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META-ANALYSIS

Therapeutic and anti-inflammatory effects of baricitinib on mortality, ICU transfer, 
clinical improvement, and CRS-related laboratory parameters of hospitalized 
patients with moderate to severe COVID-19 pneumonia: a systematic review and 
meta-analysis
Sepideh Tahsini Tekantapeha, Morteza Ghojazadehb, Ali Akbar Ghamaric, Aida Mohammadid 

and Hassan Soleimanpour e

aTuberculosis and Lung Disease Research Center, Tabriz University of Medical Sciences, Tabriz, Iran; bResearch Center for Evidence Based Medicine, 
Tabriz University of Medical Sciences, Tabriz, Iran; cDepartment of Anesthesiology and Critical Care Medicine, Faculty of Medicine, Tabriz University 
of Medical Sciences, Tabriz, Iran; dStudent Research Committee, Tabriz University of Medical Sciences, Tabriz, Iran; eRoad Traffic Injury research 
center, Tabriz university of medical sciences, Tabriz, Iran

ABSTRACT
Background: Due to the high incidence and mortality of the worldwide COVID-19 pandemic, beneficial 
effects of effective antiviral and anti-inflammatory drugs used in other diseases, especially rheumatic 
diseases, were observed in the treatment of COVID-19.
Methods: Clinical and laboratory parameters of eight included cohort studies and five Randomized 
Control Trials between the baricitinib group and the control group were analyzed on the first day of 
admission and days 7, 14, and 28 during hospitalization.
Results: According to the meta-analysis result of eight included cohort studies with 2088 patients, the 
Pooled Risk Ratios were 0.46 (P < 0.001) for mortality, 6.14 (P < 0.001) for hospital discharge, and the 
mean differences of 76.78 (P < 0.001) for PaO2/FiO2 ratio was −47.32 (P = 0.02) for CRP, in the baricitinib 
group vs. control group on the seventh or fourteenth day of the treatment compared to the first day. 
Based on the meta-analysis of five RCT studies with 11,825 patients, the pooled RR was 0.84 (P = 0.001) 
for mortality and 1.07 (P = 0.014) for patients’ recovery. The mean differences were −0.80 (P < 0.001) for 
hospitalization days, −0.51(P = 0.33) for time to recovery in the baricitinib group vs. control group.
Conclusions: Baricitinib prescription is strongly recommended in moderate to severe COVID-19.
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1. Introduction

A newly enveloped non-segmented positive-sense Ribonucleic 
acid (RNA) β-coronavirus, called severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), the seventh member of 
the Coronaviridae family to infect humans, has caused the 
widespread global pandemic of the coronavirus disease 
(COVID-19) since December 2019 until now [1–5]. The main 
route of the transmission of the SARS-CoV-2 is through the 
respiratory tract. In order of prevalence, the most common 
clinical symptoms are fever, cough, shortness of breath, fati-
gue, sore throat, headache, and sometimes gastrointestinal 
symptoms [6,7]. Patients with underlying disease, old age, or 
predisposing risk factors present acute respiratory infectious 
syndrome, usually associated with widespread systemic 
inflammation and cytokine storm [8,9]. A mortality rate of 
11.7–28.3% was reported among admitted COVID-19 patients 
[10]. The severity of COVID-19 disease, which is characterized 
by hyperinflammation and cytokine release storm(CRS), is the 
result of increased Interleukin 6 (IL-6) expression due to the 
activation of the Janus Kinase and Signal Transducer and 
Activator of Transcription (JAK-STAT) pathway [11]. Since

inflammation is the most influential factor in COVID-19 pneu-
monia severity, the JAK/STAT pathway cascade is the path that 
catches our attention for further investigation. The SARS-CoV 
-2 infection causes CRS by employing pneumocytes, endothe-
lial cells, macrophages, monocytes, lymphocytes, natural killer 
cells, and dendritic cells via the JAK/STAT pathway activation. 
Inflammatory laboratory data measure this hyper- 
inflammation to assess the severity of the disease [12]. Thus, 
JAK/STAT inhibitors, such as ruxolitinib, baricitinib (Olumiant), 
and tofacitinib, can decrease the COVID-19 pneumonia sever-
ity by reducing extreme inflammation [13].

JAK inhibitor drugs include baricitinib, tofacitinib, perficiti-
nib, filgotinib, upadacatinib, and fostamatinib belonging to 
targeted synthetic disease-modifying anti-rheumatic drugs 
(tsDMARDs) [14]. The European Union approved Baricitinib 
in 2017 to treat rheumatoid arthritis (RA) [15]. Previous stu-
dies on baricitinib in RA patients have reported a significant 
reduction in IL-6 [16]. From the beginning of the pandemic 
until now, anti-rheumatic drugs have been used in the treat-
ment of COVID-19, and various studies have been performed 
on their effectiveness [17]. Baricitinib (C16H17N7O2S,
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formerly LY3009104) is available as 2 mg oral tablets under 
the ‘Olumiant’ brand name, which as an immune-modulatory 
agent with the mechanism of Janus kinase type 1 and 2 
inhibitors, is used to treat moderate to severe RA that has 
recently been allowed to be used in emergencies (severe 
COVID-19) in combination with remdesivir [18–21]. It seems 
that baricitinib has a higher digestive absorption than remde-
sivir and azithromycin. Baricitinib has a serum half-life (T1/2) 
of 12.5 hours compared with 0.39 hours in remdesivir [21]. 
Baricitinib has renal clearance (dose adjustment should be 
done in low Glomerular Filtration Rate (GFR)) and is dialyz-
able with 6 L/h Hemodialysis (HD) clearance [22,23]. 
Baricitinib has peak plasma concentrations, absolute bioavail-
ability, and plasma protein binding equal to 60 min and 79%, 
respectively [22].

The main gateway for the SARS-CoV-2 to enter the respira-
tory cells is the angiotensin-converting enzyme 2 (ACE2) 
receptor, which produces inflammatory storms in patients 
with a severe and widespread inflammatory response [24,25]. 
ACE2 receptor binding affinity in baricitinib is far more than in 
remdesivir and azithromycin [21]. Thus AP2-associated protein 
kinase 1 (AAK1) disruption by a drug, such as baricitinib, can 
prevent the entry of SARS-CoV-2 into alveolar epithelial cells 
and subsequent viremia (dual baricitinib function includes 
decreased hyperinflammation and prevents virus entrance by 
inhibiting AAK1 that causes anti-inflammatory and antiviral 
activity) [21,26–34].

