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ABSTRACT

Objective: Asthma control is of importance when assessing the risk of severe outcomes of COVID-19. The aim of
this study was to explore associations of clinical characteristics and the effect of multiple manifestations of
uncontrolled asthma with severe COVID-19.

Methods: In 2014-2020, adult patients with uncontrolled asthma, defined as Asthma Control Test (ACT) <19
were identified in the Swedish National Airway Register (SNAR) (n = 24533). The SNAR database, including
clinical data, was linked with national registers to identify patients with severe COVID-19 (n = 221). The effect of
multiple manifestations of uncontrolled asthma was based on: 1) ACT <15, 2) frequent exacerbations and 3)
previous asthma inpatient/secondary care and evaluated stepwise. Poisson regression analyses were conducted
with severe COVID-19 as the dependent variable.

Results: In this cohort with uncontrolled asthma, obesity was the strongest independent risk factor for severe
COVID-19 in both sexes, but even greater in men. Multiple manifestations of uncontrolled asthma were more
common among those with severe COVID-19 vs. without: one, 45.7 vs. 42.3%, two, 18.1 vs. 9.1% and three, 5.0
vs. 2.1%. The risk ratio (RR) of severe COVID-19 increased with an increasing number of manifestations of
uncontrolled asthma: one, RR 1.49 (95% CI 1.09-2.02), two, RR 2.42 (95% CI 1.64-3.57) and three, RR 2.96
(95% CI 1.57-5.60), when adjusted for sex, age, and BMI.

Conclusions: It is important to consider the effect of multiple manifestations of uncontrolled asthma and obesity
when assessing patients with COVID-19, as this increases the risk of severe outcomes substantially.

1. Introduction

more severe and uncontrolled asthma had an increased risk for
COVID-19 related hospitalization and death [3,9-13].

During the coronavirus disease 2019 (COVID-19) pandemic, several
underlying medical conditions particularly obesity, diabetes and car-
diovascular disease were frequently associated with COVID-19 severity
[1-3]. Initially, patients with asthma were also presumed to have a
higher risk of severe outcomes, as the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) results in respiratory manifestations [4].
However, there have been conflicting results on whether asthma is a risk
factor for severe COVID-19, which is likely dependent on the complex
interplay in asthma between numerous factors involved, such as asthma
control and severity, phenotype, medication and other comorbidities
[5-8]. In recent times, it has become evident that mainly patients with a

Achieving asthma control, is an important and in most cases realistic
treatment goal [13-15]. Nevertheless, uncontrolled asthma occurs in all
treatment steps, although more common in severe asthma and it affects
20-60% of the patients [14,16,17]. The prevalence of severe asthma is
about 4-6% [18,19]. The concepts of severe and uncontrolled asthma
can be difficult to differentiate as the definition of asthma severity is
based on the level of treatment needed to obtain asthma control [20].
Manifestations of uncontrolled asthma generally include poor symptom
control and risk of adverse outcomes, such as exacerbations, sometimes
low lung function is also included in the concept [13,14]. To asses
asthma control there are several instruments that can be used in the
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clinic as well as in research, such as the Asthma Control Test (ACT),
among others [13,21,22]. When using these instruments, uncontrolled
asthma have been shown to associate with female sex, older age,
smoking, non-allergic asthma, obesity, depression, and low socioeco-
nomic status [14,16,23-26].

A previous study from the Swedish National Airway Register (SNAR)
found that uncontrolled asthma, assessed with ACT, was a strong pre-
dictor of severe COVID-19 [11]. Nevertheless, it is still not known which
dimensions of uncontrolled asthma that is associated with severe
COVID-19. Thus, the aim of this study was to explore associations of
clinical characteristics and the effect of multiple manifestations of un-
controlled asthma with severe COVID-19. Our hypothesis is that
different manifestations of uncontrolled asthma such as very poorly
controlled asthma, exacerbations and low lung function are associated
with severe COVID-19, either separately or combined.

2. Materials and methods
2.1. Study design

This is a retrospective cohort study with data from the Swedish Na-
tional Airway Register (SNAR) which is a national quality register that
includes patients in primary and secondary care with a physician-
diagnosed asthma (International Classification of Diseases, version 10;
ICD-10 J45) or chronic obstructive pulmonary disease (COPD) (ICD-10
J44) [27]. In order to obtain information on severe COVID-19 and other
variables of interest, the SNAR database has been linked with registers
from the National Board of Health and Welfare including the National
Patient Register (NPR), National Cause of Death Register (NCDR) and
National Prescribed Drug Register (NPDR), and also with Statistics
Sweden’s (SCB) registers [28,29]. The study complies with the Decla-
ration of Helsinki and was approved by the Swedish Ethical Review
Authority (2020-02777).

2.2. Participants

Patients >18 years with an asthma diagnosis (excluding concomitant
COPD diagnosis) who had responded to ACT were identified in SNAR
between January 2, 2014 and February 29, 2020 (n = 65751). Among
these, 37% (n = 24533) had uncontrolled asthma defined as an ACT
score of <19 [30] and they constituted the study sample.

