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Abstract
Pathogenesis of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) induced COVID-19 implied the presence 
of excessive proinflammatory cytokines and chemokines in patients causing significant morbidity and mortality. To diminish 
systemic hyper inflammation, a few physicians and researchers have utilized corticosteroids. Corticosteroid implementa-
tion has increased after the publication of interim guidelines regarding corticosteroid use in COVID-19 patients by WHO, 
despite the remaining controversies regarding long-term side effects and disease progression capability of corticosteroids. In 
different studies, the implementation of corticosteroids on COVID-19 patients revealed controversial results, which require 
further intensive research. This review will present the current outcomes and possibilities of using corticosteroids to treat 
COVID-19 patients.
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Introduction

COVID-19 pandemic has emerged as a significant global 
health threat since December 2019 [1], to this report affected 
221,648,869 people, and among them, 4,582,338 died [2]. 
The clinical spectrum and severity of this disease are very 
diverse. Patients can be ranged from non-symptomatic to 
have only a few mild symptoms or severe pneumonia, acute 
respiratory distress, multi-organ failure, ultimately leading to 
death [3–6]. Severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) is the causative agent of COVID-19 that 
affects multiple organs of humans by binding its spike gly-
coprotein to the angiotensin-converting enzyme 2 (ACE2) 
receptor present in vascular endothelial cells lungs, heart, 
brain, kidneys, intestine, liver, pharynx [7–10]. Thus, the 
local immune response triggers and enforces inflammatory 
molecules, including macrophages, monocytes, cytokines, 

prime adaptive T and B cells [11]. Moreover, SARS-CoV-2 
is a cytopathic virus that causes pyroptosis, progressive 
systemic inflammation, low lymphocyte, and high neutro-
phil counts [12–14]. This systemic inflammation releases 
cytokines and chemokines by the immune cells, creating 
cytokine storms [15]. COVID-19 patient’s report shows high 
levels of interleukins (such as IL-1 β, IL-1RA, IL-6, IL-8, 
IL-9, IL-10, IL-17), vascular endothelial growth factor, mac-
rophage inflammatory proteins, tumor necrosis factor-alpha, 
other proinflammatory chemokines, cytokines, and signaling 
proteins presence in blood. Cytokine storm elevates the risk 
of developing acute respiratory distress syndrome (ARDS) 
along with multiple organ failure [16]. Corticosteroids (CSs) 
are among the most widely used anti-inflammatory drugs for 
treating inflammatory and immune diseases, including rheu-
matoid arthritis, systemic lupus erythematosus, asthma [17, 
18]. CSs influence multiple signal transduction pathways to 
induce anti-inflammatory effects by switching off multiple 
activated inflammatory genes and activating several anti-
inflammatory genes that increase the degradation of mRNA 
encoding specific inflammatory proteins [18].

In September 2020, the World Health Organization 
(WHO) had recommended the use of CSs (such as dexa-
methasone, hydrocortisone, or prednisone) to treat severe 
and critically ill COVID-19 patients [19]. However, the 
high availability of CSs is encouraging physicians to use 
these medicines randomly to treat COVID-19 patients, 
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especially in complications like inflammation and cytokine 
storms [15]. Studies demonstrate that inappropriate CSs 
dose increases the risk of developing thrombosis and venous 
thromboembolism (VTE) in COVID-19 patients. Addition-
ally, CSs therapy can cause various moderate and long-
term adverse effects, including increased insulin resistance, 
increased cardiovascular risk, the risk of bacterial infection, 
glucose metabolism disorder, increased risk of thrombotic 
and thromboembolic complications, super-infection, derma-
tological complications, complications in metabolism, mus-
culoskeletal disease, nervous system, ophthalmic complica-
tions, reproductive system, and allergic reaction, etc. [15, 
20–24]. The motive of this review is to analyze the result 
of CSs therapy on COVID-19 patients from different meta-
analyses, cohorts, and case studies to understand the long-
term effect of CS therapy on COVID-19 recovered patients. 
This review will open avenues to correct the use of CSs in 
COVID-19 treatment and proper management of patients.

