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Abstract 

Purpose: Although there is evidence supporting the benefits of corticosteroids in patients affected with severe 
coronavirus disease 2019 (COVID‑19), there is little information related to their potential benefits or harm in some sub‑
groups of patients admitted to the intensive care unit (ICU) with COVID‑19. We aim to investigate to find candidate 
variables to guide personalized treatment with steroids in critically ill patients with COVID‑19.
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Introduction

In patients with coronavirus disease 2019 (COVID-19) 
admitted to intensive care units (ICU), especially in those 
requiring mechanical ventilation, mortality remains unac-
ceptably high (30–60%) [1]. This statement held particu-
larly true when only supportive treatment was available for 
patients during the initial waves of the COVID-19 pandemic.

Corticosteroids at reasonably low dosages and for short 
duration appear to decrease mortality in both severe 
community-acquired pneumonia (CAP) [2] and moder-
ate-severe acute respiratory distress syndrome (ARDS) 
[3, 4]. However, this type of medication could be harmful 
in severe influenza pneumonia [5]. For that reason, and 
at the beginning of the pandemic, experts did not recom-
mend or were against use of such medication in patients 
with COVID-19 [6]. Despite these initial recommenda-
tions, though, and due to the dimension of the health cri-
sis, clinicians resorted to administering corticosteroids in 
cases of disease progression.

The Recovery trial [7] demonstrated that administering 
dexamethasone versus usual standard of care decreased 
mortality in patients with COVID-19 requiring oxygen 
therapy, with or without mechanical ventilation. A sub-
sequent meta-analysis from the World Health Organisa-
tion (WHO) [8] confirmed the Recovery trial findings. 
Recent European Respiratory Society (ERS) guidelines [9] 
recommended the use of corticosteroids only for patients 
with hypoxemic respiratory failure requiring oxygen 

administration. However, clinicians extended the use of 
corticosteroids to other patients with COVID-19—irre-
spective of hospitalisation status—especially in those 
with persistent signs and symptoms.

Despite evidence that supports the benefits of cor-
ticosteroids, retrospective/prospective studies have 
described a lack thereof in some patient subgroups. 
One study, for instance, reported increased mortality in 
patients aged > 80  years [10]. Another multicentre study 
in France [11] including ICU-admitted patients found 
elevated mortality in patients aged < 60 years without any 
increase in inflammation markers, [i.e., d-dimer, ferritin 
or C-reactive protein (C-RP)]. There is a general concern 
that corticosteroids might be harmful or ineffective in 
some COVID-19 phenotypes of patients.

The primary aim of this study was to assess in critically 
ill COVID-19 patients the effect of corticosteroid treat-
ment on 90-day mortality in the overall population.

Methods: Multicentre, observational cohort study including consecutive COVID‑19 patients admitted to 55 Spanish 
ICUs. The primary outcome was 90‑day mortality. Subsequent analyses in clinically relevant subgroups by age, ICU 
baseline illness severity, organ damage, laboratory findings and mechanical ventilation were performed. High doses 
of corticosteroids (≥ 12 mg/day equivalent dexamethasone dose), early administration of corticosteroid treatment 
(< 7 days since symptom onset) and long term of corticosteroids (≥ 10 days) were also investigated.

Results: Between February 2020 and October 2021, 4226 patients were included. Of these, 3592 (85%) patients had 
received systemic corticosteroids during hospitalisation. In the propensity‑adjusted multivariable analysis, the use 
of corticosteroids was protective for 90‑day mortality in the overall population (HR 0.77 [0.65–0.92], p = 0.003) and 
in‑hospital mortality (SHR 0.70 [0.58–0.84], p < 0.001). Significant effect modification was found after adjustment for 
covariates using propensity score for age (p = 0.001 interaction term), Sequential Organ Failure Assessment (SOFA) 
score (p = 0.014 interaction term), and mechanical ventilation (p = 0.001 interaction term). We observed a beneficial 
effect of corticosteroids on 90‑day mortality in various patient subgroups, including those patients aged ≥ 60 years; 
those with higher baseline severity; and those receiving invasive mechanical ventilation at ICU admission. Early 
administration was associated with a higher risk of 90‑day mortality in the overall population (HR 1.32 [1.14–1.53], 
p < 0.001). Long‑term use was associated with a lower risk of 90‑day mortality in the overall population (HR 0.71 
[0.61–0.82], p < 0.001). No effect was found regarding the dosage of corticosteroids. Moreover, the use of corticoster‑
oids was associated with an increased risk of nosocomial bacterial pneumonia and hyperglycaemia.

Conclusion: Corticosteroid in ICU‑admitted patients with COVID‑19 may be administered based on age, severity, 
baseline inflammation, and invasive mechanical ventilation. Early administration since symptom onset may prove 
harmful.

Keywords: Corticosteroids, COVID‑19, Critically ill, Intensive care

Take‑home message 

Clinicians should consider age, baseline disease severity, mechani‑
cal ventilation requirement and days from symptom onset before 
administering corticosteroids. 90‑day mortality increases when cor‑
ticosteroids are administered to patients within 7 days of symptom 
onset, while duration of treatment for more than 10 days was asso‑
ciated with lower mortality.
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Methods
Study design and patients
We retrospectively analysed patients from the CIBERE-
SUCICOVID study (NCT04457505), which had pro-
spectively included patients aged ≥ 18  years with 
laboratory-confirmed SARS-CoV-2 infection from across 
55 Spanish hospitals between 5 February 2020 and 7 
October 2021 (Online Table 1). All consecutive patients 
admitted to ICU were enrolled if reason for admission 
was COVID-19. Exclusion criteria for patients included 
the following: (1) unconfirmed SARS-CoV-2 infection; 
(2) lack of data at baseline or hospital discharge; (3) lack 
of information about corticosteroid treatment; (4) prior 
treatment with systemic steroids; (5) patient transfer 
from another ICU; and (6) ICU admission due to other 
reasons.

