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Abstract

:

The early detection of cardiovascular disease (CVD) serves as a key element in preventive cardiology. The risk of developing CVD in patients with rheumatic disease is higher than that of the general population. Thus, the objective of this narrative review was to assess and describe updated risk-prediction parameters for CVD in patients suffering from rheumatic diseases, and, additionally, to evaluate therapeutic and risk management possibilities. The processes of recognizing CVD risk factors in rheumatic diseases, establishing diagnoses, and discovering CV risk assessments are currently displeasing in clinical practice; they have a limited clinical impact. A large number of references were found while screening PUBMED, Scopus, and Google scholar databases; the 47 most relevant references were utilized to build up this study. The selection was limited to English language full text articles, RCTs, and reviews published between 2011 and 2021. Multiple imaging techniques, such as ECG, ultrasound, and cIMT, as well as biomarkers like osteoprotegerin cytokine receptor and angiopoietin-2, can be beneficial in both CV risk prediction and in early subclinical diagnosis. Physical exercise is an essential non-pharmacological intervention that can maintain the health of the cardiovascular system and, additionally, influence the underlying disease. Lipid-lowering drugs (methotrexate from the non-biologic DMARDs family as well as biologic DMARDs such as anti-TNF) were all associated with a lower CV risk; however, anti-TNF medication can decrease cardiac compliance and promote heart failure in patients with previously diagnosed chronic HF. Although they achieved success rates in reducing inflammation, glucocorticoids, NSAIDs, and COX-2 inhibitors were correlated with an increased risk of CVD. When taking all of the aforementioned points into consideration, there appears to be a dire need to establish and implement CVD risk stratification models in rheumatic patients.
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1. Introduction


Autoimmune-inflammatory rheumatic diseases (ARDs) are a group of systemic immune-mediated disorders with the potential to target various joints, bones, and connective tissues [1]. They are also correlated with a higher risk of developing cardiovascular diseases (CVD) [2]. Additionally, the diagnosis of cardiovascular (CV) involvement is challenging due to the widely varying clinical presentations of CVD, as symptoms range from mild to life threatening [3]. Furthermore, early detection is crucial, as it helps minimize the resources required in treatment, which lowers the financial burden on the healthcare system [4]. Thus, evaluating the prevalence of CV involvement is of great clinical value as a first step towards individual risk delamination and stratification. In patients with systemic rheumatic diseases, the CVD risk is not solely conditioned by the prevalence of traditional CV risk factors, which include age, sex, smoking, family history, dyslipidemia, obesity, hypertension, and diabetes mellitus [5,6], but, also, by an increased genetic risk, long-term uptake of medications, and chronic inflammation [7].



Autoimmune-inflammatory rheumatic disorders, particularly ankylosing spondylitis (AS), systemic sclerosis (SSc), systemic lupus erythematosus (SLE), and rheumatoid arthritis (RA), have been associated with early accelerated atherosclerosis (ATS) [8]. Cardiac autonomic neuropathy, arrhythmias, microvascular dysfunction, and non-ischemic heart failure are also emerging as major contributors to the broad CV involvement; especially considering that inflammatory cells have the ability to directly impact the entire CV system [5,9]. Of further note, some of the medications used in treating rheumatic diseases can have adverse effects on the CV system, whereas others might prove to be beneficial [7].



Quality of life (QOL) is another factor that can play a pivotal role in any disease, which makes it essential to assess the patient’s mental and physical health. In cases of CV diseases such as atrial fibrillation, irregular rhythm causes poor QOL [10,11]. Similarly, inflammatory rheumatic diseases, in which chronic pain, decreased joint mobility, and limitations in routine activities occur constantly, can excessively affect the QOL [12]. Improving QOL can help improve the overall disease outcome, which causes patients to be more compliant to treatment.




2. Aims


We used the Narrative Review methodology to classify and assess the latest findings in the literature pertaining to Cardiovascular (CV) manifestations in various rheumatic diseases, in order to shed light on each manifestation individually while stratifying and analyzing CV risk prediction models, therapies, and risk management practices pertaining to CV involvement in rheumatic diseases.



Search strategy: Thorough searches were conducted in PUBMED, Scopus, and Google scholar using the following keywords: rheumatic diseases, cardiovascular involvement, ATS, autoimmune disease, CV risk stratification, and disease prevention in rheumatic diseases. The resulting articles were limited to English language full text articles, RCTs, and reviews which were published between 2011 and 2021.



Article eligibility and data extraction: The assessment of these studies was done independently by two blinded reviewers. Any disagreements between them were resolved by consensus using predefined eligibility criteria. All of the articles found in the search were reviewed using their titles and abstracts; the articles which were not relevant were excluded.



We applied two levels of screening. On the first level, we reviewed titles and abstracts to exclude irrelevant studies; on level two, we reviewed full-text articles to determine the relevance of the studies.



We included a study (1) if the abstract was available, (2) if it contained original data, (3) if it used accepted classification criteria for each rheumatic disease, (4) if it discussed all CV risk factors (traditional and/or nontraditional), and/or (5) if it examined cardiovascular prediction models or preventive strategies, and/or (6) if it analyzed management strategies and examined the effects of the drugs available for the treatment and management of CV manifestations.



We excluded: case reports, topics not related to cardiovascular involvement in rheumatic diseases, articles with insufficient data or articles showing results with lack of statistical significance, and articles that did not meet the inclusion criteria.



We used the ENDNOTE program to archive our search and create the list of abbreviations.




3. Results


The search of electronic databases resulted in 342 potential articles. Of these, 169 were excluded based on their titles. From the remaining 179 articles, 109 were excluded based on the year of study (before 2011), and 17 more articles were excluded because they did not meet the inclusion criteria. The remaining 47 articles were selected for this review. The selection process is represented by the flow diagram in Figure 1.




4. Discussion


The pathophysiological association between RA and CV risk is linked to the traditional risk factors and vascular damage, both of which trigger inflammation in a vicious cycle. In addition to traditional cardiovascular risk factors, which include age, gender, family history, smoking, sedentary lifestyle, and dyslipidemia, genetic risk has also been shown to play a role when defining global cardiovascular risk.



Chronic inflammation combined with autoimmunity may lead to accelerated atherosclerosis. Disease severity scores and markers of high disease activity are also linked to increased cardiovascular risk [13].



