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Abstract

Background

Dexamethasone 6 mg daily for 10 days is the recommended treatment for patients with
severe or critical coronavirus disease 2019 (COVID-19). The evidence on the benefit of
high-dose dexamethasone is limited. The goal of this study was to assess the effects of 6
mg daily vs. 20 mg daily of dexamethasone in hospitalized patients with COVID-19
pneumonia.

Methods

We conducted a single-center, randomized, clinical trial involving hospitalized patients with
COVID-19 pneumonia. Participants were randomized 1:1 to dexamethasone 6 mg daily or
dexamethasone 20 mg daily, and were stratified by the WHO-Ordinal Scale for Clinical
Improvement (OSCI). The primary outcome was clinical improvement equal to or greater
than 2 points by OSCI on day 28. Secondary outcomes were 28-day mortality, intensive
care unit-free days, and ventilator-free days on day 28.

Results

Of the 107 patients who enrolled and completed the follow up, 55 patients enrolled in the
low-dose group and 52 patients enrolled in the high-dose group. Treatment with dexametha-
sone 20 mg daily compared with dexamethasone 6 mg daily did not result in better clinical
improvement based on OSCI on day 28 (71.2% vs. 78.2%; odds ratio, 1.45 [0.55-3.86]; p =
0.403). For participants who required high-flow oxygen or noninvasive ventilation at random-
ization, the 6-mg group had better survival than the 20-mg group on day 28 (100% vs.
57.1%; p = 0.025). Although more participants in the 6-mg group received immune modula-
tors (40% vs. 21.2%,; p = 0.035), 50% of death cases in the 20-mg group who required high-
flow oxygen or noninvasive ventilation at randomization received immune modulators.
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Conclusions

Dexamethasone 20 mg daily did not result in better clinical outcome improvement, and was
probably associated with higher 28-day mortality in patients on high-flow oxygen or noninva-
sive ventilation, compared with dexamethasone 6 mg daily.

Trial registration
Clinialtrials.gov number, NCT04707534, registered January 13, 2021

Background

Dexamethasone is the recommended treatment for patients with severe or critical coronavirus
disease 2019 (COVID-19) [1]. Multiple clinical trials reported the benefit of administering sys-
temic corticosteroids in hospitalized patients with COVID-19 [2]. In the RECOVERY trial,
dexamethasone 6 mg once daily for up to 10 days reduced 28-day mortality in hospitalized
patients with COVID-19 [3]. In the CoDEX trial, dexamethasone 20 mg daily for five days, fol-
lowed by 10 mg daily for five days, increased the number of ventilator-free days [4]. While
local practices vary, current guidelines recommend using dexamethasone 6 mg (intravenous
or enterally) for ten days (or until discharge) for hospitalized patients with severe or critical
COVID-19 [1].

Studies revealed that overwhelming inflammation is associated with severe and critical
COVID-19 cases [5]. A higher dose of glucocorticoids has been used for non-COVID-19 acute
respiratory distress syndrome (ARDS) [6]. A dose-response glucocorticoid effect on biomark-
ers of glucocorticoid receptor agonism has been observed in pharmacodynamic studies [7].
However, higher doses of glucocorticoids increase the risk of adverse reactions, particularly
hyperglycemia and infections [6, 8]. This clinical trial was conducted to evaluate the efficacy
and safety of a higher daily dose of dexamethasone in hospitalized patients with COVID-19
and hypoxemia. The hypothesis was that treatment with dexamethasone 20 mg daily is supe-
rior to dexamethasone 6 mg daily in achieving clinical improvement on day 28.

Methods

Study site and participant selection

This study was conducted at the University of Oklahoma Medical Center, Oklahoma, United
States. Eligible participants were patients older than 18 years with PCR-confirmed COVID-19
infection on admission, needing supplemental oxygen administered via nasal cannula, face
mask, high-flow nasal cannula, or positive pressure ventilation (noninvasive or invasive).
Patients were excluded if they had been taking corticosteroids more than 48 hours prior to
screening, had an underlying disease requiring chronic corticosteroids, had severe medical
events before admission (e.g., cardiac arrest), had contraindication(s) for corticosteroids, or
were recruited in other interventional clinical trials. Participation in registries was allowed.
Patients were excluded if death was deemed imminent or inevitable during the subsequent 24
hours. Pregnant patients and patients on judicial protection were excluded.

