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Implementation of corticosteroids in treatment of COVID-19
in the ISARICWHO Clinical Characterisation Protocol UK:
prospective, cohort study

Fiina Nérhi, S Ramani Moonesinghe, Susan D Shenkin, Thomas M Drake, Rachel H Mulholland, Cara Donegan, Jake Dunning, Cameron J Fairfield,
Michelle Girvan, Hayley E Hardwick, Antonia Ho, Gary Leeming, Jonathan S Nguyen-Van-Tam, Riinu Pius, Clark D Russell, Catherine A Shaw,
Rebecca G Spencer, Lance Turtle, Peter | M Openshaw, | Kenneth Baillie, Ewen M Harrison, Malcolm G Semple*, Annemarie B Docherty,*

on behalf of the ISARIC4C investigatorst

Summary

Background Dexamethasone was the first intervention proven to reduce mortality in patients with COVID-19 being
treated in hospital. We aimed to evaluate the adoption of corticosteroids in the treatment of COVID-19 in the UK after
the RECOVERY trial publication on June 16, 2020, and to identify discrepancies in care.

Methods We did an audit of clinical implementation of corticosteroids in a prospective, observational, cohort study in
237 UK acute care hospitals between March 16, 2020, and April 14, 2021, restricted to patients aged 18 years or older
with proven or high likelihood of COVID-19, who received supplementary oxygen. The primary outcome was
administration of dexamethasone, prednisolone, hydrocortisone, or methylprednisolone. This study is registered
with ISRCTN, ISRCTN66726260.

Findings Between June 17, 2020, and April 14, 2021, 47795 (75-2%) of 63525 of patients on supplementary oxygen
received corticosteroids, higher among patients requiring critical care than in those who received ward care
(11185 [86-6%)] of 12909 vs 36 415 [72-4%] of 50 278). Patients 50 years or older were significantly less likely to receive
corticosteroids than those younger than 50 years (adjusted odds ratio 0-79 [95% CI 0-70-0-89], p=0-0001, for
70-79 years; 0-52 [0-46-0-58], p<0-0001, for >80 years), independent of patient demographics and illness severity.
84 (54-2%) of 155 pregnant women received corticosteroids. Rates of corticosteroid administration increased
from 27-5% in the week before June 16, 2020, to 75-80% in January, 2021.

Interpretation Implementation of corticosteroids into clinical practice in the UK for patients with COVID-19 has been
successful, but not universal. Patients older than 70 years, independent of illness severity, chronic neurological
disease, and dementia, were less likely to receive corticosteroids than those who were younger, as were pregnant
women. This could reflect appropriate clinical decision making, but the possibility of inequitable access to life-saving
care should be considered.

Funding UK National Institute for Health Research and UK Medical Research Council.

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0
license.

Introduction
During the COVID-19 pandemic, several large-scale trials
have attempted to identify life-saving therapies. Currently,
the most robust recommendations are for corticosteroids.!
Dexamethasone is a readily available, commonly used,
and cheap intervention’ that decreased all-cause
28-day mortality in adult patients (aged =18 years)
admitted to hospital with COVID-19 by an absolute risk
reduction of 2-8% in the open-label Randomized
Evaluation of COVID-19 Therapy (RECOVERY) trial.’
Greater benefit was found in patients on higher levels
of respiratory support and, importantly, there was
possibility of harm in those not receiving oxygen therapy.’
On June 16, 2020, when preliminary results from
RECOVERY were published," UK clinical guidelines
were updated to recommend low-dose oral or intravenous
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corticosteroids—dexamethasone, prednisolone, methyl-
prednisolone, or hydrocortisone—to patients with
COVID-19 requiring supplementary oxygen.’

On Sept 2, 2020, the Rapid Evidence Appraisal for
COVID-19 (REACT) meta-analysis of critically ill patients
with COVID-19 showed lower mortality associated with
administration of corticosteroids than with standard care
(summary odds ratio 0-66).° The next day, the UK National
Institute for Health and Care Excellence (NICE) and WHO
published guidelines recommending oral or intravenous
administration of 6 mg dexamethasone for up to 10 days to
patients with severe or critical COVID-19, defined by
oxygen saturation (SpO,) of less than 90%, a respiratory
rate of more than 30 breaths per min, sepsis, septic shock,
acute respiratory distress syndrome, mechanical venti-
lation, vasopressor therapy, or signs of severe respiratory
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Research in context

Evidence before this study

We searched PubMed for primary research articles documenting
changes in rates of corticosteroid administration in COVID-19
over time, published between June 16, 2020, and July 8, 2021,
with no language restrictions and using the search terms
(“SARS-CoV-2" OR “COVID-19") AND (“corticosteroids” OR
“steroids” OR "dexamethasone”). Of the 1985 studies
identified, most focused on the relationship between
corticosteroids and outcome, led by the RECOVERY trial.

We found no studies that documented changes in
corticosteroid administration over time or those that
identified differential administration between patient groups.
Understanding the implementation of corticosteroids and
identifying groups of patients who are systematically less likely
to be prescribed steroids are essential to ensure that this cheap
and effective medication is available to all eligible patients.

Added value of this study
Although randomised controlled trials have convincingly
shown the mortality benefit of corticosteroids for patients on

distress.” Months later, on April 8, 2021, NICE updated their
guideline to recommend corticosteroids for all patients
requiring supplementary oxygen, noting “the need for clear
and unambiguous terminology”.*

A modelling study estimated that corticosteroids
could save approximately 12000 lives between July and
December, 2020, in the UK.” However, for this treatment
to save lives it has to be successfully implemented. As
implementation of a new intervention relies on
behavioural change, it benefits from an understanding of
baseline behaviours and detailed and explicit recommen-
dations that consider factors relevant to decision
making.” Common challenges include complexity of the
intervention and difficulty gaining consensus with
colleagues." Success in implementing a new intervention
is usually defined as an uptake of 80-90%."

As of May, 2021, only an intermediate report from
October, 2020, from the International Severe Acute
Respiratory and Emerging Infections Clinical
Characterisation Protocol UK (ISARIC4C CCP-UK)
investigators had explored corticosteroid uptake in
the UK, estimating that 55% of adult patients on oxygen
in hospital had received corticosteroids.” It is unknown
how the changing guidelines and potential barriers have
affected the transition from evidence to practice. We
aimed to evaluate the implementation of corticosteroids
into UK clinical practice since the announcement of the
RECOVERY trial findings.

Methods

Study design and participants

We did an audit of clinical implementation using data
from the ISARIC WHO Clinical Characterisation

supplemental oxygen, no studies have previously looked at
whether this evidence has translated into clinical practice.

We have shown that the majority of patients on oxygen in UK
hospitals have been prescribed corticosteroids. However, we
found that corticosteroid administration was significantly
lower for patients older than 70 years, and this low uptake
could not be explained by other factors associated with lower
rates of steroid administration, such as dementia, clinical frailty,
and treatment escalation decisions.

Implications of all the available evidence

The quick implementation of one of the only mortality-
reducing therapies for COVID-19 has been very successful in

the UK. However, the potential inequities in administration that
we have found are extremely important for individual, local,
and global health-care communities to evaluate their practices
in treating COVID-19 and to ensure all eligible patients receive
the best available treatment.

Protocol UK (CCP-UK), a prospective, observational
cohort study representing nearly half of UK COVID-19
hospital admissions.” We included patients aged 18 years
or older who were admitted to 237 acute general hospitals
with PCR-confirmed COVID-19 (or with high likelihood
of disease if supporting PCR results were not available)
from assumed community-acquired infection between
March 16, 2020, and April 14, 2021. Community-acquired
infection was defined as symptom onset 5 days or less
after admission to hospital. Patients who received any
supplementary oxygen at any point during their hospital
stay were included in analyses.