Immunosuppression mechanism 
of corticosteroid

The primary role of CSs is to reverse the inflammatory 
genes. Moreover, CSs can also be helpful in the synthesis 
of anti-inflammatory proteins and post-genomic effects [18]. 
The immunosuppression mechanism of CSs is induced with 
the help of glucocorticoid receptor (GR) as it can repress the 
activity of NF-κB (nuclear factor kappa light chain enhancer 
of activated B cells), AP-1 (Activator Protein-1) along with 
immunomodulatory transcription factors. After binding with 
CSs, GR comes into the nucleus and binds with the subunits 
(p50 and p65) of NF-κB and transrepresses the subunits to 
help in the inflammatory protein production. However, it 
induces the production of NF-κB inhibitor, IκBα (nuclear 
factor of kappa light polypeptide gene enhancer in B-cells 
inhibitor, alpha) that restricts the production of Inflamma-
tory molecules [25].

Moreover, GR also inhibits the activity of AP-1 by bind-
ing on the AP-1 binding site of TRE (12-O-Tetradecanoyl-
phorbol-13-acetate (TPA) response element). The model 
mechanism manifested that AP-1 and GR compete to add 
the required co-factor, and GR occupies TRE. Thus, AP-1 is 
unable to go to TIC for transcription initiation. As the bind-
ing gets interrupted, AP-1 cannot start traction of inflam-
matory proteins that in turn cause immunosuppression [26]. 
The mechanisms are summarized in Fig. 1.

Outcomes of corticosteroids treatment 
in COVID‑19 patients

Like SARS and MERS, CSs have been utilized widely in 
COVID-19 treatment [6, 27–29]. As COVID-19 is associ-
ated with systemic hyper inflammation and complications 
like ARDS and pneumonia, researchers thought of CSs that 
can be beneficial [30–33]. However, the efficiency and safety 
of corticosteroids in treating severe infections are a never-
ending debate between researchers [34–36].

Different observational studies and randomized con-
trolled trials (RCTs) have confirmed the beneficial effect 
of corticosteroids including, reduced mortality rate and the 
requirement of mechanical ventilation [37]. Moreover, a 
retrospective study reported that corticosteroids in severe 
COVID-19 pneumonia help to decrease the risk of orotra-
cheal intubation and ventilation in the ICU [38]. In addi-
tion, an observational study reported that CSs on COVID-19 
patients are protective to ICU patients but found ineffective 
on non-ICU patients. However, the study could not perceive 
the effect of CSs on COVID-19 patients' mortality [39].

The application of CSs also showed a shorter fever dura-
tion and improved oxygen saturation in a COVID-19 patient 
cohort compared to control [40]. Meta-analysis and RCTs 
also revealed that the application of CSs in critically ill 
COVID-19 patients’ results decrease the mortality rate [41]. 
All the positive outcomes of CS utilization on COVID-19 
patients are summarized in Table 1.

Application of CSs in a different cohort of hospitalized 
COVID-19 patients revealed a heterogeneous result. Ding 
et al., found no correlation between viral clearance duration 
and CSs in hospitalized mild COVID-19 patients [42]. Simi-
larly, a meta-analysis of wang et al. observed delayed viral 
clearance in hospitalized COVID-19 patients after using CSs 
along with and no-effective improvement [43]. This indi-
cates longer hospital admission of COVID-19 patients could 
be caused by CSs. Whereas, CSs have been observed to be 
beneficial in decreasing the rate of mortality and ICU admis-
sion for hospitalized patients with COVID-19 pneumonia 
[44], especially to the hospitalized COVID-19 patients who 
are receiving either invasive mechanical ventilation or oxy-
gen [45]. In this case, the critical COVID-19 patients need to 
stay in the hospital for a shorter period as CSs help to reduce 
other complications.

Though CSs treatment positively impacted COVID-19 
patients, it is also reported that unoptimized doses could be 
dangerous. In addition, CSs treatment might cause delayed 
viral clearance, secondary infections, increase antibiotic 
use, and further complications [31–33]. An in vivo study 
on pigs revealed that dexamethasone is effective only in the 
acute phase, and rapid replication of the virus was observed 
after its prolonged use [46]. In a separate study, Chu et al. 
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manifested that corticosteroid therapy banded together with 
immunity suppression, increased viral load, and delayed 
viral clearance from the patient [47]. Surprisingly, Zha et al. 
have not found any significant change between CSs treated 
and untreated COVID-19 patients but CSs are found to be 
effective in improving compliances and hypoxia in ARDS 

patients that in turn reduce ICU admission chance [48, 49]. 
Remarkably, several studies, including meta-analysis, found 
a higher mortality risk in the CSs treated COVID-19 group, 
extended stay in the hospital, increased viral shedding, 
prolonged periods of symptoms compared to the control 
[48–53]. In a comparative study of 34 patients with severe 

