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a  b  s  t  r  a  c  t

Background:  There  is  conflicting  evidence  regarding  the effect  of  asthma  and  its  different  therapeutic
options  on  COVID-19  severity  and  the  clinical  outcomes.
Aim:  This  study  aimed  to investigate  the  relationship  between  using  inhaled  corticosteroids  (ICS)  by
asthmatic  patients  and the  severity  of  COVID-19.
Materials and  methods:  This  retrospective  observational  study  was  conducted  from  March  15  to  October
23,  2020  and  included  data  of all COVID-19  asthmatic  patients  (n = 287)  at King  Abdulaziz  Medical  City.
Twelve  patients  were  excluded  due  to poor  medication  history  documentation  or  using  ICS  for  non-
asthma  indication.  Ordinal  logistic  regression  was  used  to determine  the clinical  variables  that  affect
COVID-19  severity.  The  clinical  outcomes  of  ICS and  non-ICS  users  were  compared.
Results:  Of  the  sample  (n  = 275),  198  (72%) were  using  ICS  therapy.  No  significant  difference  was  found
between  ICS  and  non-ICS  users  in disease  severity  (P =  0.12),  mortality  (P =  0.45),  ICU  admission  (P  =  0.78),
and the  occurrence  of  complications.  However,  the  number  of  days  on ventilation  were  significantly
increased  in ICS users  (P =  0.006).  Being  prescribed  the  ICS/LABA  combination  (adj  OR:  0.72  [0.15,1.2];
P  =  0.021),  being  hypertensive  (adj  OR:  0.98  [0.28,1.6];  P = 0.006),  having  cancer  (adj  OR:  1.49  [0.12,  2.8];

P  =  0.033),  or  having  diabetes  (adj  OR:  0.75  [0.09,  1.4];  P  =  0.024)  could  not  increase  the  risk  for  more
severe  disease.
Conclusion:  Overall,  ICS  therapy  did  not  alter  the  COVID-19  severity  or mortality  in  asthmatic  patients.
The  continued  use  of ICS  during  the pandemic  should  be encouraged  to  prevent  asthma  exacerbations.

© 2021  The  Authors.  Published  by Elsevier  Ltd on behalf  of King  Saud  Bin  Abdulaziz  University  for
Health  Sciences.  This  is  an  open  access  article  under  the CC  BY-NC-ND  license  (http://creativecommons.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has
become a pandemic. After a median incubation period of five days,
the disease occurs in different stages, ranging from mild cases

where the disease is limited to the upper and lower airway (80%
to 90% of patients) and severe cases with bilateral pneumonia (10%
to 20%) [1–3]. Patients with severe COVID-19 may  also develop
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cute Respiratory Distress Syndrome (ARDS), and require mechan-
cal ventilation in an intensive care [4,5]. COVID-19 patients with
re-existing comorbid conditions have worse disease outcomes,

ncluding a higher incidence of hospitalization, ICU admission, and
ortality [2,6].
Although respiratory viral infections contribute to the majority

f exacerbations in asthmatic patients [7], asthma is underrepre-
ented in literature as a comorbidity in COVID-19 severity [2,3,8].
urrently, moderate to severe asthma are classified by the Centers
or Disease Control and Prevention (CDC) as a high-risk group that
s vulnerable to severe COVID-19.
Theoretically, long-term treatment with systemic corticos-
eroids (e.g. in transplant patients) increases the risk and severity of
iral infections due to immunosuppression [9]. However, in vitro
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studies suggested that ICS could have a protective effect against
SARS-CoV-2 as they dose-dependently reduce the expression of
the Angiotensin-Converting Enzyme type 2 (ACE-2) on the sur-
face of the lung cells, decreasing the viral entry into the cells
[10]. The RECOVERY trial reported that the use of dexametha-
sone reduced the mortality rate in hospitalized COVID-19 patients
who required mechanical ventilation or supplemental oxygen [11].
Based on these findings, the World Health Organization (WHO) and
the National Institute of Medicine (NIH) recommended the use of
dexamethasone, contrary to their initial recommendation against
this practice during the early phases of the pandemic, if not clin-
ically indicated for another disease state [12]. The drug now is
added to the treatment guidelines in most centers treating COVID-
19 patients. In addition, professional societies in their response to
the pandemic, urge asthmatic patients to continue their prescribed
medication, including ICS [13,14].

These recommendations have caused uncertainty in asthma
patients and attending clinicians in terms of maintaining ICS ther-
apy as withholding ICS increases the risk of severe exacerbations.
A recent meta-analysis related to COVID-19 outcomes in patients
with chronic respiratory diseases using ICS, concluded that there is
currently insufficient evidence to abandon ICS treatment in asthma
[15].

Today, approximately 300 million individuals globally have
asthma [16] and an estimated 11.3% of the Saudi Arabian population
are affected by the disease [17]. Acute asthma exacerbations are
considered a frequent cause of hospitalization and emergency room
visits [18]. More importantly ICS are prescribed in 90.8% of asthma
cases [19]. A recent study conducted by Sen et al. disclosed that ICS
therapy had no impact on COVID-19 related clinical outcomes or
mortality in COPD patients [20]. Asthmatic patients prescribed a
low to medium-dose ICS were not at an increased risk of mortality
(adjusted HR = 1.14; 95% CI, 0.85–1.54) [21].