Data collection:

Participants and clinical data;
sex, age, BMI, smoking habits,
Asthma Control Test (ACT), and

lung function

Registers:

Swedish National Airway Register
from 2014 until the beginning of
the COVID-19 pandemic

pandemic

2014-2020

Data collection:
Comorbidities, allergy,
asthma care and

socioeconomics

Registers:

National Patient
Register, National
Prescribed Drug
Register and Statistics
Sweden's register the
year before the
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2.3. Data collection

Included registers, variables and different time-frames of data
collection are visualized in Fig. 1. Clinical data were obtained from
SNAR between January 2, 2014 and no later than February 29, 2020 i.e.
before the COVID-19 pandemic was declared by the World Health Or-
ganization (WHO) on March 11th, 2020 [31]. When participants had
data from several registrations, we used the last observation carried
forward (LOCF) method in order to get the most recent and complete
data. Variables analyzed from SNAR were sex, age, Body Mass Index
(BMI), smoking habits, ACT scores and lung function. BMI was catego-
rized as normal weight (BMI <25.0) overweight (BMI 25.0-29.9) and
obesity (BMI>30.0) [32]. Smoking habits were divided into two cate-
gories; ever smoker (i.e. current smoker and ex-smoker) and
non-smoker. Asthma control was further categorized into very poorly
controlled, ACT <15 [13]. Lung function was assessed through Forced
Expiratory Volume in 1 s as percent of predicted value (FEV1%), and a
Swedish reference value was used [33,34]. If post-bronchodilator values
were missing, pre-values were used and FEV;% of predicted was cate-
gorized as FEV;<80% [14,20].

Data on COVID-19 was obtained through mandatory national reg-
istries; NPR and NCDR up until December 31, 2020, i.e. before the
widespread availability of the COVID-19 vaccines [35]. The diagnoses
were based on the ICD-10 codes U07.1 (COVID-19 confirmed by labo-
ratory testing) and U07.2 (COVID-19 clinically or epidemiologically
diagnosed, but laboratory testing is inconclusive or not available). A
majority of cases, 99% were confirmed by laboratory testing. The defi-
nition of severe COVID-19 was hospitalization (identified as primary
discharge diagnosis in NPR) and/or death due to COVID-19 (registered
as an underlying cause of death in NCDR).

Comorbidities, allergy and asthma medication were classified
through dispensed medication in the NPDR using Anatomical Thera-
peutic Chemical (ATC)-codes between January 1, 2019 and February 29,
2020 (Table 1). Comorbidities were classified into cardiovascular dis-
ease, depression and diabetes. Inhaled asthma medications included in
the analyses were; short-acting p2-agonists (SABA), short-acting
muscarinic antagonists (SAMA), inhaled corticosteroids (ICS), long-
acting P2-agonists (LABA), and long-acting muscarinic antagonists
(LAMA). A 4-months dispensed coverage of single or combination
medication were then used when categorizing inhaled asthma medica-
tion into the following groups: no inhalation treatment, only SABA or

Data collection:
Severe COVID-19

Registers:

National Patient
Register and National
Cause of Death
Register, from the
beginning of the
pandemic until 31
December 2020

Fig. 1. Flow-chart illustrating year of data collection, variables and registers.
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Table 1

Comorbidities, allergy and asthma medication were defined and classified
through dispensed medication in the National Prescribed Drug Register (NPDR)
and Anatomical Therapeutic Chemical (ATC)-codes between January 1, 2019
and February 29, 2020.

ATC-code

Medication for comorbidities

Cardiovascular disease C01-03, C08, C09

Depression NO6

Diabetes A10A, A10B
Medication for allergy RO6AE07, RO6AX
Inhaled medication

Short-acting f-agonists (SABA) RO3AC02-03
Short-acting muscarinic antagonists (SAMA) RO3BBO1
Long-acting p-agonists (LABA) RO3AC12,13,18,19
Long-acting muscarinic antagonists (LAMA) R0O3BB04-07
Inhaled corticosteroids (ICS) RO3BA

ICS/LABA combinations RO3AK

ICS/LABA/LAMA combinations
Other asthma medication

Leukotriene antagonists (LTRA)
Medication for exacerbations
Oral corticosteroids (OCS)

RO3AL08,09,11,12

RO3DCO03

HO02AB01,02,06

SAMA, only ICS, ICS/LABA and ICS/LABA/LAMA. Dispensed moderate
to high dose of inhaled ICS (with or without LABA) were categorized
according to the definition in Global Initiative for Asthma (GINA) [13],
indicating a more severe asthma. Other asthma medications included in
the analyses were leukotriene antagonists (LTRA). Frequent asthma
exacerbations were defined as >2 oral corticosteroids (OCS) dispensed
in 2019. Previous inpatient/secondary care due to asthma were identi-
fied from the NPR, defined as patients who had >1 inpatient or sec-
ondary care visit the year before the pandemic (2019) with a primary
ICD-10 code J45 (asthma) or J46 (status asthmaticus).

Multiple manifestations of uncontrolled asthma were studied as one
to three of: 1) ACT <15; 2) frequent exacerbations; and 3) previous
asthma inpatient/secondary care.

Data on level of education was used as a proxy for socioeconomic
status and retrieved from SCB registers [28,29] and classified into pri-
mary school (<9 years), secondary school [10-12 years) and tertiary
education (>12 years).

2.4. Statistical analysis

All statistical analyses were conducted using IBM SPSS Statistics
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(Version 27). To asses differences between patients with and without
severe COVID-19 independent-sample t-tests and chi-square tests were
used. P-values <0.05 were considered statistically significant. Unad-
justed Poisson regression analyses were conducted with severe COVID-
19 as the dependent variable to estimate risk ratio (RR) and 95% con-
fidence intervals (CI). Thereafter, adjusted Poisson regression models
were constructed with severe COVID-19 as the dependent variable, and
the statistical significant variables from the unadjusted analyses as in-
dependent variables. To increase statistical power in the adjusted
models, missing values were handled as a separate category (BMI and
FEV1% of predicted).

3. Results
3.1. Demographic and clinical characteristics

In this cohort of patients with uncontrolled asthma (n = 24533), 1%
(n = 221) had severe COVID-19 (Fig. 2). Of these were n = 186 iden-
tified as hospitalized due to COVID-19, n = 35 died due to COVID-19
whereof n = 28 at the hospital and n = 7 outside hospital.

