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ABSTRACT
Introduction: Up to now, numerous randomized controlled trials (RCTs) have examined various drugs 
as possible treatments for Coronavirus Disease 2019 (COVID-19), but the results were diverse and 
occasionally even inconsistent with each other. To this point,we performed a systematic review and 
meta-analysis to assess the comparative effectiveness of pharmacological agents in published RCTs.
Areas covered: A literature search was performed using PubMed, SCOPUS, EMBASE, and Web of 
Science databases. RCTs evaluating mortality and the average length of hospital stay to standard of 
care (SOC)/placebo/control were included. RCTs mainly were classified into five categories of drugs, 
including anti-inflammatory, antiviral, antiparasitic, antibody and antibiotics. Meta-analysis was done on 
5 drugs classes and sub-group meta-analysis was done on single drugs and moderate or severe stage of 
disease.
Expert opinion: Mortality and the average length of hospital stay of COVID-19 patients were signifi-
cantly reduced with anti-inflammatory drugs (odds ratio [OR]: 0.77, 95% confidence interval [CI]: 0.69 to 
0.85, P<0.00001, and mean difference [MD]: −1.41, CI:-1.75 to −1.07, P<0.00001, respectively) compared 
to SOC/control/placebo. Furthermore, antiparasitic was associated with reduced length of hospital stay 
(MD: −0.65, CI: −1.26 to −0.03, P<0.05) in comparison to SOC/placebo/control. However, no effective-
ness was found in other pharmacological interventions.

ARTICLE HISTORY
Received 30 June 2021  
Accepted 22 October 2021  

KEYWORDS
Pharmacological 
intervention; COVID-19; 
treatment; systematic 
review; meta-analysis; 
randomized controlled trial

1. Introduction

In December 2019, Coronavirus Disease 2019 (COVID-19) caused 
by Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV 
-2) was reported for the first time in Wuhan, China, and then spread 
rapidly out to the rest of the world [1]. The COVID-19 outbreak has 
been announced a pandemic by the World Health Organization 
(WHO). The major clinical symptoms of COVID-19 are associated 
with multiple organs, such as respiratory, cardiovascular, central 
nervous system, and digestive systems [1]. As of 8 August 2021, 
global coronavirus deaths stand at about 4.3 million deaths out of 
202 million confirmed cases [2]. The overall Case Fatality Rate (CFR) 
is estimated to be 2%. Up to now, several investigations focusing 
on factors affecting the mortality of COVID-19 have been pub-
lished [3,4]. Among them, the possible risk factors of death in 
patients with COVID-19, such as age, gender and comorbidities 
such as diabetes mellitus, hypertension, kidney disorders, and 
heart disease were systematically reviewed [5]. On the other 
hand, long-term hospitalization is a major challenge for patients 
with severe forms of COVID-19. To decrease mortality and long- 
term hospitalization, numerous trials have been investigated 
around the world [6–8]. However, conclusion on individual studies 

would be difficult and may be inaccurate. Therefore, it is necessary 
to combine and synthesize the results of interventional studies. In 
the same way, there are several systematic reviews on clinical trials 
in the field of COVID-19 treatment [9–12]. However, many pub-
lished systematic reviews did not provide adequate summaries of 
phase III clinical trials of different drugs (Table S3). To this point, 
a comparative systematic review and meta-analysis on most effec-
tive drugs, which have been investigated in severe form of COVID- 
19, can get us a comprehensive conclusion. Therefore, we aimed to 
conduct a systematic review on major outcomes of patients (i.e. 
mortality and length of hospitalization) from phase III clinical trials 
data and to compare different drugs that have been investigated 
in the course of COVID-19.

2. Method

2.1. Overview

The present systematic review and meta-analysis study was 
conducted to evaluate studies on pharmacological inter-
ventions (i.e. antiparasitic, antiviral, antibacterial, anti- 
inflammatory, and antibody drugs) on mortality and length 
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of stay in hospital of COVID-19 patients with mild to severe 
illness. We reviewed all studies based on Joanna Brigs 
Institute (JBI) Principles and advices to write a systematic 
review and meta-analysis [13]. This paper is reported based 
on Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis (PRISMA) guidelines. Population, interven-
tions, control, outcomes, study design, and time frame 
(PICOST) in this review article are as follows:

● Population: Any cases with positive PCR-test for COVID- 
19 or computed tomographic (CT) scans manifestation of 
COVID-19 patients

● Intervention: In the intervention group, only one main 
drug is different from standard of care (SOC)/control/ 
placebo group. In comparison, a mechanism of drug 
action was used. Thus, drugs were classified into five 
categories: antiviral, antiparasitic, antibody, antibacterial, 
and anti-inflammatory.

