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Purpose: There has been concern that asthma and chronic obstructive pulmonary disease [COPD] increase the risk of developing and
exacerbating COVID-19. The effect of medications such as inhaled corticosteroids (ICS) and biologics on COVID-19 is unclear. This
systematic literature review analyzed the published evidence on epidemiology and the burden of illness of asthma and COPD, and the
use of baseline medicines among COVID-19 populations.

Patients and Methods: Using Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines, Embase®,
MEDLINE® and Cochrane were searched (January 2019—August 2021). The prevalence of asthma or COPD among COVID-19
populations was compared to the country-specific populations. Odds ratios (ORs) were estimated to compare healthcare resource
utilization (HCRU) rates, and meta-analyses of outcomes were estimated from age-adjusted ORs (aORs) or hazard ratios (aHRs).
Meta-analyses of COVID-19 outcomes were conducted using random effects models for binary outcomes.

Results: Given the number and heterogeneity of studies, only 183 high-quality studies were analyzed, which reported hospitalization,
intensive care unit (ICU) admissions, ventilation/intubation, or mortality. Asthma patients were not at increased risk for COVID-19—
related hospitalization (OR = 1.05, 95% CI: 0.92 to 1.20), ICU admission (OR = 1.21, 95% CI: 0.99 to 1.1.48), ventilation/intubation
(OR = 1.24, 95% CI: 0.95 to 1.62), or mortality (OR = 0.85, 95% CI: 0.75 to 0.96). Accounting for confounding variables, COPD
patients were at higher risk of hospitalization (aOR = 1.45, 95% CI: 1.30 to 1.61), ICU admission (aOR = 1.28, 95% CI: 1.08 to 1.51),
and mortality (aOR = 1.41, 95% CI: 1.37 to 1.65). Sixty-five studies reported outcomes associated with ICS or biologic use. There was
limited evidence that ICS or biologics significantly impacted the risk of SARS-CoV-2 infection, HCRU, or mortality in asthma or
COPD patients.

Conclusion: In high-quality studies included, patients with asthma were not at significantly higher odds for adverse COVID-19—
related outcomes, while patients with COPD were at higher odds. There was no clear evidence that baseline medication affected
outcomes.

Registration: PROSPERO (CRD42021233963).
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Introduction

The World Health Organization declared severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) a global pandemic in
March 2020. Many factors contribute to COVID-19 severity, with age being a major determinant.' The presence of
comorbidities increases the severity of COVID-19." Chronic obstructive pulmonary disease (COPD) and asthma are chronic

Journal of Asthma and Allergy 2022:15 811-825 811
Received: 17 February 2022 © 2022 Halpin et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creati org/licenses/by-nc/3.0/). By accessing the

Accepted: 1 May 2022
Published: 17 June 2022

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0003-2009-4406
http://orcid.org/0000-0001-5237-0677
http://orcid.org/0000-0003-2266-5938
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Halpin et al Dove

lung diseases estimated to affect 251 million and 339 million people worldwide, respectively.’ Since SARS-CoV-2 is
a respiratory virus, there has been concern that underlying respiratory conditions pose an increased risk of more severe
COVID-19-related disease and mortality. The US Centers for Disease Control and Prevention (CDC) lists COPD and
moderate-to-severe and uncontrolled asthma as risk factors for severe COVID-19.* However, extensive data of variable quality
have emerged since the start of the pandemic such that it is now possible to synthesize the data to address these concerns.

Early reports from March 2020 suggested that asthma patients were more likely to have severe COVID-19 requiring
intensive care unit (ICU) admission.”® Data from the large UK database OPENSafely with data collected from
March 2020 to May 2020 showed that those with asthma or COPD taking inhaled corticosteroids (ICS) or oral
corticosteroids had higher COVID-19-related mortality than the overall population, but this may have been affected
by confounding of the indication for ICS.”” Other large database studies that included patients between February and
April 2020 or from March to August 2020, respectively, from the UK or USA, showed that while COPD was a risk factor
for mortality in univariate analysis, asthma was not associated with increased death.'*'!

Another concern is whether patients’ medications affect SARS-CoV-2 infection rates and outcomes from COVID-19
disease. ICS are the mainstay of asthma treatments and are sometimes indicated for patients with COPD at risk of
exacerbations. More severe asthma may require biologic agents targeting immunoglobulin E or cytokines.'*'* ICS can
suppress host immunity,'* but several studies suggest that they may play a protective role by reducing viral replication or
decreasing expression of ACE2, the cell surface protein critical for SARS-CoV-2 host cell entry.'>'® Biologics may also
modulate the antiviral immune response by altering the cytokine cascade.!” Although patients are encouraged to continue
their prescribed medications, there is no consensus on the effect of these treatments on COVID-19 outcomes.

