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Abstract. The purpose of the present meta‑analysis was 
to assess the efficacy and safety of baricitinib for active 
rheumatoid arthritis (RA) in patients with an inadequate 
response or intolerance to conventional synthetic or biological 
disease‑modifying anti‑rheumatic drugs (DMARDs). A total 
of 7 randomized controlled trials (RCTs) were included. 
The primary effective outcome was the RA improvement to 
reach an American College of Rheumatology 20% (ACR20) 
response rate. The safety outcomes were composed of clinical 
laboratory parameters. All patients included received 4 mg 
baricitinib once daily to treat RA for 12 or 24 weeks. The 
ACR20 response rate in the baricitinib group was significantly 
higher compared with that in the control group at 12 weeks 
[relative risk (RR), 1.77; 95% confidence interval (CI), 1.62‑1.94; 

P<0.00001] and 24  weeks (RR, 1.76; 95%  CI, 1.48‑2.10; 
P<0.00001). Similarly, other effective outcome measures also 
exhibited significant improvements in the baricitinib group 
compared with those in the placebo group. Regarding the 
safety outcomes, no significant difference in adverse events 
(AEs) was identified at 12 weeks (P=0.14), but AEs were 
significantly higher in the baricitinib group compared with 
those in the control group at 24 weeks (P=0.03). Most labora-
tory values were significantly different between the baricitinib 
and placebo groups; however, the clinical significance of these 
changes remains to be determined. In summary, the present 
meta‑analysis demonstrated that 4 mg baricitinib once daily 
was beneficial in patients with active RA with an inadequate 
response or intolerance to conventional synthetic or biological 
DMARDs. More high‑quality RCTs are required to determine 
the sustained efficacy and the safety of baricitinib.

Introduction

Rheumatoid arthritis (RA) is a systemic and autoimmune 
disease, which is caused by massive autoimmune reactive cell 
populations and cytokines (1,2). The therapeutic goals are 
to achieve clinical remission of disease activity and reduce 
long‑term joint destruction  (3). It has been reported that 
the combined use of biological and conventional synthetic 
disease‑modifying anti‑rheumatic drugs (DMARDs) was 
more effective than monotherapy in the treatment of RA (4). 
However, an increasing number of studies have indicated that 
patients failed to respond or tolerate conventional synthetic or 
biological DMARDs following decades of treatment. Thus, 
targeted synthetic DMARDs (4), oral low‑molecular‑weight 
drugs, which target kinase proteins, including Janus kinases 
(JAKs), have been developed to treat RA.

The JAK family, including JAK1, JAK2, JAK3 and tyrosine 
kinase 2 (Tyk2), has critical roles in certain signaling pathways 
through activating cytokine‑induced phosphorylation of signal 
transducer and activators of transcription (STAT), which is then 
directly transported to the nucleus to regulate the transcrip-
tion of its target genes (5,6). According to Fridman et al (7) 
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and Shi et al (8), baricitinib is an novel, oral low‑molecular‑ 
weight JAK inhibitor with good selectivity for JAK1 [concen-
tration leading to 50% inhibition (IC50)=5.7 nM] and JAK2 
(IC50=5.9 nM), and less selectivity for JAK3 (IC50>400 nM) 
or Tyk2 (IC50=53  nM), and the kidneys are considered to 
be the principal organ to eliminate baricitinib. Shi et al (8), 
Kubo et al (9) and Emery et al (10) reported that baricitinib 
inhibits the phosphorylation of STATs induced by various 
cytokines in the whole blood, and results in a transient change 
in neutrophil and lymphocyte counts. A previous meta‑analysis 
suggested that the use of the JAK inhibitor tofacitinib is asso-
ciated with manageable safety and increased clinical efficacy 
in the short‑term compared with placebo (11). Tofacitinib has 
similar inhibitory activity on JAK1 and JAK3, but less activity 
against JAK2 (12). To date, the clinical efficacy of JAK inhibi-
tors (preferential JAK1 and JAK2 inhibitors) has remained to be 
accurately defined by the results of independent clinical trials. 
The objective of the present meta‑analysis was to determine 
the clinical efficacy and safety of baricitinib administered at 
the dosage of 4 mg once daily for patients with an inadequate 
response to conventional synthetic or biological DMARDs.