Among all participants with uncontrolled asthma women were in the
majority (66%), but there was a higher proportion of men in the group
with severe COVID-19 than in those without severe COVID-19 (42% vs.
34%, p = 0.012) (Fig. 2). Older age, higher BMI, and dispensed medi-
cations for cardiovascular disease, depression, diabetes and allergy were
also associated with severe COVID-19. Ever smoking was not associated
with severe COVID-19 (Table 2).

A lower ACT score, lower lung function (FEV1% of predicted) and a
moderate/high dose of ICS and LTRA were associated with severe
COVID-19, whereas having no dispensed inhaled asthma medication
was more common among patients without severe COVID-19. Frequent
exacerbations and previous asthma inpatient/secondary care were more
common among those with severe COVID-19 (Table 3).

3.2. Clinical characteristics associated with severe COVID-19 in
uncontrolled asthma

Adjusted analysis showed that, male sex, older age, overweight,
obesity, diabetes and allergy were risk factors for severe COVID-19
among patients with uncontrolled asthma (Fig. 3). When stratified for
sex, the analyses revealed that older age, overweight, obesity and allergy
were still significant independent risk factors of severe COVID-19 in
both sexes. Obesity was the strongest risk factor, but even greater among

Patients with uncontrolled
asthma, n= 24533

Men 34%

Patients with uncontrolled
asthma and severe COVID-19,
n=221 (1%)

Men 42%

Fig. 2. The prevalence (%) of severe COVID-19 between men and women by chi-square test, p < 0.012 among patients n = 24533 with uncontrolled asthma

(ACT<19) from the Swedish National Airway Register.
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Table 2
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Clinical characteristics of patients in the Swedish Nation Airway Register (SNAR) uncontrolled asthma cohort, with and without severe COVID-19, by sex and all.

Severe COVID-19

Without severe COVID-19

n =221 n = 24312
Men Women All Men Women All p-value 1

Age (years), mean (sd) 61.8 (15.4) 64.3 (15.4) 63.3 (15.4) 49.1 (18.7) 51.1(19.2) 50.4 (19.0) <0.001
Level of education

Primary 20 (21.7) 29 (22.5) 49 (22.2) 2028 (24.8) 3282 (20.8) 5310 (22.1)

Secondary 51 (55.4) 48 (37.2) 99 (44.8) 3913 (47.9) 6736 (42.6) 10649 (44.4)

Tertiary 21 (22.8) 52 (40.3) 73 (33.0) 2223 (27.2) 5794 (36.6) 8017 (33.4) 0.991
Body Mass Index (BMI)

BMI, mean (sd) 31.3 (5.6) 34.1 (25.9) 32.9 (20.1) 28.5(14.0) 28.6 (14.3) 28.6 (14.2) <0.001

Normal BMI <25 7 (7.8) 18 (14.3) 25 (11.6) 2359 (29.8) 5460 (35.5) 7819 (33.6)

Overweight, BMI 25-29.9 35 (38.9) 40 (31.7) 75 (34.7) 3111 (39.3) 4701 (30.6) 7812 (33.6)

Obesity, BMI >30 48 (53.3) 68 (54.0) 116 (53.7) 2452 (31.0) 5199 (33.8) 7651 (32.9) <0.001
Smoking habits

Ever smoker 39 (43.3) 34 (27.2) 73 (34.0) 3023 (38.2) 5391 (35.2) 8414 (36.2) 0.267
Comorbidities

Cardiovascular disease 58 (63.0) 71 (55.0) 129 (58.4) 2610 (31.5) 5155 (32.2) 7765 (31.9) <0.001

Depression 17 (18.5) 46 (35.7) 63 (28.5) 1239 (14.9) 4054 (25.3) 5293 (21.8) 0.010

Diabetes 19 (20.7) 31 (24.0) 50 (22.6) 752 (9.1) 1228 (7.7) 1980 (8.1) <0.001
Allergy 43 (46.7) 62 (48.1) 105 (47.5) 2642 (31.9) 6202 (38.7) 8844 (36.4) <0.001

Notes: The numbers presented are n (%) unless otherwise specified.). ! P-value comparing patients with and without severe COVID-19. Bold font indicate p < 0.05.
Missing data n (%): level of education 336 (1.4), BMI 1035 (4.2), smoking habits 1100 (4.5).

Table 3
Asthma specific characteristics of patients in the Swedish Nation Airway Register (SNAR) uncontrolled asthma cohort, with and without severe COVID-19, by sex and
all.
Severe COVID-19 Without severe COVID-19
n =221 n = 24312
Men Women All Men Women All p- value!
Asthma Control Test (ACT)
ACT, mean (sd) 14.1 (3.8) 14.3 (3.5) 14.2 (3.6) 15.5 (3.3) 15.1 (3.4) 15.2 (3.4) <0.001
ACT <15 47 (51.1) 73 (56.6) 120 (54.3) 3418 (41.2) 7489 (46.8) 10907 (44.9) 0.005
Lung function
FEV;%, mean (sd) 74.5 (18.9) 78.5 (18.9) 76.8 (19.9) 83.7 (17.3) 82.9 (15.8) 83.1 (16.3) <0.001
FEV; <80% 41 (55.4) 55 (52.9) 96 (53.9) 2581 (37.5) 5155 (38.8) 82 (46.1) <0.001
Asthma medication dispensed in 2019
No inhaled medication 7 (7.6) 6 (4.7) 13 (5.9) 1066 (12.9) 1944 (12.1) 3010 (12.4) 0.002
Only SABA or SAMA 7 (7.6) 6 (4.7) 13(5.9) 512 (6.2) 995 (6.2) 1507 (6.2) 0.495
Only ICS 7 (7.6) 21 (16.3) 28 (12.7) 1946 (23.5) 3933 (24.6) 5879 (24.2) <0.001
ICS/LABA 54 (58.7) 81 (62.8) 135 (61.1) 4017 (48.4) 7813 (48.8) 11830 (48.7) <0.001
ICS/LABA/LAMA 12 (13.0) 14 (10.9) 26 (11.8) 572 (6.9) 937 (5.9) 1509 (6.2) 0.001
Moderate/high dose of 1CS? 50 (54.3) 59 (45.7) 109 (49.3) 3246 (39.1) 6024 (37.6) 9270 (38.1) <0.001
LTRA 31 (33.7) 39 (30.2) 70 (31.7) 1587 (19.1) 3236 (20.2) 4823 (19.8) <0.001
Frequent exacerbations 32 (34.8) 32 (24.8) 64 (29.0) 964 (11.6) 2329 (14.5) 3293 (13.5) <0.001
Asthma inpatient/secondary care in 2019 14 (15.2) 18 (14.0) 32 (14.5) 711 (8.6) 1315 (8.2) 2026 (8.3) <0.001