As with other immunomodulatory therapies, baricitinib can 
control CRS via suppressing the inflammatory storm in 
patients with severe COVID-19 infection [35,36]. As the sever-
ity of COVID-19 and inflammatory storm intensifies due to 
increased cytokines, the treatment choice to control hyperin-
flammation will be different, and a drug, such as baricitinib, 
will be very suitable for this stage [37]. As an oral reversible 
selective Janus Kinase-1 (JAK1) and Janus Kinase-2 (JAK2)

inhibitor drug, baricitinib could bring COVID-19 pneumonia 
under control by competing with adenosine triphosphate 
(ATP) and blocking pro-inflammatory signals of cytokines 
such as Interferon-gamma (IFN-γ), Tumor Necrosis Factor- 
alpha (TNF-α), granulocyte colony-stimulating factor (G-CSF), 
interleukin-2 (IL-2), interleukin-6 (IL-6), interleukin-8 (IL-8), 
interleukin-9 (IL-9), interleukin-10 (IL-10), interleukin-17 (IL- 
17), interleukin-12 (IL-12), and interleukin-23 (IL- 23) in the 
role of a cytokine-targeted therapy [13,38–41]. Due to 
impaired interferon-mediated antiviral response with barciti-
nib, administration of this drug to induce rapid clinical 
improvement should be considered with caution in severe 
COVID-19 hospitalized patients [24,42]. Reduction of IFN activ-
ity (IFN responses is an innate essential defense barrier against 
virus entry) by baricitinib decreases the ability of SARS-CoV-2 
to enter adjacent cells by intensifying ACE2 downregulation in 
airway epithelial cells and primary bronchial cells, which 
causes less entry, less proliferation, and less infection of the 
host [22,43].

Extracorporeal cytokine removal or therapeutic plasma 
exchange (TPE) can control cytokine storm in severe COVID- 
19 by the mechanism of reduction of cytokines similar to 
cytokine-targeted treatment such as new anti-inflammatory 
drugs tocilizumab, anakinra, and baricitinib [41]. Common 
agents with baricitinib are azathioprine, abatacept, adalimu-
mab, anakinra, sarilumab, infliximab, cyclosporine, and probe-
necid [44]. The anti-cytokine and antiviral nature of baricitinib 
cause its effective therapeutic effects on COVID-19 [16].

2. Methods

2.1. Protocol and registration

Based on the Preferred Reporting Items for Systematic Reviews 
and Meta-analyses (PRISMA) statement, our systematic review 
and meta-analysis protocol is registered with the International 
Prospective Register of Systematic Reviews (PROSPERO), sys-
tematic review registration number: PROSPERO 
CRD42021254541 on 18 May 2021.

2.2. Eligibility criteria

Based on a primary search of studies about the effect of 
baricitinib on COVID-19 pneumonia, the eligibility of the stu-
dies for inclusion in our analysis included the following. Any 
cohort or RCT study on moderate to severe COVID-19 pneu-
monia with baricitinib in case groups with or without standard 
antiviral therapies and control groups treated with standard 
treatments without baricitinib in the other arm, aged patients 
≥ 2 years old. Consequently, the participation of both sexes in 
the study, studies published from December 2019 to 
May 2022, and without any language restrictions.

2.3. Search strategy

Using our search strategy based on keywords resulting from 
Medical Subject Headings (MeSH) terms (the supplement 
file 1), the database of MEDLINE, Excerpta Medica Database 
(EMBASE), Scopus, Web of Science, Google Scholar, the

Article highlights

● Severe Acute Respiratory Syndrome coronavirus 2 (SARS-CoV-2) 
causes high morbidity and morbidity in moderate to severe COVID- 
19 pneumonia through cytokine release syndrome (CRS).

● Baricitinib is an oral reversible selective Janus Kinase-1 (JAK1) and 
Janus Kinase-2 (JAK2) inhibitor drug, which is used for the treatment 
of rheumatoid arthritis (RA).

● JAK-inhibitors, especially FDA-approved baricitinib at a dose of 4 mg 
daily for up to 14 days, reduce mortality, need for mechanical 
ventilation, and ICU transfer by reducing virus entry and 
a hyperinflammation reduction in moderate to severe COVID-19 
pneumonia.

● Reduced mortality and the need for ICU, faster clinical improvement 
and discharge, and significantly decreased inflammatory markers in 
the baricitinib group compared to the control group were obtained 
from an eight-cohort studies meta-analysis.

● The widespread administration of baricitinib in all countries by add-
ing this drug to the national COVID-19 treatment protocol is 
recommended.

● Considering the available evidence, evaluating the beneficial effects 
of baricitinib against its side effects in moderate to severe COVID-19 
confirms much more significant benefits of baricitinib in reducing the 
severity of disease inflammation and mortality and preventing the 
progression to more severe disease than its side effects; hence, its 
prescription is recommended according to the indication.
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Cochrane-controlled trial registry in the Cochrane Library, and 
the ClinicalTrials.gov website (National Institute of Health) 
were searched for completed but unpublished studies. All 
references to selected articles were also read manually to 
ensure no study was missed. The search was done from early 
March 2021 to late May 2022.

2.4. Article selection criteria

The Population, Intervention, Comparison, Outcome, Study 
design (PICOS) index of all eligible published cohort studies 
was assessed during the last two and a half years. Our search 
strategy focused on four items: the study type (cohort and CRT 
studies), participants (hospitalized ≥ 2 years old men and 
women with moderate to severe COVID-19 pneumonia), inter-
vention (baricitinib vs. other therapies), and outcomes 
(decreased hospitalized days, decreased need for intubation 
or ICU transfer, decreased mortality, accelerate recovery, 
decreased serum inflammatory parameters, and side effect 
evaluation). In the primary search of databases, 143 duplicated 
papers were removed out of 694 retrieved articles by EndNote 
software. Then 423 titles, abstracts, and full- texts of papers 
published from December 2019 to May 2022 without lan-
guage restrictions were reviewed by two researchers indepen-
dently (ST and HS). Excluding 3114 irrelevant papers led to 109 
remaining articles, of which eight eligible cohort studies (in 
the format of the research articles, letters to the editor, or 
comment articles) and five RCT studies were included in this 
systematic review and meta-analysis. The studies concerned 
the evaluation of ‘baricitinib’ in case groups versus ‘standard 
COVID-19 treatment without baricitinib’ in control groups 
about moderate to severe (oxygen saturation (SaO2) < 94%, 
fever, cough, myalgia, fatigue, the Pressure of Arterial Oxygen 
to Fractional Inspired Oxygen Concentration (PaO2/FiO2) ratio 
of 100–300 mmHg, SARS-CoV-2 nasopharyngeal swab- 
positive, and evidence of radiological pneumonia) hospitalized 
COVID-19 patients. When disputes between observations of 
the two authors were not resolved in cases of eligibility dis-
agreement or discrepancy, the opinion of the third author 
(MG) was accepted to solve the issue.

