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Abstract: Rheumatoid arthritis (RA) is associated with increased cardiovascular morbidity and mortality, 

which is believed to be due to accelerated atherosclerosis and systemic inflammation. Adiposity has emerged 

as a critical feature of metabolic syndrome, which is strongly linked with cardiovascular disease (CVD). To 

establish a comprehensive management approach to control the cardiovascular risk in RA, a tight control of 

both RA and metabolic syndrome-related inflammation is mandatory. Adipose tissue is a dynamic organ that 

releases several inflammatory and immune mediators, including adipokines that contribute to inflammation 

resolution and have beneficial effects on obesity-linked metabolic disorders. This review examines the 

relationship between adiposity, joint and systemic inflammation, and the risk of metabolic syndrome in RA, 

as well as the pre-clinical markers of atherosclerosis that occur early in the disease. The authors also explore 

the importance of traditional cardiovascular risk factors, parameters of RA severity, and metabolic syndrome 

in predicting CVD. It highlights the role of Metabolic syndrome (MetS) as a cluster of cardiovascular disease 

risk factors and its prevalence in the general population and RA patients. Therefore, a better understanding of 

the pathophysiology underlying the link between adiposity, inflammation, and metabolic syndrome is 

essential for the development of combined, optimized approaches for preventing and managing the increased 

cardiovascular risk in RA patients. 
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Introduction  

Rheumatoid arthritis (RA) pathobiology seems to share some common pathways with atherosclerosis, 

including endothelial dysfunction which is related to underlying chronic inflammation and presents in the 

early phases of the disease [1–4]. A possible aggravating risk is represented by the co-existence of a metabolic 

syndrome (MetS), characterised by a combination of various risk factors that imply additional cardiovascular 

morbidity that is greater than the sum of the risks associated with each individual component. Several studies 

have demonstrated that inflammatory processes are involved in the pathogenesis of the metabolic syndrome. 

On the other hand, there is evidence that components of cardiovascular (CV) risk increase the inflammatory 

burden in RA. 
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Cardiovascular risk in RA  

A recent, Dutch, cross-sectional study found that age- and gender-adjusted odds ratios for CV diseases derived 

from these cohorts were 3.1 for RA patients and 2.3 for individuals with type 2 diabetes (T2DM) with respect 

to healthy subjects, indicating that the CV risk in RA is comparable to diabetes, one of the most relevant CV 

risk factors. It also showed a prevalence of CV events (coronary, cerebral and peripheral arterial diseases) of 

13% in non-diabetic RA patients, 12% in subjects with T2DM and 5% in non-diabetic individuals [5]. The 

expected life span of patients with RA is known to be shorter than in healthy controls [6], with a standardized 

overall mortality ratio of between 1.3 and 3 compared to the general population [7], and it is well recognised 

that, as in the general population, cardiovascular diseases are the leading cause of death. Large 

epidemiological studies from the last several decades have confirmed that patients with RA are 30 to 60% 

more likely to suffer a CV event than subjects from the general population [1, 7]. To assess the incidence of 

CV events, the Dutch authors prospectively followed two cohorts of 263 non diabetic RA patients and 1492 

non diabetic individuals for 3 years [8, 9] and they confirmed that patients with RA have about a 2–fold higher 

CV diseases risk than the general population. The magnitude of the increased CV risk occurred was at least 

as that of T2DM patients, and this confirmed the previous data in the literature [10]. Histological data provided 

evidence that coronary arteries from autopsied RA patients have more inflammation in the media and 

adventitia and more fragile atherosclerotic plaques, but less atherosclerosis, when compared to coronary 

arteries from age-and sexmatched controls who died from CV diseases. Despite this, the number of acute 

coronary lesions and grades of stenosis were similar [11, 12, 13]. A possible interpretation of these differences 

is that the mechanisms responsible for cardiovascular morbidity and mortality are likely to be different in 

patients with RA.  

