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Abstract
BACKGROUND 
The coronavirus disease 2019 (COVID-19) outbreak has brought great challenges 
to public health. Aggravation of COVID-19 is closely related to the secondary 
systemic inflammatory response. Glucocorticoids are used to control severe 
diseases caused by the cytokine storm, owing to their anti-inflammatory effects. 
However, glucocorticoids are a double-edged sword, as the use of large doses has 
the potential risk of secondary infection and long-term serious complications, and 
may prolong virus clearance time. Nonetheless, the risks and benefits of 
glucocorticoid adjuvant therapy for COVID-19 are inconclusive.

AIM 
To determine the effect of methylprednisolone in severe and critically ill patients 
with COVID-19.

METHODS 
This single-center retrospective study included 102 adult COVID-19 patients 
admitted to a ward of a designated hospital in Wuhan, Hubei Province from 
January to March 2020. All patients received general symptomatic treatment and 
organ function support, and were given different respiratory support measures 
according to their conditions. In case of deterioration, considering the 
hyperinflammatory state of the patients, methylprednisolone was intravenously 
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administered at 0.75-1.5 mg/kg/d, usually for less than 14 d. Patient vital signs 
and oxygenation were closely monitored, in combination with imaging and 
routine blood tests such as C-reactive protein, biochemical indicators (liver and 
kidney function, myocardial enzymes, electrolytes, etc.), and coagulation function. 
Patient clinical outcomes were discharge or death.

RESULTS 
A total of 102 severe and critically ill COVID-19 patients were included in this 
study. They were divided into treatment (69, 67.6%) and control groups (33, 
32.4%) according to methylprednisolone use. Comparison of baseline data 
between the two groups showed that the treatment group patients had higher 
aspartic acid aminotransferase, globulin, hydroxybutyrate dehydrogenase, and 
lactate dehydrogenase. There was no significant difference in other baseline data 
between the two groups. With regard to prognosis, 29 (78.4%) patients in the 
treatment group died as opposed to 40 (61.5%) in the control group. The mortality 
was higher in the treatment group than in the control group; however, according 
to the log-rank test and the Kaplan–Meier survival curve, the difference in 
mortality between both groups was insignificant (P = 0.655). The COX regression 
equation was used to correct the variables with differences, and the results 
showed that methylprednisolone treatment did not improve prognosis.

CONCLUSION 
Methylprednisolone treatment does not improve prognosis in severe and critical 
COVID-19 patients.

Key Words: COVID-19; Glucocorticoids; Methylprednisolone; Cytokine storm; 
Coronavirus infections; Cytokines

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Glucocorticoids were used in the treatment of severe acute respiratory 
syndrome, influenza A, and coronavirus disease 2019 (COVID-19) in the past. Many 
studies believe that glucocorticoids can effectively reduce inflammation caused by 
viruses. In this study, 102 patients with severe and critical COVID-19 were studied and 
divided into either a treatment group or a control group according to 
methylprednisolone use. We found that the difference in mortality between both groups 
was insignificant (P = 0.655), and the results showed that methylprednisolone 
treatment did not improve prognosis.

Citation: Zhu HM, Li Y, Li BY, Yang S, Peng D, Yang X, Sun XL, Zhang M. Effect of 
methylprednisolone in severe and critical COVID-19: Analysis of 102 cases. World J Clin 
Cases 2020; 8(23): 5952-5961
URL: https://www.wjgnet.com/2307-8960/full/v8/i23/5952.htm
DOI: https://dx.doi.org/10.12998/wjcc.v8.i23.5952

INTRODUCTION
The coronavirus disease 2019 (COVID-19) outbreak has brought great challenges to 
public health and governance in various countries. COVID-19 is caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which uses angiotensin 
converting enzyme 2 (ACE2) as a receptor to invade cells and cause lung injury. 
Aggravation of COVID-19 is closely related to the secondary systemic inflammatory 
response[1]. A previous study found that compared with non-intensive care unit (ICU) 
patients, COVID-19 patients admitted to the ICU have higher plasma levels of 
inflammatory factors such as IL-2, IL-7, IL-10, GSCF, IP-10, MCP1, MIP1A, and TNF-α. 
This indicates obvious inflammatory reactions in severe and critical patients[2]. Severe 
and critically ill COVID-19 patients reportedly account for more than 20% of all 
COVID-19 patients[3,4]. Some patients get worse in 7-10 d due to the rapid progression 
of the disease. It gradually develops into acute respiratory distress syndrome (ARDS), 
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septic shock, and even death via multi-organ failure[5]. At present, there is no effective 
SARS-CoV-2-specific antiviral therapy, resulting in great difficulty in clinical 
treatment.