The perception that asthma and COPD may increase the risk of COVID-19 severity may impact the triage and
treatment of patients after SARS-CoV-2 diagnosis. Identification of the risks posed and accurate assessment of SARS-
CoV-2 effects in patients with asthma or COPD would facilitate clinical decision-making.

Although several previous systematic literature reviews (SLRs) have assessed how asthma'®'® or COPD?*?! affect
COVID-19-related healthcare resource utilization (HCRU) and mortality, these studies are limited by the population size,
small number of included studies, lack of adjustment for confounding variables, and the quality of included studies. The
objective of the current SLR was to gather and analyze a larger body of published evidence on epidemiology and the
burden of asthma and COPD in COVID-19, focusing on high-quality studies. Secondary objectives were to review how
severe asthma and the use of ICS and biologics affect COVID-19 outcomes.

Methods

Data Review and Extraction

SLRs of burden of illness (BOI) and baseline therapies were conducted in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA) guidelines.”*** The methods were based on the Cochrane
Handbook for Systematic Reviews of Interventions, the Centre for Reviews and Dissemination’s Guidance for
Undertaking Reviews in Health Care, and the Methods for the Development of the National Institute for Health and

Care Excellence’s Public Health Guidance.?>2*

Data Sources

The key biomedical literature databases (MEDLINE®, Embase®) and Cochrane were searched via the Ovid platform
(January 2020 to August 6, 2021). MEDLINE® Epub Ahead of Print, In-Process & Other Non-Indexed Citations were
searched to retrieve any non-indexed citations. Bibliographies of relevant meta-analyses and SLRs were searched for
additional literature.

Search Strategy and Inclusion/Exclusion Material
See the Supplemental File for detailed search strategy and results. The scope of the SLRs was defined by Population,

Intervention, Comparators, Outcomes, and Study Design (PICOS) criteria (Supplementary Tables S1-S4). Both SLRs

included patients with confirmed COVID-19. Pre-prints and congress abstracts were excluded to ensure high-quality.
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Publications in the BOI SLR reported on outcomes in patients with either asthma or COPD. Studies that reported asthma
and COPD together were excluded. Outcomes included prevalence, HCRU (hospitalization, ICU admission, and invasive
ventilation rates), and clinical outcomes (length of stay [LOS], treatment patterns, mortality). Real-world evidence
studies were included, and the search was not restricted to English language studies. In studies with <20 relevant patients,
only prevalence outcomes were extracted. The anti-asthmatic therapies considered were baseline use of biologics, ICS, or
systemic corticosteroids.

Definition of High-Quality Studies
Given the number and heterogeneity of studies reporting COVID-19-related outcomes, studies were analyzed to
determine if they were high-quality, as defined by:

1. Inclusion of a confirmatory diagnosis of COVID-19.

2. A statement and/or accounting for missing data.

3. Sample collection that extended beyond 1 month past the first COVID-19 case in each country, as temporal
changes in outcomes have been reported.?®

Bias assessment used the Newcastle-Ottawa scale; most studies (80%) scored above 7/9.

Meta-Analyses

Meta-analyses calculated asthma and COPD prevalence in patients with COVID-19 and assessed the risk of hospitaliza-
tion, ICU admission, and mortality associated with each condition, following methods published by the Cochrane
Collaboration guidelines, the Agency for Healthcare Research and Quality, and NICE.>*%> To explore the impact of
study quality on each outcome, meta-analyses were stratified (high-quality studies vs other). Country-specific 2016
prevalence of asthma and COPD in COVID-19—positive patients were estimated for each country with >2 studies and
then versus background population prevalence from each country.?’ Prevalence rates were measured with no reference to
SARS-CoV-2 variants. Odds ratios (OR) were estimated to compare HCRU and outcomes based on studies that reported
outcomes in both asthma/COPD and non-asthma/non-COPD. Studies reporting a general COVID-19—positive population
and asthma/COPD subgroup were re-calculated into asthma/COPD and non-asthma/non-COPD groups. Means and
standard deviations were estimated from medians and interquartile ranges to facilitate meta-analysis of mean differences
to compare hospital LOS using previously validated techniques.”® Pooled estimates were calculated overall and stratified
by geographic region (US, EUS, China) where sufficient sample size was available using 2016 Global Burden of Disease
collaborator data.’” Because age is a factor associated with COPD,” meta-analyses of hospitalization rates, ICU
admission, and mortality were estimated from age-adjusted odds ratios (aORs) or age-adjusted hazard ratios (aHRs),
where sufficient sample size was available. Meta-analyses were conducted using the “Meta” package in RStudio (Version
1.2.5033) using a Generalized Linear Mixed Models approach with a logit transformation for binary outcomes, the
inverse variance method for OR and HR, and the Clopper—Pearson method for estimation of 95% confidence intervals.
Random effects models were used for binary outcomes. Heterogeneity was summarized using I for fixed effects models
and 1 for random effects models. Tests for differences between subgroups were performed using Cochran's O-test for
heterogeneity.

