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Abstract
Background: Dexamethasone is recommended for COVID-19 patients who require oxygen therapy. However, its
effectiveness in reducing mortality and intubation, and its safety, remain debated. We aimed to investigate whether
dexamethasone reduces day-28 mortality in unselected patients with critical COVID-19.
Methods: We performed an observational cohort study in consecutive COVID-19 patients admitted to any of 13
French intensive care units (ICUs) in 2020. The primary objective was to determine whether early dexamethasone
therapy was associated with day-28 mortality and the secondary objectives were to assess whether early dexametha‑
sone decreased intubation requirements and to collect adverse events.
Results: Of 1058 included patients, 611 (57.75%) received early dexamethasone (early dexamethasone group), 358
(33.83%) did not receive any steroids (no steroids group), and 89 (8.41%) received late dexamethasone or other ster‑
oids. Day-28 mortality was similar between the early dexamethasone and the no steroids groups (15.06% and 14.25%,
respectively; P = 0.59). Factors associated with day-28 mortality were older age (adjusted hazard ratio [aHR], 1.06;
1.04–1.09; P < 0.001), worse SOFA score (aHR, 1.13; 1.06–1.20; P < 0.001), and immunocompromised status (aHR, 1.59;
1.01–2.50; P = 0.043). Early dexamethasone was associated with fewer intubations (48.55% vs. 61.49%, P < 0.001) and
more ventilator-free days by day 28 (22 [2–28] vs. 17 [1–28] days, P = 0.003), compared to no steroids. Ventilator-asso‑
ciated pneumonia (VAP) was more common with early dexamethasone (HR, 1.29 [1.01–1.63], P = 0.04) than with no
steroids, whereas no differences were noted for bloodstream infection, fungal infection, or gastrointestinal bleeding.
Conclusions: Early dexamethasone in critically ill COVID-19 patients was not associated with lower day-28 mortality.
However, early dexamethasone was associated with lower intubation needs and more ventilator-free days by day 28.
In patients treated with invasive mechanical ventilation, early dexamethasone was associated with a higher risk of VAP.
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Key messages
What is already known on this topic: Dexamethasone decreased day-28 mortality in the randomised controlled
trial RECOVERY in patients admitted for COVID-19, including 74% who required oxygen and 16% invasive mechanical
ventilation (iMV). Other trials targeting critically ill patients did not replicate this finding, leaving uncertainty about the
benefits of dexamethasone.
What this study adds: In our large observational cohort of critically ill COVID-19 patients, of whom 61% required
iMV, early systemic dexamethasone was not associated with lower day-28 mortality compared to no steroids. How‑
ever, early dexamethasone was associated with less need for iMV, more days alive and off iMV, and a higher frequency
of ventilator-associated pneumonia in the iMV sub-group.
How this study might affect research, practice, or policy: This study suggests that early dexamethasone may be
warranted in critically ill COVID-19 patients, provided those receiving iMV are monitored closely for ventilatory-associ‑
ated pneumonia.
Keywords: COVID-19, Dexamethasone, Mortality, Intubation, Ventilator-associated pneumonia
Background
SARS-CoV-2 is currently responsible for a global pandemic with nearly 500 million known cases and 6 million deaths worldwide as of March 2022 [1]. The disease
caused by this coronavirus, COVID-19, can lead to lifethreatening complications, of which the most common is
acute respiratory distress syndrome (ARDS) [2].
In the randomized controlled RECOVERY trial
reported in July 2020, early dexamethasone therapy in a
daily dose of 6 mg in patients admitted for COVID-19
decreased day-28 mortality from 25.7–22.9% (P < 0.001),
compared to usual care. A subgroup analysis of this trial
suggested that the benefits of early dexamethasone were
greatest in patients who required invasive mechanical
ventilation (iMV) [3]. These results were among the main
drivers of the decision by the World Health Organization
(WHO) to recommend systemic corticosteroid therapy
for severely or critically ill patients with COVID-19,
in September 2020 [4]. However, RECOVERY did not
include patients with medical conditions deemed by the
attending physician to put the patient at risk in the event
of trial inclusion. Moreover, six other randomized controlled trials found no mortality difference with vs. without corticosteroids in addition to usual care [5–10]. A
meta-analysis reported lower mortality with corticosteroid therapy, but this finding was strongly dependent on
RECOVERY results and studies evaluating corticosteroid
therapy were stopped after the trial publication [11]. In
addition, evidence suggests that corticosteroid therapy
may increase the risk of ventilator-associated pneumonia (VAP) [12–14], bloodstream infection (BSI) [15], and
fungal infections [16, 17].
The primary objective of this retrospective multicenter
observational study was to assess day-28 mortality with
early dexamethasone therapy (EDT) vs. no steroids in
critically ill patients with COVID-19 managed in clinical

