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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 
Chloe I Bloom*, Thomas M Drake*, Annemarie B Docherty, Brian J Lipworth, Sebastian L Johnston, Jonathan S Nguyen-Van-Tam, Gail Carson, 
Jake Dunning, Ewen M Harrison, J Kenneth Baillie, Malcolm G Semple, Paul Cullinan†, Peter J M Openshaw†, on behalf of the ISARIC 
investigators‡

Summary
Background Studies of patients admitted to hospital with COVID-19 have found varying mortality outcomes associated 
with underlying respiratory conditions and inhaled corticosteroid use. Using data from a national, multicentre, 
prospective cohort, we aimed to characterise people with COVID-19 admitted to hospital with underlying respiratory 
disease, assess the level of care received, measure in-hospital mortality, and examine the effect of inhaled corticosteroid 
use. 

Methods We analysed data from the International Severe Acute Respiratory and emerging Infection Consortium 
(ISARIC) WHO Clinical Characterisation Protocol UK (CCP-UK) study. All patients admitted to hospital with 
COVID-19 across England, Scotland, and Wales between Jan 17 and Aug 3, 2020, were eligible for inclusion in this 
analysis. Patients with asthma, chronic pulmonary disease, or both, were identified and stratified by age (<16 years, 
16–49 years, and ≥50 years). In-hospital mortality was measured by use of multilevel Cox proportional hazards, 
adjusting for demographics, comorbidities, and medications (inhaled corticosteroids, short-acting β-agonists 
[SABAs], and long-acting β-agonists [LABAs]). Patients with asthma who were taking an inhaled corticosteroid 
plus LABA plus another maintenance asthma medication were considered to have severe asthma.

Findings 75 463 patients from 258 participating health-care facilities were included in this analysis: 860 patients younger 
than 16 years (74 [8·6%] with asthma), 8950 patients aged 16–49 years (1867 [20·9%] with asthma), and 65 653 patients 
aged 50 years and older (5918 [9·0%] with asthma, 10 266 [15·6%] with chronic pulmonary disease, and 2071 [3·2%] 
with both asthma and chronic pulmonary disease). Patients with asthma were significantly more likely than those 
without asthma to receive critical care (patients aged 16–49 years: adjusted odds ratio [OR] 1·20 [95% CI 1·05–1·37]; 
p=0·0080; patients aged ≥50 years: adjusted OR 1·17 [1·08–1·27]; p<0·0001), and patients aged 50 years and older with 
chronic pulmonary disease (with or without asthma) were significantly less likely than those without a respiratory 
condition to receive critical care (adjusted OR 0·66 [0·60–0·72] for those without asthma and 0·74 [0·62–0·87] for those 
with asthma; p<0·0001 for both). In patients aged 16–49 years, only those with severe asthma had a significant increase 
in mortality compared to those with no asthma (adjusted hazard ratio [HR] 1·17 [95% CI 0·73–1·86] for those on no 
asthma therapy, 0·99 [0·61–1·58] for those on SABAs only, 0·94 [0·62–1·43] for those on inhaled corticosteroids only, 
1·02 [0·67–1·54] for those on inhaled corticosteroids plus LABAs, and 1·96 [1·25–3·08] for those with severe asthma). 
Among patients aged 50 years and older, those with chronic pulmonary disease had a significantly increased mortality 
risk, regardless of inhaled corticosteroid use, compared to patients without an underlying respiratory condition (adjusted 
HR 1·16 [95% CI 1·12–1·22] for those not on inhaled corticosteroids, and 1·10 [1·04–1·16] for those on inhaled 
corticosteroids; p<0·0001). Patients aged 50 years and older with severe asthma also had an increased mortality risk 
compared to those not on asthma therapy (adjusted HR 1·24 [95% CI 1·04–1·49]). In patients aged 50 years and older, 
inhaled corticosteroid use within 2 weeks of hospital admission was associated with decreased mortality in those with 
asthma, compared to those without an underlying respiratory condition (adjusted HR 0·86 [95% CI 0·80−0·92]).

Interpretation Underlying respiratory conditions are common in patients admitted to hospital with COVID-19. 
Regardless of the severity of symptoms at admission and comorbidities, patients with asthma were more likely, and 
those with chronic pulmonary disease less likely, to receive critical care than patients without an underlying respiratory 
condition. In patients aged 16 years and older, severe asthma was associated with increased mortality compared to 
non-severe asthma. In patients aged 50 years and older, inhaled corticosteroid use in those with asthma was associated 
with lower mortality than in patients without an underlying respiratory condition; patients with chronic pulmonary 
disease had significantly increased mortality compared to those with no underlying respiratory condition, regardless 
of inhaled corticosteroid use. Our results suggest that the use of inhaled corticosteroids, within 2 weeks of admission, 
improves survival for patients aged 50 years and older with asthma, but not for those with chronic pulmonary disease.
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Introduction
COVID-19, caused by SARS-CoV-2, was declared a 
pandemic by WHO on March 11, 2020. By the end of 
September, 2020, there were more than 1 million deaths 
worldwide, a major concern for further waves of infections, 
and a belief that the pandemic will not end for another 
2 years.

People with chronic obstructive pulmonary disease 
(COPD) and asthma were initially considered to be at 
substantial risk of developing severe COVID-19.1,2 These 
putative risk factors were based on the knowledge that 
respiratory viruses are a major cause of disease 
exacerbations and because both diseases are associated 
with deficient innate immune responses to respiratory 
viral infections, which are likely to be important in defence 

against a novel virus.1,3 The increasing amount of 
observational data accumulated over the past year, as the 
pandemic has progressed, indicates that COPD is a 
definitive risk factor for severe COVID-19 outcomes.4,5 
For people with asthma, however, the predisposition to 
morbidity and mortality from COVID-19 is less straight-
forward. Early large case series of patients admitted 
to hospital with COVID-19 found the proportion of 
patients with asthma to be lower than that of the local 
population,6–8 unlike during the 2009 influenza pan-
demic.9 These findings suggested that asthma was 
associated with reduced susceptibility to severe COVID-19, 
with behavioural, pharmacological, and immuno-
pathological explanatory mechanisms proposed.10,11 More 
recent epidemiological studies have further complicated 

Research in context

Evidence before this study
Early case series at the beginning of the COVID-19 pandemic 
suggested that the prevalence of patients with chronic 
pulmonary disease admitted to hospital with COVID-19 was 
lower than the prevalence of chronic pulmonary disease in the 
local population. Subsequently, several studies have specifically 
investigated the risk of adverse COVID-19 outcomes, including 
admission to hospital and death, in patients with asthma and 
chronic obstructive pulmonary disease (COPD), with results 
suggesting COPD is a significant risk factor, whereas 
susceptibility is less clear cut for asthma. However, few 
observational studies have examined the effect of inhaled 
corticosteroids on mortality. One large study, based on the 
OpenSafely consortium, which included primary care records 
linked to COVID-19 mortality data, found that high-dose 
inhaled corticosteroid use in patients with asthma and any 
inhaled corticosteroid use in patients with COPD was associated 
with an increased risk of mortality from COVID-19. The authors 
of the study suggested that the association could be explained, 
fully or in part, by unmeasured confounding due to disease 
severity.