This process is triggered by inflammatory cells, autoantibodies, adhesion receptors, chemokines, cytokines, and proteases, which are involved in cascades directly affecting all structures of the cardiovascular system, from the myocardium to the cardiac valves, conduction system, and vasculature [14]. Additionally, medications used to treat RA, like DMARDs leflunomide and cyclosporine, glucocorticoids, NSAIDs, and cyclo-oxygenase II inhibitors, may be involved in the development of hypertension in these patients [15].



When predicting cardiovascular risk in ARDs, although it is a well-known fact that ARDs patients hold high CV risk, numerous patients continue to receive inappropriate CV prevention and care. This is most likely due to a combination of reasons; many rheumatologists have prioritized the prevention of musculoskeletal symptoms or other ARD-specific problems while, resultingly, overlooking the CV prophylaxis. Furthermore, there is an unawareness regarding CV risk in ARDs patients and in the general population, and, consequently, less patients present at the cardiology clinics for routine follow-ups if they are diagnosed with rheumatic illnesses. Moreover, the diagnosis of CVD in the setting of ARDs is often difficult, due to various factors, including: the lack of symptoms (asymptomatic patients) or atypical symptoms; the physician’s misinterpretation of chest pain as emanating from the musculoskeletal system rather than the CV system, due to the presence of a high inflammatory state; and a lack of suspicion of CVD in patients who do not present traditional risk factors (TRFs), especially in the young and/or female patients. In addition to the absence of clinical evidence, there are a lack of proper guidelines for CV prophylaxis in ARDs patients, and this further minimizes the possibility of enrolling the patients in cardiovascular pathology prevention programs. This lack of proper guidelines also diminishes the possibility of making the regular follow-up schedules mandatory, which would help detect, at an early phase, the CV involvement in ARDs patients [16].



4.1. Risk-Prediction Models


Assessment of CV risk is well-established in RA patients, and to a slightly lesser extent in other ARDs patients, suggesting that CV risk evaluation should be a part of routine practice with all patients. Clinicians should be able to recognize the patients who are most at risk and adjust their treatment accordingly. Unfortunately, the CV risk in RA patients is still undervalued in clinical practice [17]. Despite improvements in risk stratification and guidelines from the European League Against Rheumatism (EULAR) Task Force [18], CV risk assessment remains unsatisfactory [7]. Several algorithms, such as the QRISK®2 (EMIS and the University of Nottingham, UK), the Reynolds Risk Score, Framingham Risk Score, and SCORE chart, have been developed in the last 12 years to help estimate the risk for CVD. These risk models are primarily based on randomized cohort studies conducted in the general population, posing the question of whether they should be included in ARDs patients or not. QRISK®2 was built in a community that included RA patients; the algorithm includes RA as an additional independent risk factor. CRP values are included in the Reynolds Risk Ranking, although not in the range found in high-grade inflammatory diseases [7]. None of the previously mentioned risk assessment tools provide information pertaining to the impact of inflammation and anti-rheumatic drugs on lipids and other TRFs, nor do they take into account systemic variations between ARDs populations, comprising mainly of females from certain age groups, compared to the general population. Many efforts have been made to resolve these issues; for example, the EULAR Task Force has suggested that, when measuring CV risk in RA patients, risk models should be adjusted by adding a multiplication factor of 1.5 when a patient fits two or more of the following three criteria: (a) positive for anti-citrullinated protein antibodies (ACPA) or rheumatoid factor, (b) duration of the disease is over 10 years, and (c) occurrence of extra-articular manifestations [19].



The QRISK®2, as well as 2012 ESC guidelines, consider RA as an independent CV risk factor in their models; nonetheless, the existence of RA has no impact on clinical management in the ESC protocols in comparison to QRISK®2 [20]. However, none of these methods can be considered competent in increasing the precision of assessments of CV risk in ARDs patients when compared to models that do not incorporate RA, and, therefore, risk-stratification models for this population of patients need to be improved extensively [21,22]. The novel Pooled Cohort Equations were used to measure the 10-year probability of atherosclerotic CV disease in the American Heart Association (AHA) and in the 2013 recommendations of the American College of Cardiology (ACC) [23]. When compared to prior recommendations, this estimate significantly improved the number of RA patients that will be eligible for cholesterol-lowering statin therapy, but it did not enhance the estimation of CV risk [24,25]. Imaging tests and special biomarkers can facilitate early detection. Alternatively, ARDs-based risk-prediction models would not be required if all patients with ARDs were subjected to primary prevention by maintaining specific lipid and blood-pressure threshold levels, as seen in the case of diabetes, where specific protocols are strictly followed to improve long term prognosis [20]. Similar strategies would be easier to implement than the process of designing specific models and evaluating their reliability, efficacy, and cost-effectiveness in different communities [7].




4.2. Imaging Techniques


The increasing rate of asymptomatic ATS in RA patients can mislead physicians while evaluating CV risk in this group. Many techniques, including Echocardiography (ECHO), carotid ultrasonography, cardiac computed tomography (CT), cardiac magnetic resonance imaging (MRI), and positron emission tomography (PET-SCAN), are defined as diagnostic instruments capable of detecting CV complications in inflammatory rheumatic disease patients, and they often lead to a better prognosis. Simultaneously, their findings can provide additional risk stratification values for asymptomatic patients in the context of primary prevention. Several studies have demonstrated the effectiveness of novel echocardiography techniques (Tissue Doppler Imaging), especially global longitudinal strain through speckle monitoring, in assessing subclinical cardiac involvement and left ventricular diastolic dysfunction [5]. ECHO is a primary tool for detecting CV involvement, and it also assists in monitoring the therapeutic effects and disease progression [1]. A noninvasive method for detecting ATS plaques in the carotid artery is carotid ultrasound investigation [7]. The existence of carotid ATS can be used to predict the presence of ATS in the coronary arteries. Furthermore, with the help of carotid ultrasonography, we can obtain the carotid intima-media thickness (cIMT) measurements. When compared to non-RA individuals, cIMT is elevated in those who have RA, and this elevation is associated with a higher rate of CV events [20]. The existence of carotid plaques (CP) was identified in the 2012 ESC guidelines as equivalent to having CVD, and this implies that the use of ultrasonography for risk evaluation would result in a more accurate selection of patients at high risk than the current existing models which do not use imaging. Increased cIMT was defined as ≥0.9 mm. CP was defined as a focal narrowing ≥0.5 mm of the surrounding lumen or a cIMT ≥ 1.2 mm.



Wah-Suarez et al. found that carotid plaque was over two times more present in RA than in controls [26], and Rueda-Gotor et al. confirmed that the carotid ultrasound was more sensitive in detecting high cardiovascular risk axial spondylitis than the coronary artery calcification score [27].



