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Background: New reports suggest that anti-inflammatory drugs are widely used to treat respiratory tract infections caused by SARS-CoV-2. Anti-inflammatory drugs were the most frequently used treatment for the COVID-19-related cytokine storm in China. However, the efficacy of anti-inflammatory drugs has yet to be systematically analyzed, and clinicians are often uncertain which class of anti-inflammatory drug is the most effective in treating patients with respiratory tract infections caused by SARS-CoV-2, especially those with severe disease.

Methods: From 1 October 2022, relevant studies were searched in the PubMed, Embase, Medline, Cochrane Library, and Web of Science databases. A total of 16,268 publications were retrieved and collated according to inclusion and exclusion criteria, and sensitivity analyses were performed using STATA 14 software. Publication bias was assessed using funnel plots and Egger’s test. Study quality was assessed using the PEDro scale, and the combined advantage ratio was expressed as a 95% confidence interval (CI). In total, 19 randomized controlled trials were included in the study. STATA 14 software was used for all random effects model analyses, and the results are expressed as relative risk ratios (RR) with 95% CI.

Results: Quantitative analyses were performed on 14,514 patients from 19 relevant randomized controlled clinical trials. Pooled estimates (RR = 0.59, 95% CI 0.44–0.80) revealed that the use of anti-inflammatory drugs resulted in a significant reduction in mortality in patients with respiratory tract infection caused by SARS-CoV-2 compared with controls, and methylprednisolone (RR = 0.14, 95% CI 0.03–0.56) was more effective than other anti-inflammatory drugs. Anti-inflammatory drugs were effective in reducing mortality in critically ill patients (RR = 0.67, 95% CI 0.45–0.98) compared with non-critically ill patients (RR = 0.50, 95% CI 0.34–0.76); however, more clinical evidence is needed to confirm these findings.

Conclusion: The use of anti-inflammatory drugs in patients with respiratory infections caused by SARS-CoV-2 reduces patient mortality, especially in severe cases. In individual studies, methylprednisolone was more effective than other drugs.
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1. Introduction

Since the outbreak of coronavirus disease 2019 (COVID-19), more than 480 million cases have been confirmed by the World Health Organization. The mortality rate of COVID-19 is estimated to be 1.28% (1). Currently, respiratory infections caused by coronaviruses constitute a significant cause of global disease and public health burden. This has increased significantly since 2019, mainly due to the high morbidity, impact, and mortality of these infections (2), and researchers around the world are actively searching for safe and effective therapeutic drugs.

COVID-19 is caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (3), an enveloped, single-stranded RNA virus belonging to the β-coronavirus genus of the Coronaviridae family. SARS-CoV-2 is the third β-coronavirus to cause an outbreak in humans in the 21st century (4). The inflammation of the lungs caused by the β-coronavirus is central to determining the severity of SARS-CoV-2 infection (5) and is critical in treating patients.

Recent studies have reported that SARS-CoV-2-induced hyperinflammatory syndrome exacerbates SARS-CoV-2 infection severity and increases mortality (6). The treatment of SARS-CoV-2 infection with anti-inflammatory drugs may alleviate the hyperinflammatory syndrome and reduce mortality and disease severity in the affected population. Anti-inflammatory drugs are commonly used to treat various chronic and infectious diseases, with varying mechanisms of anti-inflammatory action and clinical outcomes. The main drug classes used to manage SARS-CoV-2 infection are macrolide antibiotics, interleukin inhibitors, non-steroidal anti-inflammatory drugs, and biologics. Many studies have identified the cytokine storm as a significant cause of COVID-19 (2). The use of anti-inflammatory drugs to suppress the cytokine storm is crucial to reducing the spread of COVID-19.



2. Methodology

This study was conducted following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (7), and the meta-analysis was registered with the International Prospective Register of Systematic Reviews (PROSPERO) on Oct 31, 2022 (registration number CRD42022371716). The subsequent retrieval of data was performed to minimize publication bias and increase the accuracy of the results.


2.1. Search strategy

Relevant searches were conducted on PubMed, Embase, Medline, Cochrane Library, and Web of Science databases using the following keywords: “anti-inflammatory,” “anti-inflammatory therapy,” “anti-inflammatory treatment,” “anti-inflammatory drugs,” “coronavirus disease,” “sars-cov-2 infection,” and “SARS-CoV-2 infection.” The search formula included the following terms: (“anti-inflammatory” OR “anti-inflammatory therapy” OR “anti-inflammatory treatment” OR “anti-inflammatory drugs”) AND (“coronavirus disease” OR “sars-cov-2 infection” OR “covid-19”). Randomized controlled studies were selected to filter the references and narrow the search.