Added value of this study
To the best of our knowledge, our study uses the largest cohort 
of patients admitted to hospital with COVID-19 worldwide: the 
International Severe Acute Respiratory and emerging Infection 
Consortium (ISARIC) WHO Clinical Characterisation Protocol UK 
(CCP-UK) study. We inform on two major questions for people 
with underlying respiratory conditions. First, we described 
patients admitted to hospital with COVID-19, including the 
level of care they received and their mortality risk, comparing 
patients across age groups and common respiratory conditions. 

We found that patients with asthma were significantly more 
likely than those with no underlying respiratory condition to 
receive critical care and ventilatory support even after adjusting 
for severity on admission, age, and comorbidities; by contrast, 
patients with chronic pulmonary disease were significantly less 
likely than those with no underlying respiratory condition to 
receive critical care. Patients with chronic pulmonary disease 
and those with severe asthma had an increased risk of 
mortality. Second, we measured the association of mortality 
with inhaled corticosteroid use. In contrast to the OpenSafely 
study, we showed that use of inhaled corticosteroids within 
2 weeks of admission was associated with decreased mortality 
in patients with asthma but had no effect on mortality in 
patients with chronic pulmonary disease.

Implications of all the available evidence
In the UK, there appears to be a disparity between the level of 
in-hospital care for COVID-19 received by patients with 
different respiratory conditions, which is not accounted for by 
clinical severity, age, or comorbidities. Both our secondary care 
study and the primary care OpenSafely study found that 
patients with severe asthma were at risk of increased mortality. 
Our study suggests that the use of inhaled corticosteroids 
within 2 weeks of admission might be beneficial in patients 
with asthma, perhaps via a putative anti-inflammatory effect. 
The evidence from these two large observational cohorts 
reports contrasting effects of inhaled corticosteroids, although 
the timing of inhaled corticosteroid use might have differed. 
Moreover, both studies are at risk of misclassification and 
confounding; the results of ongoing prospective randomised 
clinical trials evaluating the efficacy of inhaled corticosteroids in 
this setting will therefore be informative.

Funding National Institute for Health Research, Medical Research Council, NIHR Health Protection Research Units 
in Emerging and Zoonotic Infections at the University of Liverpool and in Respiratory Infections at Imperial College 
London in partnership with Public Health England. 
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our understanding of the impact of COVID-19 on people 
with asthma, as some studies suggest an association with 
severe COVID-19,5,12,13 while others do not.4,14–17

One mechanism postulated to correlate with 
protection is inhaled corticosteroid use.10,18 Experimental 
clinical and preclinical studies have shown that inhaled 
corticosteroid use attenuates the expression of key genes 
that are thought to facilitate SARS-CoV-2 infection, in 
both asthma and COPD.19–21 Although analysis of data 
from two asthma cohorts in the USA found no 
association between inhaled corticosteroid use and 
admission to hospital for COVID-19, data from a large 
UK cohort found an increase in COVID-19-related 
mortality associated with high-dose inhaled cortico-
steroid use in people with asthma, and with any 
inhaled corticosteroid use in people with COPD.15,22,23 
Understanding the impact of inhaled corticosteroid use 
on COVID-19 outcomes is important for patients with 
underlying respiratory conditions. Notably, at the 
beginning of the pandemic, in the UK the demand for 
inhaled corticosteroid prescriptions escalated to such an 
extent that it caused distressing shortages.24

Using data from the International Severe Acute 
Respiratory and emerging Infection Consortium 
(ISARIC) WHO Clinical Characterisation Protocol UK 
(CCP-UK) study, we aimed to characterise people 
admitted to hospital with COVID-19 who had underlying 
respiratory disease, assess the level of care received, 
measure in-hospital mortality, and examine the effect of 
inhaled corticosteroid use.

Methods
Data sources
The ISARIC WHO CCP-UK protocol was developed in 
2009, with regular review and updates in 2012, 2013, and 
2016 in response to potential threats posed by emerging 
infections. The ISARIC study was activated in response 
to the SARS-CoV-2 outbreak on Jan 17, 2020. ISARIC 
WHO CCP-UK is an actively recruiting, prospective 
cohort study of patients admitted to hospital with strongly 
suspected or confirmed COVID-19 across England, 
Scotland, and Wales. The protocol, revision history, case 
report forms, study information, and consent forms are 
available online. Data and analysis scripts are available 
on request. 

Study population
From Jan 17 to Aug 3, 2020, all patients admitted 
to hospital with a confirmed or highly suspected 
SARS-CoV-2 infection leading to COVID-19 were eligible 
for inclusion in this study. Confirmation of SARS-CoV-2 
was done with RT-PCR, the only testing modality 
available in the UK during the study period. Highly 
suspected but unproven cases of COVID-19 were eligible 
for inclusion, given that SARS-CoV-2 was an emergent 
pathogen at the time of protocol activation and 
confirmatory RT-PCR was contingent on local availability 

of tests. Patients who were admitted to hospital after 
Aug 3, 2020, were excluded to avoid bias from those who 
had not had adequate time to accrue an outcome. 
Follow-up of patients ended on Aug 17, 2020.

Ethical approval was given by the South Central-Oxford 
C Research Ethics Committee in England (reference 
13/SC/0149), and by the Scotland A Research Ethics 
Committee (reference 20/SS/0028). The study is 
registered with the ISRCTN registry, ISRCTN66726260. 
All patients who provided biological samples gave 
informed consent. For patients who did not provide 
samples, some gave informed consent but for some the 
requirement for consent was waived.

Variables
Data were collected by clinical research staff by use of a 
standardised case report form and entered into a secure 
Research Electronic Data Capture (REDCap) secure online 
database. Data were collected across multiple timepoints, 
including at admission, during hospital stay (days 1, 3, 6, 
and 9) and at discharge. Characteristics including age, 
sex, comorbidities (asthma, chronic pulmonary disease, 
chronic cardiac disease, chronic haemato logical disease 
[excluding malignancy], chronic kidney disease, chronic 
neurological disease, HIV/AIDs, malignancy, liver disease, 
obesity, or rheumatological disorder) and smoking history 
were also recorded. Physiological variables at admission 
were recorded, including components of the National 
Early Warning Score 2 (NEWS2), which were categorised 
as low (<5), moderate (5–6), and severe (≥7) clinical risk. 
We also collected information about medications, entered 
as free text, and subsequently mapped this information to 
drug preparations using data provided by the UK National 
Health Service (NHS) Technology Reference data Update 
Distribution Service. Postal codes of patients’ home 
addresses were used to record the Index of Multiple 
Deprivation (IMD), an area-based measure of relative 
deprivation (with the least deprived areas represented by 
the first quintile and the most deprived represented by the 
fifth). Where this information was missing, a hospital-
weighted average IMD score was used.