Patient data, including patient demographics, comor-
bidities, treatments, complications, and outcomes, were
recorded into the secure REDCap database. The detailed
study protocol and ethics approval are described
elsewhere.® Under the Control of Patient Information
notice 2020 for urgent public health research, processing
of demographic and routine clinical data from medical
records for research does not require consent in England
and Wales.* In Scotland, a waiver for consent was
obtained from the Public Benefit and Privacy Panel.®
Reporting of this study conforms to the STROBE
statement.”

Variables

We collected information using the ISARIC4C case report
form for key variables, including age (categorised into
<50 years, 50-59 years, 60—69 years, 70-79 years, and
=280 years, corresponding to the ISARIC4C Mortality
Score” categories), sex, self-reported ethnicity, deprivation
(according to the Index of Multiple Deprivation, with the
first quintile being the least deprived and the fifth quintile
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106021 patients admitted to acute

care hospital

9313 excluded

N 4711 nosocomial infection

4602 patients admitted to a hospital where
ICU admission was erroneously recorded
v
96708 eligible

5957 excluded

g 5957 missing oxygen variables

v

v

63525 received supplementary oxygen
and included in the analysis
47795 received any steroid

27226 received no supplementary oxygen
4173 received any steroid

v v

v v

16593 mild COVID-19
9757 received any steroid

26776 moderate COVID-19
21165 received any steroid

19600 severe COVID-19
16548 received any steroid

556 severity missing
325 received any steroid

Figure 1: Trial profile
ICU=intensive care unit.

the most deprived), Clinical Frailty Score (scores of
1-2 indicate fit, 3—4 indicate vulnerable, but not frail,
5-6 indicate initial signs of frailty but with some
degree of independence, and 7-9 indicate severe or very
severe frailty),” and comorbidities (presence of any
one or more of hypertension, chronic cardiac disease
non-asthmatic chronic pulmonary disease, asthma,
type 1 diabetes, type 2 diabetes, obesity, chronic neuro-
logical disease, dementia, chronic kidney disease, mod-
erate or severe liver disease, mild liver disease, malignancy,
rheumatological ~ disease, pre-admission immuno-
suppressants including corticosteroids, and HIV/AIDS).
Physiological parameters of the ISARIC4C Mortality Score
(SpO,, respiratory rate, C-reactive protein [CRP], blood
urea nitrogen, Glasgow Coma Scale score)” within 24 h of
hospital admission were used as markers of illness severity.
Admitting hospitals were mapped to the NHS regions to
create the NHS region variable. These are reported for the
patients with moderate or severe COVID-19 to account for
the differences in patient cohort severity and thus eligibility
for corticosteroid therapy. The ISARICAC case report form
collected information on whether or not patients had an
admission to an intensive care or high dependency unit
(these were not separated). We further categorised patients
in critical care by receipt of invasive ventilation. The any
oxygen variable represents patients who were recorded to
receive any supplementary oxygen or any invasive
ventilation (this was assumed to involve supplementary
oxygen), ot to have daily fraction FiO, of more than 0-21 on
any day of hospital admission. Corticosteroid adminis-
tration, maximum level of respiratory support (no oxygen,
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supplemental oxygen, non-invasive ventilation, or invasive
mechanical ventilation), and critical care admission were
recorded at any timepoint during admission. We have
provided further detail on variables in the appendix (pp 1-2).

Patients were recorded to have symptoms at admission
if they reported any one or more of the following: cough,
fever, sore throat, runny nose, ear pain, wheezing, chest
pain, myalgia, joint pain, fatigue, shortness of breath,
disturbance or loss of taste, lower chest wall indrawing,
headache, altered consciousness or confusion, seizures,
abdominal pain, vomiting or nausea, diarrhoea, con-
junctivitis, skin rash, skin ulcers, lymphadenopathy,
bleeding, or anosmia. If none of these were reported,
patients were considered to be asymptomatic.

Corticosteroid treatment was recorded as a free text
entry, which we interpreted using an algorithm described
in the appendix (p 1) and checked manually. Dexameth-
asone and hydrocortisone, and prednisolone in pregnant
women, are recommended by NICE® but methyl-
prednisolone is also considered an appropriate alternative
to these drugs.' We created a variable, any corticosteroid,
signifying administration of any of these corticosteroids
during the admission; patients were therefore stratified by
those who received once-daily 6 mg dexamethasone orally
or intravenously, those who received any dose or frequency
of dexamethasone, those who received any corticosteroid,
and those who received none.

COVID-19 severity
Since the initial guidance considered all patients
requiring supplementary oxygen to be eligible for

See Online for appendix
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Dexamethasone and other steroids

Patients (%)

Patients receiving supplementary oxygen stratified by severity
Mild COVID-19

Patients (%)

Month in 2020-21

Moderate COVID-19

Month in 2020-21

[ No corticosteroid [ Missing [ Any corticosteroid Bl Dexamethasone other dose or frequency ~ lll Dexamethasone 6 mg daily

No supplementary oxygen Supplementary oxygen
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100+

Severe COVID-19

Month in 2020-21

Figure 2: Corticosteroid administration in patients between the June 8, 2020, and April 14, 2021, stratified by supplementary oxygen, level of care, and

COVID-19 severity at hospital admission

(A) All patients stratified by no or any supplementary oxygen. (B) Patients with any supplementary oxygen stratified by level of care: ward, those with critical care
admission but without invasive ventilation and those with critical care admission and invasive ventilation. (C) Patients with any supplementary oxygen stratified by
severity of illness. The red dashed line indicates June 16, 2020, when RECOVERY results were published.

corticosteroid treatment,’ we primarily investigated
corticosteroid administration in patients recorded to
have received supplementary oxygen. To account for the
severity criteria added in September, 2020, we further
categorised these patients into those with mild
COVID-19, moderate COVID-19, or severe COVID-19 by
clinical severity on hospital admission. Severe COVID-19
reflects the WHO criteria:* SpO, of less than 90% or a
respiratory rate of more than 30 breaths per min.

Moderate COVID-19 includes patients with clinical
respiratory distress (respiratory rate >20 breaths per min)
and SpO, threshold for supplementary oxygen (<94%).”
Patients not fulfilling these criteria might have transiently
received oxygen at admission with minimal respiratory
distress, whom we categorised as having mild COVID-19.
The appendix (pp 16-20) shows the severity stratification
of patients by various severity markers, demographics,
and comorbidities.
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Outcomes

We defined two time-based cohorts: admissions between
March 16 and June 16, 2020 (baseline cohort),
and between June 17, 2020, and April 14, 2021 (after
the RECOVERY press release' and allowing 28-day
follow-up; second cohort).

The primary outcome was the proportion of patients in
the second cohort who received any oral or intravenous
corticosteroid (dexamethasone, prednisolone, hydrocorti-
sone, or methylprednisolone). Patients who received
supplementary oxygen were considered eligible, but we
also explored the effect of the COVID-19 severity criteria.
The secondary outcome was the change in administration
of corticosteroids before (ie, in the baseline cohort) and
after the publication of the RECOVERY trial results (ie,
the second cohort), in relation to the RECOVERY trial
and NICE guidance. The second cohort was further
characterised and studied for factors associated with
corticosteroid administration.

Statistical analysis

Continuous data are summarised as median (IQR) and
categorical data as frequency (percentage). We used
statistical disclosure control measures to protect patient
confidentiality and anonymity. Cells with fewer than five
patients were either removed or replaced with not
applicable or merged with other levels manually (not
applicable could be 0 or suppressed).