● Control: SOC/control/placebo;
● Outcomes: Mortality and the average length of hospital 

stay of COVID-19 patients
● Study design: Randomized controlled trials (RCTs) Phase 

III of FDA approved drugs published in peer-reviewed 
journals

● Time frame: Studies published from December 2019 till 
2 August 2021.

2.2. Search strategy

Two independent inspectors (A.A. and M.R.) searched data-
bases including PubMed, SCOPUS, EMBASE, and Web of 
Science up to 2 August 2021. Our systematic search was 
performed to find RCTs (phase III) on pharmacological 
interventions for COVID-19 patients. Keywords of search 
strategy are described in Table S1. Reference lists of all 
selected articles and previous systematic reviews on clin-
ical trials were searched to look for possible missing 
articles.

2.3. Eligibility criteria

After searching mentioned databases, we included all studies 
which have met the following criteria:

● Clinical trial
● Phase III or Phase II/III or Phase IV
● RCTs
● Intervention group compared with control group which 

only one drug is different.
● Conducted on pharmacological drugs

The excluded studies were animal studies, case control stu-
dies, case reports, case series studies, cohort studies, cross 
sectional studies, in vitro and in vivo studies, review articles 
and protocol for future studies. We also omitted all studies 
published before December 2019 (the beginning of COVID- 
19). Any Clinical trials with no control groups, not randomized, 

existing in phase I or phase I/II or phase II or having a not 
applicable phase were excluded from our study.

2.4. Study selection

Six investigators (A.A., M.R., M.A.D., A.M.H., S.Y., and M.A.) 
independently screened the remaining studies for the inclu-
sion criteria. For RCTs, patients were defined as receiving 
intervention or control if they were randomly allocated to 
receive either treatment. RCTs with English language full text 
were included. Full details of excluded studies are mentioned 
in PRISMA flow diagram (Figure 1).

2.5. Critical appraisal

Any selected study was reviewed again for quality assessment 
by the JBI checklist for RCTs [13]. This checklist was an apprai-
sal tool to use systematic reviews. Four authors in pairs (M.A. 
D., A.M.H., M.R. and S.Y.) independently screened included and 
relevant trials for quality assessment of studies (Table S2). Any 
controversy between investigators was resolved through dis-
cussion or if required, through discussion by other authors (S. 
S.N. and A.S.).

2.6. Data extraction

Six investigators (A.A., M.R., M.A.D., A.M.H., M.A., and S.Y.) 
extracted the data from the included studies and possible 
disagreements were resolved by discussion or if required dis-
cussion with another two investigators (S.S.A. and A.S.). 
Demographic data, the number of death in the first month 
after randomization, length of hospitalization, and main find-
ings of all studies extracted. We reviewed full text, supplemen-
tary data of articles, and results in registered portals to find 
and extract data needed for our analysis. We try to contact 
study authors if the data demanding was missing.

2.7. Drug classification

At first, we classified drugs according to their mechanism of 
action in the context of COVID-19 (act on the virus or the 
immune system). Then, the common use of the drug sepa-
rated them into smaller groups. Table 1 presents the informa-
tion about drugs and their classification. Following mechanism 
of action classification, studies are classified into subgroups 
according to the stage of disease (moderate or severe) and 
single drugs.

2.8. Publication bias

The risk of bias with data was extracted from each drug 
category in the study and checked with the funnel plots. 
Two investigators (S.S.N. and A.S.) independently assessed 
the risk of bias. Any controversy between investigators was 
resolved through discussion.
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2.9. Statistical analysis

The effect estimation was in odds ratios (OR) for mortality as 
a dichotomous variable and mean difference (MD) for the average 
length of hospitalization as a continuous variable, both with 95% 
confidential intervals (CI). Mantel–Haenszel random-effect models 
provided methods to calculate OR for mortality outcome. 
Statistical heterogeneity was assessed using constrained maxi-
mum likelihood method [47] and presented with Higgins I2 statis-
tics and the Cochran Q test [48]. Sensitivity analyses were 
performed by altering the statistical model and removing large 
trials (i.e. applying a fixed-effects model in the sensitivity analysis 
where a random-effects model has been used initially and vice 
versa) (Table S5). We also performed sub-group analyses for each 
drug category, including single drug sub-groups and stage of 
disease sub-groups (If there were 3 or more studies)-(Table S4). 
Data were pooled and the meta-analysis was performed using 
RevMan version 5. CorelDraw and GraphPad Prism were used for 

drawing graphs. A p-value equal or less than 0.05 is considered 
significant.

