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Background: Janus kinase (JAK) inhibitors have emerged as a progressively
utilized therapeutic approach for the management of rheumatoid arthritis (RA).
However, the complete determination of their cardiovascular safety remains
inconclusive. Hence, the primary objective of this network meta-analysis is to
meticulously assess and juxtapose the cardiovascular risks linked to distinct JAK
inhibitors employed in RA patients.

Methods: A systematic review and network meta-analysis were meticulously
conducted, encompassing a collection of randomized controlled trials (RCTs)
that focused on investigating the incidence of major adverse cardiovascular
events (MACE) and all-cause mortality associated with Janus kinase (JAK)
inhibitors administered to patients with rheumatoid arthritis (RA). Extensive
exploration was performed across multiple electronic databases, incorporating
studies published until March 2023. To be included in this analysis, the RCTs were
required to involve adult participants diagnosed with RA who received treatment
with JAK inhibitors. To ensure accuracy, two authors independently undertook the
selection of eligible RCTs and meticulously extracted aggregate data. In order to
examine the outcomes of MACE and all-cause mortality, a frequentist graph
theoretical approach within network meta-analyses was employed, utilizing
random-effects models. Third study has been registered on PROSPERO under
the reference CRD42022384611.

Findings: A specific selection encompassing a total of 14 meticulously chosen
randomized controlled trials was undertaken, wherein 13,524 patients were
assigned randomly to distinct treatment interventions. The analysis revealed no
notable disparity in the occurrence ofmajor adverse cardiovascular events (MACE)
between the interventions and the placebo group. However, in comparison to
adalimumab, the employment of JAK inhibitors exhibited an association with
higher rates of all-cause mortality [odds ratio (OR): 1.7, 95% confidence interval
(CI): 1.02–2.81]. This observed increase in risk primarily stemmed from the usage
of tofacitinib (OR: 1.9, 95% CI: 1.12–3.23). None of the other JAK inhibitors
exhibited a statistically significant variance in all-cause mortality when
compared to adalimumab.
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Interpretation: Our study suggests that JAK inhibitors may not increase the risk of
MACE in RA patients but may be associated with a higher risk of all-cause mortality
compared to adalimumab, primarily due to tofacitinib use. Rheumatologists should
carefully consider the cardiovascular risks when prescribing JAK inhibitors,
particularly tofacitinib, for RA patients.

Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/display_
record.php?RecordID=384611, CRD42022384611.

KEYWORDS

cardiovascular safety, Janus kinase inhbitors, rheumathoid arthritis, network meta-
analysis, major cardiovascular adverse events, all-cause mortality

Introduction

Rheumatoid arthritis (RA) is a chronic immune-mediated
disease that triggers systemic inflammation and autoantibody
production, characterized by persistent synovitis (Scott et al.,
2010; van Delft and Huizinga, 2020; Gravallese and Firestein,
2023). Uncontrolled active RA can lead to joint damage,
disability, decreased quality of life, as well as cardiovascular
and other complications (Figus et al., 2021). The global
incidence of RA is relatively stable, around 0.5%–1.0%, and
the disease is most typical in women and the elderly (Silman
and Pearson, 2002; Finckh et al., 2022). Although the prevalence
of RA varies among different countries and regions, with higher
rates observed in industrialized nations; with the
industrialization process and economic development of
developing countries, the incidence rate of rheumatoid
arthritis is expected to increase (Alamanos and Drosos, 2005;
Tobón et al., 2010).

Pharmacological treatment is currently the primary
approach for managing RA, including conventional synthetic
disease-modifying antirheumatic drugs (DMARDs), biologic
DMARDs, and targeted synthetic DMARDs such as JAK
inhibitors (Smolen et al., 2016; Fraenkel et al., 2021;
McLornan et al., 2021; Lauper et al., 2022). However, it
should be noted that these drugs, especially JAK inhibitors,
have the potential for serious adverse events, particularly
cardiovascular events (CVEs), which may be related to the
decreased rate of cholesterol ester breakdown caused by JAK
inhibitors and the possible occurrence of major adverse
cardiovascular events (MACE) (Baldini et al., 2021; Benucci
et al., 2022; Winthrop and Cohen, 2022; Hoisnard et al., 2023;
Molander et al., 2023). The US Food and Drug Administration
has issued warnings regarding the increased risk of serious
heart-related events, cancer, blood clots, and death associated
with JAK inhibitors used to treat certain chronic inflammatory
conditions (FDA, 2023).