Fig. 1   Immunosuppression mechanism of Corticosteroids. Cytokine 
storm leads to the binding of cytokine in the cytokine receptor of the 
cell membrane, which initiates NF-κB production in the cytoplasm. 
NF-κB enters the nucleus to produce inflammatory proteins that get 
inhibited after corticosteroid implementation. Corticosteroid attaches 

to GR (Glucocorticoid Receptor) and transfers into the nucleus where 
it binds to the subunits of NF-κB and inhibits inflammatory protein 
production. GR also inhibits AP-1 from producing inflammatory pro-
teins by attaching to the active site of TRE

Table 1   List of available studies that determined the positive effects of CSs on COVID-19 patients

Types of study Country of study Sample Size Outcome Reference

Meta-analysis China, Europe, North America, South America, 
Multi-continental

20,197  Lower mortality rate
 Less mechanical ventilation requirement
 Delayed viral clearance
 Increased secondary Infection

[37]

Retrospective study France 70  Lower risk of orotracheal intubation and 
ventilation in ICU

 Prevents worsening of COVID-19 severe 
pneumonia

[38]

Clinical analysis China 46  Improved hypoxia and fever
 Shortened disease course

[40]

Meta-analysis Austria, Spain, Brazil, UK, US, China, Canada, New-
Zealand, Denmark, France, European Union,

1703  Lower mortality rate [41]



570	 Molecular Biology Reports (2022) 49:567–576

1 3

coronavirus pneumonia, patients treated with CS showed 
an intense disease course [15]. COVID-19 patients treated 
with high-dose (1000 mg methylprednisolone for 3 days 
and dexamethasone 8 mg for another 3–5 days) CS demon-
strated that an increased glucose level (in 35.3% patients) 
and D-dimer level together with increased risk of VTE [54], 
thrombosis [55], increased neutrophil [56], increased NLR 
(indicates the activation of chronic inflammation) [57, 58], 
and autoimmune endothelial inflammation (delayed lung 
airway recovery) [15, 59]. The rate of secondary infections 
has been increasing lately, as demonstrated black fungus 
infection in CSs treated COVID-19 patients (85%) in India 
[60–62]. Thus, it might be critical to use of CSs therapy in 
severe COVID-19 patients. The negative effects on COVID-
19 patients after utilizing CSs are summarized in Table 2.

Adverse effect of corticosteroids to mediate 
different disease induction

CSs are not only well known for treating different severe 
diseased patients but also reputed for serious side effects. 
These include osteoporosis, hypertension, glaucoma, skel-
etal muscle atrophy, fluid retention, gastric ulcer disease, 
psychiatric disease, insulin resistance, myopathy, osteone-
crosis, etc. [61]. Some of the effects along with mechanisms 
are described below:

Diabetes mellitus

The onset of hyperglycemia or diabetes mellitus (DM) is 
most often associated with CS [62]. Increased blood glu-
cose level was reported in many patients (without pre-
existing diabetes) treated with CS therapy. However, the 
case is not always straightforward [63]. One of the most 
concerning factors for CS-induced diabetes mellitus is the 
dose of CS. A higher dose of CS (dexamethasone > 4 mg, 

hydrocortisone > 50 mg, prednisolone > 20 mg) can easily 
lead to severe complications [64]. A meta-analysis found 
that the chance of CS-induced hyperglycemia and diabetes 
were 32.3% and 18.6%, respectively [65]. Various factors 
are related to the initiation of diabetes after the introduc-
tion of CS, which includes impairment of multiple pathways 
including β cell dysfunction [66], insulin resistance of tis-
sues that can affect glucose metabolism [67, 68], reduction 
of peripheral glucose uptake by muscle and adipose tissues 
that increases the blood glucose level [67, 69], activation of 
genes involved in the hepatic metabolism of carbohydrates 
results in increased gluconeogenesis, inhibition of pancreatic 
β-cells from production and secretion of insulin [70, 71].

Myopathy

CSs can directly affect the muscle by decreasing protein 
synthesis while increasing the protein catabolism, leading 
to muscle atrophy [72]. There are various mechanisms via 
which CSs initiates the catabolic effects. One mechanism is 
inhibiting amino acid transportation in the muscles, affect-
ing protein synthesis [73]. Moreover, activation of cellular 
proteolytic systems such as the ubiquitin–proteasome sys-
tem, lysosomal system, and calcium-dependent system also 
result in extensive muscle degradation [74]. Inhibition of 
muscle growth factor IGF-1, stimulating muscle production 
of myostatin, is also responsible for myopathy. As IGF-1 is 
inhibited, it suppressed muscle development and is unable 
to decrease apoptosis and proteolysis.

