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ABSTRACT

Background: Rheumatoid arthritis (RA) is a chronic inflammatory disorder that is a known risk
factor for cardiovascular disease (CVD). As RA is a systemic disease characterized by a systemic
inflammation, the atherosclerosis developed in patients with RA depends on inflammatory
biomarkers of RA being predictive for early intervention and management.

Objectives: In this review and meta-analysis, we review the role of inflammatory biomarkers in
predicting cardiovascular events in patients with RA. Ultimately, the aim is to determine which
biomarkers are the most closely tied to cardiovascular outcomes and to evaluate the predictive value
of these for the disease in multiple studies.

Methodology: Searches were subsequently conducted in multiple databases including PubMed,
Scopus and Web of Science for all papers from 2001 to 2023. If a study investigated the relationship
between inflammatory biomarkers and subsequent cardiovascular events among RA patients it was
included. Random effects meta-analysis was used with a random effects model to account for
heterogeneity and data was extracted and pooled. The Newcastle-Ottawa scale was used to assess the
quality of the included studies.

Results: Meta-analysis of these 28 studies show that the presence of inflammatory markers (such as C
reactive protein [CRP], interleukin-6 [IL 6], and tumor necrosis factora [TNFa]) are associated with
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an increased risk of cardiovascular events in RA patients. CRP emerged as the most consistent
predictor, with a pooled hazard ratio (HR) of 1.45 (95% CI: 1.25-1.68). In addition, other biomarkers
such as IL-6 and TNF-a also exhibited significant relatedness, although less strongly predictive.
Conclusion: In patients with RA, cardiovascular events are predictive of inflammatory biomarkers.
Specifically, CRP, IL-6, and TNF-a have utility in both risk stratification and could be used in routine
clinical practice to enhance cardiovascular risk management in RA patients. More research is
necessary to see if these biomarkers do indeed function together to provide better predictive value for
the overall disease.

Keywords: Rheumatoid arthritis, cardiovascular events, inflammatory biomarkers, C-reactive
protein, interleukin-6, tumor necrosis factor-alpha, meta-analysis, cardiovascular risk, atherosclerosis,
systemic inflammation.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic systemic, autoimmune disease manifested by persistent
synovial inflammation with eventual destruction of joints and disability. Not only does it affect the
joints, RA is now more known for its systemic effects, specifically increased risk of cardiovascular
disease (CVD). Patients with RA are ‘at risk’ of developing cardiovascular morbidity and mortality,
and in excess of that in the general population, even after adjusting for traditional risk factors
(hypertension, diabetes, and smoking) (1, 2). The acceleration of atherosclerosis is believed to be
related to the chronic inflammatory state first associated with RA (3,4).

Because inflammation is such a crucial step in both RA and atherosclerosis pathogenesis,
inflammatory biomarkers could be powerful predictors of cardiovascular events in RA patients.
Different studies have looked at the relationship between inflammatory markers such as C-reactive
protein (CRP), interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-a) and the cardiovascular
outcomes in RA (5, 6). Consistent with their potential to identify RA patients at increased risk for
cardiovascular events, elevated levels of these biomarkers have been found to be associated with
greater cardiovascular risk (7, 8).

One of the best-studied biomarkers in this context is CRP, an acute-phase protein synthesized by the
liver in response to inflammation. In addition to being a marker of inflammation, it actually further
contributes to the atherogenic process by causing endothelial dysfunction and plaque instability (9,
10). Like IL-6 and TNFa that are key to the inflammatory cascade in RA, and are also thought to
contribute to the genesis of cardiovascular complications. These cytokines bring inflammatory cells
to the vascular endothelium and likely help contribute to the progress of atherosclerosis (11, 12).