practice. The secondary objectives were to assess possible
differences in intubation needs and adverse events. We
hypothesized that EDT would be associated with better
survival, as found in the RECOVERY trial.
Methods

This study was approved by the ethics committee of the
French Intensive Care Society (CE SRLF 21-07) on February 11, 2021. In accordance with French law on retrospective studies of anonymized healthcare data, informed
consent was not required. This report complies with
STROBE guidelines [18].
Study design, setting, and population

Patients were enrolled between February 1, 2020, and
December 31, 2020 at 13 intensive care units (ICUs) in
two regions of France (Pays-de-la-Loire and Bretagne,
Additional file 1: Appendix S1). Patients were included if
they met all of the three following criteria: age ≥ 18 years,
positive SARS-CoV-2 polymerase-chain-reaction (PCR)
test on a nasopharyngeal swab or respiratory sample, and
manifestations of lower respiratory tract infection (fever,
dyspnoea, and radiographic lung infiltrates). For patients
with multiple admissions during the study period, only
the first admission was considered. No patients meeting
the inclusion criteria were excluded. Patients admitted
between February 1, 2020, and July 1, 2020 were classified
as admitted during the first wave of the pandemic, and
patients admitted between July 2, 2020, and December
31, 2020 were classified as admitted during the second
wave.
Data collection

For each patient, the data reported in Tables 1, 2, and 3
were extracted from the ICU records and entered by
the local investigator at each centre into a standardized
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Table 1 Baseline characteristics of the study participants
Variables

All patients N = 969

Early dexamethasone N = 611

No steroids N = 358

P value

General features
Age, years, median [IQR]

66.00 [56.00–72.00]

67.00 [59.00–73.00]

65.00 [54.00–71.00]

0.0001

Males, n (%)

701 (72.34)

446 (73.00)

255 (71.23)

0.55

Body mass index, kg·m−2) ≥ 30, n (%)

397 (41.53)

261 (43.36)

136 (38.42)

0.13

Current smoker, n (%)

51 (5.33)

25 (4.14)

26 (7.37)

0.03

Alcohol use, n (%)

68 (7.11)

50 (8.28)

18 (5.10)

0.06

Comorbidities
Diabetes, n (%)

289 (29.82)

181 (29.62)

108 (30.17)

0.86

Hypertension, n (%)

508 (52.43)

331 (54.17)

177 (49.44)

0.15

Heart disease, n (%)

155 (16.00)

109 (17.84)

46 (12.85)

0.04

Underlying immunosuppression, n (%)

131 (13.52)

94 (15.38)

37 (10.34)

0.03

Charlson’s index, median [IQR]

3.00 [2.00–5.00]

4.00 [2.00–5.00]

3.00 [1.00–5.00]

< 0.001

Days since COVID-19 symptom onset, median [IQR]

8.00 [6.00–11.00]

8.00 [6.00–11.00]

8.00 [6.00–11.00]

0.90
0.12

Location before ICU admission, n (%)
Ward

483 (49.85)

304 (49.75)

179 (50.00)

Emergency department

429 (44.27)

278 (45.50)

151 (42.18)

Pre-hospital emergency medical service

57 (5.88)

29 (4.75)

28 (7.82)