Notes: The numbers presented are n (%) unless otherwise specified. ! P-value comparing patients with and without severe COVID-19. Bold font indicate p < 0.05.
Forced Expiratory Volyme in 1 s (FEV;) % of predicted, short-acting beta-agonists (SABA), short-acting muscarinic antagonists (SAMA), ICS=Inhaled corticosteroids
(ICS), long-acting beta-agonists (LABA), long-acting muscarinic antagonists (LAMA), leukotriene receptor antagonists (LTRA), 2with or without LABA. Missing data n

(%): FEV1% of predicted 4169 (17.0).

men (RR 4.09, CI 95% 1.82-9.18). Diabetes was a significant risk factor
in women only (Fig. 4).

3.3. Multiple manifestations of uncontrolled asthma associated with
severe COVID-19

Frequent exacerbations and previous asthma inpatient/secondary
care were risk factors for severe COVID-19, but not ACT <15, when
adjusted for sex, age and BMI (Fig. 5). When comparing patients with
and without severe COVID-19: 45.7 vs. 42.3% had one manifestation of
uncontrolled asthma, 18.1 vs. 9.1% had two, and 5.0 vs. 2.1% had all
three manifestations (all p < 0.001). Adjusted analyses showed that the
risk of severe COVID-19 increased with an increasing number of mul-
tiple manifestations of uncontrolled asthma: one, RR 1.49 (95% CI
1.09-2.02), two, RR 2.42 (95% CI 1.64-3.57) and three, RR 2.96 (95%
CI 1.57-5.60), also adjusted for sex, age, and BMI (Fig. 6). A lower lung

function (FEV; <80% of predicted) was not a significant risk factor
when included in the model and the effect on the RR’s was negligible
(data not shown).

4. Discussion

In this registered-based study including over 20 000 patients with
uncontrolled asthma defined as ACT<19, several different manifesta-
tions of poor asthma control were associated with severe COVID-19. It
was clear that an even poorer asthma control (ACT <15) as well as
frequent exacerbations and previous asthma inpatient/secondary care
was associated with severe COVID-19. However, in the adjusted analysis
only frequent exacerbations and previous asthma inpatient/secondary
care persisted as risk factors of severe COVID-19. There is a effect of
multiple manifestations of uncontrolled asthma as it increases the risk of
severe COVID-19 up to three times. In addition, already known risk
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i
Age ':' 1.03 (1.02-1.04)
Overweight b . . 2.10 (1.33-3.31)
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i

!

Moderate/high dose ICS 4—.—:

1.10 (0.84-1.44)

Inhaled corticosteroids (ICS), bold font indicate p<0.05.

Fig. 3. Risk factor analysis of clinical characteristics for severe COVID-19 among patients with uncontrolled asthma by adjusted Poisson regression, with results
presented as risk ratios (RR) with 95% confidence intervals (CI).

a) Women b) Men
RR with 95%C RR with 95% CI
o 1 2 3 4 5 6 7 & 9 10 0 1 2 3 4 5 6 7 8 98 10
——— . .
i :
Age » 1.04 (1.02-1.05) Age . 1.02(1.01-1.08)
: i
Overweight e 1.81(1.02-3.13) Overweight i - 2.68 (1.19-6.06)
Obesity : . 2.39 (1.39-4.08) Obesity b - 4.09 (1.82-9.18)
Cardiovascular disease 0.89 (0.58-1.36) Cardiovascular disease i—e- 1.53 (0.91-2.59)
% 1
Depression o 1.39 (0.97-2.00) Depression — 1.06 (0.62-1.80)
: !
i ;
| !
Diabetes [ 2.08(1.34-3.21) Diabetes  —io— 1.16 (0.68-1.99)
! ]
i !
‘ ;
| |
Allergy e 1.57 (1.11-2.22) Allergy | 1.99 (1.32-3.00)
f s
Moderate/high dose ICS & 1.08(0.76-1.52) Moderate/high dose ICS HOI 137 (0.90-2.07)

Inhaled corticosteroids (ICS), bold font indicate p<0.05.

Fig. 4. Risk factor analyses of clinical characteristics for severe COVID-19 stratified by sex among patients with uncontrolled asthma by adjusted Poisson regression
models, with results presented as risk ratios (RR) with 95% confidence intervals (CI).

factors sush as older age, male sex, diabetes and obesity were assocatied The concept of uncontrolled asthma generally includes poor symp-
with severe COVID-19, with obesity being the single most important tom control, and/or frequent exacerbations that require OCS treatment
predictor, especially in men. and/or hospitalization [13,14]. Still in studies, uncontrolled asthma is
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Asthma inpatient/
secondary care

Frequent
exacerbations

1.24 (0.94-1.62)

1.61 (1.08-2.38)

1.75 (1.29-2.38)

Asthma Control Test (ACT). The Poisson regression analyses are also adjusted for male sex 1.50 (1.15-1.97),
age 1.03 (1.03-1.04), overweight 2.13 (1.35-3.37) and obesity 3.26 (2.11-5.04). Bold font indicate p<0.05.

