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Abstract: Prolonged, low-dose glucocorticoids (GCs) have shown the highest efficacy among phar-
macological and non-pharmacological treatments for COVID-19. Despite the World Health Organiza-
tion’s recommendation against their use at the beginning of the pandemic, GCs at a dose equivalent
to dexamethasone 6 mg/day for 10 days are now indicated in all COVID-19 cases who require
respiratory support. However, the efficacy of the intervention depends on the timing of initiation,
the dose, and other individual factors. Indeed, patients treated with similar GC protocols often
experience different outcomes, which do not always correlate with the presence of comorbidities or
with the severity of respiratory involvement at baseline. This prompted us to critically review the
literature on the rationale, pharmacological principles, and clinical evidence that should guide GC
treatment. Based on these data, the best treatment protocol probably involves an initial bolus dose to
saturate the glucocorticoid receptors, followed by a continuous infusion to maintain constant plasma
levels, and eventually a slow tapering to interruption. Methylprednisolone has shown the highest
efficacy among different GC molecules, most likely thanks to its higher ability to penetrate the lung.
Decreased tissue sensitivity to glucocorticoids is thought to be the main mechanism accounting for
the lower response to the treatment in some individuals. We do not have a readily available test
to identify GC resistance; therefore, to address inter-individual variability, future research should
aim at investigating clinical, physiological, and laboratory markers to guide a personalized GC
treatment approach.

Keywords: glucocorticoids; COVID-19; systemic inflammation; cytokines

1. Introduction

Glucocorticoids (GCs) are endogenous modulators of systemic inflammatory pro-
cesses, besides exhibiting several other genomic and non-genomic effects. Cytokines
released during the innate immune response (e.g., IL-6 and IL-1β) trigger the hypothalamic-
pituitary-adrenal axis to release GCs, which primarily operate by binding the ubiqui-
tous cytoplasmic glucocorticoid receptor (GR). GR dimerizes and enters the nucleus after
ligand-receptor interaction. There it binds with transcription factors to downregulate
proinflammatory pathways, including c-Jun and NF-kB [1,2].
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Physiological GC response is central in acute conditions such as sepsis and acute respi-
ratory distress syndrome (ARDS), in which dysregulated inflammation is the primary driver
of multi-organ failure and mortality. Indeed, the endogenous glucocorticoid-mediated
anti-inflammatory activity may be relatively insufficient during these hyper-inflammatory
states, providing a rationale for exogenous GC administration. This phenomenon, known as
critical illness-related corticosteroid insufficiency (CIRCI), is thought to be caused by three
major pathophysiologic events: imbalance of the hypothalamic-pituitary-adrenal (HPA)
axis, abnormal cortisol metabolism, and peripheral tissue resistance to glucocorticoids [3].

Since the early 1980s, strong evidence favoured the use of low GC doses in sepsis,
severe bacterial pneumonia, and ARDS with a positive effect on mortality, radiological
progression, clinical instability, and the need for mechanical ventilation [4,5]. The defi-
nition of low doses has been debated, but there is agreement around a dose of ≤1 mg
of methylprednisone equivalent/Kg/day for 8–14 days to be regarded as low in severe
acute illnesses, as opposed to chronic disorders which often require long-term treatment
courses [3]. Contrarily, short courses (≤3 days) of really high doses (10–30 mg of prednisone
equivalent/Kg/day) of GCs have been shown to increase mortality in both septic shock and
ARDS due to inflammatory rebound after discontinuation [6]. In 2018, a joint consensus
statement of the Society of Critical Care Medicine and of the European Society of Intensive
Care Medicine [7] recommended treating patients with early moderate to severe ARDS
with an intravenous (IV) continuous infusion of methylprednisolone 1–2 mg/kg/day for
14–28 days, titrated on clinical circumstances. Before the COVID-19 pandemic breakout,
data coming from a Cochrane metanalysis provided definitive evidence that prolonged
low-dose GC treatment was associated with significant mortality benefits in community-
acquired pneumonia and ARDS [8].

This notwithstanding, the World Health Organization (WHO) recommended against
the administration of GCs in SARS-CoV-2-related pneumonia at the beginning of the
COVID-19 pandemic. This was due to observational data obtained during the SARS-CoV
and MERS-CoV pandemics, which correlated GC use with a higher plasma viral load, a
longer time for viral shedding, a longer length of hospital stay, a higher probability of
bacterial superinfection, and a higher mortality [9,10]. However, higher doses of GCs
were associated with prolonged viral shedding compared with lower-dose GCs in a dose-
response fashion in these studies [11–13], coherently with former ones [14,15].

Indeed, the initial WHO position was changed towards a strong recommendation
in favour of GCs after the massive body of evidence, which followed the RECOVERY
trial, demonstrating the clear effect of GCs on mortality reduction in moderate and severe
COVID-19 [14,16]. The RECOVERY (Randomized Evaluation of COVID-19 Therapy) proto-
col was developed in early 2020 when no treatments for COVID-19 had been approved yet.
This protocol describes a randomized study among adults hospitalized with confirmed
COVID-19, randomly assigned between different treatment options (initially no add-on
treatment vs Lopinavir-Ritonavir vs Interferon β vs low dose corticosteroids), which could
increase in number while knowledge about the virus had increased over the months [14,16].
The primary follow-up timeline was set at 28 days after admission. The main outcomes con-
sidered were in-hospital death, discharge, and the need for invasive mechanical ventilation
(IMV; intubation or tracheostomy) [14,16].

This review summarizes the current knowledge on the efficacy of glucocorticoids, as
well as the pharmacological principles, which should guide their optimal administration
schedule in COVID-19.