Results

Study Characteristics
The BOI SLR identified 9094 publications. Following a full-text review, 706 records were included for meta-analysis
(Figure 1A). See the Supplementary File for a full list of included studies.

Among COVID-19 populations, 419 studies reported asthma-specific outcomes and 589 studies reported COPD-
specific outcomes. These studies covered 61 countries (USA [n = 166]; China [n = 150]; and Italy [n = 60]). Sample sizes
ranged from 115 to 211,003, with mean age from 2 to 93 years and male percentages from 0.0% to 94.0%
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9,094 articles identified 206 records identified 4,599 articles identified 29 records identified
through Ovid search through bibliographic through Ovid search through bibliographic
| 9,300 articles screened | | 4,628 articles screened |
3,307 excluded: 1,796 excluded:
> Prior to 2019: 1,106 — Prior to 2019: 1,006
v Duplicates: 2,201 v Duplicates: 790
5,993 records selected 2,832 records
for abstract review 4,619 excluded: selected for abstract 2.440 excluded:

Population: 1,996 Population: 498
N Intervention: 0 ) Intervention: 510
Outcomes: 80 Outcomes: 410
v Study design: 2,434 v Study design: 998
Duplicates: 109 Duplicates: 24

1,374 records selected 392 records selected

for full-text review for full-text review
650 excluded: 327 excluded:

Population: 294 Population: 22
Intervention: 0 Intervention: 127
Outcomes: 53 Outcomes: 24
A Study design: 271 v Study design: 147
724 studies included in Duplicates: 32 65 studies included in Duplicates: ’

the systematic review the systematic review

Figure | PRISMA flow diagram for (A) BOI SLR and (B) ICS/Biologics SLR.
Note: Adapted from Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate healthcare
interventions: explanation and elaboration. BM). 2009;339:b2700.%¢

(Supplementary Figure S1A and B). From 183 high-quality studies, 119 reported asthma-specific outcomes; 155 reported
COPD-specific outcomes.

Prevalence of Asthma in COVID-19

To understand if those with underlying asthma are at increased risk of infection from SARS-CoV-2, data were pooled
from 112 high-quality studies, with asthma prevalence among COVID-19- positive patients ranging from 0.3% to 21.0%.
After restricting the sample to countries with >2 studies, 89 high-quality studies were included. Among those, USA, UK,
and Ghana were the only countries that showed significantly higher pooled asthma prevalence in the COVID-19
population estimates, with a difference in prevalence percentage of 4.40 (95% CI, 2.94 to 6.11, p < 0.001), 4.06 (95%
CI, 1.95 to 6.42, p < 0.001) and 1.84 (95% CI, 0.25 to 4.01, p = 0.02) respectively. Korea, Mexico, China, Italy, and
Sweden showed lower pooled asthma COVID-19 prevalence rates versus background rates. There were no significant
differences between the prevalence rates in the two populations in the other countries (Table 1).

Prevalence of COPD in COVID-19

From 151 high-quality studies, COPD prevalence rates among patients with COVID-19 ranged from 0.0% to 32.9%.
Restricting the sample to the countries with >2 studies yielded 130 high-quality studies. Significantly higher pooled
prevalence rates in the COVID-19 population were observed in Denmark, USA, Italy, and Netherlands, while
a significantly lower prevalence was seen in Canada and China. There were no significant differences between the
prevalence rates in the two populations in the other countries (Table 2).

HCRU and Mortality of Asthma Patients with COVID-19

Compared to non-asthma patients, the ORs of hospitalization, ICU admission, and ventilation/intubation were not
significantly higher for asthma patients in high-quality studies, although significant differences were found when studies
of lower quality were included. The OR of hospitalization in asthma versus non-asthma patients was 1.05 (95% CI, 0.92
to 1.20) in 17 high-quality studies (Figure 2A). The OR for ICU admission was 1.21 (95% CI, 0.99 to 1.48) in 15 high-
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Table | Prevalence of Asthma in General Population and COVID-19 Positive Population

Country General COVID-19 Positive Population
Population All Studies High-Quality Studies
Asthma Prevalence (95% CI) | Difference (95% CI) P Prevalence (95% CIl) | Difference (95% CI) P
Prevalence