On the contrary, increased myostatin downregulate pro-
tein synthesis, proliferation, and differentiation of satellite 
cells [72]. Additionally, mitochondrial dysfunction also 
leads to CS-induced myopathy [75]. Generally, CS-induced 
myopathy is mainly seen in ICU patients as they have been 
given CSs in a higher dose and for a more extended period, 
and they are suffering from nutritional deficiency [72].

Table 2   List of available studies that determined the negative effects of CSs on COVID-19 patients

Types of study Country of study Sample size Outcome Reference

Observational study China 31  Higher inflammation index
 More abnormalities on the chest
 Did not influence virus clearance time
 No change in hospital length of stay

[48]

Observational study Italy 1444  More hypoxic
 Higher inflammation markers
 Severe lymphocytopenia

[49]

Meta-analysis China, Korea, Spain, France, Italy 9594  Higher mortality risk
 Delayed viral clearance
 Longer hospital length of stay

[50]

Meta-analysis USA, Spain, China, New York, UK, Italy 15,754  Increased mortality rate
 Longer hospital length of stay
 Delayed viral clearance

[51]
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Osteonecrosis

Osteonecrosis of the femoral head (ONFH) is related to sev-
eral risk factors. Random CS use for a longer period is one 
of the significant factors of ONFH [76]. Recovered patients 
from previous SARS and MARS outbreaks had experienced 
avascular necrosis due to CS usage [76]. Moreover, steroid-
induced decrement of local blood flow or lipid emboli and 
lipid-loaded fibrin-platelet thrombi might be a reason behind 
it [77]. 24.1% of recovered SARS patients treated with CS, 
was found with steroid-induced ONHF [78]. Remarkably, 
the use of dexamethasone was found to cause skeletal com-
plications more than other CSs, which is a matter of concern 
as dexamethasone has been utilized for RCTs [79]. An incre-
ment of marrow fat ratio, which causes intra-osseous pres-
sure and decrement in bone perfusion, can cause CS-induced 
osteonecrosis [80].

Associated side effects of different 
corticosteroids

Along with some common difficulties, each of the CS has 
some specific side effects. A broad spectrum of side effects 
has been identified, including fluid retention, behavioral and 
mode alteration, weight gain, high blood pressure, increased 
appetite, etc., and these complications are divided into 
twelve categories [20]. In COVID-19 patients, despite reduc-
ing complications, CS can cause long-term complications. 
Possible side effects of different CSs in COVID-19 treatment 
are briefly described below-

Dexamethasone

The most common risks of dexamethasone are hormonal 
imbalance, fluid retention, weight gain, anxiety, and dis-
turbed sleep pattern, whereas the less common chances are 
hemorrhage, blurred vision, and eye disorder [81]. Increased 
risk of infection, especially fungal infections, delayed wound 
healing, joint avascular necrosis, gastrointestinal bleeding 
and perforation, restlessness, flushing, nausea, and vomit-
ing can happen after having it [20]. While implementing 
early short-course corticosteroids in hospitalized COVID-19 
patients, hyperglycemia was observed [82]. Another con-
cerning effect of dexamethasone is venous thromboembo-
lism that increases clotting factor levels, fibrinogen, factor 
VII, VIII, IX, etc. [83]. A notable consequence of this CS in 
COVID-19 is reduced vascular permeability [84], hindrance 
of the mediators (maresins, lipoxins) activity [85].

Hydrocortisone

Hypertension is the most common cardiovascular compli-
cation of hydrocortisone use. Hyperglycemia, urinary tract 
infection, osteoporosis, epistaxis are some of the significant 
complications. After taking hydrocortisone treatment, dif-
ferent minor complications such as throat discomfort, diz-
ziness, sleepiness, lack of appetite, sneezing, weight loss, 
infections, etc. can also occur [20]. The complete analysis 
of efficiency and safety of hydrocortisone was not done after 
having mild positive results of COVID-19 ARDS patients 
compared to the placebo group [86, 87]. In a case study of 
SARS patients, psychosis has been observed in the patients 
who were given a higher dose of hydrocortisone [88]. More-
over, a randomized control trial has manifested more signifi-
cant viremia after treating moderately ill SARS patients with 
hydrocortisone than saline control [89].