Patients with respiratory disease, recorded in the case 
report form as “asthma” or “chronic pulmonary disease 
(no asthma)”, were stratified into three age groups: 
younger than 16 years, 16–49 years, and 50 years and older. 
Asthma spans all ages but the potential for misclassification 
due to other similar conditions increases from around 
50 years of age. Stratification by age reduces the risk of 
this bias and helps control for age, one of the main 
confounders for assessing COVID-19 outcomes. Because 
of the small numbers of children (ie, patients <16 years) 
admitted to hospital with COVID-19, only a descriptive 
analysis was done for this age group. Patients younger 
than 50 years with asthma were identified with the case 
report form, or by identification of  patients without 
chronic pulmonary disease who were taking inhaled 
asthma medication (inhaled corticosteroids, short-acting 

For more on the ISARIC WHO-
CCP-UK study see https://
isaric4c.net

https://isaric4c.net
https://isaric4c.net
https://isaric4c.net
https://isaric4c.net
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β-agonists [SABAs], long-acting β-agonists [LABAs], 
or theophylline or leukotriene receptor antagonists 
[LTRAs]) within 2 weeks of admission. Patients prescribed 
an inhaled corticosteroid plus LABA plus another 
maintenance asthma medication (a LAMA, LTRA, 
or theophylline) were considered to have severe asthma 
(equivalent to the highest steps in the asthma management 
stepwise approach). Patients with chronic pulmonary 
disease were those for whom “chronic pulmonary disease 
(no asthma)” was entered on the case report form. In 
patients older than 50 years, those for whom “asthma” 
or “chronic pulmonary disease (no asthma)” was not 
entered on their forms were classified as having no 
respiratory condition (appendix p 10).

Further breakdown of the respiratory diagnoses within 
the chronic pulmonary disease category was not recorded 
but was mostly likely to be predominantly COPD.

Outcomes
The outcomes of interest were hospital survival from the 
onset of symptoms (measured as time in days to death) 
and during hospital admission: any admission to 
critical care (level 3: intensive care unit; or level 2: high 
dependency unit), and whether the patient received 
invasive mechanical ventilation, non-invasive ventilation, 
or oxygen.

Statistical analysis
Categorical data were summarised as frequencies and 
percentages, and tested with the χ² statistic, except for 
when cell counts were five or fewer, in which case 
Fisher’s exact test was used (all p values are based on 
non-missing values). For continuous data, normally 
distributed variables were summarised as mean (SD) 
and non-normally distributed variables summarised as 
median (IQR). Continuous variables were analysed, 
where appropriate, with a two-sample Welch’s t-test for 
normally distributed data, or with a Mann-Whitney 
U test or a Kruskall-Wallis test for data that were not 
normally distributed.

Time to in-hospital death (survival) was modelled with 
Cox proportional hazards regression and logistic 
regression was used for modelling of binary outcomes. 
For survival models, the reported date of symptom onset 
was taken as day zero and discharge from hospital was 
considered an absorbing state (once discharged, patients 
were considered to no longer be at risk of death). 
Discharge did not compete with death, as discharged 
patients were not censored and included in the risk 
set until the end of the follow-up (Aug 17, 2020). 
After building the survival models, we confirmed 
the assumptions of proportional hazards were met by 
plotting the Schoenfeld residuals and inspecting 
for symmetry over time. An iterative modelling approach 
was adopted, where clinically plausible variables that 
could explain differences in mortality were entered into 
preliminary multivariable models. We selected the final 

models through minimisation of the Akaike Information 
Criterion (AIC). Variables that did not reduce AIC were 
dropped to minimise overfitting. Where data on 
predictor (explanatory) variables were missing, we used 
multiple imputation by chained equations to generate 
five imputed datasets with five iterations of imputation 
per dataset. Models were then fitted on each imputed 
dataset and the final models pooled with Rubin’s rules.

First order interactions were checked, and any significant 
interactions retained. Covariates included were age, sex, 
ethnicity, deprivation, obesity, smoking, chronic cardiac 
disease, chronic kidney disease, and malignancy.

Both survival models and logistic regression models 
took variation across health-care facilities into account by 
use of mixed-effects models. Patient-level risk factors 
were modelled as fixed effects and the health-care facility 
as a random effect. We did three post-hoc sensitivity 
analyses: first, excluding patients with obesity; second, 
excluding patients without a positive RT-PCR test result; 
and third, in patients aged 50 years and older, we included 
all medication strata (not only inhaled corticosteroids) 
but excluded patients with missing medication 
data for asthma or chronic pulmonary disease. Effect 
estimates are presented as hazard ratios (HRs) for time 
to death and odds ratios (ORs) for binary outcome 
data, alongside their corresponding 95% CIs. Statistical 
significance was taken at the level of p less than 0·05.

Data were analysed with R, version 3.6.3, using the 
tidyverse, finalfit, and mice packages.

Role of the funding source
The sponsor had no role in study design, data collection, 
data analysis, data interpretation, or writing of the report.

Results
By Aug 17, 2020, 78 674 patients were enrolled into the 
ISARIC CCP-UK cohort across 258 health-care facilities; 
comorbidity data were available for 75 463 patients 
(figure 1). Chronic respiratory disease (including asthma 
or chronic pulmonary disease, or both) was the most 
prevalent comorbidity, in 20 196 (26·8%) of 
75 463 patients. 73 500 (97·4%) patients had RT-PCR-
positive SARS-CoV-2 infection.

There were 860 children younger than 16 years, 
786 (91·4%) without asthma and 74 (8·6%) with asthma. 
Patients younger than 16 years with asthma were older 
and more likely to be of white ethnicity than those 
without asthma, but had similar clinical characteristics to 
those without asthma (appendix p 10). 26 (41·9%) of the 
74 patients with asthma were using inhaled cortico-
steroids. Five patients were using monoclonal antibodies 
for severe asthma.

There were 8950 patients aged 16–49 years: 
7083 (79·1%) without asthma and 1867 (20·9%) with 
asthma. The mean age was similar in both groups (38·7 
[SD 8·6] years for patients with asthma and 38·9 
[8·6] years for those without), as was the proportion of 
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smokers, but patients with asthma were more likely to 
be female, of white ethnicity, and obese (table 1; appendix 
p 12). The prevalence of other comorbidities in patients 
aged 16–49 years was low, with small differences between 
patients with and without asthma. More than half of 
patients aged 16–49 years with asthma were using 
inhaled corticosteroids (alone, in combination with a 
LABA, or in combination with a LABA plus another 
asthma medication; table 1). Five patients were using 
monoclonal antibodies for asthma.

There were 65 653 patients aged 50 years and older: 
47 398 (72·2%) without a respiratory condition, 5918 (9·0%) 
with asthma alone, 10 266 (15·6%) with chronic pulmonary 
disease (no asthma), and 2071 (3·2%) with a co-diagnosis 
of asthma and chronic pulmonary disease. Patients with 
asthma were slightly younger than patients with chronic 
pulmonary disease alone, and more likely to be female and 
obese, but less likely to be of white ethnicity or a current 
smoker (table 2; appendix p 14). Patients with asthma were 
less likely than those with chronic pulmonary disease to 
have chronic cardiac disease, malignant neoplasm, or 
chronic kidney disease, but the prevalence of other 
comorbidities was similar across groups. Inhaled 
corticosteroid use was higher among patients with asthma 
(3481 [60·6%] of 5745) and among patients with asthma 
and chronic pulmonary disease (1373 [67·5%] of 2033) 
than among patients with chronic pulmonary disease 
alone (4009 [40·0%] of 10 033).

