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Abstract 
There is an increased risk for cardiovascular (CV) comorbidity among 
patients with rheumatoid arthritis (RA), with premature atherosclerosis, and 
a higher incidence of CV events, compared with the general population. 
Disease related factors add to the CV risk, and interact with the traditional 
CV risk factors. The underlying mechanism for this is not completely 
understood. In active RA there is a loss of muscle mass and an increase in 
body fat content. Production of cytokines, i.e., adipokines, in the adipose 
tissue could link the inflammation with the CV system. Control of the 
inflammation has been suggested to modify the CV risk in RA, and the 
recently introduced biological drugs, such as the tumor necrosis factor 
inhibitors (TNFi), have opened up new treatment opportunities. The aim of 
this thesis was to evaluate aspects of the interaction between inflammation 
and CV comorbidity in RA using biochemical and epidemiological methods. 

Methods  

In the first two studies, patients with established RA were examined for 
clinical disease activity, and blood samples were analysed for cytokines and 
adipokines using ELISAs and multiplex technology. In Study I (n RA=23) 
anthropometric measurements were assessed and in Study II (n RA=51) 
measurements of intima-media thickness (IMT), and endothelial function 
(FMD). From a subgroup of patients (Study II, n RA=13) samples of 
abdominal subcutaneous adipose tissue (SAT) were analysed for content of 
adipokines. In study III and IV associations between treatment with TNFi 
and acute coronary syndromes (ACS) were analysed using data from the 
Swedish Rheumatology Register; in Study III regarding early RA (n TNFi 
exposed=1,271, n bionaïve RA=4,729), and in Study IV comprising patients 
with RA of all stages (n TNFi exposed=7,213, n bionaïve RA=17,769) and 
with a matched general population comparator cohort (n=32,161). 
Associations between response to TNFi therapy and risk for ACS in the early 
RA cohort were evaluated in a nested case-control design (cases n=24, 
controls n=81). 

Results  

Serum levels of the cytokines/adipokines interleukin-1 receptor antagonist 
(IL-1Ra), IL-6, osteopontin, visfatin and TNF were increased in patients 
compared with controls (p≤0.001-0.036). The amount of TNF receptor II 
extracted from SAT was greater in patients (p=0.006). The serum (s-) levels 
of IL-1Ra correlated with s-leptin (r=0.71, p≤0.001) and s-haptoglobin in RA 
patients (r=0.56, p≤0.01). The result from a factor analysis indicated IL-1Ra 
to be associated with both adipose tissue and inflammation. Levels of s-
visfatin (p=0.019) and s-IL-1Ra (p=0.023), respectively, were positively 
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associated with IMT independently of inflammatory activity and CV risk 
factors. PAI-1 and MCP-1 extracted from SAT showed inverse associations 
with IMT. 

Patients with RA, whether exposed to TNFi or bio-naïve, had a doubled risk 
for ACS compared with the general population; HR 2.09 (95%CI 1.58-2.76) 
and 1.80 (1.49-2.17), respectively. No significant associations between risk 
for ACS and TNFi exposure were detected after adjustments; HR 0.80 (0.52-
1.24) in early RA and HR 1.08 (0.82-1.41) in RA of any duration. 
Furthermore, no association between the risk for ACS and response to TNFi 
treatment in patients with early RA was observed, OR 1.5 (0.3-6.9). 

Conclusions  

The results indicate that cytokines/adipokines may have a role in the 
development of atherosclerosis in RA patients. A continuing increase in the 
risk of ACS in RA compared with the general population, despite modern 
therapeutic strategies, was noted. Neither exposure nor response to 
treatment with TNFi was associated with any modification of the risk for 
ACS. 
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Sammanfattning på svenska 

Reumatoid artrit 

Reumatoid artrit (RA, ledgångsreumatism) är en kronisk inflammatorisk 
sjukdom som förekommer hos ca 0,7 % av den vuxna befolkningen i Sverige. 
Alla åldersgrupper kan drabbas, men vanligast är insjuknande vid 50-60 års 
ålder. Kvinnor drabbas oftare än män. Vad som orsakar sjukdomen är okänt, 
men både ärftliga och hormonella faktorer kan påverka insjuknandet. Yttre 
faktorer förefaller också vara av betydelse. Rökare löper en högre risk att 
utveckla RA och rökning har också kunnat kopplas till misstänkt 
bakomliggande, autoimmuna mekanismer.  

