


Review article
Metabolic Syndrome in Rheumatoid Arthritis: An Overlooked Catalyst of Disease Progression

ABSTRACT:

Rheumatoid arthritis (RA) is an autoimmune disease typically affecting individuals aged 20 to 50 and is associated with a significantly higher prevalence of metabolic syndrome (MS) compared to the general population. MS represents a cluster of cardiovascular risk factors characterized by insulin resistance and visceral adiposity. This overlap contributes to elevated morbidity and mortality in RA, particularly through shared inflammatory pathways.
Adipose tissue is now recognized as a dynamic immunometabolic organ that secretes pro-inflammatory adipokines, amplifying systemic inflammation in RA. A growing body of evidence links MS to poorer functional outcomes in RA, underscoring the importance of targeting MS not only to reduce cardiovascular risk but also to preserve joint function and quality of life.
Rheumatologists should actively screen for and manage MS components through lifestyle interventions, pharmacologic strategies, and cardiovascular monitoring. Emerging data also suggest that certain biologic agents may favorably impact metabolic parameters.
This underscores the importance of integrated therapeutic strategies combining biologics, lifestyle modification, and cardiovascular monitoring to improve long-term outcomes.
In summary, recent advancements in understanding the relationship between MS and RA emphasize the need for comprehensive care addressing the autoimmune, metabolic, and therapeutic aspects of the disease.
Keywords:
Rheumatoid arthritis, Metabolic syndrome, inflammation	

Introduction:

Rheumatoid arthritis (RA) is a chronic inflammatory condition primarily affecting the joints and leading to deformation [1]. Individuals with RA face an elevated risk of cardiovascular disease and premature mortality attributed to systemic inflammation, which may reduce life expectancy by 5 to 10 years [2] [3].
A considerable portion of mortality related to arthritis stems from cardiovascular disease (CVD), with traditional CVD risk factors and systemic inflammation playing key roles in the accelerated development of atherosclerosis seen in RA patients [4] [5]. The increased risk of CVD in RA is attributable not only to chronic systemic inflammation but also to the presence of traditional cardiovascular risk factors, which tend to be more prevalent or amplified in RA patients. These include hypertension, dyslipidemia (especially elevated triglycerides and low HDL cholesterol), insulin resistance, obesity, physical inactivity, and smoking. The pro-inflammatory milieu of RA may interact synergistically with these risk factors, accelerating endothelial dysfunction and the development of atherosclerotic plaques. Furthermore, corticosteroid therapy—often used in RA management—can exacerbate hypertension, dyslipidemia, and glucose intolerance, further compounding cardiovascular risk. This complex interplay underscores the importance of early identification and aggressive management of both traditional and RA-specific risk factors to mitigate cardiovascular morbidity and mortality in this population. In addition to these vascular changes, RA is also linked to various aspects of metabolic syndrome. There are three exceptions in the literature regarding the association between metabolic syndrome and RA
Characteristics such as obesity and rheumatoid cachexia, along with insulin resistance, dyslipidemia, and altered adipokine profiles, are commonly observed in RA patients [6] [7]. However, the metabolic profile in RA differs from that of the general population. A phenomenon known as the 'lipid paradox' exists, where low total and LDL cholesterol levels in RA patients are associated with heightened cardiovascular risk [8] [9]. Additionally, adipokine profiles in RA may differ from those in non-inflammatory conditions [7] [10]. Hence, factors such as obesity, lipids, adipokines, and insulin sensitivity should be interpreted differently in RA patients.
Metabolic syndrome raises the risk of cardiovascular outcomes and mortality by 2 and 1.5 times, respectively [11] [7]. The heightened risk of cardiovascular disease in individuals with rheumatoid arthritis is widely recognized, prompting the European League Against Rheumatism (EULAR) to recommend immediate screening and management of cardiovascular risk in these patients [12] [13].

In this article, we compile data on various components of metabolic syndrome associated with RA. Our focus is on RA-specific alterations in lipids, adipokines, and body fat composition, leading to both obesity and rheumatoid cachexia. We also examine the effects of biologic therapy on these metabolic syndrome components. Achieving optimal disease control could mitigate several adverse effects of metabolic syndrome in RA patients. Although dyslipidemia and the lipid paradox in RA patients have been extensively reviewed elsewhere [9], we briefly outline these topics here within the context of metabolic disease.