2.5. Study screening and data extraction

Authors ST and HS initially screened articles after removing 
duplicated papers by EndNote software. After reviewing the 
titles and abstracts of 423 studies, 314 articles were set aside 
due to irrelevancy. Eight cohort and five RCT studies out of 
109 remaining relevant articles were selected to be analyzed 
according to the inclusion and exclusion criteria.

The primary and highest outcomes assessed in our study 
were mortality, hospitalized days, need for intubation and ICU 
transfer, the PaO2/FiO2 ratio, and serum levels of C-reactive 
protein (CRP) and IL-6 in hospitalized ≥ 2 years old patients 
with moderate to severe COVID-19 pneumonia after treatment 
with baricitinib in comparison with the standard treatment 
(hydroxychloroquine, corticosteroids, and antivirals such as 
lopinavir/ritonavir). On the other hand, the secondary out-
comes were discharge rate, time to recovery, fever, lympho-
cyte count, and Transaminase (ALT) in the baricitinib arm

compared with the no-baricitinib arm, and finally, baricitinib 
safety and side effects.

Due to three missing data, including mean ages and serum 
levels of IL-6 in a study by Bronte et al., and correct lympho-
cyte counts in a study by Stebbing et al. in both case and 
control groups, three emails were sent to the corresponding 
authors. The completed correct data were entered into the 
extraction table according to their responses.

The final data of primary and secondary outcomes of the 
eight included cohorts and five RCT studies were carefully 
entered into the data extraction table by two authors inde-
pendently (ST and HS). Our study extraction table was cate-
gorized into six headings, including (1) study specifications 
(title, authors, year, country, study type, and study duration), 
(2) baseline demographic characteristics of COVID-19 (sample 
size, gender, mean age, drugs, and dosage, and disease sever-
ity), (3) respiratory system parameters at baseline (t0), after 
1 week (t7), and after 2 weeks (t14) (PaO2/FiO2, time to recov-
ery, discharge rate, hospitalization days, ICU transfer and 
mechanical ventilation, death), (4) laboratory and immunolo-
gic data at baseline (t0), after 1 week (t7), and after 2 weeks 
(t14) (CRP, lymphocytes, ALT, and IL-6), (5) general system 
parameters at baseline (t0), after 1 week (t7), and after 
2 weeks (t14) (fever), and (6) adverse effects in detail.

It is noteworthy that the meta-analysis of each outcome 
was performed if data were available in at least two studies 
due to the insufficient data on some variables among the 
primary and secondary outcomes in the included cohort and 
RCT studies.

2.6. Study selection

The initial electronic search yielded 694 citations. After two 
authors’ reviews, 143 duplicated articles and 128 ineligible 
papers, titles, and abstracts of 423 papers were removed in 
the initial screening. They independently agreed to exclude 
314 records because of irrelevancy. Eventually, eight cohort 
and five RCT articles of the remaining 109 papers were 
included in the meta-analysis phase according to the inclusion 
and exclusion criteria [45–57]. The PRISMA algorithm in 
Figure 1 illustrates the study selection process.

2.7. Data synthesis, analysis, and exploration of 
heterogeneity

Heterogeneity between studies was assessed using the I2 
index and Q-value statistics. The sample size and means with 
standard deviations for quantitative variables and the sample 
size and number of items for qualitative variables were 
extracted in each group of included articles. The articles 
reported with InterQuartile Range (IQR) were converted to 
means and standard deviations using the method introduced 
by Wan et al. [58]. The mean differences between the two 
groups for quantitative consequences and the risk ratio were 
calculated for qualitative consequences. The results of the 
meta-analysis were integrated using the Random Effect 
Model. CMA v.3.1 (Comprehensive Meta-Analysis) software 
was used for statistical analysis. A P-value less than 0.05 was 
interpreted as a significant level.
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2.8. Grading the strength of evidence

The overall quality of evidence for each outcome in the involved 
cohort and RCT studies was evaluated using the Grading of 
Recommendations Assessment, Development, and Evaluation 
(GRADE) approach. Table of ‘Summary of findings’ were created 
using GRADE Profiler (GRADE pro-Guideline Development Tool 
(GDT)) in this study. Our GRADE assessment was obtained con-
sidering five domains: risk of bias, inconsistency, indirectness, 
imprecision, and publication bias.

Table 1 shows the GRADE results for the evidence obtained 
from the meta-analysis results for each of the studied out-
comes. Based on the presented table (Table 1), the obtained 
evidence strengths were rated from Moderate to High.

3. Results

3.1. Characteristics of the studies included

The included studies were classified into two categories for meta- 
analysis: cohorts (eight studies) and RCTs (five studies). Among the

eight included cohort studies, four surveys were conducted in 
Italy, four in Spain, respectively (one joint study in Spain and 
Italy), and a cohort study from Mexico. Most included RCT studies 
are multicenter and have been conducted in different countries. 
The demographic characteristics and the clinical, paraclinical, and 
immunological effects of baricitinib were examined on hospita-
lized patients with moderate to severe COVID-19 pneumonia in 
the included cohort and RCT studies. Regarding included eight 
cohort studies, it should be noted that from a total of 2088 
patients (1330 males and 758 females) aged 60–75 years, 687 of 
whom were treated with baricitinib alone or in combination with 
antivirals (lopinavir/ritonavir) and corticosteroids (methylpredniso-
lone), and 1401 patients were treated with hydroxychloroquine 
with antivirals or corticosteroids and standard COVID-19 treat-
ments without baricitinib. About five RCT studies, it is noted that 
11,825 patients (7638 males and 4187 females) aged 2–74 years, 
5994 of whom were in the baricitinib group, and 5831 patients 
were in the control group. The basic characteristics of each 
included study (cohorts and RCTs, separately) are presented in 
detail in Tables 2 and 3.

Figure 1. Study flow chart based on PRISMA Flow Diagram.
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3.2. Meta-analysis results

3.2.1. Cohort studies meta-analysis results
In this section, the main and secondary outcomes of the meta- 
analysis for the eight included cohort studies (death, ICU 
transfer, discharge, PaO2/FiO2 ratio, fever, CRP, IL-6, lympho-
cyte count on day 14, and ALT) and their forest plot graphs are 
explained by interpretation.