2. The Role of Glucocorticoids in COVID-19

Glucocorticoids are probably the pharmacological treatment with the highest efficacy
in COVID-19 pneumonia. The RECOVERY trial platform released its first preliminary
findings in the spring of 2020, showing that the administration of 6 mg of dexamethasone
for up to 10 days lowered the risk of death at 28 days (risk ratio (RR) 0.83; 95% CI 0.75–0.93),
with a greater effect within the group of hospitalised patients who underwent mechanical
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ventilation (RR 0.64; 95% CI 0.51–0.81). In contrast, a higher risk of mortality was seen
among subjects who received GCs and did not need respiratory assistance at randomization
(RR 1.19; 95% CI 0.92–1.55) [16].

This first work was followed by many other RCTs (randomized controlled trials) and
a large 2022 Cochrane meta-analysis, which included 9549 subjects from 16 RCTs, showing
that GCs plus standard of care probably reduce all-cause death at 30 days compared to
standard care alone (RR 0.90, 95% CI 0.84–0.97) [8]. Concordantly with the RECOVERY
trial findings, mortality of patients receiving GCs was increased in the subgroup of milder
patients who were not receiving oxygen therapy (RR 1.27; 95% CI 1.00–1.61), while it was
more pronouncedly reduced in those requiring non-invasive ventilation (NIV) or high-flow
nasal cannula (HFNC) compared to low-flow oxygen alone (RR 0.64; 95% CI 0.20–2.03 vs.
0.70; 95% CI 0.29–1.67). Furthermore, for those on GCs the likelihood of being discharged
from the hospital alive at day 28 was slightly higher and the likelihood of needing invasive
mechanical ventilation once again was slightly lower (RR 0.92, 95% CI 0.84–1.01). Compar-
ing the GCs group to the control group, ventilator-free days rose by an average of 2.6 days.
Notably, most patients (n = 3766) received dexamethasone. Finally, GCs tended to benefit
more subjects aged <70 years than those aged >70 years, and the few individuals from
a Black, Asian, or other minority ethnic group exhibited a bigger estimated impact than
White participants.

Similarly to previous research on all-cause ARDS and severe COVID-19 [8,17], two
RCTs [18,19] investigated and confirmed the efficacy of hydrocortisone (respectively,
150 mg daily for seven days and 200 mg daily for seven days, followed by tapering)
in lowering the mortality risk (RR 0.78; 95% CI 0.57–1.05), which resulted to be even lower
among the studies involving methylprednisolone (RR 0.63; 95% CI 0.26–1.54). Only one
RCT, which investigated the efficacy of a lower dose and a shorter course (0.5 mg/Kg/day
for five days) of methylprednisolone, resulted in non-superiority.

For what concerns the comparison of different doses of GCs, Taboada et al. [20].
randomly assigned 200 patients to receive lower-dose dexamethasone (6 mg once daily
for 10 days) or higher-dose dexamethasone followed by tapering (20 mg once daily for
five days, followed by 10 mg once daily for five additional days), reporting no statistically
significant differences in clinical deterioration at 11 days, 28-day mortality, or any secondary
endpoints. In another recent RCT, 1000 patients were randomly assigned to receive either
12 mg or 6 mg of dexamethasone once daily for 10 days in a 1:1 ratio. No statistically
significant differences were found, but the 12 mg group showed a beneficial effect in
terms of the number of days alive without support at 28 days [21]. Finally, according to a
metanalysis of four RCTs, higher-dose dexamethasone seems to reduce all-cause mortality
by 30 days compared to low-dose dexamethasone (RR 0.87, 95% CI 0.73–1.04) [4].

Methylprednisolone (MP) vs. dexamethasone (DM) effectiveness was investigated by
a small number of RCTs. A single bolus of MP 2 mg/Kg/day for five days, then de-escalated
to 1 mg/Kg/day for five days led to a statistically significant reduction in mortality vs.
DM 6 mg/day for 10 days in 414 mechanically ventilated COVID-19 patients. Additionally,
patients receiving MP experienced a greater decline in C-reactive protein (CRP) levels after
10 days and a shorter ICU (intensive care unit) stay (7.33 vs. 19.43 mean days) [22]. The
same MP protocol failed to reach statistical significance in mortality reduction (RR 0.51;
95% CI 0.24–1.07) but resulted in a shorter hospital stay and a reduced need for mechanical
ventilation (18.2% versus 38.1%) in another study on a smaller sample of 86 less severe
patients [23]. This is not surprising, as there is substantial evidence of a proportional
advantage of GCs among individuals who require mechanical ventilation (MV) compared
with other lower-intensity respiratory support modalities [24].

An Italian RCT compared a bolus of IV methylprednisolone 80 mg, followed by
a continuous intravenous infusion of 80 mg/day for eight days and then tapered over
14 days, to dexamethasone 6 mg/day for 10 days in 690 individuals receiving oxygen
or noninvasive respiratory support due to COVID-19, finding no significant differences
in mortality (10.4% vs. 12.1%) nor in median mechanical ventilation-free days [25]. A
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decreased risk of ICU admission and a noticeably larger reduction in CRP were seen
on days seven and 14 among patients in the MP group with an arterial oxygen tension
to a fraction of inspired oxygen ratio (PaO2:FiO2) <200 mmHg at randomization who
completed the prescribed treatment [26]. There is evidence that persistently high CRP
and the necessity for ICU admission are independent risk factors for the emergence of
post-COVID conditions, and there is an association between a faster reduction of CRP and
lower one-year mortality after sepsis and pneumonia [27,28].