However, COVID-19-related mortality was significantly
increased in COPD patients using ICS compared to the group
who are maintained with long-acting beta agonist (LABA) and
the long-acting muscarinic agent (LAMA) combination therapy
(adjusted (adj.) HR = 1.39; 95% CI, 1.1–1.76) [21]. COVID-19-related
mortality was increased in asthmatic patients prescribed a high-
dose ICS compared to patients taking short-acting beta-agonists
(SABAs) (adj. HR = 1.55; 95% CI, 1.1–2.18) [21]. Clear evidence
regarding the impact of prior or continued use of ICS on the
clinical course of COVID-19 in asthma patients is still lacking. It
is crucial to understand which asthma patients are particularly at
risk of being infected with COVID-19 and how ICS may  influence
the morbidity and mortality associated with COVID-19. There is
also a need to clarify the demographic and clinical characteristics
which determine disease severity and outcomes of COVID-19 in
asthmatic patients. This is the first study in the Middle East to
examine the effect of ICS therapy on asthmatic patients infected
with SARS-CoV-2.

This study aimed to investigate the impact of using ICS by asth-
matic patients and the latter’s clinical characteristics on the severity
of COVID-19. We  hypothesized that the antecedent use of ICS com-
plicates the clinical course and severity of COVID-19.

Methods

Design and patients selection

This retrospective cross-sectional study was conducted at King

Abdulaziz Medical City, Riyadh from March 15 to October 23, 2020,
to investigate the association effect of ICS use and other asthmatic
patients’ characteristics on COVID-19 severity. The data manage-
ment department was initially approached for data on COVID-19
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atients with possible asthma diagnosis based on symptoms (i.e.,
ough and wheezing) (n = 574). Files were then manually checked
or documented asthma diagnosis (n = 287) which was based on
he hospital’s diagnostic and classification criteria that are based
n the NIH guidelines (Appendix I): intermittent, mild persistent,
oderate persistent, and severe persistent.

ample size calculation

Grandbastien et al. reported that 23 (21.7%) of patients admit-
ed with SARS-CoV-2 pneumonia had an established diagnosis of
sthma [22]. The sample size was  calculated using the OpenEpi
alculator and estimated at 262 with a 5% level of significance.
he sample size was inflated by 10%–288 patients due to possible
issing data.

utcome measures

The medical records were reviewed and the demographic, clin-
cal, and outcome data were collected. The variables collected
ncluded age, weight, body mass index (BMI), gender, comorbidi-
ies (i.e., cardiac disease, non-asthmatic pulmonary disease, kidney
isease, liver disease, obesity, stroke, and malignancy), and concur-
ent medications, including the type of ICS. Details of the disease
anagement were also recorded, including the disease severity,

evel of care (ward-based, high dependency unit (HDU), or Inten-
ive care units (ICU)), hospital length of stay (LOS), ICU length of
tay, ventilation days, complications (e.g., acute respiratory distress
yndrome (ARDS), acute kidney injury (AKI), sepsis, septic shock),
nd mortality.

rimary outcomes

The severity of COVID-19, for both ICS and non-ICS users in asth-
atic patients, based on the National Institute of Medicine (NIH)

ategories [12]:

 Asymptomatic type: COVID-19 positive but no symptoms
 Mild type: Mild clinical symptoms with no abnormal findings on
the radiograph

 Moderate type: Pneumonia is evident on chest CT along with
fever, cough, and other symptoms

 Severe type: The disease is classified as severe if one of the fol-
lowing conditions is met:
• Respiratory distress, respiratory rate >30/min
• Oxygen saturation on room air at rest <93%
• Partial pressure of oxygen in arterial blood/FIO2 < 300 mm Hg

 Critical type: One of the following conditions has to be met:
• Respiratory failure occurs and mechanical ventilation is

required
• Shock occurs
• Other organ dysfunction is present, requiring ICU monitoring

and treatment

This classification was then modified to three major groups to
void blank cells when subgrouping patients. The groups included
symptomatic, mild-moderate, and severe-critical cases.

econdary outcomes
The secondary outcomes included the level of care, hospital LOS,
CU LOS, ventilation days, complications (ARDS, AKI, sepsis, septic
hock), and mortality.
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Statistical analysis

The sample was analyzed to determine if there was  an associa-
tion between the severity of COVID-19 and ICS use or other clinical
variables. Continuous data were summarized as mean (standard
deviation) and categorical data as frequency (percentage).

The sample was divided in two groups: ICS users and non-
ICS users and compared in terms of the clinical outcomes (e.g.,
baseline characteristics, hospitalization, ICU admission oxygena-
tion and ventilation status, complications, and mortality) using a �2
test or fisher’s exact test for the categorical data, or the independent
sample t-test for the scale variables (age, height, and weight).

The sample was divided in three groups, based on the disease
severity: asymptomatic, mild-moderate, severe-critical. The Mann-
Whitney U test or Kruskal-Wallis test was used to analyze the
association with the nominal variables, and the categorical data
with the �2 test or fisher’s exact test. A Spearman correlation
was done to assess the correlation between the groups and the
scale/ordinal variables.

Ordinal logistic regression was then used to adjust for asthma
severity and to assess the association between COVID-19 severity
and the different patient and clinical variables. All four assumptions
were met  for creating the model. A McNemar’s test was used to
analyze the change in ventilation mode.

All analyses were two-tailed and were performed at a signifi-
cance level of 0.05. IBM SPSS Statistics version 25.0 was used for
statistical analysis.

Results

Patients’ characteristics

After excluding non-eligible subjects (Fig. 1), the sample size
realized as 275 patients with a 1:1 gender distribution. However,
Most of the ICS users were female (n = 107, 54%) (P = 0.04). The mean
age of the participants was 37.7 (23.3) years. The ICS users were sig-
nificantly older than the non-ICS users (P = 0.002), and had a higher
weight, 71.02 (27.9) kg (P = 0.015). There were more obese patients
among the ICS user group (n = 109, 55%) compared to non-ICS users
group (P = 0.003).