Glucocorticoids are used to control severe diseases caused by the cytokine storm, 
owing to their rapid, powerful, and nonspecific anti-inflammatory effects. They are 
often used as an adjunct treatment for viral pneumonia[6,7]. Domestic guidelines, 
literature, and the first-line treatment guidelines for critical COVID-19 patients all 
recommend short courses, medium courses, and small doses of glucocorticoids for 
inhibiting excessive immune injury, which are the applied measures for critical 
COVID-19 patients[8]. It was previously thought that proper and reasonable 
corticosteroid use could reduce the excessive inflammatory reaction of severe 
pneumonia and help severe patients survive respiratory failure and inflammatory 
exudation. However, glucocorticoids are a double-edged sword, as the use of large 
doses has the potential risk of secondary infection and long-term serious 
complications, and may prolong virus clearance time. Nonetheless, the risks and 
benefits of glucocorticoid adjuvant therapy for COVID-19 are inconclusive. The 
WHO’s 2019-nCoV-related severe infection clinical guidelines[9] and a review article in 
Lancet[10] do not recommend the use of glucocorticoids in the treatment of patients 
with COVID-19, but Chinese experts and scholars believe that the early application of 
hormones is really helpful for alleviating the condition of patients[11].

This study summarized the clinical treatment strategies for critical COVID-19 
patients during the epidemic. The clinical data and treatment options of 102 severe 
and critical patients in a designated hospital in Wuhan, Hubei Province from January 
to March 2020 were analyzed. The clinical effect and prognosis of critical COVID-19 
patients treated with low doses and short courses of glucocorticoids, were also 
analyzed, to provide a basis for clinical glucocorticoid use.

MATERIALS AND METHODS
Study design and patient population
This single-center retrospective study included adult COVID-19 patients admitted to a 
ward of a designated hospital in Wuhan, Hubei Province from January to March 2020.

The inclusion criteria were: (1) Age ≥ 18 years; and (2) The diagnosis criteria[12] were 
in accordance with the COVID-19 diagnosis and treatment protocol (trial version 7) 
formulated by the National Health Commission of China, and included 
epidemiological history, clinical COVID-19 expression, and the presence of one of the 
etiological or serological evidence (positivity for novel coronavirus nucleic acid or 
serum-specific antibody). The study patients were all severe or critically ill. Severely ill 
patients presented with: (1) Shortness of breath, RR ≥ 30 times/min; (2) Resting 
oxygen saturation ≤ 93%; or (3) PaO2/FiO2 ≤ 300 mmHg, and critically patients 
presented with: (1) Respiratory failure and mechanical ventilation need; (2) Shock; or 
(3) Organ failure requiring ICU monitoring.

The exclusion criteria were: (1) Combined with basic lung diseases (such as COPD 
and pulmonary fibrosis); (2) Complicated with a malignant tumor; and (3) There were 
contraindications to the use of methylprednisolone.

Treatment
According to the treatment principles formulated by the above diagnosis and 
treatment plan, all patients received general symptomatic treatment and organ 
function support, and were given different respiratory support measures according to 
their conditions, including nasal catheter oxygen inhalation, mask oxygen inhalation, 
high-flow nasal catheter oxygen inhalation, noninvasive mechanical ventilation, and 
invasive mechanical ventilation. Treatment involved conventional antiviral treatment 
in combination with secondary infection and complication prevention and treatment, 
and basic disease treatment. During treatment, patient oxygenation was closely 
monitored. In case of deterioration, considering the hyperinflammatory state of the 
patients, methylprednisolone was intravenously administered at 0.75-1.5 mg/kg/d, 
usually for less than 14 d[12].

