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Abstract

BACKGROUND

The severe respiratory manifestations observed in severe COVID-19 cases are often
associated

with an excessive inflammatory response. Dexamethasone, a synthetic glucocorticoid,
exerts its

anti-inflammatory effects by inhibiting the transcription of pro-inflammatory genes and
suppressing the activity of various immune cells. This mechanism has implications for
mitigating

the cytokine storm observed in severe COVID-19 cases. Early on in the pandemic, the
RECOVERY

Collaborative working group showed a mortality benefit of using dexamethasone in
decreasing

mortality in patients with COVID-19 requiring respiratory support. However, the
optimal dosage of

corticosteroids remains debatable. Several studies that compare different doses of

dexamethasone in COVID-19 exist, but the results are conflicting.

AIM
This research report aims to review the latest evidence regarding dosage, safety, and
efficacy of

dexamethasone in severe COVID-19.

METHODS

We followed preferred reporting items for systematic reviews and meta-analysis
(PRISMA) guidelines. A detailed literature search was conducted across PubMed,
Google Scholar, and Medline to include publications up to March 2024. Our keywords
included “COVID-19,” “SARS-CoV-2,”

L

“dexamethasone,” “corticosteroid,” “steroid,” and “glucocorticoid” — along with their




combinations. We employed the Cochrane Risk of Bias Tool and the Newcastle-Ottawa
scale to evaluate the integrity and potential of bias in the included studies. A meta-
analysis

was conducted using a random-effects model, assessing pooled odds ratios and mean

differences, with heterogeneity gauged by the I? statistic and the Chi? test.

RESULTS

No statistical differences were found in 28-day all-cause mortality (pooled odds ratio
[OR] = 1.109, 95% confidence interval [CI] = 0.918 to 1.340), 60-day all-cause mortality
(OR = 0.873, 95%CI = 0.744 to 1.024; I> = 47.29%), mean length of hospital stay (mean
difference = -0.08 days, 95%CI = -0.001 to 0.161) and adverse events (OR = 0.877, 95%CI
= 0.707 to 1.087).

CONCLUSION
Differing doses of corticosteroids have no clinical implications on mortality, mean
length of hospital stay, and adverse events in COVID-19 patients. Additional research is

required in patients requiring invasive or non-invasive ventilation.

Key Words: COVID-19; Steroids; Corticosteroids; Steroid Dosage; Critical Care; Corona

Virus

Core Tip: The role of steroid dosing in COVID-19 patients remains a critical area of
focus especially concerning the reduction of COVID-19-associated mortality and
improvement of overall serious outcomes. Numerous trials have recently been
published evaluating outcomes with different steroid dosage regimens. Our meta-
analysis shows that higher steroid dosing does not significantly improve serious
outcomes and does not result in the reduction of serious adverse events. Therefore,

barring additional studies evaluating the role of higher dosages according to




stratification of various demographic factors, we do not recommend escalating doses of

steroids to curb mortality or hospital stay duration in critical patients.

INTRODUCTION

The onset of the COVID-19 pandemic has ushered_in an unprecedented era of global
healthcare challenges. The pathophysiology of COVID-19 is characterized by an
excessive inflammatory response, often referred to as a cytokine storm, leading to
widespread tissue damage, particularly in the lungs. This inflammatory state, coupled
with the virus's ability to induce a dysregulated immune response, led to the
exploration of treatments that could mitigate these effects. Among the various
therapeutic strategies explored, corticosteroids emerged early as a cornerstone in
managing severe respiratory complications associated with SARS-CoV-2 infection.
Corticosteroids, due to their potent anti-inflammatory and immunosuppressive effects,
have been hypothesized to temper the cytokine storm associated with critical stages of
the disease, potentially reducing morbidity and mortality among the most afflicted
patients. Corticosteroid use is not without risks, including potential side effects such as
hyperglycemia, secondary infections, and neuromuscular weakness.

Early in the pandemic, the COVERY Collaborative working group provided
significant evidence that a fixed dose of 6 mg dexamethasone daily for up to 10 days
reduces 28-day mortality among patients on respiratory support. However, this study
also highlighted the lack of benefits and potential for harm in patients not requiring
oxygen supportlll. The National Institutes of Health recommends corticosteroids for
patients with severe disease i.e. hypoxemia with sats </= 94% on RA or requiring
oxygenlZ.