Sjukdomen ger både symtom från inflammerade leder, med värk och 
svullnad, och allmänsymtom, såsom trötthet och sjukdomskänsla, som 
tecken på en allmän inflammatorisk reaktion. Engagemanget av slemhinnan 
i lederna, synovian, leder till destruktion av brosk och lednära benvävnad. 
För att undvika dessa kroniska skador används immunhämmande läkemedel 
så tidigt som möjligt i förloppet. Målet för behandlingen är att om möjligt 
uppnå remission (avsaknad av påvisbar sjukdomsaktivitet), men ofta kan 
inflammationen inte kuperas fullt ut. Sedan slutet av 1990-talet har 
biologiskt framställda läkemedel som hämmar specifika processer i 
immunförsvaret, t ex hämmare av tumörnekros-faktorn (TNF), ökat 
möjligheten till effektiv behandling av många patienter med RA. 

Hjärt-kärlsjukdom vid reumatoid artrit 

Risken för att insjukna i eller avlida av en hjärt-kärlsjukdom är påtagligt 
ökad vid RA. Detta gäller särskilt ischemisk hjärtsjukdom (innefattande 
hjärtinfarkt och kärlkramp), för vilken en dubblerad risk ofta påvisats. 
Ateroskleros är den vanligaste bakomliggande orsaken till ischemisk 
hjärtsjukdom och vid RA finns ofta tecken på en tidig aterosklerosutveckling. 

Hjärt-kärlsjukdom i befolkningen beror huvudsakligen på klassiska 
riskfaktorer (rökning, bukfetma, högt kolesterol, diabetes mellitus och högt 
blodtryck), men vid RA är betydelsen av dessa mindre tydlig. Hjärt-
kärlsjukdom vid RA har istället visat sig vara relaterad till 
inflammationstecken och reumatisk sjukdomsbörda och dessa verkar också 
interagera med de klassiska riskfaktorerna. De bakomliggande 
mekanismerna för detta är till stor del okända. 

En komplikation till RA-sjukdomen är en förlust av muskelmassa med en 
samtidig ökning av andelen kroppsfett. Kroppsvikten blir ofta oförändrad 
eller ökar. Fettväven har tidigare endast ansetts vara ett energiförråd, men 
under senare år har man kunnat påvisa att den utsöndrar ett stort antal 
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inflammationsaktiva proteiner, vilka också är relaterade till hjärt-
kärlsjukdom. De flesta av dessa substanser eller cytokiner kan produceras i 
olika vävnader, men när ursprunget är fettväv kallas de ofta adipokiner. Det 
är fortfarande inte klarlagt om en ökad mängd fettväv eller en ökad 
utsöndring av adipokiner kan förklara någon del av ökningen av risken för 
hjärt-kärlsjukdom vid RA. 

Projektets syfte 

Målet för denna avhandling var att analysera några aspekter avseende 
interaktionen mellan inflammation och hjärtkärlsjukdom vid RA. I Studie I 
och II var syftet att undersöka hur cytokiner/adipokiner i fettväv och 
blodprov från individer med RA förhåller sig till inflammationstecken, 
fettväv och aterosklerosutveckling. I Studie III och IV var syftet att värdera 
huruvida behandling med TNF-hämmare kan påverka risken för akuta 
koronara syndrom (hjärtinfarkt och instabil kärlkramp). 

Cytokiner/adipokiner, inflammation och ateroskleros-
utveckling vid reumatoid artrit - Studie I och II 

I Studie I och II undersöktes forskningspersoner med etablerad RA-
sjukdom, 23 respektive 51 individer. Koncentrationerna av 
cytokiner/adipokiner analyserades i blodprover. I Studie I utfördes 
mätningar av kroppssammansättningen och i Studie II värderades 
aterosklerosutvecklingen med ultraljud, dels genom mätning av reaktiviteten 
i en pulsåder i armen och dels genom uppskattning av halspulsåderns 
väggtjocklek. Prover från underhudsfettet på buken från 13 individer 
analyserades avseende dess innehåll av adipokiner. Studierna inkluderade 
också kontrollpersoner utan någon känd reumatisk sjukdom för jämförelse.    

