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Aim: Rheumatoid arthritis is a prevalent worldwide disease, associated with an increased risk of multiple metabolic abnormalities that 
generate a higher disease burden.
Objective: To gather the available evidence on the epidemiology, pathophysiology, current perspectives, clinical implications and 
prognosis of metabolic abnormalities in patients with rheumatoid arthritis.
Methods: This is a narrative literature review. Search was conducted in PubMed, OVID, and Taylor & Francis databases, using the 
following MeSH terms: “Arthritis Rheumatoid”, “Metabolic Diseases”, and “Metabolic Syndrome”.
Results: This study describes the main metabolic manifestations of rheumatoid arthritis. Research has recognized that rheumatoid 
arthritis and metabolic abnormalities share pathophysiological mechanisms with an additive effect that increases cardiovascular risk. In 
that context, appropriate antirheumatic treatment can also impact on cardiovascular risk.
Conclusion: There are metabolic abnormalities in rheumatoid arthritis patients that increase cardiovascular risk. Therefore, it is 
crucial to evaluate cardiovascular risk to provide appropriate comprehensive management to reduce morbidity and mortality in patients 
with this disease.
Keywords: rheumatoid arthritis, metabolic diseases, cardiovascular diseases, metabolic syndrome

Introduction
Rheumatoid arthritis (RA) is a systemic autoimmune disease—affecting 5 out of every 1000 peopl—with a female 
predominance and an increased incidence in people over 60 years old.1 This disease is characterized by arthralgia 
—which is disabling in some cases—morning stiffness, and joint swelling.2 Also, there is extra-articular involve-
ment in other systems such as cardiovascular, respiratory, renal, and ophthalmic.3 Besides the disease burden, 
these patients have an increased risk of developing metabolic abnormalities, such as diabetes mellitus (DM), 
arterial hypertension (AH), osteoporosis (OP), and arteriosclerosis. These alterations lead to a significant increase 
in cardiovascular risk (CVR),4 mortality, and disability.5 Although there is an increase in last decades regarding 
research in this topic, there is still a gap to close in order to impact CVR and to analyze the metabolic pathways 
abnormalities present in RA patients.6 This review aims to gather the available evidence on the epidemiology, 
pathophysiology, current perspectives, clinical implications and prognosis of metabolic abnormalities in patients 
with rheumatoid arthritis.
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Methods
This is narrative literature review. Search for documents was conducted in the following databases: PubMed, OVID, and 
Taylor & Francis, using the following MeSH terms: “Arthritis Rheumatoid”, “Metabolic Diseases”, and “Metabolic 
Syndrome.” Additional studies were sought from the reference list of certain primary studies and different reviews. We 
select the studies that were more relevant for the aim of the review.

Epidemiology
In 2010, the Global Burden of Disease study found that RA had a global prevalence of 0.25%, discriminated by sex with 
0.35% for women and 0.13% for men. Besides, it was ranked as the 42nd cause of global disability,7 demonstrating the 
high impact of RA on the disease burden worldwide. Additionally, economic studies reflect the increased financial 
burden of RA: this disease generates costs of approximately $ 2408 to $ 83,845 per patient each year, including direct 
and indirect costs, such as medicines, hospitalization, and workplace absenteeism.8

Regarding metabolic alterations, patients with RA have a high prevalence of this type of comorbidities. For example, 
a cross-sectional and multicenter study conducted in 2014 by Dougados et al, which included 3920 patients from 17 
countries, evaluated the prevalence of comorbidities in people with RA, and it found that 40.4% of the patients had AH, 
31.7% had hypercholesterolemia, and 15% had DM.9 In another study conducted in Spain, patients with RA had a high 
prevalence of metabolic comorbidities. The most common were hypercholesterolemia in 45% of the population, AH in 
41%, and DM in 12%.10 Thus, these metabolic comorbidities in RA patients present an increase in the burden of the disease, 
and in addition in CVR. The most common metabolic comorbidities in patients with RA are summarized in Table 1.