The study received approval by the Institution’s Inter-
nal Review Board (Comité Ètic d’Investigació Clínica, 
registry number HCB/2020/0370). Local research-
ers maintained contact with a study team member, and 
participating hospitals obtained local ethics committee 
approval. We reported results in accordance with the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines [12].

Data collection
We recorded data on demographics, comorbidities and 
previous treatment. Standard laboratory and clinical data 
were collected at hospital and ICU admission. The phar-
macologic treatments administered, and interventions 
performed during hospital admission until either dis-
charge from hospital or death were also collected. Impor-
tantly, corticosteroids treatment data was reported, 
including higher dose not pulse therapy administered, 
start date and duration of treatment. Main complications 
during hospital stay, including pulmonary complications, 
hyperglycaemia, nosocomial infections, gastrointestinal 
bleeding, acute kidney injury and acute hepatic failure, 
were reported.

Primary and secondary outcomes, subgroup analyses 
and definitions
For this study, we compared the following two groups: 
patients receiving corticosteroids versus those who did 
not. The primary outcome was all-cause 90-day mortal-
ity. Secondary outcomes included in-hospital mortality, 
length of ICU and hospital stay, and ventilator-free days. 
We examined this main outcome according to the follow-
ing categories: (1) overall population; (2) several patient 
subgroups based on baseline data at ICU admission: age, 
illness severity and organ damage [Acute Physiologic 
Assessment and Chronic Health Evaluation II (APACHE-
II) and Sequential Organ Failure Assessment (SOFA) 

scores using median values cut-off, respectively], labo-
ratory findings (lymphocyte count, C-RP and inflamma-
tion), and mechanical ventilation; (3) by administration 
timing; (4) by dosage; and (5) by duration.

Length of ICU and hospital stay was calculated from 
ICU admission and hospitalisation, respectively. Ventila-
tor- and ICU-free days at 28 days were calculated as men-
tioned elsewhere [13].

High inflammatory status was defined as the fulfilment 
of at least two of the following criteria, as described else-
where [11]: ferritin of > 1000 µg/L; d-dimer of > 1000 µg/L; 
and C-RP of > 100  mg/L. As per prior studies done on 
severe CAP, we also looked at C-RP when ≥ 150  mg/L 
and lymphocyte count when < 0.724 ×  109/L [14, 15].

Early administration since symptom onset of corticos-
teroid therapy was defined as corticosteroids adminis-
tered for the first time within 7 days of symptom onset, 
while early administration since ICU admission was 
defined as corticosteroids administered for the first 
time within the initial 48  h of ICU admission. Patients 
received high-dose corticosteroids when dexamethasone 
or equivalent was equal or more than 12  mg/day [16], 
similar also to guidelines recommendation from Society 
of Critical Care Medicine (SCCM) and European Society 
of Intensive Care Medicine (ESICM) [17]. The long-term 
duration was equal or more than 10 days [7].

We also explored the potential association between 
complication onset and corticosteroid use and dura-
tion of treatment. Nosocomial bacterial pneumonia 
was defined according to international guidelines [18]. 
Microbiologically confirmed nosocomial pneumonia 
was defined clinically or radiologically diagnosed bac-
terial pneumonia managed with antimicrobials with 
positive culture of pathogenic germs in respiratory secre-
tions samples. Hyperglycaemia was defined as a consist-
ent blood glucose level above 126 mg/dL. Haemorrhage 
referred to any type of clinically significant bleeding. Fur-
ther details are reported in a previous publication [19].

Statistical analysis
We reported the number and percentage of patients as cat-
egorical variables, and the median (first quartile [Q1]; third 
quartile [Q3]) as continuous variables. Categorical vari-
ables were compared using the chi-squared test or Fisher’s 
exact test, whereas continuous variables were compared 
using the nonparametric Mann–Whitney U test.

We first assessed differences in 90-day mortality 
between groups (i.e. corticosteroid treatment vs. no 
treatment) using the Kaplan–Meier method (Gehan–
Breslow–Wilcoxon test [20]). To evaluate the effect of 
corticosteroids on 90-day mortality, we then used Cox 
regression models [21] stratified on the centre variable 
tested in univariable and multivariable analyses. The 
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multivariable models included the following variables 
based on clinical relevance only: age, sex, body mass 
index, diabetes mellitus, chronic liver disease, chronic 
heart disease, chronic lung disease, chronic renal failure, 
immunosuppression, APACHE-II score at ICU admission, 
 PaO2/FiO2 ratio at ICU admission, pH at ICU admission, 
haemoglobin at ICU admission, lymphocyte count at ICU 
admission, platelet count at ICU admission, d-dimer at 
ICU admission, C-RP at ICU admission, serum creatinine 
at ICU admission, lactate dehydrogenase (LDH) at ICU 
admission, ferritin at ICU admission, mechanical venti-
lation at ICU admission, septic shock at ICU admission, 
disseminated intravascular coagulation at ICU admission, 
tocilizumab administration and COVID-19 wave. Hazard 
ratios (HRs) and their 95% confidence intervals (CIs) were 
calculated. Proportional hazards assumptions were tested 
with log minus log plots. Patients who were transferred to 
another hospital were censored in survival analyses.

A propensity score [22, 23] for corticosteroid use was 
developed, given that corticosteroid therapy was not ran-
domly administered to these patients and could result in 
a potential confounding factor and selection bias. The 
propensity score was determined, irrespective of out-
come, with a multivariable logistic regression to predict 
the influence of 15 predetermined variables on the use of 
corticosteroids [24]. Variables were chosen for inclusion 
in the propensity score calculation according to methods 
set forth by Brookhart et  al. [25], comprising variables 
associated with corticosteroid use and outcome (age, sex, 
body mass index, diabetes mellitus, chronic liver disease, 
chronic heart disease, chronic lung disease, chronic renal 
failure, immunosuppression, APACHE-II score at ICU 
admission,  PaO2/FiO2 ratio at ICU admission, pH at ICU 
admission, mechanical ventilation at ICU admission, sep-
tic shock at ICU admission and disseminated intravascu-
lar coagulation at ICU admission). The score was finally 
entered as a continuous variable in the survival analysis 
for 90-day mortality.

