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ABSTRACT
Introduction: Trials have demonstrated the benefits of methylprednisolone in 
the treatment of coronavirus disease 2019 (COVID-19). However, data on 
optimal dose, duration and timing of administration are limited. This study 
investigates the outcome of various methylprednisolone treatment regimens 
among hospitalised COVID-19 patients.
Methods: A retrospective cohort study was conducted on hospitalised adult 
COVID-19 patients admitted between June and August 2021 in general 
COVID-19 wards, treated with methylprednisolone. Clinical outcomes 
evaluated include in-hospital mortality, thirty-day mortality, clinical efficacy 
(C-reactive protein (CRP), total white blood cells (TWBC) and oxygen 
requirement) as well as the safety of methylprednisolone.
Results: Of 278 patients, 1(0.4%) received weight-based dosing of 1 mg/kg/day, 
101(36.3%) received weight-based dosing of 2 mg/kg/day, 130(46.8%) received 
fixed dosing methylprednisolone 250 mg/day and 46(16.5%) received fixed 
dosing methylprednisolone 500 mg/day. There was a significant difference in 
in-hospital mortality rates following different methylprednisolone doses 
whereby in-hospital mortality occurred in 22.5% (n = 23) of patients with 1 or 
2 mg/kg/day methylprednisolone, 32.3% (n = 42) with 250 mg/day and 39.1% 
(n = 18) with 500 mg/day (p = 0.023). On the other hand, no significant 
difference in thirty-day mortality, clinical efficacy and safety was observed 
between different dosing regimens (p > 0.05).
Conclusion: The use of methylprednisolone weight-based dosing in 
hospitalised COVID-19 patients should be considered due to the positive 
outcome associated with lower in-hospital mortality.
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Introduction

The main cause of severe illness and death in COVID-19 is acute viral pneu-
monia leading to acute respiratory distress syndrome (ARDS). As the 
disease progresses, patients often require increasing levels of respiratory 
support. For early-stage infections in high-risk individuals not needing 
oxygen supplementation, options include oral antiviral or antiviral mono-
clonal antibodies (Ministry of Health Malaysia, 2023). Hospitalised patients 
requiring oxygen, however, receive antiviral or immunomodulators with 
corticosteroids (Ministry of Health Malaysia, 2023; National Institute of 
Health, 2024). WHO recommends the use of 6 mg dexamethasone daily or 
50 mg hydrocortisone intravenously every 8 h for 7–10 days in severe 
COVID-19 patients (World Health Organisation 2020). Dexamethasone is rec-
ommended in most guidelines although methylprednisolone is suggested in 
COVID-19 patients with multisystem inflammatory syndrome (Ministry of 
Health Malaysia, 2023; National Institute of Health, 2024).

The World Health Organisation (WHO) has previously advised against the 
use of systemic corticosteroids in COVID-19 patients. This is because it was 
found that in severe acute respiratory syndrome and Middle Eastern respirat-
ory syndrome, viral clearance was delayed with the use of systemic corticos-
teroids (Corral-Gudino et al., 2021; Go et al., 2021). However, despite the 
recommendation by WHO, these drugs have been widely used in China 
during the COVID-19 outbreak (Tang et al., 2021). As such, owing to its 
anti-inflammatory and anti-fibrotic effects, corticosteroid remains an option 
among more hypoxic patients (Go et al., 2021), with most opting for dexa-
methasone corticosteroids (Ministry of Health Malaysia, 2023; National Insti-
tute of Health, 2024).