The study was registered on clinialtrials.gov (ID: NCT04707534; registered January 13,
2021) and approved by the University of Oklahoma Health Sciences Center Institutional
Review Board (IRB #:12927). Informed consent was obtained from participants or legally
authorized representatives.
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Study design

The study was a pragmatic randomized parallel-group controlled open-label trial conducted
between January 2021 and December 2021. Participants were randomly assigned in a 1:1 ratio
to a high-dose dexamethasone group (20 mg daily for five days, followed by 10 mg daily for
five days) or a low-dose dexamethasone group (6 mg once daily for ten days). Participants
were randomized with a block size of 2 and 4 and stratified by the WHO-Ordinal Scale for
Clinical Improvement (WHO-OSCI) [9]. The randomization sequence was generated using
STATA 16 and uploaded into a secure web-based system (REDCap). REDCap assigned the
treatment groups using the randomization sequence after the investigators entered the OSCIs
in REDCap. The investigators did not know the randomization sequence until the treatment
groups were assigned.

Subjects were screened and enrolled within 48 hours after the first dose of systemic cortico-
steroid. Randomization occurred shortly after the informed consent was signed.

The pragmatic nature of the trial allowed for primary providers and multidisciplinary team
to change the dexamethasone dose and treatment duration if needed after randomization. Par-
ticipation in the study ended after day 28 or at discharge from the hospital, whichever was
earlier.

Outcome assessment

The primary outcome was the clinical improvement at day 28 after randomization. Sustained
clinical improvement was defined as an improvement equal to or greater than 2 points using
the WHO-OSCI scale, as follows [9]: 1. Not hospitalized, no limitations on activities; 2. Not
hospitalized, limitation on activities; 3. Hospitalized, not requiring supplemental oxygen; 4.
Hospitalized, requiring supplemental oxygen by mask or nasal prongs; 5. Hospitalized, on
non-invasive ventilation or high-flow oxygen devices; 6. Hospitalized, on invasive mechanical
ventilation; 7. Hospitalized, on invasive mechanical ventilation + additional organ support
(pressors, renal replacement therapy, extracorporeal membrane oxygenation); and 8. Death.
Secondary outcomes were 28-day mortality, intensive care unit (ICU)-free days, and ventila-
tor-free days on day 28.

Data analysis

REDCap was used to store clinical data. Data were transferred from REDCap to STATA 16 to
perform statistical analyses. Before analyses, data were screened for normality, outliers, and all
other statistical test assumptions.

All analyses adhered to an intention-to-treat approach. Descriptive statistics were con-
ducted to characterize the study population at baseline, the health outcomes, and adverse
events. Between-group comparisons were made using the independent ¢-test or Mann-Whit-
ney test (on non-normally distributed data) for two groups. Chi-squared tests and Fisher’s
exact tests were used to evaluate the relationship between two categorical variables. Multivari-
able Cox regression was used to evaluate the overall survival. Prior studies indicated that
COVID-19 clinical severity was associated with old age, male sex, and multiple chronic medi-
cal conditions [10-13]. Clinical trials also showed that tocilizumab and baricitinib improved
survival [14, 15]. Age, gender, comorbidities (obesity, diabetes, lung disease, and heart disease),
and immune modulator use were included in the Cox regression model. Kaplan-Meier sur-
vival curves and the log-rank test were used to describe the survival between groups. A two-
tailed p-value <0.05 was considered statistically significant.
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Clinical improvement was defined as an improvement equal to or greater than 2 points
using the WHO-OSCI scale, and was examined on days 14 and 28. The actual days of hospital
stay and WHO-OSCI were used for survival analysis.