Effect modification by factors potentially associ-
ated with patient outcomes and corticosteroid use were 
assessed by an interaction term, and similar analyses 
were carried out for subgroup analyses of these factors.

We also constructed propensity scores for patients 
receiving corticosteroids to examine the relationship 
between (1) early administration of corticosteroid ther-
apy since symptom onset, (2) early administration of cor-
ticosteroid therapy since ICU admission, (3) high-dose 
corticosteroids, (4) long-term of corticosteroids, and the 
likelihood of 90-day mortality. The scores were created 
using logistic regression models and later included in the 
survival analyses.

We also analysed the association between corticos-
teroid therapy and the following variables: in-hospital 

mortality (by means of a Fine-Gray competing risks 
model [26, 27] stratified on the centre variable); length of 
ICU and hospital stay, and ventilator-free days (by means 
of generalised estimating equations [28], considering a 
Gaussian distribution and accounting for the effect raised 
by the clustering of patients from the same centre); and 
complication onset, such as nosocomial bacterial pneu-
monia, hyperglycaemia and haemorrhage (by means 
of generalised estimating equations [28], considering a 
binomial distribution and accounting for the effect raised 
by the clustering of patients from the same centre). Sub-
distribution hazard ratios (SHRs), odds ratios (ORs), beta 
coefficients (βs), and their 95% CIs were calculated where 
appropriate.

We used the multiple imputation method [29] for miss-
ing data in both the covariates of the propensity score 
models and multivariable analyses (Online Table 2).

The level of significance was set at 0.05 (two-tailed). 
No adjustments were made for multiple comparisons. 
All analyses were performed using IBM SPSS version 
26.0 (IBM Corp., Armonk, NY, USA) and R version 
4.1.1 (R Foundation for Statistical Computing, Vienna, 
Austria).

Results
Between 5 February 2020 and 7 October 2021, 5745 
patients with COVID-19 were admitted to 55 ICUs. We 
included 4226 patients in this analysis, of whom 3592 
(85%) received systemic corticosteroids at either hospi-
tal admission or during hospitalisation (Online Fig. 1 and 
Online Table 3).

Demographics and characteristics
Table  1 shows patient characteristics at ICU admission. 
The median body mass index was higher in those patients 
receiving corticosteroids (27.8 [25.6; 31.5] vs. 29 [26.1; 
32.4] kg/m2; p < 0.001). Time from initial symptoms to 
ICU admission was also higher in the corticosteroid 
group (8 [6; 11] vs. 9 [7; 12] days; p < 0.001). Treatments 
before ICU admission differed between groups, with 
higher proportions of statin in patients receiving systemic 
corticosteroids. Although the median SOFA score did 
not vary between groups, the proportion of patients with 
a SOFA score ≥ 5 was lower in the corticosteroid group 
(204 [56%] vs. 1150 [49%]; p = 0.021) than in patients not 
receiving corticosteroids. When compared with patients 
without corticosteroid treatment at day 1 in ICU, patients 
receiving corticosteroids had a lower temperature,  PaO2/
FiO2 ratio, lymphocyte count and C-RP levels yet overall 
higher respiratory rate, pH, haemoglobin, and leukocyte, 
neutrophil and platelet counts. Corticosteroid treatment 
related data are displayed in Table 2.
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Primary and secondary outcomes
The proportion of 90-day mortality was similar between 
patients who received corticosteroids and those who did 
not (Table  3). Nonetheless, the Kaplan–Meier curves 
show that patients without corticosteroids had a higher 
likelihood of 90-day mortality (p < 0.001) than patients 
with corticosteroids (Online Fig.  2). In the propensity-
adjusted multivariable analysis, 90-day mortality was 
significantly associated with corticosteroid use, decreas-
ing the risk of 90-day mortality by 23% (HR 0.77, 95% CI 
0.65–0.92; p = 0.003) (Table 4 and Online Tables 4-5).

Length of ICU and hospital stay, mechanical venti-
lation duration and tracheostomy were higher in the 
corticosteroid group yet overall lower ICU-free days; 
90-day mortality and ventilator-free days were similar 
between groups (Table  3). Propensity-adjusted analy-
ses showed that in-hospital mortality was significantly 
associated with corticosteroid use, decreasing the risk 
by 30% (HR 0.70, 95% CI 0.58–0.84; p < 0.001; Online 
Table  4). Propensity-adjusted analyses also showed that 
there was a significant association between corticosteroid 
use and longer length of ICU (β 7.08, 95% CI 5.67–8.50; 
p = 0.004) and longer hospital stay (β 9.96, 95% CI 7.79–
12.14; p < 0.001); while no significant association between 
corticosteroid use and the number ventilator-free days 
(Online Tables 6–10).

Subgroup analyses
To examine risks for particular types of patients, we 
explored effect modification by age, APACHE-II score, 
SOFA score, lymphocyte count, C-RP, inflammation and 
mechanical ventilation. No significant effect modifica-
tion was found after adjustment for covariates using pro-
pensity score, except for age (p = 0.001 interaction term), 
Sequential Organ Failure Assessment (SOFA) score 
(p = 0.014 interaction term), and mechanical ventilation 
(p = 0.001 interaction term) (Table 4).

In addition, propensity-adjusted analyses showed that 
systemic corticosteroids were associated with a lower risk 
of 90-day mortality in the following subgroups: (1) patients 
aged ≥ 60 years; (2) patients with more severe clinical sta-
tus at day 1 in ICU (SOFA ≥ 5); and (3) patients with inva-
sive mechanical ventilation at day 1 in ICU (Table 4).

Among the overall population receiving corticoster-
oids, there was also significant association between early 
administration of corticosteroids since initial symp-
tom onset (< 7  days) and increasing the propensity-
adjusted risk of 90-day mortality by 32% (HR 1.32, 95% 
CI 1.14–1.53; p < 0.001) (Online Table 11). Corticosteroid 
administration within 7  days from symptoms onset was 
unbeneficial or even harmful in all subgroups defined 
based on ICU admission data (Online Table 11).