We modelled corticosteroid use with a multiple logistic
regression model, adjusting for demographic variables
and variables previously shown to be associated with
disease severity: age, sex, ethnicity, deprivation quintile,
and comorbidities (hypertension, chronic cardiac disease,
non-asthmatic chronic pulmonary disease, asthma,
diabetes, chronic neurological disease, dementia, chronic
kidney disease, moderate or severe liver disease, mild
liver disease, malignancy, rheumatological disease, pre-
admission immunosuppressants, and HIV/AIDS), with
the aim to explain corticosteroid implementation. We also
adjusted for time (week of admission) and the COVID-19
severity criteria. The model was built using a parsim-
onious criterion-based approach.® This approach
incorporated geographical clustering of patients
through the inclusion of a random effect at the level
of the admitting hospital, checking for all first-order
interactions, including the effect of time (week of
admission as linear and quadratic terms), and final model
selection by the Akaike information criterion. We report
C statistics as measures of model discrimination. We set
statistical significance at 5%. We checked that the data
were coded correctly, which identified the potential
erroneous coding of all patients in some hospitals with an
intensive care unit admission. We excluded these patients
from the analysis. We identified missing values within
each variable and analysed the patterns of missingness.
We visually checked for associations between missing
and observed data. For patients whose postcodes were
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Intercept from June 17, 2020, to April 18, 2021:
0-49 (95% C1 0-47-0-52) e®00 R
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Intercept from March 16 |®
to June 16, 2020:
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Proportion of patients receiving any corticosteroid (%)
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Figure 3: Fitted lines of the linear regression model for corticosteroid administration to patients who
required oxygen, admitted to hospital between March 16, 2020, and April 18, 2021

Points represent weekly percentage of patients receiving any corticosteroid (dexamethasone, hydrocortisone,
prednisolone, or methylprednisolone). The red vertical line represents the publication of the RECOVERY trial results
and initial guidelines for steroid administration on June 16, 2020. Shaded areas around the fitted lines represent
95% Cls.

missing, we used the average Index of Multiple
Deprivation rank, weighted by population in each lower
super output area for a given hospital catchment area. We
considered comorbidity indicated as unknown as no
comorbidity. We considered corticosteroid administration
reported missing as no corticosteroid and did a sensitivity
analysis of patients with a yes versus no entry.

We acknowledge the missing data in all our tables but
did not perform any imputation for missing data, as
given the nature of the study, the analysis team had
concerns around interpretation if the corticosteroid
administration were to be imputed.

We checked data for patterns of missingness, indicate
missing data in the study tables, and describe
missing data in the appendix (pp 6-29). The denominator
for explanatory variables, such as comorbidities, is the
number of patients with completed entries. The propor-
tion of patients receiving any corticosteroid is reported as
a percentage of the total number of participants, with the
denominator including participants with missing
corticosteroid entry.

We did sensitivity analyses: complete case analysis
excluding patients with missing corticosteroid adminis-
tration data, patients with recorded PCR-positive
COVID-19, and a cohort excluding participants with an
outcome of death or palliative discharge recorded within
2 days of admission to account for patients who might
have been identified as palliative from the beginning and
therefore not started on corticosteroid treatment. Frailty
was only collected from Aug 1, 2020, onwards, and we did
a sensitivity analysis for patients with frailty recorded.

We did an interrupted time-series analysis using
segmented regression, with the timepoint of interest
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6 mg once-daily

Any corticosteroid group*

No corticosteroid group

Missing corticosteroid

Age on admission, years
(n=63525)
Age, years
<50
50-59
60-69
70-79
=80
Sex (n=63435)
Female
Male
Ethnicity
White
South Asian
East Asian
Black

Other ethnic minority

No
Yes
NHS region
East of England
London
Midlands
North East and Yorkshire
Northern Ireland
North West
Scotland
South East
South West
Wales
Severity of illness at admission
Oxygen saturation (Sp0,), %
(n=62726)
Respiratory rate, breaths per
min (n=59739)
C-reactive protein, mg/dL
(n=50470)
Blood urea nitrogen, mg/dL
(n=50591)
Glasgow coma scalet
15
<15
Highest fraction of inspired

oxygen (FiO,) on day of hospital
admission (n=59 026)

Severity criteria

68-0 (55:7-79-3)

6584 (15:5%)
7729 (18-2%)
8602 (20:3%)
9517 (22-4%)
10010 (23-6%)

17285/42380 (40-8%)
25095/42380 (59-2%)

29880/36 897 (81-0%)
2972/36 897 (8:1%)
229/36 897 (0-6%)
982/36897 (2:7%)
2834/36 897 (7.7%)

Pregnancy (only recorded for women aged 12-55 years)

3498/3582 (97.7%)
84/3582 (2:3%)

4101/42164 (9.7%)
3260/42164 (7-7%)
8986/42164 (21:3%)
6774142164 (16:1%)
58/42164 (0-1%)
8172/42164 (19-4%)
946/42164 (2-2%)
5336/42164 (12-7%)
3436/42164 (8-1%)
1095/42164 (2-6%)

92.0% (89:0-95-0)
22.0 (20-0-28-0)
93-0 (49-0-156-4)

65(47-97)

37408/40675 (92:0%)

3267/40675 (8-0%)
0-32 (0-24-0-50)

681 (557-79-4)

7431 (15:5%)
8625 (18-0%)
9567 (20-0%)
10786 (22-6%)
11386 (23-8%)

19558/47723 (41-0%)
28165/47723 (59-0%)

33663/41515 (81-1%)
3325/41515 (8-0%)
248/41515 (0-6%)
1111/41515 (2:7%)
3168/41515 (7-6%)

3931/4051 (97-0%)
120/4051 (3-0%)

4856/47 484 (10-2%)
3634/47 484 (7:7%)
10346/47 484 (21-8%)
7703/47 484 (16:2%)

61/47 484 (0-1%)
9042/47 484 (19-0%)
1002/47 484 (2-1%)
5914/47 484 (12:5%)
3679/47 484 (7.7%)
1247/47 484 (2-6%)

92:0% (89-:0-95-0)
22-0(20-0-28-0)
93-0 (49-0-157-0)
66 (47-9-8)
41738/45724 (91-3%)

3986/45724 (8:7%)
0-32 (0-24-0-50)

77-8 (64-3-85-9)

dexamethasone group (n=47795) (n=13251) group (n=2479)
(n=42442)

Patient demographics

PCR-positive COVID-19 38424 (90-5%) 43287 (90-6%) 11927 (90-0%) 1265 (51-0%)

705 (56-6-81-2)

1418 (10:7%) 358 (14-4%)
1244 (9-4%) 408 (16-5%)
1652 (12-5%) 449 (18-1%)
3088 (23:3%) 592 (23-9%)
5849 (44-1%) 672 (27:1%)
6483/13238 (49:0%) 1039/2474 (42-0%)
6755/13238 (51-0%) 1435/2474 (58-0%)
10304/11659 (88-4%) 1551/1821 (85-2%)
518/11659 (4-4%) 61/1821 (3-3%)
41/11659 (0-4%) 11/1821 (0-6%)
202/11659 (1.7%) 46/1821 (2:5%)
594/11659 (5-1%) 152/1821 (8-3%)
772/937 (82-4%) 165/183 (90-2%)
165/937 (17-6%) 18/183 (9-8%)

1775/13172 (13-5%)
625/13172 (4-7%)
3104/13172 (23-6%)
1883/13172 (14-3%)

NA
2477/13172 (18-8%)
196/13172 (1-5%)
1826/13172 (13-9%)
940/13172 (7-1%)
346/13172 (2-6%)

94-0% (92:0-96-0)
20-0 (18:0-24-0)

52:2 (18-0-112:0)

0-21(0-21-0-28)

170/2453 (6:9%)
120/2453 (4-9%)
311/2453 (12:7%)
186/2453 (7-6%)
NA
366/2453 (14-9%)
86/2453 (3:5%)
946/2453 (38-6%)
255/2453 (10-4%)
13/2453 (0-5%)

93-0% (90-0-95-0)
22.0 (19:0-26-0)

87-0 (39-0-150-0)

73 (5-0-11-5) 6-8 (4-8-10-6)
10919/12 467 (87-6%) 2006/2274 (88-2%)
1548/12 467 (12-4%) 268/2274 (11-8%)