Despite the result of the RECOVERY trial supporting dexamethasone in 
moderate-to-severe COVID-19 (Horby et al., 2021), various studies support 
the use of methylprednisolone as an alternative corticosteroid (Hasan et al., 
2021; Wu et al., 2020). Initial reports by Wu et al. (2020) showed promising 
outcomes, whereby it was found that the use of methylprednisolone in 
COVID-19 patients with ARDS appeared to minimise the risk of death (HR, 
0.38; 95% CI, 0.20 −0.72) (Wu et al., 2020). A recent meta-analysis concluded 
that a short course of 3–5 days of methylprednisolone pulse therapy can be a 
potential alternative to the low-dose dexamethasone therapy in severe 
COVID-19 infection to avoid death (Hasan et al., 2021). In the GLUCOCOVID 
trial, 64 patients were randomised (35 patients in the methylprednisolone 
group and 29 patients in the standard-of-care group). In the intention-to- 
treat analysis, 40% in the methylprednisolone group and 48% in the stan-
dard-of-care group reported a composite endpoint of death. In the per-pro-
tocol analysis, patients receiving methylprednisolone had a lower chance of 
developing the composite endpoint of death (age-adjusted risk ratio 0.42; 
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95% CI 0.20-0.89; p = 0.043). However, both hyperglycaemia and nosocomial 
infection were higher in the methylprednisolone group (Corral-Gudino et al., 
2021).

In Malaysia, a study compared the clinical outcomes of hospitalised COVID- 
19 patients receiving a 10-day low-dose corticosteroid (IV methylprednisolone 
2 mg/kg/day loading dose then 0.25 mg/kg four times a day q.i.d.) with 
patients given a 10-day high-dose corticosteroid (IV 20 mg dexamethasone 
o.d. or a 1.5 mg/kg prednisolone tablet o.d.) (Kori et al., 2022). It was demon-
strated that there was a significant improvement in clinical outcomes with 
steroid use but no significant difference between low-dose and high-dose cor-
ticosteroid treatments. Consequently, the study recommends low-dose 
methylprednisolone or corticosteroids for optimising clinical outcomes in hos-
pitalised COVID-19 patients.

To date, it is still unclear whether the mortality benefits of dexamethasone 
can be extended to other systemic corticosteroids such as methylpredniso-
lone. The evidence on the most appropriate corticosteroid and the rec-
ommended dose in the treatment of COVID-19 is scarce. Similarly in our 
setting, practices vary amongst physicians in terms of methylprednisolone- 
dosing strategies, with some opting for low-dose methylprednisolone 
(1-2 mg/kg/day) and some using higher doses of 500 mg per day. With the 
increasing use of methylprednisolone in our setting, there is a need to inves-
tigate the clinical outcomes following the methylprednisolone treatment 
regimen on COVID-19 patients.

Materials and methods

Study design, population, setting and time period

This was a retrospective cohort study using secondary data obtained from the 
clinical pharmacist’s Pharmacotherapy Review Form. A Pharmacotherapy 
Review Form is a standard document developed and validated for use by hos-
pital pharmacists under the Ministry of Health, Malaysia to record patient’s 
detail, reason for admission, laboratory data, medications, relevant findings, 
suggestions and interventions performed on pharmaceutical care issues 
during clerking or reviewing of patients (Pharmaceutical Services Division, 
Ministry of Health Malaysia, 2010). This standard Pharmacotherapy Review 
Form was used to collect data for the current study. In cases where the Phar-
macotherapy Review Form was incomplete data, patients’ medical records 
will be retrieved from the Hospital Record Office while laboratory data 
were obtained from the online hospital laboratory information system. The 
population studied were adults (≥18 years old) and COVID-19 patients who 
received intravenous methylprednisolone as part of COVID-19 treatment 
during the 3months The eligibility criteria for the study are listed in Table 1.
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Sampling method

A simple random sampling method was applied where subjects were 
sampled from all cases fulfilling the eligibility criteria in a study period of 3 
months. Upon screening for eligibility criteria, the total number of patients 
that fulfilled the eligibility criteria was numbered consecutively. Then, a 
random sample generator was generated from Microsoft® Excel® to select 
study subjects until a minimum sample size was achieved.