Similarly, in RA patients, adding carotid ultrasonography resulted in the increasing sensitivity of detecting a high CV risk population when compared to the adjusted EULAR SCORE alone [28]. CV risk was calculated according to the modified EULAR systematic coronary risk mSCORE chart for RA by application of a multiplier of 1.5 in patients fulfilling ≥2 of 3 specific criteria. Ultrasonographic evaluation of patients with psoriatic arthritis who were stratified by Framingham Risk Score resulted in the reclassification of a significant number of patients into higher CV risk groups [29]. In a report pertaining to the use of carotid ultrasonography in RA patients, this strategy led to the classification of 39% of patients as having a high risk of CVD, while the Framingham Risk Score estimated merely 7% to have a high risk [30].



Combining the QRISK3 and the EULAR modified systematic coronary risk evaluation (mSCORE) algorithms may further optimize the identification of people with rheumatoid arthritis (RA) at high risk for carotid plaques [31].



While these findings indicate that using carotid ultrasonography in patients with ARDs could strengthen CV assessment, it is yet to be proven that this incorporation would result in reduced CV risk in these patients [32]. Carotid ultrasonography has its drawbacks, such as its reliability and accessibility; therefore, several matters should be considered before this imaging technique is recommended [7].




4.3. Biomarkers


In parallel to the imaging methods, the value of a variety of biomarkers was examined in the CV risk prediction. These biomarkers include inflammation markers, genetic factors, endothelial function, and immunological markers. In patients with RA, for instance, levels of osteoprotegerin cytokine receptor, also known as osteoclastogenesis inhibitory factor or tumor necrosis factor receptor superfamily member 11B, are correlated with the presence of CVD [33], as these have a correlation with carotid ATS and endothelial activation [34]. Angiopoietin-2 is another endothelial function marker that is correlated with CVD in RA patients [35]. Patients with RA also present with high levels of pro-inflammatory cytokines such as interleukin (IL) 1, IL-6, and tumor necrosis factor α (TNF-α). These pro-inflammatory cytokines trigger systemic inflammatory responses, and they inhibit endothelial NO synthesis, leading to arterial stiffness, which adds to CV risk.



The efficacy of B-type natriuretic peptide (heart failure marker NT-proBNP) as a predictor for CV risk in the case of rheumatic disease has also been evaluated [36]. Some recent studies have been undertaken on the association between NT-proBNP and inflammation in rheumatic diseases, as up-regulation of neurohormonal axis is linked with inflammation. These patients are considered to be at high risk for developing pulmonary hypertension, because, in connective tissue, disease high right ventricular overload determines increased NT-proBNP synthesis [36]. Serum uric acid levels have been linked to hypertension, renal failure, and CVD in RA patients, although it is uncertain if these correlations are related to unique pathogenic pathways or are an epiphenomenon [37]. In RA patients, mean platelet volume and microalbuminuria are correlated with hypertension, but the usefulness of these measures in predicting CV risk is unclear [38]. Symmetric and asymmetric dimethylarginine are possible biomarkers of inflammatory vascular injury and CVD In RA [39,40]. The use of biomarkers in risk-assessment tools in order to enhance CV risk stratification was shown in a large European population, where enhanced measurement of the combination of N-terminal pro-brain natriuretic peptide, troponin I, and CRP, resulted in an improved 10-year risk assessment when compared to TRF model alone. It is unknown how useful these biomarkers are for risk prediction in the presence of ARDs. The effect of ARDs activity and treatment on biomarker levels has yet to be evaluated, and this complicates the determination of their value. ARDs cohorts are much smaller, insufficient to validate biomarkers against particular end points for the entire population, and this implies that international cooperation would be beneficial [7].



Cardiovascular Risk Management


The process of risk identification opens up possibilities for disease prevention. Three core concepts are considered by the rheumatologists while managing the CV comorbidities in ARDs patients: nonpharmacological treatment of CV risk factors, pharmacological treatment of CV risk factors, and strict monitoring of disease progression (Figure 1). Unfortunately, the prevalence of CVD in RA patients is undervalued, and, resultingly, prevention measures are provided at a lower rate than in the general population.





4.4. Lifestyle Interventions


The first steps in CV risk control should be lifestyle changes, as they are the most important non-pharmacological interventions in CV prevention in ARDs and chronic inflammatory disorders. Improving the QOL should be one of the main goals. Patients should be encouraged to stop smoking, and they should be encouraged for including daily physical exercise in their schedule. Aerobic activity and physical fitness provide significant impacts on the endothelial system, both acutely and chronically [41]. Exercise has multiple CV benefits in ARD patients, according to evidence from lifestyle programs [42]. Regulated exercise therapy improves cardiorespiratory health as well as macrovascular and microvascular functionality, and, indeed, it reduces CV risk. Exercise, in fact, can invert endothelial dysfunction by enhancing anti-oxidative processes and increasing vascular endothelial growth factor, endothelial progenitor cell, endothelial nitric oxide synthase (eNOS), and prostaglandins synthesis, thereby boosting angiogenesis, local blood flow, and endothelial growth [16]. The higher eNOS activity is accompanied by a decrease in the up-regulation of adhesion molecules, monocyte chemoattractant protein-1, and endothelin-1, which have all been shown to favor the infiltration of inflammatory cells, especially T cells and monocytes, to the capillary endothelial wall, thereby facilitating atherosclerotic wall injury. Finally, it has been shown that daily physical exercise has a significant systemic anti-inflammatory effect. Undoubtedly, mild muscular exercise decreases the size of adipose tissue, which can lead to an increase in pro-inflammatory molecules like (CRP) and (IL)-6 [42]. Muscular exercise enhances overall muscle hypertrophy and coordination, decreases adipose tissue, and enhances the immune response in RA patients, especially those with structural joint injury. Furthermore, regular exercise has been shown to decrease disease severity and activity, as it is very beneficial for different disease outcomes [43]. Although the CV benefits of physical activity are well documented, there are a few studies that contradict the conclusions pertaining to associations between exercise and subclinical markers of ATS, or those pertaining to the impact of exercise on CV outcomes in patients with ARDS [16]. In a recent study involving women with SLE, poor physical activity was linked to an increased risk of subclinical ATS, as measured by increased carotid IMT and plaque development. Furthermore, in the same population, less physical activity was correlated with the existence of pro-inflammatory HDL, a molecule recently implicated in the induction of subclinical ATS in SLE. Previous research suggests that physical activity may contribute to a decrease in the inflammation associated with ATS, and to influencing inflammation markers in these patients [16,42]. It should be noted: people with RA and other chronic systemic inflammatory disorders are known to have a lower degree of physical activity due to articular discomfort and joint deformity. Given the proof of the importance of physical exercise in suppressing disease activity and optimizing disease outcomes, routine physical activity should be incorporated into the basic treatment of patients with chronic ARDs. Even so, further research is needed to examine and analyze the effects of physical exercise and muscle fitness on CV outcomes in these patients [44].