When comparing the dramatic improvements in the overall mortality rates of the general U.S. population 

(from 1.0–1.2 to 0.2–0.3), it seems that RA patients have not experienced improvements in survival over the 

past 4 decades (1965–2005 mortality rates: 2.4–2.5) despite the progress made in the diagnosis and therapy 

of RA. Clear-cut data suggest that there is a widening mortality gap between RA patients and the general 

population [14]. In agreement with this analysis, a retrospective population-based cohort study suggested that, 

even at the moment of RA diagnosis, the absolute CV risk in RA patients was similar to that of subjects 

without RA who were 5–10 years older [15]. These data suggest that mortality has not really been modified 

during the past 50 years [16]. Of note, we must take into account that most of these studies considered patients 

with a diagnosis made before the 1990s, when diseasemodifying anti-rheumatic drugs (DMARDs) were 

poorly prescribed and only minimal attention was paid to the control of inflammation and the prevention of 

cardiovascular events.  

It will certainly be interesting to assess the effects of an early diagnosis, of a “tight control” of disease activity 

and of the new therapies, in particular of the biological drugs, on CV risk. In agreement with the hypothesis 

that control of CV risk relies on better disease activity control, preliminary evidence reports an improvement 

of overall cause mortality, and also of CV mortality, when patients were treated very early on [17] and with a 

more aggressive therapy [18, 19]. The conclusions are still controversial and more data are really needed, 

especially because a very recent report showed that the risk of cardiovascular events and survival in patients 

who received TNF-α antagonists was not different from those who received other DMARDs (with a CV 

morbidity of 38% in both groups) [20]. The strength of this work was that it was conducted in a cohort of 

about 20’800 U.S. veterans who were diagnosed with RA over a period of seven years, although the bias is 

that the data were collected retrospectively from an administrative registry. Data from further prospective 

longterm studies and in early arthritis registries could really help to elucidate this fundamental issue.  
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Cardiovascular risk factors in RA are not the same as for the general population.  

Hypertension, diabetes mellitus or hyperlipidemia levels among RA patients are similar to the general 

population. Gonzalez et al [32] found that, with the exception of smoking which also increases the 

susceptibility to RA, the distribution of the other traditional CV risk factors does not appear to differ between 

RA patients, at the time of the RA onset, and non-RA people. As the prevalence of traditional CV risk factors 

does not seem to account for the increased risk of CV morbidity and mortality in RA patients, the logical 

conclusion should be that several RA-related risk factors have to play a crucial role in the course of the 

disease. These factors certainly include a diminished exercise capacity, but also the possible iatrogenic effects 

of therapeutic interventions and chronic inflammation. Since it is well known that disability, as measured by 

the Health Assessment Questionnaire (HAQ), is a predictor of both overall and cardiovascular mortality [33], 

the takehome message should be that HAQ remission should be included among the major outcomes for 

defining remission in all RA cohorts. All the evidence supports the concept that chronic inflammation 

characterising RA plays a key role in accelerating atherosclerosis [34, 35]. CV disease mortality is higher in 

patients with more widespread disease and high levels of systemic inflammation markers [11], and Provan et 

al showed that patients with active RA, but not those in remission, had significantly increased levels of CVD 

risk markers (NT-proBNP, hypertension, total cholesterol, reactive hyperaemia index (RHI), measures of 

arterial stiffness and intima media thickness) than the control group [26]. These results indirectly support the 

notion that remission in RA allows diminished cardiovascular morbidity. The remaining open question is 

when and how we can define remission in a RA patient. It has previously been said that the increased risk of 

heart disease precedes the clinical onset of rheumatoid arthritis [11], suggesting that other factors (e.g., 

environmental or genetic), in addition to those described above, may contribute to this early risk. In this 

regard, it has already been demonstrated that there is a pre-clinical phase of RA during which inflammatory 

activity and serological and autoimmune disturbances occur [27], thus triggering the CV risk, and that there 

may be a consistent delay between the onset of the first RA symptom, diagnosis and the start of an effective 

therapy. These findings suggest that an untreated systemic inflammation can induce damage to the CV system 

before it affects the joints, and most importantly that chronic exposure to systemic inflammation increases the 

risk of CVD [3].  

