was associated with severe COVID-19. In addi-
tion, known risk factors in the general population
such as male sex, older age, obesity, cardiovascu-
lar disease, and diabetes were associated with
severe COVID-19. Surprisingly, current smoking
was inversely associated with severe COVID-19
but was identified as a predictor for COVID-19
death together with male sex and older age.

While severe COVID-19 was more common
among patients with decreased lung function and
lower level of education, these factors were not
associated with severe COVID-19 in the adjusted
models. However, it has been reported that
patients with uncontrolled asthma have an
increased risk of more severe viral exacerbations.?!
In the light of our results, it is now evident that
uncontrolled asthma, defined as an ACT score of
<19, and a high disease burden are associated
with severe COVID-19. We used dispensed
asthma medication, prior asthma inpatient or sec-
ondary care, and the use of OCS to determine a
high disease burden. Our result is consistent with
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Table 1. Basic characteristics of asthma patients with and without severe COVID-19.

Severe COVID-19  Without severe COVID-19  P-value
n = 1067 n = 149,363
Age, mean (SD) 65.5(16.8) 50.6 (19.2) < 0.001
Men, n (%) 453 (42.5) 58,225 (39.0) 0.021
Level of education
Primary, n (%) 563 (54.3) 58,955 (40.1)
Secondary, n (%) 145 (14.0) 31,736 (21.6)
Tertiary, n (%) 329 (31.7) 56,261 (38.3) < 0.001
Missing data: level of education, n (%] 30(0.0) 2411 (1.6)
Body mass index (BMI)
BMI, mean (SD) 30.9 (12.6) 27.8 (11.6) < 0.001
BMI <19, n (%) 8(0.8) 3057 (2.01)
BMI 19-25, n (%) 139 (13.0) 37,187 (24.9)
BMI 26-30, n (%) 304 (28.5) 36,483 (24.4)
BMI>30, n (%) 377 (35.3) 29,630 (19.8) < 0.001
Missing data: BMI, n (%) 239 (22.4) 43,006 (28.8)
Smoking habits
Non-smoker, n (%) 572 (69.3) 78,619 (69.4)
Ex-smoker, n (%) 217 (26.3) 23,159 (20.5)
Current smoker, n (%) 37 (4.5) 11,462 (10.1) < 0.001
Missing data: Smoking habits, n (%) 241 (22.6) 36,123 (24.2)
Lung function
FEV,% of predicted, mean (SD) 79.0 (16.9) 85.4(15.7) <0.001
FEV, <80% of predicted, n (%) 234 (21.9) 24,153 (16.2) < 0.001
Missing data: FEV,% of predicted, n (%) 593 (55.6) 75,688 (50.7)
Asthma control test (ACT)
ACT, mean (SD) 18.2 (5.2) 19.9 (4.6) < 0.001
Uncontrolled asthma, ACT <19, n (%) 192 (47.1) 19,633 (30.7) < 0.001
Missing data: ACT scores, n (%) 659 (61.8) 85,332 (57.1)

ACT, asthma control test; BMI, body mass index; FEV,, forced expiratory volume in 1 s.
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Table 2. Asthma medication, comorbidities, and asthma healthcare utilization in patients with and without

severe COVID-19.

Severe COVID-19  Without severe COVID-19  P-value
n = 1067 n = 149,363
Asthma medication
No treatment, (%) 167 (15.7) 37,028 (24.8) < 0.001
Only SABA or SAMA, n (%) 54 (5.1) 10,446 (7.0) 0.013
ICS, n (%) 228 (21.4) 40,185 (26.9) < 0.001
ICS-LABA, n (%) 536 (50.2) 55,591 (37.2) < 0.001
ICS-LABA-LAMA, n (%) 57 (5.3) 3529 (2.4) < 0.001
Other combinations of inhaled medicationa 25 (0.0) 2584 (0.0) NS
LTRA, n (%) 185 (17.3) 16,319 (10.9) < 0.001
N-acetylcysteine, n (%) 231 (21.7) 13,996 (9.4) < 0.001
High dose of inhaled corticosteroids (ICS)
ICS in combination with LABA, n (%) 349 (32.7) 28,898 (19.4) < 0.001
ICS with or without LABA, n (%) 430 (40.3) 41,576 (27.8) < 0.001
Oral corticosteroids (0CS)
0CS = 1, n (%] 329 (30.8) 30,184 (20.2) < 0.001
0CS = 2. 1 (%) 204 (19.1) 13,367 (9.0) < 0.001
,[Ao}c,;hma inpatient/secondary care in 2019, n 92 (8.6) 7433 (4.5) < 0.001
o
Medication for comorbidities
Cardiovascular disease, n (%) 639 (59.9] 45,415 (30.4) < 0.001
Depression, n (%) 310(29.1) 28,526 (19.1) < 0.001
Diabetes, n (%) 218 (20.4) 11,243 (7.5) < 0.001
Rhinitis, n (%) 269 (25.2) 33,264 (22.3) 0.022