Related comorbidities

The most prevalent comorbidities in the sample were diabetes
(n = 72, 26.2%), hypertension (n = 64, 23.3%), and obesity (n = 62,
22.5%). The ICS user group had more renal failure (P = 0.038),
cardiovascular diseases (P = 0.04), and hypertension (P = 0.012).
However, more dyslipidemia occurred in the non-ICS user group
(P = 0.02). No significant difference was found for any other comor-
bidities. The majority of the sample had mild-persistent asthma.
The asthma severity considerably varied between ICS and non-
ICS users, more intermittent cases occurred in the non-ICS users
(P < 0.001), with more moderate and severe cases in the ICS users
(P < 0.001) (Table 1).

Prescribed medication

A small proportion of the sample was using other medica-
tions, 9 (3.3%) were using beta-blockers, 27 (9.8%) ACE inhibitors,
and 1 immunosuppression. The majority were using other asthma
medication than ICS, including salbutamol (n = 215, 78.2%) and ipra-

tropium (n = 65, 23.6%). These medications were also used with
ICS, 169 (85.4%) were using salbutamol and 58 (29.3%) ipratropium
(P < 0.001). The majority of the ICS users were using the ICS/LABA
combination, 90 (45.5%) fluticasone/salmeterol, and 45 (22.7%)
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Fig. 1. Study flow chart.

udesonide/formoterol. The most frequently used ICS monother-
py was fluticasone (n = 47, 23.7%) (Fig. 2).

rimary outcomes

The variability of COVID-19 severity was assessed in terms
f the variables related to the patient, disease, and medication
Table 2). The disease severity was  similar in the ICS and non-
CS user groups (P = 0.12). However, the use of the combination
CS/LABA therapy resulted in more mild to moderate (n = 89,
5.6%), and severe-critical cases (n = 12, 85.7%), compared to the
symptomatic cases in the ICS monotherapy users (P < 0.001). No
ignificant difference in disease severity was  noted with salbutamol
P = 0.75), Ipratropium/tiotropium (P = 0.53), or gender (P = 0.24).
he COVID-19 severity was  significantly different between smokers
nd non-smokers (P = 0.015), with 2 (14.3%) of the severe-critical
atients currently smoking compared to 4 (4%) in the asymp-
omatic group and only 2 (1.3%) in the mild to moderate cases.
OVID-19 disease severity was significantly increased in patients
resenting with non-asthmatic pulmonary disease (P = 0.006),
enal failure (P = 0.03), cardiovascular disease (P = 0.003), hyper-
ension (P < 0.001), diabetes (P < 0.001), and malignancy (P = 0.008).
here was  no significant difference in the disease severity in
atients suffering from liver disease (P = 0.064), stroke (P = 0.056),
yslipidemia (P = 0.48), or hypothyroidism (P = 0.31). COVID-19
everity was also not significantly different in patients taking
eta-blockers (P = 0.18), ACE inhibitors (P = 0.15), and immunosup-
ressing therapy (P = 0.58). Lastly, the BMI  category and asthma

everity were positively correlated with COVID-19 severity (Spear-
an: 0.12; P = 0.042) and (Spearman: 0.165; P = 0.006) respectively.

ncreased age was  also significantly correlated with a more severe
resentation of the disease (Spearman: 0.39; P < 0.001).
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Table  1
Baseline characteristics of asthmatic patients with COVID-19 based on ICS use (N,%) unless otherwise stated.

ICS Use Status

All patients (n = 275) ICS users (n = 198) Non-ICS users (n = 77) P value

Demographics

Gender n(%)
Male 137 (49.8) 91 (46) 46 (59.7)

0.04*
Female 138 (50.2) 107 (54) 31 (40.3)

Age:  mean (SD) years 37.7 (23.3) 40.4(23.4) 30.7(21.7) 0.002*
Weight: mean (SD) kg 68.4(28.5) 71.02(27.9) 61.7 (29.1) 0.015*
Height; mean (SD) cm 151.9(21.5) 152.9(20.1) 149.3(24.9) 0.26

BMI  category

Underweight 13 (4.7) 6 (3) 7 (9) 0.053
Normal weight 74 (26.9) 51 (25.8) 23 (29.9) 0.05
Overweight 52 (18.9) 32 (16.2) 20 (26) 0.062
Obese 136 (49.5) 109 (55) 27 (35.1) 0.003*

Smoking history n(%) 8 (2.9) 7 (3.5) 1 (1.3) 0.45

Comorbidities n(%)

Non-asthmatic pulmonary disease 20 (7.3) 17 (8.6) 3 (3.9) 0.179
Renal failure 11 (4) 11 (5.6) 0 0.038*
Cardiovascular disease 27 (9.8) 24 (12.2) 3 (3.9) 0.04*
HTN 64 (23.3) 54 (27.3) 10 (13) 0.012*
Diabetes 72 (26.2) 57 (28.8) 15 (19.5) 0.11
Malignancy 8 (2.9) 6 (3) 2 (2.6) 0.603
Liver disease 5 (1.8) 3 (1.5) 2 (2.6) 0.62
Obesity 62 (22.5) 47 (23.7) 15 (19.5) 0.44
Stroke 5 (1.8) 5 (2.5) 0 0.326
On  immunosuppression 1 (0.4) 1 (0.5) 0 0.72
Dyslipidemia 26 (9.5) 14 (7.1) 12 (15.6) 0.02*
Hypothyroidism 7 (2.5) 5 (2.5) 2 (2.6) 0.63