Pathophysiology of Rheumatoid Arthritis
Alterations in the inflammatory response occur long before the symptom development. This period is known as pre-RA, 
where epigenetic and genetic interactions generate citrullination process.11 The organism's inability to recognize these 
new citrullinated products causes the activation of dendritic cells, triggering a co-stimulation between CD4+ and T cells. 
All this process ends with the production of autoantibodies: rheumatoid factor and anti-citrullinated protein antibody 
(ACPA) are the most common.12

Environmental factors, for instance pollution, generate reactive oxygen species that activate pro-inflammatory factors, 
such as nuclear factor kappa B (NF-kB). This activation produces inflammatory cascades where tumor necrosis factor 
(TNF), IL-1, and IL-6 play a fundamental role promoting joint swelling and bone erosion.13 This joint damage is caused 
by synovial macrophages and fibroblast-like synoviocytes activated by receptor activator ligand for NF-kB (RANKL), 
which are stimulated by IL-17, another pro-inflammatory interleukin present in this complex dysregulation of the 
immune system.14 Besides the osteoclastic activity generated by the immune system, other molecules, such as adipo-
kines, exert a direct action by modifying the function of cells, such as fibroblasts and chondrocytes,15,16 and increasing 

Table 1 Frequent Metabolic Abnormalities in Rheumatoid Arthritis

● Metabolic syndrome

Arterial hypertension
● Atherosclerosis

Diabetes mellitus

● Insulin resistance
Obesity or cachexia

Dyslipidemia  

(↑Triglycerides, ↑ Total cholesterol, ↓High-density lipoprotein cholesterol)
● Osteoporosis

Decreased bone mineral density

● Imbalance of osteoblast/osteoclast
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IL-6 levels. Studies have shown adipokines are increased in RA patients; therefore, they have been proposed as a marker 
of the disease.17

Common Risk Factors
It has been observed that RA and metabolic alterations share risk factors that could lead to metabolic syndrome (AH, 
DM, hypertriglyceridemia, central obesity) or OP. In addition, environmental factors such as exposure to tobacco,11 

obesity, high sodium intake, and pollution have been remarked as possible causes of RA and metabolic abnormalities.18 

These shared factors lead to positive feedback between metabolic alterations and RA, where inflammation is the principal 
factor. It is known that obesity, DM, and AH are pathologies that generate pro-inflammatory states, leading to the 
activation of metabolic and immune pathways, accelerating RA.19

Pathophysiological Pathways Present in Rheumatoid Arthritis and Metabolic 
Alterations
RA and metabolic alterations, such as OP and insulin resistance, have shown common pathophysiological pathways that 
converge in a CVR increase.20 The insulin resistance in patients with RA has an estimated prevalence of 51% for recently 
diagnosed RA and 58% for long-standing RA. These figures are higher than the 19% presented in the general population.21 

The main factors involved in the pathophysiological process of insulin resistance are TNF, IL-1, and IL-6.22 These 
cytokines interfere with insulin since decreasing the tyrosine phosphorylation that leads to produce negative feedback on 
this hormone.21 Leptin increases cardiovascular risk in RA patients due to its pro-inflammatory cytokine function.23 

A study in 77 patients with RA showed a significant relationship between high leptin values and disease activity (p=0.047), 
obesity (p=0.038), positive rheumatoid factor (p=0.009), tobacco (p=0.009), and metabolic syndrome (p=0.001). 
A remarkable finding was the low levels of leptin were related to the consumption of hydroxychloroquine (p=0.023),24 

because it opens the door to new research about the anti-inflammatory effect of hydroxychloroquine.
Another factor that contributes to increased CVR in RA is a process known as “inflammaging”, this term was 

introduced in the year 2000 as a chronic inflammation that develops with age,25 which leads to alterations in DNA repair 
and elimination of cellular debris, and translates into endothelial dysfunction and loss of elasticity in the arterial walls.26 

It is important to note that microvascular dysfunction, aging, and metabolic disorders, together with inflammation and 
oxidative stress,27 occur as a consequence of inflammaging and the chronic inflammation exposure.