Sample size

The minimum sample size achieved was 278, which was based on a study 
power of 80% and 95% confidence level. The sample size was calculated 
using the online Raosaoft® software calculator using the formula, n, sample 
size = Nx/ ((N-1)E2 + X), where x = Z(c/100)2r(100-r), E = Sqrt [(N-n)x/n(N-1)], N is 
the population size, r is the fraction of responses and Z(c/100) is the critical 
value for the confidence level c. The margin of error was set at 5% with a 
confidence interval of 95% while the standard population size of 20,000 
was used. The percentage of the study event, r, was set at 24.2%, based on 
the results published in a recent study which reported a mortality rate of 
24.2% among COVID-19 patients receiving methylprednisolone [11].

Data collection and documentation

Pharmacotherapy review forms of patients on methylprednisolone in general 
COVID-19 wards during the study period were obtained. Upon screening for eli-
gibility and randomisation, the list of study subjects was given a unique identifi-
cation number in a separate subject identifier form. Data such as patient 
demographics, medical history, admission history, diagnosis, treatments of 
COVID-19 received, baseline laboratory investigations, clinical outcomes at 
day five and day ten and clinical status at day thirty were obtained and recorded. 
Data collections were performed using a structured data collection form.

Table 1. Study eligibility criteria.
Inclusion criteria Exclusion Criteria

. Adult (≥18 years old) . Pregnant women

. Confirmed COVID-19 infection via RT-PCR . Given intravenous methylprednisolone for 
less than three days

. All patients admitted in the general COVID-19 wards 
for COVID-19 management.

. Requiring ICU admission within 48 h of 
admission

. Initiated with methylprednisolone as part of COVID- 
19 treatment

. Transfer out to other facilities within 10 
days of illness
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Measured outcomes

The measured outcomes were divided into primary outcomes and secondary 
outcomes based on previous work (Jiang et al., 2023; Kori et al., 2022; Nerses-
jan et al., 2020). Primary outcomes were in-hospital mortality and thirty-day 
mortality (Jiang et al., 2023; Nersesjan et al., 2020). Secondary outcomes 
were clinical efficacy defined as C-reactive protein (CRP), trends of total 
white blood cells (TWBC) and trends of oxygen requirement measured at 
day-5 and day-10 and the safety of methylprednisolone (Jiang et al., 2023; 
Kori et al., 2022; Nersesjan et al., 2020).

Statistical analyses

Data analyses were conducted using IBM® SPSS® Statistics Version 26. For 
baseline demographics, clinical characteristics and COVID-19 treatment 
description, categorical data were presented as frequency (n) and percentage 
(%). Continuous data that were not normally distributed were presented as 
median and interquartile range (IQR), whilst data that were normally distrib-
uted were presented as mean and standard deviation (SD). The normality of 
data was determined using the Shapiro-Wilks test. Further analysis was then 
performed, in which categorical data were compared using Chi-square or 
Fisher’s exact test. Fisher’s exact test was performed when more than 20% 
of the cells demonstrated an expected count of less than five. ANOVA was 
used to compare between groups as the variables tested were normally dis-
tributed. Statistical significance is defined by a p-value of <0.05.

Ethics approval

The study was conducted in accordance with the ethical standards of the Medical 
Research and Ethics Committee (MREC), Ministry of Health Malaysia and the Univer-
sity’s Ethics Committee with compliance to the Guidelines on Good Clinical Practice 
(GCP) and the Declaration of Helsinki. Ethics approval was obtained from MREC 
(NMRR ID-21-02472-P1Q) and the university’s ethics committee (UKM PPI/111/8/JEP- 
2022-239) before the commencement of the study.