IQR interquartile range

web-based electronic case-report form (Castor® Electronic Data Capture System, Amsterdam, The Netherlands; Additional file 1: Appendix S2).
Patients were classified in the early dexamethasone
group if they received intravenous dexamethasone before
or within 48 h after ICU admission and in the no steroids group if they did not receive any steroids during
the ICU stay. Patients who received late dexamethasone
(after 48 h of ICU admission) or other steroids where
reported separately but excluded from the analyses. An
exploratory analysis has been conducted where patients
who received other steroids before or within 48 h after
ICU admission where included in the early dexamethasone group.
Objectives

The primary study objective was to compare day-28
mortality between the early dexamethasone and no steroids groups. The secondary objectives were to assess the
proportions of patients who required invasive mechanical ventilation (iMV), the number of ventilator-free days
by day 28, and adverse events categorised as infections
(VAP, bloodstream infection [BSI], and invasive fungal
infection) or gastro-intestinal bleeding.

Statistical analysis
Variables were described for the overall population and
for each of the two groups. We computed n (%) for qualitative data and used the chi-square test or Fisher’s exact
test, as appropriate, to compare the groups. Quantitative

data were described as mean ± SD if normally distributed
and as median [interquartile range] otherwise; comparisons were with Student’s t test and the Mann–Whitney
test, respectively.
Kaplan–Meier plots of survival in the two groups were
compared using the log-rank test.
To identify factors associated with day-28 mortality,
we started by performing a univariate shared-frailty
Cox analysis to take centre into account as a random
effect. All variables associated with P values < 0.20
were then included in a multivariate model. Time from
the onset of COVID-19 symptoms and pandemic wave
were included in the model because of their clinical importance. A descending step-by-step procedure
was used to keep only variables associated with P values < 0.05. Sub-group analyses predefined according
to the current knowledge from the literature were performed in an effort to identify populations characterised by differences in variables associated with EDT.
Furthermore, to address nonrandomized treatment
allocation, we calculated propensity scores by multivariable logistic regression with early course of dexamethasone as the binary outcome and age, SOFA score,
Charlson’s index, Respiratory rate, Respiratory support
at ICU admission, underlying immunosuppression, and
days since onset of symptoms as covariates. Using such
propensity scores, we applied inverse probability of
treatment weighting (IPTW) to create a pseudo-study
cohort, where the weighted version can balance off
the covariate bias and mimic a randomized treatment
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Table 2 Clinical and laboratory features and ICU management
Variable

All patients N = 969

Early dexamethasone N = 611

No steroids N = 358

P value

25.00 [22.00–30.00]

25.00 [21.00–30.00]

25.00 [23.00–30.00]

0.007
< 0.001

Clinical parameters at ICU admission
Respiratory rate, breaths/min, median [IQR]
Respiratory support at ICU admission
Standard oxygen, n (%)

528 (55.11)

280 (46.05)

248 (70.86)

Noninvasive mechanical ventilation, n (%)

14 (1.46)

8 (1.32)

6 (1.71)

High-flow nasal oxygen, n (%)

297 (31.00)

263 (43.26)

34 (9.71)

Invasive mechanical ventilation, n (%)

119 (12.42)

57 (9.38)

62 (17.71)

Laboratory data
C-reactive protein, mg/L, median [IQR]

127.70 [73.00–194.00]

122.00 [68.20–188.60]

136.00 [83.10–213.00]

0.07

Fibrinogen, g/L, median [IQR], g/L

6.73 [5.69–7.76]

6.63 [5.57–7.74]

6.90 [6.00–7.91]

0.16
0.09

D-dimers, median [IQR]

1147.50 [660.00–2050.00]

1099.00 [652.00–1983.00]

1247.5 [730.00–2472.00]

SOFA score, median [IQR]

3.00 [2.00–6.00]

3.00 [2.00–4.00]

4.00 [2.00–7.00]

< 0.001

SAPS II, median [IQR]

32.00 [24.00–41.00]

32.00 [24.00–40.00]

33.00 [22.00–44.00]

0.18

Life-sustaining interventions in the ICU, n (%)
Noninvasive mechanical ventilation