Koncentrationerna av de flesta uppmätta cytokinerna/adipokinerna 
(interleukin-1 receptor antagonist (IL-1Ra), IL-6, osteopontin, visfatin and 
TNF) var högre i blodprover från individer med RA än i prover från 
kontroller. Detta var inte lika tydligt i prover från fettväven, där endast ett 
protein (TNF-receptor II) var påtagligt ökat. Analyserna i Studie I visade att 
cirkulerande IL-1Ra var associerat med både markörer för inflammation och 
för fettväv. Högre visfatin och IL-1Ra var associerat med en ökad 
väggtjocklek i halspulsådern, oberoende av inflammation och riskfaktorer för 
hjärt-kärlsjukdom. Motsvarande association noterades inte för adipokiner 
från fettvävsprover, utan för två proteiner noterades istället en motsatt 
relation. 
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Behandling med tumörnekrosfaktor-hämmare och risk för 
akuta koronara syndrom vid reumatoid artrit – Studie III 
och IV 

I studie III och IV användes data från Svenska Reumatologi Register (SRR), 
Befolkningsregistret, Diagnosregistret och Dödsorsaksregistret för att 
analysera risken för akuta koronara syndrom i några olika populationer: I 
studie III studerades risken hos en grupp patienter som registrerats i SRR i 
samband med debuten av RA-sjukdomen (6 000 individer). I Studie IV 
studerades en kohort av patienter som registrerats i SRR när de startade 
behandling med TNF-hämmare (7 213 individer) och jämfördes dels med en 
grupp RA-patienter som identifierats från Diagnosregistret  
(17 769 individer) och dels med en grupp individer från befolkningen  
(32 161 individer). Jämförelsekohorterna i studie IV var slumpmässigt 
utvalda, men matchade med de TNF-hämmarbehandlade individerna 
avseende kön och ålder. Dessutom undersöktes associationen mellan 
behandlingsvar på TNF-hämmare och risken för akuta koronara syndrom i 
en fall-kontroll studie (24 fall, 81 kontroller) inom Studie III. 

Resultaten av analyserna visade att patienter med RA, oavsett behandling, 
hade en dubblerad risk för akuta koronara syndrom jämfört med 
befolkningen. Ingen säkerställd skillnad i risk för syndromet kunde påvisas 
efter TNF-hämmarbehandling, varken vid RA av olika duration eller vid tidig 
RA-sjukdom. Inte heller behandlingseffekt av TNF-hämmare syntes påverka 
risken.  

Konklusioner 

Vissa adipokiner förefaller ha betydelse för utvecklingen av ateroskleros vid 
RA, men huruvida dessa är producerade i fettväv eller i annan vävnad är inte 
klarlagt. Risken för akut ischemisk hjärtsjukdom vid RA är fortsatt tydligt 
stegrad jämfört med risken i befolkningen, trots moderna 
behandlingsstrategier. Risken att insjukna i ett akut koronart syndrom efter 
behandling med TNF-hämmare var jämförbar med risken vid RA som 
behandlats på annat sätt. Inte heller noterades några skillnader utifrån 
graden av behandlingssvar.  
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Introduction 
Rheumatoid arthritis 

Rheumatoid arthritis (RA) is a systemic inflammatory disease. It 
predominantly presents with signs of inflammation of the intra- and 
periarticular synovial membranes with a symmetric polyarticular 
distribution, particularly involving the small joints of hands and feet. 
Concomitant symptoms of systemic inflammation with fatigue and malaise 
are frequently observed, and at times also a low-grade fever is present.  

During the course of the disease the inflamed synovial tissue extends and 
erodes the cartilage and bone, which may result in joint destruction and 
disability. Extra-articular manifestations are common in patients with RA, 
and up to 15% of patients develop severe extra-articular disease 
manifestations, e.g., vasculitis, Felty’s syndrome, neuropathy, or serositis 
with pleural or pericardial effusions (Turesson et al., 2003, Myasoedova et 
al., 2011). Life expectancy is decreased among patients with RA, with the 
main underlying cause of death being cardiovascular disease (Wållberg-
Jonsson et al., 1997, Young et al., 2007). 

Epidemiology 

With an estimated prevalence of 0.5-1.0% among adults, RA is one of the 
most common arthritides in western populations (Gabriel et al., 1999b, 
Neovius et al., 2011b). It can affect individuals of both sexes and of all ages, 
but with a female preponderance of 2-3:1 (Gabriel et al., 1999b, Neovius et 
al., 2011b). The yearly incidence rates have been reported to be 10-
50/100.000 (Alamanos et al., 2006). In recent reports from Swedish 
inception cohorts the mean age at the onset of disease was 53-60 years 
(Söderlin et al., 2002, Rantapää-Dahlqvist et al., 2003, Holmqvist et al., 
2010, Ajeganova et al., 2012a).  