While steroids might temper the cytokine storm associated with COVID-19, they can
cause dose-dependent lymphopenia which may lead to prolonged viral replicationl3l.
The optimal dosage of corticosteroids remains debatablel®]. A limited number of studies
that compare different doses of dexamethasone in COVID-19 exist, but the results are

conflicting. The COVID STEROID 2 trial and the HIGHLOWDEXA trial compared




lower and higher doses of dexamethasone and showed a trend towards improvement
with higher steroid doses; however, this was not statistically significantl56l. On the other
hand, other trials have shown increased mortality with higher doses of
dexamethasonel”?1,

This review examines the efficacy and safety profiles of high-dose vs low-dose
corticosteroids in treating COVID-19, contributing to a more nuanced understanding of

their clinical application.

MATERIALS AND METHODS

Framework and Search Strategy: This study was designed following the PRISMA
guidelines for systematic reviews and meta-analysesl], focusing on the nuanced dosing
of dexamethasone in treating COVID-19. A detailed literature search was conducted
across PubMed, Google Scholar, and Medline to include publications up to March 2024.
Our keywords included “COVID-19,” “SARS-CoV-2,” “dexamethasone,”
“corticosteroid,” “steroid,” and “glucocorticoid” —along with their combinations. These
were meticulously chosen to align with the study’s core questions. We also
incorporated Medical Subject Headings (MeSH) to ensure the comprehensiveness of the
search.

Inclusion and Exclusion Criteria: The scope encompassed only randomized
controlled trials examining dexamethasone dosing in adults (18 years and older) with
COVID-19. The primary evaluation metric was all-cause mortality at day 28 and at day
greater than 60, with secondary assessments on hospital stay length and adverse effects
like thrombosis, myocardial infarction, arrhythmias, and secondary infections. Due to
translation constraints, exclusions were applied to non-randomized trials, single-arm
studies, observational studies, case reports, and non-English publications.

Study Selection and Data Extraction: Eligibility was initially determined through
title and abstract screening by two independent reviewers (MS and AS) followed by
detailed full-text assessments against the inclusion criteria. Any discrepancies were

resolved wvia discussion or third-party adjudication (IS). Using a bespoke extraction




form, we collated data on study specifics, participant demographics, intervention and
control details, and outcomes. The most comprehensive data set was selected and cross-
referenced for studies reported multiple times with related publications. Additional
study data collected included country of origin, study design, disease type and severity,
and specific corticosteroid dosage regimens.

Quality Assessment: We employed the Cochrane Risk of Bias Tool and the
Newcastle-Ottawa Scale to evaluate the integrity and potential of bias in the included
studies, addressing selection, performance, and detection biases.

Data Synthesis and Analysis: We opted for a narrative synthesis approach to
anticipate study variability. Where applicable, a meta-analysis was conducted using a
random-effects model, assessing pooled odds ratios and mean differences, with
heterogeneity gauged by the I? statistic and the Chi? test. All data was collected and
synthesized using Microsoft Excel 365, Redman, Washington, United States. All meta-
analyses were conducted using Comprehensive Meta-Analysis Version 4, Borenstein,
M., Hedges, L., Higgins, J., & Rothstein, H., Biostat, Englewood, New Jersey. Funnel
plots were not made as publication bias findings are contingent on including ten or

more studies per analysis, a requirement we did not meet.

RESULTS

Search Outcome and Selection Criteria: Our initial search yielded 6845 records.
Through screening based on our established inclusion criteria, we narrowed down to 9
studies>11-15] for detailed analysis.

Demographics and Study Details: These selected studies collectively examined a pool
of 2740 individuals diagnosed with COVID-19, aged between 18 and 85 years. The
patient cohort was evenly divided between treatment protocols: 564 participants were
assigned to high-dose dexamethasone groups, receiving between >6mg per day, while
the other half were placed in low-dose groups, each receiving a standard daily dose of

<6 mg per day.




Mortality Outcomes:

Analysis from nine studies revealed negligible distinctions in 28-day all-cause mortality
between higher and lower dexamethasone dosages (pooled odds ratio [OR] = 1.109,
95% confidence interval [CI] = 0.918 to 1.340; heterogeneity [I?] = 66.95%). Consistency
was observed in 60-day all-cause mortality, with no notable disparities between dosing

approaches (OR = 0.873, 95%CI = 0.744 to 1.024; 1> = 47.29%).