The specific background of RA is clear when one considers that a lower body mass index is also associated 

with a higher CV mortality in RA, which is very likely related to the increased inflammatory cytokines 

inducing a catabolic state: the so-called rheumatoid cachexia [36]. To demonstrate that there are important 

and independent RA-related factors contributing to the CV risk, Solomon et al evaluated both traditional CV 

risk factors and parameters of RA severity (long disease duration, modified HAQ score, Clinical Disease 

Activity Index-CDAI, seropositivity, radiographic joint erosions, subcutaneous rheumatoid nodules and 

previous joint replacement) at baseline in predicting CV events. In this large cohort of patients the authors 

showed that traditional CV and RA related factors were independent predictors of CV diseases and that the 

risk increased with the number of both types of parameters [37].  

Metabolic syndrome and cardiovascular risk  

Metabolic syndrome (MetS) represents a cluster of cardiovascular disease risk factors that have insulin 

resistance and increased visceral adiposity in common. This entity has received great attention as the best 

known predisposing setting for the development of CV morbidity [38] and represents a condition which has 

been defined, by the National Cholesterol Education Program’s Adult Treatment Panel III Report (NCEP ATP 

III) from the National Institute of Health, as the situation in which three of five characterist-ics are present, 

including obesity, elevated triglyceride, low level of high density lipoproteins (HDL) cholesterol, high systolic 
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and diastolic blood pressure, and elevated fasting glucose [39]. The prevalence of MetS in the general 

population varies between 17 and 43 % [41, 42] and increases with age. In our cohort of RA patients receiving 

anti-TNF it was 27%. The MetSassociated increase in CV disease morbidity may depend on the definition 

used and a recent study showed that CV disease prevalence was more pronounced when the NCEP ATP III 

and the AHA/NHLBI criteria or MetSyn were used [42]. A recent systematic review and metaanalysis of the 

literature, involving more than 950’000 patients, has shown that metabolic syndrome is associated with a 2-

fold increased risk of cardiovascular disease, CV mortality, myocardial infarction and stroke [43]. These data 

are even stronger when considering that the CV risk associated with MetS remains the same when patients 

with type 2 diabetes mellitus are excluded from the analyses. As a whole, MetS is a risk for higher 

inflammation, higher CV risk and persistence of active disease [44–49]. Table 1. Presents the demographics 

and metabolic components of the patients  

Table 1. Demographics and Metabolic Components of the patients  

Demographics and Metabolic 

Components  

Patients  Females  Males  

Age (years)  45.5 ± 13  45.3 ± 13  46.5 ± 16  

Systolic blood pressure (mmHg)  115 ± 19  116 ± 19  112 ± 13  

Diastolic blood pressure (mmHg)  75.1 ± 9  75.5 ± 9  72 ± 9  

Weight (kg)  66.9 ± 12  66.4 ± 11  71.5 ± 18  

Belt circumference (cm)  92.3 ± 14  91.7 ± 13  97.4 ± 20  

BMI (kg/m2)  26.8 ± 4  27 ± 4  25.1 ± 4  

FBS (mg/dL)  99.5 ± 40  100.1 ± 43  95.1 ± 14  

TG (mg/dL)  105 ± 36  133.4 ± 98  113 ± 61  

Cholesterol (mg/dL)  202 ± 180  195 ± 41  176 ± 35  

LDL-C (mg/dL)  117 ± 36  116.2 ± 37  122 ± 23  

HDL-C (mg/dL)  46.6 ± 11  47.7 ± 11  38.6 ± 11  

Smoking (%)  7.2%  5.1%  22.3%  

MetS (IDF)(%)  31.4%  42.7%  29.1%  

MetS (NCEP–ATP III)(%)  46.7%  39.2%  29.7%  

Adiposity and joint inflammation  

Being overweight is a major component of MetS and is associated with an adverse cardiovascular risk profile, 

characterized by hypertension, insulin resistance and an atherogenic lipid profile. In addition, there is a 

continuous relationship between BMI and risk of death from coronary artery diseases in middle-aged adults 

[44]. Obesity is now regarded as a systemic, low-grade inflammatory state, characterized by elevated 

circulating levels of Creactive protein, TNF-α, IL-6 and PAI-1 [51]. Obesity is also a recognized risk factor 

for osteoarthritis and it is thought to be an additive risk for long standing RA [52], while there is a debate as 

to the possibility that obesity protects the joints in the early years of the disease [53].  