Among all age groups, patients with a respiratory 
condition were significantly more likely to have dyspnoea, 
wheeze, and cough than those without asthma or with 
no respiratory condition but, in those aged 16–49 years, 
only around one in seven presented with wheeze (table 3; 
appendix p 15). In children (patients <16 years) with 
asthma, 30 (40·5%) of 74 presented with wheeze 
(appendix p 15). In patients aged 50 years and older, more 
than two-thirds of patients with a respiratory condition 
presented with dyspnoea, compared to slightly more 
than half of patients without a respiratory condition 
(table 3).

Patients aged 16–49 years with asthma, and patients 
aged 50 years and older with chronic pulmonary disease 
(with or without asthma), had a higher percentage of 
patients who presented with a NEWS2 score greater 
than 4, compared to those with no respiratory condition 
(table 3).

No children (aged <16 years) with asthma died, but ten 
were transferred to critical care (appendix p 15). Patients 
with asthma aged 16–49 years and those aged 50 years 
and older were significantly more likely to receive critical 
care, non-invasive ventilation, and oxygen than patients 
without asthma after adjusting for age, sex, ethnicity, 
obesity, smoking, and comorbidities (table 4). Patients 
aged 50 years and older with chronic pulmonary disease 
(with or without asthma) were significantly less likely to 
receive critical care or invasive mechanical ventilation 
than patients without a respiratory condition, but were 

more likely to receive non-invasive ventilation and 
oxygen supplementation (table 4). After adjusting 
for NEWS2 scores, there was minimal change in effect 
estimates, except for a reduction in the odds of non-
invasive ventilation in patients with chronic pulmonary 
disease with no asthma (adjusted OR 1·04 [95% CI 

Figure 1: Flow diagram of patients by inclusion and exclusion criteria

860 patients aged <16 years 8950 patients aged 16–49 years

75 463 patients with data available on 
comorbidities
20 196 patients with respiratory disease 
10 266 patients with chronic pulmonary

disease
7859 patients with asthma
2071 patients with asthma and chronic

pulmonary disease

102 666 patients included from across
258 health-care facilities

65 653 patients aged ≥50 years

No asthma 
(n=7083)

Asthma 
(n=1867)

Demographic characteristics

Mean age, years 38·9 (8·6) 38·7 (8·6)

Age group, years

16–24 618 (8·7%) 152 (8·1%)

25–39 2700 (38·1%) 734 (39·3%)

40–49 3765 (53·2%) 981 (52·5%)

Sex at birth

Female 3056 (43·1%) 1031 (55·2%)

Male 4015 (56·7%) 830 (44·5%)

Data missing 12 (0·2%) 6 (0·3%)

Ethnicity

Asian 986 (13·9%) 221 (11·8%)

Black 555 (7·8%) 64 (3·4%)

White 3606 (50·9%) 1182 (63·3%)

Other 968 (13·7%) 176 (9·4%)

Data missing 968 (13·7%) 224 (12·0%)

Deprivation (IMD quintile)

1 909 (12·8%) 258 (13·8%)

2 1098 (15·5%) 301 (16·1%)

3 1213 (17·1%) 306 (16·4%)

4 1591 (22·5%) 397 (21·3%)

5 2264 (32·0%) 605 (32·4%)

Data missing 8 (0·1%) 0

Smoking

Never smoked 3606 (50·9%) 908 (48·6%)

Former smoker 753 (10·6%) 243 (13·0%)

Current smoker 607 (8·6%) 187 (10·0%)

Data missing 2117 (29·9%) 529 (28·3%)

(Table 1 continues in next column)
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0·97–1·12]) and in those with chronic pulmonary disease 
and asthma (adjusted OR 1·09 [0·95–1·25]).

In patients aged 16–49 years, 122 (6·5%) of 1867 patients 
with asthma and 382 (5·4%) of 7083 patients without 
asthma died (table 3). After adjusting for multiple risk 
factors, only patients with severe asthma had increased 
rates of in-hospital mortality (adjusted HR 1·17 [95% CI 
0·73–1·86] for patients on no asthma therapy, 0·99 
[0·61–1·58] for those on SABAs only, 0·94 [0·62–1·43] 
for those on inhaled corticosteroids only, 1·02 [0·67–1·54] 
for those on inhaled corticosteroids plus LABAs, and 
1·96 [1·25–3·08] for those with severe asthma—ie, on 
inhaled corticosteroids in combination with a LABA plus 
another asthma medication; figure 2; appendix p 16).

In patients aged 50 years and older, 4269 (41·6%) of 
10 266 patients with chronic pulmonary disease died during 
their hospital stay, compared to 1670 (28·2%) of 5918 with 
asthma and 16 106 (34·0%) of 47 398 with no underlying 
respiratory condition (table 3). Patients aged 50 years and 
older with asthma who were using inhaled corticosteroids 
had a 14% reduction in mortality risk compared to those 
with no underlying respiratory condition (adjusted 
HR 0·86 [95% CI 0·80–0·92]; p<0·0001), but those who 
were not using inhaled corticosteroids had no significant 

No asthma 
(n=7083)

Asthma 
(n=1867)

(Continued from previous column)

Clinical characteristics

Obesity (as defined by clinical staff)

No 5581 (78·8%) 1228 (65·8%)

Yes 1017 (14·4%) 461 (24·7%)

Data missing 485 (6·8%) 178 (9·5%)

Chronic pulmonary disease (not asthma)

No 6869 (97·0%) 1736 (93·0%)

Yes 214 (3·0%) 76 (4·1%)

Data missing 0 55 (2·9%)

Chronic cardiac disease

No 6746 (95·2%) 1720 (92·1%)

Yes 306 (4·3%) 89 (4·8%)

Data missing 31 (0·4%) 58 (3·1%)

Malignancy

No 6840 (96·6%) 1763 (94·4%)

Yes 190 (2·7%) 34 (1·8%)

Data missing 53 (0·7%) 70 (3·7%)

Chronic kidney disease

No 6753 (95·3%) 1731 (92·7%)

Yes 295 (4·2%) 69 (3·7%)

Data missing 35 (0·5%) 67 (3·6%)

Diabetes without complications

No 6261 (88·4%) 1559 (83·5%)

Yes 608 (8·6%) 205 (11·0%)

Data missing 214 (3·0%) 103 (5·5%)

Diabetes with complications

No 6612 (93·4%) 1692 (90·6%)

Yes 267 (3·8%) 73 (3·9%)

Data missing 204 (2·9%) 102 (5·5%)

Mild liver disease

No 6913 (97·6%) 1766 (94·6%)

Yes 109 (1·5%) 26 (1·4%)

Data missing 61 (0·9%) 75 (4·0%)

Moderate or severe liver disease

No 6890 (97·3%) 1763 (94·4%)

Yes 139 (2·0%) 32 (1·7%)

Data missing 54 (0·8%) 72 (3·9%)

Chronic neurological disorder

No 6576 (92·8%) 1671 (89·5%)

Yes 460 (6·5%) 130 (7·0%)

Data missing 47 (0·7%) 66 (3·5%)

Chronic haematological disease

No 6846 (96·7%) 1749 (93·7%)

Yes 191 (2·7%) 49 (2·6%)

Data missing 46 (0·6%) 69 (3·7%)

Rheumatological disease

No 6828 (96·4%) 1698 (90·9%)

