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Abstract

Background and objectives Corticosteroids are commonly used in the treatment of hospitalized patients with COVID-19.
The goals of the present study were to compare the efficacy and safety of different doses of dexamethasone in the treatment
of patients with a diagnosis of moderate to severe COVID-19.

Methods Hospitalized patients with a diagnosis of moderate to severe COVID-19 were assigned to intravenous low-dose
(8 mg once daily), intermediate-dose (8 mg twice daily) or high-dose (8 mg thrice daily) dexamethasone for up to 10 days
or until hospital discharge. Clinical response, 60-day survival and adverse effects were the main outcomes of the study.
Results In the competing risk survival analysis, patients in the low-dose group had a higher clinical response than the high-
dose group when considering death as a competing risk (HR =2.03, 95% CI: 1.23-3.33, p=0.03). Also, the survival was
significantly longer in the low-dose group than the high-dose group (HR=0.36, 95% CI1=0.15-0.83, p=0.02). Leukocytosis
and hyperglycemia were the most common side effects of dexamethasone. Although the incidence was not significantly
different between the groups, some adverse effects were numerically higher in the intermediate-dose and high-dose groups
than in the low-dose group.

Conclusions Higher doses of dexamethasone not only failed to improve efficacy but also resulted in an increase in the number
of adverse events and worsen survival in hospitalized patients with moderate to severe COVID-19 compared to the low-dose
dexamethasone. (IRCT20100228003449N31).
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Background

Since late 2019, cumulative deaths of Coronavirus Disease
2019 (COVID-19) reached 5 million [1]. Although several
worldwide and regional therapies were initially promising,
most were abandoned due to minimal efficacy or safety
concerns [2]. COVID-19 is a pending issue for govern-
ments and healthcare systems.

The symptoms were first recognized as cough, fever,
dyspnea, sore throat, malaise, headache, and other influ-
enza-like presentations [3]. However, acute respiratory
distress syndrome (ARDS) and organ failure are common
in severe and critical cases [4, 5].

The race for effective therapies of COVID-19 has
started since the first days of the pandemic. However,
few treatment options are currently available [6]. Medi-
cations like hydroxychloroquine, protease inhibitors and
interferons were considered efficacious according to initial
experiences but were later withdrawn from protocols due
to lack of efficacy and risk of adverse effects [2, 7]. Two
drugs with promising results in hospitalized patients are
remdesivir and dexamethasone [8, 9].

Corticosteroid therapy was initially proposed for the
treatment of SARS (severe acute respiratory syndrome)
and MERS (Middle East Respiratory Syndrome) caused
by coronaviruses like SARS-CoV-2 [10]. The rationale for
corticosteroid therapy is to subside the cytokine storm in
the progressive phase of COVID-19 [11].

Observational studies showed conflicting results about
the efficacy of low-dose of corticosteroids in the manage-
ment of COVID-19 [12, 13]. However, in RECOVERY
trial, low-dose dexamethasone decreased mortality in
hospitalized patients who required supplemental oxygen
[8]. In another clinical trial, high-dose methylprednisolone
implemented as pulse therapy decreased mortality in hos-
pitalized patients with severe COVID-19 [14]. Consider-
ing pros and cons of corticosteroid therapy in viral infec-
tions, the optimal dose of corticosteroids in the treatment
of COVID-19 is unknown. The goals of the present study
were to compare the efficacy and safety of different doses
of dexamethasone in the treatment of hospitalized patients
with moderate to severe COVID-19.

Methods
Study design
This three-arm randomized clinical trial was conducted

in Imam Khomeini Hospital Complex, a referral teach-
ing center affiliated to Tehran University of Medical
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Sciences, Tehran, Iran. The first patient was recruited at
26 October 2020 and the last one finished the interven-
tion at 25 January 2021. The Ethics Committee of Tehran
University of Medical Sciences approved the study (ref-
erence number: IR. TUMS.MEDICINE.REC.1399.430).
The trial was also registered (registration number:
IRCT20100228003449N31).

Patients

Hospitalized adult patients (above 18 years old) with mod-
erate to severe COVID-19 who required supplemental oxy-
gen were enrolled. Reverse transcriptase-polymerase chain
reaction (RT-PCR) of nasopharyngeal samples and a lung
computed tomography (CT) scan were considered for all
patients. Positive RT-PCR test or compatible lung involve-
ment was considered for diagnosis of COVID-19. Symptoms
like fever, cough, dyspnea, malaise, headache, weakness,
myalgia, arthralgia, pharyngitis, anosmia, ageusia, gastro-
intestinal problems, chest discomfort along with the high
respiratory rate, hypoxia, and hyperthermia would suggest
the diagnosis of COVID-19 in the pandemic situation.