Materials and methods

Inclusion and exclusion criteria. Randomized controlled 
trials (RCTs) were eligible if they met the following inclu-
sion criteria: i) Patients aged >18 years with an inadequate 
response or intolerance to conventional synthetic or biological 
DMARDs; ii) the studies compared the use of baricitinib with 
that of a placebo in the treatment of RA; and iii) the studies 
provided data for evaluating the clinical efficacy and safety 
of baricitinib. The exclusion criteria were as follows: i) The 
studies included duplicate and incomplete data; and ii) the 
entries retrieved were for unsuitable publications, including 
conference abstracts or review articles.

Information sources and search strategy. The present 
meta‑analysis adhered to the guidelines of the Preferred 
Reporting Items for Systematic Reviews and Meta‑Analyses 
statement (13). The data was extracted independently by two 
investigators (ZPW and PZ) and was rechecked following the 
first extraction. Two investigators (JSH and JCW) discussed 
disagreements arising from the extraction until a consensus 
was reached. Electronic databases, including Medline 
(https://www.nlm.nih.gov/), Embase (https://www.elsevier.
com/), Science Direct (https://www.sciencedirect.com/), 
Web of Science (http://login.webofknowledge.com/) and the 
Cochrane library (http://www.cochranelibrary.com/), were 
searched to retrieve relevant studies published until July 3, 
2017. The publications were not restricted with regard to publi-
cation status or language. The following data were extracted 
from the RCTs: Name of first author, year of publication, 
country, duration of follow‑up, primary outcomes for efficacy 
and safety, and mean and standard deviation of changes, 
including laboratory outcomes regarding hemoglobin, alanine 
transaminase (ALT), neutrophil, lymphocyte, creatinine, low 
density lipoprotein (LDL) and high density lipoprotein (HDL) 
from baseline. The data, including the American College of 
Rheumatology 20% response (ACR20) (14) and Simplified 
Disease Activity Index (SDAI) ≤3.3 (15), were extracted from 

the published figures using the ‘Get Data Graph Digitizer’ 
software (v2.24; http://getdata‑graph‑digitizer.com/). 
The risk of bias of the eligible studies was assessed by the 
Cochrane collaboration's tool (http://community.cochrane.
org/help/tools‑and‑software/revman‑5/).

Outcome measures. Efficacy measures were as follows: i) The 
proportion of patients achieving an ACR20; ii) the SDAI ≤3.3; 
iii) patient‑reported outcomes (PROs), including the Patient's 
Global Assessment of Disease Activity (PtGA)  (16) and 
Scores on the Health Assessment Questionnaire‑Disability 
Index (HAQ‑DI)  (17). The safety outcomes included the 
following: i) Adverse events (AEs), ii) discontinuation due 
to AEs, iii) infections, and iv) serious infections, including 
pneumonia and cellulitis. Serious infections were defined as 
those requiring hospitalization and/or parenteral antibiotics 
or otherwise meeting serious adverse events, including fatal 
or life‑threatening, requiring hospitalization or extension of 
existing hospitalization, resulting in persistent or significant 
disability/incapacity or congenital abnormality/birth defect or 
considered to be an important medical event. All clinical labo-
ratory outcomes are reported as the least‑squares mean change 
from baseline, which included the following: i) Hemoglobin; 
ii)  neutrophils; iii)  lymphocytes; iv)  ALT; v)  creatinine; 
vi) HDL; and vii) LDL.

Quality assessment. Two investigators (ZPW and PZ) inde-
pendently assessed the quality of the RCTs according to the 
method in the Cochrane Reviewer's Handbook 5.1.0 (The 
Cochrane Collaboration, London, UK) (18). The risk of bias of 
individual studies was assessed according to the Cochrane risk 
assessment scale and included the following: Details of the 
methods of random sequence generation, allocation conceal-
ment, blinding, incomplete outcome data, selective outcome 
reporting and other sources of bias. Any disagreements were 
resolved by a third reviewer (JSH).