3.2.1.1. Death. Based on the report of patients’ mortality 
rates in the baricitinib and control groups in seven included 
cohort studies, the heterogeneity between the studies was not 
significant (I-squared = 0.00, P-value = 0.51, df(Q) = 6, 
Q-value = 5.23). According to the meta-analysis results, the 
mortality risk in the baricitinib group was 0.47 times that of 
the control group (Pooled Risk Ratio(RR) = 0.47, 95% 
Confidence Interval (CI) = 0.36, 0.61, Z-value = −5.69, P-value 
< 0.001). The Forest Plot graph from the results of the mortal-
ity rate meta-analysis is shown in Figure 2.

3.2.1.2. ICU transfer. Based on the report of patients’ need for 
intubation and ICU transfer in the baricitinib and control groups in 
five included cohort studies, the heterogeneity between the stu-
dies was significant (I-squared = 92.83, P-value = 0.00, df(Q) = 4, 
Q-value = 55.81). According to the meta-analysis results, the ICU 
transfer risk in the baricitinib group was 1.28 times that of the 
control group (Pooled RR = 1.28, 95% CI = 0.46, 3.57, 
Z-value = 0.48, P-value = <0.001). The Forest Plot graph from the 
results of the ICU transfer rate meta-analysis is shown in Figure 3.

3.2.1.3. Discharge. Based on the report of patients’ dis-
charge from the hospital in the baricitinib and control groups 
in two included cohort studies, the heterogeneity between the 
studies was not significant (I-squared = 0.00, P-value = 0.891, 
df(Q) = 1, Q-value = 0.019). According to the meta-analysis 
results, the discharge rate in the baricitinib group was 6.14 
times that of the control group (Pooled RR = 6.14, 95% 
CI = 3.50, 10.78, Z-value = 6.33, P-value < 0.001). The Forest

Plot graph from the results of the discharge rate meta-analysis 
is shown in Figure 4.

3.2.1.4. PaO2/FiO2 ratio. Based on the report of the 
patients’ PaO2/FiO2 ratio in the baricitinib and control groups 
on the first and the seventh days after treatment in three 
included cohort studies, the heterogeneity between the stu-
dies was not significant (I-squared = 0.00, P-value = 0.84, df-
(Q) = 2, Q-value = 0.357). According to the meta-analysis 
results, the mean change in the PaO2/FiO2 ratio in the barici-
tinib group was 76.78 mmHg more than the control group 
(Pooled Mean Difference = 76.78, 95% CI = 50.97, 102.59, 
Z-value = 5.83, P-value = < 0.001) at the seventh day of 
treatment during hospitalization compared to the first day. 
The Forest Plot graph from the results of the PaO2/FiO2 ratio 
meta-analysis is shown in Figure 5.

3.2.1.4. Fever. Based on the report of the patients’ fever in the 
baricitinib and control groups on the first and the seventh days 
after treatment in three included cohort studies, the heterogeneity 
between the studies was significant (I-squared = 85.96, P-value = < 
0.001, df(Q) = 2, Q-value = 14.24). According to the meta-analysis 
results, the mean change in the Body Temperature (BT) in the 
baricitinib group was 0.64°C less than the control group (Pooled 
Mean Difference = −0.64, 95% CI = −1.36, 0.07, Z-value = −1.76, 
P-value = 0.08) at the seventh day of treatment during hospitaliza-
tion compared to the first day. The Forest Plot graph from the 
results of the fever meta-analysis is shown in Figure 6.

3.2.1.5. CRP. Based on the report of the patients’ serum CRP 
levels in the baricitinib and control groups on the first and the 
seventh days after treatment in three included cohort studies, 
the heterogeneity between the studies was significant 
(I-squared = 82.03, P-value = < 0.001, df(Q) = 2, 
Q-value = 11.13). According to the meta-analysis results, the 
mean change in serum CRP levels in the baricitinib group was 
47.32 mg/L less than the control group (Pooled Mean 
Difference = −47.32, 95% CI = −86.36, −8.28, Z-value = −2.38,

Table 1. Evidence quality associated with baricitinib therapeutic effect based on GRADE assessment.

Outcome

Effect size and 95% confidence interval (CI)

Quality of evidenceStudies Number Risk Ratio(RR), 95% CI I-squared

Cohort studies
Deaths 7 0.47 (0.36 to 0.61) 0 High
ICU Transfer 5 1.30 (0.46 to 3.56) 92.83 Moderate
Discharge 2 6.15 (3.51 to 10.78) 0 Moderate

RCT studies
Deaths 5 0.84 (0.76–0.93) 49.31 High
Recovery (N) 2 1.07 (1.01–1.41) 0 Moderate

Effect size and 95% confidence interval (CI)

Outcome Studies Number Mean Difference, 95% CI I-squared Quality of evidence

Cohort studies
PaO2/FiO2 ratio 3 76.78(50.97 to 102.59) 0 Moderate
Fever 3 −0.64(−1.36 to 0.07) 85.96 Moderate
CRP 3 −47.32(−86.36 to −8.28) 82.03 High
IL-6 2 −13.8(−19.73 to −7.87) 0.000 High
Lymphocyte count 2 0.48(0.35 to 0.61) 0 Moderate
ALT 2 20.17(2.02 to 38.32) 77 High

RCT studies
Hospitalization days 5 −0.80 (−0.93 to −0.67) 0 Moderate
Time to Recovery(days) 3 −0.51 (−1.54 to 0.52) 91.84 High
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P-value = 0.02) on the seventh day of treatment during hospi-
talization compared to the first day. The Forest Plot graph 
from the serum CRP levels meta-analysis is shown in Figure 7.

3.2.1.6. IL-6. Based on the report of the patients’ serum IL-6 levels 
in the baricitinib and control groups on the first and the seventh days 
after treatment in two included cohort studies, the heterogeneity 
between the studies was not significant (I-squared = 0.00, 
P-value = 0.39, df(Q) = 1, Q-value = 0.74). According to the meta- 
analysis results, the mean change in serum IL-6 levels in the baricitinib 
group was 13.80 pg/mL less than the control group (Pooled Mean 
Difference = −13.80, 95% CI = −19.73, −7.87, Z-value = −4.6, P-value < 
0.001). The Forest Plot graph from the meta-analysis of serum IL-6 
levels is shown in Figure 8.

3.2.1.7. Lymphocyte count. Based on the report of the 
patients’ lymphocyte count in the baricitinib and control 
groups at the first and the fourteenth days after treatment 
in two included cohort studies, the heterogeneity between 
the studies was not significant (I-squared = 0.00, 
P-value = 0.87, df(Q) = 1, Q-value = 0.028). According to 
the meta-analysis results, the mean change in lymphocyte 
count in the baricitinib group was 0.48 × 109/L more than 
the control group (Pooled Mean Difference = 0.48, 95% 
CI = 0.35, 0.61, Z-value = 7.15, P-value < 0.001) on the 
fourteenth day of treatment during hospitalization com-
pared to the first day. The Forest Plot graph from the 
results of the lymphocyte count of the day 14 meta- 
analysis is shown in Figure 9.