Yes 195 (2·8%) 99 (5·3%)

Data missing 60 (0·8%) 70 (3·7%)

(Table 1 continues in next column)

No asthma 
(n=7083)

Asthma 
(n=1867)

(Continued from previous column)

Medication characteristics

Medication

Reported 7083 (100·0%) 1721 (92·2%)

Data missing 0 146 (7·8%)

Type of inhaler therapy

No therapy 6997 (98·8%) 327 (17·5%)

SABA 24 (0·3%) 346 (18·5%)

ICS only 31 (0·4%) 423 (22·7%)

LABA plus ICS 22 (0·3%) 424 (22·7%)

ICS plus LABA plus another 
asthma medication*

9 (0·1%) 201 (10·8%)

Data missing 0 146 (7·8%)

ICS components

No steroid 7022 (99·1%) 706 (37·8%)

Beclometasone 39 (0·6%) 636 (34·1%)

Budesonide 6 (0·1%) 151 (8·1%)

Ciclesonide 0 (0·0%) 4 (0·2%)

Fluticasone 16 (0·2%) 224 (12·0%)

Data missing 0 146 (7·8%)

Oral corticosteroids

No oral steroids 6844 (96·6%) 1671 (89·5%)

Oral steroids 139 (2·0%) 174 (9·3%)

Data missing 100 (1·4%) 22 (1·2%)

Data are n (%) or mean (SD), unless otherwise indicated. IMD=Index of Multiple 
Deprivation. SABA=short-acting β-agonist. ICS=inhaled corticosteroid. 
LABA=long-acting β-agonist. *Other asthma medication: long-acting muscarinic 
antagonist, leukotriene receptor antagonist, or theophylline. 

Table 1: Characteristics of patients aged 16–49 years 
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reduction in mortality risk (adjusted HR 0·97 [95% CI 
0·89–1·05]; p=0·391; figure 3; appendix p 17). When 
stratifying patients with asthma alone, patients aged 
50 years and older with severe asthma had an increased 
mortality risk compared to those on no asthma therapy 
(adjusted HR 1·24 [95% CI 1·04–1·49]; p=0·020; appendix 
pp 3, 17). Patients aged 50 years and over with chronic 
pulmonary disease alone (no asthma) had a significant 
increase in mortality risk, regardless of inhaled 
corticosteroid use, compared to patients without an 
underlying respiratory condition (adjusted HR 1·16 
[95% CI 1·12–1·22], p<0·0001, for those not on inhaled 
corticosteroids; and adjusted HR 1·10 [95% CI 1·04–1·16], 
p<0·0001, for those on inhaled corticosteroids; figure 3; 
appendix p 17). A significant increase in mortality risk was 
observed in patients aged 50 years and older with chronic 
pulmonary disease and asthma who were not using inhaled 
corticosteroids, compared to patients without an underlying 
respiratory condition (adjusted HR 1·13 [95% CI 1·01–1·28]; 
p=0·041; figure 3).

When stratifying by NEWS2 score, in all groups and 
respiratory conditions there was a lower mortality rate in 
patients who were on inhaled corticosteroids than in 
patients not on inhaled corticosteroids, except in patients 
with chronic pulmonary disease and no asthma who had 
a NEWS2 score of 5–6 (appendix p 19).

In adults, after excluding patients with obesity, mortality 
associations did not differ significantly from those found 
in the main analyses (appendix pp 4–5). Only including 
patients with positive RT-PCR test results did not affect 
associations found in the main analyses either (appendix 
pp 6–7). Bronchodilators, or the number of long-acting 
inhalers used, were not associated with mortality risk in 
patients with chronic pulmonary disease (appendix p 8). 
Modelling age as a continuous transformed variable did 
not affect associations compared to including age as a 
categorical variable (appendix pp 20, 21).

After adjusting for mortality risk factors, beclometasone 
was associated with a 7% reduction in the risk of in-
hospital mortality compared to no inhaled corticosteroid 
use (adjusted HR 0·93 [95% CI 0·89–0·98]); fluticasone 
and ciclesonide did not have a significant association with 
mortality (appendix pp 9, 22).

Discussion
ISARIC CCP-UK is, to our knowledge, the largest cohort 
of hospital admissions for COVID-19 worldwide. In 
contrast to some other cohorts, we found that the 
proportion of people with asthma admitted to hospital 
with COVID-19 (8·6% aged <16 years, 20·9% aged 
16–49 years, and 12·2% aged ≥50 years) was considerably 
higher than the national prevalence of asthma, which is 
around 7% for each age group.25 Patients with underlying 
respiratory conditions were more likely to present with 
respiratory symptoms, dyspnoea, and cough, but wheeze 
was uncommon except in children with asthma (patients 
<16 years).

No respiratory 
condition 
(n=47 398)

Asthma 
(n=5918)

Chronic pulmonary 
disease, no asthma 
(n=10 266)

Asthma and 
chronic 
pulmonary 
disease (n=2071)

Demographic characteristics

Mean age, years 75·7 (12·5) 72·1 (12·8) 77·8 (9·6) 76·1 (10·6)

Age group, years

50–69 15 523 (32·8%) 2625 (44·4%) 2008 (19·6%) 560 (27·0%)

70–80 11 323 (23·9%) 1373 (23·2%) 3638 (35·4%) 690 (33·3%)

>80 20 552 (43·4%) 1920 (32·4%) 4620 (45·0%) 821 (39·6%)

Sex at birth

Female 19 977 (42·1%) 3289 (55·6%) 4195 (40·9%) 1090 (52·6%)

Male 27 291 (57·6%) 2618 (44·2%) 6053 (59·0%) 974 (47·0%)

Data missing 130 (0·3%) 11 (0·2%) 18 (0·2%) 7 (0·3%)

Ethnicity

Asian 2255 (4·8%) 377 (6·4%) 184 (1·8%) 67 (3·2%)

Black 1565 (3·3%) 187 (3·2%) 105 (1·0%) 30 (1·4%)

White 35 481 (74·9%) 4431 (74·9%) 8738 (85·1%) 1710 (82·6%)

Other 2620 (5·5%) 340 (5·7%) 349 (3·4%) 83 (4·0%)

Data missing 5477 (11·6%) 583 (9·9%) 890 (8·7%) 181 (8·7%)

Deprivation (IMD quintile)

1 8586 (18·1%) 1026 (17·3%) 1503 (14·6%) 258 (12·5%)

2 9138 (19·3%) 1096 (18·5%) 1843 (18·0%) 366 (17·7%)

3 8906 (18·8%) 1080 (18·2%) 1766 (17·2%) 350 (16·9%)

4 9413 (19·9%) 1196 (20·2%) 2150 (20·9%) 431 (20·8%)

5 11 336 (23·9%) 1519 (25·7%) 3001 (29·2%) 666 (32·2%)

Data missing 19 (<0·1%) 1 (<0·1%) 3 (<0·1%) 0

Smoking

Never smoked 15 661 (33·0%) 2352 (39·7%) 1661 (16·2%) 420 (20·3%)

Former smoker 9114 (19·2%) 1226 (20·7%) 4088 (39·8%) 800 (38·6%)

Current smoker 1707 (3·6%) 197 (3·3%) 1116 (10·9%) 192 (9·3%)