Statistical and sensitivity analysis. Statistical heterogeneity of data 
was evaluated by using Cochran's Q statistics. If the Q statistics 
indicated significant heterogeneity among the studies (P<0.10), 
a random‑effects model was employed for the meta‑analysis, 
and otherwise, a fixed‑effects model was used. The results for 
continuous data (HAQ‑DI, PtGA, neutrophils, lymphocytes, 
creatinine, hemoglobin LDL and HDL) are presented as the mean 
difference (MD) with 95% confidence interval (CI). For ALT, 
the standardized mean difference (SMD) was calculated using 
the inverse variance method. For dichotomous data, the risk ratio 
(RR) was calculated using the Mantel‑Haenszel method. The 
mean difference and standardized mean difference were consid-
ered statistically significant at the P<0.05 level. Data analysis 
was performed by using Review Manager 5.3 (The Cochrane 
Collaboration). Sensitivity analysis was performed to assess the 
results through exclusion of one eligible study at a time.

Results

Study selection. A total of 7 RCTs compared the use of barici-
tinib with that of a placebo in patients with active RA with an 
inadequate response or intolerance to conventional synthetic or 
biological DMARDs (Fig. 1). The study by Fleischmann et al (19) 
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was ignored due to the combined use of baricitinib and metho-
trexate (MTX). A total of 4 studies were eliminated due to the 
lack of available data for analysis (20‑23). Finally, 7 RCTs were 
selected, including 2 phase‑II (24,25) trials and 5 phase‑III 
trials (3,26‑29). The dosage of baricitinib ranged from 1 to 8 mg 
(1, 2, 4 and 8 mg) once daily. A total of 4,173 patients were 
included in this meta‑analysis. 1,371 patients were included in 
the 4 mg baricitinib group and 1,443 patients were included in 
placebo group. The mean age of the patients ranged from 51.7 to 
57.5 years in the 4 mg group and 49 to 56 years in the placebo 
group. A summary of the RCTs is presented in Table I.

Risk‑of‑bias assessment. The results of the Cochrane risk of 
bias assessment are presented in Fig. 2. None of the studies 
included described the method of allocation concealment. The 
study by Keystone et al (25) had a high risk of bias regarding 
the blinding of participants and personnel and an unclear risk 
of bias regarding the blinding during the outcome assessment. 
Two studies presented an unclear risk of attrition bias (26,29). 
Tanaka et al  (28) did not describe the method of random 
sequence generation. Sensitivity analysis was performed by 
excluding one study at a time and in each case all of the results 
remained stable. The efficacy and safety of baricitinib was 
assessed at the dosage of 4 mg, as this dose was considered 
to be most effective in all RCTs included. Furthermore, the 
eligible studies did not provide sufficient data to evaluate the 
efficacy and safety of baricitinib at any of the other doses.

Efficacy of baricitinib (4 mg once daily) at 12 and 24 weeks
ACR20 response rate. The ACR20 response rate at 12 weeks 
was extracted from 5 studies  (3,24,25,27,28), and a low 
heterogeneity was observed (I2=0%). The efficacy outcomes 
are presented in Table II. At 12 weeks, the ACR20 response 
rate in the baricitinib group was significantly higher than 
that in the placebo group [RR, 1.77; 95%  CI, 1.62‑1.94; 
P<0.00001; Fig. 3A). At 24 weeks, the ACR20 response rate 

in the baricitinib‑4  mg group, which was extracted from 
3 studies (3,24,27), was significantly higher than that in the 
placebo group (RR, 1.76; 95%  CI, 1.48‑2.10; P<0.00001; 
Fig. 3B). A higher heterogeneity was seen when compared 
with that at 12 weeks (I2=62%).

SDAI ≤3.3. The ratio of patients who achieved SDAI ≤3.3 at 
12 weeks was reported in 4 studies (3,24,25,27) and a low 
heterogeneity was observed (I2=20%). A statistically signifi-
cant improvement was observed in the baricitinib once daily 
groups compared with that in the placebo group (RR, 4.57; 
95% CI, 2.78‑7.52; P<0.00001; Fig. 4A). Patients receiving 
baricitinib (3 studies) (3,24,27) had a significant improvement 
compared with those receiving placebo at 24 weeks (RR, 4.58; 
95% CI, 3.08‑6.82; P<0.00001; Fig. 4B).