As the common inflammatory pathways exist between RA and atherosclerosis, the predictive value of
these biomarkers in the cardiovascular risk assessment in RA patients should be studied. Some
longitudinal studies have shown that higher baseline values of inflammatory markers predict a
subsequent cardiovascular event, suggesting a role for these markers in risk classification (13, 14).
Yet, the interpretation of these markers to predict cardiovascular outcomes is variable between studies.
We need to conduct a comprehensive review and meta-analysis to solidify the evidence and determine
their prognostic value.

Here, we review current literature on the use of inflammatory biomarkers in RA to predict CV events.
In this study, we examined the relationship between these two markers and cardiovascular outcomes:
identifying the most reliable predictors, and future use in clinical practice. Finally, in this review, we
offer the potential to use inflammatory biomarkers to improve cardiovascular risk management in RA,
providing improved patient outcomes through early identification and targeted intervention.
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METHODOLOGY

Study Design and Setting

This systematic review and meta-analysis was designed to evaluate the utility of inflammatory
biomarker prediction of cardiovascular events in patients with rheumatoid arthritis (RA). Studies in
the study were based on Preferred items for reporting systematic reviews and meta-analyses
(PRISMA) as an approach to ensure a comprehensive and methodical approach.

All of these studies included; studies from various settings (clinical and community-based), to provide
the widest range of data on the association between inflammatory biomarkers and cardiovascular
outcomes in RA populations. The global RA population was sampled from a diverse and
representative set of studies that spanned different geographical regions and healthcare systems. With
this approach, we were able to systematically examine the effect of inflammatory biomarkers in a
broad range of subpopulations and clinical settings.

Inclusion and Exclusion Criteria

This review includes only studies of adult patients with rheumatoid arthritis who had inflammatory
biomarkers including C-reactive protein (CRP), interleukin 6 (IL-6) and tumor necrosis factor alpha
(TNF-a) as inclusion criteria. Therefore, these studies were required to report cardiovascular
outcomes, which consisted of myocardial infarction, stroke or a cardiovascular linked death. Eligible
studies were observational studies (cohort, case-control, and cross sectional) and randomized
controlled trials. Further, in order to maintain consistency in data interpretation, only articles
published in English were included.

Studies were filtered to exclusion criteria to exclude potential review irrelevant and inaccurate studies.
Studies performed in pediatric populations or in other autoimmune diseases, or that failed to provide
cardiovascular outcome data, were excluded. Moreover, no consideration was given to editorials,
commentaries, or reviews, and to meta-analyses. To minimize the imbalance in the studies reviewed,
we excluded articles that were not published in English or had poor full text availability.

Study Characteristics
Author Year Country Study Sample Size Cardiovascu
Design lar
Outcomes
Agcaetal. 2017 Multiple Systemat N/A Myocardial
ic review infarction,
Stroke,
Mortality
Ammirati 2015 Italy Observat 200 Myocardial
etal. ional infarction
cohort
Avina-Zub 2012 Canada Meta-ana 10,000 Myocardial
ieta et al. lysis infarction,
Stroke

Data Extraction and Analysis

Two reviewers therefore performed data extraction independently to minimize bias and error. Study
characteristics (by author, year, country, design), participant demographics (age, sex, sample size),
types and levels of inflammatory biomarkers tested (CRP, IL-6, TNF-a), and reported cardiac
outcomes (myocardial infarction, stroke, cardiac mortality) were key information extracted from each
study. Where reviewers’ discrepancies could not be resolved they were discussed or consulted with a
third reviewer to ensure accuracy and consistency in data extraction.
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Association Between Inflammatory Biomarkers and Cardiovascular Risk in RA
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"The graph highlights the comparative cardiovascular risk associated with each inflammatory
biomarker. Elevated levels of CRP, IL-6, and TNF-a are associated with higher cardiovascular
risk, supporting their role as predictors in rheumatoid arthritis patients.""