In addition, immunosenescence, defined as an increase in inflammation and a deterioration in the immune system, 
leads to tissue dysfunction and an increased risk of metabolic disease,28 processes that also occur with the inflammatory 
pattern of RA, which is similar to “inflammaging”. It has also been described that aged adipose tissue, similar to tissue 
undergoing persistent chronic inflammation as occurs in RA, suffers changes in many subsets of innate and adaptive 
immune cells, revealing a complex interplay that contributes to inflammation, increased senescence, impaired catecho-
lamine-induced lipolysis, and altered insulin sensitivity.28

The development of atherosclerosis has been demonstrated in metabolic syndrome and RA, where chronic inflam-
mation leads to the oxidation of low-density lipoproteins. So, when this process is associated with low levels of 
antioxidant enzymes, such as paraoxonase-1, it causes a propensity for atheromas.29 A remarkable event after initiating 
anti-inflammatory treatment is a rise in cholesterol levels, called the “lipid paradox”. However, this phenomenon has not 
been related to increased mortality rates.30

On the other hand, the alteration of bone structure has two components, local and systemic bone loss31; in both, 
factors such as TNF, IL-6, IL-1, and RANKL decrease osteoblastogenesis and increase osteoclastogenesis.32 The cortical 
bone suffers a more significant alteration than the trabecular bone, being the distal radius and femoral neck the most 
affected.33 Also, ACPA developed during the disease process stimulates osteoclasts, leading to increased inflammation 
and bone structure loss. Therefore, these antibodies have been defined as a marker of severe disease.34

Finally, another important event that converges between RA and metabolic syndrome is obesity. The development of 
hormones, such as adipokines, especially adiponectin,15 has activity over cartilage, immune cells, and the synovial 
membrane in patients with obesity35 (Figure 1).
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Rheumatoid Arthritis and Metabolic Syndrome
Metabolic syndrome is a group of clinical findings including abdominal obesity, high blood glucose, triglycerides, 
decreased low-density lipoproteins, and AH.36,37 Its prevalence in 2009 was almost 30% in the general population. Also, 
the Framingham study found that patients diagnosed with metabolic syndrome had an age-adjusted relative risk (RR) of 
cardiovascular disease (CVD) of 2.88 for men and 2.25 for women.38

As mentioned above, all these factors generate an additive effect that causes RA patients to have a higher incidence 
and prevalence of metabolic syndrome. Some studies suggest that the incidence of metabolic syndrome in RA, is up to 
13%.37 Another study found that the prevalence was 32% in patients with RA and 14% in patients without RA. Also, 
women were more affected than men, and, between these two groups, it found significant differences in body mass index 
(p=0.039), pain, rheumatoid factor positivity, high C-reactive protein and erythrocyte sedimentation rate.39

CVD is one of the leading causes of disability worldwide, contributing 24% of the total number of years lived with 
disability of all chronic noncommunicable diseases.5 Unhealthy lifestyle habits, such as high sodium and unsaturated fats 
intake and sedentariness, explain this result.40 Furthermore, patients with RA have an increased risk of developing 
metabolic alterations and CVD as the disease progresses,41 related to the inflammatory pathways that generate a prone 
state to inflammation added to unhealthy lifestyles that turn out to be a risk factor for both pathologies.42

Patients diagnosed with RA and CVD have an increased risk of death,43 since the excess risk of morbidity and 
mortality due to CVD is 48% and 60%, respectively.44 The metabolic profile is atypical in these patients and depends on 
the stage of the disease. In the beginning, there are characteristic findings of metabolic syndrome, but over time, there are 
changes such as the “lipid paradox” and rheumatoid cachexia.4

The metabolic syndrome’s main alterations responsible for increasing CVR in patients with RA will be reviewed 
below.