Data collection
All subjects enrolled in our study had a case report form, and data were collected 
within 12 h after hospital admission, including C-reactive protein, biochemical 
indicators (liver and kidney function, myocardial enzymes, electrolytes, etc.), and 
coagulation function. Patient vital signs and oxygenation were closely monitored. 
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Patient clinical outcomes were discharge or death.

Institutional review board statement
This survey was a retrospective study collecting only the clinical data of patients. Since 
it did not bring risks to patients’ physiology and did not interfere with patients’ 
treatment plan, and researchers protected patients’ information from disclosure, 
Xuanwu Hospital of Capital Medical University agreed to exempt this study from 
ethical review.

Statistical analysis
All data were analyzed using SPSS version 22.0 for Windows. Continuous data with a 
normal distribution are presented as the mean ± SD. Non-normally distributed 
variables are presented as the median with interquartile ranges (IQRs) and were 
analyzed using a non-parametric test. Categorical data were analyzed using the Chi-
square test. Survival rates were estimated using the Kaplan–Meier method. The log-
rank test was used to compare the unadjusted survival curves. Cox regression models 
were used to estimate the hazard ratios associated with patient mortality risk, 
incorporating baseline differences. All tests were two-sided, and a P value of < 0.05 
was considered statistically significant.

RESULTS
Baseline information
A total of 102 severe and critically ill COVID-19 patients were enrolled in this study, 
including 18 critically ill and 84 severe patients. They were divided into treatment (69, 
67.6%) and control groups (33, 32.4%) according to methylprednisolone use. 
Comparison of baseline data between the two groups showed that the treatment group 
patients had the following characteristics: Higher aspartic acid aminotransferase (P < 
0.05), globulin (P < 0.05), hydroxybutyrate dehydrogenase (P < 0.05), and lactate 
dehydrogenase (P < 0.05) (Table 1). There was no significant difference in other 
baseline data between the two groups.

Methylprednisolone efficacy
With regard to prognosis, 29 (78.4%) patients in the treatment group died as opposed 
to 40 (61.5%) in the control group. The mortality was higher in the treatment group 
than in the control group; however, according to the log-rank test and the 
Kaplan–Meier survival curve, the difference in mortality between the two groups was 
insignificant (log-rank 0.199, P = 0.655; Figure 1). Considering the effect of baseline 
difference on patient prognosis in the two groups, the COX regression equation was 
used to correct the variables with differences, and the results showed that 
methylprednisolone treatment did not improve prognosis (Table 2).

DISCUSSION
COVID-19 is caused by SARS-CoV-2, which currently has no vaccine nor specific 
antiviral drug. Therefore, the treatment of severe and critical COVID-19 patients 
remains difficult, with a high mortality rate. Similar to severe pneumonia caused by 
SARS, Middle East respiratory syndrome coronavirus (MERS-CoV), and other viruses, 
severe COVID-19 disease develops rapidly. The main reason for this is the 
hyperactivation of the immune system (cytokine storm) by the disease, causing serious 
damage to the lungs and other organs. The cytokine storm theory was first proposed 
by Ferrara et al[13] in 1993. It refers to the rapid and large-scale production of many 
cytokines, including TNF-α, IL-1, IL-6, IL-12, IFN-α, IFN-β, IFN-γ, MCP-1, and IL-8, 
after an infection, resulting in multi-organ failure and possibly death. It is a primary 
cause of ARDS and multiple organ failure[14]. In the defense against pathogens, 
immune cells secrete a large number of cytokines, which in turn stimulate immune 
cells. Usually, this positive feedback response is regulated to some extent. However, in 
some cases, the regulatory mechanism fails, leading to large-scale immune cell 
activation, and thus further cytokine secretion, referred to as the cytokine storm[15]. 
SARS, MERS, the influenza A (H1N1) virus, and the avian influenza virus can cause a 
cytokine storm. The serum levels of cytokines, including IL-17, IP-10, IL-6, KC, G-CSF, 
GM-CSF, MCP-1, and MIG, in patients with severe infection are reportedly 
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Table 1 Baseline clinical characteristics