Prednisone

Patients treated with prednisone were suffered from bone 
complications in the past along with fluid retention, heart-
burn, diarrhea, and nausea. Long-term prednisone consump-
tion can induce many other complications such as myalgia, 
dermatologic event, insomnia, mood swing, joint swelling, 
depression, hot flashes, changes in fat distribution, etc. [20]. 
Recommendations such as lifestyle changes should be imple-
mented to overcome prednisone-induced osteonecrosis [90].

Recommendations to minimize the side 
effects of CSs treatment in COVID‑19 
patients

CSs treatment in COVID-19 patients seems to have both 
beneficial and adverse effects. Thus, proper and safe uses of 
CSs are recommended.

The outcome of CSs among the treated COVID-19 
patients is found to vary due to different doses. To miti-
gate the uncertainty, CSs could be used at a moderate dose 
for a shorter period [91]. A detailed medical history of the 
patients should be collected before treating with CSs to 
minimize CSs induced comorbidity. Management of sud-
den side-effects in patients must be planned while treating 
with CSs. A drug-drug interaction can play a vital role in 
COVID-19 treatment, especially critical patients; a board 
of expert physicians should be discussed before apply-
ing CSs. All the safety rules should maintain and proper 
time of treatment should follow to use CSs on COVID-19 
patients. Short-term, high doses of CS influence higher 
mortality along with mechanical ventilation requirements. 
Thus, adequate management of the patients should take into 
account [92]. To assess the perfect time for dexamethasone 
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implementation, measuring blood ferritin activity can be a 
lifesaver as it can be beneficial to identify cytokine storms 
[93].

Moreover, the pathophysiology of COVID-19 in different 
clinical stages needs to be marked to implement appropriate 
treatment in a specific situation [94]. CSs therapy can cause 
delayed virus clearance, as an alternative anti-cytokine agent 
should prefer [95, 96]. As COVID-19 patients have inad-
equate immunity and there is a possibility of reduced virus 
clearance after treating dexamethasone, the patient can be 
more immune-compromised if dexamethasone is used alone. 
Therefore, the utilization of dexamethasone accompanying 
intravenous immunoglobulin and beta interferon could be a 
better option [97]. Monitoring bone density is a must when 
patients are treated with CS, as CS usage is correlated with 
osteoporosis. Calcium and vitamin D supplements, along 
with CS therapy, will be beneficial to protect bones [17]. To 
treat the significant problem of COVID-19, ARDS supple-
ments such as Vitamin D, Vitamin C, Mesenchymal stromal 
cell therapies, etc., can be given to minimize the long-term 
adverse effects [98]. Reproducibility of all the results from 
a different cohort of patients who have encountered other 
health care systems must be confirmed before going to any 
conclusion to make sure the ultimate effect of CSs therapy. 
Phenotypes and endotypes must be validated to get a repro-
ducible result [98]. Routine follow-up of the recovered 
patients must be done for early detection of any unwanted 
adverse effect. Additional medications and physical therapy 
combined with pharmacotherapy can also be advised while 
CS therapy is ongoing to reduce the chance of long-term 
side effects [76].

Conclusion

COVID-19 pandemic has affected the health care system 
since 2019. Due to the unavailability of potential therapeu-
tics and vaccines, the impendent effect of COVID-19 is still 
going on, and it has become the new normal. Besides, some 
of the countries are now observing the 2nd and 3rd waves 
of this disease. COVID-19 shows heterogeneous symptoms 
in patients, and multiple factors, including genetic compo-
sition, association with comorbidity, host immunity, age, 
sex, etc., make this disease difficult to handle. Physicians 
and researchers are trying to develop the best treatment and 
management strategies, and WHO has already approved 
various vaccines without proper clinical trials to tackle 
the pandemic. CS was one of the alternatives approved by 
WHO as it has an anti-inflammatory and immune-suppres-
sive role. But due to, variable findings of its treatment made 
physicians confused about using it. Moreover, possible side 
effects, including a recent black fungus outbreak in India in 

CSs treated COVID patients, restrict its use. The research 
found that a proper dose is important to minimize the side 
effects. However, a mild dose of CS can be given to criti-
cally ill COVID-19 patients under the supervision of expert 
physicians to avoid CS-induced side effects. Thus, Extensive 
research is still needed considering different factors to deter-
mine whether to use CS therapy or not.
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