82 (8.50)

66 (10.80)

16 (4.52)

< 0.001

High-flow nasal oxygen

552 (57.20)

486 (79.54)

66 (18.64)

< 0.001

Endotracheal mechanical ventilation

571 (58.93)

327 (53.52)

244 (68.16)

< 0.001

ECMO

39 (4.02)

23 (3.76)

16 (4.47)

0.59

Vasopressors

409 (42.30)

230 (37.70)

179 (50.14)

0.0002

Renal replacement therapy

77 (7.95)

42 (6.87)

35 (9.80)

0.10

Other treatments in the ICU, n (%)
Second-line corticosteroids

53 (5.47)

53 (8.67)

–

–

IL6 receptor antagonist

6 (0.62)

6 (0.98)

0 (0.00)

0.09
1.00

Convalescent plasma

1 (0.10)

1 (0.16)

0 (0.00)

Lopinavir ritonavir

79 (8.15)

4 (0.65)

75 (20.95)

< 0.001

Remdesivir

48 (4.95)

37 (6.06)

11 (3.07)

0.04

Other antiviral

8 (0.83)

3 (0.49)

5 (1.40)

0.15

Interferon-β

3 (0.31)

0 (0.00)

3 (0.84)

0.05

Hydroxychloroquine

77 (7.95)

8 (1.31)

69 (19.27)

< 0.001

Ivermectin

22 (2.27)

21 (3.44)

1 (0.28)

0.001

Macrolides

10 (1.03)

4 (0.65)

6 (1.68)

0.19

ICU intensive care unit, IQR interquartile range, SOFA sequential organ failure assessment, SAPSII simplified acute physiology score II, ECMO extracorporeal membrane
oxygenation, IL6 interleukin 6

assignment situation: the IPT weights for dexamethasone-treated patients = 1/p (treated); for untreated
patients = 1/(1− p [treated]) [19].
The proportions of intubated patients in the two
groups were compared using the Fine-and-Gray
method [19], with death as the competing event. Confounding factors were sought, and a multivariate model
was built. The Fine-and-Gray method was also applied
to compare the proportions of patients with VAP, BSI,
and invasive fungal infection, with death as the competing event. Confounding factors were also sought
and a multivariate model built. Each infection category
was then analysed separately. Finally, the number of
iMV-free days by day 28 was compared between groups
using the Wilcoxon Mann–Whitney test.

Results
Figure 1 shows the flowchart. Of the 1058 patients, 611
received EDT, 358 did not receive any corticosteroid
therapy, and 89 received late dexamethasone or other
steroids during the ICU stay.
Study population

Table 1 reports the main features of the patients. All
patients had acute respiratory failure responsible for
severe hypoxemia with a mean 
PaO2/FiO2 ratio of
199 ± 93 mmHg at ICU admission. Of the 969 patients,
571 required iMV.
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Table 3 Outcomes
Variable

All patients N = 969

Early
dexamethasone
N = 611

No steroids N = 358

P value

Day-28 mortality (primary outcome), n (%)

143 (14.8)

92 (15.1)

51 (14.3)

0.58a

Secondary outcomes
Adverse events in the ICU, n (%)
  Bloodstream infection

87 (9.0)

58 (9.5)

29 (8.1)

0.19b

  Ventilator-associated pneumonia

277 (48.5)

173 (52.9)

104 (42.6)

0.04b

  Invasive fungal infection

43 (4.4)

26 (4.3)

17 (4.8)

0.72c

  Gastrointestinal bleeding

32 (3.3)

24 (3.9)

8 (2.2)

0.16c

  Intubation in the ICU, n (%)

450/848 (53.1)

268/552 (48.6)

182/296 (61.49)

< 0.001b

  Time from ICU admission to iMV, days, median [IQR]

1.00 [0.00–2.00]

1.00 [0.00–2.00]

0.00 [0.00–1.00]

< 0.001d

  iMV-free days on day 28, median [IQR]

20.0 [1.0–28.0]

22.0 [2.0–28.0]

17.0 [1.0–28.0]