In contrast, there were no significant associations 
observed either between the early administration of 
corticosteroids since ICU admission (< 48  h) and the 
propensity-adjusted risk of 90-day mortality (HR 0.93, 
95% CI 0.79–1.10; p = 0.392; Online Table  12); or the 
high-dose corticosteroids (≥ 12  mg/day) and the pro-
pensity-adjusted risk of 90-day mortality (HR 1.05, 
95% CI 0.89–1.24; p = 0.559; Online Table  13). Excep-
tions to these no effect are further explored in Online 
Tables 12–13, respectively.

There was also significant association between 
long-term corticosteroids (≥ 10  days) and decreas-
ing the propensity-adjusted risk of 90-day mortality 
by 29% (HR 0.71, 95% CI 0.61–0.82; p < 0.001) (Online 
Table 14). Those associations between long-term cor-
ticosteroids (≥ 10 days) and 90-day mortality extended 
to some of the studied subgroups of patients (Online 
Table 14).

When analysing corticosteroid treatment and the sec-
ondary outcomes, those associations extended to some 
of the subgroups of patients (i.e., age, illness severity and 
organ damage, laboratory findings and invasive mechani-
cal ventilation at ICU admission) as further described in 
Online Tables 4–10.

Complications
When compared to the non-corticosteroid group, 
patients in the corticosteroid group more frequently pre-
sented nosocomial bacterial pneumonia, pneumotho-
rax, pleural effusion, organising pneumonia, pulmonary 
embolism, bacteraemia, delirium, anaemia, hypergly-
caemia and haemorrhage. Conversely, this same group 
presented disseminated intravascular coagulation less 
frequently (Table 3).

When analysing nosocomial bacterial pneumonia, 
propensity-adjusted analysis showed a significant 
increased risk for developing the infection among 
those patients that received corticosteroids (OR 1.29; 
95% CI 1.01–1.65; p = 0.042; Online Table 15). Moreo-
ver, corticosteroids use was also significantly associ-
ated with higher risk for developing microbiologically 
confirmed nosocomial pneumonia (OR 1.38; 95% 
1.01–1.88; p = 0.045; Online Table  16). Similarly, pro-
pensity-adjusted analysis showed that there was a sig-
nificant higher risk of hyperglycaemia (OR 2.17, 95% 
CI 1.35–3.48; p = 0.001; Online Table 17). In contrast, 
there were no significant association observed between 
corticosteroids and the propensity-adjusted risk of 
haemorrhage (OR 1.32%, CI 0.92–1.89; p = 0.131; 
Online Table  18). Those associations between treat-
ment with corticosteroids and complications extended 
to some of the studied subgroups of patients (Online 
Table 15–18).
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Table 1 Characteristics of the study population

Variables No treatment
(N = 634)

Corticosteroid treatment 
(N = 3592)

p value

Age, median (Q1; Q3), years 63 (51; 72) 63 (54; 71) 0.613

Age ≥ 60 years, n (%) 382 (60) 2233 (62) 0.360

Male sex, n (%) 442 (70) 2534 (71) 0.712

BMI, median (Q1; Q3), kg/m2 27.8 (25.6; 31.5) 29.0 (26.1; 32.4) < 0.001

BMI, n (%) 0.033

 Underweight (< 18.5 kg/m2) 0 (0) 8 (0.3) 0.368

 Normal weight (≥ 18.5 to < 25 kg/m2) 116 (21) 518 (16) 0.079

 Pre‑obese (≥ 25 to < 30 kg/m2) 252 (45) 1342 (43) 0.201

 Obese (≥ 30 kg/m2) 188 (34) 1286 (41) 0.013

Comorbidities, n (%)a 264 (42) 1585 (44) 0.245

 Diabetes mellitus 144 (23) 890 (25) 0.265

 Chronic liver disease 24 (4) 104 (3) 0.228

 Chronic heart disease 81 (13) 437 (12) 0.646

 Chronic lung disease 80 (13) 508 (14) 0.320

 Chronic renal failure 40 (6) 213 (6) 0.712

 Immunosuppression 7 (1) 85 (2) 0.045

Days since initial symptoms to ICU admission, median (Q1; Q3) 8 (6; 11) 9 (7; 12) < 0.001

Treatment before admission, n (%)
 Angiotensin‑converting enzyme inhibitor 107 (38) 706 (40) 0.620

 Statin 165 (26) 1135 (32) 0.006

 Non‑steroidal anti‑inflammatory drug 66 (11) 432 (12) 0.278

Characteristics at ICU admission
 Glasgow Coma Scale, median (Q1; Q3) 15 (15; 15) 15 (15; 15) 0.184

 APACHE‑II score, median (Q1; Q3) 11 (8; 16) 12 (9; 15) 0.505

 APACHE‑II score ≥ 12, n (%) 169 (50) 941 (50) 0.920

 SOFA score, median (Q1; Q3) 5 (3; 7) 4 (4; 7) 0.319

 SOFA score ≥ 5, n (%) 204 (56) 1150 (49) 0.021

 SOFA hemodynamic component, median (Q1; Q3) 0 (0; 4) 0 (0; 4) < 0.001

 SOFA renal component, median (Q1; Q3) 0 (0; 0) 0 (0; 0) 0.394

 Temperature, median (Q1; Q3), °C 37.1 (36.3; 38) 36.8 (36; 37.5) < 0.001

 Respiratory rate, median (Q1; Q3), bpm 25 (20; 30) 26 (22; 32) < 0.001

Arterial blood gases at ICU admission
  PaO2/FiO2 ratio, median (Q1; Q3) 127 (86; 184) 107 (78; 156) < 0.001

  PaO2/FiO2 ratio in ventilated patients, median (Q1; Q3) 123 (83; 178) 107 (78; 153) < 0.001