(1) Results

A total of 21,438 articles were collected during the initial 
search. Among those articles, 10.065 duplicated files were 
recognized and removed. Then, the title and abstract of arti-
cles were screened and a total of 11,293 unrelated articles (i.e. 
in vitro and animal studies, case series, case report, cohort, 
case-control, cross-sectional, and clinical trials that were not 
in phase III) were removed (Figure 1). In the next step, 61 RCTs 
were found suitable for the outcomes of interest including 
death and the length of hospitalization. After excluding 4 
trials, 57 RCTs (72 groups) were included for synthesis of 
evidence of mortality rate. Furthermore, 37 RCTs (44 groups) 
were included for the final review and meta-analysis of the 

Figure 1. PRIZMA flow diagram of study selection. (Abbreviation: LOH: Length of Hospitalization).
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length of hospitalization. Descriptive characteristics and 
reference list of 80 included RCTs are shown in Tables 2 & 3.

Thus, 80 RCTs were included for the assessment of the risk 
of bias measured by JBI were mostly low to moderate. Among 
80 RCTs, one study was high risk, 34 studies were moderate 
risk, and 45 studies were low risk. Among them, 14 studies 
were excluded as they had incomplete outcomes. The details 
are presented in Table S2 and Figure 2.

2.10. Efficacy outcomes

2.10.1. Mortality
Fifty-seven RCTs that reported mortality, were classified into five 
groups. As shown in Table 1, nine drugs (Hydrocortisone, 
Pentoxifylline, Dexamethasone (DXM), Baricitinib, Colchicine, 
Tocilizumab, Sarilumab, Canakinumab and Methylprednisolone) 
were classified as anti-inflammatory drugs. Three drugs 
(Ivermectin (IVM), Hydroxychloroquine (HCQ) and Chloroquine) 
were found as antiparasitic drug. Three drugs (Convalescent 
plasma (CP), Immunoglobulin and mono/poly-clonal antibody) 
were indicated as antibodies agents. Eight mix or alone drugs 
(Remdesivir, Interferon (IFN), Sofosbuvir/Daclatasvir, Sofosbuvir/ 
Velpatasvir, Triazavirin, Lopinavir/Ritonavir (LPV/RTV), Favipiravir 
and Lopinavir) were found as antiviral drugs. Finally, azithromy-
cin was found in seven studies as an antibacterial agent.

Based on RCTs, mortality of COVID-19 patients was sig-
nificantly decreased with anti-inflammatory drugs (OR: 0.77, 
CI: 0.69 to 0.85, P < 0.00001; I2 = 2%) compared to SOC/ 
control/placebo (Figure 3). Twenty RCTs involving 15,991 
hospitalized COVID-19 patients, including 7281 in the inter-
vention groups and 8710 in the SOC/control/placebo 
groups, were enrolled. Mortality of COVID-19 patients 
among the intervention groups was 927, which was lower 
than that in the SOC/control/placebo groups (1551)- 
(Table 3).

On the other hand, no noticeable beneficial effect was 
seen in other pharmacological interventions in comparison 
to SOC/control/placebo in terms of ‘mortality’ (antibiotics; 
OR: 0.97, CI: 0.86 to 1.08, P = 0.57; I2 = 0%, antiparasitic 
drugs; OR: 1.00, CI: 0.79 to 1.28, P = 0.98; I2 = 8%, antibodies 
agents; OR: 1.08, CI: 0.74 to 1.58, P = 0.08; I2 = 44%, antiviral 
drugs; OR: 1.01, CI: 0.90 to 1.12, P = 0.92; I2 = 3%)-(Figure 3).