Figure 2. The pooled direct comparison effect of baricitinib therapy versus standard treatment on the mortality rate of COVID-19 pneumonia related to cohort studies.

Figure 3. The pooled direct comparison effect of baricitinib therapy versus standard treatment on the need for mechanical ventilation and ICU transfer of the 
patients with COVID-19 pneumonia related to cohort studies.
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Figure 4. The pooled direct comparison effect of baricitinib therapy versus standard treatment on the discharge rate of the patients with COVID-19 pneumonia 
related to cohort studies.

Figure 5. The pooled direct comparison effect of baricitinib therapy versus standard treatment on PaO2/FiO2 Ratio of the patients with COVID-19 pneumonia related 
to cohort studies.

Figure 6. The pooled direct comparison effect of baricitinib therapy versus standard treatment on the fever of the patients with COVID-19 pneumonia related to 
cohort studies.
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Figure 7. The pooled direct comparison effect of baricitinib therapy versus standard treatment on CRP of the patients with COVID-19 pneumonia related to cohort 
studies.

Figure 8. The pooled direct comparison effect of baricitinib therapy versus standard treatment on IL-6 in the patients with COVID-19 pneumonia related to cohort 
studies.

Figure 9. The pooled direct comparison effect of baricitinib therapy versus standard treatment on lymphocyte count in the patients with COVID-19 pneumonia 
related to cohort studies.
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3.2.1.8. ALT. Based on the report of the patients’ ALT in the 
baricitinib and control groups on the first day and the 
fourteenth day after treatment in two included cohort studies, 
the heterogeneity between the studies was significant 
(I-squared = 77.0, P-value = 0.04, df(Q) = 1, Q-value = 4.35). 
According to the meta-analysis results, the mean change in 
ALT in the baricitinib group was 20.17 U/L more than the 
control group (Pooled Mean Difference = 20.17, 95% 
CI = 2.02, 38.32, Z-value = 2.18, P-value = 0.03) at the 
fourteenth day of treatment during hospitalization compared 
to the first day. The Forest Plot graph from the ALT meta- 
analysis is shown in Figure 10.

3.2.2. RCT studies meta-analysis results
3.2.2.1. Death. Based on the report of patients’ mortality 
rates over 28 days in the baricitinib and control groups in 
five included RCT studies, the heterogeneity between the 
studies was insignificant (I-squared = 49.31, P-value = 0.09, 
df(Q) = 4, Q-value = 7.90). According to the meta-analysis 
results, the mortality risk in the baricitinib group was 0.84 
times that of the control group (Pooled Risk 
Ratio(RR) = 0.84, 95% Confidence Interval (CI) = 0.76, 0.93, 
Z-value = −3.37, P-value = 0.001). The Forest Plot graph

from the results of the mortality rate meta-analysis is 
shown in Figure 11.

3.2.2.2. Hospitalisation days. Based on the report of the 
patients’ hospitalized days in the baricitinib and control 
groups in five included RCT studies, the heterogeneity 
between the studies was not significant (I-squared = 0.00, 
P-value = 0.69, df(Q) = 4, Q-value = 2.24). According to the 
meta-analysis results, the mean hospitalization days in the 
baricitinib group was 0.80 days less than the control group 
(Pooled Mean Difference = −0.80, 95% CI = −0.93, −0.67, 
Z-value = −12.51, P-value < 0.001). The Forest Plot graph 
from the results of the meta-analysis of hospitalization days 
is shown in Figure 12.

3.2.2.3. Recovery. Based on the report of patients recovery 
in the baricitinib and control groups in two included RCT 
studies, the heterogeneity between the studies was not sig-
nificant (I-squared = 0.00, P-value = 0.337, df(Q) = 1, 
Q-value = 0.923). According to the meta-analysis results, the 
recovery rate in the baricitinib group was 1.07 times that of 
the control group (Pooled RR = 1.07, 95% CI = 1.01, 1.41, 
Z-value = 2.44, P-value = 0.014). The Forest Plot graph from

Figure 10. The pooled direct comparison effect of baricitinib therapy versus standard treatment on ALT in the patients with COVID-19 pneumonia related to cohort 
studies.

Figure 11. The pooled direct comparison effect of baricitinib therapy versus standard treatment on the mortality rate of COVID-19 pneumonia related to RCT studies.
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the results of the recovery rate meta-analysis is shown in 
Figure 13.

3.2.2.4. Time to recovery. Based on the report of the 
patients’ time to recovery(days) in the baricitinib and con-
trol groups in three included RCT studies, the heterogeneity 
between the studies was significant (I-squared = 91.84, 
P-value = 0.00, df(Q) = 2, Q-value = 24.50). According to 
the meta-analysis results, the mean days about time to 
recovery in the baricitinib group was 0.51 days less than 
the control group (Pooled Mean Difference = −0.51, 95% 
CI = −1.54, 0.52, Z-value = −0.96, P-value = 0.33). The Forest 
Plot graph from the meta-analysis of Time to recovery is 
shown in Figure 14.

3.3. Risk of bias assessment

Risk assessment was performed using risk assessment tools. 
We also assessed the risk of bias across included cohort and 
RCT studies. If more than 50% of the information was at low 
risk of bias, the domain was judged to be at low risk of bias. 
Similarly, if most information in the included studies had an 
unclear/high risk of bias, the domain was considered to be at

an unclear/high risk of bias. Overall, the quality of the selected 
articles was reported as ‘medium’ based on the authors’ con-
sensus in scoring the eight included cohort and five RCT 
studies.

3.4. Publication bias

The Eggers Regression test results showed no evidence of 
diffusion bias between cohort studies included in the meta- 
analysis (t-value = 1.38, df = 7, p-value = 0.38).

4. Baricitinib adverse effects: a literature review

Common short-term side effects of baricitinib are headache, 
upper respiratory tract infection, and nasopharyngitis [22,59– 
62]. Baricitinib can mildly increase Aspartate 
Aminotransferase (AST) and ALT (17%) and cause transient 
reversible elevation of liver enzymes without the need for 
discontinuation or dose adjustment. Therefore, initial Liver 
function tests (LFT) controls and subsequent monitoring are 
suggested in some studies [13,58–60]. No cases of hepato-
toxicity have been reported so far [18].