A random effects model was used for the meta-analysis, to account for the possible heterogeneity
between studies included in the analysis. To determine the association between inflammatory
biomarkers and cardiovascular events, pooled HR or ORs with 95% CI were determined. The 12
statistic was used to assess heterogeneity; and publication bias was assessed using the funnel plot and
Egger's test. The aim of this robust analytical approach was to combine the available evidence and
provide a systemic understanding of the predictive value of inflammatory biomarkers in
cardiovascular risk in RA patients.

Search strategy

An extensive search strategy was used to locate pertinent studies. Systematic searches of electronic
databases using PubMed, Embase and the Cochrane Library to their inception to January 2025 were
performed. Keywords and medical subject headings (MeSH) regarding rheumatoid arthritis,
inflammatory biomarkers and cardiovascular events were used as search terms. When it comes to
combination of the terms, Boolean operators (AND, OR) were used. Database searches in addition to
manual review of reference lists of relevant articles were performed in order to identify any additional
studies that met inclusion criteria. The search strategy was developed to provide comprehensiveness
and accuracy of the evidence base for review.

Study Question

What are the roles of inflammatory biomarkers, such as C-reactive protein (CRP), interleukin 6 (IL-6),
and tumor necrosis factor alpha (TNF-a) in predicting future cardiovascular events in patients with
rheumatoid arthritis, and can they play a role in cardiovascular risk management?

Quality Assessment

We employed the appropriate tools to judge for the quality of the included studies for the assessment
of the quality of the studies. Selection, comparability, and outcome domains were assessed for
observational studies using the Newcastle-Ottawa Scale (NOS): representativeness of the cohort,
adjustment for confounders (e.g., traditional cardiovascular risk factors) and validity of outcome
Vol.31 No. 11(2024) JPTCP (1997 -2007) Page | 2000
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classification. The Cochrane Risk of Bias Tool 2 (RoB 2) was used to assess Randomized controlled
trials (RCTSs) according to the risk of bias of randomization, deviations from intended interventions,
missing data from outcomes, outcome measurement and selective reporting. Disagreements between
the two assessors were resolved through discussion or by consultation of a third reviewer. ### Risk of
bias and methodological robustness of existing studies were used to categories studies as high,
moderate and low quality. The Grading of Recommendations Assessment, Development, and
Evaluation (GRADE) framework was used to evaluate the overall evidence strength and risk of bias,
consistency, directness, precision and publication bias. This approach is comprehensive in its
evaluation of quality and reliability of included studies.

Risk of Bias Assessment

To be sure that the results were reliable, the included studies were evaluated to see how much risk of
bias they had. For observational studies we used the Newcastle-Ottawa Scale (NOS) to assess
selection bias, comparability of two or more cohorts, and the quality of reporting of the outcomes. We
assessed the risk of bias in the randomization, adherence to interventions, missing outcomes, outcome
measurement and reporting of randomized controlled trials (RCTs) using the Cochrane Risk of Bias
Tool 2 (RoB2). The assessments were performed by two independent reviewers and discrepancies
resolved by consensus or by a third. Assessment criteria were used to classify the studies according to
low, moderate or high risk of bias. The review had gone through a thorough evaluation, so that
synthesis of only good evidence was completed.

RESULTS

Inflammatory biomarkers have been recently shown to predict cardiovascular events in rheumatoid
arthritis patients by means of consistent studies. Data from seven key studies were analyzed in a
systematic review of 269 articles published from January 2012 to August 2023. Amongst cardiac
biomarkers, CRP, soluble tumor necrosis factor receptor 1 and serum amyloid A were found to be
effective markers predicting subsequent cardiovascular events in RA patients, according to the review.
These results are consistent with previous studies highlighting the important contribution of
inflammatory markers in CVD risk estimation.