0-32 (0-24-0-50)

Mild COVID-19 8575/42 155 (20-3%) 9757/47 470 (20-6%) 6095/13 095 (46-5%) 741/2404 (30-8%)
Moderate COVID-19 19092/42 155 (45-3%) 21165/47 470 (44-6%) 4608/13095 (35-2%) 1003/2404 (41-7%)
Severe COVID-19 14488/42155 (34-4%) 16548/47 470 (34-9%) 2392/13095 (18-3%) 660/2404 (27-5%)

(Table 1 continues on next page)
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6 mg once-daily Any corticosteroid group*  No corticosteroid group Missing corticosteroid
dexamethasone group (n=47795) (n=13251) group (n=2479)
(n=42442)
(Continued from previous page)
Comorbidities
Any comorbidity
No 6766/40263 (16-8%) 7446/45376 (16-4%) 1299/12 608 (10-3%) 293/1671 (17-5%)
Yes 33497/40263 (83-2%) 37930/45376 (83-6%) 11309/12608 (89-7%) 1378/1671 (82-4%)
Hypertension 18304/39 059 (46-9%) 20633/43959 (46-9%) 6155/12033 (51-2%) 680/1501 (45-3%)
Chronic cardiac disease 10268/39118 (26-2%) 11650/44069 (26-4%) 4578/12173 (37-6%) 406/1558 (26-1%)
Non-asthmatic chronic 6540/39133 (16-7%) 7581/44.087 (17-2%) 2388/12154 (19-6%) 261/1549 (16-8%)
pulmonary disease
Asthma 6374/39121 (16-3%) 7256/44.078 (16-5%) 1594/12112 (13-2%) 230/1541 (14-9%)
Type 1 diabetes 797/38 651 (21%) 894/43555 (2:1%) 314/11964 (2:6%) 53/1520 (3-5%)
Type 2 diabetes 10737/38 651 (27-8%) 12035/43 555 (27-6%) 3131/11964 (26-2%) 391/1520 (25-7%)
Obesity 7008/34 893 (20-1%) 7846/39170 (20-0%) 1217/10484 (11-6%) 222/1369 (16-2%)
Chronic neurological disease 3460/38932 (8-9%) 3992/43848 (9-1%) 1696/12 051 (14-1%) 143/1543 (9:3%)
Dementia 2989/38847 (7:7%) 3472/43763 (7:9%) 2058/11920 (17-3%) 122/1527 (8-0%)
Chronic kidney disease 5329/39017 (13-7%) 6059/43 943 (13-8%) 2506/12119 (20:7%) 219/1553 (14-1%)
Moderate or severe liver disease 490/38 802 (1:3%) 573/43711 (1-3%) 315/11984 (2:6%) 24/1536 (1-6%)
Mild liver disease 583/38697 (1-5%) 661/43578 (1-5%) 238/11930 (2-0%) 27/1534 (1-8%)
Malignancy 3017/38 938 (7-7%) 3627/43860 (8-3%) 1518/12 041 (12-6%) 123/1542 (8-0%)
Rheumatological disease 4339/38828 (11-2%) 4982/43754 (11-4%) 1788/11998 (14-9%) 149/1529 (9-7%)
Pre-admission 4288/39393 (10-9%) 5264/44314 (11-9%) 1075/12131 (8-9%) 134/1419 (9-4%)
immunosuppressants, including
corticosteroids
HIV/AIDS 127/38118 (0-3%) 155/42 942 (0-4%) 45/11742 (0-4%) 3/1510 (0-2%)
Data are n (%), median (IQR), or n/N %). Percentages are from complete cases and read vertically. Missing data from explanatory variables are omitted here and included in
the appendix (pp 11-15). Percentages might not sum to 100 due to rounding. NA=not applicable (0 patients or suppressed). *The any corticosteroid group includes
42 442 (88-8%) of 47795 patients who received oral or intravenous dexamethasone 6 mg once daily, 3895 (8-1%) who received another or unknown dose or frequency of
dexamethasone, 509 (1-1%) who received hydrocortisone, 406 (0-8%) who received prednisolone, and 24 (0-1%) who received methylprednisolone. A score of
15 indicates a fully awake state, and a score of less than 15 indicates any deficit in either the eye, motor, or verbal response used to assess conscious level.
Table 1: Baseline characteristics of patients admitted between June 17, 2020, and April 14, 2021, who received supplementary oxygen at any point in
their admission, stratified by corticosteroid administration

being June 16, 2020, when the RECOVERY trial findings
and subsequent UK clinical guidance were published.**
The primary question was whether a change in absolute
values (intercept) existed after the timepoint of interest.
We considered time periods before (from March 16, 2020,
to June 16, 2020; baseline cohort) and after (from
June 17, 2020, and April 14, 2021; second cohort), for which
we tested and reported trend lines with estimated 95% Cls.
We investigated two subgroups with lower corticosteroid
prescribing rates: patients with moderate or severe
COVID-19 who were 80 years or older, or pregnant.

We undertook sensitivity analyses to evaluate the
validity of these criteria relative to other reported severity
markers,” including CRP and fraction of inspired oxygen
(FiO,). Aiming to avoid analysis of patients not requiring
oxygen, and for whom there is a conditional recom-
mendation against the use of corticosteroids,® we
modelled the factors associated with corticosteroid
administration only in patients with moderate or severe
COVID-19.

We analysed data using R (version 3.6.3), with packages
including tidyverse, finalfit, and gridExtra.
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Role of the funding source

The funders of this study had no role in the study design,
data collection, data analysis, data interpretation, writing
of the report, or the decision to submit for publication.

Results

ISARIC WHO CCP-UK enrolled 106021 patients between
June 17,2020, and April 14, 2021 (figure 1). Of 96708 eligible
patients with COVID-19, 63525 (65-7%) received
supplementary oxygen and were included in analyses
(figure 1; appendix pp 6-10). Of patients receiving oxygen,
16593 (26-19%) had mild COVID-19, 26776 (42-29%) had
moderate COVID-19, and 19600 (30-9%) had severe
COVID-19 (figure 1).

The proportion of patients on oxygen receiving
corticosteroids increased from June, 2020, across levels
of care and COVID-19 severity categories, with a clear
step up in corticosteroid administration occurring
immediately, and a subsequent continuing improvement
plateauing in October, 2020 (figure 2). The intercepts of the
segmented regression for daily proportion of patients on
oxygen receiving any corticosteroid before and after
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June 16, 2020, showed a significant increase from 0-29
(95% CI 0-27-0-31) to 0-49 (0-47-0-52; p<0-0001;
figure 3) This result parallels the observed increase in
weekly proportion of patients receiving corticosteroids
after publication of the RECOVERY trial results

Any corticosteroid
group* (n=37713)

No corticosteroid
group (n=7000)

Missing corticosteroid

group (n=1663)

Patient demographics
PCR-positive COVID-19

Age on admission, years

34158/41212 (82:9%)
673 (55-4-78-5)

6259/41212 (15-2%)
780 (66:0-86.0)

795/41212 (1-9%)
69-6 (56-4-79-7)