- Diabetes Mellitus: This comorbidity is a fundamental part of the increase in CVR. The estimated prevalence of DM in 
these patients is between 15% and 19%.45 In fact, patients with RA have a relative risk of 1.43 developing DM (95% CI: 1.38– 
1.47).46 Adding DM as a CVR factor to patients already suffering from RA generates an increased risk of CVD (RR 1.94, 95% 
CI: 1.58, 2.30) compared to those without DM.44 The pathophysiological pathways shared by DM and RA are explained by 
the chronic inflammatory state, the use of medications such as steroids, and unhealthy lifestyle habits.45

- Changes in Body Mass Composition: Muscle, subcutaneous fat and visceral fat proportion are closely related to the stage 
and disease compromise. For example, high TNF, IL-6 levels and ACPA exist in highly active and therapy-resistant RA. These 
levels lead to rheumatoid cachexia, where there is an increase in fat content and a decrease in lean body mass.37 These changes 
have been paradoxically associated with an increased risk of mortality from cardiovascular etiology4 (Table 2).

Figure 1 Common pathophysiological pathways between rheumatoid arthritis and metabolic disorders. 
Abbreviations: Source, self-made; TNF, tumor necrosis factor; IL-1, interleukin 1; IL-6, interleukin 6; BMD, bone mineral density; RA, rheumatoid arthritis; NF-kB, nuclear 
factor kappa B; ROS, reactive oxygen species; ACPAs, anti-citrullinated protein autoantibodies; LDL, low-density lipoproteins.
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Cardiovascular Risk
Despite that mortality figures from RA have improved, they are not entirely encouraging. A report carried out in 1953 
showed excess mortality of 29% in patients with RA.47 In 2021, these data were still worrying and showed a higher 
mortality rate in RA patients than in the general population,48 and this mortality increase is due to CVR factors.49

The pathophysiological pathways in RA cause changes in the patient’s metabolism, and CVR increases when adding 
an unhealthy lifestyle. This risk is higher in patients with RA than in the general population, and it produces major 
events, such as ischemic heart disease, heart failure, cerebrovascular events, and peripheral artery diseases.10 Therefore, 
specialists (rheumatologists, cardiologists, endocrinologists) and general practitioners should implement interventions to 
reduce CVR in these patients, such as promoting a healthy lifestyle, choosing medicines with a dual effect (to impact RA 
and metabolic alterations), and performing a proper follow-up.50

Regarding lifestyle changes, a group of randomized clinical trials called “Plants for Joints” are being developed in 
patients diagnosed with RA, based on the fact that the type of diet and obesity may contribute to the disease. In these 
studies, researchers propose to study the effects of change in lifestyle in patients with RA or at risk of RA through 
a program based on guided exercise, stress management, and better nutrition.51 These studies are promising and will 
bring more evidence to justify a healthier lifestyle in RA patients.

Risk Stratification
An important part of the approach to patients with RA and metabolic disorders is the stratification of CVR, since this is 
used to make decisions on management and follow-up.52 As seen, RA is an independent risk factor for cardiovascular 
events, so these patients are a particular population when stratifying CVR. The most recent EULAR recommendations of 
2016 continue the line of recommendations of 2009, by advising to multiply the result of the Systematic Coronary Risk 
Evaluation (SCORE) scale stratification by 1.5, in people with positive antibodies such as Rheumatoid Factor or ACPA, 
disease duration greater than 10 years or extra-articular manifestations,53 since, in some cases, the real risk presented by 
RA patients may be underestimated. In addition, for those patients with a moderate CVR, the use of non-invasive tools 
such as carotid ultrasound, which analyzes the thickness of the intima-media or ankle-arm index, looking for subclinical 
atherosclerosis, is recommended.54 In fact, disease activity has been significantly associated with high CVR in RA 
patients when reclassification was made by SCORE risk charts and carotid ultrasound.55 Ferraz-Amaro et al showed that 
in RA patients followed by 6 years, the moderate and severe disease activity levels were related to the early appearance 