Portugal 8.8 2 2.37 (0.99 to 5.54) —6.43 (—7.81 to —3.26) 0.00

Chile 7.08 2 2.60 (0.82 to 7.90) —4.48 (—6.26 to 0.82) 0.08

Malaysia 5.72 3 1.99 (1.04 to 3.78) —3.73 (—4.68 to —1.94) 0.00

Philippines 6.35 2 3.23 (2.88 to 3.63) —3.12 (-3.47 to —2.72) 0.00

Iran 5.53 10 3.41 (2.14 to 5.40) —2.12 (-3.39 to —0.13) 0.02

Russia 4.93 2 2.18 (1.40 to 3.37) —2.75 (—3.53 to —1.56) 0.00

Italy 4.96 13 2.99 (1.98 to 4.50) —1.97 (-2.98 to —0.46) 0.02 2.81 (1.98 to 3.98) —2.15 (—2.98 to —0.98) 0.00
China 3.0l 23 1.05 (0.69 to 1.60) —1.96 (—2.32 to —1.41) 0.00 0.62 (0.55 to 0.70) —2.39 (—2.46 to —2.31) 0.00
Korea 551 19 3.75 (2.65 to 5.28) —1.76 (—2.86 to —0.23) 0.03 2.75 (2.53 to 2.98) —2.76 (—2.98 to —2.53) 0.00
Oman 5.38 2 4.04 (1.81 to 8.76) —1.34 (=3.57 to 3.38) 0.47

Mexico 4.11 19 2.87 (2.57 to 3.21) —1.24 (—1.54 to —0.90) 0.00 3.01 (2.85 to 3.18) —1.10 (—1.26 to —0.93) 0.00
Sweden 8.0l 5 7.00 (6.83 to 7.17) —1.01 (—1.18 to —0.84) 0.00 7.00 (6.83 to 7.17) —1.01 (—1.18 to —0.84) 0.00
Saudi Arabia 4.35 3 3.49 (2.86 to 4.25) —0.86 (—1.49 t0 —0.10) 0.03

Netherlands 6.72 3 5.93 (2.79 to 12.14) —0.79 (-3.93 to 5.42) 0.74

Brazil 3.86 10 3.31 (1.64 to 6.56) —0.55 (-2.22 to 2.70) 0.67 2.84 (0.80 to 9.64) —1.02 (-3.06 to 5.78) 0.63
Canada 721 3 6.75 (3.30 to 13.29) —0.46 (-3.91 to 6.08) 0.85 6.75 (3.30 to 13.29) —0.46 (-3.91 to 6.08) 0.85
Spain 6.43 31 6.02 (4.62 to 7.79) —0.41 (—1.8I to 1.36) 0.62 6.18 (4.95 to 7.70) —0.25 (—1.48 to 1.27) 0.73
Japan 6.0l 6 5.67 (3.78 to 8.42) —0.34 (—2.23 to 2.41) 0.77

Australia 11.03 2 10.95 (8.30 to 14.31) | —0.08 (—2.73 to 3.28) 0.96

India 2.86 6 3.15 (2.54 to 3.90) 0.29 (—0.32 to 1.04) 0.37

Belgium 5.53 2 6.22 (3.31 to 11.37) 0.69 (—2.22 to 5.84) 0.71

(Continued)
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Table | (Continued).

|e 39 uidjeH

Country General COVID-19 Positive Population

Population All Studies High-Quality Studies

Asthma Prevalence (95% CIl) | Difference (95% CI) P Prevalence (95% CIl) | Difference (95% CI) P

Prevalence
Turkey 5.89 18 7.25 (5.45 to 9.59) 1.36 (—0.44 to 3.70) 0.15
Ghana 3.66 2 5.50 (3.91 to 7.67) 1.84 (0.25 to 4.01) 0.02 2 5.50 (3.91 to 7.67) 1.84 (0.25 to 4.01) 0.02
Switzerland 6.89 4 9.73 (5.90 to 15.64) 2.84 (-0.99 to 8.75) 0.18
France 6.6 I 10.04 (6.67 to 14.82) 3.44 (0.07 to 8.22) 0.05 4 745 (5.44 to 10.13) 0.85 (—1.16 to 3.53) 0.45
UK 8.85 24 13.77 (12.38 to 15.30) 4.92 (3.53 to 6.45) 0.00 12 12.91 (10.87 to 15.27) 4.06 (1.95 to 6.42) 0.00
USA 4.72 143 10.15 (9.25 to 11.13) 5.43 (4.53 to 6.41) 0.00 32 9.12 (7.66 to 10.83) 4.40 (2.94 to 6.11) 0.00
Norway 6.93 3 12.40 (10.20 to 14.99) 5.47 (3.27 to 8.06) 0
Denmark 5.66 5 11.85 (7.56 to 18.10) 6.19 (1.90 to 12.44) 0.00
Germany 5.74 4 12.35 (11.12 to 13.70) 6.61 (5.38 to 7.96) 0.00
Finland 7.96 2 16.15 (13.44 to 19.28) 8.19 (548 to 11.32) 0.00
Egypt 6.84 2 19.06 (8.73 to 36.69) 12.22 (1.89 to 29.85) 0.0l

Note: Random effects as |2 was high (=99.8%) and countries were excluded when the number of studies was < 2.