Control group Treatment group P value

Male 19 (57.6%) 34 (49.3%) 0.120

Critically ill 3 (9.1%) 15 (21.7%) 0.117

Hypertension 15 (45.5%) 31 (44.9%) 0.170

Diabetes 16 (48.5%) 12 (17.4%) 0.145

Renal insufficiency 5 (15.2%) 7 (10.1%) 0.387

CHD 2 (6.1%) 10 (14.5%) 0.091

Aspartic acid aminotransferase (U/L) 27 (20, 40) 35 (26, 54) 0.043

Alanine aminotransferase (U/L) 26 (19, 44) 36 (20, 57) 0.164

Alkaline phosphatase (U/L) 47 (40, 66) 55 (43, 74) 0.157

Lactate dehydrogenase (U/L) 253 (183, 379) 295 (213, 534) 0.025

Glutamyl transpeptidase (U/L) 25 (18, 32) 33 (21, 56) 0.072

Total bilirubin (μmol/L) 9.6 (6.7, 13.2) 11.1 (7.7, 16.3) 0.110

Albumin (g/L) 32.2 (29.7, 35.2) 29.8 (27.9, 33.8) 0.146

Globulin (g/L) 28.9 (26, 32.1) 31.4 (28.2, 35.9) 0.010

Prealbumin (mg/L) 142.6 (113.7, 175.8) 136.6 (85.5, 209.8) 0.709

Total bile acid (μmol/L) 2.2 (1.7, 3.8) 2.4 (1.6, 4.4) 0.722

Urea nitrogen (mmol/L) 4.25 (3.3, 6.35) 4.84 (3.72, 7.75) 0.244

Creatinine (μmol/L) 73.5 (62.2, 90.9) 69.55 (58.2, 89.55) 0.419

Uric acid (μmol/L) 226 (175.1, 287.6) 233.2 (177.3, 329.2) 0.622

Calcium (mmol/L) 1.95 (1.87, 2) 1.91 (1.81, 2) 0.122

Creatine kinase (U/L) 104.5 (45.5, 196) 85.5 (54, 197) 0.747

CKMB (U/L) 13 (9.5, 18.5) 13 (10, 19) 0.699

Alpha hydroxybutyrate dehydrogenase (U/L) 205 (149, 310.5) 248 (180, 449) 0.020

Total carbon dioxide (mmol/L) 22.6 (20.9, 27.9) 24 (21.4, 26.7) 0.589

C-reactive protein (mg/L) 20.98 (4, 40.95) 34.08 (8.47, 81.4) 0.140

Cystatin (mg/L) 0.78 (0.66, 0.92) 0.88 (0.75, 1.03) 0.098

Red blood cells (T/L) 4.05 (3.57, 4.59) 4.1 (3.79, 4.55) 0.335

Hemoglobin (g/L) 122 (105, 138) 129.5 (120, 140) 0.242

Platelets (g/L) 198 (143, 291) 197 (139, 258) 0.667

Lymphocytes (g/L) 0.92 (0.75, 1.3) 0.87 (0.61, 1.3) 0.658

Monocytes (g/L) 0.38 (0.33, 0.48) 0.36 (0.25, 0.5) 0.562

Erythrocyte distribution width 12.5 (11.9, 12.9) 12.5 (12.1, 13.1) 0.660

Treatment group: Methylprednisolone use at 0.75-1.5 mg/kg/d, for less than 14 d. Control group: Without using methylprednisolone. CHD: Coronary 
heart disease; CKMB: Creatine kinase isoenzyme.

significantly increased[16,17]. Huang et al[2] found that the concentrations of IL-1 β, IL-1ra, 
IL-7, IL-8, IL-9, IL-10, FGF, GCSF, IFN-γ, IP10, MCP1, MIP1a, MIP1b, PDGF, TNF-α, 
and VEGF in the initial plasma of COVID-19 patients were higher than those in the 
control group. They also found that the inflammatory factors in the plasma of ICU 
patients were higher than those of non-ICU patients, and that the cytokine storm was 
more obvious. The lung is the key target of the cytokine storm caused by SARS-CoV-2. 
Hypercytokinemia is the basis of a hyperinflammatory symptomatic state that leads to 
injury of alveolar epithelial cells and vascular endothelial cells as well as lung 
infiltration supported by neutrophils and macrophages[18].
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Table 2 COX regression analysis after adjustment