Severity of COVID-19 was defined according to the
WHO interim guidance [15]. Moderate COVID-19 was
considered when clinical signs of pneumonia (fever, cough,
dyspnea, and high respiratory rate) were positive along with
SpO2 between 90 and 93% on room air. Severe COVID-19
was described as clinical signs of pneumonia plus respira-
tory rate > 30 breaths/min or SpO2 <90% on room air.

Exclusion criteria of the study were history of allergy to
corticosteroids, uncontrolled diabetes mellitus with serum
glucose above 250 mg/dL, active fungal or parasitic infec-
tions, closed-angle glaucoma, history of myopathy, history
of corticosteroid-induced neuropsychiatric disorders, uncon-
trolled cardiovascular diseases like acute coronary syn-
drome, myocardial infarction, acute and massive thrombo-
sis, uncontrolled hypertension (systolic blood pressure above
140 mmHg and diastolic blood pressure above 90 mmHg),
acute viral hepatitis, pregnancy and lactation, history of cor-
ticosteroid therapy (for more than two weeks) and patients
with critical COVID-19 (condition that would require the
provision of life-sustaining therapies such as mechanical
ventilation or vasopressor therapy).

Randomization and masking

Eligible patients who signed the consent form of the study
were randomly assigned to low-dose, intermediate-dose, or
high-dose dexamethasone group in 1:1:1 ratio. The rand-
omization was performed using the permuted block method.
Block sizes of 2 and 4 were selected. According to the list
of random numbers created by Excel software, the statisti-
cian designed sequentially numbered opaque envelopes and
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then delivered to the clinical investigators. The statistician
was unaware of the treatment group assignment. In addi-
tion, patients and clinical providers were blind regarding
the randomization process. In terms of the treatment group
assignment, patients but not physicians were blind.

Procedures

Patients in the low-dose, intermediate-dose, and high-dose
groups received 8 mg once daily, 8 mg twice daily and
8 mg thrice daily dexamethasone as intravenous injection,
respectively. Dexamethasone treatment was started within
the first 24 h of admission and continued for up to 10 days or
until hospital discharge. According to the hospital protocol,
administration of antivirals, anticoagulants, antibiotics, anal-
gesics, fluids, electrolytes, supplemental oxygen, vitamins,
minerals, nutritional supports, and stress ulcer prophylaxis
were the same for all patients.

All patients were assessed by a pulmonologist at the
time of admission and at least once daily during the hospi-
talization course. In patients with mild hypoxemia (SpO2
between 90 and 92%), moderate hypoxemia (SpO2 between
85 and 89%) and severe hypoxemia (SpO2 less than 85%),
nasal cannula, simple mask and mask with reservoir bag
was utilized, respectively. If the goal (SpO2>93%) was
not achieved, non-invasive positive pressure or invasive
ventilation was considered. In patients with PaO2/FiO2 of
200-300 and <200 mmHg, non-invasive positive pressure
support and invasive mechanical ventilation was considered,
respectively.

Demographic data, clinical symptoms, vital signs, labora-
tory data, baseline diseases, past medical history, past drug
history, history of hospitalization due to COVID-19, medi-
cations, organ function, types of respiratory supports, need
for ICU admission and mechanical ventilation, complica-
tions during the hospitalization course and dexamethasone-
induced adverse effects were recorded. Each patient was
followed weekly by telephone calls after hospital discharge
for 60 days.

Thromboembolism prophylaxis was considered for all
patients according to the hospital protocol. Either subcutane-
ous heparin 5000 international units three times daily or sub-
cutaneous enoxaparin 40 mg daily was applied. In patients
with body mass index >40 kg/m?, heparin and enoxaparin
doses were increased to 7500 international units three times
daily and 60 mg daily, respectively.

Outcomes’ measure

The primary outcome of the study was time to a clinical
response that was described as improvement of at least two
scores in the eight-category ordinal scale of the National
Institute of Health (NIH). This scale is explained in eight

categories as (1) discharge, with no limitations in usual
activity (2) discharge, with some limitations in usual activity
(3) hospital admission without the requirement of supple-
mental oxygen (4) hospital admission, requiring oxygen by
mask or nasal cannula (5) hospital admission requiring non-
invasive ventilation or high-flow oxygen (6) intubation and
mechanical ventilation (7) mechanical ventilation and addi-
tional organ support like vasopressors, Renal Replacement
Therapy (RRT) or Extracorporeal Membrane Oxygenation
(ECMO) and (8) death.

The secondary outcomes of the study were time to 50%
decrease in serum CRP level, time to respiratory rate <20
breaths per minute and time to peripheral oxygen satura-
tion >93%. Other endpoints were hospital readmission, need
for ICU admission and mechanical ventilation, duration of
hospital and ICU stay, and 60-day survival.