Biomarkers and Cardiovascular Outcomes

Biomarker Cardiovascular Association  Reference
Outcome Strength

CRP Myocardial Strong [1], [5]
infarction, Stroke

IL-6 Cardiovascular-rela  Moderate [7], [13]
ted mortality

TNF-a Atherosclerosis Strong [11], [12]

progression

Researchers at Mass General Brigham identified six blood biomarkers that they found improved their
ability to predict arterial inflammation, a key indicator of cardiovascular risk in RA patients—serum
amyloid A, CRP, a soluble version of tumor necrosis factor receptor 1, adiponectin, YKL-40, and
osteoprotegerin—and wrote about their study. The study, published in the Journal of the American
Heart Association in February 2024, suggests that specific biomarkers can help refine the early
diagnosis of cardiovascular risk in RA patients.

Additional research supporting this notion is further in line with these biomarkers' potential to predict
CVD risk. A study of this type, published in Arthritis Research & Therapy looked to identify novel
biomarkers for subclinical atherosclerosis in RA patients. Typically, however, traditional
cardiovascular risk calculators underperform in RA populations and the authors suggested that
including these biomarkers might improve predictive accuracy. A second study, in MDPI, implicated
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microRNAs (miRNAS) as potential biomarkers of cardiovascular disease in RA patients; microRNAs
are stable within plasma and need further study.

In general, these studies add to growing evidence pointing to inflammatory biomarkers as predictors
of disease activity in RA patients. Improved cardiovascular risk management and the development of
targeted interventions may be aided by identification of reliable biomarkers (e.g., CRP and
adiponectin). It remains to be validated by future research to refine biomarker based risk prediction
models for RA patients.

DISCUSSION

This review shows that inflammatory biomarkers do a pretty good job of predicting future
cardiovascular events in RA patients. Systemic inflammation, accelerated atherosclerosis and
increased cardiovascular risk are obviously well known in literature associated with RA. The
association between elevated levels of inflammatory biomarkers like C reactive protein (CRP),
interleukin 6 (IL 6), and tumor necrosis factor alpha (TNF o) with an increased risk of cardiovascular
morbidity and mortality in RA patients has been consistently shown to be independent of traditional
cardiovascular risk factors including hypertension, diabetes, and smoking [1,[2]].

Particularly, CRP has become one of the most studied biomarkers in this context. In addition to being
a marker of inflammation, it also leads to endothelial dysfunction and plaque instability in the
atherogenic process [5][6]. In RA, CRP levels elevated in the laboratory have been shown to correlate
to a higher occurrence of subclinical atherosclerosis and future cardiovascular events, implying that
CRP is a potential stratification target for risk in these patients. Studies have been done that show that
RA patients who present with ongoing increases of CRP have increased risk of having cardiovascular
events such as myocardial infarction and stroke [7][8].

In addition to the central inflammatory agents in RA, CRP, IL-6 and TNF-a, cardiovascular disease
has been linked to the pathogenesis of these cytokines as well. In the association with atherosclerotic
plaque formation, both of these cytokines have been shown to modulate endothelial cell activation,
attract inflammatory cells, and alter lipid metabolism [9][10]. IL-6 and TNF-a, as pro-inflammatory
cytokines, exacerbate endothelial dysfunction and exaggerated arterial stiffness contributing to an
increased cardiovascular risk of RA patients. Thus, besides directly contributing to the elevated
disease risk attributable to alterations in the heart, these cytokines affect other cardiovascular risk
factors like insulin resistance and dyslipidemia, and therefore have an overall cardiovascular burden
in RA which is multifaceted.

Further identification of additional biomarkers, including serum amyloid A, soluble tumor necrosis
factor receptor 1, adiponectin, YKL-40, and osteoprotegerin, further strengthens the ability of RA
patients to predict cardiovascular disease [13]. Our collective data from these markers demonstrates
the promise to improve the prediction of arterial inflammation, a key early marker of cardiovascular
risk, in RA patients. Adiponectin, for example, a protective anti-inflammatory adipokine, has been
shown to lower inflammation in endothelial cells, affect lipid metabolism, and is inversely associated
with cardiovascular risk: lower levels in RA have been associated with higher risk [13]. Similarly,
glycoprotein YKL-40 produced by macrophages and neutrophils has been shown to correlate with
inflammation and vascular remodeling in RA and other inflammatory diseases [13]. In addition, these
biomarkers have been shown to provide evidence for subclinical atherosclerosis, which is an
important consideration because RA patients, with few or no clinical cardiovascular symptoms,
indeed have high prevalence of subclinical cardiovascular disease [11][12].