2.2. Ethical approval

The respective ethics review boards approved all the included studies. Participant consent was obtained for each trial, and the local institutional review board requirements were met. The secondary data analyzed here are review studies that did not require approval for registration by the relevant institutional review boards or ethics committees. We collated the study data for analysis after registration with PROSPERO.



2.3. Selection of research criteria

The inclusion and exclusion criteria for this study were developed by two authors (QZP and LYB). The inclusion criteria were (a) adult cases of SARS-CoV-2 infection, (b) participants treated with anti-inflammatory drugs, (c) placebo or standard care controls, (d) death as one of the study outcomes, and (e) randomized controlled studies. The exclusion criteria were (a) no control group, (b) insufficient sample size, (c) a disease other than not new coronary pneumonia, (d) a study design other than a randomized controlled trial, (e) missing necessary data (e.g., number of participants in the study, number of deaths), and (f) no anti-inflammatory drug treatment.



2.4. Quality assessment and risk of bias

The quality of the included articles was evaluated using the PEDro Scale for Rating Quality of Randomized Controlled Trials. Articles were scored for inclusion, and three authors (QZP and LYB) performed the article scoring separately. Articles were classified into three categories according to the score: high quality (8–10), acceptable quality (5–8, 11), or poor quality (0–5). A funnel plot was used for qualitative analysis of publication bias.



2.5. Data extraction

The data included in this study were extracted into an Excel spreadsheet by three authors (QZP and LYB). The data included the article title, country, author, journal name, year of publication, impact factor, DOI number, article abstract, study results, type of study design, leading outcome indicators, total number of participants, number of people in the intervention group, number of people in the control group, number of deaths in the intervention group, and number of deaths in the control group.



2.6. Statistical analysis

All data were analyzed using STATA 14 software package. A random-effects model was used. Overall estimates were calculated as risk ratios (RR) with 95% confidence intervals (CI) using the I2 statistic and L’Abbé plots to indicate heterogeneity in the included data.



2.7. Sensitivity analysis

The effect of each study analysis on the results was removed to produce a sensitivity analysis graph for the relevant sensitivity analysis.



2.8. Subgroup analysis

Subgroup analysis was performed according to disease severity (severe vs. non-severe) and anti-inflammatory drug classes (interleukin inhibitors, corticosteroids, natural drugs and their extracts, or combination drugs) grouped in the study population. The criteria for distinguishing severe versus non-severe patients included the type of patient (which was reported by some of the studies), while those not labeled were classified according to the following criteria: (a) respiratory distress (respiratory rate ≥ 30 breaths/min); (b) resting state finger oxygen saturation ≤ 93%, arterial partial pressure of oxygen (PaO2)/inhaled oxygen concentration (FiO2) ≤300 mmHg; (c) progressive worsening of clinical symptoms; (d) lung imaging showing the significant progression of >50% of the lesion within 24–48 h; and (e) respiratory failure and the need for mechanical ventilation. Subgroup analysis was performed after examination of the overall data, with or without hospitalization included in the meta-analysis, which was agreed upon before the start of the study.




3. Results


3.1. Database search

The initial literature search was conducted on Nov 10, 2022, using the PubMed, Embase, Medline, Cochrane Library, and Web of Science databases. The initial search identified 16,268 studies, and after reviewing the titles and abstracts, 322 were downloaded for full-text information retrieval, and 19 were identified for inclusion in the analysis. All 16 studies were randomized controlled clinical studies (8–26). One study was from France, two were from the United States, four were from Iran, three were from the UK, one was from Italy, one was from China, one was from Indonesia, three were from Brazil, one was from Greece, one was from Argentina, and one was from Egypt. The flow chart of the search process is shown in Figure 1.

[image: Figure 1]

FIGURE 1
 Research process according to the PRISMA flowchart.




3.2. Basic characteristics of the included studies

The essential characteristics of the included studies are listed in Table 1. The 19 included studies included a total of 14,514 participants, and all were randomized controlled studies, including one triple-blind controlled trial, 10 double-blind controlled trials, one single-blind controlled trial, five open-label trials, and two randomized prospective clinical trials. All studies reported the expected outcomes according to pre-defined experimental protocols, where indicators related to mortality or the number of deaths were included in the primary or secondary outcomes. Adverse effects were reported in nine studies, five included patients with severe respiratory tract infection caused by SARS-CoV-2, three were conducted in a community setting, six used a placebo as a control group, four used corticosteroids, five used interleukins and angiotensin inhibitors, one used antibiotics, one used statins, and five used natural drugs and their extracts as anti-inflammatory drugs. Combinations of drugs appeared in three studies, with relevant subgroup analyses.



TABLE 1 Basic characteristics of the included studies.
[image: Table1]



3.3. Inclusion of study outcomes and article quality

The primary outcomes and outcome indicators of the included studies are listed in Table 2. The randomized controlled studies were evaluated using the PEDro scale, and the results of the article quality assessment are presented in Table 2.