Complications

Complications during hospitalization including adverse
effects of dexamethasone were also recorded. Acute Kid-
ney Injury (AKI), gastrointestinal (nausea, vomiting, gas-
trointestinal upset, bleeding), musculoskeletal (weakness,
myopathy), hepatic (rise in serum aminotransferases and
bilirubin), endocrine (hyperglycemia), hematologic (leuko-
cytosis, lymphopenia, thrombocytosis or thrombocytope-
nia), cardiovascular (bradycardia, cardiac arrhythmia, heart
failure, hypertension, myocardial infarction, tachycardia),
psychiatric and neurologic (depression, emotional lability,
euphoria, headache, insomnia, malaise) as well as secondary
infections and drug allergy were closely monitored. A clini-
cal pharmacist was responsible for daily patients’ monitor-
ing regarding the adverse effects of dexamethasone. In the
suspected events, patients were also assessed by relevant
consultants.

Acute Kidney Injury (AKI) was described according to
the KDIQO guideline [16]. Hepatic aminotransferase above
three times the upper limit of normal or total bilirubin above
2 mg/dL was defined as acute hepatic injury [17]. Other
side effects were leukocytosis (white blood cell count above
10,000 cell/mm?), lymphopenia (total lymphocyte count less
than 1000 cell/mm?), thrombocytosis (platelet count above
400 x 10%/L), hypertension (raise in blood pressure in a
hypertensive patient or new-onset hypertension i.e. systolic
blood pressure above 140 mmHg or diastolic blood pressure
above 90 mmHg), hyperglycemia (blood glucose > 180 mg/
dL), heart failure (exacerbation of the existing heart failure
or new onset heart failure), myocardial infarction according
to the European Society of Cardiology (ESC) guideline [18],
peripheral edema (edema in the legs or hands during hos-
pitalization), arrhythmia, weakness (feeling of tiredness or
exhausted), myopathy (generalized muscle weakness or dis-
comfort, cramps and stiffness), myalgia (pain or discomfort
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in use of one or some muscles), agitation, anxiety, mood
changes, sleep disturbance, delirium, thrombosis (according
to the ESC guideline [19], oral candidiasis (oral thrush) and
other secondary infections (according to microbial culture,
signs and symptoms of infection or radiologic findings).

Sample size calculation

The study’s sample size was estimated according to the time
to clinical response. The minimum range of factor to detect
the difference was defined as A and the standard deviation
was assumed as ¢. In the sample size estimation, the ratio
of A/o considered equal 1, with 95% statistical power and
1% type 1 error rate and 10% attrition. The sample size was
estimated as 48 patients in each group [20].

Statistical analysis

The numerical variables were reported as mean and stand-
ard deviation if they passed the Shapiro—Wilk test. Other-
wise, the median and interquartile range (IQR) was used.
Nominal variables were reported as frequencies and per-
centage. For comparing the numerical and nominal vari-
ables (including demographic and baseline characteristics

of patients and outcomes), one-way ANOVA and Chi-
square test was used, respectively.

Hazard ratio (HR) and 95% confidence interval (CI)
were calculated by the competing risk survival model
for primary and secondary outcomes. Kaplan—Meier plot
was used to compare survival during 60-days follow-up
between three groups and HR with 95% CI for clinical
death was also calculated. The Cox proportional hazard
model for survival was adjusted by age, gender and stage
of the disease. The analysis of three groups was according
to the intention-to-treat (ITT) method. A logistic regres-
sion model was designed for the detection of probable pre-
dictors of response to dexamethasone therapy. p-value of
0.05 was assumed as a significant difference in comparing
groups. SPSS software (version 21.0) and Stata (version
14.0) was used for statistical analysis.

Assessed for eligibility (n=182)

Did not meet inclusion criteria of study (n=38)

Uncontrolled diabetes mellitus (n=8)
Uncontrolled hypertension (n=2)
Corticosteroid use history (n=9)
Oxygen Sat 294% (n=10)

Critical COVID-19 (n=5)

Declined to participate (n=4)

A4

| Allocated (n=144) in 1:1:1 ratio |

A2

y

Vv

Low-dose dexamethasone group (n=48) |

Intermediate-dose dexamethasone group (n= 48) ||

High-dose dexamethasone group (n=48)

Dropout (n=1): Dropouts (n=8): Dropouts (n=2):
Transferred to other trial & Rule out of Covid-19 diagnosis Rule out of Covid-19 diagnosis <
(n=1) (n=4) € (n=1)

Declined to continue study (n=1) Transferred to other trial (n=1)

Transferred to other trial (n=3)

A\ 4
v Completed study
A4 Completed study (n=46)
Completed study (n=40)