Results

Patient demographic and baseline characteristics

During the study period, a total of 3051 general COVID-19 cases were ident-
ified. Upon screening for eligibility, 1531 cases were subjected to sampling. 
After implementing a simple random sampling method, a total of 278 
patients were included in the study, which met the minimum sampling size 
required. The summary of patient selection is shown in Figure 1.
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Patient demographics and baseline characteristics are summarised in 
Table 2. The mean (SD) age of patients was 54.9 (14.4) years old, with a 
higher distribution of males (n = 171, 61.5%) than females (n = 107, 38.5%). 
The majority of patients were of Malay ethnicity (n = 113, 40.6%), followed 
by Chinese (n = 64, 23%) and Indian (n = 21, 7.6%). The majority of patients 
were diagnosed as COVID-19 Category 4 (n = 230, 82.7%) followed by 
COVID-19 Category 3 (n = 34, 12.2%), Category 5 (n = 11, 4%) and Category 
2 (n = 3, 1.1%) with most patients requiring the use of nasal prong on admis-
sion (n = 117, 42.1%). The mean (SD) day of illness on admission was 6.7 (3.1) 
days. The median (IQR) CRP and TWBC on admission were 100.9 mg/L (106.7) 
and 7.9 × 109/L (4.7), respectively. One patient (0.4%) received weight-based 
dosing of 1 mg/kg/day and 36.3% (n = 101) received weight-based dosing of 
2 mg/kg/day. 46.8% (n = 130) of patients received a fixed dose mpf ethylpred-
nisolone of 250 mg/day while 16.5% (n = 46) received a fixed dose of 500 mg/ 
day. 43.2% (n = 120) of patients received a total duration of methylpredniso-
lone of 5 days and below while 56.8% (n = 158) patients received a total 
duration of more than 5 days.

Clinical outcomes

The clinical outcomes following the administration of methylprednisolone 
are summarised in Table 3. Primary outcomes determined were in-hospital 
and thirty-day mortality. In-hospital mortality involved 29.9% (n = 83) of 
patients, 55.4% (n = 154) were discharged well and 14.7% (n = 41) of patients 
(stable patients requiring continuation of care for other conditions) were

Figure 1. Patient selection for inclusion into the study.
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Table 2. Baseline demographics, clinical characteristics and 
COVID-19 treatments of all eligible subjects.
Parameters (n = 278) Measure

Age (years)
Mean (SD) 54.97 (14.439)
Age group in years, n (%)

<65 (adult) 192 (69.1)
≥65 (elderly) 86 (30.9)

Gender, n (%)
Male 171 (61.5)
Female 107 (38.5)

Ethnicity, n (%)
Malay 113 (40.6)
Chinese 64 (23.0)
Indian 21 (7.6)
Others 80 (28.8)

Smoking status, n (%)
Non-smoker 89 (32.0)
Ex-smoker 26 (9.4)
Active smoker 18 (6.5)
Unknown 145 (52.2)

Height (cm), mean (SD) 162.57 (8.348)
Weight (kg), median (IQR) 74.5 (22.0)
BMI, n = 136

Mean (SD) 28.82 (6.549)
BMI range, n (%)

<18.5 3 (2.2)
18.5–24.9 38 (27.9)
25.0–29.9 40 (29.5)
30.0 and above 55 (40.4)

Multiple comorbidities, n (%)
Mean (SD) 1.47 (1.296)

COVID-19 category, n (%)
Category 1 0 (0)
Category 2 3 (1.1)
Category 3 34 (12.2)
Category 4 230 (82.7)
Category 5 11 (4.0)

Day of illness on admission (days),
Mean (SD) 6.72 (3.055)

Oxygen requirement on admission, n (%)
Room air 37 (13.3)
Low level
Nasal prong 117 (42.1)
Medium level
Face mask 8 (2.9)
Venturi mask 44 (15.8)
High flow mask 67 (24.1)
High level
Non-invasive ventilation 3 (1.1)
Mechanical ventilation 2 (0.7)

C-reactive protein (CRP) on admission,
Median (IQR) 100.90 (106.65)

Total white blood cell (TWBC) on admission,
Median (IQR) 7.92 (4.72)

Methylprednisolone dose, n (%)
1mg/kg/d 1 (0.4)
2mg/kg/d 101 (36.3)

(Continued ) 
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transferred to other facilities. The percentage of thirty-day mortality was 
30.6% (n = 85). The remaining 64.7% (n = 180) were well at day 30 and 
another 4.7% (n = 13) were unknown.