The Mediterranean diet or plant-based diets, rich in whole grains, fruits and vegetables, and low in saturated fats and sodium, might help reduce symptoms associated with rheumatoid arthritis. There is a strong scientific rationale for the use of dietary n-3 fatty acid supplementation to modulate inflammation [45]. A recent review revealed a significant reverse association between fish consumption and risk of RA [46].




4.5. Pharmacological Interventions


4.5.1. Lipid Lowering Drug Treatment


Chronic ARD patients have an altered pro-atherogenic lipid profile distinguished by low HDL-c levels and elevated LDL-c, total cholesterol (TC), and triglyceride levels. Furthermore, higher levels of oxLDL and lower levels of small dense LDL-c were found in untreated active RA patients, which is a potential CV risk factor associated with an increased risk of ATS [47]. Numerous laboratory trials have conclusively shown that lipid-lowering medications have anti-inflammatory and immunomodulatory effects [16]. Statins are capable of inducing apoptosis in RA synoviocytes, and they inhibit the synthesis of T helper 1 cytokine in inflamed joints, especially IL-2 and interferon-α. After treatment with statins, endothelial cells produce more eNOS and less endothelin, resulting in less endothelial cell activation, which is an early phase in atherogenesis. Furthermore, statins lower the level of circulating CRP and other pro-inflammatory molecules, inhibit inflammatory cytokine production, and have a plaque-stabilizing effect. Recent studies examined the impact of statins in patients with chronic ARDs, especially RA [48].



Patients with high blood lipid levels, who were controlled with lipid-lowering drugs, had less of a chance of developing RA than subjects who were not handled with statins, implying that this class of drugs may play a protective role against RA progression in subjects with impaired lipid profiles. Evidence for the beneficial impact of statins on disease progression is rising; this evidence is being supported by the immunomodulatory process. In RA patients, the use of simvastatin and atorvastatin has been shown to change indirect measures of subclinical ATS. Following a brief duration of statin administration, some RA cohorts showed a substantial improvement in systemic arterial stiffness and endothelium-dependent vasodilation, and these are all considered to be indirect indicators of yet reversible endothelial dysfunction [22]. A thorough assessment of the risk-to-benefit ratio of long-term statin treatment should always be taken into account. Furthermore, prior to statin administration, patients’ age and consequent CV risk factors, clinical activity, concurrent medications, comorbidity, and long-term prognosis should be adequately assessed [49].




4.5.2. NSAIDs and Cyclooxygenase-2 Inhibitors


While the advancement of synthetic and biologic DMARDs has resulted in significant reductions in the use of COXIBs and NSAIDs in the treatment of ARDs, these agents continue to play important roles in disease control. Nevertheless, in the general population, the use of COXIBs and NSAIDs is linked to an increased risk of CVD. Following the use of rofecoxib and valdecoxib, a subgroup study classified RA patients as being a CV risk group, and this eventually led to the withdrawal of these drugs from the market. CV risk in ARD patients following treatment with rofecoxib on its own, was observed in a study that was published in 2015. Notably, therapy with NSAIDs and COXIBs may be effective in many RA patients, as it may improve physical activity and reduce inflammation [50].




4.5.3. Glucocorticosteroids


Although glucocorticosteroids have a confusing and controversial association with CV risk, they are one of the most commonly prescribed drugs for rapid management of inflammation. They are, indeed, very successful in reducing inflammation, which is linked to an increased risk of CV disease, but, on the other hand, they can trigger hypertension, raise insulin resistance from baseline values, cause metabolic syndrome, and alter lipid profiles, all of which simultaneously increase CV risk [51]. Higher incidence of arterial stiffness, endothelial dysfunction, plaque formation, and high mortality rates were correlated with RA patients who used high-doses of glucocorticosteroids for a long-term (a dose of >7.5 mg prednisolone equivalent a day), but the net CV impact of glucocorticosteroid exposure remains uncertain [52].




4.5.4. Anti-Rheumatic Therapy


Due to the obviously strong connection between ATS, inflammation, and immune dysregulation, interest has recently shifted to the possible beneficial effects of biologic agents and conventional disease-modifying drugs on various CV risk factors, such as subclinical markers of ATS, lipid profile, and metabolic syndrome. In general, processes such as close monitoring of disease development, as well as early quick suppression of the inflammatory process, are now considered effective in CV disease risk prevention in subjects with ARDs [7].




4.5.5. Non-Biologic DMARDs


Methotrexate (MTX), the key RA treatment, has received the most attention in studies investigating the impact of non-biologic DMARDs on CV risks. Present findings suggest that MTX use is correlated with a lower risk (ranging from 40% to 70%) of CV events and deaths; this is mostly due to a lower risk of acute coronary events and hospitalization caused by HF. MTX therapy appears to decrease CV risk in RA patients in comparison to patients who do not receive MTX, but the mechanisms behind this preventative property remains unknown [50]. In terms of MTX efficacy, drug-induced suppression of systemic inflammation appears to be the most important mechanism for reducing CV morbidity and mortality in these patients. This inflammatory theory is currently being investigated by administering low doses of MTX to patients with chronically high CRP and a previous MI incidence to see whether MTX can play a role in reducing the risk of secondary CVDs [16,53].