(n=47)

Fig. 1 Consort flow chart of the study. 144 out of 182 patients were allocated to the low-dose, intermediate-dose or high-dose group. Finally, 47,
40 and 46 patients in the low-dose, intermediate and high-dose groups completed the study, respectively
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Results

Eligibility and baseline characteristics
of participants

One-hundred forty-four patients met the inclusion cri-
teria of the study. During the study period, 11 patients
were excluded. The consort flow is shown in Fig. 1. The
mean age of patients was 59 years in the low-dose and
intermediate-dose groups and 56 years in the high-dose
group. The diagnosis of COVID-19 was according to RT-
PCR test and the compatible involvements in lung CT
scan in 71.4% and 28.6% of patients, respectively. The
percentage of male gender was 59.6%, 52.5% and 58.6%
in the low-dose, intermediate-dose, and high-dose groups,
respectively. Hypertension, diabetes mellitus, ischemic
heart disease and hypothyroidism were the most common
baseline diseases. Aspirin, angiotensin receptor blockers
(ARB), beta-blockers and statins were frequent medica-
tions in past drug history of patients. There was no con-
siderable difference between the groups regarding to these
characteristics (Table 1).

Hospitalization course

Cough and dyspnea were common complaints of patients
at the time of hospital admission (Supplementary Table 1).
Mean + SD of SpO2 at the time of hospital admission was
87 +4%, 85 +3% and 85+ 5% in the low-dose, interme-
diate-dose, and high-dose groups, respectively (p=0.10).
Other vital signs and the laboratory data at the time of hos-
pital admission are summarized (Supplementary Table 2).
Concomitant with dexamethasone, patients also received
other medications (Supplementary Table 3).

Types of respiratory supports at admission and during
the hospitalization are addressed (Supplementary Table 4).
At admission, simple face mask face and mask with reser-
voir bag were common modalities for oxygen supplemen-
tation. However, during the hospitalization course some
patients particularly in the intermediate-dose and high-
dose groups became candidates for non-invasive or inva-
sive ventilation. Estimated mean + SD of PaO2/FiO2 ratio
during the hospitalization course was 210+93, 195+75
and 168 + 69 in the low-dose, intermediate-dose, and high-
dose groups, respectively (p =0.43). PaO2/FiO2 ratio of
300, 200 and 100 was considered as mild, moderate, and
severe ARDS. There was no correlation between the sever-
ity of ARDS and response to the treatment.

Course of the disease was divided into 2 phases; before
and after 7 days of onset of the symptoms. At admission,
the onset of the symptoms for more than 7 days was noted

by 76.6%, 62.5% and 78.3% of patients in the low-dose,
intermediate-dose, and high-dose groups, respectively.
Mean + SD time from the onset of the symptoms to ini-
tiation of dexamethasone was 8.4+ 1.8, 10.3+2.6 and
9.7 +2.9 days in the low-dose, moderate-dose and high-
dose groups, respectively (p =0.07).

Median (IQR) duration of dexamethasone therapy in the
low-dose, intermediate-dose and high-dose groups was 4
(3-6), 5 (3-10) and 5 (4-10) days, respectively (p=0.14).

Primary and secondary outcomes

Time to clinical response was significantly different between
the groups. Mean + SD days to clinical response was
4.3+1.9,5.3+2.0 and 6.1 +3.3 in the low-dose, intermedi-
ate-dose, and high-dose groups, respectively (p=0.02). In
all multivariate analysis, the high-dose group was assumed
as a reference group and the low-dose and intermediate-
dose groups were compared to this group. In competing risk
survival analysis, patients in the low-dose group had more
chance for a clinical response when considering death as
the competing risk; for the low-dose group (HR =2.03; 95%
CI: 1.23-3.33, p=0.03) and for the moderate-dose group
(HR=1.59; 95% CI: 0.92-2.76).

The same analysis was performed for time to decrease
in serum CRP level and revealed that serum CRP level
decreased faster in the intermediate-dose than the high-
dose group; for the low-dose group (HR=1.5; 95% CI:
0.75-3.00) and for the intermediate-dose group (HR =2.13;
95% CI: 1.11-3.69, p=0.04). In terms of time to respira-
tory rate <20, there was no significant difference between
the groups; for the low-dose group (HR=1.19; 95% CI:
0.73-1.91) and for the intermediate-dose group (HR =1.08;
95% CI: 0.64—1.84). However, time to reach SpO2>93%
was significantly different between the groups; (HR =2.66;
95% CI: 1.60- 4.41, p=0.03) for the low-dose and
(HR=2.37;95% CI: 1.47-3.82, p=0.01) for the moderate-
dose group. Other endpoints are shown in Table 2.