The secondary outcomes investigated were clinical efficacy and safety, 
as reported in Table 3. Clinical efficacy includes trends of CRP, TWBC and 
oxygen requirement measured at day 5 and day 10 of admission. At day 
5, more than 60% (n = 167) of patients had decreasing or normalised CRP 
and TWBC. However, oxygen requirement at day 5 showed an increasing 
or elevated trend for 232 (83.5%) patients. The trend seen was similar at 
day-10 with the CRP trend decreasing or normalised in 152 (54.7%) of 
patients, the TWBC trend decreasing or normalised in 121 (43.7%) of 
patients while 107 (38.5%) of patients had an increasing or elevated 
trend of oxygen requirement. A total of 28.5% (n = 79) of patients had 
no data taken at day 10. In terms of safety following the administration 
of methylprednisolone, hyperglycaemia was seen in 171 (61.5%) of 
patients, nosocomial infection in 113 (40.6%) of patients, and upper gas-
trointestinal bleeding was seen in 5 (1.8%) patients and 28 (10.1%) 
patients experienced other adverse events, reported as transaminitis 
and/or hypernatremia.

The primary clinical outcomes were further analysed based on weight- 
based or fixed-dose methylprednisolone are summarised in Table 4. There 
was a significant difference in in-hospital mortality rates following different 
methylprednisolone doses (p = 0.023). In patients that received weight- 
based doses of either 1 or 2 mg/kg/day methylprednisolone, 23 (22.5%) 
patients reported in-hospital mortality, 60 (58.8%) were discharged well 
and 19 (18.6%) were transferred to other facilities. In those receiving a 
fixed dose of 250 mg/day methylprednisolone, 42 (32.3%) patients reported 
in-hospital mortality, 76 (58.5%) were discharged well and 12 (9.2%) were 
transferred to other facilities. In-hospital death and discharge were the 
same in patients receiving fixed-dose methylprednisolone of 500 mg/day

Table 2. Continued.
Parameters (n = 278) Measure

250mg/d 130 (46.8)
500mg/d 46 (16.5)

Timing of initiation of methylprednisolone, 
(days)
mean (SD) 8.43 (3.232)

Other drugs prescribed for COVID-19, n (%)
Favipiravir 100 (36.0)
Ivermectin 1 (0.4)
Dexamethasone 264 (95.0)
Anticoagulant 273 (98.2)
Tocilizumab 1 (0.4)
Baricitinib 39 (14.0)
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Table 3. Clinical outcomes following the administration of 
methylprednisolone  
(n = 278).
Clinical outcomes Frequency n (%)

In-hospital outcome
Discharge 154 (55.4)
Death 83 (29.9)
Transfer to other facilities 41 (14.7)

In-hospital mortality
Yes 83 (29.9)
No 195 (70.1)

30-day mortality
Yes 85 (30.6)
No 180 (64.7)
Unknown 13 (4.7)

Length of hospitalisation (days),
Mean (SD) 11.75 (4.832)

Timing of initiation of methylprednisolone 
(days),
Mean (SD) 8.43 (3.232)

C-reactive protein (CRP)
CRP trend
Day 5
Decreasing or normalised 196 (70.5)
Increasing or elevated 74 (26.6)
No data/not taken 8 (2.9)
Day 10
Decreasing or normalised 152 (54.7)
Increasing or elevated 43 (15.5)
No data/not taken 83 (29.9)