In previous pairwise meta-analysis, no difference was found in
cardiovascular outcomes between different JAK inhibitors (Xie et al.,
2019). Compared to pairwise meta-analysis, network meta-analysis
has the advantage of including indirect evidence and ranking all
interventions. Therefore, the aim of our study is to conduct a
network meta-analysis by incorporating additional data and
research findings, in order to evaluate the impact of different
JAK inhibitors on cardiovascular outcomes in patients with
rheumatoid arthritis.

Methods

Our study report follows the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) 2020 and
PRISMA Network Meta-analysis reporting standards to ensure
compliance with high-quality reporting requirements and
enhance the credibility of our research outcomes (Hutton
et al., 2015; Page et al., 2021). We have registered this
network meta-analysis on PROSPERO(CRD42022384611).

Inclusion criteria

Study type We included randomized controlled trials (RCTs)
and examined any interventions of interest (which will be defined in
detail below). These RCTs were connected within a network that
allowed comparison through shared comparators.

ParticipantsOur study included research involving adults (aged
over 18 years) who have a confirmed diagnosis of rheumatoid
arthritis (diagnostic criteria as per the American College of
Rheumatology’s “Diagnostic Criteria for Rheumatoid Arthritis”
published in 1958, 1987, or 2010) (ROPES et al., 1958; Arnett
et al., 1988; Aletaha et al., 2010).

Interventions The interventions of interest were JAK
inhibitors that have been approved or are under development,
including tofacitinib, filgotinib, baricitinib, upadacitinib, and
decernotinib, regardless of whether they were used as
monotherapy or in combination with conventional synthetic
disease-modifying antirheumatic drugs (csDMARDs)
(i.e., methotrexate) or steroids. Considering the variability of
doses in clinical practice, we did not impose dose restrictions on
csDMARDs and JAK inhibitors.

Outcomes The endpoint is to determine MACE and all-cause
mortality. MACE was defined as a composite endpoint of
myocardial infarction, cerebrovascular accident (ischemic and
hemorrhagic strokes) or death from cardiovascular causes.

Search methods

We conducted a specific search for relevant studies using
three electronic databases (PubMed, EMBASE, and CENTRAL)
from the beginning of their records until 10 March 2023. The
search terms and strategy were based on the Cochrane guidelines
(Cumpston et al., 2022). The details of search strategy could be
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found in Supplementary Appendix SA2 (Supplementary
Table S2).

Study selection

Two reviewers independently screened articles for inclusion,
with the option to assess both the title/abstract and full text if
necessary. Any discrepancies were resolved by consensus or through
discussion with a third reviewer.

Data extraction

Two reviewers worked in pairs to extract relevant data from the
included studies into an Excel spreadsheet. Extracted information
included patient baseline characteristics and outcome indicators of
trials. Results data were independently extracted, with any
discrepancies resolved through discussion with a third reviewer.
For all trials, we also searched for data on clinical trial registry
websites.

Time point of outcome assessment

In parallel group trials, we used end-of-trial data to assess
outcomes. However, in trials where treatment medications or
doses were changed, we only considered the initial switch in
treatment for outcome assessment to avoid interference and
confusion between treatments.

Risk of bias of studies

Two reviewers independently evaluated the risk of bias. The Risk
of Bias Version 2 (RoB 2) (Sterne et al., 2019) tool developed by the
Cochrane Collaboration was used to assess bias risk in the following
five domains: random sequence generation, allocation concealment,
blinding, completeness of outcome data, and selective outcome
reporting. The studies were categorized as having “low,” “high,”
or “some concerns” bias for each of the five domains, depending on
the potential risk of bias in that domain. The bias risk for each
outcome was assessed separately, considering that different domains
may have varying levels of bias risk. We also evaluated the overall
bias risk for each outcome.

Publication bias

Publication bias was assessed using a funnel plot, and if the
distribution of points on the funnel plot was relatively symmetrical,
it was considered that publication bias did not exist. In addition to
the funnel plot, Egger’s test, Begg-Mazumdar test, and Thompson-
Sharp test were used to test for publication bias. If p > 0.05, it was
considered that there was no publication bias (Sterne and Egger,
2001; Chaimani and Salanti, 2012). Funnel plots and related tests for
publication bias were implemented using the “netmeta” package in
R version 4.2.2 (Genovesa et al., 2016).