4.5.6. Biologic DMARDs


In patients with RA, anti-TNF treatment decreases inflammation and it is linked to reduced CV risk when compared to non-biologic DMARDs. In these patients, anti-TNF treatment shifts lipid levels from baseline, increasing TC, HDL-c, triglycerides, and, probably, LDL cholesterol [50]. These modifications are most likely due to a normalization of lipid levels caused by inflammation suppression. At high doses, these medications can promote HF and decrease cardiac compliance in patients with mild to serious chronic HF [52]. Anti-TNF- agents, on the other hand, tend to improve vascular function, especially endothelial function and aortic stiffness; findings on carotid IMT improvement have been inconsistent. Furthermore, TNF blockade appears to preserve HDL cholesterol’s antiatherogenic effects. Nevertheless, these beneficial effects on vascular function are temporary, reversible, and are found predominantly in anti-rheumatic therapy responders [54]. These findings indicate that, in the long run, prospective longitudinal trials are required to determine the precise role of anti-TNF-blockade in the prevention of ATS. Tocilizumab, a monoclonal antibody against the IL-6 receptor that activates the IL-6 signaling pathway, has also been linked to lipid modifications in clinical trials [16]. A meta-analysis found that, when compared to placebo, treatment with tocilizumab (also with tofacitinib) resulted in higher amounts of TC, HDL-c, and LDL-c in RA patients [7]. Tocilizumab has a stronger impact on lipid levels than other biological drugs, and this is not surprising given that IL-6 impacts serum lipid levels by fatty acid redistribution into peripheral tissues [53]. It is worth noting, however, that anti TNF- therapy seems to be capable of decreasing IR, CRP, and IL-6 while increasing HDL-c. Interestingly, anti-TNF- drugs have been shown to have a selective effect on T-cell subsets which are believed to be involved in plaque development [7]. In ATS plaques that form in unstable angina patients, CD4+ cells without the co-stimulatory receptor CD28 (CD4+ CD28null T cells) are formed and expanded in the peripheral blood of these patients as well as a subset of RA patients. In RA, their expansion is correlated with increased cIMT, suggesting that this may be a marker of subclinical ATS. In this situation, infliximab has been shown to suppress the expansion of these potentially harmful T cells in RA peripheral blood [16].






5. Conclusions


Numerous efforts have been made to improve the cardiovascular risk assessment in rheumatic patients: the EULAR guidelines, which recommend a modified SCORE (mSCORE) in RA patients with a duration of disease of more than 10 years; the QRISK2 and QRISK3 algorithms, which use RA as a CVD risk predictor; and various risk prediction models that include markers such as disease activity, duration, and disability index have predicted the risk of composite CVD events such as MI, stroke, and death during the follow-up period of 3 years. All of these calculators have demonstrated controversial results [15,22,55,56].



Cardiovascular involvement in autoimmune rheumatic disease patients often goes undetected in the initial phases of the disease. The majority of the manifestations tend to be clinically silent, while early detection and proper management of these manifestations remain crucial in the control of rheumatic patients, as they can help lower the mortality rates. However, prevention is the key, both for slowing the progression of the disease and, also, for achieving a better QOL, which can be achieved by lifestyle changes, encouraging patients to quit smoking, promoting awareness programs explaining the benefits of physical exercise on the CV system, and by explaining how exercise can slow down the progression and decrease the severity of disease. CV risk evaluation should be a part of routine clinical practice. Rheumatologists should recognize higher risk patients in order to adjust their treatments accordingly. Effective control of traditional CV risk factors is essential, and the use of imaging techniques such as echocardiography, ultrasound, and electrocardiography should be a part of routine checkups. Effective systemic inflammation management, and a thorough comprehension of the complicated autoimmune processes involved in ATS, will likely be needed for the prevention of CV disease in systemic autoimmune diseases. RA therapy appears to be linked to certain vascular functional improvements, but the relationship between these dysfunctions and the activity of the disease still remains unclear. Therefore, future research should focus on the development of effective screening protocols for the early identification of patients at a higher risk, as these can improve long term prognosis by intervening at a faster rate.







Author Contributions


Conceptualization, A.S, A.A., D.D.-S. and S.D.; methodology, A.S., R.C., A.A., O.M.C. and S.D.; formal analysis, A.S., R.C. and A.A.; investigation, A.A., R.C., D.D.-S. and N.R.K.; resources, A.S., R.C., A.A. and D.D.-S.; data curation, D.D. and D.M.; writing—original draft preparation, A.A. and S.D.; writing—review and editing, N.R.K., O.M.C. and S.D. All authors have read and agreed to the published version of the manuscript.




Funding


This scientific article received no grant from any funding agency in the public, commercial, or not-for-profit sectors.




Data Availability Statement


Not applicable.




Acknowledgments


Abhinav Sharma, Ruxandra Christodorescu, and Ahmad Agbariah are the Co-First authors. All authors have given their consent for the same.




Conflicts of Interest


The authors declare that there is no conflict of interest.




References


	



Makavos, G.; Varoudi, M.; Papangelopoulou, K.; Kapniari, E.; Plotas, P.; Ikonomidis, I.; Papadavid, E. Echocardiography in Autoimmune Rheumatic Diseases for Diagnosis and Prognosis of Cardiovascular Complications. Medicina 2020, 56, 445. [Google Scholar] [CrossRef] [PubMed]

	



Symmons, D.; Gabriel, S.E. Epidemiology of CVD in rheumatic disease, with a focus on RA and SLE. Nat. Rev. Rheumatol. 2011, 7, 399–408. [Google Scholar] [CrossRef] [PubMed]

	



Villa-Forte, A.; Mandell, B.F. Trastornos cardiovasculares y enfermedad reumática. Rev. Esp. Cardiol. 2011, 64, 809–817. [Google Scholar] [CrossRef] [PubMed]

	



Owlia, M.B.; Pour Manshadi, S.M.Y.M.; Naderi, N. Cardiac Manifestations of Rheumatological Conditions: A Narrative Review. ISRN Rheumatol. 2012, 2012, 1–10. [Google Scholar] [CrossRef] [PubMed]

	



Buleu, F.; Sirbu, E.; Caraba, A.; Dragan, S. Heart Involvement in Inflammatory Rheumatic Diseases: A Systematic Literature Review. Medicina 2019, 55, 249. [Google Scholar] [CrossRef]

	



Popa, M.-D.; Sharma, A.; Kundnani, N.R.; Gag, O.L.; Rosca, C.I.; Mocanu, V.; Tudor, A.; Popovici, R.A.; Vlaicu, B.; Borza, C. Identification of Heavy Tobacco Smoking Predictors-Influence of Marijuana Consuming Peers and Truancy among College Students. Healthcare 2021, 9, 1666. [Google Scholar] [CrossRef]

	



Nurmohamed, M.T.; Heslinga, M.; Kitas, G. Cardiovascular comorbidity in rheumatic diseases. Nat. Rev. Rheumatol. 2015, 11, 693–704. [Google Scholar] [CrossRef]

	



Atzeni, F.; Nucera, V.; Gerratana, E.; Fiorenza, A.; Gianturco, L.; Corda, M.; Sarzi-Puttini, P. Cardiovascular Consequences of Autoimmune Rheumatic Diseases. Curr. Vasc. Pharmacol. 2020, 18, 566–579. [Google Scholar] [CrossRef]

	