Total white blood cells (TWBC)
TWBC trend
Day 5
Decreasing or normalised 179 (64.4)
Increasing or elevated 91 (32.7)
No data/not taken 8 (2.9)
Day 10
Decreasing or normalised 121 (43.7)
Increasing or elevated 77 (27.8)
No data/not taken 79 (28.5)

Oxygen requirement
Oxygen requirement trend
Day 5
Decreasing or normalised 38 (13.7)
Increasing or elevated 232 (83.5)
No data/not taken 8 (2.9)
Day 10
Decreasing or normalised 89 (32.0)
Increasing or elevated 107(38.5)
No data/not taken 82 (29.5)

Adverse events
Hyperglycaemia 171 (61.5)
Nosocomial infection 113 (40.6)
Upper gastrointestinal bleed 5 (1.8)
Others 28 (10.1)
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Table 4. Clinical outcomes following weight-based (n = 102), fixed-dose (250 mg/day), 
(n = 130) or fixed-dose 500 mg/day (n = 46) of methylprednisolone.

Clinical outcome

Methylprednisolone dose, n (%)

p- 
value

Weight-based 
dose (n = 102)

Fixed dose of 
250mg/day  

(n = 130)

Fixed dose of 
500mg/day  

(n = 46)

In-hospital outcome
Discharge 60 (58.8) 76 (58.5) 18 (39.1) 0.023*
Death 23 (22.5) 42 (32.3) 18 (39.1)
Transfer to other facilities 19 (18.6) 12 (9.2) 10 (21.7)

30-day mortality
Yes 23 (22.5) 43 (33.1) 19 (41.3) 0.116a

No 74 (72.5) 82 (63.1) 24 (52.2)
Unknown 5 (4.9) 5 (3.8) 3 (6.5)

Length of hospitalisation 
(days),
Mean (SD) 12.08 (4.181) 11.42 (5.310) 11.93 (4.800) 0.569b

Timing of initiation of 
methylprednisolone (days),
Mean (SD) 8.57 (3.485) 8.29 (3.121) 8.33 (3.076) 0.815b

C-reactive protein (CRP)
CRP trend

Day 5
Decreasing or normalised 80 (78.4) 82 (63.1) 34 (73.9) 0.133a

Increasing or elevated 20 (19.6) 43 (33.1) 11 (23.9)
No data/not taken 2 (2.0) 5 (3.8) 1 (2.2)

Day 10
Decreasing or normalised 65 (63.7) 67 (51.5) 20 (43.5) 0.105
Increasing or elevated 13 (12.7) 19 (14.6) 11 (23.9)
No data/not taken 24 (23.5) 44 (33.8) 15 (32.6)

Total white blood cells (TWBC)
TWBC trend

Day 5
Decreasing or normalised 64 (62.7) 85 (65.4) 30 (65.2) 0.906a

Increasing or elevated 36 (35.3) 40 (30.8) 15 (32.6)
No data/not taken 2 (2.0) 5 (3.8) 1 (2.2)

Day 10
Decreasing or normalised 55 (53.9) 49 (37.7) 17 (37.8) 0.137
Increasing or elevated 24 (23.5) 39 (30.0) 14 (31.1)
No data/not taken 23 (22.5) 42 (32.3) 14 (31.1)

Oxygen requirement
Oxygen requirement trend

Day 5
Decreasing or normalised 14 (13.7) 19 (14.7) 5 (10.9) 0.905a

Increasing or elevated 86 (84.3) 105 (81.4) 40 (87.0)
No data/not taken 2 (2.0) 5 (3.9) 1 (2.2)

Day 10
Decreasing or normalised 40 (39.2) 39 (30.0) 10 (32.0) 0.199
Increasing or elevated 38 (37.3) 48 (36.9) 21 (45.7)
No data/not taken 24 (23.5) 43 (33.1) 15 (32.6)