Currently, all major recommendations call for the use of any GC compound equivalent
to 6 mg of dexamethasone for seven to 10 days in moderate and severe COVID-19 [14]. In
numerous randomized clinical trials, this therapeutic regimen has demonstrated safety and
efficacy, lowering all-cause mortality without being linked to an increased risk of compli-
cations or unfavourable events. Despite its undeniable effectiveness, there is probably an
opportunity for improvement. The next research efforts ought to concentrate on finding the
optimal standard protocol as well as potential biomarkers that might help to personalize
the dose and duration of therapy. Indeed, the substantial variations in GC plasma levels
after administration of the same dose may be associated with a degree of resistance to GC
and explain why COVID-19 may evolve severely in non-comorbid individuals as well [6].

3. Glucocorticoid Administration: Principles and Evidence

In a nutshell, glucocorticoids exert their effects by binding to the glucocorticoid recep-
tor alpha (GRα). However, diverse substances have diverse pharmacological characteristics,
and therapeutic effectiveness relies on the amount and length of exposure to glucocor-
ticoids [6]. Based on data derived from studies on non-COVID19 ARDS, it is safe and
logical to assume that the following principles, which were validated in the said studies
on non-COVID19 ARDS, are likely to also provide the best outcomes in COVID-19 ARDS,
due to the common pathogenetic pathway and similar clinical outcome shared from ARDS
from all causes: an early intervention, a bolus dose to obtain close-to-maximum GRα satu-
ration, followed by a continuous infusion to ensure high levels of response throughout the
treatment period, then slow tapering to interruption [24]. Nonetheless, there is significant
between-patient variability in plasma levels and intracellular response, which provides
the rationale for modulating the dose and duration to achieve clinical and laboratory
improvement [29].

3.1. Glucocorticoid Molecules

Both the density of “nuclear” receptors and the pre-receptor intracellular metabolism
by the two isozymes of 11 β-hydroxysteroid dehydrogenases type 1 and type 2 (11β-HSD1
and 11β-HSD2) have a role in determining the way glucocorticoids work on target tis-
sues. By acting as an oxidoreductase (11β-reductase), 11β-HSD1 aids in the systemic
regeneration of physiologically active glucocorticoids (cortisol/hydrocortisone, corticos-
terone, and prednisolone) from their inactive counterparts (respectively, cortisone, 11-
dehydrocorticosterone, and prednisone). In contrast, 11β-HSD2 solely inactivates GCs
and, interestingly, studies indicated insensitivity to glucocorticoids in cells that have a high
11β-HSD2 activity (see Figure 1) [30].

Dexamethasone and methylprednisolone, unlike hydrocortisone (see Figure 2), are
not substrates to the 11β-HSD system, which makes their use preferable in the treatment of
ARDS [31]. A post-mortem study performed on lung tissue from patients who suffered
from ARDS, found high immunohistochemical expression of 11β-HSD2 [32], indicating a
faster hydrocortisone breakdown, while dexamethasone (fluorinated in position 6a or 9a)
and methylprednisolone (methylated at 2a or 6a) were not affected.
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Figure 2. Glucocorticoid molecules. Legend. (A) Methylprednisolone; (B) Hydrocortisone;
(C) Dexamethasone.

A549 cells, primary human lung epithelium (NHBE), and COVID-19 lung biopsies
were used in a landmark COVID-19 transcriptomics study to examine the alterations in
gene expression, pathways, and possible processes generated by SARS-CoV2 compared
to controls. Thus, it was possible to identify 5694 FDA-approved medications that could
be used to treat COVID-19 patients with severe symptoms of hyperinflammation. Among
these, methylprednisolone had the greatest anti-inflammatory properties [33].

GRβ, a natural dominant-negative inhibitor of hGRα-induced transactivation of
glucocorticoid-responsive genes, is thought to be the cause of tissue-specific insensitivity to
glucocorticoids, according to a number of clinically oriented studies [34]. Using experimen-
tal models, it was discovered that ARDS lung tissue expressed both more GRβ [35] and
less GRα [35,36], consequently leading to a reduced nuclear translocation of GRα [35]. In
contrast to hydrocortisone and dexamethasone, methylprednisolone was not influenced
by the dominant negative effect of hGRβ, according to an in vitro analysis of the gluco-
corticoids examined in ARDS. The researchers noticed that both the type and the dose of
synthetic glucocorticoids affect the dominant-negative effect of hGRβ on hGRα-induced
transactivation [37] (Figure 3).

Using medications that have a high penetration rate into the damaged lung tissue
to treat lung diseases may have therapeutic benefits. Although both methylprednisolone
and dexamethasone were promptly absorbed into the lungs, methylprednisolone had
a larger BALF exposure than prednisolone, according to two experimental trials that
compared BALF levels of the two medicines to plasma levels. This difference was larger
over time (longer residence time), implying that methylprednisolone remains in the BALF
compartment for a longer time, i.e., it has a slower clearance from the lungs than from
plasma [38,39]. Furthermore, continuous infusion granted a greater penetration compared
to bolus administration [38].
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Legend: After acute damage, e.g., to the lung epithelium during acute respiratory distress syndrome
(ARDS), GRa ensures the proper response through subsequent phases: (a) removal or neutralization
of pathogens; (b) downregulation of inflammation to limit tissue damage; (c) restoration of tissue
structure and function. These processes are associated with the upregulation and downregulation
of multiple biochemical pathways, including switching production from pro-inflammatory to pro-
resolving mediators.

3.2. Timing of Administration and Initial Dose

In order to lessen the acute and long-term detrimental effects of the allostatic load
imposed during vital organ support, as emerged in various studies on critically ill patients
requiring ventilation, early administration of GCs is essential, ideally within six hours of
diagnosis [40–45]. A study performed in 2016 on ARDS proved that when fibroproliferation
is still in the early stages of disease (cellular with a predominance of type III procollagen),
early (72 h) as opposed to late (seven days) beginning of methylprednisolone administration
is linked with quicker disease remission (extubation and ICU discharge) at the same dose
(1 mg/kg/day vs. 2 mg/kg/day) [29].