HAQ‑DI and PtGA. All parameters exhibited low heteroge-
neity and a fixed effect model was applied. The HAQ‑DI and 
PtGA were extracted from 2 studies (26,29). Baricitinib was 
associated with a significant reduction in the HAQ‑DI score 
compared with that in the placebo group at 12 weeks [MD, 
‑0.22; 95% CI, ‑(0.30‑0.14); P<0.00001] (26,29) and 24 weeks 
[MD, ‑0.26; 95%  CI, ‑(0.34‑0.17)  (26,29); P<0.00001; 
Table II]. While the other studies did not provide sufficient 
data for analysis, the results of all eligible studies confirmed 
a statistically significant improvement in the HAQ‑DI in 
the baricitinib compared with that in the placebo group in 
the short‑term (24  weeks). Similarity, patients receiving 
baricitinib had lower PtGA scores compared with those in the 
group receiving placebo at 12 weeks (MD, ‑10.99; 95% CI, 
‑(14.55‑7.44); P<0.00001] (26,29) and 24 weeks [MD, ‑12.4; 
95% CI, ‑(16.02‑8.77); P<0.00001; Table II) (26,29).

Safety of baricitinib (4 mg once daily) at 12 and 24 weeks. The 
safety outcomes are presented in Table III. A total of 4 studies 
reported on AEs at 12 weeks (3,25,27,28), and no significant 

Figure 1. Flow chart of the study selection procedure.
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difference in AEs was seen between patients receiving barici-
tinib and those receiving placebo (RR, 1.08; 95% CI, 0.97‑1.20; 
P=0.14; Fig. 5A). Furthermore, 3 studies reported on AEs at 
24 weeks (3,24,27), and an increased incidence of AEs was 
observed in patients receiving baricitinib compared with that 
in patients receiving placebo (RR, 1.13; 95% CI, 1.01‑1.26; 
P=0.03; Fig. 5B). Incidence of discontinuation between the 
baricitinib and placebo groups at 12 weeks (4 studies; RR, 
1.15; 95% CI, 0.60‑2.22; P=0.67) (3,24,25,28) and 24 weeks 
(3 studies; RR, 1.38; 95% CI, 0.90‑2.13; P=0.14; Table III) did 
not differ (3,24,27). The incidence of infection exhibited a 
significant improvement in the baricitinib compared with that 
in the placebo group at 12 weeks (2 studies; RR, 1.30; 95% CI, 
1.02‑1.65; P=0.04) (3,24) and 24 weeks (3 studies; RR, 1.28; 
95% CI, 1.12‑1.45; P=0.0002; Fig. 6) (3,24,27). However, the 
incidence of serious infection did not differ between the baric-
itinib and placebo groups at 12 weeks (3 studies; RR, 0.83; 
95% CI, 0.26‑2.71; P=0.76) (3,24,25) and 24 weeks (3 studies; 
RR, 0.94; 95% CI, 0.47‑1.88; P=0.86; Table III) (3,24,27).

Clinical laboratory measures
Hemoglobin levels. The clinical laboratory values are 
presented in Table III. Hemoglobin levels at 12 and 24 weeks 
were reported by 4 studies (3,24,25,27), and low heterogeneity 
was observed (I2=43%). At 12 weeks, significant reduction in 
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Figure 2. Assessment of the risk of bias of eligible studies.
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hemoglobin levels was determined in the baricitinib compared 
with that in the placebo group (MD, ‑0.18; 95% CI, ‑(0.28‑0.08); 
P=0.0003; Fig. 7A) (3,24,25). However, at 24 weeks, no differ-
ence in hemoglobin levels was observed between patients 
receiving baricitinib and those receiving placebo (3,24,27) 
(MD, ‑0.10; 95% CI, ‑0.27‑0.07; P=0.23; Fig. 7B).

Neutrophil, lymphocyte, ALT and creatinine levels. Baricitinib 
treatment was associated with a significantly lower neutrophil 
count than placebo treatment at 12 weeks [3 studies; MD, ‑0.64; 
95% CI, ‑(0.87‑0.41); P<0.00001]  (3,24,25) and 24 weeks 

[3  studies; MD, ‑0.67; 95%  CI, ‑(0.87‑0.47); P<0.00001; 
Table III] (3,24,27). No significant difference was observed 
in lymphocyte counts between patients receiving baricitinib 
and those receiving placebo at 12 weeks (3 studies; MD, 0.07; 
95% CI, ‑0.08‑0.21; P=0.35) (3,24,25) and 24 weeks (3 studies; 
MD, ‑0.02; 95% CI, ‑0.08‑0.05; P=0.61; Table III) (3,24,27). 
Patients receiving baricitinib had significantly higher ALT 
levels compared with those receiving placebo at 12 weeks (3 
studies; SMD, 0.33; 95% CI, 0.20‑0.46; P<0.00001) (3,24,25) 
and 24 weeks (3 studies; SMD, 0.23; 95% CI, 0.04‑0.42; P=0.02; 
Table III) (3,24,27). Creatinine levels were significantly higher 

Table II. Efficacy of baricitinib in patients with active rheumatoid arthritis.