Abbreviations: Cl, confidence interval; N, number of studies.
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Table 2 Prevalence of COPD in General Population and COVID-19 Positive Population

Country General COVID-19 Positive Population
population All Studies High-Quality Studies
COPD Prevalence Prevalence (95% Cl) | Difference (95% CI) P N Prevalence (95% Cl) | Difference (95% CI) P
India 4.18 13 3.87 (2.51 to 5.95) —0.31 (—1.67 to 1.77) 0.74 2 5.11 (246 to 10.33) 0.93 (—1.72 to 6.15) 0.59
Saudi Arabia 1.69 2 1.28 (0.77 to 2.10) —0.41 (-0.92 to 0.41) 0.27
China 3.92 145 3.01 (2.59 to 3.49) —0.91 (—1.33 to —0.43) 0.00 20 2.39 (1.53 to 3.70) —1.53 (—2.39 to -0.22) 0.03
Mexico 3.17 24 2.22 (1.67 to 2.94) —0.95 (—1.50 to —0.23) 0.0l 9 2.75 (1.63 to 4.61) —0.42 (—1.54 to 1.44) 0.60
Switzerland 7.15 4 6.18 (4.94 to 7.70) —0.97 (-2.21 to 0.55) 0.20
Kuwait 2.09 2 0.43 (0.28 to 0.66) —1.66 (—1.81 to —1.43) 0.00
Finland 4.63 2 261 (1.61 to 4.22) —2.02 (—3.02 to —0.41) 0.02
Brazil 4.32 6 2.26 (0.92 to 5.46) —2.06 (=3.40 to 1.14) 0.15 2 1.16 (0.15 to 8.15) —3.16 (—4.17 to 3.83) 0.19
Australia 3.8l 2 1.67 (0.80 to 3.45) —2.14 (3.0l to —0.36) 0.03
Canada 4.09 3 1.62 (1.02 to 2.56) —2.47 (—3.07 to —1.53) 0.00 3 1.62 (1.02 to 2.56) —2.47 (—3.07 to —1.53) 0.00
Korea 3.57 21 3.67 (1.99 to 6.69) 0.10 (—1.58 to 3.12) 0.93 7 2.15 (0.88 to 5.12) —1.42 (-2.69 to 1.55) 0.26
Russia 4.15 2 4.56 (2.60 to 7.86) 0.41 (—1.55 to 3.71) 0.74
Sweden 6.76 5 7.48 (3.47 to 15.37) 0.72 (-3.29 to 8.61) 0.79 5 7.48 (3.47 to 15.37) 0.72 (—3.29 to 8.61) 0.79
Denmark 6.0l 8 | 7.09 (424 to Il.6l) 1.08 (—1.77 to 5.60) 0.53 2 8.48 (7.76 to 9.26) 2.47 (1.75 to 3.25) 0.00
Pakistan 248 2 3.62 (2.01 to 6.41) I.14 (—0.47 to 3.93) 0.20
France 427 14 5.43 (4.00 to 7.34) 1.16 (=0.27 to 3.07) 0.12 7 5.24 (3.17 to 8.54) 0.97 (—1.10 to 4.27) 0.42
Japan 349 5 491 (4.15 to 5.81) 1.42 (0.66 to 2.32) 0.00 12
Spain 6.34 37 7.80 (6.28 to 9.66) 1.46 (—0.06 to 3.32) 0.06 6.50 (5.32 to 7.93) 0.16 (—1.02 to 1.59)
Norway 5.53 2 741 (3.75 to 14.12) 1.88 (—1.78 to 8.59) 0.39
Poland 3.98 2 | 6.02 (1.33 to 23.31) 2.04 (—2.65 to 19.33) 0.58
Greece 6 2 9.14 (5.67 to 14.40) 3.14 (-0.33 to 8.40) 0.08 28 | 10.17 (8.16 to 12.62)
(Continued)
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Table 2 (Continued).