Most epidemiological studies of the incidence and prevalence of RA have 
been performed in populations of European origin. However, studies in 
other populations have resulted in different prevalence rates. In a recent, 
large, population-based investigation in Beijing, China the prevalence of RA 
was estimated to be 0.28% (Li et al., 2012), whereas a prevalence of >5% has 
been reported in native North American populations (Del Puente et al., 
1989).  

Aetiology 

Rheumatoid arthritis is a disease involving autoimmune reactions, though it 
is as yet unclear what initiates the autoimmune response. Several risk factors 
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for RA have been identified, and it is suggested that genetic, environmental, 
and hormonal factors interact at the onset of the disease.  

Studies of twins have revealed that hereditability contributes 
approximately 60% of the risk of developing RA (MacGregor et al., 2000). 
The strongest association between a genetic factor and risk of RA has been 
shown for human leukocyte antigen (HLA) class II surface molecule, the 
HLA-DRB1 shared epitope (SE), which may account for up to 40% of the 
genetic influence (Gregersen et al., 1987, Deighton et al., 1989). Later 
studies have suggested that the over-all contribution of HLA SE may have 
previously been over-estimated and furthermore, that the contribution of 
risk from SE is confined mainly to patients sero-positive for antibodies 
against citrullinated peptides (ACPAs) (van der Woude et al., 2009). Over 30 
other genes/loci, associated with an increased risk for the development of 
RA, have been identified, as recently summarised by Ärlestig in her thesis 
(Ärlestig, 2012). However, the main part of the hereditability in RA remains 
unexplained (de Vries et al., 2011). 

The overrepresentation of female sex, and the associations between 
changes in disease susceptibility and life events related to sex hormones, e.g., 
menarche, pregnancy, lactation and usage of oral contraceptives, suggest a 
role of hormonal factors in the aetiology of RA (Silman et al., 1992, Karlson 
et al., 2004, Berglin et al., 2010). 

Cigarette smoking is an established risk factor for RA, and greater 
consumption, as well as a longer duration of the smoking habit increases the 
risk (Costenbader et al., 2006). The suggested interaction between HLA SE 
and smoking in ACPA-positive RA underlies a hypothesis of smoking-
induced post-translational modification of antigens resulting in production 
of ACPAs in immunologically susceptible individuals (Klareskog et al., 
2006). 

Chronic periodontitis has been associated with the development of RA. 
Antibodies against Porphyromonas gingivalis, a pathogen involved in 
periodontitis, were increased in patients with RA, compared with controls 
subjects, and furthermore antibody titres and concentrations of ACPAs 
correlated (Mikuls et al., 2009). Porphyromonas gingivalis bacteria have 
the ability to produce a peptidylarginine deiminase enzyme, which converts 
arginine to citrulline, thus forming a link between chronic periodontitis and 
RA (McGraw et al., 1999).  

Antibodies related to the RA disease, i.e., rheumatoid factors (RFs) and 
ACPAs can predate the onset of RA by several years, and specific 
combinations of these antibodies have positive predictive values approaching 
100% (Rantapää-Dahlqvist et al., 2003). In populations of individuals who 
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subsequently developed ACPA positive RA an increasing number of fine 
specificity ACPAs have been observed approaching the time of disease debut, 
suggesting epitope spreading (van der Woude et al., 2010). These findings 
have been shown more evidently in a larger, but as yet unpublished study 
(Rantapää-Dahlqvist S, personal communication). 

Pathogenesis  

In established RA disease the synovia is characterised by a thickening of the 
lining layer consisting of synoviocytes, and a marked increase in the volume 
of the sub-linear layers, with neovascularisation, oedema, and an infiltration 
of mononuclear cells, both diffusely spread and aggregated in lymphoid 
follicles. The synovial tissue extends into the articular cavity and invades the 
cartilage and underlying bone, i.e., pannus formation. The volume of the 
synovial fluid increases, as does the content of white blood cells, mainly 
neutrophils, in the fluid. 

Different hypotheses regarding the initiation of the inflammatory process 
exist: an “outside-in” and an “inside-out” hypothesis i.e., the inflammation 
could start in the synovial tissue from which the inflammatory process 
spreads into adjacent tissues and bone marrow; alternatively it could 
originate from an immunological process in the bone marrow with the 
synovial membrane as the final, clinically most evident target (Schett and 
Firestein, 2010).  