A, Baricitinib, 4 mg, 12 weeks

	 Meta‑analysis	 Test of heterogeneity
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Studies (n)	 Outcome	 RR	 95% CI	 P‑value	 Model	 P‑value	 I2 (%)

2	 HAQ‑DI	‑ 0.22a	‑ 0.30 to ‑0.14	 <0.00001	 F	 0.63	 0
2	 PtGA	‑ 10.99a	‑ 14.55 to ‑7.44	 <0.00001	 F	 0.17	 47

B, Baricitinib, 4 mg, 24 weeks

	 Meta‑analysis	 Test of heterogeneity
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Studies (n)	 Outcome	 RR	 95% CI	 P‑value	 Model	 P‑value	 I2 (%)

2	 HAQ‑DI	‑ 0.26a	‑ 0.34 to ‑0.17	 <0.00001	 F	 0.65	 0
2	 PtGA	‑ 12.4a	‑ 16.02 to ‑8.77	 <0.00001	 F	 0.14	 55

aMean difference. ACR20, American College of Rheumatology 20% response rate; HAQ‑DI, Health Assessment; HAQ‑DI, 
Questionnaire‑Disability Index score; SDAI, Simplified Disease Activity Index score; PtGA, Patient's Global Assessment of Disease Activity; 
RR, relative risk; F, fixed‑effects model; CI, confidence interval; I2, heterogeneity.

Figure 3. Forest plot diagram indicating the efficacy of baricitinib at the dose of 4 mg once daily according to the American College of Rheumatology 20% 
response rate in patients with rheumatoid arthritis at (A) 12 and (B) 24 weeks. CI, confidence interval; df, degrees of freedom; M‑H, Mantel‑Haentzel. Risk 
ratio is presented as blue squares, with the horizontal line indicating the confidence interval. Combined results for all studies are presented as a black diamonds.
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in the baricitinib group compared with those in the placebo 
group at 12 weeks (3 studies; MD, 0.05; 95% CI, 0.03‑0.06; 

P<0.00001)  (3,24,25) and 24 weeks (3 studies; MD, 0.05; 
95% CI, 0.03‑0.06; P<0.00001; Table III) (3,24,27).

Table III. Safety and laboratory outcomes of baricitinib in patients with active rheumatoid arthritis.

A, Baricitinib, 4 mg, 12 weeks

	 Meta‑analysis	 Test of heterogeneity
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Studies (n)	 Outcome	 RR	 95% CI	 P‑value	 Model	 P‑value	 I2 (%)

4	 Discontinuation due to AEs	 1.15	 0.60 to 2.22	 0.67	 F	 0.47	 0
3	 Serious infection	 0.83	 0.26 to 2.71	 0.76	 F	 0.75	 0
3	 ALT	 0.33a	 0.20 to 0.46	 <0.01	 F	 0.51	 0
3	 Neutrophils	‑ 0.64b	‑ 0.87 to ‑0.41	 <0.01	 F	 0.22	 33
3	 Lymphocytes	 0.07b	‑ 0.08 to 0.21	 0.35	 R	 0.05	 66
3	 Creatinine	 0.05b	 0.03 to 0.06	 <0.01	 F	 0.49	 0
3	 HDL	 7.87b	 6.43 to 9.30	 <0.01	 F	 0.73	 0

B, Baricitinib, 4 mg, 24 weeks

	 Meta‑analysis	 Test of heterogeneity
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Studies (n)	 Outcome	 RR	 95% CI	 P‑value	 Model	 P‑value	 I2 (%)

3	 Discontinuation due to AEs	 1.38	 0.90 to 2.13	 0.14	 F	 0.91	 0
3	 Serious infection	 0.94	 0.47 to 1.88	 0.86	 F	 0.82	 0
3	 ALT	 0.23a	 0.04 to 0.42	 0.02	 R	 0.02	 73
3	 Neutrophils	‑ 0.67b	‑ 0.87 to ‑0.47	 <0.01	 F	 0.49	 0
3	 Lymphocytes	‑ 0.02b	‑ 0.08 to 0.05	 0.61	 F	 0.30	 17
3	 Creatinine	 0.05b	 0.03 to 0.06	 <0.01	 R	 0.10	 57
3	 HDL	 8.69b	 7.46 to 9.91	 <0.01	 F	 0.26	 26

aStandardized mean difference; bmean difference. AEs, adverse events; ALT, alanine transaminase; LDL, low‑density lipoprotein; HDL, 
high‑density lipoprotein; RR, relative risk; R, random‑effects model; F, fixed‑effects model; CI, confidence interval; I2, heterogeneity.