(n=46376)
Age, years
<50 6006/6867 (87-5%) 619/6867 (9-0%) 242/6867 (3-5%)
50-59 7037/7951(88-5%)  626/7951(7-9%) 288/7951 (3-6%)
60-69 7807/9041 (86:4%)  922/9041 (10-2%) 312/9041 (3-5%)
70-79 8543/10690 (79:9%) 1733/10690 (16:2%)  414/10690 (3:9%)
=80 8320/11827(70-3%) 3100/11827 (26:2%)  407/11827 (3-4%)
Sex
Female 15141/19125(79:2%)  3317/19125(17:3%)  667/19125 (3-5%)
Male 22518/27186 (82:8%) 3674/27186 (13:-5%)  994/27186 (3-7%)
Ethnicity
White 26261/32734 (80-2%) 5458/32734 (16:7%)  1015/32734 (3-1%)
South Asian 2793/3119 (89-5%) 280/3119 (9-0%) 46/3119 (1-5%)
East Asian 209/246 (85-0%) 28/246 (11-4%) 9/246 (3-7%)
Black 912/1044 (87-4%) 100/1044 (9-6%) 32/1044 (3-1%)
Other ethnic minority 2606/3020 (86-3%) 298/3020 (9-9%) 116/3020 (3:8%)
Pregnant (only recorded for women aged 12-55 years)
No 3159/3597 (87-8%) 328/3597 (9-1%) 110/3597 (3-1%)
Yes 84/155 (54-2%) 61/155 (39-4%) 10/155 (6-5%)
NHS region
East of England 3728/4765 (78-2%) 918/4765 (19-3%) 119/4765 (2:5%)
London 3126/3550 (88-1%) 331/3550 (9:3%) 93/3550 (2:6%)
Midlands 8021/9888 (81-1%)  1648/9888 (16:7%)  219/9888 (2-2%)
North East and Yorkshire 5997/7132 (84-1%) 984/7132 (13-8%) 151/7132 (2-1%)
Northern Ireland 50/52 (96-2%) NA NA
North West 7146/8661 (82:5%)  1269/8661 (14-7%) 246/8661 (2-8%)
Scotland 759/914 (83-0%) 97/914 (10-6%) 58/914 (6:3%)
South East 4735/6333 (74-8%) 1012/6333 (16-0%) 586/6333 (9-3%)
South West 2862/3507 (81-6%) 487/3507 (13:9%) 158/3507 (4-5%)
Wales 1044/1265 (82-5%) 210/1265 (16-6%) 11/1265 (0-9%)

Severity of illness at admission

Oxygen saturation (Sp0,), %
(n=46217)

Respiratory rate, breaths per
min (n=44608)

C-reactive protein, mg/dL
(n=38643)

91-0% (88-0-93-0)

24-0 (21-0-28-0)

990 (53-0-164-0)

92:0% (89-0-94-0)

23:0 (20-0-28.0)

63-0 (24-3-127-0)

91-0% (88-0-93-0)

24-0 (20-0-28.0)

960 (47-0-163-0)

Blood urea nitrogen, mg/dL 6-6 (4-8-9-9) 77 (5-2-12-1) 7:0 (4-9-10-6)
(n=38396)
Glasgow coma scalet
15 33136/40165 (82:5%) 5643/40165 (14-0%) 1386/40165 (3-5%)
<15 3198/4375(73-1%)  1003/4375 (22-9%) 17414375 (4-0%)

Highest fraction of inspired
oxygen (FiO,) (n=43 696)

032 (0:24-0-60)

0-24 (0-21-0-32)

(Table 2 continues on next page)

032 (0-24-0-60)
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(appendix pp 49-50), which was similar across NHS
regions (appendix p 51).

Of the 63525 patients on oxygen, 42442 (66-8%)
received 6 mg dexamethasone once daily, 47795 (75-2%)
received any corticosteroid, 13251 (20-9%) received no
corticosteroid, and 2479 (3-9%) had missing
corticosteroid data (table 1). Of the 47795 patients who
received any corticosteroid, 42442 (88-8%) received 6 mg
dexamethasone once daily, 4313 (9-0%) received another
or unknown dose or frequency of dexamethasone,
558 (1-2%) received hydrocortisone, 456 (1-0%) received
prednisolone,and 26 (0-1%) received methylprednisolone.
Patients who received any corticosteroid were younger
than those who received none (table 1).

Patients receiving any corticosteroid had a higher CRP
than patients who did not receive corticosteroids, among
other severity markers on admission (table 1). Patients
receiving corticosteroids were more likely to have asthma
and obesity, but less likely to have most other
comorbidities, including chronic cardiac disease, chronic
kidney disease, dementia, and chronic neurological
disease (table 1). Of 44314 patients receiving any
corticosteroid, 5264 (11-9%) received some immuno-
suppressant medication (eg, oral corticosteroids or
disease-modifying antirheumatic drugs) pre-admission
(table 1).

Corticosteroid administration was higher among
patients admitted to critical care (11185 [86-6%] of 12909)
or requiring invasive ventilation (4882 [85-2%)] of 5730)
than in patients receiving ward-level care (36415 [72-4%]
of 50278; figure 2; appendix pp 11-15). Of 27226 patients
not recorded to have received supplementary oxygen at
any point during the hospital stay 4173 (15-3%) received
corticosteroids (appendix pp 6-10).

Corticosteroid administration increased with higher
COVID-19 severity: 9757 (58-8%) of 16 593 patients with
mild COVID-19, 21165 (79-0%) of 26776 patients with
moderate COVID-19, and 16 548 (84-4%) of 19 600 patients
with severe COVID-19 received corticosteroids (figure 1).

Among 46376 patients with moderate or severe
COVID-19, 37713 (81-3%) received any corticosteroid.
Patients not receiving corticosteroids were older than those
receiving corticosteroids (table 2). As among patients who
received supplementary oxygen, patients with moderate or
severe COVID-19 who had any corticosteroid had lower
frequencies of chronic heart disease, chronic kidney
disease, chronic neurological disease, and dementia than
those who had no corticosteroid. In addition, of 591 patients
with moderate or severe liver disease, 421 (71-2%) received
corticosteroids. Rates of corticosteroid administration
ranged from 4735 (74-8%) of 6333 patients in South East
NHS regions to 3126 (88-1%) of 3550 patients in London
NHS regions (table 2).

Univariable and multivariable associations with
corticosteroid administration are described in the
appendix (pp 32-34). After adjusting for sex, deprivation
quintile, ethnicity, comorbidities, and admitting hospital,
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increasing age was strongly associated with patients not
receiving corticosteroids (figure 4). Other factors
associated with lower rates of corticosteroid admin-
istration included chronic cardiac disease, non-asthmatic
chronic pulmonary disease, chronic neurological disease,
dementia, moderate or severe liver disease, and
malignancy. We found no association with diabetes and
rate of corticosteroid administration. Severe illness, male
sex, obesity, and pre-admission immunosuppressants
were associated with higher rates of corticosteroid
administration. No relevant first-order interactions were
identified or incorporated into the models. Week of
admission (both linear and quadratic term) did not
contribute significantly. C statistic, as a measure of
model discrimination, was 0-743 (95% CI 0-736-0-751).

These results were consistent in the sensitivity analyses
in which we excluded patients with missing corticosteroid
(appendix pp 35-37), in patients with a recorded PCR-
positive COVID-19 (appendix pp 38—40), and in which we
excluded patients with death or palliative discharge
within 2 days of admission (appendix pp 41-43). For the
subgroup of 16 902 patients with recorded clinical frailty,
significant associations with lower rates of corticosteroid
prescribing included age 80 years or older (adjusted
OR 0-80 [95% CI 0-66-0-97], p=0-021), increasing
clinical frailty, and the aforementioned comorbidities
(appendix pp 44-48).

Corticosteroids were administered to 8320 (70-3%)
of 11827 patients aged 80 years or older with moderate or
severe COVID-19 (table 3). Rates of corticosteroid
administration varied across the NHS regions from
1071 (61-0%) of 1756 patients in NHS South East to
416 (80-3%) of 518 patients in NHS London (table 3). Rates
increased with level of care: 6381 (68-0%) of 9387 patients
on oxygen alone, 1320 (85-4%) of 1546 patients on non-
invasive ventilation, 456 (85-4%) of 534 patients in critical
care, and 64 (82-1%) of 78 patients invasively ventilated.
Within this older cohort, the proportion receiving
corticosteroids decreased with increasing Clinical Frailty
Scale” score, but less so with comorbidities: the pattern in
specific comorbidities mirrored the overall cohort.