|e 39 uidjeH

Country General COVID-19 Positive Population
population All Studies High-Quality Studies
COPD Prevalence N Prevalence (95% Cl) | Difference (95% CI) P Prevalence (95% Cl) | Difference (95% CI) P

USA 5.16 125 8.40 (7.37 to 9.56) 3.24 (2.21 to 4.40) 0.00 3 6.80 (2.39 to 17.87) 5.01 (3.00 to 7.46) 0.00
Turkey 3.96 29 7.29 (5.69 to 9.29) 3.33 (1.73 t0 5.33) 0.00 2.84 (—1.57 to 13.91) 0.31
Iran 2.23 13 5.89 (3.55 to 9.63) 3.66 (1.32 to 7.40) 0.00

Belgium 6.66 3| 1039 (731 to 14.56) 3.73 (0.65 to 7.90) 0.01

UK 5.32 2| 10.10 (7.22 to 13.97) 4.78 (1.90 to 8.65) 0.00 9 | 922 (5.08 to 16.19) 3.90 (-0.24 to 10.87) 0.07
Italy 4.41 49 | 9.32 (761 to 11.36) 4.91 (3.20 to 6.95) 0.00 18 | 8.14 (6.02 to 10.91) 3.73 (1.61 to 6.50) 0.00
Germany 6.15 7 | 13.36 (12.82 to 13.91) 7.21 (6.67 to 7.76) 0.00

Egypt 242 4 | 12.50 (4.17 to 31.95) 10.08 (1.75 to 29.53) 0.00

Netherlands 5.45 5| 15.81 (13.35to 18.63) | 10.36 (7.90 to 13.18) 0.00 2 | 1833 (14.99 to 22.21) | 12.88 (9.54 to 16.76) 0.00

Note: Random effects as |> was high (=99.8%) and countries were excluded when the number of studies was < 2.

Abbreviations: Cl, confidence interval; N, number of studies.
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quality studies (Figure 2B). The OR of ventilation/intubation in asthma versus non-asthma patients was 1.24 (95% CI,
0.95 to 1.62) in seven high-quality studies (Figure 2C). Finally, LOS was longer in asthma patients by almost one day in
the high-quality analysis (3 studies; 0.94, 95%: 0.40 to 1.48) (Figure 2D).

Patients with asthma were at decreased risk of death compared to non-asthma patients with an OR of 0.85 (95% CI,
0.75 to 0.96) in the 29 high-quality studies (Figure 2E). When studies of lower quality were also included, there were no
significant geographic trends in HCRU or mortality among asthma patients (Supplementary Figure S2).

Except for the pooled aHRs for ICU admission, all other pooled aHRs or aORs for hospitalization, ICU admission,
ventilation/intubation, and mortality remained nonsignificant among high-quality studies (Supplementary Figure S3).

Eight studies reported outcomes associated with asthma severity, using varying definitions of severity. Six studies
compared outcomes to non-asthmatics. From the Severe Acute Respiratory and emerging Infection Consortium
(ISARIC) WHO Clinical Characterisation Protocol UK (CCP-UK) study of over 70,000 patients, in those between 16
and 49 years, patients with severe asthma had an increased risk of mortality (HR = 1.96, 95% CI: 1.25 to 3.08, p=0.0037)
compared to those without asthma.*® Only two studies addressed the risk of mortality between mild and moderate-to-
severe asthma, showing no effect of asthma severity on risk of death. A Korean study of 7272 adult COVID-19 patients
reported an aOR of 1.33 (95% CI: 0.54 to 3.30, p = 0.5260) comparing moderate-severe asthma to mild asthma.’' In
a database study based in England, the risk of ICU admission was higher in those with active asthma (aHR = 1.32, 95%
CI: 1.14 to 1.59) or severe asthma (aHR = 1.29, 95% CI = 1.08 to 1.60) compared to 1.07 (95% CI = 0.91 to 1.27) among
asthma patients. However, this did not translate into a higher risk for mortality with an aHR for death for active asthma of
1.05 (95% CI: 0.96 to 1.15) and for severe asthma of 1.08 (95% CI: 0.98 to 1.19) compared to 0.99 (95% CI: 0.91 to
1.07) among asthma patients.*

HCRU and Mortality of COPD Patients with COVID-19

To account for age, aHR or aORs were used in the meta-analyses. Hospitalization, ICU admission, and ventilation/
intubation rates were higher in COPD patients versus non-COPD patients. Among four high-quality studies, the aOR was
1.45 (95% CI, 1.30 to 1.61) (Figure 3A), with similar results seen for aHR from four studies (Supplementary Figure
S4A). Likewise, the aOR for ICU admission from six high-quality studies was significant with a pooled value of 1.28

(95% CI, 1.08 to 1.51) (Figure 3B), whereas the aOR for ventilation/intubation was non-significant from five high-quality
studies 1.31 (95% CI, 0.61 to 1.88) (Figure 3C). Adjusted measures of LOS were not reported.