Figure 12. The pooled direct comparison effect of baricitinib therapy versus standard treatment on hospitalized days of the patients with COVID-19 pneumonia 
related to RCT studies.

Figure 13. The pooled direct comparison effect of baricitinib therapy versus standard treatment on the Recovery Rate of the patients with COVID-19 pneumonia 
related to RCT studies.
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It has also been suggested that baricitinib may increase the 
incidence of lymphopenia and anemia in patients with COVID- 
19 [63,64]. Baricitinib, especially during the first month, can 
reduce neutrophil counts but not below 1000 [65]. Cases in 
which baricitinib should not be started or stopped include 
absolute lymphocyte count < 0.5 × 109 /L, absolute neutrophil 
count < 1 × 109 /L, and Hemoglobin < 8 g/ml [17,66]. The only 
contraindication to baricitinib is creatinine clearance < 30 ml/ 
min [22]. Recommended laboratory parameters in patients 
treated with baricitinib include serum creatinine, absolute 
lymphocyte count, absolute neutrophil count, hemoglobin, 
platelets, ALT, AST, bilirubin, and Creatine phosphokinase 
(CPK), Low-Density Lipoprotein (LDL), and High-Density 
Lipoprotein (HDL) in prolonged use [22].

There is a possibility of reactivation of previous latent 
infections, including Epstein Barr Virus (EBV), Tuberculosis 
(TB), Herpes simplex virus (HSV), Herpes Zoster Virus (HZV), 
and Hepatitis B with Baricitinib [64]. There is no report on 
baricitinib-induced mortality [67]. Due to the possibility of 
reactivation of hepatitis B during treatment with baricitinib, 
the serum levels of Hepatitis B surface Antigen (HBsAg) and 
antibody to Hepatitis B core Antigen (anti-HBc) should be 
controlled before starting treatment. Moreover, close monitor-
ing should be done in patients with a history of hepatitis B to 
quickly diagnose hepatitis reactivation and start the antiviral 
drug against HBV (tenofovir or entecavir) as soon as possible 
[18]. However, experience has shown that short-term use of 
baricitinib (7–14 days) will not activate latent infections [67]. 
Some infectious side effects, such as HZV, are dose-dependent 
(occur at a dose of 4 mg/day vs. 2 mg/day) [68]. No side effects 
have been reported with short-term use of baricitinib up to 
8 mg daily [69]. IFN-γ blockade by baricitinib is the cause of 
HSV reactivation [22]. Risk of developing bacterial and fungal 
superinfection increases in COVID-19 treatment with JAK inhi-
bitors (e.g. baricitinib) and IL-6 inhibitors (e.g. tocilizu-
mab) [70].

Usual dosage of Baricitinib is 4 mg once/day, 2 mg once/ 
day in estimated Glomerular Filtration Rate (eGFR) 30–60 mL/ 
min/1.73 m2, 1 mg once/day in eGFR 15–30 mL/min/1.73 m2

and not recommended in eGFR <15 mL/min/1.73 m2 [67]. 
There is no evidence that baricitinib crosses the placenta [22].

In drug safety, no specific side effects have been reported 
with baricitinib in combination with methylprednisolone com-
pared with methylprednisolone alone [48,61]. Among JAK 
inhibitors, the complication of increasing the number of plate-
lets (approximately 50 × 109/L, immediately after the start and 
reaching the peak within 2 weeks) is unique to baricitinib [22]. 
It may be suggested that increased susceptibility to thrombo-
tic events by baricitinib in the context of the hypercoagulo-
pathy state of COVID-19 can have a double effect on the 
occurrence of thromboembolic events. On the other hand, 
the results of immune, inflammatory, and coagulation system 
function in patients with COVID-19 indicate a tendency 
towards thromboembolic events [68,70]. Increasing serious 
infections and dose-dependent arterial and venous throm-
boembolic risk are late complications [22,68,71]. In Adaptive 
COVID-19 Treatment Trial 2 (ACTT-2), cases of Pulmonary 
Thromboembolism (PTE) and venous thromboembolism with 
no statistically significant difference were observed compared 
with the control group [53].

In a study by Lenz et al., one case of pulmonary throm-
boembolism and one case of methicillin-resistant 
Staphylococcus aureus (MRSA) infection were reported as 
a result of treatment with baricitinib and hydroxychloroquine 
in 15 patients with moderate to critical COVID-19 pneumonia. 
However, determining whether these complications were due 
to baricitinib adverse effect or the COVID-19 complication 
requires further clinical trials with larger sample sizes [72]. In 
a comprehensive global study about the adverse effects of 
baricitinib in 1598 patients, infections (herpes zoster, oral 
herpes, and herpes virus infection) and thromboembolic 
events were still rare, and death and life-threatening events 
were found in 9.76% of patients [73]. Due to the immunosup-
pressive effects of both corticosteroids and baricitinib, co- 
administration of both drugs is not recommended because 
of the increased risk of infections [74]. Concurrent use of 
immunosuppressant drugs makes patients more susceptible 
to infections [75].

Figure 14. The pooled direct comparison effect of baricitinib therapy versus standard treatment on time to recovery of the patients with COVID-19 pneumonia 
related to RCT studies.
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The most important side effects of short-term baricitinib 
administration up to 14 days on COVID-19 pneumonia are 
thromboembolic events (Deep Vein Thrombosis (DVT), PTE), 
hepatic transaminitis, urinary infection, and, in the next minor 
degrees, oral candidiasis, bacteremia, GI disorders, HSV or HZV 
reactivation, and severe lymphopenia. Because of the impor-
tance of baricitinib safety and its adverse effects on COVID-19 
pneumonia, the reported side effects attributed to baricitinib 
in the thirteen included studies are categorized in Table 4. 
Based on these findings, compared to the effective benefits of 
baricitinib, there is no major concern about this side effect in 
hospitalized with moderate to severe COVID-19 patients.