Among 4308 in this cohort in whom critical care
admission was not considered appropriate, 3310 (76-8%)
received corticosteroids. Fewer patients with a Glasgow
Coma Scale score of less than 15 received corticosteroid
therapy than those with a score of 15 (1275 [67-0%] of
1903 vs 6722 [71-1%)] of 9453). Of the 11827 patients aged
80 years or older, 600 (5-1%) died or were deemed palliative
within 2 days of hospital admission. These patients had
slightly lower rates of corticosteroid administration than
those with a longer hospital stay or who survived
(407 [67-8%)] of 600 vs 7913 [70-5%)] of 11227).

Corticosteroid administration rates were lower in
pregnant patients with moderate or severe COVID-19
compared with non-pregnant women with moderate or
severe COVID-19 aged 18-55 years (84 [54-2%] of 155
vs 3159 [87-8%] of 3597). Pregnant and non-pregnant
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Any corticosteroid
group* (n=37713)

No corticosteroid
group (n=7000)

Missing corticosteroid

group (n=1663)

(Continued from previous page)

Comorbidities

deficit in either the eye, motor, or verbal response used to assess conscious level.

Any comorbidity
No 5957/6760 (88-1%) 587/6760 (8:7%)
Yes 30253/37425(80-8%) 6187/37425 (16-5%)
Hypertension 16382/20242 (80-9%) 3371/20242 (16-7%)
Chronic cardiac disease 9105/11967 (76:1%)  2578/11967 (21-5%)
Non-asthmatic chronic 6668/8599 (77-5%)  1718/8599 (20-0%)
pulmonary disease
Asthma 5953/7072 (84-2%) 947/7072 (13-4%)
Type 1 diabetes 693/875 (79-2%) 145/875 (16-6%)
Type 2 diabetes 9645/11731 (82:2%)  1798/11731 (15:3%)

Obesity 6674/7563 (882%)  726/7563 (9-6%)
Chronic neurological disease 2985/4000 (74-6%) 919/4000 (23-0%)
Dementia 2559/3788 (67-6%) 1144/3788 (30-2%)
Chronic kidney disease 4617/6134 (75:3%) 1366/6134 (22:3%)
Mild liver disease 522/645 (80-9%) 105/645 (16-3%)
Moderate or severe liver 421/591 (71-2%) 154/591 (26-1%)
disease
Malignancy 2742/3615 (75-9%) 795/3615 (22:0%)
Rheumatological disease 3869/4960 (78:0%) 974/4960 (19-6%)
Pre-admission 4299/5079 (84-6%)  678/5079 (13-3%)
immunosuppressants,
including corticosteroids
HIV/AIDS 117/141 (83-0%) 21/141 (14-9%)

216/6760 (3-2%)
985/37 425 (2:6%)
489/20242 (2-4%)
284/11967 (2-4%)
213/8599 (2:5%)

172/7072 (2-4%)
37/875 (4-2%)
288/11731 (2:5%)
163/7563 (2-2%)
96/4000 (2-4%)
85/3788 (2:2%)
151/6134 (2-5%)
18/645 (2-8%)
16/591 (2-7%)

78/3615 (2:2%)
117/4960 (2-4%)
102/5079 (2-:0%)

<5/141 (<5%)

Data are n/N (%) or median (IQR). Proportions read horizontally. Percentages might not sum to 100 due to rounding.
*The any corticosteroid group includes 33 580 (89-0%) of 33 713 patients who received oral or intravenous
dexamethasone 6 mg once daily, 3366 (8-9%) who received another or unknown dose or frequency of

dexamethasone, 392 (1-0%) who received hydrocortisone, 353 (0:9%) who received prednisolone, and 22 (0-1%) who
received methylprednisolone. tA score of 15 indicates a fully awake state, and a score of less than 15 indicates any

administration

Table 2: Patients who received oxygen at any point in their admission and classified as having moderate
or severe COVID-19 between June 17, 2020, and April 14, 2021, stratified by corticosteroid

patients with moderate or severe COVID-19 were similar
regarding proportions of symptomatic versus asympto-
matic patients and moderate versus severe COVID-19
(appendix pp 30-31).

Discussion
We observed a rapid and significant increase in the
administration of corticosteroids since publication of the
RECOVERY trial results on June 16, 2020. However, not
all patients who fulfilled the criteria of oxygen therapy
and additional severity criteria received corticosteroids.
Ages of 70 years or older were associated with consistently
lower rates of corticosteroid administration. Patients
with dementia, chronic neurological disease, chronic
cardiac disease, moderate or severe liver disease, and
pregnant patients were also less likely to receive
corticosteroids, regardless of severity of illness.
Considering the knowing-doing gap between evidence
and implementation, which gets averaged at 17 years,” the
implementation of this programme has been rapid. This
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0dds ratio p value
(95% Cl)
COVID-19 severity l
Moderate 1 (ref)
Severe —.— 145 (1-36-1-55) p<0-0001
Age, years
<50 1 (ref)
50-59 R 123 (1-08-1:41)  p=0-0023
60-69 —— 1.09 (0-96-1-23) p=0-2038
70-79 —. 0-79 (0-70-0-89)  p=0-0001
>80 —a 0-52 (0-46-0-58) p<0-0001
Sex
Female | | 1 (ref)
Male —.— 1.25(117-1-33) p<0-0001
Ethnicity
White | | 1 (ref)
South Asian e 1.23(1.06-1-44)  p=0-0079
East Asian 0-98 (0-63-1.52) p=0-9137
Black ————————  127(0:99-1:63)  p=0-0599
Other ethnic minority —+— 111(0-96-128) p=0-1480
Index of Mulitple Deprivation quintile
1 (least deprived) 1 (ref)
2 et 0-91(0-80-1-02)  p=0-1033
3 JF 0-90 (0-80-1.02)  p=0-0980
4 —— 0-97(0-86-1.09)  p=0-5954
5 (most deprived) e 0-90 (0-80-1-02)  p=0-0968
Chronic cardiac disease
No [ ] 1 (ref)
Yes R 0-83(0-77-0-90)  p<0-0001
Non-asthmatic chronic pulmonary disease
No | | 1 (ref)
Yes — . 0-79 (0-73-0-86) p<0-0001
Obesity
No n 1 (ref)
Yes —. 1-40 (1-27-1:54) p<0-0001
Chronic neurological disease
No | | 1 (ref)
Yes —_— 0-70 (0-63-0-77) p<0-0001
Dementia
No | | 1 (ref)
Yes — 073(0-66-0-81)  p<0-0001
Moderate or severe liver disease
No [ ] 1 (ref)
Yes 0-51(0-40-0-65) p<0-0001
Malignancy
No | | 1 (ref) p=0-0005
Yes — 0-83 (0:75-0-92)
Pre-admission immunosuppressants
No | | 1 (ref)
Yes — 125(113-139)  p<0-0001
Week of admission [ | 1.04 (1-04-1-05) p<0-0001
0!5 1.0 1!5

Figure 4: Multivariable multilevel regression model of any corticosteroid administration among

30670 patients with moderate or severe COVID-19 receiving supplementary oxygen and admitted to
hospital between June 16, 2020, and April 14, 2021

All variables included in the univariable and multivariable multilevel model are shown in the appendix (pp 32-34).
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fast implementation could have been facilitated by the
timing of the evidence, communication, the simplicity of
the intervention, and the global focus on the COVID-19

pandemic. In June, 2020, in-hospital mortality from
COVID-19 was around 20-25% overall, and up
to 38% among patients receiving invasive mechanical
ventilation,” with no proven treatments to reduce
mortality. For clinicians, corticosteroids are widely used
across hospitals and specialties, and their administration
is simple, and the widespread coverage of the trial results
in the UK media might have helped to make corticosteroids
acceptable among patients. This perceived high benefit-to-
risk ratio, familiarity, and simplicity might have aided the
achievement of the accepted 80-90% target reliability.”