Data missing 20 916 (44·1%) 2143 (36·2%) 3401 (33·1%) 659 (31·8%)

Clinical characteristics

Obesity

No 35 123 (74·1%) 4136 (69·9%) 7584 (73·9%) 1425 (68·8%)

Yes 3872 (8·2%) 876 (14·8%) 955 (9·3%) 304 (14·7%)

Data missing 8403 (17·7%) 906 (15·3%) 1727 (16·8%) 342 (16·5%)

Chronic cardiac disease

No 28 755 (60·7%) 3836 (64·8%) 4964 (48·4%) 1039 (50·2%)

Yes 15 232 (32·1%) 1816 (30·7%) 4876 (47·5%) 945 (45·6%)

Data missing 3411 (7·2%) 266 (4·5%) 426 (4·1%) 87 (4·2%)

Malignant neoplasm

No 38 274 (80·8%) 5131 (86·7%) 8302 (80·9%) 1717 (82·9%)

Yes 5036 (10·6%) 441 (7·5%) 1336 (13·0%) 229 (11·1%)

Data missing 4088 (8·6%) 346 (5·8%) 628 (6·1%) 125 (6·0%)

Chronic kidney disease

No 35 149 (74·2%) 4689 (79·2%) 7464 (72·7%) 1493 (72·1%)

Yes 8530 (18·0%) 911 (15·4%) 2264 (22·1%) 468 (22·6%)

Data missing 3719 (7·8%) 318 (5·4%) 538 (5·2%) 110 (5·3%)

Diabetes with complications

No 34 606 (73·0%) 4348 (73·5%) 7801 (76·0%) 1501 (72·5%)

Yes 7436 (15·7%) 1056 (17·8%) 1568 (15·3%) 388 (18·7%)

Data missing 5356 (11·3%) 514 (8·7%) 897 (8·7%) 182 (8·8%)

(Table 2 continues on next page)
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Patients with chronic pulmonary disease had a high 
mortality rate, of around 40%, but were significantly less 
likely than patients with no underlying respiratory 
condition to receive critical care or invasive ventilatory 
support, even after considering age and comorbidities. By 
contrast, adult patients with asthma were significantly 
more likely to receive critical care and non-invasive 
ventilatory support. This observation did not seem to 
be associated with clinical severity on admission, as 
measured by NEWS2 scores, suggesting that other factors 
were contributing to the decision to provide critical care. 
For example, it is likely these markers did not fully account 
for frailty, when treatment escalation discussions were 
held, and a low threshold for admitting patients with 
asthma to critical care for observation, given their potential 
to deteriorate quickly. All patients with underlying 
respiratory conditions were more likely to receive non-
invasive ventilation and oxygen supplementation than 
patients without an underlying respiratory condition, even 
after accounting for age, comorbidities, and severity of 
symptoms at admission.

Patients with severe asthma (denoted by their 
maintenance medication use before admission to 
hospital) had worse survival than patients without an 
underlying respiratory condition. In all other patients 
with asthma, there was no significant difference in 
mortality except in those using inhaled corticosteroids, 
aged 50 years or older, who had decreased mortality. 
These differential effects with age and mortality might be 
related to immune senescence, which can occur from 
55 years of age.26 One aspect of immune senescence 
includes an increase in inflammation that might inhibit 
immunity to viruses or worsen hyperinflammation at the 
time of infection; inhaled corticosteroid use has been 
postulated to reverse this effect.27,28 Another possibility is 
that inhaled corticosteroid use exhibits its apparent age 
preferential effect through inhibition of angiotensin-
converting enzyme 2 (ACE2), since expression of ACE2 
increases with age.29

Our findings in patients with asthma correspond to 
work from the OpenSafely primary care consortium.23 
Based on more than 17 million UK medical records linked 
to COVID-19 deaths, the OpenSafely consortium found 
that only patients with severe asthma (defined by the 
prescription of oral corticosteroids in the past year) were 
predisposed to increased mortality.23 Another large study, 
based on UK Biobank data from more than 65 000 people 
with asthma (enrolled at ages 40–59 years), found non-
allergic asthma, or asthma with a co-diagnosis of COPD, 
to be associated with increased risk of admission to 
hospital for COVID-19, while allergic asthma showed a 
non-significant association with reduced admission to 
hospital.13 These studies included large numbers of 
patients but because they were observational they are all 
susceptible to inherent misclassification of asthma, due 
to self-reporting or diagnosis by a non-specialist, as well 
as limited information about underlying asthma severity 

No respiratory 
condition 
(n=47 398)

Asthma 
(n=5918)

Chronic pulmonary 
disease, no asthma 
(n=10 266)

Asthma and 
chronic 
pulmonary 
disease (n=2071)

(Continued from previous page)

Diabetes without complications

No 38 457 (81·1%) 4988 (84·3%) 8568 (83·5%) 1703 (82·2%)

Yes 3489 (7·4%) 394 (6·7%) 785 (7·6%) 188 (9·1%)

 Data missing 5452 (11·5%) 536 (9·1%) 913 (8·9%) 180 (8·7%)

Mild liver disease

No 42 430 (89·5%) 5471 (92·4%) 9400 (91·6%) 1892 (91·4%)

Yes 638 (1·3%) 90 (1·5%) 184 (1·8%) 40 (1·9%)

Data missing 4330 (9·1%) 357 (6·0%) 682 (6·6%) 139 (6·7%)

Moderate or severe liver disease

No 42 365 (89·4%) 5476 (92·5%) 9373 (91·3%) 1886 (91·1%)

Yes 814 (1·7%) 93 (1·6%) 237 (2·3%) 55 (2·7%)

Data missing 4219 (8·9%) 349 (5·9%) 656 (6·4%) 130 (6·3%)

Chronic neurological disorder

No 37 113 (78·3%) 4969 (84·0%) 8376 (81·6%) 1703 (82·2%)

Yes 6323 (13·3%) 621 (10·5%) 1297 (12·6%) 234 (11·3%)

Data missing 3962 (8·4%) 328 (5·5%) 593 (5·8%) 134 (6·5%)

Chronic haematological disease

No 41 246 (87·0%) 5344 (90·3%) 9159 (89·2%) 1832 (88·5%)

Yes 1991 (4·2%) 222 (3·8%) 482 (4·7%) 118 (5·7%)

Data missing 4161 (8·8%) 352 (5·9%) 625 (6·1%) 121 (5·8%)

Rheumatological disorder

No 37 847 (79·8%) 4790 (80·9%) 8266 (80·5%) 1598 (77·2%)

Yes 5217 (11·0%) 778 (13·1%) 1377 (13·4%) 353 (17·0%)

Data missing 4334 (9·1%) 350 (5·9%) 623 (6·1%) 120 (5·8%)

Medication characteristics

Medication

Reported 47 398 (100·0%) 5745 (97·1%) 10 033 (97·7%) 2033 (98·2%)

Data missing 0 173 (2·9%) 233 (2·3%) 38 (1·8%)

Salbutamol 1805 (3·8%) 3077 (52·0%) 4543 (44·3%) 1223 (59·1%)

ICS components

No steroid 46 182 (97·4%) 2264 (38·3%) 6024 (58·7%) 661 (31·9%)