The sample size was calculated based on evaluating change in the primary outcome, the
WHO-OSCI, between the high- and low-dose groups. According to the RECOVERY trial [3],
at least 67.2% of the patients had clinical improvement. Using a 2-sided o level of 0.05 and
power of 80% to detect a difference of 15% improvement between groups, we estimated that
300 patients needed to be enrolled. The trial ended early because the interim subgroup data
analysis found potential harm in the high-dose group (significantly higher mortality in the
high-dose group with OSCI of 5 at randomization).

Data and safety monitoring

Due to the urgent need for effective treatment, an internal data and safety monitoring board
was appointed for monitoring the trial progress. The board included all project investigators.
The board members met once per three months, usually by teleconference, to review data
from this trial. The data board review included interim analysis of primary and secondary out-
come data and dexamethasone adverse events. A special responsibility of the board was to
review serious adverse events, as defined by deaths, life-threatening conditions, or events
requiring permanent discontinuation of the treatment. If the high-dose dexamethasone group
had a statistically significant worse health outcome compared with the control group, it might
trigger an immediate suspension of the study. At the end of each board meeting, the board
voted whether to continue the study as planned or whether to recommend changes to the
study. The board had the option to recommend that the study be stopped early if there was evi-
dence that the risk benefit ratio did not warrant continuation of the trial.

Results

A total of 110 patients were consented and enrolled in the trial. Three patients were excluded
from the final data analysis (one patient withdrew after having consented; one patient was
found to have been using chronic steroids after randomization; one patient was randomized
and then found to not need steroid therapy). One hundred and seven patients were included
for final data analysis (Fig 1). Baseline characteristics of participants in the low-dose and high-
dose groups were similar, except there was a higher percentage of heart disease in the low-dose
group (Table 1).

The primary outcome was the clinical improvement of greater than or equal to 2 points
using the WHO-OSCI (Table 2). There was no difference in WHO-OSCI change between the
groups on days 14 and 28 after randomization. A similar proportion of participants reached
clinical improvement in the low-dose group and the high-dose group on day 14 and day 28.

Mortality on day 28 was one of the secondary outcomes. Five participants (9.1%) in the
low-dose group and 11 participants (21.2%) in the high-dose group died by day 28 (p = 0.080;
Table 3, Fig 2A). In the subgroup analysis, for the participants who needed high-flow oxygen
or noninvasive ventilation (OSCI = 5), all six deaths were from the high-dose group (Table 3,
Fig 2B). Three patients died of severe ARDS and septic shock, two patients died of severe
ARDS without septic shock, and one patient died after cardiac arrest possibly due to massive
pulmonary embolism. There was no difference in mortality in other WHO-OSCI subgroups.
Enrollment was halted after interim data analysis showed much higher mortality in the sub-
group with a WHO-OSCI of 5 in the higher dose arm.

Multivariable Cox regression was conducted to evaluate the overall survival and dexameth-
asone use (SI Table in the supporting information). Only younger age was associated with
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Fig 1. Consolidated standards of reporting trials diagram for flow of study participants.
https://doi.org/10.1371/journal.pone.0275217.9001

better overall survival after adjusting for gender, comorbidities, dexamethasone, and immune
modulator use.

Thirty-eight participants needed ICU care in the first 28 days after randomization
(Table 4). There was no difference in ICU-free days or ventilator-free days on day 28 between
the low-dose group and high-dose group. The Sequential Organ Failure Assessment (SOFA)
scores trended higher 48 hours after randomization in both groups. There was no difference in
SOFA scores between groups at randomization or 48 hours later.

For survivors, median hospital days were 9 days (interquartile range [IQR], 4-15) in the
low dose-group and 6 days (IQR, 4-12) in the high-dose group (p = 0.538)

The incidence of adverse events, including hyperglycemia (requiring insulin infusion), pul-
monary and systemic infections, and gastrointestinal bleeding, was low (S2 Table). Bacteremia
was the most common adverse event with an incidence of 12%. There were no differences in
adverse events between the groups.

Only five participants had changes in dexamethasone dose or duration when deemed in
their best interest by their providers (53 Table). Participants received additional SARS-CoV-2
therapies if they met relevant criteria (54 Table). More participants in the low-dose group
received immune moderator therapy (tocilizumab or baricitinib) than did participants in the
high-dose group (40% vs. 21%; p = 0.035) (S4 and S5A Tables). Among the six deaths in the
OSCI = 5 and high-dose dexamethasone subgroup, three patients received immune moderator
therapy. The other three patients did not (S5B Table).
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Table 1. Basic characteristics of study patients by dexamethasone dose group.