Figure 4. Forest plot diagram for the efficacy of baricitinib at dose of 4 mg once daily according to a Simplified Disease Activity Index score of ≤3.3 in patients 
with rheumatoid arthritis at (A) 12 weeks and (B) 24 weeks. CI, confidence interval; df, degrees of freedom; M‑H, Mantel‑Haentzel. Risk ratio is presented as 
blue squares, with the horizontal line indicating the confidence interval. Combined results for all studies are presented as a black diamonds.
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LDL and HDL levels. Baricitinib was associated with signifi-
cantly higher LDL levels than placebo at 12 weeks (3 studies; 
MD, 12.28; 95% CI, 6.58‑17.98; P<0.00001)  (3,24,25) and 
24 weeks (3 studies; MD, 16.26; 95% CI, 8.63‑23.89; P<0.00001; 
Fig. 8) (3,24,27). Similarity, patients receiving baricitinib had 
significantly higher HDL levels compared with those receiving 
placebo at 12 weeks (3 studies; MD, 7.87; 95% CI, 6.43‑9.30; 
P<0.00001)  (3,24,25) and 24 weeks (3 studies; MD, 8.69; 
95% CI, 7.46‑9.91; P<0.00001; Table III) (3,24,27).

Discussion

In the present meta‑analysis, clinical data of 2 phase‑II and 
5  phase‑III trials using baricitinib at dose of 4  mg once 

daily for a short term (24 weeks) were pooled. The studies 
indicated that 4 mg baricitinib was the most effective dose. 
Baricitinib at a dose of 2 and 4  mg provided significant 
clinical improvements compared with the placebo at 12 and 
24 weeks. However, clinical benefits were larger in the 4 mg 
baricitinib group compared with those in the 2 mg baricitinib 
group. Baricitinib at a dose of 4 and 8 mg had similar effective 
outcomes, but 8 mg baricitinib was associated with a higher 
incidence rate of adverse events and abnormalities in labora-
tory parameters (25,28).

The present meta‑analysis focused on the treatment with 
baricitinib at 4 mg once a day for 12 and 24 weeks. The ACR20 
response rate was the primary end‑point to assess the efficacy 
of baricitinib (14). According to the present meta‑analysis, the 

Figure 5. Forest plot diagram for the safety of baricitinib at dose of 4 mg once daily according to the adverse events in patients with rheumatoid arthritis 
at (A) 12 weeks and (B) 24 weeks. CI, confidence interval; df, degrees of freedom; M‑H, Mantel‑Haentzel. Risk ratio is presented as blue squares, with the 
horizontal line indicating the confidence interval. Combined results for all studies are presented as a black diamonds.

Figure 6. Forest plot diagram for the safety of baricitinib at dose of 4 mg once daily according to the occurrence of infection in patients with rheumatoid 
arthritis at (A) 12 weeks and (B) 24 weeks. CI, confidence interval; df, degrees of freedom; M‑H, Mantel‑Haentzel. Risk ratio is presented as blue squares, with 
the horizontal line indicating the confidence interval. Combined results for all studies are presented as a black diamonds.
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ACR20 response rate was significantly higher in the barici-
tinib group compared with that in the placebo group at 12 and 
24 weeks, a significant clinical benefit of the administration of 
baricitinib (4 mg) was revealed. As effective measures, other 
PROs were also associated with a significant improvement in 
the baricitinib group compared with that in the placebo group 
at 12 and 24 weeks, and the improvement of PROs occurred 
rapidly and at a high magnitude (3,24,26,29).