Although knowledge of the initiating immunological events is limited, 
clinical and laboratory manifestations as well as the response to biological 
therapy in patients with RA have counterparts in the inflammatory processes 
known to take place in the joints. 

Presence of autoantibodies 

The presence of antibodies such as RFs and ACPAs indicates an 
importance for humoral autoimmunity in RA. Plasma cells, plasma blasts 
and aggregates of B- and T-cell are present in the synovial tissue, adjacent 
bone marrow and lymph nodes (McInnes and Schett, 2011). Plasma cells in 
synovial tissue from RA patients have been shown to produce RFs and 
ACPAs ex vivo, as well as antibodies against collagen type II, and cartilage 
oligomeric matrix protein (COMP) (Nakken et al., 2011). The antibodies 
further accelerate the inflammatory process, e.g., by immune complex 
formation (Nakken et al., 2011). B-cells are also suggested to contribute to 
the pathogenesis by antigen presentation, co-stimulation of T-cells and, by 
expression of cytokines, e.g., tumour necrosis factor (TNF), interleukin (IL)-
6, IL-10 and lymphotoxin-β (McInnes and Schett, 2007, 2011, Nakken et al., 
2011).  
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The clinical response to B-cell depletion therapy, i.e., rituximab, further 
emphasises the importance of B-cells in RA pathogenesis. However, in the 
subgroup of RF and ACPA negative RA patients the therapy with rituximab 
has a lower efficacy (Lal et al., 2011), suggesting that the humoral adaptive 
response may be of less importance in this subset of patients.  

Local and systemic inflammation and cytokine inhibitory therapies 

A variety of proinflammatory cytokines are present in the inflamed joint. 
Some of the key cytokines in RA pathogenesis, i.e., TNF, IL-1β, and IL-6 have 
the potential to trigger an acute-phase response if released into the 
circulation (Ceciliani et al., 2002). The systemic acute-phase response 
includes clinical manifestations, such as fatigue and/or loss of appetite, as 
well as changes in laboratory measured features, e.g., increased 
concentrations of acute-phase proteins, anaemia, and thrombocytosis 
(Ceciliani et al., 2002), often present in active RA. Major sources of these 
cytokines in patients with RA are activated macrophages and fibroblast-like 
synoviocytes in the synovial tissue (McInnes and Schett, 2007).  

Tumour necrosis factor induces the production of other cytokines, 
chemokines, and adhesion molecules, and the activation of leukocytes, 
endothelial cells, osteoclasts, and synovial fibroblasts; it also supresses 
regulatory T-cell function (McInnes and Schett, 2011). Interleukin-6 
promotes B-cell proliferation and antibody production (McInnes and Schett, 
2007), and is a strong inducer of the acute-phase response. Inhibition of 
TNF or IL-6 activity with biological drugs can effectively reduce symptoms 
and slow radiographic progress in many patients with RA (Klareskog et al., 
2004, Nishimoto et al., 2007). Interleukin-1 modulates leukocytes, 
endothelial cells, chondrocytes, osteoclasts, and synovial fibroblasts, 
however pharmaceutical antagonism of IL-1 has only a modest clinical effect 
in patients with RA (McInnes and Schett, 2011).  

Additionally, the concentrations of several cytokines and chemokines, e.g., 
IL-1β, TNF, IL-6, IL-2, interferon-ϒ , IL-4, eotaxin, IL-10, have been 
observed to be increased also before the onset of symptoms in individuals 
who later develop RA (Kokkonen et al., 2010). Furthermore, the cytokine 
profiles before disease onset compared with after the onset, as well as in 
early RA disease compared with established disease differ (Raza et al., 2005, 
Kokkonen et al., 2010), implying differing pathogenic roles for the various 
cytokines during the different stages of the disease. 

Inflammation and inhibition of T-cell activation 

In early RA disease T-cells and macrophages invade the synovial tissue, a 
process facilitated by expression of adhesion molecules and chemokines by 
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activated endothelial cells. Antigen presenting cells (APC; dendritic cells or 
macrophages) activate T-cells by simultaneous HLA class II- and CD28-
dependent signalling (McInnes and Schett, 2011). T-cells are considered 
crucial in the pathogenesis of RA due to their ability to activate other cells 
such as macrophages, synoviocytes, and chondrocytes into secreting 
cytokines and proteases, and osteoclasts, leading to bone resorption 
(Firestein, 2005). T-cell mediated B-cell activation induces autoantibody 
production and immune-complex formation (McInnes and Schett, 2007). 