TABLE 2 Characteristics of the included study outcomes and quality of articles.
[image: Table2]



3.4. Use of anti-inflammatory drugs in patients with respiratory infections caused by SARS-CoV-2

A total of 19 studies, including 14,514 participants, were included. Of the 14,514 patients, 5,995 received anti-inflammatory drugs and 8,288 received standard care, usual care, or placebo, with a post-combination RR of 0.59 (95% CI 0.44–0.80). From the analysis (Figure 2), it can be concluded that the use of anti-inflammatory drugs significantly reduced mortality in patients with respiratory infections caused by SARS-CoV-2 compared with the control groups. The funnel plot (Figure 3) did not indicate significant symmetry and was derived by Egger’s test (Table 3), with a value of p = 0.008 (<0.05), indicating publication bias.

[image: Figure 2]

FIGURE 2
 Forest plots for integrated analysis using random effects models.


[image: Figure 3]

FIGURE 3
 Funnel plot for qualitative publication bias.




TABLE 3 Egger’s test results.
[image: Table3]



3.5. Sensitivity analysis

Correlation sensitivity analysis was performed to evaluate the impact of the included studies on the analysis of the outcomes. Of the 19 included studies, the effect on the combined RR was greater after removing the studies that used dexamethasone, methylprednisolone, and temafloxacin, all of which had either too large or too small sample sizes, indicating that the sample size had a more significant effect on the experimental results (Figure 4).

[image: Figure 4]

FIGURE 4
 Incorporation of data sensitivity analysis chart.




3.6. Heterogeneity analysis

The heterogeneity of the results was analyzed using the I2 statistic (Figure 2) and L’Abbé plots (Figure 4). An I2 value of 53.1% and a concentrated L’Abbé plot graph indicated moderate heterogeneity of the data from the included studies, which could be combined for analysis.



3.7. Subgroup analysis

Subgroup analyses were conducted to examine the impact of anti-inflammatory drugs on the number of deaths in critically ill versus non-critically ill patients. Subgroup analyses of different classes of anti-inflammatory drugs were conducted to determine which class of anti-inflammatory drugs had the most significant impact on mortality in patients with respiratory tract infections caused by SARS-CoV-2.



3.8. Subgroup analysis of critically Ill and non-critically Ill patients

Subgroup analyses were performed to evaluate the effects of the anti-inflammatory drugs included in the studies on the mortality of patients with severe versus non-severe COVID-19 (combined critically ill: RR 0.50, 95% CI 0.34–0.76; combined non-critically ill: RR = 0.67, 95% CI 0.45–0.98). From a comparison of the combined results (Figure 5), it can be concluded that anti-inflammatory drugs had a more significant impact on mortality in critically ill than in non-critically ill patients. Anti-inflammatory drugs significantly reduced mortality in patients with severe respiratory tract infections caused by SARS-CoV-2.

[image: Figure 5]

FIGURE 5
 Heterogeneity analysis: L’Abbé diagram.




3.9. Analysis of anti-inflammatory drug subgroups

The only antibiotic anti-inflammatory drug used was the macrolide azithromycin. The relevant studies reported no subject deaths during their study periods, and the other medicines were categorized for subgroup analysis. After combining the corticosteroid results, the RR was 0.59 (95% CI 0.33–1.07), indicating that corticosteroids significantly reduced mortality in patients with respiratory infections caused by SARS-CoV-2 (Figure 6). As shown in Figure 6, the combination of drugs greatly affected coronavirus-induced respiratory infections; however, the effect was not statistically significant (p = 0.312). Because the mechanism of anti-inflammatory action of umbilical cord MSCs is like that of interleukin inhibitors, they were classified in the broad category of interleukin inhibitors. The RR for the combined outcome of the interleukin inhibitor class was 0.63 (95% CI 0.37–1.06), which indicated reduced mortality in patients with coronavirus-induced respiratory infection following treatment (Figure 6). The overall effect was greater than that of corticosteroids and interleukin inhibitors (Figure 6) (RR = 0.40, 95% CI 0.16–1.01) for the combined post-outcome RR of natural drugs and their extracts. However, the results must be further evaluated as they were not statistically significant (p = 0.488). The comparative results suggest that corticosteroids significantly reduce mortality in patients with a coronavirus-induced respiratory infection, with the corticosteroid methylprednisolone (RR = 0.14, 95% CI 0.03–0.56) being the most effective and a potential focus of future clinical studies (see Figure 7).

[image: Figure 6]

FIGURE 6
 Results of subgroup analysis of critically ill and non-critically ill patients.
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FIGURE 7
 Results of subgroup analysis for different types of drugs.