Biological data have certainly clarified that adipose tissue is a dynamic endocrine organ that releases several 

bioactive substances, in common with inflammatory diseases such as RA, including some pro-inflammatory 

cytokines like TNF-α and IL-6, and specific cytokines, termed adypokines. These include adiponectin, leptin, 

resistin and visfatin, some of which promote inflammatory responses and metabolic dysfunction, and others 

which contribute to the resolution of inflammation and have beneficial effects on obesity-linked metabolic 

disorders [54]. One adipokine which gained upmost importance just recently has been chemerin, which plays 
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a critical role in adipogenesis. Through its receptor ChemR23 it can amplify inflammation and lead to 

cartilage damage. In obese people it has been shown that adipose tissue presents more inflammatory infiltrate 

than normal-weight people and is characterised by different regulatory mechanisms and cytokine pattern 

production [55]. This implies that pro-inflammatory cytokines and adipokines can affect metabolic 

dysfunction and CV risk on the one hand, and rheumatoid arthritis on the other one. In this regard, an Italian 

retrospective study first described an approximately 3–fold lower chance to achieve remission in RA, obese 

patients receiving anti-TNF therapy than in normal-weight RA patients [56]. These data were confirmed by a 

recent prospective study showing that a high body mass index (BMI) was associated with a poor response to 

infliximab [57], a drug whose dose should still be proportional to body weight, supporting the fact that adipose 

tissue may be involved in the pathophysiology of RA. If we consider that obese patients are at increased risk 

of developing RA, with an adjusted odds ratio of 3.74 [58], then we may conclude that an obese RA patient 

does have more inflammation than the same RA in a non-obese patient.  

Conclusions  

In view of the role of adipokines in inflammatory arthritis and the potential modulatory role of TNF on 

adipokines, some studies have tested the effect of TNF blockade on the plasma levels of some of these 

adipokines in patients with RA. In particular, with regard to adiponectin, five studies have found that short or 

long-term TNF blockade had no  

influence on circulating levels of this cytokine [117], while four showed an increase of adiponectin after anti-

TNF administration [118–119]. Additionally, four studies on leptin [120] and one on visfatin [121] showed 

no changes in plasma concentrations of these adipokines and one study described a decrease of resistin 

following anti-TNF therapy [122– 124]. Only one study showed that a TNFa blocker decreased chemerin 

levels [115].  

The conclusion at this moment is that the biological role of adipokines is not entirely understood, The evidence 

that obesity represents a negative biomarker for TNFα blockerstreated patients to reach low disease activity 

or remission, suggests that it represents an amplifying loop on the course of RA. Only an adequate control of 

obesity and MetS seems to guarantee full control of the systemic inflammation and, as such, of the related 

CV risk.  

References  

Avina-Zubieta JA, Choi HK, Sadatsafavi M, Etminan M, Esdaile JM, Lacaille D. Risk of cardiovascular 

mortality in patients with rheumatoid arthritis: a meta-analysis of observational studies. Arthritis 

Rheum 2008;59:1690–7.  

Gabriel SE. Heart disease and rheumatoid arthritis: understanding the risk. Ann Rheum Dis 

2010;69(Suppl):i61–4.  

Ku IA, Imboden JB, Hsue PY, Ganz P. Rheumatoid arthritis: model of systemic inflammation driving 

atherosclerosis. Circ J 2009;73:977–85.  

Bartoloni E, Alunno A, Bistoni O, Gerli R. How early is the atherosclerotic risk in rheumatoid arthritis? 

Autoimm Rev 2010;9:701–7.  



Rubbert-Roth A (2022) 

 

6 
International Journal of Interdisciplinary Research in Medical and health sciences | 

https://sadipub.com/Journals/index.php/ijirmhs 

 

Watson DJ, Rhodes T, Guess HA. All-cause mortality and vascular events among patients with rheumatoid 

arthritis, osteoarthritis, or no arthritis in the UK General Practice Research Database. J Rheumatol 

2003;30:1196–202.  