5. Discussion

Since the JAK inhibitors are used in moderate to severe 
COVID-19 pneumonia, the dual function of baricitinib as its 
superior feature includes decreasing hyperinflammation (cyto-
kine outbreak) and preventing SARS-CoV-2 entry into the cells 
(viral endocytosis); it is considered more effective than other 
JAK-inhibitors such as ruxolitinib [39,74,76]. Although several 
JAK inhibitors, such as baricitinib, ruxolitinib, and fedratinib, 
have recently been studied for their effects on COVID-19. 
Moreover, only baricitinib was approved by the United States 
(US) FDA and the European Medical Association as the only 
JAK inhibitor in COVID-19 therapy because of the high affinity 
to AAK 1 and the need to take it orally only once a day based 
on the results of cohort and RCT studies [4,75,77,78]. 
Baricitinib has been approved as the only JAK inhibitor in 
COVID-19 therapy. The approved doses of baricitinib are 
2 mg/day by FDA, 2 mg/day by Health Canada, and 4 mg/ 
day in some European and Asian countries [22]. As recom-
mended by FDA, the duration of treatment with baricitinib in 
COVID-19 is 14 days or until discharge from the hospital 
(whichever is earlier) [79]. Currently, Rodriguez-Garcia et al., 
who presented further clinical improvements and less need for 
supplementary oxygen at the time of discharge and a month 
later [48], have published the results of an observational 
cohort study about the effect of corticosteroids with and with-
out baricitinib on COVID-19. In response to a case report by 
Christopher Cerda-Contreras et al., who attributed pancreatitis 
to baricitinib in a 72-year-old COVID-19 patient, end-organ 
damage and pancreatitis resulting from severe immune defi-
ciency due to concomitant administration of baricitinib and 
dexamethasone in the absence of antiviral therapy were raised 
by Titanji et al. [80,81]. Baricitinib, as Cingolani et al. reported, 
is the rescue treatment in a patient with COVID-19-induced 
severe respiratory failure who was unresponsiveness to anti-
virals and IL-6 antagonist therapy [82]. The flipside of the coin 
about baricitinib is the inhibition of the IFN activity, which is 
the main part of the innate immune in response to viral 
infections via preventing viral replication [26]. Gonzalez et al. 
raised rheumatologists’ challenges with COVID-19: on the one 
hand, the incidence, mortality rate, and disease severity of 
patients treated with an immunosuppressive agent compared 
to the general population and, on the other hand, the effec-
tiveness of targeted therapies as a COVID-19 treatment [83]. 
Because of the cumulative immunosuppressive effect and the

increased risk of infections, concomitant prescription of bar-
icitinib with other immunosuppressive drugs and virus vac-
cines is not recommended [44]. Baricitinibs low affinity for 
binding to plasma proteins and the least interference with 
(Cytochrome P450) CYP enzymes and drug transporters have 
led to its appropriate ability to co-administration with antiviral 
drugs such as remdesivir and other drugs (lopinavir/ritonavir) 
[84,85]. Marinho et al. investigated the possibility of concomi-
tant use of inhibitory drugs in COVID-19 due to their similar 
binding to an enzyme site which is often domain III of the 
SARS-CoV-2 primary protease. Their results showed that this 
disease was indorsed by co-administration of baricitinib, qui-
nacrine, and azithromycin [86]. A comprehensive investigation 
of baricitinib-induced thromboembolic events is very impor-
tant in COVID-19 patients because it is difficult to diagnose 
baricitinib-induced pulmonary thromboembolism from 
COVID-19 pulmonary involvement even with the use of ima-
ging. Concomitant initiation of prophylactic anticoagulants 
with baricitinib in the COVID-19 setting is controversial [22]. 
Due to the reported thrombotic events of baricitinib, based on 
the reported cases of PTE and DVT in patients receiving bar-
icitinib for RA, the Summary of Product Characteristics (SmPC) 
in FDA (2017) advised caution in prescribing this drug in 
patients at high risk of thromboembolic events including obe-
sity, older age, history of thromboembolic event, recent sur-
gery, and sedentary behavior [65,87]. To reduce the dose- 
dependent thromboembolic side effects of baricitinib, FDA 
approved a dose of 2 mg daily instead of 4 mg in April 2018 
[87]. Despite the thromboembolic events reported for bariciti-
nib in previous studies, Gudu et al. claimed that the immuno-
suppressive effects of baricitinib and, consequently, the 
reduction of prothrombotic signals in COVID-19 significantly 
reduced this side effect [88]. For the first time, Richardson 
et al. used an artificial intelligence platform, BenevolentAI. 
They suggested the potential role of baricitinib in treating 
severe COVID-19 patients in inhibiting JAK1 and 2 and AAK1, 
leading to a reduction in systemic inflammation [31,89]. Within 
the scope of Emergency Use Authorization (EUA)s licensed by 
the FDA, it is recommended to administer baricitinib in com-
bination with remdesivir in hospitalized adult patients with 
suspected or definitive COVID-19 and children over 2 years of 
age who need oxygen, Intermittent mandatory ventilation 
(IMV), and Extracorporeal Membrane Oxygenation (ECMO) 
[90,91]. No studies have been performed on baricitinib in 
pregnant or lactating women [15,90]. A study by Sanchez- 
Piedra et al. on patients with rheumatic and musculoskeletal 
diseases (RMDs), such as RA, spondyloarthropathies (SpA), or 
systemic lupus erythematosus, treated with immunomodula-
tory therapies with COVID-19, revealed no significant differ-
ence in mortality rates (7.3% vs. 12%) and hospitalization 
(68.3% vs. 53.6%) compared to the general population [92]. 
In November 2020, FDA granted emergency use authorization 
for baricitinib in treating severe/critically ill COVID-19 patients 
[93]. With the rise of the global COVID-19 pandemic and the 
resulting high mortality, the lack of effective antiviral treat-
ment against the SARS-CoV-2 and the lack of vaccines led 
physicians and scientists to use drugs for other diseases in 
these patients in the hope of reducing efficacy and mortality 
[94–97]. According to Spinelli et al., comparing the incidence
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and severity of COVID-19 disease in patients with RA treated 
with baricitinib versus other biologic DMARDs will greatly help 
determine the effective role of baricitinib in prevention, mild 
postoperative symptoms, and preventing patients from 
becoming critical [98]. The main reason for the effectiveness 
of baricitinib in treating severely ill hospitalized patients is its 
JAK inhibitor and AAK1 inhibitor, causing its anti-inflammatory 
and anti-viral properties, respectively [99]. Due to the inhibi-
tory and reducing effect of cytokines in the control of cytokine 
storm, the role of baricitinib in the treatment of moderate and 
severe COVID-19 is much more prominent than in mild cases. 
Therefore, baricitinib is not recommended in patients with 
mild or asymptomatic COVID-19 [15,34]. In the theoretical 
analysis of the JAK/STAT pathway previously infected with 
SARS-CoV-2, Banerjee et al. obtained the maximum reduction 
in the size of the JAK/STAT system among immunosuppressive 
drugs for baricitinib alone and, therefore, it was proposed as 
an effective drug in severe COVID-19 pneumonia treatment 
[100]. Among the effective drugs in COVID-19, remdesivir 
(antiviral), dexamethasone (antiinflammatory), and baricitinib 
(Janus kinase inhibitor) have so far been considered the best 
treatments [101]. In an in-vitro study using a whole-blood 
platform to evaluate baricitinib on SARS-CoV-2-specific- 
response in 39 COVID-19 patients, Petrone et al. showed sig-
nificantly decreased IFN-γ response [102].