Table 2 Metabolic Profiles in Different Stages of Rheumatoid Arthritis

Factor Pre-RA Early RA Highly Active RA Controlled RA Obesity in RA

Subcutaneous fat ↑ ↑ ↓↓ ↓ =

Visceral fat ↑ ↑ ↑ ↑ ↑

Muscle mass = = ↓↓ ↓ ↓

BMI ↑ ↑ ↓↓ = ↑

Triglycerides ↑ ↑ ↓ ↑ =

Total cholesterol ↑ ↑ ↓ ↑ =

LDL ↑ ↑ ↓ ↑↑ =

HDL ↓ ↓ ↑↑ ↓

piHDL, sdLDL, Lp(a) ↑ ↑ ↑ ↓ ↑

Leptin and adiponectin ratio ↑/= ↑ ↓ = ↑

Note: Adapted from Kerekes et al4 

Abbreviations: ↑↑, substantially high; ↑, high; =, unchanged; ↓, decreased; ↓↓, substantially decreased; RA, rheumatoid arthritis; BMI, body 
mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein; piHDL, Pro-inflammatory high-density lipoprotein; Lp(a), lipopro-
tein (a); sdLSL, small dense low-density lipoprotein.
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of atherosclerotic plaque, measured by carotid ultrasound, evidencing subclinical endothelial injury depending on 
patients’ proinflammatory state.56 Although most guidelines do not contemplate the evaluation of the coronary artery 
calcium score in the search for subclinical atherosclerosis, recent studies show its benefit in patients with RA as 
a stratification tool.57 Regarding the control of metabolic comorbidities in these patients, the recommendations arise 
from studies done in the general population; therefore, the EULAR guidelines suggest focusing and managing CVR in 
these patients in the same way as is done in the population without RA53,58 and emphasis should be placed on the practice 
of physical exercise depending on the functional capacity of the person.59 Table 3 compiles the most important 
recommendations on CVR management involving the EULAR guidelines and additional scientific evidence.52

Rheumatoid Arthritis and Osteoporosis
Alterations in bone composition have been strongly associated with RA,60 and research has shown that the development 
of OP in RA patients is partly caused by the pro-inflammatory state related to RA and the chronic use of some 
medications.61 These factors lead to an imbalance between the action of osteoblasts and osteoclasts that damages the 
bone structure.61 Therefore, RA patients who develop OP have an increased risk of fragility fractures and increased 
mortality.62

Many RA patients will develop OP throughout the disease.31 A study found that OP had a prevalence of 38.6%,63 and 
another study showed a prevalence of almost 30%. The incidence partly depended on the medication used; for instance, 
patients who took glucocorticoids had an incidence of 7.5 cases per 1000 person-years.31

Several risk factors for developing OP and fractures are recognized, and they can be classified them as disease and 
treatment factors. These are described below:

● ACPA: These antibodies have been proposed as active factors in bone degeneration, mainly in early RA.64 This 
hypothesis has not been confirmed conclusively because some studies have found that, although there is more 
significant compromise in bone mineral density (BMD) in patients with positive antibodies in early RA, there are no 
long-term differences in bone involvement compared to patients who have negative antibodies.65

● Activity of the Disease: The degree of RA activity is associated with more significant inflammatory alteration, 
producing high levels of inflammatory cytokines. For example, TNF and IL-6 share an osteoclast-activating effect, 
like ACPA.66 Likewise, several investigations have found an association between high levels of cytokines and lower 
BMD.67 The progression of bone loss could decrease by inhibiting these cytokines’ activity. This hypothesis has 
been tested in different studies, where biological therapies block TNF and IL-6 action and reduce bone loss, directly 
impacting the development of fractures.68

Table 3 Cardiovascular Risk Management in Rheumatoid Arthritis Patients

CVR in RA patients is higher than in the general population.
It is recommended to evaluate CVR in RA patients each year.

Patients in whom the CVR obtained from SCORE should be weighted

o Duration of the disease over 10 years
o Positive antibodies (RF, ACPA)

o Extra-articular manifestations

Diagnostic methods when screening for subclinical atherosclerosis
o Carotid ultrasound

o Ankle-brachial index

Cardiovascular risk management
o Physical exercise

o Optimal management of hypercholesterolemia, diabetes mellitus, arterial hypertension, smoking cessation, and obesity control

Note: Data from Martín-Martínez MA, González-Juanatey C, Castañeda S, et al. Recommendations for the management of cardiovascular risk in patients with 
rheumatoid arthritis: scientific evidence and expert opinion. Semin Arthritis Rheum. 2014;44(1):1–8. doi:10.1016/j.semarthrit.2014.01.002.52 