The 60-day mortality rate in the low-dose, intermediate-
dose, and high-dose groups were 17%, 30% and 41.3%,
respectively (p =0.06). In Kaplan—Meier plot for survival
time (Fig. 2) and in Cox proportional hazard model, survival
was significantly longer in the low-dose than the high-dose
group (HR=0.36, 95% CI=0.15-0.83, p=0.02). However,
this was not statistically different between the intermediate-
dose and high-dose groups (HR=0.7, 95% CI: 0.34-1.45).
When the model was adjusted for age, gender and stage of
the disease, the result became more significant for the low-
dose group (HR =0.30, 95% CI: 0.13-0.71, p=0.006). The
NNT (number needed to treat) was calculated, assuming the
high-dose group as reference. The NNT was 4.1 for the low-
dose and 8.8 for the intermediate-dose group.
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Table 1 Baseline characteristics

.. Parameter Low-dose group Intermediate-dose High-dose group p-value*
of participants (n=47) group (n=40) (n=46)

Sex, male 28 (59.6) 21(52.5) 31 (58.6) 0.44

Age (years) 59+14 59+17 56+16 0.11

Obesity 9(19.1) 8 (20.0) 11 (23.9) 0.56

Smoker 7(14.9) 3(7.5) 3(6.5) 0.35

Alcoholic 0 2(5.0) 1(2.2) 0.22

Covid-19 history 12.1) 1(2.5) 0 0.12

History of hospitalization due to 1 (2.1) 1(2.5) 0 0.87
COVID-19

Baseline diseases
Hypertension 21 (44.7) 16 (40.0) 11 (23.9) 0.18
Diabetes Mellitus 13 (27.7) 9 (22.5) 8(17.4) 0.34
Ischemic heart disease 12 (25.5) 5(12.5) 6 (13.0) 0.12
Hypothyroidism 4(8.5) 3(7.5) 6 (13.0) 0.90
Respiratory disorders 5(10.6) 1(2.5) 2(4.3) 0.21
Cerebrovascular accident 3(6.4) 3(7.5) 2(4.3) 0.19
Dyslipidemia 2 (4.3) 2 (5.0) 4(8.7) 0.15
Neuropsychiatric disorders 3(6.4) 5(12.5) 0 0.56
Rheumatoid arthritis 12.1) 0 12.2) 0.78
Parkinson’s disease 3(6.4) 0 2(4.3) 0.60
Depression 3(6.4) 1(2.5) 12.2) 0.39
Malignancy 2(4.3) 0 12.2) 0.23
Renal disorders 12.1) 0 12.2) 0.46
Liver disorders 12.1) 0 0 0.12
Heart failure 12.1) 12.5) 0 0.98

Past drug history
Aspirin 17 (36.2) 12 (30.0) 8(17.4) 0.47
ARB 16 (34.0) 10 (25.0) 5(10.9) 0.23
Statin 11 (23.4) 7(17.5) 10 (21.7) 0.21
Beta blocker 11 (23.4) 8 (20.0) 8(17.4) 0.39
Metformin 10 (21.3) 8 (20.0) 5(10.9) 0.52
Azithromycin 5(10.6) 3(7.5) 9 (19.6) 0.43
Levothyroxine 4(8.5) 3(7.5) 4(8.7) 0.50
Sofosbuvir-ledipasvir 3(6.4) 3(7.5) 5(10.9) 0.29
Insulin 4(8.5) 1(2.5) 0 0.57
Doxycycline 3(6.4) 1(2.5) 2(4.3) 0.39
Hydroxychloroquine 2(4.3) 1(2.5) 3(6.5) 0.38
Immunosuppressants 2(4.3) 2(5.0) 2(4.3) 0.13
Supplements 2(4.3) 1(2.5) 0 0.28
Other antibiotics 12.1) 2(5.0) 12.2) 0.46
ACEI 12.1) 125 1(2.2) 0.55

Data are presented as n (%)
ACEI, Angiotensinogen Converting Enzyme Inhibitors, ARB, angiotensin receptor blockers

*p-value according to one-way ANOVA or Chi-square test

The probable predictors of response to dexamethasone  Adverse effects
therapy were included in a logistic regression model. Only
SpO2 at admission and diabetes mellitus were found to be ~ Adverse effects of dexamethasone therapy in the interme-
predictive variables (Table 3). diate-dose and high-dose groups were more frequent than
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Table 2 Primary and secondary