Wolfe F, Mitchell DM, Sibley JT, Fries JF, Bloch DA, Williams CA, et al. The mortality of rheumatoid 

arthritis. Arthritis Rheum 1994;37:481–94.  

Naranjo A, Sokka T, Descalzo MA, Calvo-Alén J, Hørslev-Petersen K, Luukkainen RK, et al. Cardiovascular 

disease in patients with rheumatoid arthritis: results from the QUESTRA study. QUEST-RA 

GroupArthritis Res Ther 2008;10:R30.  

van Halm VP, Peters MJ, Voskuyl AE, Boers M, Lems WF, Visser M, et al. Rheumatoid arthritis versus 

diabetes as a risk factor for cardiovascular disease: a cross-sectional study, the CARRÈ Investigation. 

Ann Rheum Dis 2009;68: 1395–400.  

Peters MJ, van Halm VP, Voskuyl AE, Smulders YM, Boers M, Lems WF, et al. Does rheumatoid arthritis 

equal diabetes mellitus as an independent risk factor for cardiovascular disease? A prospective study. 

Arthritis Rheum 2009;61:1571–9.  

Ferraccioli G, Gremese E. Autoantibodies and thrombophilia in RA: TNFα and TNFα blockers. Ann Rheum 

Dis 2004;63:613–5.  

Maradit-Kremers H, Crowson CS, Nicola PJ, Ballman KV, Roger VL, Jacobsen SJ, et al. Increased 

unrecognized coronary heart disease and sudden deaths in rheumatoid arthritis: a population-based 

cohort study. Arthritis Rheum 2005;52: 402–11.  

Gabriel SE. Cardiovascular morbidity and mortality in rheumatoid arthritis. Am J Med 2008;121:S9–S14.  

Aubry MC, Maradit-Kremers H, Reinalda MS, Crowson CS, Edwards WD, Gabriel SE. Differences in 

atherosclerotic coronary heart disease between subjects with and without rheumatoid arthritis. J 

Rheumatol 2007;34:937–42.  

Gonzalez A, Maradit Kremers H, Crowson CS, Nicola PJ, Davis JM, Therneau TM, et al. The widening 

mortality gap between rheumatoid arthritis patients and the general population. Arthritis Rheum 

2007;56:3583–7.  

Kremers HM, Crowson CS, Therneau TM, Roger VL, Gabriel SE. High ten-year risk of cardiovascular 

disease in newly diagnosed rheumatoid arthritis patients: a population-based cohort study. Arthritis 

Rheum 2008;58:2268–74.  

Meune C, Touzé E, Trinquart L, Allanore Y. Trends in cardiovascular mortality in patients with rheumatoid 

arthritis over 50 years: a systematic review and metaanalysis of cohort studies. Rheumatology 

2009;48:1309–13.  

Peltomaa R, Paimela L, Kautiainen H, Leirisalo-Repo M. Mortality in patients with rheumatoid arthritis 

treated actively from the time of diagnosis. Ann Rheum Dis 2002;61:889–94.  



Rubbert-Roth A (2022) 

 

7 
International Journal of Interdisciplinary Research in Medical and health sciences | 

https://sadipub.com/Journals/index.php/ijirmhs 

 

Carmona L, Descalzo MA, Perez-Pampin E, Ruiz-Montesinos D, Erra A, Cobo T, et al. All-cause and cause-

specific mortality in rheumatoid arthritis are not greater than expected when treated with tumor 

necrosis factor antagonists. And the BIOBADASER and EMECAR GroupsAnn Rheum Dis 

2007;66:880–5.  

Greenberg JD, Kremer JM, Curtis JR, Hochberg MC, Reed G, Tsao P, et al. Tumour necrosis factor antagonist 

use and associated risk reduction of cardiovascular events among patients with rheumatoid arthritis 

on behalf of the CORRONA InvestigatorsAnn Rheum Dis:  

Tumour necrosis factor antagonist use and associated risk reduction of cardiovascular events among patients 

with rheumatoid arthritis; Nov. 24 2010 [Epub ahead of print].  