Type 1 helper T-cells (Th1) has been considered the major effector subset 
of T-cells in RA, but more recently T-cells producing IL-17 (Th17) have come 
into focus. Transforming growth factor-β, and IL-6 in combination induce 
the differentiation of naïve T-cells into Th17 effector cells, and suppress the 
induction of regulatory T-cells. The main cytokine from Th17-cells, IL-17 is a 
potent proinflammatory cytokine acting synergistically with TNF and IL-1 
(Miossec et al., 2009).  

Inhibition of the CD28-dependent co-stimulation of T-cells is one 
treatment option for patients with RA, and clinical trials on IL-17 inhibitory 
treatment are in progress (Genovese et al., 2010, Nam et al., 2010). 

Joint destruction 

The pannus formed is composed mainly of macrophages, osteoclasts and 
fibroblast-like synoviocytes. Fibroblast-like synoviocytes, as well as activated 
macrophages, express toll-like receptors, capable of binding fragments of 
pathogens and endogenous molecules. Activation of these receptors initiates 
the production of proinflammatory cytokines, and degrading enzymes such 
as metalloproteinases. The metalloproteinases produced in the pannus 
degrade the collagenous matrix of the cartilage, causing oedema and an 
altered proteoglycan content, which together with apoptosis of chondrocytes, 
induced by IL-1 and IL-17, lead to cartilage destruction. Macrophage colony-
stimulating factor, receptor activator of nuclear factor-κB ligand, TNF, IL-1β, 
IL-6, IL-17 and other cytokines produced in the synovia, activate osteoclasts, 
which destroy subchondral bone (McInnes and Schett, 2011). 

Diagnostic criteria  

A clinical diagnosis of RA is based on the presence of typical clinical features, 
laboratory tests, and/or radiographic findings. To provide comparability 
between studies on the disease in different populations, diagnosis is often 
based on the classification criteria revised by the American College of 
Rheumatology (ACR) in 1987 (Arnett et al., 1988; Table 1).  These criteria, 
based on patients with established disease, have a limited ability for 
discriminating between patients early in the course of the disease (Harrison 
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et al., 1998). Thus, classification criteria aiming at identifying patients with 
early arthritis who would probably benefit from an early intervention with 
disease modifying anti-rheumatic drugs (DMARDs) have been presented 
(Aletaha et al., 2010). A positive test for RF is included as one criterion in 
the 1987 revised ACR criteria, but the new criteria for early arthritis patients, 
includes concentrations 0f both RF and/or ACPA.  

 

Table 1. The 1987 revised ACR criteria for the classification of rheumatoid 

arthritis* 

Criterion Definition 

1. Morning 
stiffness 

Mornings stiffness in and around the joints, lasting at least 1 hour 
before maximal improvement 

2. Arthritis of 3 or 
more joints 

At least 3 joint areas simultaneously have had soft tissue swelling of 
fluid (not bone overgrowth alone) observed by a physician. The 14 
possible areas are right or left proximal interphalangeal (PIP), 
metacarpophalangeal (MCP), wrist, elbow, knee, ankle, and 
metatarsophalangeal (MTP) joints 

3. Arthritis of hand 
joints 

At least 1 area swollen (as defined above) in a wrist, MCP, or PIP joint 

4. Symmetric 
arthritis 

Simultaneous involvement of the same joint areas (as defined in 2) on 
both sides of the body (bilateral involvement of PIPs, MCPs, or MTPs is 
acceptable without absolute symmetry) 

5. Rheumatoid 
nodules 

Subcutaneous nodules, over bone prominences, or extensor surfaces, 
or in juxtaarticular regions, observed by a physician 

6. Serum 
rheumatoid 
factor 

Demonstration of abnormal amounts of serum rheumatoid factor by 
any method for which the result has been positive in <5% of normal 
control subjects 

7. Radiographic 
changes  

Radiographic changes typical for reumatoid arthritis on posteroanterior 
hand and wrist radiographs, which must include erosions or 
unequivocal bony decalcification localized in or most marked adjacent 
to the involved joints (osteoarthritis changes alone do not qualify) 

*For classification purposes, a patient shall be said to have rheumatoid arthritis if he/she has 
satisfied at least 4 of these 7 criteria. Criteria 1 through 4 must have been present for at least 
6 weeks. Patients with 2 clinical diagnoses are not excluded.  