The baricitinib group had a significantly lower neutrophil 
count compared with that in the placebo group at 12 and 
24 weeks. Clinical laboratory measures potentially allow for 
the evaluation of the safety of baricitinib, which inhibits the 
JAK/STAT pathway and finally changes the whole blood cell 
counts. JAK3 has a crucial role in the growth and maturation 
of lymphocytes, which may be induced by interleukin (IL) 
‑2, ‑4, ‑7, ‑9, ‑15 and ‑21 (30). Compared with other JAKs, 
baricitinib has a relatively low inhibitory effect on JAK3, and 
thus, no significant difference was observed in the lympho-
cyte count between the baricitinib and placebo groups. The 
baricitinib group had a significantly lower neutrophil count 
compared with that in the placebo group, and the inhibition 

of cytokine‑induced STAT3 phosphorylation may have been 
partly accountable for this. Hemoglobin was significantly 
reduced in the baricitinib group compared with that in the 
placebo groups at 12 weeks, but no significant difference 
was observed at 24 weeks. A decrease in hemoglobin may be 
due to the inhibition of JAK2 phosphorylation, which has an 
important role in signal transduction of erythropoietin (4,31). 
Regarding other safety outcomes (ALT, creatinine, HDL 
and LDL), they were significantly higher in the baricitinib 
group compared with those in the placebo group over a 
short‑term period (24  weeks). The mechanisms of these 
changes remain elusive, but the increase in creatinine may 
be caused by inhibition of tubular secretion. The increases 
in HDL and LDL with treatment of baricitinib were similar 
to those observed with other therapies that inhibit JAK and 
IL‑6 activity (4,32,33). However, most changes in labora-
tory parameters were minor and transient, and the clinical 
significance of these changes remains elusive  (3,24,27). 
Fur ther studies with la rger numbers of different 
populations and long‑term exposure are required for safety 
evaluation.

Figure 7. Forest plot diagram for the safety of baricitinib at the dose of 4 mg once daily on the hemoglobin levels in patients with rheumatoid arthritis at 
(A) 12 weeks and (B) 24 weeks. CI, confidence interval; df, degrees of freedom; IV, inverse variance. Risk ratio is presented as green squares, with the 
horizontal line indicating the confidence interval. Combined results for all studies are presented as a black diamonds.

Figure 8. Forest plot diagram for the safety of baricitinib at the dose of 4 mg once daily based on the low‑density lipoprotein levels in patients with rheumatoid 
arthritis at (A) 12 weeks and (B) 24 weeks. CI, confidence interval; df, degrees of freedom; IV, inverse variance. Risk ratio is presented as green squares, with 
the horizontal line indicating the confidence interval. Combined results for all studies are presented as a black diamonds.
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Baricitinib had a similar clinical efficacy, but nearly all 
of the laboratory outcomes were identified to be significantly 
changed. These changes were transient and generally within 
normal ranges. Only two eligible studies included in the 
present meta‑analysis reported a statistically significant 
reduction in radiographic progression, which delayed joint 
damage in the baricitinib groups compared with that in the 
placebo groups in the short term (24 weeks) (3,27). Similarly, 
radiographic progression exhibited a significant reduc-
tion in the baricitinib + MTX group compared with that 
in the MTX monotherapy group from 24 to 52 weeks (19). 
Long‑term results on radiographic progression are required 
for evaluating the efficacy of baricitinib in reducing joint 
damage.

Several limitations of the present meta‑analysis study 
should be considered: i) The reliability of the results of the 
present study is limited due to a lack of associated studies and 
the small sample of the included RCTs; ii) the follow‑up was 
short, and thus, the long‑term efficacy and safety of baricitinib 
were not determined; iii) radiographic progression is vital for 
assessing joint damage; however, this was not included in the 
present meta‑analysis due to a lack of data; iv) the results on 
the ACR20 and SDAI ≤3.3 rates may have been influenced 
by partial data collection from published figures due to data 
extraction using ‘Get Data Graph Digitizer’ software.

In conclusion, the present meta‑analysis demonstrated that 
selective inhibition of the JAK/STAT signaling pathway with 
baricitinib produced a clinical improvement in the treatment 
of RA within a short‑term treatment period. Baricitinib (4 mg 
once daily) was the most effective dosage in patients with an 
inadequate response to conventional synthetic or biological 
DMARDs. Nearly all of the laboratory outcomes exhibited 
significant changes in the baricitinib group compared with the 
placebo group, but the clinical significance of these changes 
remains elusive. High‑quality RCTs with long‑term exposure 
and different populations are required to determine the effi-
cacy and safety of baricitinib.
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