Data analysis

Considering the potential heterogeneity between interventions
and control measures we performed a network meta-analysis with a
random-effects model using a frequentist graph theoretical
approach. As all included outcome measures were categorical
variables, we expressed the relative effects between two
interventions as odds ratios (ORs) and their corresponding 95%
confidence intervals (CIs) and presented them in league tables. The
frequentist network meta-analysis was performed using the
“netmeta” package in R 4.2.2 (Genovesa et al., 2016). Cochran’s
Q test was used to assess heterogeneity in the network meta-analysis
(Jackson et al., 2012), including both direct and indirect
comparisons. Consistency was evaluated using node-splitting
analysis (Dias et al., 2010; Higgins et al., 2012), comparing
whether there was consistency between direct and indirect
comparisons of each pair of interventions. Results of
heterogeneity and consistency tests were considered good if p >
0.05, indicating heterogeneity and consistency among the included
studies. We assessed the intransitivity of our results by comparing
the distribution of potential effect-modifying factors, including
baseline age, gender, and disease duration, for each direct
comparison. The effectiveness and safety ranking of the
interventions are obtained by calculating the P-score of each
intervention in the outcome measures. The higher the
corresponding P-score, the better the safety of the intervention
(Rücker and Schwarzer, 2017). A comprehensive evaluation of
effectiveness and safety ranking is presented by drawing a scatter
plot based on the P-scores obtained by each intervention in each
outcome measure (Veroniki et al., 2019).

For sensitivity analysis, we first conducted a Bayesian network
meta-analysis using a random-effects model as an alternative
approach. gemtc package in R was used for the Bayesian network
meta-analysis (Gert van Valkenhoef and Joel Kuiper., 2021).
Additionally, we performed frequency-based network meta-
analyses as sensitivity analyses by excluding studies that did not
report “all-cause mortality” as an outcome measure, studies with
treatment or follow-up periods of less than 12 weeks, and studies
categorized as having “some concerns” of bias. The robustness of the
main analysis was evaluated based on the results of these sensitivity
analyses.

All the statistical analyses described above were performed using
R software version 4.2.2.

Presentation of results

We used the “multinma” package in R to create and display a
network plot illustrating the direct and indirect comparison
relationships among different interventions. Each node in the
network plot represents an intervention, with the size of the node
reflecting the sample size. The links between nodes represent the
existence of direct comparison relationships among these
interventions. The thickness of the link represents the number of
direct comparisons between two interventions, which is reflected by
the number of solid lines connecting the two nodes.

League tables were used to summarize the research data,
where each cell in the table represents the relative effect size
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between the intervention of the row and that of the column. The
color of each cell represents the GRADE rating, indicating the
strength of evidence for that comparison. Different colors are
used to represent different GRADE ratings, blue for moderate
quality evidence, yellow for low quality evidence, and red for very
low quality evidence.

To evaluate the consistency of the results, we employed forest
plots as graphical representations. Within the forest plot, each
individual study was depicted by a small square or diamond,
wherein the point estimate and corresponding confidence interval
were illustrated as a line segment. This visual depiction allowed for a
comprehensive assessment of the consistency across the included
studies.

To effectively showcase transitivity, a combination of violin plots
and box plots was employed. Initially, violin plots were utilized to
present the distribution of data from the target studies. These plots
effectively captured the shape of the distribution, providing insights
into the spread and density of the data. Following the violin plots,
box plots were utilized to display the mean values along with their
corresponding confidence intervals. This presentation allowed for a
concise representation of the central tendency and the variability of
the data, facilitating a comprehensive understanding of transitivity
across the analyzed studies.

Quality of evidence (GRADE)

We evaluated the quality of the results in this study by
applying the GRADE (Grading of Recommendations
Assessment, Development, and Evaluation) approach
specifically designed for network meta-analysis (Puhan et al.,
2014; Brignardello-Petersen et al., 2018; Brignardello-Petersen
et al., 2019). The rating process involved two independent
reviewers conducting the rating, with any discrepancies
resolved through discussion or consultation with a third
reviewer. The rating results consist of high, moderate, low,
and very low quality. First, the direct comparisons were
evaluated based on factors like bias risk, heterogeneity,
reporting bias, and whether the outcome measure is a final
endpoint. Then, the indirect comparisons were rated based on
the presence of moderate, low, or very low-quality evidence in the
transitivity process. Lastly, the network meta-analysis results
were graded based on the ratings of direct comparisons,
indirect comparisons, consistency, and precision of the results.
The quality rating of evidence from indirect comparisons could
be lowered due to intransitivity.