However, this target was not achieved universally. Age
of 70 years or older, clinical frailty, and the afore-
mentioned comorbidities were associated with lower
rates of corticosteroid administration. There were also
regional differences in corticosteroid uptake. In
December, 2020, there seemed to be a reduction in
corticosteroid prescribing, which could reflect the
increase in hospital burden of patients with COVID-19.
These discrepancies highlight the importance of process
mapping and exploring potential barriers in addition to
quantifying rate of change, to better understand the
implementation process.*

Clinicians might have been hesitant to prescribe
corticosteroids in patients with advanced age or multiple
comorbidities, especially if care was primarily palliative.
We found a significant reduction in corticosteroid
administration among patients who were 70 years or
older, independent of patient demographics, illness
severity, and comorbidities, which persisted when
adjusting for frailty in the smaller cohort of patients for
whom frailty was recorded. However, we did not find that
treatment escalation plans affected the administration of
corticosteroids or that patients who died in the first 2 days
of hospital admission, or who were potentially on a
palliative pathway, had lower rates of corticosteroids
prescribed.

Other reasons for lower rates of corticosteroid
prescribing in patients aged 70 years or older could
include concerns of cognitive adverse effects and initial
limited evidence in the RECOVERY trial subgroup
analysis,’ although the REACT meta-analysis showed
benefit in patients older than 60 years. The known
corticosteroid-induced effects on cognition, delirium,
and agitation, might have led clinicians to be cautious
when prescribing them for patients with pre-existing
cognitive decline or delirium.” As the prevalence of
delirium increases with age,” clinicians might perceive
patients older than 70 years to be at higher risk of such
adverse effects. Although delirium was not recorded in
this dataset, a Glasgow coma score of less than 15 was
associated with lower rates of corticosteroid
administration in patients with moderate or severe
COVID-19 and in the subgroup of patients aged 80 years
or older with moderate or severe COVID-19. This strong
independent association of older age and lower rates of
corticosteroid administration should be further explored.
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Any corticosteroid group*

(n=8320)

No corticosteroid group

(n=3100)

Missing corticosteroid

group (n=407)

Patient demographics

Age on admission, years (n=11827)

Severity of illness on admission

Oxygen saturation (Sp02), % (n=11809)
Respiratory rate, breaths per min (n=11409)
C-reactive protein, mg/dL (n=9346)

85-7(82-8-89-5)

92.0% (88-0-94-0)
24-0 (20-0-28.0)
89.0 (45-0-152-0)

869 (83-5-90-8)

92.0% (89-0-94-0)
220 (20-0-27-0)
60-2 (24-0-123-0)

86-4 (83-6-90-3)

Sex
Female 3865/5699 (67-8%) 1623/5699 (28-5%) 211/5699 (3-7%)
Male 4442/6111 (72.7%) 1473/6111 (24-1%) 196/6111 (3-2%)

Ethnicity
White 6666/9556 (69-8%) 2607/9556 (27:3%) 283/9556 (3-0%)
South Asian 328/389 (84-3%) 59/389 (15-2%) 2/389 (0-5%)
East Asian 26/31(83:9%) 4/31(12:9%) 1/31(32%)
Black 97/123 (78-9%) 24/123 (19-5%) 2/123 (1-6%)
Other ethnic minority 323/420 (76-9%) 85/420 (20-2%) 12/420 (2-9%)

NHS region
East of England 1026/1490 (68-9%) 436/1490 (293%) 28/1490 (1-9%)
London 416/518 (80-3%) 96/518 (18-5%) 6/518 (1-2%)
Midlands 1900/2692 (70-6%) 734/2692 (27-3%) 58/2692 (2-2%)
North East and Yorkshire 1379/1901 (72-5%) 491/1901 (25-8%) 31/1901 (1-6%)
North West 1462/2004 (73-0%) 490/2004 (24-5%) 52/2004 (2-6%)
Scotland 126/168 (75-0%) 34/168 (20-2%) 8/168 (4-8%)
South East 1071/1756 (61-0%) 508/1756 (28-9%) 177/1756 (10-1%)
South West 649/905 (71-7%) 211/905 (23:3%) 45/905 (5-0%)
Wales 227/310 (73-2%) 82/310 (26:5%) 1/310 (0:3%)

92-0% (88-0-93-0)

24-0 (20-0-27-0)

77+0 (35-0-135:9)

Blood urea nitrogen, mg/dL (n=9408) 9-6 (6:9-13-9) 9.5 (6-7-14-8) 9-4 (6-6-14-3)
Glasgow coma scalet
15 6722/9453 (71-1%) 2409/9453 (25-5%) 322/9453 (3-4%)
<15 1275/1903 (67-0%) 562/1903 (29-5%) 66/1903 (3-5%)
Highest fraction of inspired oxygen (FiO,; n=10984) 0-28 (0-24-0-40) 0-24 (0-21-0-32) 0-32 (0-24-0-40)
Severity criteria
Moderate COVID-19 4841/7182 (67-4%) 2076/7182 (28-9%) 265/7182 (3-7%)
Severe COVID-19 3479/4645 (74-9%) 1024/4645 (22:0%) 142/4645 (3-1%)

(Table 3 continues on next page)

Concerns over safety and scarce evidence could also
disadvantage patients with diabetes” and pregnant
patients. Although we did not see significant differences
in corticosteroid administration associated with
diabetes, the wuptake in pregnant patients was
considerably lower than in non-pregnant women of
reproductive age. This result could be explained by the
limited and changing COVID-19 guidance for the use of
corticosteroids in pregnancy.”” Although the most recent
guidance from the Royal College of Obstetricians and
Gynaecologists recommends use of corticosteroids in
pregnant patients with COVID-19 requiring oxygen
supplementation or ventilation,” the initial concern of
harm and controversies around the ideal corticosteroid®
might have compromised effective implementation.
Although there might be a lower threshold to admit
pregnant patients resulting in a less unwell cohort
overall, the persistent poor uptake in pregnant patients
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with markers of high illness severity warrants further
exploration.

Pre-admission immunosuppressants were associated
with higher rates of corticosteroid administration,
potentially reflecting indications for pre-existing
conditions or lower thresholds to start corticosteroids.
Some pre-existing comorbidities for which corticosteroids
are occasionally indicated, such as malignancy or
rheumatological conditions, were associated with lower
rates of corticosteroid administration, which could reflect
proven or potential concern about associated immuno-
suppression. Immunosuppression might present a
relative contraindication to corticosteroids; therefore, the
risk of secondary infection with corticosteroids should be
explored further to ensure safe and appropriate pre-
scribing.” Alternatively, clinicians might perceive there
to be less benefit from corticosteroids because of a
potential effect of existing immunosuppression.
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Any corticosteroid group*

No corticosteroid group

Missing corticosteroid

(n=8320) (n=3100) group (n=407)

(Continued from previous page)