Concurrent Medications n(%)
Beta-blockers 9 (3.3) 9 (4.5) 0 0.066
ACEI 27 (9.8) 20 (10.1) 7 (9.1) 0.8

Asthma history

Severity of Asthma n(%)

Intermittent 40 (14.5) 3 (1.5) 37(48.1) <0.001
Mild persistent 117(42.5) 79 (39.9) 38 (49.4) 0.15
Moderate persistent 85 (30.9) 83 (41.9) 2 (2.6) <0.001
Severe persistent 33 (12) 33 (16.7) 0 <0.001

Other  asthma medications n(%)

Salbutamol 215 (78.2) 169 (85.4) 46 (59.7) <0.001
Ipratropium 65 (23.6) 58 (29.3) 7 (9.1) <0.001
Tiotropium 3 (10.9) 2 (1) 1 (1.3) 0.63
Racepinephrine 1 (0.4) 1 (0.5) 0 0.72
Montelukast 14 (5.1) 9 (4.5) 5 (6.5) 0.545

* Significant.
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Fig. 2. Types of inhaled co

Ordinal logistic regression

After adjusting for asthma severity in the ordinal logistic regres-
sion (Table 3), none of the variables were significantly associated
with disease severity. The use of the ICS/LABA combination (adj

OR: 0.72 [0.15,1.2]; P = 0.021), being hypertensive (adj OR: 0.98
[0.28,1.6]; P = 0.006), having cancer (adj OR: 1.49 [0.12, 2.8];
P = 0.033), or having diabetes (adj OR: 0.75 [0.09, 1.4]; P = 0.024)
could not increase the risk for more severe disease.
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teroids used by patients.

tratified analysis of secondary outcomes by ICS use status

The COVID-19 related clinical outcomes of the sample were
ompared between ICS and non-ICS users (Table 4). The major-
ty of the sample (n = 227, 82.5%) were home-isolated, compared

o 33 (12%) admitted to the ward, and 14 (5.1%) admitted to the
CU. There was  no significant difference in the care setting, based
n ICS use. In total, 19 (6.9%) of the admitted group were venti-
ated, 9 used ICS with 10 non-ICS users (P = 0.56). No significant
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Table 2
Association of COVID-19 disease severity with ICS use and other patient characteristics; N(%).

Nominal or ordinal variables
Disease severity

All (n = 275) n (%) Asymptomatic
(n = 101) n (%)

Mild- moderate (n = 160) n (%) Severe- critical (n = 14) n (%) P-value

ICS users 198 (72) 66 (65.3) 120 (75) 12 (85.7)
0.12Non-ICS  user 77 (28) 35 (34.7) 40 (25) 2 (14.3)

ICS  + LABA
combinations
(Budes-
onide + Formoterol
OR Fluticas-
one + salmeterol)

135 (49.1) 34 (33.7) 89 (55.6) 12 (85.7)
<0.001*

ICS only 140(50.9) 67 (66.3) 71 (44.4) 2 (14.3)
Salbutamol users 215(78.2) 78 (77.2) 127 (79.4) 10 (71.4) 0.75
Ipratropium/tiotropium users 67 (24.4) 18 (17.8) 45 (28.1) 4 (28.6) 0.53

Gender
Male  137 (49.8) 57 (77.2) 74 (46.3) 6 (42.9)

0.24Female 138 (50.2) 44 (43.6) 86 (53.8) 8 (57.1)
Current  smokers 8 (2.9) 4 (4) 2 (1.3) 2 (14.3) 0.015*

Comorbidities

Non-asthmatic pulmonary disease 20 (7.3) 7 (6.9) 9 (5.6) 4 (28.6) 0.006*
Renal failure 11 (4) 2 (1.9) 6 (3.8) 3 (21.4) 0.03*
Cardiovascular disease 27 (9.8) 7 (6.9) 15 (9.4) 5 (35.7) 0.003*
Hypertension 64 (23.3) 12 (11.8) 39 (24.4) 13 (92.9) <0.001*
Diabetes 72 (27.3) 14 (13.9) 49 (30.6) 9 (64.3) <0.001*
Malignancy 8 (2.9) 0 6 (3.8) 2 (14.3) 0.008*
Liver disease 5 (1.8) 0 5 (3.1) 0 0.064
Stroke  5 (1.8) 1 (0.9) 2 (1.3) 2 (14.3) 0.056
Dyslipidemia 26 (9.5) 7 (6.9) 18 (11.3) 1 (7.1) 0.48
Hypothyroidism 7 (2.5) 1 (0.9) 5 (3.1) 1 (7.1) 0.31

Concurrent
Medications

Beta-blockers 9 (3.3) 1 (0.9) 7 (4.4) 1 (7.1) 0.18
ACE  inhibitors 27 7 (6.9) 20 (12.5) 0 0.15
Immunosuppressants 1 (0.4) 0 1 (0.6) 0 0.58

Asthma  Severity

Intermittent 40 (14.5) 19 (18.8) 19 (11.9) 2 (14.3) 0.302
Mild  persistent 117 (42.5) 48 (47.5) 67 (41.9) 2 (14.3) 0.06
Moderate persistent 85 (30.9) 25 (24.8) 53 (33.1) 7 (50) 0.103
Severe  persistent 33 (12) 9 (8.9) 21 (13.1) 3 (21.4) 0.32

BMI  Category

Underweight 13 (4.7) 6 (5.9) 7 (4.4) 0 0.57
Normal weight 74 (26.9) 36 (35.6) 34 (21.3) 4 (28.5) 0.038*
Overweight 52 (18.9) 14 (13.9) 36 (22.5) 2 (14.3) 0.2
Obese  136 (49.5) 45 (44.6) 83 (51.9) 8 (57.1) 0.96

Scale/ordinal
variables

COVID-19 severity
Pearson/Spearman correlation P-value

BMI  category 0.12 0.042
Severity of Asthma 0.165 0.006
Age 0.39 <0.001
Weight 0.209 <0.001
Height 0.156 0.009

* Significant.
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Table  3
Ordinal logistic regression modeling of COVID-19 severity versus significantly associated variables.