Fig. 5. Risk factor analysis of different manifestations of uncontrolled asthma for severe COVID-19 among patients with uncontrolled asthma by adjusted Poisson
regression, with results presented as risk ratios (RR) with 95% confidence intervals (CI).

50
45
40
35
30
25
20
15

10

Prevalence (%) of manifestations

None One

® 1.49 (1.09-2.02)

2.96 (1.57-5.60)
° 3

97,42 (1.64-3.57)

N
Risk ratio of severe COVID-19

o .

Two Three

Multiple manifestations of uncontrolled asthma

. Severe COVID-19

Without severe COVID-19 e—RR

Manifestations: Asthma Control Test (ACT) <15, frequent exacerbations and previous asthma
inpatient/secondary care. Chi- square test assessing differences between patients with and without severe
COVID-19, p<0.001.The Poisson regression analyses are also adjusted for male sex 1.51 (1.26-1.98), age 1.03
(1.03-1.04), overweight 2.11 (1.34-3.34) and obesity 3.22 (2.08-4.97). Bold font indicate p<0.05.

Fig. 6. The prevalence of multiple manifestations of uncontrolled asthma and the adjusted risk of severe COVID-19 by Poisson regression risk ratio (RR) (95%

confidence intervals (CI)).

defined variously and also interchangeably with severe asthma. These
variations make it difficult to compare results between studies. How-
ever, our results showed that the effect of multiple manifestations of
uncontrolled asthma, even in a population with uncontrolled asthma
(here defined as ACT <19), significantly increased the risk for severe
COVID-19. This highlights the importance of taking different manifes-
tations of uncontrolled asthma into account when assessing patients
with asthma and COVID-19. Furthermore, this study has drawn atten-
tion to the need for post pandemic research on uncontrolled asthma in
relation to outcomes other than severe COVID-19, such as influenza
[36].

Frequent exacerbations, ie. >2 dispensed OCS, was the manifestation
of uncontrolled asthma with the highest risk of severe COVID-19 in our
study. The results aligns closely with a previous study from the UK [3],
although they defined a recent use of OCS as severe asthma, not un-
controlled as defined in GINA [13]. On the contrary, another study
showed no association between asthma exacerbations and severe
COVID-19. Instead, they suggested that COVID-19 related hospitaliza-
tion was associated with severe asthma defined as high-dose ICS ac-
cording to GINA [37]. In our study, there was an association between
severe outcomes in COVID-19 and higher ICS doses, indicating a more

severe asthma. However, in the adjusted analysis, higher doses of ICS
was not an independent risk factor for severe COVID-19. It is hypothe-
sized that ICS may impart a protective effect against severe COVID-19 by
downregulating the angiotensin converting enzyme 2 (ACE2) receptor
required for the viral airway infection [37]. Still, previous research are
showing conflicting results, both about the risk increasing and the pro-
tective effects of ICS in the course of COVID-19 disease [5,12,38],
neither of which could be shown in this study.

ERS/ATS international guidelines include FEV; <80% predicted in
the definition of uncontrolled asthma [14,20]. In our study, patients
with severe COVID-19 had a mean value of FEV; predicted below 80%
while those without severe COVID-19 had higher lung function values.
Unfortunately, due to low statistical power, we could not include FEV;
<80% predicted as an independent manifestation of uncontrolled
asthma in the model examining the multiple effect. However, when
adjusting the model for FEV; <80% predicted, the effect on other
manifestations was negligible.

Obesity is a known risk factor in severe COVID-19 [2,3], similarly,
poor asthma control is related to obesity [26] suggesting there may be a
correlation between these factors. In our study, overweight and obesity
were, as expected more prevalent among those with severe COVID-19.
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And in addition, obesity was the single most important predictor of se-
vere COVID-19 in both sexes, especially in men. Our result supports that
preventive measures against overweight and obesity are of great
importance in the care of patients with asthma [26]. In some studies,
non-allergic asthma have been shown to be associated with severe
COVID-19. This may be due to the protective factor of allergy as it also is
linked to a lower expression of the ACE2 receptor [6,8], similar to the
ICS hypothesis discussed above [37]. However, in this study, allergy was
associated with severe COVID-19. This conflicting result may be due to
different definitions of allergy. We defined allergy only on the basis of
dispensed antihistamine medication, which may have led to a high
specificity especially among patients with a more severe allergy.

4.1. Strengths and limitations

The strength of this study is the large study sample with well-
characterized physician-diagnosed patients with asthma. A further
strength is the possibility to link data from SNAR to several mandatory
national registers with an almost complete coverage rate in order to
study severe COVID-19 and other factors of interest. National Cause of
Death Register (NCDR) data is of very high quality, but somewhat lower
among older individuals with multiple illnesses [39], which in turn are
the same patients at higher risk of contracting severe COVID-19.
Moreover COVID-19 as a cause of death may have been underreported
in the NCDR due to difficulties with registrations at the beginning of the
pandemic [40]. This means that we may have underestimated the
prevalence of severe COVID-19 in our study.

Although we used ACT, which is a validated and well used instru-
ment to define patients with an uncontrolled asthma, we cannot ignore
the risk for selection bias. In healthcare, patients with more symptoms
are probably more likely to be asked to respond to the questionnaire.
However, in the current study about 60% had a low ICS dose, indicating
that patients with both mild and severe asthma are included in the study.
Finally, studying the role of asthma in relation to severe COVID-19 is
complex. And also that the COVID-19 outcome highly depends on a
complicated interaction between the host, virus, and environment [41]
of which this study addresses some but not all of the factors.