Abbreviations: CVR, cardiovascular risk; RA, rheumatoid arthritis; FR, rheumatoid factor; ACPA, anti-citrullinated protein antibody; SCORE, Systematic 
Coronary Risk Evaluation.
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● Glucocorticoids: These medicines were crucial in managing RA before disease-modifying antirheumatic drugs 
(csDMARDs) and biological disease-modifying antirheumatic drugs (bDMARDs). Glucocorticoids alter bone 
structure by promoting osteoclastic activity associated with low BMD.69

Fractures in RA Patients
There is an increased risk of fractures in RA patients, which is even higher in patients under glucocorticoid treatment; 
this condition is known as glucocorticoid-induced OP.69 A meta-analysis explored the effects of systemic glucocorticoid 
therapy on bone health in RA patients. 46,711 glucocorticoid-treated RA subjects and 857 healthy controls were 
included. Lumbar BMD (− 0.038 g/cm2; [95% CI, −0.052, − 0.024]) and femoral neck BMD (− 0.017 g/cm2; [− 
0.030, − 0.003]; 43.90%) was lower in patients receiving glucocorticoid management compared to patients without this 
medicine. The BMD-lowering effect was also associated with the daily dose administered, because patients receiving 
a dose of 5–10 mg had lower BMD than those receiving less than 5 mg. Additionally, vertebral fracture in this group of 
patients had a prevalence of 13.0% in RA patients treated with glucocorticoids.63

In another study, the incidence of general and fragility fractures in RA patients was 33.00 (95% CI: 18.39 to 59.21) 
and 15.31 (95% CI: 10.43 to 22.47) per 1000 person-years, respectively.70 Besides, it was reported that patients with RA 
had an increased risk of general (RR 1.52, 95% CI: 1.07–2.14) and fragility fractures (RR 1.61, 95% CI: 1.44–1.79). 
Fractures directly impact RA patients’ mortality since these patients have more years lived with disability, less 
physiological reserve, fragility, and immobility syndrome.71

Medicines Commonly Used in Rheumatoid Arthritis and Their Impact on 
Metabolic Comorbidities
At the beginning of the pharmacological management of RA, two essential premises must be considered: 1) csDMARD 
or bDMARDs management impacts the disease’s activity and reduces CVR. 2) The use of medicines that increase CVR 
should be avoided. The following is a short review of medicines indicated for patients with RA. We will see that some 
have dual effects that benefit the disease and comorbidities.72 However, some have beneficial effects on the disease but 
detrimental effects on metabolic abnormalities.73

Non-Steroidal Anti-Inflammatory Drugs
These medicines are used as adjuvants in acute episodes in RA patients’ pain management and have been related to an 
increase in CVR.73 Several studies have demonstrated their direct relationship with increased CVR,74 mainly due to AH 
and the development of thrombotic events, since cyclooxygenase inhibition increases coronary events mediated by 
thrombotic phenomena.75

Glucocorticoids
Although widely used in patients with RA, glucocorticoids have multiple side effects in the long term, including insulin 
resistance, because they increase hepatic gluconeogenesis and decrease insulin sensitivity in the muscle and liver.75,76 In 
some cases, they can lead to DM.74 Therefore, using the lowest effective doses in the shortest time possible is 
recommended. Metabolic effects, including dyslipidemia and AH, are linked to the use of doses higher than 7 mg. 
Although this dosage should be administered in RA for acute control of inflammatory status, assessing metabolic risk is 
critical when used chronically.74

Antimalarial Drugs, Conventional Synthetic DMARDs, and Small Molecules
Hydroxychloroquine
Hydroxychloroquine improves insulin resistance. In addition, regarding the risk of developing DM, a long-term study 
with a large sample of patients found a reduction in the development of DM (HR: 0.62; CI 95%: 0.42–0.92) with a dose– 
response effect.77 Furthermore, the RA patients’ follow-up has shown that these drugs significantly reduce glycated 
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hemoglobin levels by more than 50%.78 Besides, it impacts fat metabolism, improving the lipid panel, specifically total 
cholesterol and low-density lipoprotein levels.77