ICS, inhaled corticosteroids; LABA, long-acting beta-agonists; LAMA, long-acting muscarinic antagonists; LTRA,
leukotriene receptor antagonists; NS, non-significant; OCS, oral corticosteroids; SABA, short-acting beta-agonists; SAMA,

short-acting muscarinic antagonists.
al ABA only, or LAMA only, or LABA-LAMA, respectively.

previously reported associations between COVID-
19 and a severe asthma.l%11:22-2¢ Zein ¢t alll
showed that severe asthma, based on GINA treat-
ment steps 3 and 4, influenced the association
with COVID-19-related outcomes such as hospi-
talization and admission to the intensive care unit
(ICU). Also reported from the United States is an

increased risk of severe COVID-19-related out-
comes in asthma patients who required clinical
asthma care during the last year before the
COVID-19 diagnosis.?? In a study from the
United Kingdom, an increased risk of COVID-19
related hospital death in asthma patients who
recently had been prescribed OCS was observed,?3
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Table 3. Multivariable logistic models: independent predictors of severe COVID-19 in asthma..

OR (95% CI)

Model 1

Model 2

Older age?

Male sex

Level of education
Primary education
Secondary education

Tertiary education

Missing data: Level of education

Body mass index (BMI)
Underweight
Normal weight
Overweight
Obesity
Missing data: BMI

Smoking habits
Non-smoker
Current smoker
Ex-smoker
Missing data: Smoking habits

Lung function

FEV,% of predicted <80

Missing data: FEV,% of predicted

Asthma Control Test
Uncontrolled asthma
Missing data: ACT scores

Asthma medication

High dose ICS in combination with LABA

0CS =1
0CS =2

Asthma inpatient/secondary care in 2019

Medication for comorbidities
Cardiovascular disease
Depression
Diabetes

Rhinitis

1.04 (1.03-1.04)
1.42 (1.25-1.61)

1.10 (0.95-1.26)
0.96 (0.79-1.17)
Reference

2.02(1.38-2.96)

1.01 (0.49-2.06)
Reference

1.56 (1.27-1.91)
2.12(1.73-2.60)
1.33 (1.04-1.70)

Reference

0.63 (0.47-0.85)
0.89 (0.75-1.05)
1.13 (0.94-1.36)

1.13(0.93-1.35)
1.23 (1.02-1.48)

1.64 (1.35-2.00)
1.29 (1.07-1.56)

1.40 (1.22-1.60)
0.99 (0.82-1.20)
1.48 (1.25-1.75)
1.42 (1.13-1.79)

1.20 (1.03-1.40)
1.47 (1.28-1.69)
1.52(1.29-1.78)
1.09 (0.94-1.26)

1.03 (1.02-1.04)
1.60 (1.28-2.01)

1.00(0.78-1.29)
0.88 (0.62-1.25)

Reference

NA
Reference
2.35(1.66-3.33)
2.92 (2.04-4.17)

Reference
0.52 (0.30-0.93)
0.94 (0.73-1.19)

1.04 (0.83-1.31)

1.62(1.29-2.03)

1.44 (1.14-1.82)
1.02 (0.73-1.43)
1.73 (1.30-2.31)
1.53 (1.05-2.22)

1.27 (0.97-1.67)
1.40 (1.08-1.80)
1.40 (1.04-1.90)
0.93 (0.72-1.20)

ACT, asthma control test; BMI, body mass index; Cl, confidence intervals; FEV,, forced expiratory volume in 1 s; ICS,
inhaled corticosteroids; LABA, long-acting beta-agonists; NA, not applicable due to few cases; OCS, oral corticosteroids;
OR, odds ratios.

In Model 1, missing was handled in separate categories (n=150,430), while Model 2 was conducted as a complete case
analysis (n=52,135).

aEntered as a continuous variable.
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Figure 2. Multivariable Logistic
Model: Independent associations
with COVID-19 death when
comparing patients who died
from COVID-19 (n=192) with
those discharged alive from
hospital (n=875) until 31
December 2020.

Olderage ¢

Results presented as Odds Ratios

(OR) with 95% Confidence

Intervals (CI).

Level of education, body mass Male sex
index, lung function, asthma

control, asthma medication, prior

asthma care and comorbidities

did not yield significant

associations and were not

included in the figure. Current

smoker

Age was entered as a continuous
variable.

Figure 2. Multivariable logistic model.

and worse COVID-19 outcome (death, ICU care,
or need for ventilation) in patients with severe
asthma was found in Italy.24 All these factors are
relevant aspects to consider when identifying
patients at risk of severe COVID-19.