From a pharmacological point of view, a loading bolus should always be administered
to reach maximal glucocorticoid receptor-alpha (GRα) saturation (roughly 100 mg of
methylprednisolone equivalent) in the cytoplasm and on the cell membrane, in order to
overcome resistance imposed by increased GRβ [37,46]. Early ARDS patients should be
administered 1 mg/kg/day of methylprednisolone, which is comparable to the dosage
of dexamethasone (20 mg) used in the recent DEXA-ARDS randomized-controlled trial,
which was performed just before the COVID-19 pandemic [47] and frequently prescribed
for other interstitial lung disorders [48]. However, in some cases, such as (i) in the sickest
patients with reduction adjustment based on FiO2 requirements and high CRP levels or
(ii) in those on mechanical ventilation for five days or more (unresolving ARDS), a higher
starting dose (i.e., methylprednisolone 2 mg/kg/day) may be necessary (Figure 4).

In-vitro research shed light on the effect of GC dose on inflammatory downregulation.
The decrease of the transcription of inflammatory cytokine gene (TNF-α, IL-1β, and IL-6),
regardless of baseline inflammation severity, was initially modest in human monocytic
cells activated with lipopolysaccharide (LPS) and then exposed to increasing concentra-
tions of methylprednisolone. It subsequently approached an inflexion point, which was
followed by a swift decline, presumably as a result of getting near to attaining full drug
receptor saturation for a noticeable genomic and nongenomic effect [49]. This discovery
stresses the significance of selecting an appropriate dose to achieve GR saturation and the
best outcomes.
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Figure 4. Protocol for prolonged methylprednisolone treatment in ARDS patients. Legend: Recom-
mended protocol for prolonged methylprednisolone treatment in patients with early ARDS, involving
an initial IV bolus to achieve rapid GR saturation, followed by an infusion to maintain high levels of
response throughout the treatment period. GC treatment should be titrated on clinical worsening or
amelioration and tapered to interruption.

3.3. Administration Modality

In terms of exposure, the typical GC plasma concentration-time profiles, represented
as methylprednisolone equivalents, show significant variations between different GC
regimens. The maintenance of GC effects in the target organs and tissues appears to be
dependent on GC exposure in the target sites (e.g., plasma and the lungs). In fact, intervals
of eight or 24 h between doses led to substantial periods with below-optimal GC serum
exposure. On the other hand, continuous IV administration keeps plasma levels constantly
high [6].

In various works on pharmacokinetics, severe pneumonia septic shock, it emerged
that when compared to intermittent boluses, infusion allowed to achieve: (i) a lower
variability in plasma concentration [50]; (ii) a better lung penetration; (iii) a steady, non-
fluctuating exposure; (iv) higher response levels throughout administration [38]; (v) faster
management of shock [51]; (vi) less nursing time for administration [52,53]; and (vii) fewer
hyperglycemic episodes [54,55]. Recent research on COVID-19 ARDS seems to suggest that
the implementation of this administration strategy, as opposed to intermittent bolusing,
may lead to more rapid illness resolution, a greater number of days without mechanical
ventilation (MV), and reduced hospital mortality [25].

3.4. Timing of GCs Administration and Tapering

The time frame of GC administration and tapering are key variables in determining
therapy effectiveness. The aim of GC therapy in ARDS is to maintain the activated GRα
central homeostatic function during the acute stages of the illness and the essential, but
underestimated, resolution phase. Data from RCTs in COVID-19 showed that mortality is
reduced with treatment durations of ten days or more [56].

According to critical care RCTs, abruptly withdrawing GC administration after three
to 14 days of treatment (either intermittent boluses or continuous infusion) was quickly
followed by a flared-up systemic inflammation with serious clinical relapses in about 33%
of the patients [6], and this could be an indicator of greater mortality [57]. In particular,
one-fourth of patients receiving methylprednisolone, in the LaSRS RCT [57], experienced a
clinical rebound after discontinuing the study medicine within 36 h of successful extubation.
These individuals did not receive GC therapy again because they needed to go back to MV.
In contrast to patients who never went back to MV, this resulted in poor outcomes with extra
days on MV and a nine-fold elevated risk of 60-day mortality (p = 0.001) [58] (Figure 4).

Case reports from the COVID-19 pandemic reveal similar events after stopping a
ten-day dexamethasone treatment, with improvements following the reintroduction of GC
medication [59,60].
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3.5. Infection Surveillance and Clinical Monitoring during Mechanical Ventilation

In ARDS patients from all causes, the daily assessment of pulmonary function (lung
injury score (LIS) [61] and respiratory rate) and multiple organ function (sequential organ
failure assessment (SOFA) score] along with systemic inflammation markers (CRP and
ferritin) is crucial for determining how well the therapy is working during the treatment
course. While the rate of decline of inflammatory markers is directly proportional to
the time required for the resolution of organ failure, persistently elevated inflammatory
markers indicate an unfavourable outcome [62,63]. As a result of GCs administration, a
swift lowering in inflammatory cytokine levels leads to a quick clinical improvement and
vice versa [64,65].

The disparity in response amongst individuals with non-COVID19 ARDS undergoing
a comparable treatment regimen may be attributed to the high interindividual heterogeneity
in (i) plasma drug concentrations reached during therapy [50] and (ii) intracellular GRα
sensitivity during GC treatment [66,67]. Notably, increasing GC dosages may compensate
for reduced intracellular GRα sensitivity [66], indicating that intracellular GC resistance can
be addressed with higher dosages (see Section 3.7). This explains why dose and duration
modifications should be made tailored to clinical and laboratory responses.