Patient variables Disease severity

All (n = 275) n (%) Hazard ratio (CI) P-value

ICS use Reference: ICS users 0.37 (−0.36,1.12) 0.317
Combo (ICS + LABA) vs. Mono (ICS only) Budesonide/Formoterol 135 (49.1) 3.9 (2.3, 5.4) <0.001*

OR
Fluticasone/salmeterol combinations (reference: no ICS/LABA)

Comorbidities
Hypertension (reference: no hypertension) 64 (23.3) 0.72 (0.15, 1.2) 0.021*
Malignancy (reference: no malignancy) 8 (2.9) 0.98 (0.28, 1.6) 0.006*
Diabetes (reference: no diabetes) 72 (26.2) 1.49 (0.12, 2.8) 0.033*

* Significant.

Table 4
Clinical outcomes of the sample differentiated by the ICS use status (N,%) unless otherwise stated.

Clinical outcomes All patients (n = 275) ICS users (n = 198) Non-ICS users (n = 77) P-value

Care setting

Home Isolation 227 (82.5) 165 (83.3) 62 (80.5) 0.58
Ward-Based 33 (12) 20 (10.1) 13 (16.9) 0.12
High  dependency unit 0 0 0 –
Intensive care unit 14 (5.1) 13 (6.6) 1 (1.3) 0.12

Ventilated Patients 19 (6.9) 15 (7.6) 4 (5.2) 0.56
Type  of ventilatory
support

Invasive 9 (3.3) 9 (4.5) 0
0.082Non-invasive 9 (3.3) 5 (2.5) 4 (5.2)

Days of ventilation: mean (SD) 18 (6.5) 16.07 (18.74) 2.25 (0.95) 0.006*
Oxygenated Patients 14 (5.1) 8 (4) 6 (7.8) 0.74

Oxygen Device
NC 7 (2.5) 4 (2) 3 (3.9)

0.704HFNC 7 (2.5) 4 (2) 3 (3.9)
Other oxygen devices 0 0 0

Hospital Course

Hospital admitted patients 49 (17.8) 34 (17.2) 15 (19.5) 0.65
Hospital length of stay 49 (17.8) 9.97 (8.2) 10.5 (15.8) 0.43
ICU  admitted patients 19 (6.9) 14 (7.1) 5 (6.5) 0.78
ICU  length of stay 19 (6.9) 11.9 (9.4) 7.8 (5.3) 0.43

COVID-19
Severity

Asymptomatic 101 (36.7) 66 (33.3) 35 (45.5) 0.061
Mild-moderate 160 (58.2) 120 (60.6) 40 (52) 0.19
Severe- critical 14 (5.1) 12 (6.1) 2 (2.6) 0.36

COVID-19
Complications

ARDS  6 (2.2) 6 (3) 0 0.19
AKI  6 (2.2) 5 (2.5) 1 (1.3) 0.46
Septic Shock 5 (1.8) 4 (2) 1 (1.3) 0.56

Case  fatality rate 9 (3.3) 8 (4) 1 (1.3) 0.45

Table 5
The change in the type of ventilation device for ICS and non-ICS users on days 0 and 3.

Mode of
ventilation

ICS users Non-ICS users

Day 0 Day 3 P-value Day 0 Day 3 P-value

PRVC/VC+ 8 (4%) 10 (5.1%) 0.5 0 0 –
Bilevel 1 (0.5%) 1 (0.5%) 0.99 0 0 –

0
–

O
u
L
t
A
s
f
T
(

D

BiPAP  5 (2.5%) 3 (1.5%) 

Other  0 0 

difference was observed in the type of ventilation support (i.e., inva-
sive versus non-invasive) between the groups (P = 0.082). However,
the mean days of ventilation were lower in the non-ICS users 2.25
(0.95) days compared with the ICS users 16.07 (18.74) (P = 0.006).
The mode of ventilation at baseline and after three days were either
PRVC/VC+, BiLevel, and BiPAP, with PRVC/VC+ mostly used at base-
line, 8 (2.9%), and after 3 days, 10 (3.6%), which was not statistically
significant for the two groups. The change in the type of ventilation
mode between days 0 and 3 was different between ICS and non-ICS
users. No change in the three ventilation modes was  observed in the
ICS users, but subsequently a significant change to BIPAP occurred
after 3 days of ventilation (P < 0.0001) (Table 5). Oxygen use was
similar between the two groups (P = 0.74). The oxygen devices used

included NC (n = 7, 2.5%), and HFNC (n = 7, 2.5%) (P = 0.704), also sim-
ilar in the two groups. The majority of the hospitalized group were
ICS users, yet this finding was not statistically significant (P = 0.65).
The mean LOS was comparable between the two  groups (P = 0.43).