Low-dose group (6 mg), |High-dose group (20 mg),
n=>55 n=>52

Age, yr mean (SD) 57.9 (16.9) 56.1(14.2)
Male, n (%) 29 (52.7) 27 (51.9)
Race, n (%)

White 24 (43.6) 29 (55.8)

Black or African American 17 (31.0) 15 (28.9)

Hispanic/Mexican American 10 (18.2) 5(9.6)

American Indian or Alaska Native 2(3.6) 2(3.9)

Asian or Pacific Islander 1(1.8) 1(1.9)

Multiple Races/Other 1(1.8) 0(0)
BMI, mean (SD) 33.4(9.7) 33.7(9.3)
Past Medical History, n (%)

Obesity 18 (32.7) 20 (38.5)

Diabetes 18 (32.7) 13 (25)

Chronic lung disease 9 (16.4) 8 (15.4)

Heart disease 20 (36.4) 10 (19.2)

Severe liver disease * 0(0) 1(1.9)

Severe kidney disease T 8 (14.6) 4(7.7)

Current cancer 2(3.6) 5(9.6)

None of the above medical history 5(9.1) 6(11.5)
Days from first COVID symptoms to randomization, 7 (5-11) 8 (5-11)
median (IQR)
Days from first COVID-19 test positive to randomization, | 2 (1-6) 2 (1-6)
median (IQR)
COVID vaccination history, n (%)%

Did not receive vaccination 48 (88.9) 46 (93.9)

Partially vaccinated 4 (7.40) 2 (4.08)

Fully vaccinated 2 (3.70) 1(2.04)
OSCI at randomization, n (%)

4 32 (58.2) 31 (59.6)

5 15 (27.3) 14 (26.9)

6 5(9.1) 5(9.6)

7 3(5.5) 2(3.9)
Pa0,/FiO, ratio, n (%)

201-300 12 (21.8) 12 (23.1)

101-200 27 (49.1) 26 (50)

<100 16 (29.1) 14 (26.9)
Serum ferritin, n (%)$

High (>322 ng/ml) 41 (82.0) 34 (72.3)

IQR = interquartile range

PaO,/FiO, = partial pressure of oxygen to fraction of inspired oxygen ratio

SD = standard deviation

* Severe liver disease was defined as requiring ongoing specialist care.

t Severe kidney impairment was defined as an estimated glomerular filtration rate of less than 30 ml per minute per
1.73m’.

103 participants answered this question and were included in the analysis.

§ 97 participants had serum ferritin data at randomization.

https://doi.org/10.1371/journal.pone.0275217.t001
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Table 2. Clinical improvement using the WHO-Ordinal scale for clinical improvement (WHO-OSCI).
Low-dose group (6 mg), n =55 | High-dose group (20 mg), n =52 | Odds Ratio |95% Odds Ratio CI |P value

OSCI improvement on Day 14, median (IQR)* # |2 (0 to 3) 2 (-0.5t0 3) 0.231
OSCI improvement on Day 28, median (IQR)*$¢ | 0 (-1 to 3) -0.15 (-3 to 3) 0.307
OSCI improvement > 2 on Day 14, n (%)% 36 (65.5) 33 (63.5) 1.091 (0.458, 2.597) 0.830
OSCI improvement > 2 on Day 28, n (%)+9 43 (78.2) 37 (71.2) 1.453 (0.553, 3.862) 0.403

IQR = interquartile range

* use Mann-Whitney test

t Chi-square test

} if patients were discharged or died before day 14, the OSCI on discharge was used for the day 14 OSCIL.

§ only includes patients who stayed in the hospital longer than 14 days after randomization.