Prasad, M.; Hermann, J.; Gabriel, S.E.; Weyand, C.M.; Mulvagh, S.L.; Mankad, R.; Oh, J.K.; Matteson, E.L.; Lerman, A. Cardiorheumatology: Cardiac involvement in systemic rheumatic disease. Nat. Rev. Cardiol. 2015, 12, 168–176. [Google Scholar] [CrossRef]

	



Kundnani, N.R.; Rosca, C.I.; Sharma, A.; Tudor, A.; Rosca, M.S.; Nisulescu, D.D.; Branea, H.S.; Mocanu, V.; Crisan, D.C.; Buzas, D.R.; et al. Selecting the right anticoagulant for stroke prevention in atrial fibrillation. Eur. Rev. Med. Pharmacol. Sci. 2021, 25, 4499–4505. [Google Scholar] [CrossRef]

	



Rosca, C.I.; Kundnani, N.R.; Tudor, A.; Rosca, M.-S.; Nicoras, V.-A.; Otiman, G.; Ciurariu, E.; Ionescu, A.; Stelian, M.; Sharma, A.; et al. Benefits of prescribing low-dose digoxin in atrial fibrillation. Int. J. Immunopathol. Pharmacol. 2021, 35, 20587384211051955. [Google Scholar] [CrossRef] [PubMed]

	



Salaffi, F.; Di Carlo, M.; Carotti, M.; Farah, S.; Ciapetti, A.; Gutierrez, M. The impact of different rheumatic diseases on health-related quality of life: A comparison with a selected sample of healthy individuals using SF-36 questionnaire, EQ-5D and SF-6D utility values. Acta Biomed. 2019, 89, 541–557. [Google Scholar] [CrossRef] [PubMed]

	



López-Mejías, R.; Castañeda, S.; González-Juanatey, C.; Corrales, A.; Ferraz-Amaro, I.; Genre, F.; Remuzgo-Martínez, S.; Rodriguez-Rodriguez, L.; Blanco, R.; Llorca, J.; et al. Cardiovascular risk assessment in patients with rheumatoid arthritis: The relevance of clinical, genetic and serological markers. Autoimmun. Rev. 2016, 15, 1013–1030. [Google Scholar] [CrossRef] [PubMed]

	



Amaya-Amaya, J.; Montoya-Sánchez, L.; Rojas-Villarraga, A. Cardiovascular Involvement in Autoimmune Diseases. BioMed Res. Int. 2014, 2014, 1–31. [Google Scholar] [CrossRef]

	



Gasparyan, A.Y.; Ayvazyan, L.; Cocco, G.; Kitas, G. Adverse Cardiovascular Effects of Antirheumatic Drugs: Implications for Clinical Practice and Research. Curr. Pharm. Des. 2012, 18, 1543–1555. [Google Scholar] [CrossRef] [PubMed]

	



Bartoloni, E.; Alunno, A.; Bistoni, O.; Gerli, R. Cardiovascular Risk in Rheumatoid Arthritis and Systemic Autoimmune Rheumatic Disorders: A Suggested Model of Preventive Strategy. Clin. Rev. Allergy Immunol. 2011, 44, 14–22. [Google Scholar] [CrossRef]

	



Bell, C.; Rowe, I.F. The Recognition and Assessment of Cardiovascular Risk in People with Rheumatoid Arthritis in Primary Care: A Questionnaire-Based Study of General Practitioners. Musculoskelet. Care 2011, 9, 69–74. [Google Scholar] [CrossRef]

	



Agca, R.; Heslinga, S.C.; Rollefstad, S.; Heslinga, M.; McInnes, I.B.; Peters, M.J.L.; Kvien, T.K.; Dougados, M.; Radner, H.; Atzeni, F.; et al. EULAR recommendations for cardiovascular disease risk management in patients with rheumatoid arthritis and other forms of inflammatory joint disorders: 2015/2016 update. Ann. Rheum. Dis. 2017, 76, 17–28. [Google Scholar] [CrossRef]

	



Fanouriakis, A.; Kostopoulou, M.; Alunno, A.; Aringer, M.; Bajema, I.; Boletis, J.N.; Cervera, R.; Doria, A.; Gordon, C.; Govoni, M.; et al. 2019 update of the EULAR recommendations for the management of systemic lupus erythematosus. Ann. Rheum. Dis. 2019, 78, 736–745. [Google Scholar] [CrossRef]

	



Piepoli, M.F.; Hoes, A.W.; Agewall, S.; Albus, C.; Brotons, C.; Catapano, A.L.; Cooney, M.-T.; Corra, U.; Cosyns, B.; Deaton, C.; et al. Guidelines: Editor’s choice: 2016 European Guidelines on cardiovascular disease prevention in clinical practice: The Sixth Joint Task Force of the European Society of Cardiology and Other Societies on Cardiovascular Disease Prevention in Clinical Practice (constituted by representatives of 10 societies and by invited experts) Developed with the special contribution of the European Association for Cardiovascular Prevention & Rehabilitation (EACPR). Eur. Heart J. 2016, 37, 2315. [Google Scholar]

	



Arts, E.E.A.; Popa, C.; Broeder, A.A.D.; Semb, A.G.; Toms, T.; Kitas, G.D.; van Riel, P.L.; Fransen, J. Performance of four current risk algorithms in predicting cardiovascular events in patients with early rheumatoid arthritis. Ann. Rheum. Dis. 2015, 74, 668–674. [Google Scholar] [CrossRef] [PubMed]

	



Arts, E.E.A.; Popa, C.D.; Broeder, A.D.; Donders, R.; Sandoo, A.; Toms, T.; Rollefstad, S.; Ikdahl, E.; Semb, A.G.; Kitas, G.; et al. Prediction of cardiovascular risk in rheumatoid arthritis: Performance of original and adapted SCORE algorithms. Ann. Rheum. Dis. 2015, 75, 674–680. [Google Scholar] [CrossRef] [PubMed]

	



Stone, N.J.; Robinson, J.G.; Lichtenstein, A.H.; Bairey Merz, C.N.; Blum, C.B.; Eckel, R.H.; Goldeberg, A.C.; Gordon, D.; Levy, D.; Lloyd-Jones, D.M.; et al. 2013 ACC/AHA guideline on the treatment of blood cholesterol to reduce atherosclerotic cardiovascular risk in adults: A report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines. J. Am. Coll. Cardiol. 2014, 63, 2889–2934. [Google Scholar] [CrossRef]

	