  PaO2/FiO2 ratio categories in ventilated patients, n (%) < 0.001

 Severe (< 100) 152 (36) 1221 (45) < 0.001

 Moderate (≥ 100 to < 200) 181 (43) 1113 (41) 0.502

 Mild (≥ 200 to < 300) 64 (15) 262 (10) 0.001

 No ARDS (≥ 300) 23 (5) 95 (4) 0.052

pH, median (Q1; Q3) 7.40 (7.32; 7.45) 7.42 (7.35; 7.46) < 0.001

PaCO2, median (Q1; Q3), mmHg 39.7 (34; 47) 38.4 (33.7; 45.6) 0.176

Laboratory findings at ICU admission
 Haemoglobin, median (Q1; Q3), g/dL 13.1 (11.9; 14.2) 13.3 (12.2; 14.4) 0.002

 Leucocyte count, median (Q1; Q3),  109/L 7.9 (5.8; 11.5) 9.1 (6.5; 12.5) < 0.001

 Lymphocyte count, median (Q1; Q3),  109/L 0.8 (0.56; 1.1) 0.7 (0.49; 0.97) < 0.001

 Neutrophil count, median (Q1; Q3),  109/L 6.5 (4.5; 9.7) 7.8 (5.3; 11.1) < 0.001

 Monocyte count, median (Q1; Q3),  109/L 0.35 (0.2; 0.54) 0.35 (0.2; 0.52) 0.965

 Platelet count, median (Q1; Q3),  109/L 221 (169; 299) 235 (179; 307) 0.005

 d‑dimer, median (Q1; Q3), ng/mL 946 (502; 2,260) 941 (500; 2,116) 0.953
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Discussion
In this large, multicentre and retrospective observational 
study of consecutive critically ill patients with COVID-19 
admitted to 55 Spanish ICUs, we investigated the asso-
ciation between corticosteroid treatment and 90-day 
mortality. Furthermore, we examined the existence of 
subpopulations for whom corticosteroids could prove 
unbeneficial or even harmful, and evaluated the risk of 
complications associated with corticosteroid use.

Our study resulted in various main findings, as dis-
played in Fig.  1 and Online Fig.  3. First, after adjusting 
for confounding variables, we observed that using cor-
ticosteroids was protective for 90-day and in-hospital 
mortality in the overall population. However, patients 
receiving corticosteroids had a longer length ICU and 
hospital stay. Second, we reported a beneficial effect con-
ferred by corticosteroids on 90-day mortality across the 
following three subgroups: (1) patients aged ≥ 60  years; 
(2) patients with higher baseline severity and (3) patients 

requiring invasive mechanical at ICU admission. Third, 
early administration of corticosteroids since initial symp-
tom onset was associated with a higher risk of 90-day 
mortality in the overall population, especially in some 
patient subgroups. Fourth, 10  days or more of adminis-
tration of corticosteroids resulted in a 90-day increased 
survival. Finally, corticosteroid use was associated with 
an increased risk of both clinically suspected and micro-
biologically confirmed nosocomial bacterial pneumonia 
and hyperglycaemia in the overall population.

In our cohort of critically ill, ICU-admitted patients 
with respiratory failure, our data confirmed results 
obtained from previous studies that reported an asso-
ciation between decreased 28-day and/or in-hospital 
mortality and corticosteroid use in patients with severe 
COVID-19 [1, 7, 8, 30]. This observation falls in line 
with current recommendations [6, 9, 31, 32]. Moreover, 
we found that corticosteroid use proved beneficial in 
decreasing 90-day mortality across the aforementioned 

Table 1 (continued)

Variables No treatment
(N = 634)

Corticosteroid treatment 
(N = 3592)

p value

 C‑reactive protein, median (Q1; Q3), mg/L 150 (84; 237) 130 (64; 222) 0.001

 C‑reactive protein ≥ 150 mg/L, n (%) 284 (50) 1485 (44) 0.008

 Serum creatinine, median (Q1; Q3), mg/dL 0.87 (0.69; 1.1) 0.84 (0.68; 1.07) 0.126

 LDH, median (Q1; Q3), U/L 473 (362; 632) 482 (364; 657) 0.289

 Ferritin, median (Q1; Q3), ng/mL 1076 (531; 1730) 1164 (626; 1949) 0.174

 High inflammation, n (%)b 244 (79) 1699 (73) 0.013

Ventilatory support, n (%)
 Mechanical ventilation at ICU  admissionc < 0.001

  No mechanical ventilation 89 (14) 218 (6) < 0.001

  High‑flow nasal cannula 147 (24) 1133 (32) < 0.001

  Non‑invasive mechanical ventilation 23 (4) 375 (11) < 0.001

  Invasive mechanical ventilation 356 (58) 1789 (51) < 0.001

 ECMO support during ICU admission 9 (1) 70 (2) 0.364

COVID‑19 therapies during ICU admission, n (%)
 Ribavirin 6 (1) 2 (0.1) < 0.001

 Lopinavir/ritonavir 493 (78) 1385 (39) < 0.001

 Remdesivir 39 (6) 653 (18) < 0.001

 Interferon alpha 8 (1) 11 (0.3) 0.004

 Interferon beta 301 (48) 538 (15) < 0.001

 Chloroquine 72 (11) 96 (3) < 0.001

 Hydroxychloroquine 468 (74) 1556 (43) < 0.001

 Tocilizumab 221 (35) 1498 (42) 0.001

 Darunavir/cobicistat 22 (3) 41 (1) < 0.001

ICU intensive care unit, Q1 first quartile, Q3 third quartile, BMI body mass index, APACHE acute physiology and chronic health evaluation, SOFA sequential organ failure 
assessment, PaO2 partial pressure of arterial oxygen, FiO2 fraction of inspired oxygen, LDH lactate dehydrogenase, ECMO extracorporeal membrane oxygenation. 
Percentages calculated on non-missing data
a Possibly > 1 comorbidity
b At least two of the following criteria: ferritin > 1,000 ng/mL or d-dimer > 1000 ng/mL or C-reactive protein > 100 mg/L
c Patients who received high-flow nasal cannula but needed non-invasive intubation were included in the non-invasive mechanical ventilation group. Patients who 
received high-flow nasal cannula and/or non-invasive ventilation but needed intubation were included in the invasive mechanical ventilation group
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subgroups. These findings are important, given that pre-
vious studies have not extensively reported thereof.