I
[
t
p

61
.5 3 (3.9%) 0 <0.0001
 0 0 –

f the 19 (6.9%) patients admitted to the ICU, 14 (73.7%) were ICS
sers compared to 5 (6.5%) non-ICS users (P = 0.78). The mean ICU
OS was slightly higher in the ICS users (n = 11.9, 9.4), compared
o the non-ICS users (n = 7.8, 5.3) (P = 0.43). ARDS (n = 6, 2.2%), and
KI (n = 6, 2.2%) were the most frequent complications, followed by
eptic shock (n = 5, 1.8%); however, no statistically significant dif-
erence in complications between ICS and non-ICS users was noted.
he mortality rate was  9 (3.3%) and the majority were ICS users
n = 8, 4%) (P = 0.45).

iscussion

The prevalence of asthma in patients with COVID-19 is 5.6% in

taly [23], 5.2% in Spain [24], 14% in the UK [25], and 17% in the USA
26]. Similar findings were reported for the general population in
hese countries [27,28]. In an analysis of 641 COVID-19-positive
atients, Zhu et al. reported an increased disease severity in asth-
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matic patients (OR = 1.39; 95% CI 1.13–1.71) [29], and similar
findings were reported by Mendy et al. [30]. The current study
aimed to assess the variation in the COVID-19 disease severity
based on the baseline clinical features of asthmatic patients and
medication use, including ICS. The clinical course of COVID-19 was
also compared between ICS and non-ICS users in asthma patients
in Saudi Arabia.

Most of the sample had mild-moderate disease (n = 160, 58.2%),
followed by 101 (36.7%) symptomatic cases, and 14 (5.1%) severe-
critical cases. The majority (n = 198, 72%) were prescribed ICS
therapy. No significant difference in COVID-19 severity was
observed between the ICS and non-ICS users (P = 0.12). Nonethe-
less, the use of inhaled budesonide for non-asthmatic out-patients
enrolled in the PRINCIPLE study, who were at higher risk of compli-
cations, improved the time to recovery with a concurrent reduction
of hospital admissions and mortality [31]. Similarly, the use of ICS
was markedly lower among patients requiring hospitalization due
to COVID-19 in Izquierdo et al.’s study; that is, suggesting a possible
protective role [32]. On the flip side, according to Sen et al. [20], the
use of ICS in COPD patients did not significantly affect COVID-19
related clinical outcomes (i.e., hospitalization, ICU admission, need
for mechanical ventilation, and mortality).

Likewise, the use of other asthma medications, such as �2 adren-
ergic agonists (salbutamol), and anticholinergics (ipratropium and
tiotropium) in the current study was not associated with COVID-19
severity (P = 0.75 and P = 0.53, respectively). Mahdanivia et al. also
reported that bronchodilators did not alter the intubation-time,
suggesting a lack of benefit [33]. The use of bronchodilators, such
as nebulized albuterol, as instructed by some ICU protocols should
be questioned, and their use in the targeted intubated COVID-19
patients should be assessed.

However, the use of such bronchodilators shall be continued in
case of exacerbations triggered by COVID-19. In fact, there is no cur-
rent evidence as to where the continued ICS administration results
in adverse or beneficial outcomes in COVID-19. Furthermore, no
clear data are currently available to recommend a change in ICS
dosing in case of exacerbation [32].

On the other hand, the use of the ICS/LABA combination was
significantly associated with a more severe-critical disease pre-
sentation but not after adjustment for asthma severity (adj OR:
0.72 [0.15, 1.2], P = 0.021). This may  be in part related to the fact
that patients prescribed combination therapy, tend to have more
severe asthma and they are susceptible to more severe COVID-19
(Spearman: 0.165, P = 0.006).

It is worth mentioning that more severe disease was expe-
rienced by smokers in this study (P = 0.015). Similarly, in Lohia
et al.’s cohort study, a higher ICU admission rate was  observed
in COVID-19 patients with preexisting respiratory diseases and a
history of smoking (adj OR: 1.25 [1.01–1.55]; P = 0.03) [34]. Lit-
erature demonstrated a crude association between smoking and
developing worse clinical outcomes when infected with COVID-19
[35–37].

Patients presenting with comorbidities had a worse disease
prognosis, especially renal failure (P = 0.03), non-asthmatic pul-
monary diseases (P = 0.006), cardiovascular diseases (P = 0.003),
hypertension (P < 0.001), diabetes (P < 0.001), and malignancy
(P = 0.008). Nevertheless, after adjusting for asthma severity none
of them were found to impact COVID-19 severity. Feng et al. also
reported more comorbidities in severe-critical cases, especially dia-
betes (35.7% vs. 20.7%; P = 0.05) and hypertension [6]. Hypertension,
diabetes, and coronary artery disease are the most frequently iden-

tified comorbidities in COVID-19 patients, and are associated with
a more complicated and severe disease prognosis [3,38–42]. In
contrast, having a normal weight is associated with an asymp-
tomatic disease manifestation as supported by the current study
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P = 0.038). Remarkably, immunocompromised patients did not
ave a significantly different disease severity (P = 0.58), contrary
o our expectations.

Although only asymptomatic and mild to moderate cases were
sing ACE inhibitors, the severity of the COVID-19 variability was
imilar in patients taking ACE inhibitors compared to other patients
P = 0.15), which rules out any protective or predisposing role of
CS. However, Feng et al. reported that more patients were on ACE
nhibitors in the moderate group compared to the severe group
6]. This suggests that ICS may  protect asthmatic patients from
eveloping more severe disease.