Although it has not been demonstrated that extended GC therapy for ARDS in-
creases the likelihood of superinfection, it is crucial to monitor infection signs during MV
even in the absence of fever. In one RCT performed in 2007 on severe ARDS cases [68],
meticulous protocol-based infection monitoring found 56% of nosocomial infections in
patients who had no fever. In such context, procalcitonin, which is unaffected by GCs
therapy (even methylprednisolone [69]), is a useful ally for early detection of bacterial
superinfection [70–73]. A deteriorating LIS or SOFA score, an inexplicable increase in res-
piratory rate, a plateau or rise in CRP levels, and an increase in immature neutrophils
are additional infection surveillance markers. In the absence of contraindications, moni-
toring weekly bronchoalveolar lavage (BAL) is useful for detecting ventilator-associated
pneumonia and tracking lung inflammation (neutrophilia). Since most non-COVID19
ARDS patients who receive early prolonged GC treatment become ventilator-free within
seven days of treatment, a weekly BAL for microbiological screening is not routinely
indicated [29].

3.6. Post-Extubation Monitoring and Treatment Adjustment

Following weaning from MV, oxygen requirement offers a quick way to determine
when lung function has fully recovered. It is recommendable to maintain GC treatment at a
lower dose until the patient is able to breathe on room air, reaching satisfying oxygenation
levels. After five days since MV cessation, transitioning to oral administration seems
logical because one pharmacokinetic study (2005) found that intestine methylprednisolone
absorption is impaired for approximately five days after extubation only [50].

3.7. Independent Factors Affecting Response to GCs Treatment

As reported in Table 1, factors connected to (i) the patient’s comorbidities and (ii) the
critical illness itself can have an impact on a patient’s reaction to endogenous glucocorticoids
in critically ill and ARDS patients. Comorbidities linked to GC resistance [74,75], cellular
sensitivity [67,76], and less frequent GR polymorphisms [77] are patient-related factors.
On the other hand, critical disease-related factors, include (i) pre-receptor metabolism by
11β-HSD1 and 11β-HSD2 (ii), GR number and isoforms (a vs. b) [69,78–82]- as emerged in a
study on COVID-19 itself [82]-, (iii) decreased HDL cholesterol levels [83] and intracellular
penetration [84–92], (iv) impact of micronutrient deficiency on GC availability and GC-
GR function [85,87–92], (v) impact of inflammatory state (induce non-compensated GC
resistance in target organs) [93–95] and oxidative stress [85,96–100]. Most of these factors
may also influence how well a patient responds to glucocorticoid therapy (Table 2).
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Table 1. Summary of the main characteristics and findings of the works included in paragraph 2.

Authors and Year of
Publication Title Design Drugs Examined Patients Results

The RECOVERY
Collaborative Group

(2021) [16]

Dexamethasone in
hospitalized patients

with COVID-19

Prospective randomised
trial compared with

placebo

Dexamethasone 6 mg
vs. placebo

4321 placebo patients vs.
2104 treated,

hospitalised with
COVID-19 confirmed

Only patients needing
oxygen support showed

lower mortality

Wagner C, Griesel M,
Mikolajewska A, et al.

(2021) [8]

Systemic corticosteroids
for the treatment of

COVID-19.

Living systematic
review

A total of 3072
participants were

randomised to
corticosteroid arms and

the majority received
dexamethasone

(n = 2322).

11 RCTs in
8075 participants, of

whom 7041 (87%)
originated from

high-income countries.

11 studies with
8075 people. About

3000 people received
corticosteroids, mostly

dexamethasone
(2322 people). Most
studies took place in

high-income countries.
There were also found

42 ongoing studies, and
16 completed studies

that have not yet
published their results.

The COVID STEROID 2
Trial Group (2021) [21]

Effect of 12 mg vs. 6 mg
of dexamethasone on
the number of days

alive without life
support in adults with
COVID-19 and severe

hypoxemia: The COVID
STEROID 2

randomized trial

Multicentre,
randomised clinical trial

IV Dexamethasone
12 mg vs. IV

Dexamethasone 6 mg IV

982 adult patients with
COVID-19 needing at

least 10 L/min of
oxygen or MV

(mechanical ventilation)

No statistically
significant difference on
ventilator-free days over

28 days

The Writing Committee
for the REMAP-CAP
Investigators, Angus

DC, Derde L, Al-Beidh
F, Annane D, Arabi Y,

et al. (2020) [18]

Effect of hydrocortisone
on mortality and organ
support in patients with
severe COVID-19: The

REMAP-CAP
COVID-19

corticosteroid domain
randomized
clinical trial

Bayesian randomised
clinical trial

No hydrocortisone vs.
hydrocortisone (50 mg
or 100 mg every 6 h or

shock-dependent
dosage)

108 non-treated vs.
295 treated adult patients

in ICU with severe
SARS-CoV-2
pneumonia

Patients treated with
hydrocortisone showed
improvement in organ

support-free days
within 21 days

Dequin P-F, Heming N,
Meziani F, Plantefève G,
Voiriot G, Badié J, et al.

(2020) [19]

Effect of hydrocortisone
on 21-day mortality or

respiratory support
among critically ill

patients with COVID-19:
A randomized

clinical trial

Multicentre randomised
double-blind

sequential trial

Hydrocortisone
200 mg/die tapered to
100 mg and then 50 mg

vs. placebo

73 placebo vs.
76 treated, patients

admitted to ICU with
ARDS secondary to
COVID-19 infection

The study was stopped
early due to no

significant reduction in
treatment failure in

hydrocortisone group

Sterne JAC, Murthy S,
Diaz J V., et al. (2020) [4]

Association Between
Administration of

Systemic
Corticosteroids and
Mortality Among

Critically Ill Patients
With COVID-19.