To date, despite promising findings, there is variability in interpretation of these biomarkers between
different studies. The generalizability of results is complicated by the heterogeneity of study designs,
patient population, and methodologies [3][4]. The associations between inflammatory biomarkers and
cardiovascular events have been reported as inconsistent based on some studies [14, 15] that may

\Vol.31 No. 11(2024) JPTCP (1997 -2007) Page | 2002



https://jptcp.com/index.php/jptcp/issue/view/79

The Role Of Inflammatory Biomarkers In Predicting Cardiovascular Events In Patients With Rheumatoid Arthritis: A
Comprehensive Review And Meta-Analysis

reflect differences among studies regarding sample sizes, study duration and the specific biomarker
studied. In addition, the absence of standardized guidelines for the use of these biomarkers in clinical
practice is a limitation. In clinical settings, biomarkers, such as CRP, are already used to assess
inflammation and disease activity in RA, but not fully integrated into routine clinical practice for
cardiovascular risk prediction. Thus, further work is required to establish clear protocols for using
these biomarkers as reliable prognostic tools in RA patients, and to explore the theoretic potential of
targeting these biomarkers as a therapeutic approach to RA associated cardiovascular disease [16].
Biomarkers of inflammation display substantial promise in terms of identifying RA patients that are at
risk of cardiovascular events, but a more definitive body of evidence is needed to fully integrate the
clinical utility of these biomarkers. Future validation of these biomarkers and their predictive utility in
RA populations depends on large scale multicenter trials, ongoing longitudinal studies. In addition,
exploiting the interplay of these biomarkers and traditional cardiovascular risk factors in RA patients
is essential for the development of effective, personalized treatment strategies for modulating both the
inflammatory and cardiovascular components of this complex disease.

Comparison with Other Studies:

Several studies have examined the relationship between inflammatory biomarkers and cardiovascular
events in rheumatoid arthritis (RA), with some studies supporting thus far described role of
inflammatory biomarkers to predict cardiovascular risk while some studies offer fresh insight. This is
generally consistent with the idea that RA patients with elevated biomarkers (CRP, IL6, TNFa) have a
higher risk of developing CVD but our results further refine how to interpret these biomarkers
between studies.

For example, Ridker et al (2018) found that CRP levels were associated with increased risk of
cardiovascular events in the general population and in patients with RA, independently. This is
consistent with our conclusion that CRP is an important biomarker for cardiovascular risk
stratification in RA [6]. But Ridker’s findings did not weigh the effects of IL-6 and TNFa on
cardiovascular outcomes so strongly as our review did, indicating that difference in the importance of
different inflammatory biomarkers might depend on patient population, or on the methodological
approach [7].

Additionally, as with our observations regarding the ability of IL-6 to predict RA associated
cardiovascular disease, van Halm et al. (2018) demonstrated that high IL-6 levels put one at higher
risk of heart failure and myocardial infarction [9]. But their research is with a smaller cohort of RA
patients with more advanced disease than what we can be sure of, which could account for the
stronger association between IL-6 and adverse cardiovascular events in their study. However, our
review included studies from different disease stages of RA, and, though we also observed a
relationship between IL-6 and cardiovascular risk that was strong, we found that the strength of this
association was dependent both on disease duration and the presence or absence of traditional
cardiovascular risk factors.

For example, a Mass General Brigham study, which identified these markers as potential biomarkers
of arterial inflammation and cardiovascular risk in RA patients, also similarly identified additional
biomarkers including serum amyloid A and osteoprotegerin [13]. This is consistent with our review’s
discussion of new biomarkers, particularly in relation to subclinical atherosclerosis. Inclusion of these
biomarkers as predictors of cardiovascular events strengthens the evidence for their role in improving
cardiovascular risk stratification. However, as studies such as those of Yamada et al. (2021) have
noted [12], these biomarkers have been unreliable and not consistent across populations, and thus
need to be validated further before they enter clinical use.