There was no difference in the hospital admission rate based on
CS-use status (P = 0.65) and the hospital LOS  (P = 0.43). Similarly,
he risk of hospitalization was  not altered with the ongoing use of
CS (RR: 1.39; [0.90–2.15]) as reported by Chhiba et al. [43]. Three
ther studies [22,33,44] investigated the LOS in asthmatic patients,
nd none found a prolonged hospital LOS in this group of patients.
owever, Feng et al. found a longer LOS in severe-critical COVID-
9 patients presenting with respiratory problems. In the current
tudy, there was no difference in ICU admission between the two
roups (P = 0.78), and the ICU LOS was comparable between the
roups (P = 0.43). Two additional studies reported that the risk of
CU transfer were similar between the two  groups [22,43–45]. In
he current study, there was no significant difference in the rate
f complications (i.e., ARDS, AKI, and septic shock), oxygenation,
entilation, type of oxygen device mode, and type of ventilation
hen ICS was  used. However, the days of ventilation were signif-

cantly increased in ICS users (P = 0.006) and the improvement in
entilation mode after three days from baseline was evident in the
on-ICS users (P < 0.0001). According to literature, asthma was sig-
ificantly associated with a longer intubation time, with or without

CS therapy (P = 0.002) [33]. We posit that the duration of ventila-
ion is more indicative of the disease prognosis than the hospital or
CU LOS.

According to Williamson et al. most comorbidities (i.e., cardio-
ascular diseases, diabetes, severe asthma, obesity, malignancy,
idney and liver diseases, and autoimmune conditions) were asso-
iated with an increased risk of COVID-19 related mortality. In
he current study, the COVID-19 case fatality rate (CFR) was 3.3%
n asthmatic patients. This rate is slightly higher than the CFR
eported in the general population (2%) [2], however, it is lower
han the mortality rate reported by Lohia et al. in patients with
ntecedent respiratory diseases (adj OR: 1.36 [1.08–1.72], P = 0.01)
35]. Notably, no difference was  observed between ICS and non-
CS users (P = 0.45). According to Feng et al., critical patients had

 higher mortality rate compared to severe or moderate cases
6].

imitations

Several limitations of this study need to be addressed in further
esearch. Firstly, although the baseline characteristics were varied,

 limited number of patients from a single center was  recruited
hich may  affect the generalizability of the study. Another key

imitation is that most patients had mild persistent asthma; and
CS and non-ICS users were not perfectly matched. Such variations

ay  ultimately affect the representativeness of the sample. Addi-
ionally, the severity of the disease was not investigated in terms of
he ICS dose and frequency. The data collected were based on pre-
iously written clinical notes which may  be subject to information
ias. For more accurate results, these findings should be validated

ith larger sample size in a prospective study setting, targeting
ost-COVID-19 respiratory sequelae and the effect of the ICS dose
hanges, in addition to evaluating other asthma medications which
ere minimally used in the current study.
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Conclusions

Overall, more severe or critical cases occurred in patients using
the ICS/LABA combination, as well as hypertensive and cancer
patients. However, the ICS therapy had no effect on the severity
of the COVID-19, disease complications, and mortality in asthmatic
patients. The continued use of ICS during this pandemic should be
encouraged to prevent asthma exacerbations.
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Appendix I

Severity components Intermittentp Mild persistent asthma Moderate persistent
asthma

Severe persistent asthma

Symptoms Less than once a week More than twice per week
but not daily

Daily Throughout the day

Nocturnal symptoms Less than twice a day per
month

Three-four times per
month

More than once a week but
not every night

Often every night per week

Interference with activity Brief exacerbations Exacerbations may  cause
minor limitation of activity
and sleep

Exacerbations more than
twice a week and may
cause some limitation of
activity and sleep

Frequent exacerbations
with marked limitation of
physical activity

SABA  use </=2 days per week >2 days per week but not
daily and not more than
once on any day

Daily Several times per day

Pulmonary
function test

Normal FEV1 between
exacerbations

FEV1 > 80% predicted FEV1 > 60% but < 80%
predicted

FEV1 < 60% predicted

FEV1  > 80% predicted FEV1/PVC: normal FEV1/PVC: reduced 5% FEV1/PVC: reduced 5%
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J,  Gonzalez-Cano B, et al. Prevalence, characteristics, and outcome of asth-
matic patients with type 2 diseases in hospitalized patients with COVID-19 in
Madrid, Spain. J Investig Allergol Clin Immunol [Internet] 2020;30(5):382–4.
Oct 2 [cited 2021 Jul 6]. Available from: http://www.jiaci.org/summary/vol30-

issue5-num2113.

27] Jarvis D, Newson R, Janson C, Corsico A, Heinrich J, Anto JM,  et al. Prevalence of
asthma-like symptoms with ageing. Thorax [Internet] 2018;73(1):37–48. Jan
[cited 2021 Jul 6]. Available from: https://thorax.bmj.com/lookup/doi/10.1136/
thoraxjnl-2016-209596.

[

64
Journal of Infection and Public Health 15 (2022) 56–64

28] Urrutia I, Aguirre U, Sunyer J, Plana E, Muniozguren N, Martínez-Moratalla J,
et  al. Changes in the prevalence of asthma in the Spanish Cohort of the European
Community Respiratory Health Survey (ECRHS-II). Arch Bronconeumol Engl Ed
[Internet] 2007;43(8):425–30. Jan [cited 2021 Jul 6]. Available from: https://
linkinghub.elsevier.com/retrieve/pii/S1579212907600986.

29] Zhu Z, Hasegawa K, Ma  B, Fujiogi M,  Camargo CA, Liang L. Association of asthma
and its genetic predisposition with the risk of severe COVID-19. J Allergy Clin
Immunol [Internet] 2020;146(2):327–9.e4. Aug [cited 2021 Jul 6]. Available
from: https://linkinghub.elsevier.com/retrieve/pii/S009167492030806X.