Parameter Low-dose Intermediate- High-dose  p-value*
outcomes group dose group group
(n=47) (n=40) (n=46)
Time to clinical response (days) 43+19 53+2.0 6.1+3.3 0.025
Time to 50% decrease of CRP level (days) 4.6+2.5 53+24 6.0+3.1 0.70
Time to respiratory rate <20 breaths/min (days) 3.9+1.9 3.1+1.8 38+23 0.55
Time to SpO2 >93% (days) 42422 49+2.7 49+2.6 0.53
Need for mechanical ventilation 3(6.4) 5(12.5) 6(13.0) 0.51
Duration of mechanical ventilation (days) 3+2 342 4+3 0.99
Duration of hospital stay (days) 5.7+3.0 6.5+3.4 7.0+3.6 0.17
Need for ICU admission 5(10.6) 5(12.5) 9 (19.6) 0.43
Duration of ICU-stay (days) 32+15 34+13 52434 0.17
Hospital readmission 12.1) 1(2.5) 12.2) 0.97
60-day mortality 8 (17.0) 12 (30.0) 19 (41.3) 0.06
Data are presented as n (%) or mean +SD
*p-value according to one-way ANOVA or Chi-square test
Fig.2 Kaplan—Meier plot for
survival time. In Kaplan—-Meier 1.0 L Group
plot, survival was significantly L ‘j';::;g:’:tz dost
longer in the low-dose than L L high dose
the high-dose group p=0.02). L = —+—low dose-censored
However, this was not statisti- 08 Z ' 3 m°g°dra‘e d°se'°°"ds°fe“
cally different between the ) cose;consore
intermediate-dose and high- _
dose groups (p=0.34) s i
£ 06
3
(7}
o
2>
s
b=} -
g 04
3
(8]
0_‘)_
0.0
T T T T T T T
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the low-dose group. However, no significant difference
between the groups was detected in this regard. Leukocyto-
sis and hyperglycemia were the most common findings. The
median (IQR) dose of NPH insulin was 20.5 (17.0-28.5),
20 (16-22), and 12 (8-14) IU in the high-dose, intermedi-
ate-dose, and low-dose groups, respectively (p =0.22). The
median (IQR) dose of regular insulin was 15 (8-18) IU in
the low-dose, 18 (15-20) IU in the intermediate-dose, and 18
(12-30) IU in the high-dose groups. There was no statistical
difference between the groups, considering doses of NPH
(»=0.29) and regular insulin (p =0.30).

Time to death (days)

Although there was no significant difference between
the groups, secondary infections were more common in
the high-dose group than in other groups. Bacteremia, uri-
nary tract infection and pneumonia due to Staphylococcus
aureus, E. coli and Klebsiella pneumonia, respectively,
were common infections. The details of these events are
shown in Table 4.
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Table 3 Probable predictors of response to dexamethasone therapy

Variable p-value* Hazard ratio 95%
Confidence
interval

Male sex over 70 years old 0.31 1.52 0.67-3.45

Baseline diseases

Hypertension 0.046 2.50 1.01-6.16
Diabetes mellitus 0.02 0.33 0.13-0.82
Signs and Symptoms at the time of hospital admission
Cough 0.74 0.86 0.35-2.08
Dyspnea 0.09 0.45 0.18-1.14
SpO2 0.02 1.10 1.01-1.20
Type of oxygen support 0.13 1.34 1.11-2.66
Temperature 0.49 0.80 0.43-1.48
Other factors
Stage of disease (before or  0.70 0.84 0.34-2.05
after 7 days of symptoms
onset)
Medication during hospitalization
Statin 0.22 0.59 0.25-1.38
H-2 blockers 0.52 1.58 0.38-6.56
Remdesivir 0.75 1.15 0.47-2.81

Laboratory test disturbance at the time of hospital admission

Lymphopenia

0.10

0.50 0.21-1.15

*p-value according to the logistic regression model

Table 4 Adverse events during
the hospitalization course

@ Springer

Discussion

In this study, efficacy and safety of low-dose, intermediate-
dose and high-dose of intravenous dexamethasone in the
treatment of patients with a diagnosis of moderate to severe
COVID-19 were compared. Time to the clinical response
was significantly shorter in the low-dose group compared to
the other groups. In the survival analysis, patients in the low-
dose group had a significantly higher probability of survival
than the high-dose group. In addition, some adverse effects
including hyperglycemia and leukocytosis were more com-
mon in the high-dose group than the other groups.

The remarkable experiences with corticosteroid therapy
in former coronavirus epidemics including MERS and
SARS paved the way to be included in the treatment bas-
ket of COVID-19. Therapy with high-dose corticosteroid
decreased oxygen requirement and improved lung radiologic
abnormalities in patients with SARS [21]. In addition, sur-
vival and hospital stay improved in these patients [22].