Overall, when it comes to corticosteroid use, age 
appears to be an important factor worth considering. 
The RECOVERY trial [7], for instance, reported no effi-
cacy of corticosteroid use in the subgroup of patients 
aged > 70 years; however, only 169 (4.74%) patients from 
that particular group were on mechanical ventilation. 
Another recently published study [10] showed that mor-
tality rose in patients aged ≥ 80 years receiving corticos-
teroids. There are two primary reasons that may explain 
these discrepancies between our study and those prior 
as follows: (1) the heterogeneity of populations included 
in randomised controlled trials (RCTs) and observa-
tional studies (different severity and degrees of respira-
tory failure, different age threshold); and (2) the varying 
immunophenotypes (humoral immunodeficiency, hyper-
inflammatory and complement-dependent) recently 
identified in critically ill patients [33].

Another significant finding is that corticosteroids 
decreased 90-day mortality in mechanically ventilated 
patients at ICU admission. In line with our results, the 
WHO meta-analysis found that corticosteroids were 
associated with lower mortality in critically ill patients 
who were receiving invasive mechanical ventilation at 
randomization [8]. In this context, we can recommend 
that all mechanically ventilated patients with COVID-
19 receive corticosteroids.

Early administration of corticosteroids in ICU and 
high-versus-low dosages represent other clinical sce-
narios that could affect benefits conferred by such 
medication. Remarkably, we found that corticosteroids 
were associated with increased mortality in the overall 
population when administered early after initial symp-
tom onset (Fig. 1, Online Fig. 3). In this context, recent 
observational publications suggest that early administra-
tion of corticosteroids after symptom onset (< 7 days) can 
prove harmful for patients [34, 35]. Corticosteroids may 

Table 2 Characteristics of corticosteroid use

ICU intensive care unit, Q1 first quartile, Q3 third quartile. Percentages calculated on non-missing data
a Administered drug was assessed in 3388 patients; days from initial symptoms to corticosteroid administration in 3317 patients; days from ICU admission to 
corticosteroid administration in 3323 patients; length of treatment in 3283 patients; total equivalent dexamethasone dose in 3098 patients; total equivalent 
methylprednisolone dose in 2898 patients
b Patients that returned to invasive mechanical ventilation after discontinuation of corticosteroids treatment
c Equivalent dexamethasone dose
d Equivalent methylprednisolone dose

Variablesa Corticosteroid treatment 
 (N =3592)

Administered drug, n (%)
 Dexamethasone 2045 (60)

 Methylprednisolone 1882 (56)

 Hydrocortisone 287 (8)

 Prednisone 38 (1)

 Prednisolone 12 (0.4)

 Betamethasone 5 (0.1)

 Fludrocortisone 1 (0.03)

Days from initial symptoms to corticosteroid administration, median (Q1; Q3) 9 (6; 13)

 < 7 days, n (%) 896 (27)

Days from ICU admission to corticosteroid administration, median (Q1; Q3) 0 (− 2; 1)

 Before ICU admission (< 0 h), n (%) 1307 (39)

 Day 0–1 of ICU admission (0–48 h), n (%) 1275 (38)

 Since day 1 of ICU admission (≥ 48 h), n (%) 741 (22)

Cumulative dose
 Length of treatment, median (Q1; Q3), days 10 (6; 12)

  Prevalence of long‑term use (≥ 10 days), n (%) 1914 (58)

  Discontinuation before mechanical ventilation termination 1475 (60)

   Requirement of  reintubationb 76 (9)

 Total dose, median (Q1; Q3), mg/dayc 15 (6; 30)

  Prevalence of high dose (≥ 12 mg/day), n (%)c 1899 (61)

 Total dose, median (Q1; Q3), mg/kg/dayd 1 (0.45; 2.04)
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Table 3 Complications during ICU admission and outcome variables

ICU intensive care unit, Q1 first quartile, Q3 third quartile. Percentages calculated on non-missing data
a Clinically or radiologically diagnosed bacterial pneumonia managed with antimicrobials. Bacteriologic confirmation was not required
b Microbiologically confirmed nosocomial pneumonia was defined clinically or radiologically diagnosed bacterial pneumonia managed with antimicrobials with 
positive culture of pathogenic germs in respiratory secretions samples
c Criteria for the Sepsis-3 definition of septic shock include vasopressor treatment and a lactate concentration > 2 mmol/L at ICU admission
d Abnormal coagulation was identified by abnormal prothrombin time or activated partial thromboplastin time
e Disseminated intravascular coagulation was defined by thrombocytopenia, prolonged prothrombin time, low fibrinogen, elevated d-dimer and thrombotic 
microangiopathy
f Haemoglobin consistently below 120 g/L for non-pregnant women and 130 g/L for men

Variables No treatment (N = 634) Corticosteroid treatment (N = 3592) p value

Complications, n (%)