Al-Aly Z, Pan H, Zeringue A, Xian H, McDonald JR, El-Achkar TM, et al. Tumor necrosis factor-α blockade, 

cardiovascular outcomes, and survival in rheumatoid arthritis. Transl Res 2011;157:10–8.  

Gonzalez A, Maradit Kremers H, Crowson CS, Ballman KV, Roger VL, Jacobsen SJ, et al. Do cardiovascular 

risk factors confer the same risk for cardiovascular outcomes in rheumatoid arthritis patients as in non-

rheumatoid arthritis patients? Ann Rheum Dis 2008;67:64–9.  

Turesson C, Matteson EL. Cardiovascular risk factors, fitness and physical activity in rheumatic diseases. 

Curr Opin Rheumatol 2007;19:190–6.  

Atzeni F, Turiel M, Caporali R, Cavagna L, Tomasoni L, Sitia S, et al. The effect of pharmacological therapy 

on the cardiovascular system of patients with systemic rheumatic diseases. Autoimm Rev 2010;9:835–

9.  

Ferraccioli G, Gremese E. Thrombogenicity of TNF alpha in rheumatoid arthritis defined through biological 

probes: TNF alpha blockers. Autoimmun Rev 2004 Jun;3:261–6. [25] Abou-Raya A, Abou-Raya S. 

Inflammation: a pivotal link between autoimmune diseases and atherosclerosis. Autoimmun Rev 

2006;5:331–7.  

Provan SA, Semb AG, Hisdal J, Stranden E, Agewall S, Dagfinrud H, et al. Remission is the goal for 

cardiovascular risk management in patients with rheumatoid arthritis: a crosssectional comparative 

study. Ann Rheum Dis Feb. 2 2011 [Epub ahead of print].  

Kokkonen H, Soderstrom I, Rocklov J, Hallmans G, Lejon K, Rantapaa-Dalqvist S. Upregulation of cytokines 

and chemochines predates the onset of rheumatoid arthritis. Arthritis Rheum 2010;62:383–91.  

Escalante A, Haas RW, del Rincon I. Paradoxical effect of body mass index on survival in rheumatoid arthritis: 

role of comorbidity and systemic inflammation. Arch Intern Med 2005;165:1624–9.  

Solomon DH, Kremer J, Curtis JR, Hochberg MC, Reed G, Tsao P, et al. Explaining the cardiovascular risk 

associated with rheumatoid arthritis: traditional risk factors versus markers of rheumatoid arthritis 

severity. Ann Rheum Dis 2010;69: 1920–5.  



Rubbert-Roth A (2022) 

 

8 
International Journal of Interdisciplinary Research in Medical and health sciences | 

https://sadipub.com/Journals/index.php/ijirmhs 

 

Hu G, Qiao Q, Tuomilehto J, Balkau B, Borch-Johnsen K, Pyorala K. Prevalence of the metabolic syndrome 

and its relation to all cause and cardiovascular mortality in nondiabetic European men and women. 

Arch Int Med 2004;164:1066–76.  

National Institutes of Health. Third report of the national cholesterol education program expert panel on 

detection, evaluation, and treatment of high blood cholesterol in adults (adult treatment panel III). 

Bethesda, Md: National Institutes of Health; 2001. NIH Publication 013670.  

Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic syndrome among US adults. Findings from the 

third National Health and Nutrition Examination Survey. JAMA 2002;287:356–9.  

Bonora E, Kiechl S, Willeit J, Oberollenzer F, Egger G, Bonadonna RC, et al. Metabolic syndrome: 

epidemiology and more extensive phenotypic description. Cross-sectional data from the Bruneck 

study. Int J Obes Relat Metab Disord 2003;27:1283–9.  

Athyros VG, Ganotakis ES, Elisaf MS, Liberopoulos EN, Goudevenos IA. Prevalence of vascular disease in 

metabolic syndrome using three proposed definitions. For the GREECEMETS Collaborative GroupInt 

J Cardiol 2007;117:204–10.  

Mottillo S, Filion KB, Genest J, Joseph L, Pilote L, Poirier P, et al. The metabolic syndrome and 

cardiovascular risk a systematic review and meta-analysis. J Am Coll Cardiol 2010;56:1113–32.  