Adverse events
Hyperglycaemia 55 (53.9) 83 (63.8) 33 (71.7) 0.097
Nosocomial infection 42 (41.2) 52 (40.0) 19 (41.3) 0.986
Upper gastrointestinal bleed 2 (2.0) 1 (0.8) 2 (4.3) 0.249a

Others 11 (10.9) 10 (7.7) 7 (15.2) 0.349a

aFischer’s exact test was performed as more than 20% of cells have an expected count of less than 5. 
Chi-square test was performed unless otherwise stated. 
bOne-way ANOVA was performed. 
*p < 0.05 denotes statistical significance.
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(n = 18, 39.1%, respectively) whilst 10 (21.7%) patients were transferred to 
other facilities. On the other hand, there was no significant difference in 
thirty-day mortality between the three groups (p > 0.05). Thirty-day mortality 
for weight-based dose was 23 (22.5%), fixed-dose 250 mg/day was 43 (33.1%) 
and fixed-dose 500 mg/day was 19 (41.3%).

The secondary outcomes following different methylprednisolone doses are 
presented in Table 4. The overall outcome of the trend of CRP, TWBC and 
oxygen requirement did not differ significantly between groups. The weight- 
based dose group had the highest rate of achieving decreasing or normalised 
CRP trend at day 5 while the fixed-dose 250 mg/day group had the highest rate 
of increasing or elevated CRP trend at day 5. For TWBC at day 5, the rate of 
decreasing or normalised TWBC trend was similar between groups while the 
weight-based dose had a higher rate of increasing or elevated TWBC trend 
(n = 36, 35.3%) as compared to the fixed dose of 250 mg/day (n = 40, 30.8%) 
and fixed dose of 500 mg/day (n = 15, 32.6%) respectively. Decreasing or nor-
malised oxygen requirements were the lowest in the fixed-dose 500 mg/day 
group at day 5 (n = 5. 10.9%). At day 10, the weight-based dose group had 
the highest rate of decreasing or normalised CRP trend (n = 65, 63.7%) while 
the fixed dose 500 mg/day group had the highest rate of increasing or elevated 
CRP trend (n = 11, 23.9%). As for TWBC and oxygen requirement trends at day 
10, the weight-based dose group showed the highest rate of achieving 
decreasing or normalised trends compared to the other two groups (n = 55, 
53.9%) and (n = 40. 39.2%), respectively. The incidences of adverse events 
between the groups did not differ significantly. The rate of developing sub-
sequent nosocomial infection was similar between the three groups (weight- 
based dose = 41.2%; a fixed dose of 250 mg/day = 40% and a fixed dose of 
500 mg/day = 41.3%).

Discussion

Overall, the administration of methylprednisolone in the current study 
resulted in 30% in-hospital mortality and thirty-day mortality, respect-
ively. These findings are consistent with the literature, where previous 
investigations found that methylprednisolone use in the treatment of 
COVID-19 had comparable clinical outcomes in terms of mortality 
(Corral-Gudino et al., 2021; Papamanoli et al., 2021). Although the use 
of low-dose dexamethasone has been reported (Kori et al., 2022), the 
use of methylprednisolone, particularly among the local population is 
limited. To the best of our knowledge, this is the first study that com-
pares the use of different doses of methylprednisolone among COVID- 
19 patients.

Interestingly, weight-based doses of either 1 mg/kg/day or 2 mg/kg/day 
methylprednisolone were more favourable compared to fixed doses of 250 
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and 500 mg/day. Several studies investigated short courses of high methyl-
prednisolone dose (Edalatifard et al., 2020; Pinzón et al., 2021) and long 
courses of low-dose weight-based dosing (Corral-Gudino et al., 2021; Jero-
nimo et al., 2021; Papamanoli et al., 2021; Tang et al., 2021). Short-course 
high-dose methylprednisolone of up to 1 g per day significantly reduced 
recovery time, prevented admission into ICU and decreased severity 
markers such as CRP (Pinzón et al., 2021). Similar to the current work, low 
doses of 1 or 2 mg/kg/day methylprednisolone resulted in lower in-hospital 
mortality, demonstrating the basis for further work on the use of low-dose 
methylprednisolone in this group of patients. Indeed, methylprednisolone 
is associated with decreased reliance on mechanical ventilation and lower 
utilisation of intensive care resources, all without undue increase in compli-
cations (Papamanoli et al., 2021). Despite this, the high in-hospital mortality 
among those treated with 500 mg/day methylprednisolone could be attribu-
ted to the use of rescue methylprednisolone, when patients with more severe 
illness received higher doses. Therefore, death could be due to advanced 
disease rather than the use of high-dose methylprednisolone, which required 
further investigation.