 Bacterial  pneumoniaa 118 (19) 1005 (28) < 0.001

  Microbiologically confirmed  pneumoniab 82 (14) 771 (23) < 0.001

 Pneumothorax 26 (4) 292 (8) < 0.001

 Pleural effusion 43 (7) 413 (12) < 0.001

 Organising pneumonia 7 (1) 206 (6) < 0.001

 Tracheobronchitis 4 (1) 34 (1) 0.435

 Pulmonary embolism 37 (6) 376 (11) < 0.001

 Septic  shockc 38 (7) 216 (7) 0.807

 Endocarditis 1 (0.2) 13 (0.4) 0.708

 Myocarditis/pericarditis 14 (2) 66 (2) 0.523

 Cardiomyopathy 14 (2) 60 (2) 0.338

 Heart failure 11 (2) 82 (2) 0.393

 Cardiac ischemia 10 (2) 78 (2) 0.340

 Bacteraemia 147 (23) 1021 (28) 0.008

 Stroke 13 (2) 61 (2) 0.526

 Delirium 96 (15) 723 (20) 0.004

 Coagulation  disorderd 133 (21) 709 (20) 0.416

 Disseminated intravascular  coagulatione 48 (38) 148 (21) < 0.001

  Anaemiaf 324 (51) 2061 (57) 0.004

 Rhabdomyolysis 17 (3) 133 (4) 0.204

 Acute renal  failureg 218 (34) 1102 (31) 0.062

 Pancreatitis 5 (1) 31 (1) 0.855

 Liver dysfunction 160 (25) 1003 (28) 0.171

 Hyperglycaemia 322 (51) 2432 (68) < 0.001

 Haemorrhage 27 (4) 283 (8) 0.001

Outcomes

 In‑hospital mortality, n (%) 207 (33) 1051(29) 0.085

 90‑day  mortalityh 208 (34) 1062 (32) 0.273

Length of ICU stay, median (Q1; Q3), days

 All patients 10 (5; 19) 15 (8; 29) < 0.001

 Surviving patients 11 (5; 22) 13 (7; 29) < 0.001

Length of hospital stay, median (Q1; Q3), days

 All patients 17 (10; 31) 25 (16; 43) < 0.001

 Surviving patients 22 (14; 37) 27 (17; 47) < 0.001

Ventilator‑free days, median (Q1; Q3) 0 (0; 16) 0 (0; 16) 0.723

Mechanical ventilation length, median (Q1; Q3)i, days

 All patients 12 (6; 19) 16 (9; 28) < 0.001

 Surviving patients 13 (9; 22) 14 (8; 27) 0.075

ICU‑free days, median (Q1; Q3) 6 (0; 20) 3 (0; 19) 0.016

Tracheostomy, n (%) 157 (25) 1130 (31) 0.001

Reintubation, n (%)j 15 (7) 124 (8) 0.522
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g Acute renal injury was defined as either an increase in serum creatinine by ≥ 0.3 mg/dL within 48 h or an increase in serum creatinine to ≥ 1.5 times that at baseline
h Calculated only for patients with 90-day follow-up (615 in the no treatment group and 3363 in the corticosteroid treatment group)
i Duration of invasive mechanical ventilation was measured from initiation of ventilation until either successful extubation, successful permanent disconnection or death
j Reintubation due to extubation failure

Table 3 (continued)

Table 4 Association of corticosteroid therapy and 90‑day mortality

HR hazard ratio, CI confidence interval, APACHE acute physiology and chronic health evaluation, SOFA sequential organ failure assessment
a Adjusted for variables (age, sex, body mass index, diabetesmellitus, chronic liver disease, chronic heart disease, chronic lung disease, chronic renal failure, 
immunosuppression, APACHE-II score at ICU admission,  PaO2/FiO2 ratio at ICU admission, pH at ICU admission, haemoglobin at ICUadmission, lymphocytecount 
at ICU admission, platelet count at ICU admission, D-dimer at ICU admission, C-reactive protein, serum creatinine at ICU admission, LDH at ICU admission, ferritin 
at ICU admission, mechanical ventilation at ICU admission, septic shock at ICU admission, disseminated intravascular coagulation at ICU admission, tocilizumab 
administration, COVID-19 wave and the propensity score)
b APACHE-II score was assessed in 2222 patients; SOFA score in 2702 patients; lymphocyte count in 3925 patients; C-reactive protein in 3930 patients; inflammation in 
2650 patients; and mechanical ventilation in 4130 patients
c Interaction effect for the subgroup and treatment group
d High inflammation was defined as the fulfilment of at least two of the following criteria: ferritin > 1000 ng/mL or d-dimer > 1000 ng/mL or C-reactive 
protein > 100 mg/L

Univariable analysis Adjusted  analysisa

HR (95% CI) p value Adjusted HR (95% CI) p value

All patients (N = 4226) 0.74 (0.63–0.86) < 0.001 0.77 (0.65–0.92) 0.003

Subgroup analysesb

 Age group 0.001c

  Age < 60 years (n = 1611) 1.25 (0.82–1.90) 0.296 1.33 (0.83–2.11) 0.233

  Age ≥ 60 years (n = 2615) 0.60 (0.51–0.71) < 0.001 0.69 (0.57–0.83) < 0.001

 Severity of illness at ICU admission group 0.260c

  APACHE‑II score < 12 (n = 1112) 0.87 (0.57–1.34) 0.539 1.00 (0.60–1.67) 0.999

  APACHE‑II score ≥ 12 (n = 1110) 0.58 (0.44–0.76) < 0.001 0.65 (0.47–0.89) 0.007

Organ dysfunction and failure at ICU admission group 0.014c

 SOFA score < 5 (n = 1348) 1.26 (0.80–1.98) 0.318 1.24 (0.75–2.05) 0.397

 SOFA score ≥ 5 (n = 1354) 0.61 (0.48–0.79) < 0.001 0.55 (0.42–0.73) < 0.001

Laboratory findings at ICU admission
 Lymphocyte count group 0.159c

  Lymphocyte count < 0.724 ×  109/L (n = 2117) 0.67 (0.54–0.84) 0.001 0.68 (0.53–0.87) 0.002

  Lymphocyte count ≥ 0.724 ×  109/L (n = 1808) 0.76 (0.59–0.98) 0.033 0.89 (0.67–1.18) 0.430

 C‑reactive protein group 0.093c

  C‑reactive protein < 150 mg/L (n = 2161) 0.76 (0.59–0.96) 0.024 0.85 (0.64–1.12) 0.248

  C‑reactive protein ≥ 150 mg/L (n = 1769) 0.67 (0.53–0.83) < 0.001 0.71 (0.55–0.92) 0.009