P-values of death, ICU transfer, discharge, PaO2/FiO2 ratio, 
CRP, IL-6, lymphocyte count on day 14, and ALT in the bar-
icitinib group vs. control group in cohort studies meta- 
analysis, and p-value of death, hospitalization, and recovery 
in RCT studies meta-analysis were statistically significant 
(p-value < 0.05). In addition to the eight included cohort and 
five RCT studies about therapeutic effects of baricitinib on 
COVID-19 pneumonia with two case and control arms in this 
meta-analysis, two retrospective case-control studies, an inter-
ventional study in rhesus macaques, and two case series were 
conducted up to 2022. According to the https://www.clinical 
trials.gov/ database, there are currently several recruiting clin-
ical trials on the effect of baricitinib on COVID-19 pneumonia. 
In a randomized interventional study of eight rhesus maca-
ques by Hoang et al., a reduction in inflammation, lung infil-
tration by inflammatory cells, Neutrophil Extracellular Trap-osis 
(NETosis) activity, and limited pulmonary pathology were 
observed in necropsies of four animals treated with baricitinib 
compared with four animals that received no treatment. The 
faster and stronger decrease in pulmonary macrophages 
secreting cytokines responsible for inflammation and subse-
quent recall of neutrophils in baricitinib-receiving animals 
confirm the important immunologically anti-inflammatory 
role of baricitinib in SARS-CoV-2 pneumonia-induced hyperin-
flammation [40]. Pavez et al. studied the incidence of COVID- 
19 in rheumatological patients treated with biologics or JAK 
inhibitors in Spain for 59.8 months with 355 sample size and 
reported extremely low COVID-19 incidence than those in the 
general population, despite the pre-study impression [103]. 
A study by Salvarani et al. in a geographic area (Emilia 
Romagna) in Italy concerning the high diffusion of COVID-19 
showed that the susceptibility or severity of developing 
COVID-19 was not significantly different between rheumatic

patients treated with biological disease-modifying antirheu-
matic drugs (bDMARDs) or targeted synthetic DMARDs 
(tsDMARDs) compared to the general population [104]. In 
a retrospective nonrandomized uncontrolled cohort study by 
Titanji et al. in the United States of America (USA), Atlanta 
Veterans Affairs Medical Center (VAMC), 15 patients with mod-
erate to severe COVID-19 were evaluated for the therapeutic 
effect of concomitant treatment with baricitinib and hydroxy-
chloroquine. Reported outcomes were decreased fever and 
serum IL-6 levels in 86.7% of patients, reduced oxygen 
demand, improved cough, shortness of breath, diarrhea, con-
fusion, and recovery in 80% of patients, and three deaths (two 
underlying diseases including dementia and lymphoma, and 1 
case due to cardiogenic shock) [105]. In a retrospective obser-
vational study of 60 patients with interstitial pneumonia 
caused by COVID-19 in Spain, Rosas et al. concluded that 
concomitant treatment with tocilizumab and baricitinib was 
without serious side effects [106]. In a retrospective case- 
control study by Hassan et al. in Bangladesh, an 8 mg loading 
dose of barcitinib was evaluated in 37 patients with moderate 
to severe COVID-19 (20 cases and 17 controls). They reported 
a significant reduction in oxygen requirement, the number of 
days to achieve oxygen above 95%, normal respiratory status, 
the need for transfer to the ICU, mechanical ventilation, and 
the number of hospitalized days [107–110]. Lo, et al. reported 
a positive effect of baricitinib in the treatment of COVID-19 in 
an 87-year-old woman with RA who was treated formerly with 
baricitinib for one year. Oxygen, hydroxychloroquine, and 
lopinavir/ritonavir were administered in addition to baricitinib. 
The woman was discharged without needing oxygen with 
significant progress, while her spouse and son died without 
receiving baricitinib with the above drugs [28]. In a case series 
conducted by Stebbing et al. on four patients with moderate 
to severe bilateral COVID-19 pneumonia treated with bariciti-
nib, clinical improvements of all signs and symptoms along-
side decreased serum levels of IL-6, CRP, ferritin, D-Dimer, and 
reduction of nasopharyngeal SARS-CoV-2 RNA viral load 
detected by Reverse transcription polymerase chain reaction 
(RT-PCR) confirms the strong anti-inflammatory effects of bar-
icitinib in severe cases of COVID-19 pneumonia [16].

5.1. Limitations of the study

The first limitation was that data related to all clinical and 
laboratory variables were not present in all eight-cohort stu-
dies. Thus, the parameters were assessed in at least two 
studies were meta-analyzed in this review. The second limita-
tion was the small number of samples in some studies. The 
third limitation was the similarity between the authors of the 
two cohort studies (Cantini et al.) [47,49], which may have led 
to bias. The first was performed on 24 hospitalized patients 
with mild to moderate COVID-19 pneumonia in a hospital in 
Italy in the last 2 weeks of March 2020; the results were 
published in April 2020 [47]. Subsequently, the second study 
by the same authors was performed on 191 patients in seven 
Italian hospitals in May 2020, and the results were published in 
October 2020 [49]. The fourth limitation was related to the 
countries of the included cohort studies, which were often
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done in Italy and Spain. Fifth, the random effect model was 
utilized due to the limited numbers and conditions of studies.

6. Conclusion

Baricitinib is FDA-approved for administration in COVID-19. 
The results of the ACTT-2 study and our systematic review 
and meta-analysis of eight included cohort studies and five 
RCT studies confirm the effective role of baricitinib in control-
ling cytokine storm and hyperinflammation, decreasing mor-
tality, reducing the need for mechanical ventilation and 
transfer to ICUs. In addition, more and faster discharge, 
reduced inflammatory and cytokine laboratory markers using 
the oral form of the drug, and no serious side effects. 
Accordingly, short-term prescription of baricitinib tablets at 
a dose of 4 mg every 12 h for 7–14 days in combination 
with antiviral drugs with and without corticosteroids and pro-
phylactic anticoagulants is strongly recommended in hospita-
lized patients with moderate to severe COVID-19 pneumonia. 
Certainly, the widespread administration of baricitinib in all 
countries by adding this drug to the national COVID-19 treat-
ment protocol will be a great step in the pandemic control, 
mortality reduction, and treatment of this disease until the 
vaccination of the whole world or the discovery of an antiviral 
drug.
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