Beclometasone 712 (1·5%) 2000 (33·8%) 2195 (21·4%) 738 (35·6%)

Budesonide 153 (0·3%) 578 (9·8%) 421 (4·1%) 192 (9·3%)

Ciclesonide 26 (0·1%) 12 (0·2%) 19 (0·2%) 12 (0·6%)

Fluticasone 325 (0·7%) 891 (15·1%) 1374 (13·4%) 431 (20·8%)

Data missing 0 173 (2·9%) 233 (2·3%) 37 (1·8%)

LABA 355 (0·7%) 1583 (26·7%) 1704 (16·6%) 676 (32·6%)

LAMA 312 (0·7%) 404 (6·8%) 1954 (19·0%) 450 (21·7%)

LTRAs 45 (0·1%) 524 (8·9%) 165 (1·6%) 227 (11·0%)

Theophylline 14 (0·0%) 88 (1·5%) 310 (3·0%) 103 (5·0%)

Oral corticosteroids

No 44 440 (93·8%) 5434 (91·8%) 9132 (89·0%) 1794 (86·6%)

Yes 1371 (2·9%) 436 (7·4%) 1051 (10·2%) 261 (12·6%)

Data missing 1587 (3·3%) 48 (0·8%) 83 (0·8%) 16 (0·8%)

Data are n (%) or mean (SD), unless otherwise indicated. IMD=Index of Multiple Deprivation. ICS=inhaled corticosteroid. 
LABA=long-acting β-agonist. LAMA=long-acting muscarinic antagonist. LTRA=leukotriene receptor antagonist.

Table 2: Characteristics of patients aged 50 years and older
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and phenotypes. Small case series, based on well-defined 
patients with asthma (diagnosed by specialists with 
detailed medical records) found asthma to be associated 
with an increased risk of severe COVID-19.30,31 We found 
asthma to be associated with an increased level of in-
hospital care, even after adjusting for clinical severity on 

admission, but not with an increased risk of death (except 
for patients with severe asthma), similar to what was 
observed in the 2009 influenza pandemic.9 In our study, 
we attempted to further refine asthma classification using 
an age cutoff and, in the older cohort, by separating 
patients documented as having asthma alone from 

Patients aged 16–49 years Patients aged ≥50 years

No asthma 
(n=7083)

Asthma 
(n=1867)

p value No respiratory condition 
(n=47 398)

Asthma 
(n=5918)

Chronic pulmonary 
disease (n=10 266)

Chronic pulmonary 
disease and asthma 
(n=2071)

p value

Symptoms on admission

Fever 5039 (71·1%) 1325 (71·0%) 0·93 25 864 (54·6%) 3548 (60·0%) 5150 (50·2%) 1096 (52·9%) <0·0001

Dyspnoea 4501 (63·5%) 1388 (74·3%) <0·0001 26 479 (55·9%) 4058 (68·6%) 7108 (69·2%) 1479 (71·4%) <0·0001

Wheeze 233 (3·3%) 271 (14·5%) <0·0001 1988 (4·2%) 729 (12·3%) 1305 (12·7%) 374 (18·1%) <0·0001

Cough 4847 (68·4%) 1427 (76·4%) <0·0001 26 054 (55·0%) 3965 (67·0%) 6399 (62·3%) 1387 (67·0%) <0·0001

Severity on admission

Days of symptoms before admission

Median (IQR) 6 (2–9) 6 (2–9) 0·22 2 (0–7) 4 (0–8) 2 (0–7) 2 (0–7) <0·0001

NEWS2

Median (IQR) 4 (2–6) 4 (2–6) 0·00020 4 (1–6) 4 (2–6) 5 (3–6) 4 (2–7) <0·0001

0–4 3495 (49·3%) 846 (45·3%) 0·00020 23 992 (50·6%) 3026 (51·1%) 4251 (41·4%) 918 (44·3%) <0·0001

5–6 1219 (17·2%) 410 (22·0%) ·· 7270 (15·3%) 1015 (17·2%) 1989 (19·4%) 421 (20·3%) ··

≥7 1198 (16·9%) 320 (17·1%) ·· 8398 (17·7%) 1043 (17·6%) 2714 (26·4%) 452 (21·8%) ··

Data missing 1171 (16·5%) 291 (15·6%) ·· 7738 (16·3%) 834 (14·1%) 1312 (12·8%) 280 (13·5%) ··

Outcomes

Survival 

Alive 6594 (93·1%) 1714 (91·8%) 0·063 30 600 (64·6%) 4188 (70·8%) 5873 (57·2%) 1288 (62·2%) <0·0001

Died 382 (5·4%) 122 (6·5%) ·· 16 106 (34·0%) 1670 (28·2%) 4269 (41·6%) 753 (36·4%) ··

Data missing 107 (1·5%) 31 (1·7%) ·· 692 (1·5%) 60 (1·0%) 124 (1·2%) 30 (1·4%) ··

Critical care 1542 (22·0%) 451 (24·5%) 0·025 6135 (13·3%) 1023 (17·5%) 735 (7·2%) 184 (9·0%) <0·0001

Invasive mechanical ventilation 953 (13·7%) 269 (14·8%) 0·24 3889 (8·6%) 611 (10·6%) 305 (3·0%) 82 (4·1%) <0·0001

Non-invasive ventilation 1159 (16·7%) 385 (21·2%) <0·0001 6565 (14·5%) 1086 (18·8%) 1427 (14·3%) 309 (15·4%) <0·0001

Oxygen therapy 3878 (55·6%) 1099 (60·5%) 0·00020 29 954 (65·9%) 3991 (68·7%) 7291 (72·5%) 1392 (68·8%) <0·0001

Median length of stay (IQR) 3 (0–27) 3 (0–29) 0·50 6 (1–33) 4 (1–31) 6 (1–32) 5 (1–30) 0·0043

Median length of stay, survivors 
(IQR)

3 (0–27) 3 (0–29) 0·42 5 (1–33) 4 (1–32) 5 (1–31) 5 (1–29) 0·039

Data are n (%) or median (IQR). NEWS2=National Early Warning Score 2. 

Table 3: Symptoms and severity on admission, and maximal level of care received during admission, by age and respiratory condition

Critical care Invasive mechanical ventilation Non-invasive ventilation Oxygen

Adjusted OR* 
(95% CI)

p value Adjusted OR* 
(95% CI)

p value Adjusted OR* 
(95% CI)

p value Adjusted OR* 
(95% CI)

p value

Patients aged 16–49 years

No asthma Ref ·· Ref ·· Ref ·· Ref ··

Asthma 1·20 (1·05–1·37) 0·0080 1·17 (1·00–1·38) 0·053 1·36 (1·18–1·57) <0·0001 1·33 (1·17–1·50) <0·0001

Patients aged ≥50 years

No respiratory condition Ref ·· Ref ·· Ref ·· Ref ··

Asthma 1·17 (1·08–1·27) <0·0001 1·07 (0·97–1·18) 0·207 1·18 (1·09–1·28) <0·0001 1·08 (1·02–1·15) 0·012

Chronic pulmonary disease (no asthma) 0·66 (0·60–0·72) <0·0001 0·49 (0·43–0·57) <0·0001 1·14 (1·06–1·22) 0·0012 1·35 (1·28–1·42) <0·0001

Chronic pulmonary disease and asthma 0·74 (0·62–0·87) <0·0001 0·56 (0·44–0·72) <0·0001 1·15 (1·00–1·31) 0·043 1·14 (1·03–1·26) 0·014

OR=odds ratio. *Adjusted for age, sex, ethnicity, smoking, obesity, malignancy, chronic cardiac disease, and centre. In patients aged 50 years and older, the model was also adjusted for chronic kidney disease.