4. Discussion

Anti-inflammatory drugs are crucial in reducing mortality in patients with SARS-CoV-2 infection, especially in those with severe disease. In this meta-analysis, the overall effectiveness of several drugs was evaluated according to patient mortality. This meta-analysis aimed to examine the association between the use of anti-inflammatory drugs and mortality and to identify the anti-inflammatory drugs that are the most effective in reducing mortality in patients with SARS-CoV-2 infection, especially in severely ill patients. Our results suggest that several anti-inflammatory drugs significantly reduced mortality in patients with severe or non-severe SARS-CoV-2 infections, which is inconsistent with previous meta-analyses. The results of the subgroup analysis revealed that not all anti-inflammatory drugs were equally effective. Corticosteroids and natural anti-inflammatory drugs were more effective than other anti-inflammatory drugs in treating patients with severe respiratory tract infection caused by SARS-CoV-2, and methylprednisolone and a combination treatment comprising glycyrrhizin, boswellic acids, and Xuebijing was more effective in individual studies; however, the effect of natural anti-inflammatory drugs and their combination was not statistically significant and should be further analyzed in future studies.

A meta-analysis by Thakur et al. (27) on corticosteroids revealed that their use in patients hospitalized with SARS-CoV-2 infection reduced mortality. A meta-analysis by Li et al. (28) suggested that corticosteroids significantly reduced mortality in severe SARS-CoV-2 infection, especially when administered early. A recent meta-analysis by Liu et al. (29) reported that corticosteroids were more effective and safer than standard care for treating SARS-CoV-2 infection. The results of these meta-analyses are consistent with our results and strongly suggest that corticosteroids play a crucial role in treating patients with SARS-CoV-2 infection, especially those who are severely ill.

In the meta-analysis of interleukin inhibitors, studies on tocilizumab predominated. A systematic review and meta-analysis by Muhammad et al. (30) revealed that the addition of tocilizumab to the standard care group reduced mortality and the need for mechanical ventilation in patients with severe SARS-CoV-2 infection; however, this result was not confirmed in clinical trials. Our meta-analysis revealed that tocilizumab did not reduce mortality in patients with SARS-CoV-2 infection and may have instead increased mortality. In a meta-analysis, Yu et al. (31) reported that tocilizumab treatment produced promising results in reducing 28-day mortality in patients with moderate-to-severe SARS-CoV-2 infection, without serious adverse events.

In a meta-analysis related to the macrolide antibiotic azithromycin, Ayerbe et al. (32) reported that it was not effective in reducing the mortality of patients with respiratory tract infection caused by SARS-CoV-2. A meta-analysis by Kamel et al. (33) concluded that due to the lack of efficacy and the potential risk of bacterial resistance, the routine use of azithromycin in patients with respiratory tract infections caused by SARS-CoV-2 was not justified and did not meet the current required clinical benefit. Furthermore, the results of the randomized controlled trials included in this meta-analysis did not indicate that azithromycin produced any benefit in mortality reduction in patients with respiratory tract infection caused by SARS-CoV-2.

Analysis of the combination of several classes of anti-inflammatory drugs revealed that polytherapy was more beneficial than monotherapy in reducing mortality in patients with respiratory tract infections caused by SARS-CoV-2. A meta-analysis by Lim et al. (34) concluded that the combination of tocilizumab and corticosteroids was more effective than either of these drugs alone. This result was confirmed by a meta-analysis by Moosazadeh et al. (35). Moreover, Chinese policies emphasize that most critically ill patients with novel coronavirus pneumonia will develop respiratory failure and that the combination of appropriate respiratory support (including invasive and non-invasive mechanical ventilation) and clinical extracorporeal membrane lung oxygenation with pharmacological therapy is the clinical guideline for the treatment of critically ill patients. In addition, the results of the meta-analysis suggest that the natural drugs available for the treatment of SARS-CoV-2 are less relevant for the treatment of SARS-CoV-2 with natural drugs and their extracts. However, our meta-analysis revealed that the natural drug extract Xuebijing significantly reduced mortality in patients with respiratory tract infection caused by SARS-CoV-2, which should be analyzed in depth in future clinical trials.

In conclusion, anti-inflammatory drugs can significantly reduce mortality in patients with respiratory infections caused by SARS-CoV-2, especially in critically ill patients. Furthermore, the use of anti-inflammatory drugs in combination with corticosteroids or respiratory support at the time of treatment can dramatically reduce mortality in critically ill patients. In individual studies, methylprednisolone was significantly more effective than other anti-inflammatory drugs. However, this meta-analysis only included clinical randomized controlled trials related to respiratory infections caused by SARS-CoV-2 in the last 2 years. More relevant clinical data are needed from future experimental and clinical studies.



5. Limitations

This study has several limitations. Only randomized controlled trials with control groups were considered, limited databases were used, and only articles published in English were considered.
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