Pereira RM, de Carvalho JF, Bonfá E. Metabolic syndrome in rheumatological diseases. Autoimmun Rev 

2009;8:415–9.  

Karvounaris SA, Sidiropoulos PI, Papadakis JA, Spanakis EK, Bertsias GK, Kritikos HD, et al. Metabolic 

syndrome is common among middle-to-older-age Mediterranean patients with rheumatoid arthritis 

and correlaes with disease activity: a retrospective, crosssectional, controlled study. Ann Rheum Dis 

2007;66:28–33.  

Chung CP, Oeser A, Solus JF, Avalos I, Gebretsadik T, Shintani A, et al. Prevalence of the metabolic syndrome 

is increased in rheumatoid arthritis and is associated with coronary atherosclerosis. Atherosclerosis 

2008;196:756–63  

Prospective Studies Collaborations. Body-mass index and cause-specific mortalityin 900 000 adults: 

collaborative analyses of 57 prospective studies. Lancet 2009;373: 1083–96.  

UN Das. Is obesity an inflammatory condition? Nutrition 2001;17:953–66.  

Ouchi N, Parker JL, Lugus JJ, Walsh K. Adipokines in inflammation and metabolic disease. Nat Rev Immunol 

2011;11:85–97.  

Sopasakis VR, Nagaev I, Smith U. Cytokine release from adipose tissue of nonobese individuals. Int J Obes 

2005;29:1144–7.  



Rubbert-Roth A (2022) 

 

9 
International Journal of Interdisciplinary Research in Medical and health sciences | 

https://sadipub.com/Journals/index.php/ijirmhs 

 

Ferraccioli G, Trotta F, Punzi L, Ferri C, Sarzi Puttini PC, Bambara LM, et al. Body weight and response to 

biologicals in rheumatoid arthritis and spondylarthritis. Obesity reduces the rate of remission-

response. [Abstract]The Annual European Congress of RheumatologyGISEA registry June 2010 Italy, 

Rome.  

Klaasen R, Wijbrandts CA, Gerlag DM, Tak PP. Body mass index and clinical response to infliximab in 

rheumatoid arthritis. Arthritis Rheum 2011;63:359–64.  

Symmons DP, Bankhead CR, Harrison BJ, Brennan P, Barrett EM, Scott DG, et al. Blood transfusion, 

smoking, and obesity as risk factors for the development of rheumatoid arthritis: results from a primary 

care-based incident case–control study in Norfolk, England. Arthritis Rheum 1997;40:1955–61.  

Hotamisligil GS, Budavari A, Murray D, Spiegelman BM. Reduced tyrosine kinase activity of the insulin 

receptor in obesity-diabetes. Central role of tumor necrosis factoralpha. J Clin Invest 1994;94:1543–

9.  

Hotamisligil GS, Peraldi P, Budavari A, Ellis R, White MF, Spiegelman BM. IRS-1- mediated inhibition of 

insulin receptor tyrosine kinase activity in TNF-alpha- and obesityinduced insulin resistance. Science 

1996;271:665–8.  

Uysal KT, Wiesbrock SM, Marino MW, Hotamisligil GS. Protection from obesityinduced insulin resistance 

in mice lacking TNF-α function. Nature 1997;389: 610–4. [49] Dominguez H, Storgaard H, Rask-

Madsen C, Steffen Hermann T, Ihlemann N, Baunbjerg Nielsen D, et al. Metabolic and vascular effects 

of tumor necrosis factor-α blockade with etanercept in obese patients with type 2 diabetes. J Vasc Res 

2005;42:517–25. [50] Stanley TL, Zanni MV, Johnsen S, Rasheed S, Makimura, Lee H, et al. TNF-α 

antagonism with Etanercept decreases glucose and increases the proportion of high molecular weight 

adiponectin in obese subjects with features of the metabolic syndrome. J Clin Endocrinol Metab 

2011;96:E146–50.  

Gonzalez-Gay MA, Gonzalez-Juanatey C, Vazquez-Rodriguez TR, Miranda-Filloy JA,  

Llorca J. Insulin resistance in rheumatoid arthritis: the impact of the anti-TNFalpha therapy. Ann NY Acad 

Sci 2010;1193:153–9.  