A.   Metabolic syndrome and obesity 


The term "metabolic syndrome" describes a cluster of specific cardiovascular disease risk factors, including central obesity, hypertension, high triglycerides, and low HDL levels. The underlying pathophysiology is believed to be related to insulin resistance [14]. Some clinical studies debate whether MS represents a distinct pathophysiologic entity or simply reflects an association of CVD risk factors. Others argue that each individual component of MS carries an increased risk of CVD-related death, but this risk is more pronounced when MS is present as a whole.

Many definitions of metabolic syndrome are currently used [14]. However, research has shown that the various definitions of MS have similar prognostic and management value. The National Cholesterol Education Program (NCEP/ATPIII) and International Diabetes Federation (IDF) definitions are the most commonly used. Both the WHO, ATPIII, and IDF definitions include type 2 diabetes as traits of the syndrome. 
In summary, metabolic syndrome (MS) signifies the presence of risk factors that are linked to cardiovascular complications.

The underlying cause of metabolic syndrome (MS) remains a challenging question, but insulin resistance and central obesity are considered key factors in its development. Central (abdominal) obesity is closely associated with each of the other components of MS and is typically a prerequisite for its diagnosis. While genetics, physical inactivity, aging, or hormonal changes may also contribute, the chronic and subacute inflammatory state accompanying obesity has been suggested as a potential link. [15]

Adipose tissue, previously viewed as a passive storage depot, is now recognized as a dynamic and metabolically active organ. It can produce mediators with widespread effects on metabolism, immune function, and vascular homeostasis. Current research focuses on the molecular basis of metabolic inflammation and its potential roles in insulin resistance, diabetes, and cardiovascular disease. Increased accumulation of macrophages in obese adipose tissue is a key process in metabolic inflammation. Recent studies have also revealed the heterogeneity of adipose tissue macrophages and their interactions with adipocytes, endothelial cells, and other immune cells within the adipose tissue microenvironment. 33 [15]

In conclusion, obesity, like insulin resistance, plays a significant role in the development of MS.

B.   Metabolic syndrome and RA 
Several studies have reported a high prevalence of MS in patients with systemic rheumatic diseases [16]. Studies assessing MS prevalence in RA have reported rates of up to 45%, but prevalence appears to vary depending on the definition used. A recent study revealed significantly higher MS prevalence in American patients with long-standing RA (42% - WHO and NCEP/ATPIII criteria) as well as in early RA (31% and 30% - WHO and NCEPIII criteria respectively) compared to controls (11% and 22% - WHO and NCEP/ATPIII criteria, respectively) [17].
Epidemiological evidence indicates that rheumatoid arthritis is an independent risk factor for CVD disease [18] [19]. The development of accelerated atherosclerosis and increased CV disease risk in RA patients may be influenced by the presence of metabolic syndrome [20]. There is also an association between the inflammatory activity of RA and MS. High incidence of MS has been reported in patients with RA. Accordingly, in a series of 283 patients and 226 controls, Da Cunha et al. [21] found that 39% of RA patients met criteria for MS, while only 19% of controls fulfilled these criteria (𝑃 = 0.001).
In a study by Chung et al. [22], using the WHO criteria, MS was found in 42% of patients with long-standing RA, 31% of patients with early arthritis, and 11% of controls among 154 RA patients and 85 controls. When NCEP criteria were applied, the prevalence of MS was 30% in long-standing RA patients, 22% in early arthritis patients, and 10% in controls, respectively. The study also examined coronary artery atherosclerosis.
The link between RA and MS was affirmed in patients with short disease duration. Dao et al. [23] evaluated the presence of MS in 105 women with RA and disease duration of less than 3 years, comparing them with 105 age-matched healthy women. The authors noted that the prevalence of MS in women with RA ranged from 16.2% to 40.9% across different definitions. However, it surpassed that of matched controls, which ranged from 10.5% to 22.9%. Hence, the frequency of MS was notably higher in this group of RA patients compared to healthy controls.
Another noteworthy study conducted by Crowson et al. [24] on 232 RA patients without overt cardiovascular disease and 1241 non-RA subjects without CVD demonstrated that RA patients were significantly more likely to have increased waist circumference and elevated blood pressure compared to non-RA subjects without CVD. The authors concluded that RA patients were more frequently classified as having metabolic syndrome.
There are two notable exceptions in the literature regarding the association between metabolic syndrome and RA. In a case-control study involving 92 RA patients and 96 healthy controls, Karimi et al. [25] did not find differences between the groups regarding MS when using NCEP and WHO criteria. The only differences observed were a higher frequency of hypertension in RA patients compared to controls and a significantly longer duration of the disease in RA patients with MS compared to those without MS.