Prospective
meta-analysis

Systemic
hydrocortisone,

dexamethasone, or
methylprednisolone

(678 patients) or usual
care or placebo
(1025 patients).

1703 patients with
critical COVID-19 from

7 RCTs

Administration of
systemic corticosteroids,

compared with usual
care or placebo, was

associated with lower
28-day all-cause

mortality

Salton F, Confalonieri P,
Meduri GU, Santus P,
Harari S, Scala R, et al.

(2020) [26]

Prolonged low-dose
methylprednisolone in

patients with severe
COVID-19 pneumonia

Multicentre,
observational,

longitudinal study

Methylprednisolone
80 mg IV, followed by

an infusion of 80 mg/d
in 240 mL of normal

saline at 10 mL/h for at
least 8 days, until
achieving either a

PaO2:FiO2 > 350 mmHg
or a CRP < 20 mg/L;

then MP 16 mg o.so or
20 mg IV twice daily
until CRP reached <

20% of the normal range
or a PaO2:FiO2 > 400
(alternative SatO2 ≥

95% in room air)

83 treated patients vs.
90 control patients with

severe COVID-19
pneumonia

Early administration of
prolonged, low dose

MP treatment was
associated with a

significantly lower
hazard of death and
decreased ventilator

dependence

Ranjbar K, Moghadami
M, Mirahmadizadeh A,

Fallahi MJ, Khaloo V,
Shahriarirad R, et al.

(2021) [23]

Methylprednisolone or
dexamethasone, which

one is superior
corticosteroid in the

treatment of
hospitalized COVID-19

patients: A
triple-blinded
randomized

controlled trial

Prospective
triple-blinded
randomised

controlled trial

Methylprednisolone
(2 mg/kg/day) or

dexamethasone
(6 mg/day)

47 patients on MP vs.
46 patients on DM
hospitalised with

COVID-19 pneumonia

Superiority of
methylprednisolone
over dexamethasone
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Table 1. Cont.

Authors and Year of
Publication Title Design Drugs Examined Patients Results

Saeed MAM, Mohamed
AH, Owaynat AH.

(2022) [22]

Comparison between
methylprednisolone

infusion and
dexamethasone in
COVID-19 ARDS

mechanically ventilated
patients

Prospective cohort
study

Dexamethasone
6 mg/day vs

methylprednisolone
2 mg/kg/day IV

192 patients treated
with dexamethasone vs.

222 patients treated
with MP admitted in

ICU with SARS-CoV-2
pneumonia (confirmed)

The
methylprednisolone

group showed an
improvement of the

inflammatory markers
for cytokine storm in

comparison to the
patients on

dexamethasone

Salton F, Confalonieri P,
Centanni S, Mondoni M,
Petrosillo N, Bonfanti P,

et al. (2022) [25]

Prolonged higher dose
methylprednisolone vs.

conventional
dexamethasone in

COVID-19 pneumonia:
A randomised
controlled trial

(MEDEAS)

Multicentre, open-label
randomised clinical trial

Methylprednisolone
80 mg IV in continuous
daily infusion for 8 days

followed by slow
tapering vs.

dexamethasone
6 mg daily

337 patients treated
with

methylprednisolone vs.
340 in dexamethasone
group with COVID-19
pneumonia requiring

oxygen or non-invasive
respiratory support

No significant
differences in mortality
between the two groups

Taboada M, Rodríguez
N, Varela PM, et al.

(2022) [20]

Effect of high versus low
dose of dexamethasone
on clinical worsening in

patients hospitalised
with moderate or severe
COVID-19 pneumonia:

an open-label,
randomised
clinical trial.

Randomised,
open-label,

controlled trial

Patients were randomly
assigned in a 1:1 ratio to

receive low-dose
dexamethasone (6 mg
once daily for 10 days)

or high-dose
dexamethasone (20 mg
once daily for 5 days,

followed by 10 mg once
daily for an additional

5 days).

200 hospitalised
patients with confirmed
COVID-19 pneumonia

needing oxygen therapy

Among hospitalised
COVID-19 patients

needing oxygen therapy,
high dose of

dexamethasone reduced
clinical worsening

within 11 days after
randomisation,
compared with

low dose.

Lamontagne F, Agarwal
A, Rochwerg B, et al.

(2020) [14]

A living WHO
guideline on drugs for

COVID-19

Living guideline based
on living systematic

review and
network analysis

Remdesivir 200 mg IV
on the first day then
100 mg IV/day for

5–10 days and
corticosteroids

(dexamethasone 6 mg
oral or IV once daily for

7–10 days,
hydrocortisone 50 mg

IV every 8 h for
7–10 days,

methylprednisolone
10 mg IV every 6 h for
7–10 days, prednisone

40 mg oral daily for
7–10 days)

For remdesivir 4 studies
with a total of 7347

patients ranging from
non-severe to critical;
for corticosteroids 8
RCTs with a total of

7184 patients ranging
from non-severe to

critical

Recommendation
against remdesivir

(weak);
Recommendation in

favour of corticosteroids
(suggested regimen

dexamethasone 6 mg
oral or IV once daily for
7–10 days) for patients
with severe and critical

COVID-19 (strong),
recommendation

against corticosteroids
in patients with

non-severe COVID-19
(weak)

Hirano Y, Madokoro S,
Kondo Y, Okamoto K,

Tanaka H [17].

Corticosteroid
treatment for early
acute respiratory

distress syndrome: a
systematic review and

meta-analysis of
randomized trials

Systematic review and
meta-analysis of

randomized controlled
trials (RCTs)

RCTs analysing the
efficacy of prolonged

corticosteroid
(methylprednisolone,

dexamethasone)
therapy in early ARDS

4 RCTs, 385 patients in
the corticosteroid group,
357 in the control group

Prolonged
corticosteroid treatment

in early ARDS
improved the survival

outcomes.