Ursini F, Naty S, Grembiale RD. Infliximab and insulin resistance. Autoimmun Rev 2010;9:536–9.  

Chia S, Qadan M, Newton R, Ludlam CA, Fox KA, Newby DE. Intra-arterial tumor necrosis factor-alpha 

impairs endothelium-dependent vasodilatation and stimulates local tissue plasminogen activator 

release in humans. Arterioscler Thromb Vasc Biol 2003;23:695– 701.  

Hürlimann D, Forster A, Noll G, Enseleit F, Chenevard R, Distler O, et al. Antitumor necrosis factor-alpha 

treatment improves endothelial function in patients with rheumatoid arthritis. Circulation 

2002;106:2184–7.  



Rubbert-Roth A (2022) 

 

10 
International Journal of Interdisciplinary Research in Medical and health sciences | 

https://sadipub.com/Journals/index.php/ijirmhs 

 

Gonzalez-Juanatey C, Testa A, Garcia-Castelo A, Garcia-Porrua C, Llorca J, GonzalezGay MA. Active but 

transient improvement of endothelial function in rheumatoid arthritis patients undergoing long-term 

treatment with anti-tumor necrosis factor alpha antibody. Arthritis Rheum 2004;51:447–50.  

Cardillo C, Schinzari F, Mores N, Mettimano M, Melina D, Zoli A, et al. Intravascular tumor necrosis factor 

alpha blockade reverses endothelial dysfunction in rheumatoid arthritis. Clin Pharmacol Ther 

2006;80:275–81.  

Fried SK, Bunkin DA, Greenberg AS. Omental and subcutaneous adipose tissues of obese subjects release 

interleukin-6: depot difference and regulation by glucocorticoid. J Clin Endocrinol Metab 

1998;83:847–50.  

Nishida H, Horio T, Suzuki Y, Iwashima Y, Tokudome T, Yoshihara F, et al. Interleukin-6 as an independent 

predictor of future cardiovascular events in high-risk Japanese patients: comparison with C-reactive 

protein. Cytokine 2011;53:342–6.  

Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM. C-reactive protein, interleukin 6, and risk of 

developing type 2 diabetes mellitus. JAMA 2001;286: 327–34.  

Senn JJ, Klover PJ, Nowak IA, Mooney RA. Interleukin-6 induces cellular insulin resistance in hepatocytes. 

Diabetes 2002;51:3391–9.  

Tsigos C, Papanicolaou DA, Kyrou I, Defensor R, Mitsiadis CS, Chrousos GP. Dose dependent effects of 

recombinant human interleukin-6 on glucose regulation. J Clin Endocrinol Metab 1997;82:4167–70.  

Matthews VB, Allen TL, Risis S, Chan MH, Henstridge DC, Watson N, et al. Interleukin-6-deficient mice 

develop hepatic inflammation and systemic insulin resistance. Diabetologia 2010;53:2431–41.  

Schultz O, Oberhauser F, Saech J, Rubbert-Roth A, Hahn M, Krone W, et al. Effects of inhibition of 

interleukin-6 signalling on insulin sensitivity and lipoprotein (a) levels in human subjects with 

rheumatoid diseases. PLoS One 2010;5:e14328.  

Huber SA, Sakkinen P, Conze D, Hardin N, Tracy R. Interleukin-6 exacerbates early atherosclerosis in mice. 

Arterioscler Thromb Vasc Biol 1999;19:2364–7.  

Schieffer B, Selle T, Hilfiker A, Hilfiker-Kleiner D, Grote K, Tietge UJ, et al. Impact of interleukin-6 on 

plaque development and morphology in experimental atherosclerosis. Circulation 2004;110:3493–

500.  

Zhang Y, Proenca R, Maffei M, Barone M, Leopold L, Friedman JM. Positional cloning of the mouse obese 

gene and its human homologue. Nature 1994;372: 425–32.  

Jéquier E. Leptin signaling, adiposity, and energy balance. Ann NY Acad Sci 2002;967:379–88. 