Higher hospitalization and ICU admission rates translated into higher mortality in COPD. The aOR for mortality from
24 high-quality studies was 1.51 (95% CI, 1.37 to 1.65) (Figure 3D). Similarly, aHR was 1.26 (95% CI, 1.10 to 1.44)
based on thirteen high-quality studies (Supplementary Figure S4B). These results suggest that after adjusting for

confounding variables, COPD confers a significant risk for adverse COVID-19 outcomes.

Use of Inhaled Corticosteroids or Biologic Therapies and Their Role in COVID-19-
Related Outcomes: SLR Results

Following a full-text review, 65 studies were selected for data extraction (Figure 1B). Fifteen countries were represented,
with the largest number of studies coming from Spain (n = 15), USA (n = 14), and Italy (n = 8). See the Supplementary
File for a full list of included studies.

Based on ten studies that evaluated the risk of COVID-19 infection, neither the use of ICS alone or in combination,
3335

33,34 nor

the use of biologics significantly impacted the risk of SARS-CoV-2 infection (Supplementary Figure S5).

Thirty-two studies reported HCRU or mortality outcomes in the context of ICS or biologic use among those with
respiratory conditions (Supplementary Table S5). There was no evidence that ICS use impacts COVID-19-related
hospitalization, ICU admission, or mortality rates. While a US-based study showed that hospitalized COVID-19 patients
had higher baseline use of ICS with long-acting beta agonists (LABA) versus an outpatient group (18.4% vs 14.7%), this

was not considered a risk factor (OR = 1.08 [0.73 to 1.59]).*® A Korean study showed that ICS users had higher
37-39

hospitalization rates versus non-users (13.2% vs 0.5%).** However, other studies show lower hospitalization rates

among ICS users.
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Figure 2 Forest plots of odds ratios of asthma compared to non-asthma patients for COVID-19 related HCRU and mortality. Data is presented for all studies with evaluable
evidence and stratified by quality of studies. Outcomes included hospitalization (A), ICU admission (B), ventilation (C), length of stay (D), and mortality (E).
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Figure 3 Forest plots summarizing adjusted odds ratios for COPD compared to non-COPD patients for COVID-19 related HCRU and mortality. Data is presented for all
studies with evaluable evidence. Outcomes included hospitalization (A), ICU admission (B), ventilation (C), and mortality (D).

Considering the use of biologics, hospitalization rates varied. Some studies®>*¢

37,39

reported similar hospitalization rates
and others reported lower rates, even when higher hospitalizations were reported; this was not significant in
multivariate analysis (OR = 2.36, 95% CI: 0.273 to 20.4), p = 0.43)*°, (Supplementary Figure S6A and B). Similarly,
there is no definitive evidence that ICS or biologics affects the risk of COVID—19-related ICU admission
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(Supplementary Figure S6C and D). Beurnier et al show a dose-dependent increase in ICU admission rate with increasing

ICS dose.*! Other studies show that after adjusting for age, sex, and asthma severity, the use of ICS alone or in

36,42-44 44

combination was not a significant risk factor for ICU admission, nor is biologic use.

Mortality rates were 0.05% to 10% among ICS users and 0% to 33% among biologics users (Supplementary Figure S7).

Graziani et al showed no difference in ICS use between COVID-19 survivors and non-survivors.* Although two studies

7,34

reported that ICS alone or in combination was a mortality risk factor,””” risk was accounted for in both studies after

considering relevant factors like disease severity. Moreover, most studies reported that ICS was not associated with adverse

outcomes.36’4245

Discussion

COVID-19 Related HCRU and Mortality in Asthma and COPD

The prevalence of asthma and COPD in patients with COVID-19 varied geographically and was higher in the UK and the
US than in the general population. Our analyses are limited by the assumption that baseline populations have similar
characteristics, particularly age, to the general population. Given the concern that asthma and COPD increase COVID-19
risk, these populations may be more likely to practice infection control measures, such as shielding, masking, and
testing,**® behaviors unaccounted for in the current studies. Ideal comparator populations would be cohorts matched for
age- and sex-matched cohorts, but this was not feasible in this study as there was insufficient information in the studies to
allow matching.