One of the concerns regarding corticosteroid therapy in
COVID-19 is a delay in the viral clearance. This phenom-
enon was reported in patients with MERS [23]. However, in
patients with COVID-19, the delay in SARS-CoV-2 clear-
ance following therapy with low-dose corticosteroid has not
been reported [24]. Delay in the viral clearance may be due

Parameter; n (%)

Low-dose group

Intermediate-dose High-dose group p-value*

(n=47) group (n=40) (n=46)
Acute Kidney Injury 3(6.4) 0 12.2) 0.22
Acute Hepatic Injury 5(10.6) 3(7.5) 4(8.7) 0.90
Leukocytosis 18 (38.3) 17 (42.5) 22 (47.8) 0.43
Lymphopenia 12 (25.5) 12 (30.0) 11 (23.9) 0.81
Thrombocytosis 8 (17.0) 4 (10.0) 4(8.7) 0.50
Arrhythmia 6 (12.8) 4 (10.0) 11 (23.9) 0.11
Myocardial Infarction 2(4.3) 0 12.2) 0.43
Raise in blood pressure 12 (25.5) 15 (37.5) 16 (34.8) 0.33
Peripheral Edema 12.1 0 3(6.5) 0.16
Exacerbation of heart failure 24.3) 0 12.2) 0.43
Hyperglycemia 14 (29.8) 15 (37.5) 22 (47.8) 0.10
Mood changes 6 (12.8) 8 (20.0) 4(8.7) 0.32
Anxiety 4(8.5) 5(12.5) 1(2.2) 0.20
Delirium 1(2.1) 3(7.5) 0 0.11
Agitation 6 (12.8) 5(12.5) 1(2.2) 0.16
Sleep disturbances 11 (23.4) 8 (20.0) 12 (26.1) 0.72
Myopathy 1(2.1) 3(7.5) 2(4.3) 0.46
Weakness 5(10.6) 9(22.5) 6 (13.0) 0.25
Thrombosis 0 0 1(2.2) 0.36
Oral Candidiasis 4(8.5) 9(22.5) 4.(8.7) 0.08
Secondary infections 1(2.1) 1(2.5) 4 (8.7) 0.20

Data are presented as n (%)

*p-value according to Chi-square test
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to other factors such as age and severity of the disease [25].
It seems that the effect of corticosteroid therapy on the viral
clearance in COVID-19 is dose-dependent [24-27].

Corticosteroid therapy may worsen the therapy outcome
in patients with COVID-19. In an observational study,
although mortality was not significantly changed, more
patients in the corticosteroid group progressed to the severe
form of the disease. Also, corticosteroid therapy delayed the
resolution of fever and viral clearance [13].

RECOVERY (Randomized Evaluation of COVID-19
Therapy) is a currently running trial looking into treatment
options for coronavirus (COVID-19). In an arm of RECOV-
ERY trial, the role of corticosteroid therapy in the treatment
of COVID-19 has been examined. Low-dose dexamethasone
(6 mg/daily for up to 10 days) significantly reduced the dura-
tion of hospital stay and 28-day mortality in hospitalized
patients with COVID-19 [8].

Corticosteroids might decrease the mortality risk in
patients with moderate to severe ARDS regardless of
COVID-19 [28]. This effect has been also detected in
COVID-19 patients with PaO2/FiO2 ratio <200 at the time
of hospital admission [29].

The appropriate routine, dose and duration of corticos-
teroid therapy for patients with COVID-19 have not been
defined yet; albeit different corticosteroids with variable
doses and durations were examined in patients with differ-
ent disease severities.

Higher doses of corticosteroid therapy have been exam-
ined in a few studies. Corticosteroids administered at high
doses improved survival and reduced the need for mechani-
cal ventilation particularly in COVID-19 patients with
severe pneumonia, respiratory failure, severe ARDS, at risk
for hyper-inflammatory response and high serum levels of
inflammatory biomarkers [14, 30-35]. However, most of the
above-mentioned studies were retrospective. Randomized
clinical trials are needed to confirm these effects. In an
ongoing study (TACROVID trial), the efficacy and safety
of methylprednisolone as pulse therapy (120 mg daily for
three consecutive days) along with tacrolimus are targeted
in patients with severe COVID-19 [36].

Low doses of corticosteroids have also been examined
in patients with COVID-19. In an observational study,
40-80 mg daily methylprednisolone administered for about
one week reduced mechanical ventilation requirement in
patients with significant lung involvement. Secondary bac-
terial infections were recognized as complications of cor-
ticosteroid therapy used in this study [12]. Furthermore,
in CoDEX trial, dexamethasone 20 mg daily for 5 days,
proceeded by a dose of 10 mg daily for another 5 days or
until discharge from ICU, resulted in prolonged survival and
increased ventilator-free days in patients with COVID. In
this trial, 31.1% and 28.4% of patients in the corticosteroid
and control groups, respectively, required insulin therapy

and, respectively, 21.9% and 29.1% developed secondary
infections [37]. In the study of Fadel et al. administration
of 0.5-1 mg/kg/day methylprednisolone for 3 days at the
early stage of the infection decreased mortality rate and the
necessity of hospitalization [38].