Similarly, in a series of 200 outpatients with RA and 400 age and sex-matched controls, Karvounaris et al. [26] found a high prevalence of MS in middle-to-older aged patients with RA, comparable to the control population. However, in this study, multivariate logistic regression analysis adjusting for demographics and RA treatment modalities revealed that the risk of having moderate-to-high disease activity (DAS28 > 3.2) was significantly higher in patients with MS than in those without MS components (OR 9.24 (95% CI 1.49–57.2), 𝑃 = 0.02).
All these findings considered, it's clear that metabolic syndrome is prevalent among patients with RA. Table 1 summarizes representative studies cited in the literature, highlighting the variability in MS prevalence among RA populations based on diagnostic criteria and study context.

Table 1. Reported prevalence of metabolic syndrome in RA patients across selected international cohorts using different diagnostic criteria.

	Study
	Country
	Sample Size
	MS Definition Used
	MS Prevalence (%)

	Da Cunha et al., 2012
	Brazil
	283 RA / 226 controls
	Not specified
	39% (RA) vs 19% (controls)

	Chung et al., 2008
	USA
	154 RA / 85 controls
	WHO & NCEP
	42% / 31% (RA), 11% / 10% (controls)

	Dao et al., 2010
	Vietnam
	105 RA / 105 controls
	Multiple definitions
	16.2–40.9% (RA), 10.5–22.9% (controls)

	Crowson et al., 2011
	USA
	232 RA / 1241 controls
	Not specified
	Higher in RA (exact % not stated)

	Karimi et al., 2011
	Iran
	92 RA / 96 controls
	NCEP & WHO
	No significant difference

	Karvounaris et al., 2011
	Greece
	200 RA / 400 controls
	Not specified
	Comparable to controls




C.   Obesity – Rheumatoid cachexia 


The issue of obesity in patients with RA is quite contentious. Although obesity is prevalent among these patients [27] [28], high-grade inflammation associated with abundant production of TNF often leads to rheumatoid cachexia.[27] [29]

Notably, cachexia has been linked to high levels of RA disease activity and increased CVD mortality [28] [29], while obesity has been associated with reduced CVD mortality in RA patients [28]. Interestingly, the relationship between obesity and RA may vary. 
A study conducted on black patients with RA from South Africa found that RA was linked to reduced adiposity, including significantly lower BMI and decreased abdominal adiposity [30]. Unfortunately, studies showing an inverse relationship between obesity and disease activity have only been conducted in patients with established RA who have undergone treatment, with limited data available for patients with early RA.

In contrast to classic cachexia, characterized by decreased muscle and fat mass, altered body composition in RA typically involves increased fat mass and decreased lean mass, resulting in little or no change in BMI [29]. These changes often manifest as abdominal adiposity and are characteristic of RA [27] [29] [31]. Increased visceral fat mass in RA patients has been linked to elevated fasting glucose levels, hypertension, and metabolic syndrome [31].

There is some debate about the primary drivers of RA-associated metabolic syndrome. Obesity appears to be the major determinant and may be linked to environmental factors such as a high-calorie diet, lack of physical activity, and migration from rural to urban areas [27] [31] [32]. Inflammatory mediators, such as cytokines or autoantibodies, may also contribute to these metabolic changes, although they are considered somewhat less significant than environmental and lifestyle-related risk factors [27] [29] [32].