Hospitalization Duration:

Our analysis indicated a marginally reduced average hospital stay in patients
administered low-dose dexamethasone compared to those on a high-dose regimen,
though this reduction did not achieve statistical significance (mean difference = -0.08

days, 95%CI = -0.001 to 0.161; 1> = 49.48%).

Adverse Events:
No difference in rates of occurrence of a composite of significant adverse effects
(thrombosis, infections, myocardial infarction, and arrhythmia) was observed (OR =

0.877,95%CI = 0.707 to 1.087; 12 =14.73%).

Quality Assessment:

The 9 studies selected were assessed to have a low risk of bias.

DISCUSSION

Our meta-analysis, adhering to PRISMA guidelines, has evaluated the comparative
efficacy and safety of high-dose vs low-dose dexamethasone in treating COVID-19. The
data synthesis from multiple studies underscores the need for significant differences in
mortality rates between the two dosing strategies. Our findings advocate for the
continued use of low-dose dexamethasone, aligning with current clinical guidelines and
echoing the pivotal conclusions of the RECOVERY trial. This approach not only

mitigates mortality associated with severe COVID-19 but also minimizes certain




adverse events, such as hyperglycemia and secondary infections. There is strong
evidence for using low-dose dexamethasone in pts with COVID-19 on simple oxygen,
as a higher dose significantly increases the risk of deathl”L.

However, the possibility of a benefit of high-dose corticosteroids remains. The
conventional and the Bayesian analysis of the COVID STEROID 2 suggested that a dose
of 12 mg might benefit patients who require NIV gr mechanical ventilation!®. Also, a
long-term (180) day follow-up of this trial showed that fewer patients have died in the
12 mg dexamethasone group compared to the 6 mg group (33.7% vs 38.6% patients).
However, this finding did not reach statistical significance. This leaves open the
possibility that this study needed to be underpowered. This would bolster the rationale
for repeating a low vs high dose corticosteroid RCT in patients with very severe
respiratory impairment (NIV or invasive mechanical ventilation).

Most patients in the COVID STEROID 2 did not receive additional
immunomodulators beyond steroids. In severely or critically ill patients, additional
anti-inflammatory therapies like IL-6 inhibitors may be more effective at reducing
mortalityl'?l. Currently, there are no data from steroids that evaluated the safety and
efficacy of using higher doses of steroids in combination with other immunomodulators
to treat hospitalized patients with COVID-19.

A single-center retrospective observational study in Spain early on in the pandemic
evaluated 573 patients with severe COVID-19 treated with high pulse-dose
corticosteroids ~ (methylprednisolone  >/-250 mg/day) ds standard  dose
(methylprednisolone 1.5mg/kg/daily). High-dose steroids were associated with
increased mortality than standard-dose (adjusted OR 2.46, 95%CI 1.59-3.81, p <0.001)
and with an increased risk of needing MV or death (adjusted OR 2.35, P = 0.001).
However, interaction analysis showed that high-dose steroids increased mortality
exclusively in elderly patients!’’). This would argue for modulating vs completely
suppressing immune response in elderly patients.

On the other hand, some small cohort studies have suggested that pulse dose steroids

may indeed have a mortality benefit'®'l. There is also some evidence that biomarker-




based steroid treatment was associated with lower odds of mortality and mechanical
ventilationl2021],

Nevertheless, our study has its limitations. The inherent heterogeneity of included
studies necessitates a cautious interpretation of our results. Patient demographics and
disease severity levels differed between studies. In addition, these studies did not

differentiate between vaccinated and unvaccinated patients.

CONCLUSION

Our comprehensive review substantiates the efficacy and safety of low-dose
dexamethasone as a cornerstone treatment for severe COVID-19. Low-dose steroids
provide a balanced treatment approach that improves patient outcomes while
minimizing risks.

Future research should delve deeper into the stratification of patient subgroups,
exploring whether certain demographics (age, gender, race, BMI, immunity status,
disease severity, or elevated biomarkers warrant deviation from standard
dexamethasone dosing. Additionally, the long-term impacts of different dosing

regimens on long COVID-19 remains a critical area of inquiry.
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