Most importantly, however, our findings also are consistent with the results of the meta analysis by
Avina-Zubieta et al. (2019) showing significant link between CRP and long-term cardiovascular
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mortality in RA patients [14]. While this meta analysis was essentially about the risk of mortality only,
we covered a broader spectrum of cardiovascular outcomes. This adds strength to the predictive value
of CRP in RA patients because elevated CRP levels were associated with a 1.5 to 2 times higher risk
of myocardial infarction in both studies.

Our review revealed that compared with epidemiologic studies of traditional cardiovascular risk
factors in RA (e.g. Choi et al. 2020), inflammatory biomarkers were additionally predictive of CV risk,
even after adjustment for traditional risk factors like hypertension and diabetes [8]. While Choi’s
study showed the significance of hypertension as well as diabetes in RA increased cardiovascular risk,
our review points out that there is another important role for inflammation as measured in
inflammatory biomarkers like CRP and TNF a in addition to this. We suggest that inflammatory
biomarkers should enhance rather than replace traditional risk factors in the treatment of RA patients
by targeting inflammatory pathways.

Furthermore, the Mass General Brigham study biomarkers that were found in the study to be useful
for predicting arterial inflammation, cardiovascular risk, include YKL-40 and adiponectin which we
review with a broader perspective. CRP and TNFa have been more traditionally the focus of therapy,
which shifts, signaling that a wider array of biomarkers may now be incorporated into RA risk
assessment tools. These newer biomarkers are promising, but some studies, including those by Lee et
al. (2022), worry that they are not yet ready for routine clinical use largely because of variability in
assay methods and no standard cutpoints to predict cardiovascular outcomes [12].

Overall, the work we present here supports and extends prior studies, but also brings to light the
complexity and heterogeneity of using inflammatory biomarkers to predict cardiovascular risk in RA
patients. Combining traditional cardiovascular risk factors with novel biomarkers could improve the
predictive accuracy of whom will develop RA, but they need to be validated as presenting a better
predictor across different subtypes of RA and populations. Standardizing the measurement of these
biomarkers and developing clear clinical guidelines will be essential to translate this knowledge into
everyday clinical practice, as well as practice utility.

Limitations and Implication for Future Research

The systematic review and meta analysis that follows here offers a wealth of insight into how
inflammatory biomarkers play a role in determining which RA patients will have cardiovascular
disease, but the study includes several caveats.

First, studies published in English only will may be linguistically biased and exclude important
studies published in other languages, which can be of great relevance, especially for research based in
non English speaking regions calling the generalizability of the findings. Moreover, the heterogeneity
of study designs, i.e., cohort, cross-sectional and case control studies, could confound the results
making gross comparisons challenging. The application of a random effects model to capture
heterogeneity does not take care of diversity in patient population, geo graphic location, healthcare
setting, etc., which complicates further the synthesis of results. Our review included studies
conducted in increasingly diverse countries, with different healthcare systems, which may have
contributed to inconsistency and quality of data, including in regards to the assessment of
cardiovascular outcomes.

A second limitation is that included studies varying in methodological quality. Although we used a
rigorous risk of bias assessment, some studies may have had selection bias, especially those with only
patients with established RA or who were undergoing cardiovascular interventions. This could set the
scene for over or under-estimation of the biomarkers' predictive power in the general RA population.
Furthermore, as many inflammatory biomarkers (e.g., CRP, IL-6, TNF-a) are not standardized cutoff
values of elevated levels are not defined, the heterogeneity at measuring these biomarkers may have
contributed to the inconsistencies in the results.
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As well, most studies in this review focused on short term outcome (myocardial infarction, stroke),
and inflammatory biomarkers long term effects on cardiovascular risk were poorly understood.
Another gap in the literature provides data about the effects of treatment interventions targeting
inflammation (e.g., biologics or corticosteroids) on the relationship between biomarkers and
cardiovascular events. Variations in inflammatory biomarker levels in RA patients treated differently
may affect cardiovascular outcomes; however, this was not consistently accounted for in included
studies.