The rating results include high, moderate, low, and very low
quality. Very low quality indicates substantial uncertainty or
major limitations in the available evidence, making it difficult
to draw reliable conclusions. This can be caused by factors such as
a high risk of bias, substantial heterogeneity, insufficient
reporting of study methods or results, or the outcome measure
not being a final endpoint. Low quality suggests limitations in the
available evidence, but it is still possible to draw some
conclusions with caution. Limitations could include a
moderate risk of bias, moderate heterogeneity, or incomplete
reporting of study methods or results. Moderate quality indicates
that the available evidence is reasonably reliable, but there are

still some limitations to consider. This could be due to a low risk
of bias, low heterogeneity, or a satisfactory level of reporting of
study methods and results. High quality means the available
evidence is considered robust and reliable, with minimal
limitations. This could be attributed to a low risk of bias, low
heterogeneity, comprehensive reporting of study methods and
results, and a strong level of confidence in the conclusions drawn.
To quantify the proportional contribution of each direct
comparison to each indirect and network comparison, a
contribution matrix was constructed using the random walk
approach (Davies et al., 2022).

Results

Search results and description of included
studies

From 1,565 unique records, we identified 14 trials that met our
inclusion criteria, involving 13,524 patients (Kremer et al., 2013;
Fleischmann et al., 2015; Genovese et al., 2016; Taylor et al., 2017;
Burmester et al., 2018; Genovese et al., 2018; Fleischmann et al.,
2019; Smolen et al., 2019; Rubbert-Roth et al., 2020; van
Vollenhoven et al., 2020; Ozdede and Yazıcı, 2022). See Figure 1
for the PRISMA flow diagram summarizing search results. The
enrolled patients had an average age ranging from 50.1 to 61.4 years
old, with female patients accounting for 68.00%–87.32% of the
sample. The average duration of illness was between
2.6–14.5 years, and the follow-up period ranged from 4 to
52 weeks. Details of each study are presented in Supplementary
Table S3.

FIGURE 1
PRISMA flow diagram of the study selection process.
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Results of network diagram

Four network diagrams were created for each of the two
outcome measures, MACE and all-cause mortality, divided by
category and individual drug. For individual drug, MACE was
included in 14 intervention measures, while all-cause
mortality was included in 7 intervention measures. By
category, four intervention measures were included for both
MACE and all-cause mortality. The network are shown in
Figure 2.

Risk of bias

In general, the studies included exhibit a low risk of bias.
Four out of fourteen trials showed some concern in one of the
five domains. One reason was lack of blinding (25%) (Ytterberg
et al., 2022), another was inability to address whether missing
data might lead to bias (25%) (Genovese et al., 2016), and
another was absence of an independent cardiovascular
adjudication committee to determine potential cardiovascular
events (50%) (Fleischmann et al., 2015; Genovese et al., 2016).
The specific risk of bias assessment results can be found in
Supplementary Appendix SA1 Section 4. The statistical results
indicate the absence of significant publication bias.

Publication bias

The specific results of publication bias can be found in
Supplementary Appendix SA1 Section 5.

Results of network meta-analysis

The relative effects of the network meta-analysis results were
presented in a league table format, along with the GRADE rating
results. The league table and GRADE rating results are shown in
Figure 3, and details of the GRADE rating can be found in
Supplementary Appendix SA1 Section 9 (Supplementary Table S5).