Although the symptoms of asthma and COPD are similar and both are characterised by airflow obstruction, their
pathogenesis and inflammatory endotypes differ.*’” These differences could affect the susceptibility to SARS-CoV-2 infection
and the severity of COVID-19 infection.**** We found that COPD increases COVID-19-related HCRU and mortality, while
overall asthma does not increase the risk of these outcomes. Patients with severe asthma may be at increased risk of
hospitalization or ICU admission, but they are not at an increased risk of mortality compared to patients with mild asthma.
There was no evidence that ICS or biologics significantly impacts the risk of SARS-CoV-2-infection or clinical outcomes.

Several recent reviews based on more limited data have evaluated the risks posed by asthma and COPD. Terry et al'®
reported that asthma did not increase the risk of COVID-19-related hospitalization, disease severity, or mortality. We
found an increase in HCRU among asthma patients when low-quality studies were included, but this became non-
significant when using only high-quality studies. Among high-quality studies, asthma patients had a lower risk of
mortality compared to non-asthma patients, confirming the minimal risk in this patient population.

Gerayeli et al?® and Rabbani et al>* report that COPD conferred an approximate 3-fold increase in COVID-19 deaths,
but they did not account for age, sex, or other comorbidities. Our study used adjusted HRs or ORs to account for these
confounding variables. Differences in the included confounding variables exist between studies, but given that age is
a major factor contributing to COVID-19 outcomes,’' these other covariates likely have a more limited impact on
outcomes. While our results show a statistically significant increased risk for COPD patients in terms of their COVID-
19—related HCRU and mortality, the reported aORs are below 1.6, suggestive of only a moderate risk among this patient
population and potentially less than other risk factors such as age. For example, in a UK-based database study, the
unadjusted HR for death for COPD compared to non-COPD was 1.68 (95% CI: 1.57 to 1.80), whereas the unadjusted HR
for those aged 50—69 was 2.55 (95% CI: 2.06 to 3.17) and among those aged >80 13.47 (95% CI: 11.2 to 16.20)
compared to those <50 years old."’

The Role of ICS and Biologics in COVID-19 Outcomes

An early SLR*? tried to delineate the role of ICS in COVID-19 outcomes but was challenged by a lack of reliable studies
reporting comorbidities. Our SLR encountered similar difficulties. Although 65 studies reported on the use of ICS or
biologics among a COVID-19 population, the small evaluable sample size and lack of detail about specific drugs or
dosages limited analytical possibilities. Heterogeneity was noted in the baseline populations of extracted studies,
including pediatric-only populations,*® mixed asthma/COPD populations,”>* and populations with other inflammatory
conditions.>*>> Finally, the results of meta-analyses comparing ICS/biologics and non-ICS/non-biologics users could be
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confounded by an underlying condition: treatment allocation may relate to factors like disease severity that affect
COVID-19 outcomes. Our review shows that, overall, use of ICS or biologics in patients with asthma or COPD does not
significantly affect COVID-19-related HCRU or mortality. Potential confounding in our results stems from the inability
to account for how asthma/COPD disease severity, smoking history, or other comorbidities affect COVID-19—related
outcomes.

Study Limitations

Significant heterogeneity was observed in the meta-analyses. Some of this heterogeneity can be accounted for by the
varied range of sample sizes (19 to 331,298), differences in patient populations (emergency room visits, hospitalized,
elderly), how comorbidities were defined, and geographic difference in treatment protocols, including when patients are
transferred to the ICU or require intubation.

Another limitation is the reliability of comorbidity identification in studies. Many studies (74%) collected data from
chart reviews or medical records with no objective confirmation of disease or linkage to primary care data; others relied
on patient surveys (3%). Our analysis also does not account for geographic differences in comorbidity diagnosis.
Finally, as studies included data on patients presenting over different time periods and at different stages of the
pandemic, including from the start of the pandemic, it was not possible to evaluate temporal trends in COVID-19
outcomes.

To address some of these limitations, we undertook an analysis of studies deemed to be high-quality using pre-defined
criteria that address the accuracy in COVID-19 and comorbidity diagnosis. Compared to the lower quality studies,
heterogeneity was lower among the 183 high-quality studies. The difference in results between high-quality studies
compared to the analysis of all studies highlights the importance of considering quality criteria when evaluating COVID-
19 data.

The quickly evolving COVID-19 landscape, as well as the introduction of vaccination, suggests that further analyses
will be necessary, particularly as the robustness of diagnosis, recording of comorbidities, and prior medication have been
recognized as important and management of COVID-19 is likely to further improve.

Conclusion

When considering high-quality studies, our analysis shows that while COPD confers a moderate but significant risk of
adverse COVID-19 outcomes, asthma does not. We have also shown that there is no clear evidence that ICS or biologics
pose additional risk for SARS-CoV-2 infection or poorer outcomes. The risk of HCRU or mortality in either asthma or
COPD remains modest after accounting for confounding variables.
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