< 0.003d

  Renal replacement therapy, n (%)

77 (8.0)

42 (6.9)

35 (9.8)

0.03b

  Alive and out of the ICU on day 28, n (%)

652 (67.3)

410 (67.1)

242 (67.3)

0.89e

  90-day mortality n (%)

188 (19.4)

126 (20.6)

62 (17.3)

0.16a

ICU intensive care unit, iMV invasive mechanical ventilation, IQR interquartile range
a

Frailty model

b

Fine and Gray model for competing risks

c

Logistic regression

d

Student’s test

e

chi-square test

Fig. 1 Patient flowchart

Details of corticosteroid treatment

In the early dexamethasone group, the median prednisone-equivalent daily dosage was 40 [40–40] mg and
the median treatment duration was 9 [9–10] days.
Among the 89 patients who received late dexamethasone or other corticosteroids, 44 (49.4%) received

methylprednisolone, 20 (22.5%) hydrocortisone, 15
(16.9%) prednisolone, and 10 (11.2%) late dexamethasone. The mean prednisone-equivalent daily dosage was
134 ± 188 mg, initiated 6 ± 10 days after ICU admission, and the mean treatment duration was 9 ± 9 days.
Among these 89 patients, 48 had the treatment initiated
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after 48 h of ICU admission (methylprednisolone n = 24,
hydrocortisone n = 12, dexamethasone n = 10, prednisolone n = 2), and 41 had the treatment initiated before
or within 48 h after ICU admission (methylprednisolone
n = 20, prednisolone n = 13, hydrocortisone n = 8).

file 1: Tables S1, S2). Day-28 mortality was also similar in
all prespecified subgroups (Fig. 3). Finally, using propensity score analysis, we found no association between the
EDT and day-28 mortality (hazard ratio [HR], 1.15; 95%
confidence interval [95% CI] 0.90–1.46; P = 0.27).

Primary outcome

Secondary outcomes

Tables 2 and 3 report details on management and outcomes, respectively. Day-28 mortality was not significantly different between the two groups (Fig. 2). By
multivariable analysis, factors associated with higher day28 mortality were older age, underlying immunosuppression, and worse SOFA score on ICU day 1; EDT was not
associated with day-28 mortality in the overall population (Additional file 1: Table S1). An exploratory analysis
comparing the early steroids group (where the 41 patients
who received other steroids before or within 48 h following ICU admission were added to the early dexamethasone group) to the late steroids group (48 patients who
received dexamethasone or other steroids after 48 h of
ICU admission) and to the group of patients who did not
receive any steroids produced similar results (Additional

The fine-and-gray analysis with death as the competing event showed that EDT was significantly associated
with a lower risk of iMV (HR, 0.60; 95%CI 0.50–0.71;
P < 0.0001) (Fig. 4). This difference was also found by multivariate analysis adjusted for respiratory rate, P
 aO2/FiO2
ratio, and respiratory support at ICU admission (adjusted
HR, 0.49; 95% CI 0.40–0.59; P < 0.0001) (Additional file 1:
Table S4). Moreover, the number of ventilator-free days
by day 28 was higher in the EDT group than in the no
steroids group (22 [2–28] vs. 17 [1–28], P < 0.003).
VAP was more common in the EDT group than in the
no steroids group (HR, 1.29; 1.01–1.63; P = 0.04) (Additional file 1: Fig. S1). In contrast, the frequencies of BSI,
invasive fungal infections, and gastrointestinal bleeding

Fig. 2 Day-28 mortality in the groups with early dexamethasone therapy vs. without any steroids. Survival curves were compared using Cox
regression
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Fig. 3 Forest plot of the subgroup analysis for day-28 mortality. BMI body mass index, CRP C-reactive protein, ICU intensive care unit

were similar in the two groups (Table 3 and Additional
file 1: Fig. S2).