¢If participants were discharged or died before Day 28, the OSCI on discharge or death was used for OSCI on Day 28.

https://doi.org/10.1371/journal.pone.0275217.1002

Discussion

In this randomized clinical trial involving 107 adults with hypoxemia or acute respiratory fail-
ure associated with COVID-19, treatment with dexamethasone 20 mg daily for five days fol-
lowed by 10 mg daily for five days compared with dexamethasone 6 mg daily for ten days did
not result in better clinical improvement based on the WHO-OSCI. For participants who
required high-flow oxygen or noninvasive ventilation, the 20-mg group had higher mortality
than did the 6-mg group. There was no difference between groups in ICU-free days or ventila-
tor-free days for patients requiring ICU care. The longer median hospital length of stay in the
6-mg group compared with the 20-mg group for survivors could be due to more patients sur-
viving and needing longer hospitalization in the 6-mg group. The incidence of adverse events
was low and similar in frequency in both groups. The high mortality in the high-dose and
OSCI of 5 subgroup is a new finding compared with several previous studies and is an impor-
tant warning about the “more is better” approach for corticosteroids use in our clinical
practice.

Systemic corticosteroids are widely used for hospitalized patients with COVID-19 and hyp-
oxemia. Several trials for assessing the therapeutic effects of different doses of systemic cortico-
steroids for COVID-19 showed various results. The COVID STEROID 2 trial evaluated the
effect of dexamethasone 12 mg daily versus 6 mg daily in patients with COVID-19 and severe
hypoxemia [16]. This trial did not reveal the benefit of days alive without life support at 28
days. In the secondary Bayesian analysis, they found high probabilities of benefit with dexa-
methasone 12 mg versus 6 mg on all outcomes, including the days alive without life support

Table 3. Day 14 and day 28 death in WHO-Ordinal scale for clinical improvement (WHO-OSCI) subgroups.

Participant number at Death on Day 14, n Death on Day 28, n
randomization, n (%)

OSCI* | Low-dose High-dose Low-dose High-dose Low-dose High-dose
group (6 mg), | group (20 mg), | group (6 mg), | group (20 mg), | group (6 mg), | group (20 mg),
n=>55 n=>52 n=>55 n=>52 n=>55 n=>52

4 32(58.2) 31 (59.6) 0 0 0 2

5 15 (27.3) 14 (26.9) 0 3 0 6

6 5(9.1) 5(9.6) 2 0 2 1

7 3(5.5) 2(3.9) 0 1 3 2

* OSCI at randomization

https://doi.org/10.1371/journal.pone.0275217.1003
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Fig 2. Kaplan-Meier survival curves a. in high-dose and low-dose groups and b. for subgroups with OSCI = 5 at randomization.

https://doi.org/10.1371/journal.pone.0275217.9g002

and mortality at days 28 and 90 [17]. However, this trial used a 12-mg daily dexamethasone
dose in their high-dose arm, lower than our 20-mg daily dose. The 28-day mortality in this
trial was higher (27.1% in the 12-mg group vs. 32.3% in the 6-mg group) than the mortality in
our study. One explanation could be that our study enrolled younger patients; another could
be that fewer participants required ICU care. Another open-label trial by Maskin et al. evalu-
ated 16 mg daily of dexamethasone vs. 6 mg daily of dexamethasone in patients with COVID-
19-related ARDS [18]. Although the trial was terminated due to low enrollment, there was no
difference in ventilator-free days between groups with ARDS. Our study enrolled patients with
various severities of acute hypoxemic respiratory failure and there was no difference in ventila-
tor-free days in patients who needed ICU care, similar to the trial by Maskin et al. In addition,
our trial found that patients who needed high flow oxygen or noninvasive mechanical ventila-
tion and received high-dose dexamethasone had significantly higher mortality than did those
in the low-dose dexamethasone group. It is a new finding and an important message for our
clinical practice.

Taboada et al. compared dexamethasone 20 mg daily versus 6 mg daily and found that the
groups who received the higher dose had reduced clinical worsening within 11 days after

Table 4. Outcomes for participants who required ICU care within 28 days (n = 38).