Overall, clinical efficacy, defined by decreasing or normalising CRP and 
TWBC levels, and achievement of normal oxygen saturation under room air 
at day 5 and day 10, were not statistically significant between the groups, 
similar to previous findings (Corral-Gudino et al., 2021 and Lu & Wang, 2020). 
On the other hand, more than 80% of the patients in this study required a 
higher level of oxygen support on day 5. This finding is possibly because 
most patients’ condition worsened on day 5 of admission, requiring a higher 
level of oxygen support, hence requiring a higher administration of methyl-
prednisolone dose. On day 10, only the weight-based dose group showed a 
higher proportion of patients that achieved favourable clinical outcomes in 
terms of oxygen support. This may be because higher doses of methylpredni-
solone (250 mg per day or 500 mg per day) were given to the patients who 
were more hypoxic and hence were at a more severe infection stage.

In terms of safety, results from this study showed that higher doses of 
methylprednisolone were not associated with increased rates of adverse 
effects. This finding is supported by other studies which found no signifi-
cant increase in the risk of adverse effects with the use of high-dose 
methylprednisolone (Edalatifard et al., 2020; Papamanoli et al., 2021). Eda-
latifard et al. (2020) investigated the use of intravenous methylpredniso-
lone 250 mg per day for three days over standard of care. Only two 
patients from each group (5.8% and 7.1%, respectively) experienced signifi-
cant adverse events (Edalatifard et al., 2020). The median daily dose of 
methylprednisolone used by Papamanoli et al. (2021) was 160 mg (120- 
180 mg). The rates of bacteraemia, nosocomial pneumonia and gastroin-
testinal bleeding among patients, who received methylprednisolone, 
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were non-inferior to those who did not receive methylprednisolone (Papa-
manoli et al., 2021).

This study is the first that compared different dosing regimens of methyl-
prednisolone in COVID-19 patients in Malaysia. The findings may aid physicians 
in determining optimal doses of methylprednisolone in the treatment of 
COVID-19, requiring methylprednisolone. However, this study has several limit-
ations. First, the study’s design was retrospective and hence may be limited by 
the information available in the patient’s medical records. Therefore, CRP and 
TWBC levels were not available for all patients, which may affect the outcome 
of the results. There was also no standardisation of methylprednisolone dosing 
schedule (duration and tapering of dose) within the group, which could give 
rise to variations in outcomes. The study cohort only involved patients in the 
general COVID-19 ward and therefore, the results may not be extrapolated 
to patients in COVID-19 ICU. Finally, other medications were not taken con-
sidered, which could have also affected patients’ outcomes. A larger multi-
centred randomised-controlled trial involving standardised dosing of 
methylprednisolone among COVID-19 patients is required.

Conclusion

There is still uncertainty with regard to the ideal dose and duration of methyl-
prednisolone therapy in various clinical settings, despite accumulating evi-
dence of its benefit in severe COVID-19 patients. This study was able to 
investigate the clinical impact of various methylprednisolone doses. In hospi-
talised COVID-19 patients receiving methylprednisolone, the use of weight- 
based methylprednisolone of 1 or 2 mg/kg/day is associated with lower in- 
hospital mortality without significant adverse effects.
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