5. Conclusions

Multiple manifestations of uncontrolled asthma increased the risk of
severe COVID-19 up to three times, with frequent exacerbations being
the strongest risk factor. This should be taken into account in healthcare
when assessing patients with uncontrolled asthma and COVID-19.
Moreover, obesity was the single most important risk factor, especially
among men with asthma, thus emphasising the need for preventive in-
terventions against obesity. The result of this study is relevant even post
pandemic as the coronavirus, SARS-CoV-2 will continue to affect the
public health for an unforeseeable period of time. We also see a need for
more research on manifestations of uncontrolled asthma in relation to
other common infections, such as influenza.

Funding

This work was supported by the Swedish Heart-Lung Foundation
under Grant 20200308, the Asthma and Allergy Association, Region
Norrbotten and the Swedish Respiratory Society.

CRediT authorship contribution statement

Stina Selberg: Conceptualization, Methodology, Formal analysis,
Writing — original draft, Visualization, Project administration. Johanna
Karlsson Sundbaum: Conceptualization, Methodology, Writing — re-
view & editing. Jon R. Konradsen: Conceptualization, Methodology,
Writing — review & editing. Helena Backman: Conceptualization,
Methodology, Writing - review & editing. Linnea Hedman:

Respiratory Medicine 216 (2023) 107308

Conceptualization, Methodology, Writing — review & editing. Anne
Lindberg: Conceptualization, Methodology, Writing — review & editing.
Caroline Stridsman: Conceptualization, Methodology, Resources,
Writing — review & editing, Supervision, Funding acquisition.

Declaration of competing interest

Stina Selberg declarations of interest: none.

Johanna Karlsson Sundbaum declarations of interest: none.

Jon R. Konradsen declarations of interest: none.

Helena Backman has received personal fees for scientific pre-
sentations from AstraZeneca, Boehringer Ingelheim, and Glaxo Smith
Kline, outside the submitted work.

Linnea Hedman declarations of interest: none.

Anne Lindberg reports personal fees from Boehringer Ingelheim,
GlaxoKlineSmith, AztraZeneca and Novartis outside the submitted
work.

Caroline Stridsman has served in an advisory board and/or partici-
pated in education arranged by AstraZeneca, Boehringer Ingelheim, and
Novartis.

Acknowledgments

Acknowledgements are given to all the patients and healthcare
professionals who contributed to registrations in SNAR and to the SNAR
steering committee and register coordinators. Thanks also to the Centre
of Registers Vastra Gotaland, especially Caddie Zhou, for infrastructure
and data management support.

References

[1] F. Zhou, T. Yu, R. Du, G. Fan, Y. Liu, Z. Liu, et al., Clinical course and risk factors
for mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective
cohort study, Lancet 395 (10229) (2020) 1054-1062.

[2] European Centre for Disease Prevention and Control, Risk Factors and Risk Groups
[Internet], European Centre for Disease Prevention and Control, Stockholm, 2021
[cited 2023 Feb 26], https://www.ecdc.europa.eu/en/covid-19/latest-evidence/ri
sk-factors-risk-groups.

[3] E.J. Williamson, A.J. Walker, K. Bhaskaran, S. Bacon, C. Bates, C.E. Morton, et al.,
Factors associated with COVID-19-related death using OpenSAFELY, Nature 584
(7821) (2020) 430-436.

[4] The Lancet Respiratory Medicine, Reflecting on world asthma day in the era of
COVID-19 (Editorial), Lancet Respir. Med. 8 (5) (2020) 423.

[5] K. Eger, E.H. Bel, Asthma and COVID-19: do we finally have answers? Eur. Respir.
J. 57 (3) (2021), 2004451.

[6] Z. Zhu, K. Hasegawa, B. Ma, M. Fujiogi, C.A. Camargo, L. Liang, Association of
asthma and its genetic predisposition with the risk of severe COVID-19, J. Allergy
Clin. Immunol. 146 (2) (2020) 327-329.

[7] S. Liu, Y. Cao, T. Du, Y. Zhi, Prevalence of comorbid asthma and related outcomes
in COVID-19: a systematic review and meta-analysis, J. Allergy Clin. Immunol.
Pract. 9 (2) (2021) 693-701.

[8] J.M. Yang, H.Y. Koh, S.Y. Moon, LK. Yoo, E.K. Ha, S. You, et al., Allergic disorders
and susceptibility to and severity of COVID-19: a nationwide cohort study,

J. Allergy Clin. Immunol. 146 (4) (2020) 790-798.

[9] C.L Bloom, T.M. Drake, A.B. Docherty, B.J. Lipworth, S.L. Johnston, J.S. Nguyen-
Van-Tam, et al., Risk of adverse outcomes in patients with underlying respiratory
conditions admitted to hospital with COVID-19: a national, multicentre prospective
cohort study using the ISARIC WHO clinical characterisation protocol UK, Lancet
Respir. Med. 9 (7) (2021) 699-711.

[10] World Health Organisation, Asthma and COVID-19 Scientific Brief, World Health
Organization, Geneva, 2021. WHO/2019-nCoV/Sci_Brief/Asthma/2021.1.

[11] J.K. Sundbaum, J.R. Konradsen, L.E.G.W. Vanfleteren, S. Axelsson Fisk,

C. Pedroletti, et al., Uncontrolled asthma predicts severe COVID-19: a report from
the Swedish National Airway Register, Ther. Adv. Respir. Dis. 16 (2022),
17534666221091183.