B SE Wald P value 95%CI

Aspartic acid aminotransferase 0.010 0.007 1.930 0.165 0.996, 1.024

Lactate dehydrogenase 0.006 0.005 1.291 0.256 0.996, 1.015

Globulin -0.007 0.031 0.050 0.823 0.935, 1.055

Alpha hydroxybutyrate dehydrogenase -0.001 0.006 0.024 0.877 0.988, 1.010

Methylprednisolone use -0.579 0.437 1.754 0.185 0.238, 1.320

Figure 1 Effect of glucocorticoids on mortality. The Kaplan–Meier survival curve for use of glucocorticoids in severe and critically ill coronavirus disease 
2019 patients.

Glucocorticoids can play an effective anti-inflammatory role by rapidly inducing the 
synthesis of anti-inflammatory factors and are used for the treatment of inflammatory 
diseases of various etiologies. In a retrospective study of 401 SARS patients, it was 
found that the correct use of glucocorticoids can reduce severe SARS patient mortality 
and shorten the length of hospitalization, without secondary infection and other 
complications[6]. A study of 2141 patients with pneumonia caused by the H1N1 pdm09 
virus, from 407 hospitals in mainland China, found that low to moderate corticosteroid 
doses (25-150 mg/d of methylprednisolone or equivalent dose) could reduce the 
mortality in PaO2/FiO2 < 300 mmHg H1N1 influenza virus pneumonia[19]. Many 
similar studies have shown that the rational use of glucocorticoids in the treatment of 
SARS can reduce mortality, improve symptoms, and slow disease progression[6,20-22]. 
However, a 2004 randomized controlled trial study found that early treatment with 
glucocorticoids (within 7 d of onset) was related to a subsequent high plasma viral 
load, which delays the SARS-CoV clearance. On the contrary, it aggravates the disease, 
possibly related to its simultaneous inhibition of positive cytokines such as IFN-α and 
IL-6[23]. Xu et al[24] reported that glucocorticoid-treated COVID-19 patients were more 
likely to have complications such as ARDS, shock, acute kidney injury, and secondary 
infection, compared to control group patients. Previous studies on the treatment of 
pneumonia caused by SARS, MERS, and the H1N1 virus with glucocorticoids remain 
controversial, with some studies reporting that it does not provide survival benefits 
and may cause adverse effects such as diabetes[25], femoral head necrosis[26], 
osteoporosis, secondary infection, mental symptoms, gastrointestinal bleeding, 
increased viral clearance time, and other serious long-term complications[23,27-30].

Some previous SARS consensus and guidelines have suggested the use of 
glucocorticoid therapy according to the condition, but the specific course and usage 
are not clear, and there is no recommended level[31,32]. The COVID-19 treatment plan 
issued by China proposed that patients with progressively deteriorating oxygenation 
indexes and rapid disease progression can use small and medium doses of 
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glucocorticoids such as methylprednisolone, as appropriate and for a short time[12]. The 
2019 novel coronavirus guidelines of the WHO suggested that unless special reasons 
are denied, regular systemic glucocorticoid therapy should not be administered[9]. This 
suggests the lack of a consensus or definitive guidelines on the effects of glucocorticoid 
treatment, thereby indicating that caution should be exercised while determining the 
dosage and treatment course.