Methotrexate
It seems methotrexate positively affects CVR by reducing metabolic syndrome risk and blood glucose levels. A study 
found it is a protective factor in reducing blood sugar in RA patients (OR: 0.517; 95% CI: 0.33–0.81; P=0.004).79 

A meta-analysis found methotrexate is a protective factor (RR 0.48) for developing DM in RA patients under this 
treatment when compared with patients that did not take this medicine.44 In addition, this medicine decreases the 
development of CVD by more than 20%.80 A recently published study found that patients on methotrexate treatment had 
a lower vascular age than those who were not receiving this treatment.81 These results suggest benefits in reducing 
cardiovascular risk in these patients. Furthermore, a recent meta-analysis showed that methotrexate significantly reduced 
mortality in RA patients (HR: 0.59, 95% CI: 0.50–0.71, P < 0.001). Also, its use was independently associated with 
a decrease in CVD mortality (HR: 0.72, 95% CI: 0.53–0.97, P = 0.031).82

Leflunomide
Safety data about leflunomide are inconclusive. Some guidelines do not recommend it as a first line in patients with 
coexisting AH because it could cause a decrease in artery distensibility with the consequent blood pressure increase.83 

Remarkably, some studies are contradictory. For instance, the study by Rho et al showed that although leflunomide does 
not significantly impact CVR reduction in patients with RA, it decreases glucose levels.84 On the other hand, the study by 
Naranjo et al showed that prolonged exposure to leflunomide (HR: 0.59; 95% CI: 0.43–0.79) was associated with 
a reduced risk of cardiovascular morbidity. Also, the potential benefit of decreasing CVR in patients receiving this 
medicine along with TNF-α inhibitors has been mentioned.85

Sulfasalazine
It works as an inhibitor of NF-kB, leading to suppression in the production of TNF-α.86 A decrease in CVR has been 
observed when using this drug in the long term, unrelated to AH, DM, and hypercholesterolemia. These effects are the 
same when used with other drugs.83

Janus Kinase Inhibitors
They act on JAK-1, which activates pro-inflammatory cytokines, such as IL-6.87 It has been observed that this pharmaco-
logical group alters the lipid profile; however, no long-term studies assess if these alterations increase CVR.88 Besides, it has 
been suggested that its action can generate weight gain in people receiving these medicines. Nevertheless, it has also been 
considered potential management for obesity. However, the information is not conclusive.87

However, a recent clinical trial compared outcomes in RA patients receiving combined doses of tofacitinib with 
patients under a TNF-α inhibitor in a population with high CVR. Thus, it found that the risks of major adverse 
cardiovascular events and cancer were higher with tofacitinib and did not meet the non-inferiority criteria. As a result, 
FDA (Food and Drug Administration) issued a safety statement, saying that patients receiving this treatment should be 
adequately stratified.89

Biologic DMARDs (bDMARDs)
Substantial evidence was found about the possible beneficial effects of bDMARDs in patients with autoimmune 
rheumatic diseases, specifically RA. It seems that bDMARDs, some more than others, alter the lipid profile in RA 
patients but do not negatively affect, in most cases, the total cholesterol/HDL ratio. Additionally, favorable effects on 
arterial stiffness and endothelial function were observed. These effects are related to a lower risk of cardiovascular 
events, which can be seen in observational studies of RA patients treated with bDMARDs. Noteworthy, more data is 
available about TNF-α inhibitors than other bDMARDs, such as tocilizumab, abatacept, and rituximab.90

Tocilizumab (Anti-IL-6)
Its mechanism of action focuses on the inhibition of IL-6. Initially, some trials found alteration in the lipid profile, mainly 
an increase in LDL cholesterol91; however, the IL-6 pathway is strongly implicated with the development of 
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atherogenesis, so meta-analyses of randomized controlled trials have shown a decrease in major cardiovascular events in 
patients in whom tocilizumab is administered.92 Indeed, in a recent network meta-analysis, tocilizumab was shown to 
have safe cardiovascular outcomes compared with other bDMARDs.93 Moreover, although the mentioned increase in 
LDL cholesterol has been demonstrated, an increase in HDL cholesterol efflux capacity, as well as a reduction in 
lipoprotein (Lp)(a) serum concentration levels, has been found in RA patients under long-term treatment with 
tocilizumab.94