Supporting the notion that obesity is a disease state with its own pathophysiological mechanisms, studies have shown that adipose tissue from obese individuals exhibits more inflammatory infiltrate and different regulatory mechanisms and cytokine patterns compared to normal-weight subjects [33]. This suggests that pro-inflammatory cytokines and adipokines can influence metabolic dysfunction and cardiovascular risk, as well as rheumatoid arthritis (RA).

Rheumatoid cachexia is associated with abundant production of proinflammatory cytokines (primarily TNF and IL-1) as well as anti-citrullinated protein antibody (ACPA) positivity [27] [29] [34]. Conversely, obese individuals with RA are often ACPA-negative (20). Some studies also suggest that obesity is linked to reduced radiographic damage [27] [31] [35] and decreased CVD mortality in RA [28] , but the lack of prospective studies limits the interpretation of these findings.
Patients with rheumatoid cachexia experience elevated all-cause mortality, while overweight patients with RA show decreased mortality despite their higher incidence of comorbid conditions such as hypertension, diabetes mellitus, and myocardial infarctus [29] [30]. Therefore, the effects of body weight on mortality should be interpreted differently in patients with RA compared to the general population.

In summary, patients with RA may have normal or slightly altered body weight and BMI, with altered body fat distribution potentially accounting for the associations between RA and metabolic syndrome [27] [31]. Adipokine levels differ in RA patients with varying body compositions, with elevated leptin levels seen in obese patients, while adiponectin levels in lean patients have a tendency to be higher. [27] [10]

D.   Obesity and cytokines 

a. TNF-α :

[bookmark: _Hlk165151528]TNF-α is a pro-inflammatory cytokine primarily produced by monocytes and macrophages, and its central role in inflammatory arthritis is well established. In white adipose tissue (WAT), TNF-α is produced by adipocytes and fat-infiltrating macrophages and is overexpressed in the plasma and adipose tissue of obese humans and animal models.

TNF-α promotes insulin resistance by reducing tyrosine kinase activity of the insulin receptor and insulin signaling via MAPK pathways in vitro and in vivo, thereby decreasing insulin activity [36] [37]. Studies in mice suggest that attenuating TNF activity improves glucose homeostasis [38]. In humans, although a study in a small group of obese type 2 diabetes mellitus (T2DM) patients showed that blocking TNF-α decreased plasma levels of inflammatory markers but did not improve insulin resistance [39], a recent report found that prolonged TNF neutralization in patients with metabolic syndrome improved fasting glucose levels and increased high molecular weight adiponectin levels [40]. Moreover, anti-TNF therapy in "high-grade" inflammatory diseases such as rheumatoid arthritis (RA) is reported to enhance insulin sensitivity in several small studies] indicating that TNF plays a crucial role in inducing insulin resistance through inflammation. [41][42]

TNF-α also contributes to endothelial dysfunction, an early marker of atherosclerosis. There is evidence that TNF-α blockade in RA patients leads to a decrease in biomarkers of endothelial dysfunction and an improvement in endothelial function, particularly in the early phases of the disease. [43][44][45][46]

b. IL-6 :

IL-6 plays a crucial role in driving the inflammatory response in RA, but it is also implicated in obesity-related insulin resistance and cardiovascular risk. Clinical data indicate that 10 to 30% of circulating IL-6 comes from white adipose tissue, and plasma levels of IL-6 strongly correlate with BMI and insulin resistance [47]. Elevated IL-6 plasma levels predict future risk of cardiovascular events [48] and type 2 diabetes mellitus [49], independently of BMI.

However, the role of IL-6 in insulin resistance has been debated. While IL-6 has been shown to impair insulin-mediated glycogenesis and stimulate hepatic gluconeogenesis[50] [51], IL-6 deficiency exacerbates hepatic insulin resistance and inflammation in mice on a high-fat diet [62] [52]. Conversely, in a preliminary study involving a small group of non-diabetic RA patients, inhibition of IL-6 signaling appears to improve insulin sensitivity .[53]

The effects of IL-6 on accelerated atherosclerosis are controversial, but several studies suggest a role for IL-6 in promoting plaque formation and instability. [54]

c. ADIPOKINES :

· Leptin : 

Mainly produced by white adipose tissue cells and encoded by the ob gene [66] [55], is considered a key regulator of body weight. Leptin suppresses appetite, reducing food intake, and stimulates energy expenditure through hypothalamic receptors. However, plasma levels of leptin are directly correlated with body fat amount, and obese individuals often have high circulating levels of leptin, suggesting resistance to its action [67][56].