Considering the advantages and disadvantages of the above-mentioned 
glucocorticoid treatment, and referring to the relevant consensus and guidelines, the 
present study adopted low-dose hormone treatment for severe and critical COVID-19 
patients with rapid disease progression. The results of this retrospective study showed 
that there was no significant difference in the effect of low-dose methylprednisolone 
on the mortality of severe and critical COVID-19 patients. At present, glucocorticoid 
therapy for COVID-19 is still controversial, and high-quality clinical evidence is 
lacking. Some clinical meta-analysis research and review articles report that 
glucocorticoid treatment of COVID-19 patients will not bring about survival benefits 
and may result in a longer virus clearance time, and should therefore be used 
cautiously[33-35]. On the other hand, the administration of glucocorticoid therapy to 
severe COVID-19 patients can alleviate clinical symptoms, shorten mechanical 
ventilation time, and reduce mortality. However, its prolongation of the virus 
clearance time remains controversial[36-39]. Some scholars have stated that the 
inconclusive clinical evidence should not be the reason for giving up glucocorticoid 
use in COVID-19 treatment. They rather recommend to advocate for rational 
glucocorticoid use, and careful formulation of a short-term and low-dose 
glucocorticoid treatment plan.

Some limitations pertaining to this study
This was a single-center retrospective study with a limited research method and 
sample size, failing to elucidate the impact of hormone therapy on survival. Obesity is 
one of the most critical risk factors which aggravates the mortality of COVID-19, and 
metformin has been reported to reduce COVID-19 mortality in elderly, obese, and 
diabetic patients through weight loss[40]. Most of the patients in this study were severe 
and critically ill, and their body weight could not be measured at admission. The loss 
of body weight in baseline data may affect the clinical effect of methylprednisolone. 
Therefore, further high-quality research is required to explore the evidence, drug 
selection, dosage, course of treatment, complications, and withdrawal methods of 
glucocorticoid therapy.

CONCLUSION
The results of the present study do not elucidate the survival benefit of 
methylprednisolone treatment, suggesting caution in glucocorticoid treatment of 
COVID-19 patients. Each patient’s situation and the advantages and disadvantages of 
glucocorticoid treatment should be fully considered, and long-term and high-dose 
glucocorticoid use should be avoided.

ARTICLE HIGHLIGHTS
Research background
Coronavirus disease 2019 (COVID-19) has spread to many countries and regions all 
over the world and has become a worldwide public health event. COVID-19 is an 
acute infectious disease caused by a new coronavirus [severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2)], which is clinically categorized into mild, 
moderate, severe, and critical illness. Severe and critically ill patients progress rapidly 
with dyspnea, hypoxemia, and even life-threatening complications such as multiple 
organ dysfunction syndrome, sepsis, and shock. At present, there is no significant and 
effective drug for severe and critical patients with COVID-19. Glucocorticoids have 
been used in the treatment of SARS, Middle East respiratory syndrome, influenza A, 
and other infectious respiratory diseases worldwide, but their efficacy is still 
controversial.
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Research motivation
In clinical practice, some severe and critical patients with COVID-19 benefit from the 
application of glucocorticoids, but some patients have various adverse effects. 
Therefore, whether glucocorticoids should be used in patients with COVID-19 and 
how to use them are a problem worthy of discussion.

Research objectives
The main objective of this study was to determine the effect of methylprednisolone in 
severe and critical patients with COVID-19.

Research methods
One hundred and two severe and critically ill patients with COVID-19 were divided 
into treatment (69, 67.6%) and control groups (33, 32.4%). In the treatment group, 
methylprednisolone was intravenously administered at 0.75-1.5 mg/kg/d, usually for 
less than 14 d. We compared the general information, underlying diseases, laboratory 
examination indexes, and mortality of the two groups. The log-rank test and the 
Kaplan–Meier survival curve were used to explore the difference in mortality between 
the two groups, and the COX regression equation was used to correct the variables 
with differences.

Research results
The treatment group patients had higher aspartic acid aminotransferase (P < 0.01), 
globulin (P < 0.01), hydroxybutyrate dehydrogenase (P < 0.01), and lactate 
dehydrogenase (P < 0.01). Twenty-nine (78.4%) of patients in the treatment group died 
as opposed to 40 (61.5%) in the control group. The mortality was higher than that of 
the control group. And the results showed that methylprednisolone treatment did not 
improve prognosis.

Research conclusions
Methylprednisolone treatment does not improve prognosis in severe and critical 
COVID-19 patients.

Research perspectives
Methylprednisolone treatment in severe and critically ill patients with COVID-19 
should be comprehensively evaluated and used with caution.
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