Inter-individual variability in response to GC administration remains an unpredictable
and uncontrollable variable factor. Indeed, it is still unknown whether glucocorticoid resis-
tance in critically ill patients is a primary phenomenon, or whether the anti-inflammatory
property of glucocorticoids is simply underpowered to face the overexpression of pro-
inflammatory cytokines [101]. The significant heterogeneity in (i) reachable plasma drug
concentrations [50] and (ii) intracellular glucocorticoid receptor sensitivity during GC
treatment [66,67] has been brought to light by three investigations, performed respectively
on young healthy patients, patients with septic shock abdARDS patients. In the first
one, GC sensitivity was assessed by exposing concanavalin A-stimulated lymphocytes
of 40 healthy volunteers to increasing concentrations of dexamethasone. At every tested
dose, significant variation in the inhibition of lymphocyte proliferation was observed [66].
Furthermore, the effect increased with increasing GC doses, indicating that higher doses
can overcome intracellular GC resistance [63]. Another similar research found a significant
intra-individual variation among healthy volunteers [102,103]. In the second research,
which involved individuals who had had septic shock within three days, GC sensitivity
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was evaluated by inhibiting the ability of leukocytes to produce cytokines in vitro [67]. The
sensitivity to DM increased in many patients, but some others have shown an opposite
pattern. In particular, patients with a lower GC sensitivity had more severe disease, as
shown by higher APACHE II scores [67]. Notably, GRβ or 11β-HSD-2 mRNA expression
was not higher among patients in the lowest quartile of glucocorticoid sensitivity, consistent
with previous research and suggesting that the large variance in lymphocyte suppression
sensitivity has a post-receptor basis [102]. The third investigation [68] is a pharmacoki-
netic one that analysed the concentration-time profiles of methylprednisolone in 20 ARDS
patients who were administered methylprednisolone 1 mg/kg ideal body weight (IBW)
within an RCT, finding significant heterogeneity in plasma concentrations. The average
methylprednisolone level was 203 ± 127 ng/mL at the steady state during continuous
infusion, and the range was 50–820 ng/mL. Variability, which reached as high as a 10-fold,
was larger after bolus and lower with continuous infusion [54]. There was no distinction in
glucocorticoid resistance between males and females [66,102].

Table 2. Factors affecting response to glucocorticoid treatment.

Disease-Related Factors

GR Number and Type (α vs. β)

GR Binding Capacity (Bmax)
H by Inflammatory State

H by Oxidative Stress

GR Function H by Hypovitaminosis *, Micronutrient Deficiencies

Molecule-related factors Binding affinity to GR (potency) Increasing the dosage of GC can compensate for a reduced binding affinity

Treatment-related factors

initiation

GR saturation (dose-dependent)

Timing of initiation (early vs. late)

Dose-adjustments based on initial severity ‡

over time

Optimal magnitude of exposure to GR→ Bolus followed by continuous infusion

Lung penetration and tissue concentration

Dose-adjustments based on clinical response §

Duration of treatment including tapering

potential complications
Hypothalamic-pituitary-axis suppression→ Can be offset with slow tapering

Failure to recognize infections in absence of fever→ Can be offset with infection surveillance

Patients-related factors

Comorbidities associated with GC resistance †

Interpersonal wide variability in achieved GC plasma concentration

Interpersonal wide variability in cellular sensitivity to exposure of similar GC concentration

Legend: H, decreased; GR, glucocorticoid receptor; Bmax, total density (concentration) of receptors in a sample
of tissue. * Hypovitaminosis, three vitamins, thiamine (vitamin B1), ascorbic acid (vitamin C), and vitamin D,
are important for the proper functioning of the GR system and mitochondria (but their reserves are rapidly
exhausted in critical illness; † Comorbidities associated with GC resistance: obesity, chronic lung, and heart
diseases, smocking, etc. [74,75]. ‡ A larger initial dose (i.e., methylprednisolone 2 mg/kg/day) may be required in
patients requiring high oxygen levels (FiO2 ≥ 0.8); § adjustment based on C-reactive protein levels and PaO2:FiO2.

4. Complications and Adverse Events

The prolonged administration of GCs can lead to consequences affecting gastrointesti-
nal, cardiovascular, endocrine, nervous, ocular, and immune systems. However, this is
less likely to occur with the short courses of GC used in critical care than with the longer
ones which are required, for example, in rheumatological diseases [104]. Therefore, the
benefit/risk ratio is favourable in ARDS, including SARS-CoV-2-related ARDS. Possible
complications arising during GC treatment have been examined in hundreds of patients
with severe sepsis, septic shock, ARDS, and COVID-19.

A 2017 Cochrane meta-analysis showed an increase in cases of hyperglycemia (RR 1.72;
95% CI 1.38–2.14) linked to the use of GCs [105]; beyond this, the numerous comparisons
between people treated with GCs and controls, also performed during the COVID-19
pandemic, did not show significant differences in the incidence of secondary infections
or adverse events (RR 1.19; 95% CI 0.73–1.93). In the studies, hyperglycemia occurred
without other significant consequences and was self-resolved after suspension of GC treat-
ment [19,26,106–108]. Only one early study reported more superinfections and bleeding in
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patients treated with hydrocortisone compared to placebo [18]. Three RCTs reported an
increased incidence of hospital-acquired superinfections: of these, two studies were under-
powered [107,109] and one involved the use of high-dose, pulsed, methylprednisolone [106].
Although not confirmed by RCTs and multivariate models, some studies have shown an
increased incidence of pulmonary aspergillosis (CAPA) in subjects treated for 10 days with
6 mg of dexamethasone per day [110]. Low-dose GC therapy did not delay viral shedding
and there is currently no scientific evidence establishing a link between viral shedding and
outcome in critically ill COVID-19 patients [26,111].