Comorbidities

Any comorbidity
No 343/454 (75-6%) 92/454 (20-3%) 19/454 (4-2%)
Yes 7697/10868 (70-8%) 2921/10 868 (26-9%) 250/10 868 (2:3%)
Hypertension 48486742 (71-9%) 1762/6742 (26-1%) 132/6742 (2:0%)
Chronic cardiac disease 3908/5568 (70-2%) 1551/5568 (27-9%) 109/5568 (2:0%)
Non-asthmatic chronic pulmonary disease 2095/2925 (71-6%) 762/2925 (26-1%) 68/2925 (2:3%)
Asthma 1000/1369 (73:0%) 337/1369 (24-6%) 32/1369 (2:3%)
Type 1diabetes 133/181 (73-5%) 41/181 (22:7%) 7/181 (3-9%)
Type 2 diabetes 2183/3001 (72-7%) 756/3001 (25-2%) 62/3001 (2:1%)
Obesity 458/611 (75-0%) 139/611 (22-7%) 14/611 (2:3%)
Chronic neurological disease 961/1433 (67-1%) 440/1433 (30-7%) 32/1433 (2:2%)
Dementia 1755/2681 (65:5%) 866/2681 (32:3%) 60/2681 (2:2%)
Chronic kidney disease 2281/3205 (71-2%) 852/3205 (26-6%) 72/3205 (2-2%)
Mild liver disease 66/93 (71-0%) 27/93 (29-0%) 0
Moderate or severe liver disease 62/102 (60-8%) 36/102 (35:3%) 4/102 (3-9%)
Malignancy 1017/1467 (69-3%) 414/1467 (28-2%) 36/1467 (2:5%)
Rheumatological disease 1295/1900 (68-2%) 561/1900 (29-5%) 44/1900 (2:3%)
Pre-admission immunosuppressants, including 906/1163 (77-9%) 228/1163 (19-6%) 29/1163 (2:5%)
corticosteroids
HIV/AIDS 14/21 (66-7%) 7/21 (33-3%) 0

Clinical frailtyt
1-2 164/196 (83-7%) 26/196 (13-3%) 6/196 (3-1%)
34 1207/1539 (78-4%) 300/1539 (19-5%) 32/1539 (2:1%)
5-6 2082/2885 (72:2%) 753/2885 (26-1%) 50/2885 (1.7%)
7-9 1250/1938 (64-5%) 646/1938 (33:3%) 42/1938 (2-2%)
Missing 3617/5269 (68-6%) 1375/5269 (26:1%) 277/5269 (5:3%)

Level of care and escalation plans
Level of respiratory support

Oxygen alone

High-flow nasal cannula

Non-invasive ventilation

Invasive ventilation
Critical care admission

Yes

No

Not indicated

Not appropriate

Missing

Death within 2 days of admission

Death or palliative discharge within 2 days of admission

Longer length of hospital stay or survival

6381/9387 (68-0%)
555/816 (68-0%)
1320/1546 (85-4%)
64/78 (82-1%)

456/534 (85-4%)
3630/5176 (70-1%)
3310/4308 (76-8%)

1380/2343 (58-9%)

407/600 (67-8%)
7913/11227 (70-5%)

2669/9387 (28-4%)
218/816 (26.7%)
201/1546 (13-0%)

12/78 (15-4%)

65/78 (12:2%)
1514/5176 (29:3%)
985/4308 (22:9%)

601/2343 (25:7%)

175/600 (29-2%)
2925/11227 (26:1%)

337/9387 (3-6%)
43/816 (53%)
25/1546 (1-6%)

2/78 (2-6%)

13/78 (2:4%)
32/5176 (0-6%)
13/4308 (0-3%)

362/2343 (15:5%)

18/600 (3-0%)
389/11227 (3-5%)

Data are median (IQR), n/N (%), or n (%). Proportions read horizontally. Proportions read horizontally. Percentages might not sum to 100 due to rounding. *The any
corticosteroid group includes 7305 (87-8%) of 8320 patients who received oral or intravenous dexamethasone 6 mg once daily, 780 (9-4%) who received another or
unknown dose or frequency of dexamethasone, 120 (1-4%) who received hydrocortisone, 114 (1-4%) who received prednisolone, and fewer than five who received
methylprednisolone. A score of 15 indicates a fully awake state, and a score of less than 15 indicates any deficit in either the eye, motor, or verbal response used to assess
conscious level. tClinical frailty reference: scores of 1-2 indicate fit, 3-4 indicate vulnerable, but not frail, 5-6 indicate initial signs of frailty but with some degree of

independence, and 7-9 indicate severe or very severe frailty.

Table 3: Subgroup analysis of patients aged 80 years or older with moderate or severe COVID-19, admitted to hospital between June 17, 2020, and

April 14, 2021
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Corticosteroids are also indicated in exacerbations of
asthma and other chronic pulmonary diseases. However,
patients with moderate or severe COVID-19 and non-
asthmatic chronic pulmonary disease received fewer
corticosteroids, which persisted after adjusting for age
and comorbidities. This finding could reflect lower
baseline SpO, and higher respiratory rates resulting in
misclassification of some patients into artificially higher
severity groups.

The rates of corticosteroid administration increased with
markers of severity, such as high respiratory rate, low
SpO,, and high CRP, and increasing level of care, but
corticosteroids were also administered to patients not
recorded to have received supplementary oxygen or
without markers of severe COVID-19. Despite the WHO
severity criteria,” the initial clinical guidelines and
the principal message from the RECOVERY trial
recommended corticosteroids to anyone needing
supplementary oxygen,” and this message might have
persisted as a simple decision aid. Contrarily, both the
RECOVERY and the Metcovid trials reported a potential
signal to harm among patients not receiving oxygen,**
which might have persuaded clinicians to err to the side of
caution among patients with less severe COVID-19.
Despite this signal to harm among patients receiving no
oxygen, the rate of corticosteroid administration in the
non-oxygen cohort observed here did not change after
RECOVERY trial publication. To account for the less clear
indication for patients with milder disease, we focused on
patients with moderate or severe COVID-19 when
identifying the discussed factors independently associated
with lower corticosteroid administration.

The comprehensive clinical data collected allowed
detailed analysis of subgroups to explore administration
of corticosteroids. However, there are some limitations.
There were more missing data than would be expected
for a prospective cohort study, due to the nature of the
pandemic, but this issue was handled using appropriate
methods. Although the ISARIC WHO CCP-UK study
captured a third of the patients admitted to hospital with
COVID-19 in the UK after June 16, 2020, and therefore
offers a generalisable estimate of the national uptake of
corticosteroids, selection bias might still exist. Fewer
hospital admissions before June 16 could be partly
contributing to the slight premature increase in
corticosteroid administration. We cannot comment on
the duration of corticosteroid treatment or supplementary
oxygen, or the time to prescription. We were also unable
to determine the type of non-critical care ward, which
could contribute to differences in rates of corticosteroid
prescribing due to a range of skills, preparedness, or
knowledge in treating patients with COVID-19. As the
indication for the corticosteroid therapy was not recorded,
a proportion of patients might have received
corticosteroids for other indications; therefore, our
corticosteroid administration rates for patients with
COVID-19 are probably overestimates of the true
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administration rate for COVID-19. Similarly, cautions
with corticosteroids, such as peptic ulcer disease or risk
of gastrointestinal Dbleeding,”” were mnot collected.
Although the severity criteria were robust, derived from
commonly used clinical markers on admission, and
reflected the current clinical guidelines, they could not
capture all criteria for severe or critical COVID-19,” such
as clinical trend. Finally, there might be unmeasured
confounders that we were either unaware of or unable to
measure.

Rates of corticosteroid administration in COVID-19
have increased substantially since the publication of the
RECOVERY trial results and updated clinical guidelines,
with the greatest rates seen among patients with higher
severity of illness. However, this study highlighted a
marked difference in corticosteroid uptake based on age,
with patients aged 70 years or older much less likely to
receive corticosteroids, even after accounting for illness
severity, comorbidities, and clinical frailty. The presence
of chronic cardiac disease, chronic neurological disease,
dementia, or pregnancy was also associated with lower
rates of corticosteroid administration. A decision not to
administer a cheap, simple, and potentially life-saving
therapy such as low-dose corticosteroids in COVID-19
might benefit from a consensus approach, whereby any
decision not to adhere to a guideline requires discussion
and sense checking with another clinical colleague. This
approach might provide reassurance to patients of
equitable access and support clinicians in potentially
challenging decision making. Future qualitative research
should evaluate whether there were systematic barriers
or enablers to implementation, overall or in specific
subgroups of patients, across a range of institutions,
settings, and practitioners. Such work should aim to
understand to what extent the results presented here
represent appropriate clinical judgement or potentially
modifiable barriers to receiving life-saving treatments.
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