 Inflammation group 0.708c

  Low inflammation (n = 707)d 0.73 (0.41–1.31) 0.290 0.55 (0.27–1.13) 0.103

   Age < 60 years (n = 320) 0.93 (0.23–3.76) 0.922 0.88 (0.11–7.39) 0.909

   Age ≥ 60 years (n = 387) 0.52 (0.26–1.03) 0.061 0.43 (0.17–1.10) 0.079

  High inflammation (n = 1943)d 0.62 (0.48–0.79) < 0.001 0.59 (0.45–0.77) < 0.001

   Age < 60 years (n = 667) 1.12 (0.55–2.30) 0.749 1.59 (0.66–3.85) 0.304

   Age ≥ 60 years (n = 1276) 0.51 (0.39–0.66) < 0.001 0.50 (0.37–0.68) < 0.001

Mechanical ventilation at ICU admission group 0.001c

 No mechanical ventilation (n = 307) 1.55 (0.81–2.95) 0.185 1.38 (0.62–3.06) 0.433

 High‑flow nasal cannula/non‑invasive mechanical ventila‑
tion (n = 1678)

0.96 (0.65–1.43) 0.859 0.70 (0.45–1.09) 0.115

 Invasive mechanical ventilation (n = 2145) 0.64 (0.53–0.78) < 0.001 0.68 (0.56–0.84) < 0.001
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increase viral replication during the initial disease stage, 
resulting in a deterioration of the patient’s status. In view 
of such results, our recommendation is to not adminis-
ter corticosteroids during the early disease period (i.e., 
within the first seven days of symptom onset).

With respect to early administration of corticosteroids 
in ICU, we found no differences when compared to late 
administration of this medication in the overall popu-
lation. Other observational studies have indicated [36, 
37] that early administration of corticosteroids in ICU is 
associated with decreased mortality. In addition, Van Pas-
sen et al. [38] found decreased progression to mechanical 
ventilation when clinicians administered corticosteroids 

early in ICU. Varying definitions regarding early and late 
administration could explain overall differences with our 
study. Our findings, as observed in a very large population, 
highlight the importance of not discarding corticosteroid 
administration in ICU-admitted patients with COVID-19 
after the first 48 h of ICU admission.

Regarding dosage and corticosteroid use, we did not 
find differences between high and low doses. A recent 
RCT comparing 6 vs 12  mg of dexamethasone in adults 
requiring either at least 10 L/min of oxygen or mechanical 
ventilation did not result in more statistically significant 
survival days without life support at 28 days [16]. Serious, 
infectious adverse events were similar in both groups.

Fig. 1 Summary of results for 90‑day mortality (HRs and 95% CI) and complications (ORs and 95% CI)
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Nevertheless, the risk of nosocomial infections in rela-
tion to corticosteroid use in COVID-19 cases remains 
controversial. Graselli et  al. [39] did not observe such 
a relationship; however, they did find an association 
between the aforementioned risk and the use of tocili-
zumab. Furthermore, observational and meta-analysis 
of RCTs in severe COVID-19 and in non-COVID-19 
ARDS did also not find this association [11, 17, 40, 41]. 
In contrast, though, our results showed that patients who 
received corticosteroids faced an elevated risk of both 
clinically suspected and microbiologically confirmed 
nosocomial pneumonia. This finding raises an impor-
tant concern: worse outcomes have been observed in 
patients with COVID-19 and co-infections in compari-
son to patients without such complications [42]. It may 
be argued that this increased risk was due to increased 
length of hospital stay in patients receiving corticos-
teroids (Online Tables  8–9). However, our results were 
adjusted by this variable. We also observed an increased 
risk of hyperglycaemia in patients who received corticos-
teroids, as previously described [7]. Since all complica-
tions deriving from corticosteroid use can lead to higher 
mortality and morbidity, we believe that clinicians should 
be careful when administering corticosteroids and avoid 
their use when harm is possible or there is no benefit.

Another important finding of our study is that the 
duration of corticosteroid treatment 10  days or more 
was significantly associated with increased 90-day sur-
vival. A recent systematic review and meta-analysis in 
both COVID-19 and non-COVID-19 ARDS showed 
that patients receiving corticosteroids more than 7 days 
better survival [41]. Our results fit also with the con-
cepts from Meduri et  al. [43] in non-COVID ARDS. 
Unfortunately, we do not have data about tapering cor-
ticosteroids, and we cannot give precise recommenda-
tion on how tapering has to be done. Thus, we cannot 
exclude that some complications may have occurred 
as a result of termination of treatment without taper-
ing. However, our rates of reintubation were similar 
between both groups [44].

Major strengths of this study include its multicentre 
nature, the consecutive inclusion of all patients from 
each unit, thorough checking of data quality, and the 
high number of patients analysed and long-term follow-
up. Limitations of our study include a lack of data on 
live virus shedding, which represents a variable that 
can affect outcomes in patients receiving corticoster-
oids [45]. Moreover, despite exhaustive propensity score 
analysis for underlying conditions, a possible limita-
tion of the propensity score methods is their inability to 
control for unmeasured confounding. Another limita-
tion is the different waves of the pandemic, which could 
have influenced our results (Online Table 19); we have, 

however, adjusted all of our analyses for this confounder 
and similar results were obtained when only patients 
from first wave were included (Online Table 5). Finally, 
as we examined real-world data, limitations associated 
with the observational nature and missing (e.g., differ-
ent dosage, high-dose bolus, tapering, etc.) should be 
considered.

In summary (Fig. 1, Online Fig. 3), we confirmed that 
corticosteroid treatment decreased 90-day mortality and 
in-hospital mortality in a large population of patients 
with COVID-19 admitted to Spanish ICU units. How-
ever, clinicians should consider age, baseline disease 
severity, and the need of invasive mechanical ventilation 
to administer corticosteroids. Use of such medications 
may not confer any benefit on or, conversely, could cause 
harm in some patient subgroups. Specifically, clinicians 
should avoid administering corticosteroids early after 
patients develop initial symptoms. Also, they should take 
into account the potential risk for nosocomial bacterial 
pneumonia and hyperglycaemia. With particular group 
exceptions, neither early administration of corticoster-
oids in ICU nor high-dose corticosteroids were associ-
ated with 90-day mortality. However, 10 days of more of 
administration of corticosteroids resulted in a 90  days 
increased survival.
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