Leptin plays a significant role in obesity and associated fat-mass dysfunction [10]. It also has important immunological effects: it stimulates T-cell activation, regulatory T-cell anergy, cytokine production by synovial fibroblasts, and endothelial dysfunction; it reduces paraoxonase 1 activity and exacerbates insulin resistance [9, 37, 38] [10] [57] [58]. Proinflammatory cytokines stimulate leptin production, and the effects of this adipokine are involved in inflammation processes associated with obesity and atherosclerosis [10] [57]. High leptin levels are associated with the development of cardiovascular disease (CVD) [37, 38], and elevated serum leptin levels have been linked to obesity in RA [10]. However, leptin levels can be high, decreased, or unchanged in patients with RA [58], which may be related to treatments that interfere differently with adipokine production [10], [59]. Moreover, high leptin levels have been associated with high RA activity and a more aggressive disease course [10], suggesting a potential role for leptin in RA-related atherosclerosis.

· Adiponectin :

Predominantly synthesized and secreted by adipocytes, adiponectin exhibits anti-inflammatory, insulin-sensitizing, and anti-atherogenic properties [60]. Despite being produced by adipose tissue, adiponectin plasma levels are decreased in obese individuals compared to those of normal-weight individuals, and they are also found to be reduced in type 2 diabetes and metabolic syndrome. These findings suggest that functional adipocytes in lean individuals express high levels of adiponectin, whereas its expression is down-regulated in dysfunctional adipocytes of obese individuals. Moreover, weight reduction significantly increases circulating levels.

Regarding its anti-inflammatory effects, adiponectin has several reported functions: it suppresses TNFα production, thereby reversing metabolic dysfunction associated with TNFα; it inhibits the transformation of macrophages into foam cells; it reduces TNF production by macrophages; it promotes the alternative activation of monocytes from a pro-inflammatory M1-type macrophage into an anti-inflammatory M2-phenotype; and it stimulates the production of the anti-inflammatory cytokine IL-10 by macrophages [41] [61].

However, the role of adiponectin in rheumatic inflammatory diseases remains uncertain. Surprisingly, studies in rheumatoid arthritis found elevated serum and synovial fluid adiponectin levels in both early and established disease, which did not correlate with disease activity and were not affected by TNF blockade but increased with methotrexate treatment [62] [63]. This apparently paradoxical increase in adiponectin levels in chronic inflammatory conditions may represent a compensatory response (e.g, increasing adiponectin has been shown to ameliorate disease in a mouse model of lupus), but further investigations are needed.

· Resistin : 

Initially, resistin was thought to be involved in the development of insulin resistance [7].
Originally identified in adipose tissue, it was later observed that resistin production in mice is restricted to adipocytes, whereas in humans it is mainly derived from circulating monocytes and macrophages [64], suggesting a major role in inflammatory processes in humans. Several studies have demonstrated that pro-inflammatory cytokines increase the expression of resistin [65], which in turn is able to stimulate the production of TNFα and  IL12. Resistin has been shown to up-regulate the genes of TNF-α, IL-6, IL-1β, and, interestingly, its own gene [81][66], and to induce the expression of IL-12 [67].

Some studies have found elevated levels of resistin in the synovial fluids of patients with RA, indicating increased permeability of arthritic synovial membranes, while plasma resistin levels remained normal [62] [10].  Another study underlines the role of resistin injected in mice in the pathogenesis of arthritis [66]. Additionally, serum resistin levels have been observed to correlate with joint inflammation and destruction [10].

· Visfatin :

Visfatin, also known as pre-B-cell colony-enhancing factor, is a novel adipokine with insulin-mimetic actions, primarily produced by visceral adipose tissue but also found in the liver, bone marrow, skeletal muscle, and lymphocytes [68]. Circulating levels of visfatin correlate with the amount of visceral fat in both humans and mice and are increased in patients with obesity and type-2 diabetes, but they decrease after weight loss [69].