Figure 3A presents the estimated effects of different categories of
drugs on MACE and all-cause mortality, which are displayed in
different locations. The relative effect estimates for MACE are shown
in the lower left corner of the table, while the relative effect estimates
for all-cause mortality are shown in the upper right corner of the
table. It can be seen from the table that the differences between the
different drugs in terms of MACE did not reach statistical
significance, but in terms of all-cause mortality, the use of JAK
inhibitors may increase overall mortality compared to adalimumab
(OR: 1.7, 95% CI: 1.02–2.81). The GRADE rating, which ranges from
very low to moderate, conveys information regarding the level of
certainty in the findings. Based on the P-score of MACE, the sorting

FIGURE 2
Network diagrams for each outcome measure. Annotation: Each node in the network plot represents an intervention, with the size of the node
reflecting the sample size. The links between nodes represent the existence of direct comparison relationships among these interventions. The thickness
of the link represents the number of direct comparisons between two interventions, which is reflected by the number of solid lines connecting the two
nodes. (A): MACE for category; (B): all-cause mortality for category; (C): MACE for individual drug; (D): all-cause mortality for individual drug.
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results are in order: Abatacept (P-score = 0.7253), Adalimumab
(P-score = 0.5946), Placebo (P-score = 0.4473), JAK-i (P-score =
0.2328), respectively (see the appendix for details). For all-cause
mortality, the sorting results are in order: Adalimumab (P-score =
0.6948), Abatacept (P-score = 0.6312), Placebo (P-score = 0.5073),
JAK-i (P-score = 0.1667).We also presented this result using a scatter
plot (as illustrated in Figure 4A).

Figure 3B presents the estimated effects of different drugs on
MACE and all-cause mortality, which are displayed in different
locations. The relative effect estimates for MACE are shown in the
lower left corner of the table, while the relative effect estimates for
all-cause mortality are shown in the upper right corner of the table.
It can be seen from the table that the differences between the
different drugs in terms of MACE did not reach statistical
significance, but in terms of all-cause mortality, the use of
Tofacitinib inhibitors may increase overall mortality compared to
adalimumab (OR: 1.9, 95% CI: 1.12–3.23). The GRADE rating,
which ranges from very low to moderate, conveys information
regarding the level of certainty in the findings. Based on the
P-score of MACE, the sorting results are in order: Abatacept
(P-score = 0.7426), Decernotinib (P-score = 0.5882), Placebo
(P-score = 0.5325),Baricitinib (P-score = 0.5001), Upadacitinib
(P-score = 0.5001), Adalimumab (P-score = 0.4279), Tofacitinib
(P-score = 0.2086). For all-cause mortality, the P-score analysis
suggests that Abatacept (P-score = 0.7134), Baricitinib (P-score =

0.6919), Placebo (P-score = 0.6038), Upadacitinib (P-score =
0.5178),Adalimumab (P-score = 0.4527), Decernotinib (P-score =
0.3824),Tofacitinib (P-score = 0.1380). We also presented this result
using a scatter plot (as illustrated in Figure 4B).

The results of tests for heterogeneity, consistency and transitivity
in the network meta-analysis can be found in Supplementary
Appendix SA1 Section 6–8. Overall, with regards to tests for
heterogeneity, the network meta-analysis showed low levels of
heterogeneity across all outcome measures, and the test results
also showed no obvious inconsistencies or untranslatability.

The results of sensitivity analyses showed that the trend of OR
values was consistent with the main analysis results, indicating good
robustness of the main results of the network meta-analysis. The
specific results of the sensitivity analysis can be found in
Supplementary Appendix SA1 Section 10.

Discussion

Our network meta-analysis specifically concentrated on
evaluating the risk of major adverse cardiovascular events
(MACE) and all-cause mortality associated with the utilization of
JAK inhibitors in individuals diagnosed with rheumatoid arthritis.
The findings of our analysis indicate that, in comparison to
alternative treatment drugs, JAK inhibitors did not exhibit any

FIGURE 3
Results of network meta-analysis (relative effects league table and GRADE rating). Annotation: League tables were used to summarize the research
data, where each cell in the table represents the relative effect size between the intervention of the row and that of the column. The color of each cell
represents the GRADE rating, indicating the strength of evidence for that comparison. Different colors are used to represent different GRADE ratings, blue
for moderate quality evidence, yellow for low quality evidence, and red for very low quality evidence. (A): for category; (B): for individual drug.
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statistically significant variances in terms of MACE occurrence or
all-cause mortality, except for a noteworthy increased risk of all-
cause mortality observed with Tofacitinib in comparison to
Adalimumab. Our results indicate that decernotinib may have
the lowest risk of major adverse cardiovascular events (MACE)
among JAK inhibitors, while baricitinib had the lowest risk of all-
cause mortality. However, due to the lack of randomized controlled
trials (RCTs) for filgotinib that reported these outcomes, it was not
included in the ranking analysis.