Low-dose group (6 mg), High-dose group (20 mg), P value

n=19 n=19

ICU-free days in first 28 days, median 0 (0-9) 0 (0-16) 0.256
(IQR)
Ventilator-free days in first 28 days, median | 0 (0-23) 7 (0-18) t 0.516
(IQR)*
SOFA Score, median (IQR)*

At randomization 4(2-8) 4 (2-5) 0.529

48 hours later 6 (2-11) 4(3-8) 0.702

ICU = Intensive care unit
SOFA = Sequential Organ Failure Assessment
* use Mann-Whitney test

t two patients were not included due to Do Not Intubate status

https://doi.org/10.1371/journal.pone.0275217.1004
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randomization [19]. An important difference from our trial was that this study only enrolled
participants whose WHO-OSCI equaled 4. Patients with a WHO-OSCI of 5 or higher were
not enrolled. Bouadma et al. also compared dexamethasone 20 mg daily versus 6 mg daily in
patients who required oxygen support or invasive mechanical ventilation [20]. In this study,
high-dose dexamethasone did not significantly improve 60-day survival.

Some clinical trials showed a benefit of higher dose of dexamethasone therapy [17, 19],
while other trials reported opposite results. Toroghi et al. evaluated three different doses of
dexamethasone (8 mg once daily, 8 mg twice daily, or 8 mg three times daily) for patients with
moderate to severe COVID-19 [21]. Although stratification by severity was not used for the
randomization, this study found the chance for a clinical response and the survival were signif-
icantly higher in the 8 mg once daily group than in the 8 mg three times daily group.

A systematic review and meta-analysis of high-dose versus low-dose corticosteroids in
patients with COVID-19, including 12 observational studies and randomized controlled trials,
demonstrated that high-dose corticosteroids did not reduce mortality [22]. The authors also
admitted the limitation of a high degree of heterogeneity due to inconsistency of the dosage,
types, and regimens among the reported studies and lack of subgroup analysis based on sever-
ity due to limited data.

In our study’s subgroup of individuals with a WHO-OSCI of 5, all six cases of death
received dexamethasone 20 mg daily. There was no difference between death cases and survi-
vors in terms of age, gender, medical comorbidities, or use of remdesivir or immune modula-
tors. There was no difference in the incidence of corticosteroid adverse events. We suspect that
the higher dose of corticosteroids may have over suppressed the normal antiviral responses in
patients needing high-flow oxygen or noninvasive ventilation on admission. Caution must be
taken when prescribing high dose systemic corticosteroids for this subgroup of patients in clin-
ical practice.

The strengths of this trial include that participants with differing severities of acute hypox-
emia were enrolled and stratified by OSCI at randomization. The pragmatic protocol ensured
that the multidisciplinary team had flexibility in participant management, enhancing enroll-
ment and completion of the study protocol. Our trial’s limitations include the single-center
location, follow-up limited to while participants were in the hospital until day 28, and lack of
knowledge of long-term health outcomes. This trial stopped early because the interim data
analysis revealed that one subgroup (OSCI 5) in the high-dose arm had significantly higher
mortality, which led to the small sample size. We were not able to draw conclusions for other
OSCI subgroups. There is a small chance that the higher mortality may be a false-positive due
to the small sample size. However, it would not have been ethical to continue enrolling more
participants. There were more participants with heart disease in the low-dose group. More par-
ticipants in the low-dose group received immune modulator therapy. These imbalances may
affect the health outcomes. Although the multivariable regression to estimate the survival did
not show a statistically significant difference after adjustment for heart disease and immune
modulator use, it is well known that immune modulator therapy may improve survival. Half
of the deaths in the high-dose group with OSCI = 5 at randomization received immune modu-
lators. The other half did not. It was the same for those surviving. It is unlikely that not receiv-
ing immune modulators is the cause of the high mortality in this particular subgroup.

Conclusions

Dexamethasone 20 mg once daily compared with dexamethasone 6 mg once daily did not
result in significantly better clinical improvement in hospitalized patients with COVID-
19-related acute hypoxemia at Day 28 after randomization. Dexamethasone 20 mg daily was
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probably associated with higher 28-day mortality in patients who needed high-flow oxygen or
noninvasive ventilation. Caution must be taken when we prescribe high dose corticosteroids
to this subgroup of patients.
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