[12] M. Caminati, A. Vultaggio, A. Matucci, G. Senna, F. Almerigogna, D. Bagnasco, et
al., Asthma in a large COVID-19 cohort: prevalence, features, and determinants of
COVID-19 disease severity, Respir. Med. 176 (2021), 106261.

[13] Global Initiative for Asthma, Global strategy for asthma management and
prevention. https://ginasthma.org, 2022.

[14] W.W. Busse, M. Kraft, Current unmet needs and potential solutions to uncontrolled
asthma, Eur. Respir. Rev. 31 (163) (2022), 210176.

[15] A. Licari, I. Brambilla, A. Marseglia, M. De Filippo, V. Paganelli, G.L. Marseglia,
Difficult vs. severe asthma: definition and limits of asthma control in the pediatric
population, Front. Pediatr. 6 (2018) 170.


http://refhub.elsevier.com/S0954-6111(23)00196-8/sref1
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref1
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref1
https://www.ecdc.europa.eu/en/covid-19/latest-evidence/risk-factors-risk-groups
https://www.ecdc.europa.eu/en/covid-19/latest-evidence/risk-factors-risk-groups
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref3
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref3
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref3
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref4
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref4
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref5
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref5
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref6
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref6
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref6
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref7
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref7
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref7
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref8
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref8
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref8
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref9
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref9
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref9
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref9
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref9
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref10
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref10
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref11
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref11
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref11
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref11
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref12
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref12
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref12
https://ginasthma.org
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref14
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref14
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref15
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref15
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref15

S. Selberg et al.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

C. Stridsman, M. Axelsson, K. Warm, H. Backman, Uncontrolled asthma occurs in
all GINA treatment steps and is associated with worse physical health - a report
from the OLIN adult asthma cohort, J. Asthma 58 (5) (2021) 586-595.

W.W. Busse, J. Fang, J. Marvel, H. Tian, P. Altman, H. Cao, Uncontrolled asthma
across GINA treatment steps 2 - 5 in a large US patient cohort, J. Asthma 59 (5)
(2022) 1051-1062.

K.F. Chung, Managing severe asthma in adults: lessons from the ERS/ATS
guidelines, Curr. Opin. Pulm. Med. 21 (1) (2015) 8-15.

H. Backman, S. Jansson, C. Stridsman, B. Eriksson, L. Hedman, B. Eklund, et al.,
Severe asthma-A population study perspective, Clin. Exp. Allergy 49 (6) (2019)
819-828.

K.F. Chung, S.E. Wenzel, J.L. Brozek, A. Bush, M. Castro, P.J. Sterk, International
ERS/ATS guidelines on definition, evaluation and treatment of severe asthma, Eur.
Respir. J. 43 (2) (2014) 343-373.

M. Thomas, S. Kay, J. Pike, A. Williams, J.R.C. Rosenzweig, E.V. Hillyer, et al., The
Asthma Control Test (ACT) as a predictor of GINA guideline-defined asthma
control: analysis of a multinational cross-sectional survey, Prim. Care Respir. J. 18
(1) (2009) 41-49.

R.A. Nathan, C.A. Sorkness, M. Kosinski, M. Schatz, J.T. Li, P. Marcus, et al.,
Development of the Asthma Control Test: a survey for assessing asthma control,
J. Allergy Clin. Immunol. 113 (1) (2004) 59-65.

T.B. Knudsen, S.F. Thomsen, H. Nolte, V. Backer, A population-based clinical study
of allergic and non-allergic asthma, J. Asthma 46 (1) (2009) 91-94.

P. Ilmarinen, C. Stridsman, M.B.A. Bashir, L.E. Tuomisto, I. Vahatalo, E. Goksor, et
al., Level of education and asthma control in adult-onset asthma, J. Asthma 59 (4)
(2022) 840-849.

H. Trzcinska, G. Przybylski, B. Koztowski, S. Derdowski, Analysis of the relation
between level of asthma control and depression and anxiety, Med. Sci. Mon. 18 (3)
(2012), CR190-194.

K.L. Lavoie, S.L. Bacon, M. Labrecque, A. Cartier, B. Ditto, Higher BMI is associated
with worse asthma control and quality of life but not asthma severity, Respir. Med.
100 (4) (2006) 648-657.

C. Stridsman, J.R. Konradsen, L. Vanfleteren, C. Pedroletti, J. Binnmyr, P. Edfelt, et
al., The Swedish national airway register (SNAR): development, design and utility
to date, Eur. Clin. Respir. J. 7 (1) (2020), 1833412.

National Board of Health and Welfare, Registers. [Internet], National Board of
Health and Welfare, Stockholm, 2023 cited 2023 Feb 26, https://www.socialstyr
elsen.se/en/statistics-and-data/registers/.

Statistics Sweden, Longitudinal Integrated Database for Health Insurance and
Labour Market Studies (LISA) [Internet], Statistics Sweden, Stockholm, 2023 [cited
2023 Feb 26], https://www.scb.se/en/services/ordering-data-and-statistics/ord
ering-microdata/vilka-mikrodata-finns/longitudinella-register/longitudinal-int
egrated-database-for-health-insurance-and-labour-market-studies-lisa/.

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Respiratory Medicine 216 (2023) 107308

M. Schatz, C.A. Sorkness, J.T. Li, P. Marcus, J.J. Murray, R.A. Nathan, et al.,
Asthma control test: reliability, validity, and responsiveness in patients not
previously followed by asthma specialists, J. Allergy Clin. Immunol. 117 (3) (2006)
549-556.

World Health Organization, Director-General’s Opening Remarks at the Media
Briefing on COVID-19-11 March 2020 [Internet], World Health Organization,
Geneva, 2020 [cited 2022 Aug 18], https://www.who.int/director-general/spee
ches/detail/who-director-general-s-opening-remarks-at-the-media-briefi
ng-on-covid-19-11-march-2020.