Agreements and disagreements with other
studies or reviews

Accumulating evidence indicates that patients diagnosed with
rheumatoid arthritis (RA) face a heightened incidence of
cardiovascular disease compared to the general population. This
elevated risk can be attributed not only to a higher prevalence of
traditional cardiovascular risk factors among RA patients but also to
the presence of chronic inflammation, which serves as an
independent cardiovascular risk factor. The chronic inflammatory
component associated with RA contributes to the overall
cardiovascular burden experienced by individuals with this
condition. Hence, addressing both traditional risk factors and the
underlying inflammatory processes is crucial in managing the
cardiovascular health of RA patients (Van Doornum et al., 2006;
Nurmohamed, 2009; Semb et al., 2020; Bridges Jr et al., 2022; Yuan
et al., 2022). Hence, when making decisions regarding the choice of

medication for treating rheumatoid arthritis (RA), it is imperative to
take into account not only the medication’s efficacy in achieving
long-term control of joint and systemic inflammation but also its
potential cardiovascular risks. JAK inhibitors, being a novel class of
disease-modifying antirheumatic drugs, require further evaluation
in terms of their impact on cardiovascular safety. As such, a
comprehensive assessment of the potential cardiovascular risks
associated with JAK inhibitors is essential in order to make
informed treatment decisions and ensure the overall wellbeing of
RA patients (Sepriano et al., 2023).

Previous studies mainly conducted systematic review and meta-
analyses of the overall adverse events of JAK inhibitors, lacking focus
on the cardiovascular risk or mortality risk of JAK inhibitors for
treating RA. A meta-analysis which evaluate the safety of JAK
inhibitors for treating inflammatory bowel diseases or other
immune-mediated diseases showed that an increased risk of
herpes zoster infection among patients with immune-mediated
diseases (IMID) treated with JAK inhibitors and other AEs were
not increased among patients treated with JAK inhibitors (Olivera
et al., 2020). Another systematic review and meta-analysis presented
that any adverse events were more frequent with JAK inhibitors, and
the risk for infection was higher for JAK inhibitors compared with
placebo (Wang et al., 2020). Regarding cardiovascular safety,
previous studies mostly discussed the relationship between JAK
inhibitors and venous thromboembolism events. The results of two
previous meta-analyses indicated that insufficient evidence to
support the current warnings of VTE risk for JAK inhibitors in
patients with IMID (Bilal et al., 2021; Yates et al., 2021). Only one

FIGURE 4
Scatter Plot of p-values. Annotation: In this scatter plot, the x-axis represents the P-score of MACE, and the y-axis represents the P-score of
mortality. Each data point represents a study drug, and different colors indicate different study drugs. The position of each data point indicates the
corresponding study’s P-score. The higher the P score, the lower the incidence of MACE and all-cause mortality for the intervention. Drugs with higher
P-scores for MACEwill be located on the right side of the scatter plot, while drugs with higher P-scores formortality will be located above the scatter
plot. (A): for category; (B): for individual drug.
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previous meta-analysis evaluated impact of Janus kinase inhibitors
on risk of cardiovascular events in patients with rheumatoid
arthritis, the results demonstrated that The existing evidence
from RCTs indicated no significant change in cardiovascular risk
for Jakinib-treated patients with RA in a short-term perspective, but
post-marketing data are sorely needed to ascertain their
cardiovascular safety, especially at the higher dose, due to
increased risk of thromboembolism events for both tofacitinib
and baricitinib at higher dosage (Xie et al., 2019).

The results obtained from our network meta-analysis diverged
somewhat from previous studies, and there are several potential
reasons for these differences. Firstly, we included a recently
published randomized controlled trial (RCT) that introduced
distinct inclusion and exclusion criteria. Specifically, this RCT
required that patients have at least one cardiovascular risk factor
at baseline, a criterion not present in previous RCTs. Nevertheless,
it is important to note that rheumatoid arthritis (RA) itself is
recognized as an independent cardiovascular risk factor.
Consequently, we believe that this disparity in baseline
characteristics is unlikely to introduce a bias significant enough
to compromise the objectivity of our conclusions. Secondly, our
study focused on different outcome measures compared to
previous investigations. Specifically, we specifically examined
the incidence of major adverse cardiovascular events (MACE)
and all-cause mortality. We conducted data analysis both by
considering JAK inhibitors as a class of drugs and by analyzing
individual drugs within the JAK inhibitor category. This analytical
approach allowed us to more comprehensively explore whether
the use of JAK inhibitors is associated with an increased risk of
MACE and all-cause mortality, and to elucidate any potential
disparities among specific JAK inhibitors. By considering these
factors and employing a rigorous methodology, we aimed to
provide a comprehensive and detailed analysis of the
cardiovascular risks associated with JAK inhibitors for the
treatment of RA, thereby contributing valuable insights to the
existing body of knowledge.