Kawai, V.K.; Chung, C.P.; Solus, J.F.; Oeser, A.; Raggi, P.; Stein, C.M. Brief Report: The Ability of the 2013 American College of Cardiology/American Heart Association Cardiovascular Risk Score to Identify Rheumatoid Arthritis Patients with High Coronary Artery Calcification Scores; Wiley Online Library: Hoboken, NJ, USA, 2015. [Google Scholar]

	



Tournadre, A.; Tatar, Z.; Pereira, B.; Chevreau, M.; Gossec, L.; Gaudin, P.; Soubrier, M.; Dougados, M. Application of the European Society of Cardiology, Adult Treatment Panel III and American College of Cardiology/American Heart Association guidelines for cardiovascular risk management in a French cohort of rheumatoid arthritis. Int. J. Cardiol. 2015, 183, 149–154. [Google Scholar] [CrossRef]

	



Wah-Suarez, M.I.; Galarza-Delgado, D.A.; Azpiri-Lopez, J.R.; Colunga-Pedraza, I.J.; Abundis-Marquez, E.E.; Davila-Jimenez, J.A.; Guillen-Gutierrez, C.Y.; Elizondo-Riojas, G. Carotid ultrasound findings in rheumatoid arthritis and control subjects: A case-control study. Int. J. Rheum. Dis. 2019, 22, 25–31. [Google Scholar] [CrossRef] [PubMed]

	



Rueda-Gotor, J.; Llorca, J.; Corrales, A.; Parra, J.A.; Portilla, V.; Genre, F.; Blanco, R.; Agudo, M.; Fuentevilla, P.; Expósito, R.; et al. Cardiovascular risk stratification in axial spondyloarthritis: Carotid ultrasound is more sensitive than coronary artery calcification score to detect high-cardiovascular risk axial spondyloarthritis patients. Clin. Exp. Rheumatol. 2017, 36, 73–80. [Google Scholar] [PubMed]

	



Corrales, A.; González-Juanatey, C.; Peiró, M.E.; Blanco, R.; Llorca, J.; González-Gay, M.A. Carotid ultrasound is useful for the cardiovascular risk stratification of patients with rheumatoid arthritis: Results of a population-based study. Ann. Rheum. Dis. 2013, 73, 722–727. [Google Scholar] [CrossRef] [PubMed]

	



Eder, L.; Chandran, V.; Gladman, D.D. The Framingham Risk Score underestimates the extent of subclinical atherosclerosis in patients with psoriatic disease. Ann. Rheum. Dis. 2013, 73, 1990–1996. [Google Scholar] [CrossRef]

	



Corrales, A.; Parra, J.A.; González-Juanatey, C.; Rueda-Gotor, J.; Blanco, R.; Llorca, J.; Gonzalez-Gay, M. Cardiovascular risk stratification in rheumatic diseases: Carotid ultrasound is more sensitive than Coronary Artery Calcification Score to detect subclinical atherosclerosis in patients with rheumatoid arthritis. Ann. Rheum. Dis. 2013, 72, 1764–1770. [Google Scholar] [CrossRef]

	



Corrales, A.; Vegas-Revenga, N.; Atienza-Mateo, B.; Corrales-Selaya, C.; Prieto-Peña, D.; Rueda-Gotor, J.; Portilla, V.; Blanco, R.; Castañeda, S.; Ferraz-Amaro, I.; et al. Combined use of QRISK3 and SCORE as predictors of carotid plaques in patients with rheumatoid arthritis. Rheumatology 2021, 60, 2801–2807. [Google Scholar] [CrossRef]

	



Yamamoto, H.; Nakajima, T.; Kawahara, R.; Nakabo, S.; Hashimoto, M.; Yamamoto, W.; Masuda, I.; Ito, H.; Mimori, T.; Fujii, Y. Evaluation of risk factors for atherosclerosis using carotid ultrasonography in Japanese patients with rheumatoid arthritis. Int. J. Rheum. Dis. 2019, 22, 1312–1318. [Google Scholar] [CrossRef] [PubMed]

	



López-Mejias, R.; Ubilla, B.; Genre, F.; Corrales, A.; Hernández, J.L.; Ferraz-Amaro, I.; Tsang, L.; Llorca, J.; Blanco, R.; González-Juanatey, C.; et al. Osteoprotegerin Concentrations Relate Independently to Established Cardiovascular Disease in Rheumatoid Arthritis. J. Rheumatol. 2015, 42, 39–45. [Google Scholar] [CrossRef] [PubMed]

	



Dessein, P.H.; López-Mejias, R.; González-Juanatey, C.; Genre, F.; Miranda-Filloy, J.A.; Llorca, J.; González-Gay, M.A. Independent Relationship of Osteoprotegerin Concentrations with Endothelial Activation and Carotid Atherosclerosis in Patients with Severe Rheumatoid Arthritis. J. Rheumatol. 2014, 41, 429–436. [Google Scholar] [CrossRef] [PubMed]

	



López-Mejías, R.; Corrales, A.; Genre, F.; Hernandez, J.L.; Ochoa, R.; Blanco, R.; González-Juanatey, C.; Martin, J.; Llorca, J.; González-Gay, M.A. Angiopoietin-2 serum levels correlate with severity, early onset and cardiovascular disease in patients with rheumatoid arthritis. Clin. Exp. Rheumatol. 2013, 31, 761–766. [Google Scholar]

	



Dimitroulas, T.; Giannakoulas, G.; Karvounis, H.; Garyfallos, A.; Settas, L.; Kitas, G. B-type natriuretic peptide in rheumatic diseases: A cardiac biomarker or a sophisticated acute phase reactant? Autoimmun. Rev. 2012, 11, 837–843. [Google Scholar] [CrossRef] [PubMed]

	



Daoussis, D.; Kitas, G.D. Uric acid and cardiovascular risk in rheumatoid arthritis. Rheumatology 2010, 50, 1354–1355. [Google Scholar] [CrossRef] [PubMed]

	



Daoussis, D.; Panoulas, V.F.; John, H.; Toms, T.E.; Antonopoulos, I.; Treharne, G.; Nightingale, P.; Douglas, K.M.J.; Kitas, G.D. Microalbuminuria in rheumatoid arthritis in the post penicillamine/gold era: Association with hypertension, but not therapy or inflammation. Clin. Rheumatol. 2010, 30, 477–484. [Google Scholar] [CrossRef]

	



Sandoo, A.; Dimitroulas, T.; Hodson, J.; Smith, J.P.; Douglas, K.M.; Kitas, G. Cumulative inflammation associates with asymmetric dimethylarginine in rheumatoid arthritis: A 6 year follow-up study. Rheumatology 2014, 54, 1145–1152. [Google Scholar] [CrossRef]

	