30] Mendy A, Apewokin S, Wells AA, Morrow AL. Factors associated with hospital-
ization and disease severity in a racially and ethnically diverse population of
COVID-19 patients [Internet]. Epidemiology 2020. Jun [cited 2021 Jul 6]. Avail-
able from: http://medrxiv.org/lookup/doi/10.1101/2020.06.25.20137323.

31] Dphil L, Bafadhel M,  Dorward J, Hayward G, Saville B, Gbinigie O, et al.
Inhaled budesonide for COVID-19 in people at high risk of complications in
the community in the UK (PRINCIPLE): a randomised, controlled, open-label,
adaptive platform trial. Lancet 2021;398(10303):843–55, http://dx.doi.org/10.
1016/S0140-6736(21)01744-X.

32] Izquierdo J, Almonacid C, González Y, Del Rio-Bermudez C, Ancochea J, Cár-
denas R, et al. The impact of COVID-19 on patients with asthma. Eur Respir J
2021;57(3):2003142, http://dx.doi.org/10.1183/13993003.03142-2020.

33] Mahdavinia M,  Foster KJ, Jauregui E, Moore D, Adnan D, Andy-Nweye AB,
et  al. Asthma prolongs intubation in COVID-19. J Allergy Clin Immunol Pract
[Internet] 2020;8(7):2388–91. Jul [cited 2021 Jul 5]. Available from: https://
linkinghub.elsevier.com/retrieve/pii/S2213219820304761.

34] Lohia P, Sreeram K, Nguyen P, Choudhary A, Khicher S, Yarandi H, et al. Preex-
isting respiratory diseases and clinical outcomes in COVID-19: a multihospital
cohort study on predominantly African American population. Respir Res [Inter-
net] 2021;22(1):37. Dec [cited 2021 Jul 5]. Available from: https://respiratory-
research.biomedcentral.com/articles/10.1186/s12931-021-01647-6.

35] Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk fac-
tors  for mortality of adult inpatients with COVID-19 in Wuhan, China: a
retrospective cohort study. Lancet [Internet] 2020;395(10229):1054–62. Mar
[cited 2021 Jul 5]. Available from: https://linkinghub.elsevier.com/retrieve/pii/
S0140673620305663.

36] Guan W,  Ni Z, Hu Y, Liang W,  Ou C, He J, et al. Clinical characteristics of coro-
navirus disease 2019 in China. N Engl J Med  [Internet] 2020;382(18):1708–20.
Apr 30 [cited 2021 Jul 5]. Available from: http://www.nejm.org/doi/10.1056/
NEJMoa2002032.

37] Karanasos A, Aznaouridis K, Latsios G, Synetos A, Plitaria S, Tousoulis D, et al.
Impact of smoking status on disease severity and mortality of hospitalized
patients with COVID-19 infection: a systematic review and meta-analysis.
Nicotine Tob Res [Internet] 2020;22(9):1657–9. Aug 24 [cited 2021 Jul 5]. Avail-
able from: https://academic.oup.com/ntr/article/22/9/1657/5860451.

38] Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical characteristics of 138 hos-
pitalized patients with 2019 novel coronavirus–infected pneumonia in Wuhan,
China. JAMA [Internet] 2020;323(11):1061. Mar  17 [cited 2021 Jul 5]. Available
from: https://jamanetwork.com/journals/jama/fullarticle/2761044.

39] Chen N, Zhou M,  Dong X, Qu J, Gong F, Han Y, et al. Epidemiological and clinical
characteristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan,
China: a descriptive study. Lancet [Internet] 2020;395(10223):507–13. Feb
[cited 2021 Jul 5]. Available from: https://linkinghub.elsevier.com/retrieve/pii/
S0140673620302117.

40] Liu K, Fang Y-Y, Deng Y, Liu W,  Wang M-F, Ma J-P, et al. Clinical characteristics
of  novel coronavirus cases in tertiary hospitals in Hubei Province. Chin Med
J  (Engl) [Internet] 2020;133(9):1025–31. May  5 [cited 2021 Jul 5]. Available
from: https://journals.lww.com/10.1097/CM9.0000000000000744.

41] Xu X-W, Wu X-X, Jiang X-G, Xu K-J, Ying L-J, Ma  C-L, et al. Clinical findings
in  a group of patients infected with the 2019 novel coronavirus (SARS-Cov-2)
outside of Wuhan, China: retrospective case series. BMJ  [Internet] 2020:m606.
Feb 19 [cited 2021 Jul 5]. Available from: https://www.bmj.com/lookup/doi/
10.1136/bmj.m606.

42] Guan W,  Liang W,  He J, Zhong N. Cardiovascular comorbidity and its impact
on  patients with COVID-19. Eur Respir J [Internet] 2020;55(6):2001227. Jun
[cited 2021 Jul 5]. Available from: http://erj.ersjournals.com/lookup/doi/10.
1183/13993003.01227-2020.

43] Chhiba KD, Patel GB, Vu THT, Chen MM,  Guo A, Kudlaty E, et al. Prevalence
and characterization of asthma in hospitalized and nonhospitalized patients
with COVID-19. J Allergy Clin Immunol [Internet] 2020;146(2):307–14.e4. Aug
[cited 2021 Jul 5]. Available from: https://linkinghub.elsevier.com/retrieve/pii/
S009167492030840X.

44] COVID-FJD TEAM, Barroso B, Valverde-Monge M,  Cañas Jose A, Rodrigo- Muñoz
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