Strengths and weaknesses of review

Our network meta-analysis possesses several notable
strengths that contribute to its significance and reliability.
Firstly, to the best of our knowledge, this study represents the
first network meta-analysis specifically evaluating the incidence
of major adverse cardiovascular events (MACE) and all-cause
mortality associated with the use of JAK inhibitors in patients
diagnosed with rheumatoid arthritis (RA). By addressing this
research gap, our analysis provides valuable insights into the
cardiovascular risks of JAK inhibitors, filling an important
knowledge void in the field. Secondly, our statistical
methodology is robust and comprehensive. We ensured that
all results and relevant tests, such as measures of
heterogeneity, consistency, and transitivity, were properly
visualized and reported. Multiple sensitivity analyses and
GRADE assessments were employed to further validate the
reliability and credibility of our conclusions. These rigorous
analytical techniques contribute to the robustness of our
findings and enhance the trustworthiness of the study. Lastly,

we developed a highly precise search strategy to retrieve literature
that aligns with our objectives, and meticulous methods were
employed for trial selection and data extraction. By
systematically screening trials and adhering to strict criteria,
our aim was to gather the most relevant and reliable evidence
to inform our analysis. This comprehensive approach allowed us
to conduct a thorough and inclusive assessment of the existing
evidence, thereby strengthening the robustness and effectiveness
of our findings. Given these strengths, we believe that our
network meta-analysis provides valuable and reliable insights
into the cardiovascular risks associated with JAK inhibitors for
the treatment of rheumatoid arthritis.

While our study offers valuable insights, it is important to
acknowledge several limitations. Firstly, the number of studies
included in our analysis was relatively small. However, the
robustness and certainty of the evidence have been assessed
using GRADE, which minimizes the impact of the limited
number of studies on our research findings. Secondly, both
the risks of major adverse cardiovascular events (MACE) and
all-cause mortality are time-dependent variables. However, due
to the limited number of studies and available data, we were
unable to obtain comprehensive time-event curves or analyze
time-to-event data in our study. This limitation restricts our
ability to provide a detailed assessment of the time-dependent
aspects of these risks. Additionally, the patients included in our
study may have presented with comorbidities and were treated
with different doses of the included study drugs. These factors
could potentially introduce variations in baseline characteristics
and treatment effects. However, we believe that our findings
remain transferable and applicable, as the study population
encompasses real-world patients with diverse clinical profiles.
Lastly, our study did not present the absolute effects or report
the relevant minimal important difference (MID) values. This
decision was primarily driven by the absence of statistically
significant overall relative effects and the broad confidence
intervals observed in the included studies, which limited the
precision of our findings. We acknowledge the importance of
absolute effect analysis and MID values, and we aim to address
these aspects in future research to provide a more
comprehensive understanding of the clinical implications.
Despite these limitations, our study contributes to the
existing knowledge base on the cardiovascular risks
associated with JAK inhibitors in the context of treating
rheumatoid arthritis. Continued research and updates will
help to further refine our understanding of these risks and
provide more precise estimates in the future.

Implications for practice

In conclusion, The analysis revealed no notable disparity in the
occurrence of major adverse cardiovascular events (MACE) between
the JAK inhibitors and the placebo group. However, in comparison
to adalimumab, the employment of JAK inhibitors exhibited an
association with higher rates of all-cause mortality. It is important to
interpret our findings with caution, given the limitations of our
study. However, these findings provide a foundation for further
investigation in this area.
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Implications for future research

Future research should aim to validate and build upon our
findings by including a larger number of studies, broadening the
range of interventions examined, and exploring the underlying
mechanisms that may contribute to the observed differences in
all-cause mortality between JAK inhibitors and other treatment
drugs. Such efforts will help to enhance our understanding of
the cardiovascular risks associated with JAK inhibitors and
inform clinical decision-making for the treatment of RA.
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