Dimitroulas, T.; Sandoo, A.; Kitas, G.D. Asymmetric Dimethylarginine as a Surrogate Marker of Endothelial Dysfunction and Cardiovascular Risk in Patients with Systemic Rheumatic Diseases. Int. J. Mol. Sci. 2012, 13, 12315–12335. [Google Scholar] [CrossRef]

	



Metsios, G.S.; Stavropoulos-Kalinoglou, A.; Van Zanten, J.J.C.S.V.; Nightingale, P.; Sandoo, A.; Dimitroulas, T.; Kitas, G.; Koutedakis, Y. Individualised exercise improves endothelial function in patients with rheumatoid arthritis. Ann. Rheum. Dis. 2013, 73, 748–751. [Google Scholar] [CrossRef]

	



Stavropoulos-Kalinoglou, A.; Metsios, G.S.; Van Zanten, J.J.V.; Nightingale, P.; Kitas, G.; Koutedakis, Y. Individualised aerobic and resistance exercise training improves cardiorespiratory fitness and reduces cardiovascular risk in patients with rheumatoid arthritis. Ann. Rheum. Dis. 2013, 72, 1819–1825. [Google Scholar] [CrossRef] [PubMed]

	



Metsios, G.S.; The IMPACT-RMD Consortium; Moe, R.H.; Van Der Esch, M.; Van Zanten, J.J.V.; Fenton, S.A.M.; Koutedakis, Y.; Vitalis, P.; Kennedy, N.; Brodin, N.; et al. The effects of exercise on cardiovascular disease risk factors and cardiovascular physiology in rheumatoid arthritis. Rheumatol. Int. 2019, 40, 347–357. [Google Scholar] [CrossRef] [PubMed]

	



Hammam, N.; Ezeugwu, V.E.; Rumsey, D.G.; Manns, P.J.; Pritchard-Wiart, L. Physical activity, sedentary behavior, and long-term cardiovascular risk in individuals with rheumatoid arthritis. Phys. Sportsmed. 2019, 47, 463–470. [Google Scholar] [CrossRef] [PubMed]

	



Stamp, L.K.; James, M.J.; Cleland, L.G. Diet and Rheumatoid Arthritis: A Review of the Literature. Semin. Arthritis Rheum. 2005, 35, 77–94. [Google Scholar] [CrossRef]

	



Yazdi, F.; Shakibi, M.R.; Roudsari, E.G.; Nakhaee, N.; Salajegheh, P. The effect of suffering from rheumatoid arthritis, systemic lupus erythematosus, and back pain on sexual functioning and marital satisfaction in Iran. Int. J. Rheum. Dis. 2021, 24, 373–379. [Google Scholar] [CrossRef]

	



Navarro-Millán, I.; Goyal, P.; Safford, M.M. Lipid screening and statins alongside disease-modifying anti-rheumatic drugs for patients with rheumatoid arthritis. Rheumatology 2018, 58, 933–934. [Google Scholar] [CrossRef]

	



Abrahami, D.; Hudson, M.; Suissa, S. Statins and lower mortality in rheumatic diseases: An effect of immortal time bias? Semin. Arthritis Rheum. 2021, 51, 211–218. [Google Scholar] [CrossRef]

	



De Jong, H.J.I.; Tervaert, J.W.C.; Lalmohamed, A.; De Vries, F.; Vandebriel, R.J.; Van Loveren, H.; Klungel, O.H.; Van Staa, T.P. Pattern of risks of rheumatoid arthritis among patients using statins: A cohort study with the clinical practice research datalink. PLoS ONE 2018, 13, e0193297. [Google Scholar] [CrossRef]

	



Roubille, C.; Richer, V.; Starnino, T.; McCourt, C.; McFarlane, A.; Fleming, P.; Siu, S.; Kraft, J.; Lynde, C.; Pope, J.; et al. The effects of tumour necrosis factor inhibitors, methotrexate, non-steroidal anti-inflammatory drugs and corticosteroids on cardiovascular events in rheumatoid arthritis, psoriasis and psoriatic arthritis: A systematic review and meta-analysis. Ann. Rheum. Dis. 2015, 74, 480–489. [Google Scholar] [CrossRef]

	



Wang, H.; Zhou, J.; Guo, X.; Li, Y.; Duan, L.; Si, X.; Zhang, L. Use of glucocorticoids in the management of immunotherapy-related adverse effects. Thorac. Cancer 2020, 11, 3047–3052. [Google Scholar] [CrossRef]

	



Del Rincón, I.; Battafarano, D.F.; Restrepo, J.F.; Erikson, J.M.; Escalante, A. Glucocorticoid dose thresholds associated with all-cause and cardiovascular mortality in rheumatoid arthritis. Arthritis Rheumatol. 2014, 66, 264–272. [Google Scholar] [CrossRef] [PubMed]

	



Giles, J.T.; Sattar, N.; Gabriel, S.; Ridker, P.M.; Gay, S.; Warne, C.; Musselman, D.; Brockwell, L.; Shittu, E.; Klearman, M.; et al. Cardiovascular Safety of Tocilizumab Versus Etanercept in Rheumatoid Arthritis: A Randomized Controlled Trial. Arthritis Rheumatol. 2019, 72, 31–40. [Google Scholar] [CrossRef] [PubMed]

	



Van Sijl, A.M.; Peters, M.J.L.; Knol, D.L.; de Vet, R.H.C.; Sattar, N.; Dijkmans, B.A.C.; Smulders, Y.M.; Nurmohamed, M.T. The Effect of TNF-Alpha Blocking Therapy on Lipid Levels in Rheumatoid Arthritis: A Meta-Analysis; Elsevier: Amsterdam, The Netherlands, 2011. [Google Scholar]

	



Crowson, C.S.; Matteson, E.L.; Roger, V.L.; Therneau, T.M.; Gabriel, S.E. Usefulness of Risk Scores to Estimate the Risk of Cardiovascular Disease in Patients with Rheumatoid Arthritis. Am. J. Cardiol. 2012, 110, 420–424. [Google Scholar] [CrossRef] [PubMed]

	



Asoudeh, F.; Jayedi, A.; Kavian, Z.; Ebrahimi-Mousavi, S.; Nielsen, S.M.; Mohammadi, H. A systematic review and meta-analysis of observational studies on the association between animal protein sources and risk of rheumatoid arthritis. Clin. Nutr. 2021, 40, 4644–4652. [Google Scholar] [CrossRef]








[image: Healthcare 10 00312 g001 550] 





Figure 1. Flow diagram of the search process. 
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