During the pandemic, the GINA guidance has
recommended that patients should maintain their
controller medication, both ICS alone and ICS in
combination with LABA. If necessary, OCS
should also be prescribed to achieve good asthma
control.> The issue whether ICS can modify the
risk of severe COVID-19 in asthma patients has
been of major concern ever since the first wave of
the pandemic,’ and an association with ICS use
and increased risk of upper respiratory infections
has been previously reported.?> Yet, early pan-
demic reports indicated a low prevalence of
asthma among severely affected COVID-19
patients, arising the question whether ICS indeed
could have a protective effect. However, over
time, several studies have reported a lack of asso-
ciation between ICS use and the risk of severe
COVID-19-related outcomes.?%27 Similar to our
study, others have shown an increased risk of
death in asthma patients on high-dose ICS com-
pared with SABA only.2®8 Importantly, these
results might reflect patients with severe asthma

OR with 95% CI

01234567891011121314

OR 1.12, 95% CI 1.09-1.13

e—  OR1.89,95% CI 1.24-2.78

OR 5.35, 95% CI 2.29-12.49

in need of higher doses of ICS and need for
increased asthma medication intensity, rather
than an ICS-mediated effect.

In the general population as well in asthma
patients, obesity is a known risk factor for severe
COVID-19.%2° In our study, it was clear that
overweight patients with asthma had an increased
risk of contracting severe COVID-19. Importantly,
BMI is a factor that affects the level of asthma
control,3? and several possible mechanisms link a
higher BMI to uncontrolled asthma. First, it may
be due to systemic inflammation in obese, the
overweight influencing lung mechanics and meta-
bolic factors.3! Second, it has been reported that
obese patients with asthma are less responsive to
corticosteroid therapy and are exposed to a more
disease-related severe outcome.32 Higher BMI in
asthma is often linked to the non-allergic pheno-
type,32 and studies from the UK biobank and
South Korea have investigated asthma pheno-
types and COVID-19 outcomes.!?33 In both
studies, patients with non-allergic asthma had
worse clinical outcomes, whereas there was no
association between severe COVID-19 and aller-
gic asthma. This supports the lack of association
between dispensed medication for rhinitis and
severe COVID-19 in our study. However, there is
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still limited research about different asthma phe-
notypes and COVID-19, which needs to be fur-
ther studied.

Smoking is a well-known risk factor of respiratory
complications, and meta-analyses have shown
that current smokers have an increased risk of
worse COVID-19 prognosis than never smok-
ers.>* On the contrary, in a large Swedish popula-
tion—based study, no association was found
between current smoking and COVID-19 hospi-
talization or death.3> Surprisingly in our study,
current smoking was an inverse predictor of severe
COVID-19, and the same trend has been shown
in a cohort of patients with COPD.3¢ We can
speculate that our results could be related to pro-
tective strategies, that is, current smokers with
asthma might have followed basic infection-con-
trol measures such as social distancing, especially
during the first months of the pandemic, thereby
reducing the risk of the infection. However, in our
analysis of fatal outcomes, current smoking was a
strong predictor for death, also shown by others.3”
This highlights the importance of smoking cessa-
tion support among current smokers with asthma.

In our study, we identified cardiovascular disease
and diabetes as comorbidities associated with
severe COVID-19. These are the same risk factors
of severe COVID-19 previously reported in the
general population!2 and in asthma patients.2%38
An interesting finding was the association between
depression and severe COVID-19, which might
be related to the close relationship between
depression and poor asthma control.3%40

Strengths and limitations

A major strength of our study is the large data-
base of SNAR with well-characterized physician-
diagnosed asthma patients and that patients with
a concomitant COPD diagnosis were excluded.
Furthermore, the possibility to link SNAR with
other national registers allows studying severe
COVID-19 among asthma patients in Sweden.
In a registry study, we can reduce the risk of col-
lider bias compared with hospital-based observa-
tional studies on COVID-19.41 An important
limitation, in relation to the use of register-based
studies with clinical data from healthcare, is the
variable amount of missing data. The associa-
tions between severe COVID-19 and missing
data on BMI, lung function, and ACT scores
indicate selection bias. A further limitation was

lack of data on pack-years, since others have
shown a dose-response association between
pack-years and adverse COVID-19 outcomes.*?
To handle missing data, we conducted different
multivariable models to validate our result.
Furthermore, data on asthma medication are
based on dispensed medications from Swedish
Prescribed Drug Register, which have some limi-
tations: (1) Patients with severe asthma cannot
be identified when linking data. Thus, we used
the term ‘a high symptom burden’ as a proxy for
severe or difficult-to-treat asthma. (2) We also
lack data on adherence, and therefore the ICS
dose can be wunder- or overestimated. (3)
Dispensed OCS and dispensed medication for
rhinitis could be related to other conditions than
asthma exacerbations or allergic rhinitis. (4)
Data do not cover all comorbidities and therapies
that could affect the risk of COVID-19.

Conclusion

Apart from known risk factors in the general pop-
ulation such as older age, male sex, obesity, car-
diovascular disease, and diabetes, we identified
uncontrolled asthma and a high disease burden
including increased asthma medication intensity
to be associated with severe COVID-19. Current
smoking was an inverse predictor for severe
COVID-19, but an analysis on fatal outcomes
showed that current smoking was associated with
COVID-19 death. Our results highlight the
importance of identifying and optimizing treat-
ment for patients with uncontrolled asthma.
Equally important, for the asthma patient in gen-
eral, is to maintain good symptom control and
thereby reduce the risk of severe COVID-19.
Furthermore, smoking cession support is essential
also in relation to the risk of COVID-19 death.
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