Similar to resistin, visfatin is synthesized in response to inflammatory stimuli. It can enhance the production of TNF-α, IL-6, IL-1β, as well as IL-10 and IL-1ra [70], and it may promote atherosclerotic processes by inducing cell adhesion molecules and plaque destabilization [71] [72]. In one study, inhibition of visfatin reduced circulating TNF-α levels during endotoxemia in mice [73]. In rheumatoid arthritis, some authors have reported increased levels of visfatin in synovial fluid and plasma, as well as its expression by rheumatoid synoviocytes at sites of attachment and invasion into cartilage or bone [74] [75]. Consistent with these findings is the association between radiographic damage and high serum concentrations of visfatin [74] [76].

· Chemerin :

Chemerin is a chemoattractant adipokine expressed in immune cells as well as in adipose tissue [10] [77]. It may trigger numerous proinflammatory processes in RA, possibly through the activation of synovial fibroblasts [77]. Furthermore, chemerin levels correlate with disease activity rather than with obesity in RA [78]. However, no studies have assessed the role of chemerin in RA-associated atherosclerosis and metabolic syndrome.

E.   Metabolic effects of RA therapy

The mechanisms of biologic disease-modifying antirheumatic drugs (bDMARDs) involve inhibiting pro-inflammatory cytokines, which reduces inflammation. TNF α inhibitors, for instance, not only decrease clinical markers of inflammation but also alleviate endothelial dysfunction and oxidative stress and may modify the lipid profile or prothrombic markers [79] [80]. However, certain bDMARDs, like infliximab, may lead to type I autoimmune hepatitis through an immune-mediated process [81].

In the literature, anti-inflammatory treatments have been shown to affect the lipid profile, although the induced changes in HDL and LDL are inconsistent [9] [82] [83]. Some studies have reported a decline in LDL concentrations after bDMARD treatment application [84] [85], while others have found no significant impact on the lipid profile. [86]
About anti TNFa therapy, some researchers observed increases in lipid levels in RA patients receiving TNF-blocking therapy, while others did not [87] [88] [89]. A systematic review concluded that TNF inhibition increased levels of total cholesterol, HDL cholesterol, LDL cholesterol, and triglycerides in several studies. However, the ApoB:ApoA1 ratio, a biomarker used for CVD risk stratification, remained unchanged in most treated patients with RA. [89]

Significant increases in circulating lipid levels have been linked to the anti-IL-6R antibody tocilizumab and the Janus kinase inhibitor tofacitinib [90] [91]. However, according to the lipid paradox, the elevations in lipid levels observed during treatment with these agents, as well as with anti-TNF biologic therapies, might reflect their potent suppressive effects on CRP.[9] [89]

The effect of biologic treatments on adiponectin production remains a subject of debate. While some studies have shown that TNF blockade increases serum adiponectin levels, others have failed to replicate this finding [9][10]. Anti-TNF treatment did not alter circulating leptin levels in several studies [10]. However, since most biologic therapies increase adiponectin production, the leptin:adiponectin ratio, which is a marker of both insulin resistance and metabolic syndrome, can decrease significantly during biologic therapy [7][10].

CONCLUSION:

Based on our findings, there is substantial evidence indicating a link between metabolic syndrome and rheumatoid arthritis, mainly changes in body weight, dyslipidemia both in quantity and quality, a distinct adipokine profile, and insulin resistance. Therefore, it is crucial to understand the different phenomenons intertwined between the metabolic syndrome and Rheumatoid Arthritis, including the therapeutic implications of the different DMARDs. This paper underlines the importance of the prevention and the management of the metabolic syndrome in rheumatoid arthritis patients. In light of the increasing global burden of both rheumatoid arthritis and metabolic syndrome, the integration of cardiometabolic screening and management into routine RA care is essential. Clinicians should adopt a multidisciplinary approach that combines inflammation control with cardiovascular risk reduction, lifestyle interventions, and metabolic monitoring. Future research should aim to clarify the longitudinal impact of biologic and targeted therapies on metabolic parameters, explore mechanistic links between adipokines and RA disease activity, and define evidence-based guidelines for the integrated management of RA and MS. Closing these knowledge gaps will be pivotal in improving long-term outcomes and quality of life for RA patients with comorbid metabolic syndrome.
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