Table 4: Association between maximum level of care received during admission and respiratory condition
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patients with asthma and another chronic pulmonary 
disease.

The first published cohorts of patients admitted to 
hospital with COVID-19 in China, the USA, and Europe 
found variable prevalence of COPD, sometimes lower 
than the expected population prevalence, leading to an 
initial debate about possible protective mechanisms 
for this observation.10 Subsequently, the OpenSafely 
collaborative found COPD to be a significant risk factor, 
seemingly in agreement with the findings from 
ISARIC-CCP-UK, which analysed patients with chronic 
pulmonary disease, rather than COPD.4,5 A possible 
mechanism for the increased susceptibility to COVID-19  
might be related to the elevated expression of ACE2 in 

the airway epithelial cells in patients with COPD and 
smokers.32,33

Studies showing decreased ACE2 in sputum with 
inhaled corticosteroid use in asthma, and downregulation 
of ACE2 induced by inhaled corticosteroids at the gene 
and protein levels in COPD, have raised the question of 
whether inhaled corticosteroid use exerts a protective 
effect.19–21 The OpenSafely collaborative analysed an 
asthma cohort and a separate COPD cohort, and reported 
that inhaled corticosteroid use was not protective 
for survival from COVID-19.23 Indeed, they reported 
worse outcomes associated with high-dose inhaled 
corticosteroid use in asthma, and all inhaled cortico-
steroid use in COPD. However, further analyses revealed 
considerable residual confounding, thought to be due to 
the severity of the underlying respiratory disease, which 
could not be fully determined in their cohorts.23 The 
findings of the OpenSafely collaborative with regard to 
the association between asthma and COVID-19 outcomes 
are potentially in keeping with the present study; although 
we could not analyse our results according to inhaled 
corticosteroid dose, we found that survival was reduced in 
patients with more severe disease (who are more likely to 
be using high-dose inhaled corticosteroids). Others have 
postulated that the timing of inhaled corticosteroid use 
might be critical in terms of the effect of inhaled 
corticosteroids on SARS-CoV-2 infection versus the effect 
on the host response to infection.18 In this regard, our 
study participants reported using their medication within 
2 weeks of admission (ie, at the time of severe COVID-19). 
Pointedly, participants in the OpenSafely study could 
be prescribed inhaled corticosteroid any time within 
4 months before entering the study cohort. Our study also 
comprised a different population—ISARIC CCP-UK only 
includes patients admitted to hospital with COVID-19—
whereas the OpenSafely study included the general 
population, those with and those without SARS-CoV-2 
infection. Two studies in the USA based on electronic 
medical records only from patients with asthma (n=1526 
and n=1827) addressed the risk of admission to hospital 
for COVID-19;14,22 Wang and colleagues also analysed 
critical care admission and deaths in patients admitted to 
hospital for COVID-19 in China.34 Both US studies found 
that inhaled corticosteroid use was not associated with 
the risk of admission to hospital, but Wang and colleagues 
found a non-significant association between inhaled 
corticosteroid use and reduced risk of critical care 
admission and improved survival. A study in South Korea 
comprising 218 patients with asthma who were admitted 
to hospital with COVID-19 found no significant 
association between mortality and any asthma 
medications in patients admitted to hospital with 
COVID-19.35

To date, there are no published observational data 
analysing the impact of different inhaled corticosteroids 
on SARS-CoV-2 infection. In-vitro data indicate that 
ciclesonide can suppress SARS-CoV-2 replication.36 

Figure 2: Association between asthma and death from COVID-19 in patients aged 16–49 years
Lines are 95% CIs. SABA=short-acting β-agonist. ICS=inhaled corticosteroid. LABA=long-acting β-agonist. 
IMD=Index of Multiple Deprivation. 

Hazard ratio (95% CI) p value

Asthma and therapy

No asthma

No asthma therapy

SABA

ICS only

LABA plus ICS

Most severe asthma

Age (years)

16–24 
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However, due to the small number of patients prescribed 
ciclesonide inhalers in the UK, this analysis did not have 
sufficient power to assess its association with mortality.

This study has various limitations. This dataset is 
not currently linked to primary care or secondary 
care records, and where data were obtained from self-
reporting (eg, medication and diagnoses of conditions, 
including asthma), they could not be confirmed. This 
approach could have resulted in misclassification of the 
prescriptions and diagnoses. We also did not have 
detailed information about the severity of patients’ 

underlying respiratory conditions, except for information 
about medications they were on within 2 weeks of, and 
including at the time of, admission. Information about 
the dose of inhaled corticosteroids was often missing, 
such that this variable was not used. We assumed 
patients were using their prescribed medications on 
admission to hospital, but this might not have been the 
case for some patients. For this reason, we were unable 
to classify the severity of asthma, except to assume that 
patients on three maintenance asthma medications in 
the 2 weeks before admission had more severe asthma 

Figure 3: Association of ICS use with respiratory condition and in-hospital mortality in patients aged 50 years and older
Lines are 95% CIs. ICS=inhaled corticosteroid. IMD=Index of Multiple Deprivation. 
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than other patients. We did not know the reasons why 
any oral corticosteroids might have been prescribed 
before hospital admission. Conditions not included 
on the study case report forms could not be evaluated 
separately, including atopy, and COPD and bronchi-
ectasis, which were probably included in the “chronic 
pulmonary disease (no asthma)” category. Physiological 
measurements for clinical severity were limited to those 
included in the NEWS2 score and were only available on 
admission. Finally, we were interested in the outcome of 
in-hospital mortality (incorporating palliative discharge); 
as a result, some patients who were discharged and died 
in the community could have been missed from the 
analysis. We used discharge as an absorbing state; 
considering all these patients as being alive, discharge is 
associated with an outcome (ie, is informative) and 
therefore should not be used as a censoring event in this 
analysis. This is a reasonable assumption given our 
methods of data collection, but it is a limitation.

In conclusion, chronic respiratory disease was the 
most prevalent comorbidity in the ISARIC CCP-UK 
cohort. However, there was a disparity between different 
respiratory conditions and the level of in-hospital care 
received. Patients with chronic pulmonary disease had a 
high level of mortality, with a prevalence of 40% for in-
hospital death. Of patients with asthma, only those with 
severe asthma had increased mortality compared to those 
without an underlying respiratory condition. Patients 
with asthma (aged ≥50 years) had a lower mortality risk if 
they had used inhaled corticosteroids within 2 weeks of 
admission. These results confirm that many patients 
with existing respiratory conditions are at high risk and 
should continue to take precautions against exposure to 
SARS-CoV-2. The role of inhaled corticosteroids in 
COVID-19 remains unclear, but inhaled corticosteroids 
protect against exacerbations of respiratory disease and 
might therefore protect against severe COVID-19.
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