2.10.2. The length of hospitalization
The average length of hospital stay of COVID-19 patients was 
significantly reduced with anti-inflammatory drugs (MD: −1.41, 
CI:-1.75 to −1.07, P < 0.00001; I2 = 11%) compared to SOC/ 
control/placebo (Figure 4). Furthermore, antiparasitic drugs 
was shown to be associated with reduced the length of hos-
pital stay (MD: −0.65, CI: −1.26 to −0.03, P = 0.04; I2 = 77%) in 
comparison to SOC/control/placebo. However, no evident 
beneficial effect was seen in other pharmacological interven-
tions in comparison to SOC/control/placebo in the length of 
hospital stay of COVID-19 patients (antibacterial drugs; MD: 
−0.09, CI: −1.07 to 0.90, P = 0.86; I2 = 83%, antibodies agents; 
MD: 0.92, CI: −0.59 to 2.44, P = 0.23; I2 = 93%, antiviral drugs; 
MD: −0.94, CI: −1.99 to 0.12, P = 0.08; I2 = 63%).

2.10.3. Subgroup analysis
2.10.3.1. Stage of disease sub-group analysis 
Four class of drugs, antiviral, anti-parasitic, anti-inflammatory 
and antibody included in mortality sub-group analysis. The 
results show that anti-inflammatory drugs could significantly 
reduce the mortality rate among severe patients (OR = 0.77 
[0.59, 1.00], P = 0.05, I2 = 35%). Antiviral, anti-parasitic and 
antibody drugs enrolled for LOH sub-group analysis and anti-
body drugs increased LOH among severe patients (OR = 2.40 
[1.19, 3.60], P < 0.0001, I2 = 7%)- (Table S4).

2.10.3.2. Single drug sub-group analysis 
Regarding mortality outcome, all seven drugs, including 
remdesivir, interferon, lopinavir/ritonavir, hydroxychloroquine, 
ivermectin, tocilizumab and convalescent plasma, had no sig-
nificant effect. Out of 5 drugs included in sub-group analysis 
for LOH outcome (interferon, hydroxychloroquine, ivermectin, 
tocilizumab and convalescent plasma), ivermectin and tocili-
zumab could reduce the LOH (Ivermectin: MD = −1.31 [−1.93, 
−0.68], P < 0.0001, I2 = 67%; Tocilizumab: MD = −1.64 [−3.08, 
−0.20], P = 0.03, I2 = 33%). Table S4 shows the forest and 
funnel plots of all sub-group analysis.

3. Discussion

In this study, 27 active pharmacologic drugs and their 
combinations were included in a comprehensive analysis 
including 29,126 COVID-19 patients. Among different phar-
macological interventions, anti-inflammatory drugs showed 
survival benefits compared to SOC/control/placebo. 
However, our MA indicated that other pharmacological 
interventions, such as antiviral, antibody, antiparasitic, 
and antibiotic were failed to show benefit in mortality 
rate. Also, we found that anti-inflammatory drugs showed 
a benefit on the length of hospital stay in patients with 
COVID-19. Moreover, the antiparasitic drug was associated 
with reduced the average length of hospital stay in 
patients with COVID-19. Antiviral drugs, a topic of much 
deliberation, were not shown to decrease the length of 
hospital stay in patients with COVID-19. We found that 
antibiotics and antibodies agents did not show a benefit 
on the average length of hospital stay.

Inhibition of the inflammatory response and possible 
cytokine storm with immune-modulatory treatments was 
suggested as a prospective therapeutic object; our results 
verify the efficacy of anti-inflammatories. Efficacy of anti- 
inflammatory drugs (Hydrocortisone, Pentoxifylline, 
Dexamethasone, Baricitinib, Tocilizumab, Sarilumab, 
Canakinumab, Methylprednisolone and Colchicine) and 
unsuccessfulness of antiviral drugs (Remdesivir, Interferon, 
Sofosbuvir/daclatasvir, Sofosbuvir/velpatasvir, Triazavirin, 
Lopinavir/Ritonavir, Favipiravir and Lopinavir) in COVID-19 
patients advocate that the management of cytokine storm is 
valuable over pursuing viral replication itself. Our findings 
broadly support the work of the WHO Rapid Evidence 
Appraisal for COVID-19 Therapies (REACT) Working Group. 
REACT group stated that administration of systemic corti-
costeroids improved the 28-day all-cause mortality in 
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patients with COVID-19 compared to usual care or placebo 
[125]. Our findings are also in accordance with recent pub-
lished review studies [126,127] and the WHO Solidarity 
Trial Consortium finding that have shown antiviral and anti-
parasitic drugs were not effective on survival benefit in 