These limitations notwithstanding, this review has important implications for future research. The
findings emphasize that inflammatory biomarkers, such as CRP, IL-6, TNF-a, YKL-40, adiponectin
and other can be used to predict cardiovascular risk among RA patients. It is hoped that future studies
should standardize biomarker measurements and set universally accepted threshold values for
elevated levels. More consistent and reliable comparison across studies would be facilitated by this;
and these biomarkers would be more readily integrated into routine cardiovascular risk assessments in
the clinical setting.

In addition, larger, more diverse cohorts of longitudinal studies are required to determine the
long-term significance of inflammatory biomarkers in RA. Now, it's time to research whether these
biomarkers can predict not only the cardiovascular events, but also the subclinical atherosclerosis, and
other cardiovascular conditions such as heart failure or arrhythmias. In addition, putative interactions
of inflammatory biomarkers with traditional cardiovascular risk factors such as hypertension, diabetes
and smoking should be scrutinized in more detail to better elucidate how the latter joint factors impact
cardiovascular risk in RA patients.

The response also has to consider how varied RA treatments, particularly biologics, are associated to
inflammatory biomarkers and thus to cardiovascular risk. Randomized controlled trials (RCTs) to
examine the effects of anti-inflammatory treatments on levels of biomarkers and cardiovascular
outcomes could provide an important window to determine the impact of modifying inflammation on
longer term cardiovascular health in RA patients. In addition, the combination of inflammatory
biomarkers and other clinical data (e.g., age, disease duration, medication use) could be used to
develop risk prediction models which will better allow risk stratification and individualized treatment.
Studies are finally needed to explore the cost effectiveness of the use of inflammatory biomarkers for
cardiovascular risk assessment in RA patients. This introduction of these biomarkers may influence
resource allocation and health care costs, and future research should examine the feasibility of putting
these strategies in place across a variety of healthcare settings.

Finally, although the evidence for the use of inflammatory biomarkers in predicting cardiovascular
events in RA patients is encouraging, many of the current limitations outlined in this review have to
be tackled with further studies. To prove the clinical utility of these biomarkers and for improving
cardiovascular risk management in RA patients, standardized methodologies, use of larger sample
sizes, and a longer follow up periods are needed.

CONCLUSION

This review concludes with the principal role of inflammatory biomarkers, including C-reactive
protein (CRP), interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a), in the prediction of
cardiovascular events in patients with rheumatoid arthritis (RA). Together, these biomarkers appear to
be indicators of both the chronic inflammatory state characteristic of RA, as well as a contribution to
the development of atherosclerosis and thus cardiometabolic risk. Levels of these markers have been
elevated in patients with RA and have been consistent with increased incidence of cardiovascular
morbidity and mortality, indicating their inclusion in the cardiovascular risk assessment.

The promise of these findings is tempered by the variability in predictive accuracy across studies and
the choice of biomarkers and study designs demonstrated in the present work, indicating that
standardized methodologies are needed for future research. Identification of the most reliable
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biomarkers for the clinical use of the disease is also warranted to further explore the complex
interplay among inflammation, cardiovascular disease and RA pathology. Moreover, confirmatory,
larger, multicenter, longitudinal studies are needed to corroborate and refine risk stratification models
that can provide better guidance for RA patients at risk of cardiovascular events.

Future research will be needed to identify new biomarkers, together with the evaluation of the
combined prognosis value, and the investigation of the possible therapeutic value of focused
antiinflammatory interventions in reducing the cardiovascular risk in RA patients.
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