Safety is the main concern of corticosteroid therapy in
patients with COVID-19. Importantly, in the CoDEX trial,
the incidence of adverse effects including secondary infec-
tions and hyperglycemia were not significantly different in
the treatment groups indicating that the therapy is consid-
ered safe [37].

Dexamethasone, hydrocortisone and methylpredniso-
lone are the most studied corticosteroids in the treatment
of patients with COVID-19. In Ko et al., study, the survival
benefit of methylprednisolone and the equivalent dose of
dexamethasone was compared in mechanically ventilated
patients with COVID-19. In Ko et al., study, the survival
benefit of methylprednisolone and the equivalent dose of
dexamethasone was compared in mechanically ventilated
patients with COVID-19. It was reported that the survival
rate was significantly higher in patients who received meth-
ylprednisolone than those treated with dexamethasone
[39]. In another study, methylprednisolone (2 mg/kg/day)
was significantly superior to dexamethasone in terms of
improvement of the clinical status of COVID-19 patients
who required respiratory support [40]. In REMAP-CAP, a
study that was terminated at the early stage due to the release
of the RECOVERY trial results, two regimens of hydro-
cortisone were compared in patients with COVID-19 who
required respiratory or cardiovascular support. In both regi-
mens hydrocortisone improved organ support-free days [41].

One of the major concerns in patients with COVID-19
are secondary infections. Co-infection is uncommon (3.1%)
but may be increased up to 4.7% during the hospitalization
course [42].

Hyperglycemia is another dose-dependent adverse effect
of corticosteroid therapy [43]. In our study, more patients in
the high-dose dexamethasone group experienced hypergly-
cemia during the hospitalization course. In the RECOVERY
trial, hyperglycemia, psychosis and gastrointestinal hemor-
rhage were detected [8].

In most studies, the time lapsed from the presentation of
the symptoms and the start of corticosteroid therapy was
not clearly defined [12, 37—41]. In our study, most patients
received dexamethasone after 7 days from the onset of the
symptoms.

Low-dose corticosteroid therapy is recommended as the
standard of care for hospitalized patients with COVID-19
who require supplemental oxygen. In addition, remdesi-
vir is recommended for hospitalized patients but not under
mechanical ventilation [44, 45].

According to our hospital protocol, most patients
received remdesivir as the antiviral regimen. Benefits of
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antiviral therapy in hospitalized patients with COVID-19
requiring supplemental oxygen are unclear. Consider-
ing design, population, stage and severity of the disease,
the time of administration and concomitant medications,
the main outcomes of the available studies are different.
Results of a recently published large multi-center obser-
vational cohort study showed that remdesivir can improve
survival if the treatment is implemented upon hospital
admission [46]. However, in the DisCoVeRy trial, remde-
sivir did not show further clinical benefits in comparison
to standard care [47].

In our study, the effect of concomitant treatments on
dexamethasone response was evaluated using a logistic
regression model. None of the treatments such as admin-
istration of statins, H-2 blockers, melatonin and remdesivir
was a predictor. During the study period, 11 patients were
excluded. Most patients (6 out of 11) stopped the protocol
due to exclusion of COVID-19 diagnosis. At the same time,
patients were free to choose other ongoing trials. Attrition or
Myth 2 bias (dissimilar dropout rates between study arms)
is a systematic error caused by unequal loss of participants
from a randomized controlled trial. Enrolled patients might
withdraw the protocol of the study due to unsatisfactory effi-
cacy, adverse events, or death [48]. To resolve this type of
error, intention-to-treat (ITT) analysis was applied.

Detection of long-term complications of COVID-19 or
dexamethasone (hip necrosis, post-COVID syndrome, pul-
monary embolism) was not possible due to a short, 60-day
follow-up.

Conclusion

To the best of our knowledge, this was the first randomized
clinical trial that compared efficacy and safety of different
doses of dexamethasone in patients with moderate to severe
COVID-19. A similar protocol in terms of supportive care,
antiviral therapy, deep vein thrombosis, and stress ulcer
prophylaxis was applied for all patients. Patients were fol-
lowed for 60 days. Higher doses of dexamethasone not only
failed to improve efficacy but also resulted in an increase in
the number of adverse events and worsen survival in hos-
pitalized patients with moderate to severe COVID-19 com-
pared to the low-dose dexamethasone. Therefore, based on
the results of the study the low-dose dexamethasone (8 mg/
day) can be recommended for these patients.
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