11,330 patients at 405 hospitals over 30 countries [128]. 
Also, previous systematic reviews and meta-analyses have 
shown that tocilizumab (monoclonal IL-6 receptor antibody) 
has the potential to reduce mortality in patients with 
COVID-19 [129–131]. The result of the sub-group analysis 

Figure 2. Quality assessment final score base on Joanna Brigs Institute (JBI) checklist (Each ‘Yes’ answer had a + 1 score, each ‘Unclear’ answer had a 0 score and 
each ‘No’ answer had a − 1 score) .
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on tocilizumab did not show a reduction in mortality; how-
ever, it could decrease the LOH. It may be explained by the 
lack of enough studies.

Following the determination of the effectiveness of 
antiparasitic drugs against Corona viruses in vitro, studies 

have evaluated the effect of these drugs on COVID-19 
patients in clinical settings [132–134]. The finding of this 
meta-analysis proposed the application of antiparasitic 
drugs did not result in mortality rate in patients with 
COVID-19. Previous systematic reviews and meta-analyses 

Figure 3. Meta-analysis of intervention versus control on mortality.
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confirmed our findings [135–137]. They found that hydro-
xychloroquine alone were not associated with reduced 
mortality in hospitalized COVID-19 patients. However, 
meta-analyses on ivermectin reported controversial results 

for mortality outcome [138,139]. On the other hand, our 
finding showed that antiparasitic drugs were associated 
with reduced duration of hospital stay of COVID-19 
patients. This finding should be interpreted with caution 

Figure 4. Meta-analysis of intervention versus control on length of hospitalization.
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because the heterogeneity (I2 = 77%) was high. Sub-group 
analysis showed that ivermectin could significantly reduce 
the LOH (I2 = 67%).

Previous studies reported antibody therapy as a potential 
anti-COVID-19 treatment [140]. By contrast, the mortality rate 
and duration of hospital stay of COVID-19 patients among the 
antibody treated groups were not significantly different from 
SOC/control/placebo groups.

3.1. Strengths and limitations

Strength of our review is a comprehensive and compara-
tive systematic review that summarizes the main findings 
in the table formats. This study will help investigators 
for future studies and clinicians make a good decision 
for treatment management of COVID-19. We selected 
the highest-quality literature by our criteria and using 
the JBI method. To get this point, we excluded observa-
tional studies, non-randomized studies and phase I and II 
clinical trials. Also, we included studies that have at least 
two arms with only one drug difference. On the other 
hand, our study had some limitations. First, drugs were 
administered at different stages of the disease, however, 
we used odds ratio for reducing the effect of this con-
founding factor but drugs may have beneficial effects on 
a specific stage of the disease. Second, the death results 
were reported in less than 30-days follow up period. Third, 
some sub-group analysis should be done in future with 
more studies.

3.2. Future studies

Numerous studies on paraclinical data or time to viral clear-
ance are conducting, a systematic review of these data can get 
us a big picture to make a precise decision in treatment 
management. We excluded clinical trials of herbal agents, 
conducting a robust systematic litterateur review will clear 
the efficacy of herbal treatment in the course of COVID-19. 
Although anti-inflammatory drugs were highlighted as effec-
tive therapeutic options against COVID-19 here, there are side 
effects concerns (e.g. more superinfection compared to stan-
dard care) related to these drugs; therefore, future studies 
should focus on side effects of anti-inflammatory drugs admin-
istration in COVID-19 patients.

3.3. Conclusion

To summarize, the anti-inflammatory drugs were associated 
with improved mortality and the average length of hospital 
stay of COVID-19 patients. Moreover, the length of hospital 
stay was significantly reduced when patients were treated 
with antiparasitic drugs. However, no difference was seen in 
antibiotic drugs, antibodies agents, and antiviral drugs in 
comparison to SOC/control/placebo in terms of ‘mortality’ 
and ‘duration of hospital stay.’ As a conclusion, summarizing 
data of different categories of drugs on the mortality and 
duration of hospital stay may facilitate physicians to properly 
manage COVID-19 patients.
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