World Health Organization (WHO), Obesity: Preventing and Managing the Global
Epidemic: Report of a WHO Consultation. [Internet], World Health Organization,
Geneva, 2020 [cited 2022 Aug 22], https://apps.who.int/iris/handle/10
665/42330.

H. Hedenstrém, P. Malmberg, K. Agarwal, Reference values for lung function tests
in females. regression equations with smoking variables, Bull. Eur. Physiopathol.
Respir. 21 (6) (1985) 551-557.

H. Hedenstrom, P. Malmberg, H.V. Fridriksson, Reference values for lung function
tests in men: regression equations with smoking variables, Ups. J. Med. Sci. 91 (3)
(1986) 299-310.

Regringskansliet, Vaccinering Mot Covid-19 Inleds Den 27 December [Internet],
Regeringskansliet, Stockholm, 2022 (cited 2022 Okt 03], https://www.regeringen.
se/artiklar/2020/12/vaccinering-mot-covid-19-inleds-den-27-december/.

J. Schwarze, P. Openshaw, A. Jha, S.R. Del Giacco, D. Firinu, O. Tsilochristou, et
al., Influenza burden, prevention, and treatment in asthma-A scoping review by the
EAACI influenza in asthma task force, Allergy 73 (6) (2018) 1151-1181.

J.G. Zein, J. Mitri, J.M. Bell, D. Lopez, R. Strauss, A.H. Attaway, The relationship of
asthma severity to COVID-19 outcomes, J. Allergy Clin. Immunol. Pract. 10 (1)
(2022) 318-321.

D. Singh, D.M.G. Halpin, Inhaled corticosteroids and COVID-19-related mortality:
confounding or clarifying? Lancet Respir. Med. 8 (11) (2020) 1065-1066.
National Board of Health and Welfare, Framstallning Och Kvalitet P&
Dodsorsaksregistret [Internet], National Board of Health and Welfare, Stockholm,
2022 [cited 2022 Aug 15], https://www.socialstyrelsen.se/statistik-och-data/regis
ter/dodsorsaksregistret/framstallning-och-kvalitet/.

World Health Organization, Emergency Use ICD Codes for COVID-19 Disease
Outbreak [Internet], World Healh Organization, Geneva, 2023 [cited 2022 Dec
01], https://www.who.int/standards/classifications/classification-of-diseases/e
mergency-use-icd-codes-for-covid-19-disease-outbreak.

S. Samadizadeh, M. Masoudi, M. Rastegar, V. Salimi, M.B. Shahbaz, A. Tahamtan,
COVID-19: why does disease severity vary among individuals? Respir. Med. 180
(2021), 106356.


http://refhub.elsevier.com/S0954-6111(23)00196-8/sref16
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref16
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref16
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref17
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref17
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref17
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref18
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref18
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref19
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref19
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref19
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref20
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref20
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref20
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref21
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref21
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref21
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref21
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref22
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref22
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref22
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref23
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref23
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref24
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref24
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref24
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref25
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref25
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref25
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref26
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref26
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref26
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref27
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref27
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref27
https://www.socialstyrelsen.se/en/statistics-and-data/registers/
https://www.socialstyrelsen.se/en/statistics-and-data/registers/
https://www.scb.se/en/services/ordering-data-and-statistics/ordering-microdata/vilka-mikrodata-finns/longitudinella-register/longitudinal-integrated-database-for-health-insurance-and-labour-market-studies-lisa/
https://www.scb.se/en/services/ordering-data-and-statistics/ordering-microdata/vilka-mikrodata-finns/longitudinella-register/longitudinal-integrated-database-for-health-insurance-and-labour-market-studies-lisa/
https://www.scb.se/en/services/ordering-data-and-statistics/ordering-microdata/vilka-mikrodata-finns/longitudinella-register/longitudinal-integrated-database-for-health-insurance-and-labour-market-studies-lisa/
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref30
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref30
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref30
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref30
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19--11-march-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19--11-march-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19--11-march-2020
https://apps.who.int/iris/handle/10665/42330
https://apps.who.int/iris/handle/10665/42330
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref33
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref33
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref33
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref34
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref34
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref34
https://www.regeringen.se/artiklar/2020/12/vaccinering-mot-covid-19-inleds-den-27-december/
https://www.regeringen.se/artiklar/2020/12/vaccinering-mot-covid-19-inleds-den-27-december/
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref36
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref36
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref36
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref37
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref37
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref37
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref38
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref38
https://www.socialstyrelsen.se/statistik-och-data/register/dodsorsaksregistret/framstallning-och-kvalitet/
https://www.socialstyrelsen.se/statistik-och-data/register/dodsorsaksregistret/framstallning-och-kvalitet/
https://www.who.int/standards/classifications/classification-of-diseases/emergency-use-icd-codes-for-covid-19-disease-outbreak
https://www.who.int/standards/classifications/classification-of-diseases/emergency-use-icd-codes-for-covid-19-disease-outbreak
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref41
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref41
http://refhub.elsevier.com/S0954-6111(23)00196-8/sref41

	Multiple manifestations of uncontrolled asthma increase the risk of severe COVID-19
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Participants
	2.3 Data collection
	2.4 Statistical analysis

	3 Results
	3.1 Demographic and clinical characteristics
	3.2 Clinical characteristics associated with severe COVID-19 in uncontrolled asthma
	3.3 Multiple manifestations of uncontrolled asthma associated with severe COVID-19

	4 Discussion
	4.1 Strengths and limitations

	5 Conclusions
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	References