Anti-TNF Biologics
Research has shown that using these drugs in refractory diseases decreases overall and cardiovascular mortality because 
they appear to halt the progression of atherosclerosis by impacting endothelial function. In addition, recent studies have 
shown beneficial effects on the development of insulin resistance and DM.21

Remarkably, TNF-α inhibitors can inhibit receptors like TNFR2 more than TNFR1. TNFR2 is primarily 
a cardioprotective receptor and its increased inhibition results in cardiovascular morbidity associated with TNF-α 
inhibitors. That is why they have been involved in deteriorating patients with heart failure.95 However, other studies 
have shown that anti-TNF therapy reduces subclinical myocardial inflammation and improves cardiovascular function in 
patients with rheumatic diseases, including RA.96 Additionally, it has been demonstrated that TNF-α blocking agents 
may be related to reduced risk of cardiovascular events compared to non-biological DMARDs.97

Abatacept
It is a selective modulator of co-stimulation (selective CD80 and CD86 ligand) that interferes with the immune activity of 
T cells. Regarding glucose metabolism, recently, it has been reviewed the preclinical evidence supporting a possible role 
of T lymphocytes in insulin resistance in RA and how abatacept might improve glucose metabolism by suppressing 
infiltrating cells from adipose tissue.98 From a cardiovascular point of view, a study evaluated the incidence of CVD from 
1998 to 2017, involving 18,754 patients with RA. It is shown that the use of abatacept and anti-TNF was related to 
a decrease in CVR compared to csDMARDs.72

On the other hand, a cohort in Taiwan evaluated 1584 RA patients who did not respond to anti-TNF, and it showed 
that those who received second-line tocilizumab or abatacept had better results in preventing cardiovascular events 
compared to those who received rituximab.99 Additionally, another study evaluated more than 10,000 RA patients from 
a North American registry, and it was found that abatacept contributed to a 20% risk reduction of CVD compared to anti- 
TNF.100 Furthermore, a study sought to assess the impact of BMI and the efficacy and retention of abatacept during 6 
months in RA patients who had not received any biological treatment. It was found that BMI does not affect clinical 
response or abatacept retention.101

Rituximab
Rituximab is a monoclonal antibody that binds to the CD20 antigen to interfere with B lymphocyte function. A study 
evaluated RA patients treated with rituximab showed a significant increase in the outflow capacity of high-density 
lipoprotein cholesterol at 52 follow-up weeks.102 Another study evaluated 55 women with RA, reporting that rituximab 
treatment potently suppresses systemic inflammation, improves the lipid profile and atherogenicity index of plasma, 
decreases carotid intima-media thickening, and improves the elastic properties of arteries in RA patients without 
cardiovascular disease.103 Additionally, another study evaluated 20 RA patients after 6 months of receiving rituximab 
treatment, and it found an improvement in macrovascular and microvascular endothelial function and a reduction of 
systemic inflammation. However, there was a modest but significant increase in lipids (cholesterol and triglycerides).104 

On the contrary, some published clinical cases showed that rituximab could induce cardiovascular events (which can be 
severe), usually in the first infusion but also in subsequent infusions. Although myocardial infarction remains a rare 
complication after rituximab infusion and often occurs in people with previous cardiovascular disease, it has been 
suggested that patients presenting clinical symptoms of ischemic heart disease should be closely analyzed to avoid such 
complications.105
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Conclusion
Patients with RA have an increased risk of developing metabolic disorders, which represents an increased risk of both 
developing and dying from CVD. Research has recognized that both RA and metabolic disorders share pathophysiolo-
gical mechanisms that have an additive effect that increases CVR. Additionally, some drugs used in the treatment of RA 
also increase the risk of CVD. In contrast, there are other drugs that could have a protective effect. There is evidence of 
some gaps in the staging of CVR in these patients, so new research is needed to clarify how to approach this risk and thus 
have a direct impact on mortality.
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