Discussion
In this large multicenter cohort study of critically ill
COVID-19 patients, EDT was not associated with lower
day-28 mortality compared to no steroids. However,
the EDT group had a lower proportion of patients who
required iMV and a higher number of ventilator-free days
by day 28, compared to the no steroids group. Finally,
in the subgroup of patients treated with iMV, VAP was
more common with vs. without EDT.
ARDS is associated with high risks of death [20] and
long-term morbidities [21]. The recommendation by
experts to give systemic corticosteroid therapy to patients
with ARDS rests on randomised controlled trials of only
moderate quality and remains controversial [22] Moreover, corticosteroid therapy might delay viral clearance,
increase viral dissemination, and raise the risk of nosocomial infections [23]. Serious adverse events have been
inconsistently reported in previous studies [11]. Our EDT
group had a higher frequency of VAP compared to the

usual-care group. This finding underlines the possibility
of harm from corticosteroid therapy in some patients.
The RECOVERY trial demonstrated a reduction in day28 mortality with vs. without dexamethasone therapy [3].
Whereas our cohort included only critically ill patients,
among whom 61% required iMV, only 16% of patients
in the RECOVERY trial needed iMV and 24% needed
no supplemental oxygen at all. However, RECOVERY
showed a trend toward greater benefits of dexamethasone in the patient sub-group on iMV. On the other
hand, subsequent trials in patients with greater disease
severity compared to those included in RECOVERY also
found no decrease in day-28 mortality with corticosteroid therapy [5–10]. In RECOVERY, that 15% of recruited
patients were considered ineligible for dexamethasone
therapy may have introduced bias. In addition, in patients
receiving respiratory assistance in the usual-care groups,
day-28 mortality in RECOVERY was almost twice that
in our study (29% vs. 14.3%). Our EDT group experienced some benefits, consisting of a decreased need for
iMV, and a higher number of ventilator-free days. Overall, these data suggest that the effects of dexamethasone
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Fig. 4 Probability of intubation during the ICU stay according to treatment group

therapy may vary with disease severity, with the greatest benefits occurring in patients in the middle of the
spectrum. Moreover, recent studies reported that the
effects of corticosteroid treatment on mortality may vary
according to some patients’ characteristics with greater
benefits in older patients with a pro-inflammatory phenotype and worse outcomes in those with a hypoinflammatory phenotype of COVID-19 ARDS [24–26]. Further
research is needed to investigate whether the administration of dexamethasone could individualized in critically
ill COVID-19 patients.
The limitations of our study include the observational
design, which precludes the assessment of a potentially
causal relationship between EDT and patient outcomes.
Second, the patients were enrolled over 11 months in
2020, during which changes in respiratory-support strategies, with greater use of HFNO and NIV for COVID-19
patients occurred. However, the type of respiratory support was included in the multivariable model designed
to identify factors associated with iMV. Moreover, there
was no centre effect. Third, the diagnosis of VAP was not
confirmed by an adjudication committee, and the frequency of VAP may, therefore, have been overestimated.

Each local investigator used the criteria recommended
in Europe [27]. In addition, the overestimation would
have occurred similarly in the two groups. Fourth, decisions of treatment limitations (do not intubate or do no
resuscitate orders) were not recorded in our study and
could have influenced the analysis on factors associated
with intubation. Nonetheless, such decisions would have
occurred in the two groups and are unlikely to modify
our findings. A major strength of our study is that it provides information on everyday clinical practice. Thus,
our study included patients who would not have been
eligible for randomised trials. Our population was large,
with very few missing data, and was recruited at multiple
centres. In contrast to many other studies, we looked for
associations between EDT and the need for iMV. Finally,
we carefully recorded adverse effects of dexamethasone.

Conclusions
Our findings support EDT as a component of standard
care for critically ill COVID-19 patients. Although day-28
mortality was not lower with EDT, the lower frequency
of iMV and greater number of ventilator-free days were
important benefits expected to improve patient comfort

Raymond et al. Annals of Intensive Care

(2022) 12:102

and preserve ICU resources. Nonetheless, the higher frequency of VAP seen with EDT indicates a need for close
monitoring of patients on iMV. Conceivably, EDT may
benefit the most to patients not treated with iMV, with
disease severity in the intermediate range.
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