Adrenal insufficiency has been reported in 30% of patients treated with long-term
GCs [112]. Indeed, exogenous GC therapy inhibits the HPA axis, causing negative feedback
on endogenous GCs production, which is restored more slowly by the adrenal gland
once drug treatment is stopped. While this is not a concern for short courses of GCs,
studies showed a greater risk of returning to mechanical ventilation and an increase in
inflammation indices if treatment is abruptly stopped [113]. A gradual reduction of GCs is
therefore recommended, slowly tapering the treatment to interruption.

5. Advantages and Disadvantages of Other Standardized Protocols Using GC
in COVID-19

Once glucocorticoids were validated by numerous studies and international guidelines,
the attention of the scientific community focused on the use of additional therapeutic
protocols for the treatment of COVID-19. Regarding severe SARS-CoV-2 infection forms,
Tocilizumab, Baricitinib, Anakinra and Remdesevir are approved for use in combination
with the standard of care that includes steroids [114,115].

Tocilizumab is a recombinant humanised anti-IL-6 receptor monoclonal antibody that
inhibits the binding of IL-6 to both membrane and soluble IL-6 receptors, key mediator in
the inflammatory response during COVID-19 [116].

Several studies compared Tocilizumab plus standard of care versus standard of care
alone, in particular, RECOVERY is the largest randomised, controlled, open-label clinical
trial that considered patients on steroid therapy alone versus patients on Tocilizumab ther-
apy, with or without the use of glucocorticoids. The RECOVERY study group confirmed
that the benefit of Tocilizumab therapy was more consistent in the group of patients on
combination steroid therapy, particularly in terms of 28-day mortality, but also on other
clinical outcomes such as hospital discharge and disease progression [117]. From these
results, together with those of other large-scale work, both the US Food and Drug Adminis-
tration (FDA) and European Medicines Agency (EMA) approved the use of Tocilizumab
in hospitalised adults receiving systemic corticosteroids and requiring oxygen, NIV, IVM,
or ECMO [118,119]. Based on the same concept of host immune response-based therapy,
the use of anakinra, an anti-IL-1 monoclonal antibody directed against another of the key
cytokines in the development of severe SARS-CoV-2 disease, was confirmed. The use of
anakinra, both alone and together with steroid therapy, demonstrated both a reduction
in 28-day mortality and the need for non-invasive mechanical ventilation. This drug is
therefore also approved by both the EMA and FDA for use in patients with severe forms of
SARS-CoV-2 [120]. The clear role of the Janus kinase/signal transducer and activator of
transcription proteins (JAK/STAT) pathway in the cytokine storm typical of severe forms
of COVID-19 has led to the use of JAK/STAT inhibitors, including baricitinib. Again, the
protocol of use analysed in most studies was combination therapy with JAK/STAT versus
standard of care. RECOVERY performed a randomised, controlled, open-label, platform
trial with the largest number of patients in the literature to date, confirming the effect of
Baricitinib on mortality reduction. This drug is currently FDA licensed in the US but has
not yet received approval in Europe [121].

Remdesivir is an antiviral medicine approved for the treatment of mild-to-moderate
SARS-CoV-2 infections. A recent Cochrane meta-analysis analysed the body of literature
available up to May 2022 on the use of remdesevir, alone or in combination with standard of
care, showing little or no effect on all-cause mortality or in-hospital mortality of individuals
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with moderate to severe COVID-19 [122]. Despite this, several studies confirmed that
combination therapy with different glucocorticoid molecules (such as dexamethosone or
methylprednisolone) and remdesevir could have some effects on survival in patients with
moderate or severe forms of COVID-19 [123–125]. In any case, the use of Remdesevir is
currently approved by both the FDA and EMA for adults and pediatric patients hospitalized
or not hospitalized, with mild-to-moderate SARS-CoV-2 infections and at high risk for
progression to severe forms [118,119].

Other drugs have been tested, either alone or in combination with glucocorticoids, for
the treatment of SARS-CoV-2 infection, including interferon and granulocyte–macrophage
colony-stimulating factor (Anti-GM-CSF) but none of these is currently included in the
guidelines. However, there is no therapy to date that is superior to the use of steroids,
but several treatment protocols are proposed as combination therapy and have shown
improved patient outcomes [114].

6. Conclusions

Glucocorticoids use in ARDS from severe SARS-CoV-2 infection has been extensively
validated by several studies and is fully included in international guidelines. The use of low
doses of cortisteroids is actually approved and recommended for the early-stage treatment
of ARDS in adults [126]. In particular, the use of low doses of glucocorticoids is able to
control, at least in part, the non-specific inflammation that characterizes the ARDS and,
in practice, reduce mortality and the duration of mechanical ventilation [127]. In fact, the
use of steroids in ARDS appears to have different effects on patients’ outcomes depending
on the cause, if any, which led to the onset of the condition [128]. For several years, the
use of steroids has been proposed, with increasing approval, for the treatment of severe
community-acquired pneumonia (CAP), again based on the rationale of controlling and
modulating inflammation [129–134]. With the knowledge available to date, in general,
the use of steroid therapy in ARDS from any cause should be assessed on the basis of
the patient’s clinical features and the aetiology of the respiratory insufficiency, taking into
account that the benefit of therapy depends on several factors and the risks, particularly
infectious ones, associated with the use of these drugs [129–134]. As far as severe SARS-
CoV-2 infections are concerned, the use of glucocorticoids is currently unquestionably
validated. Future prospects should focus on which molecule, if any, is the best and which
clinical, laboratory and radiological patient characteristics can guide towards a tailored
therapy, also in combination with the other immunomodulatory drugs available today.
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