Modified from Arnett, et al. Arthritis Rheum. 1988;31:315-24 

 

In epidemiological studies requiring identifications of RA cases in larger, 
unselected populations, the definition of an RA case often has to be based on 
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other, more pragmatic criteria. One or more diagnoses of RA from 
physician’s visits (Englund et al., 2010), an RA diagnosis from a visit to a 
clinician combined with a prescription for an anti-RA drug (Suissa et al., 
2006), or a self-reported RA diagnosis combined with validation of indicated 
cases through medical records (Solomon et al., 2004) are examples of 
methods that have been used. In the Swedish setting, rheumatologists are 
considered to be well aware of the ACR criteria due to reporting to RA 
registers (Englund et al., 2010). An RA case definition of any visit with an RA 
diagnosis compared with stricter modifications of the definition (number of 
visits, specialist clinic, and/or anti-RA medication) revealed only modest 
changes of the estimated Swedish prevalence rates (Neovius et al., 2011b).  

Assessments of prognosis, disease activity and disease severity 

The course of the disease is highly variable and difficult to predict at an early 
stage. Positivity for ACPA and/or high antibody titre for RF, the early 
presence of radiological erosions, a high number of swollen joints, a high 
erythrocyte sedimentation rate (ESR), and an elevated C-reactive protein 
(CRP) concentration are indicators of radiological progression (Young et al., 
1988, Möttönen et al., 1998, Kroot et al., 2000, Jansen et al., 2001, Berglin 
et al., 2006). These features are recommended to take into consideration in 
treatment decisions in patients with early RA (Smolen et al., 2010, 
Baecklund et al., 2012). The presence of ACPAs indicates a poor prognosis 
regarding treatment response (Braun-Moscovici et al., 2006), as does 
cigarette smoking (Hyrich et al., 2006, Saevarsdottir et al., 2011). Persistent 
disease activity and extra-articular manifestations have also been associated 
with increased comorbidity, such as cardiovascular events (Wållberg-
Jonsson et al., 1999, Turesson et al., 2007) and lymphoma (Baecklund et al., 
1998). 

Composite disease activity measurements 

The goal of treatment is to achieve a state of low inflammatory activity, and, 
if possible, remission from disease. Disease activity and remission can be 
evaluated clinically, but in clinical trials, and pharmaco-epidemiological 
registers, composite disease activity indices are used. Disease activity score, 
28-joint count (DAS28, Prevoo et al., 1995) is a widely used and validated 
scoring system, taking into account the number of swollen and tender joints, 
a patient self-report measure, and the ESR value. Other indices are currently 
in use, e.g., the simplified disease activity index (SDAI; Smolen et al., 2003) 
and the clinical disease activity index (CDAI; Aletaha et al., 2005). One 
difference between the indices is the use of laboratory-based measurement of 
inflammation (ESR in DAS28, CRP in SDAI, none in CDAI, Table 2A). 
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However, the indices are reported to be equally valid (Aletaha and Smolen, 
2005).  

The disease activity can be estimated as “high”, “moderate” or “low” using 
specific cut-off points for the numerical score derived from the indices (Table 
2B). Cut-off points for remission have also been suggested (Table 2B). In 
2011, an American College of Rheumatology/European League Against 
Rheumatism (ACR/EULAR) collaboration committee proposed a new 
definition of remission: either (at the same occasion) ≤1 of each of the 
following: tender joints, swollen joints (tender and swollen joints including 
also MTP and ankle joints), CRP (mg/dl), and patients global assessment of 
disease activity (visual analogue scale, VAS, 0-10 cm); or an SDAI score ≤3.3 
(Felson et al., 2011). It should be noted that the different remission criteria 
are not equally sensitive (Gülfe et al., 2009, de Punder et al., 2012). 

 
Table 2. Comparison of three frequently used disease activity indices in 

rheumatoid arthritis  

A. Measurements included in index 

INDEX TJC28 SJC28 ESR GH CRP PGA EGA 

DAS28 X X X X    

SDAI X X   X X X 

CDAI X X    X X 

 

B. Cut-off points for estimation of level of disease activity 

INDEX FORMULA 
Disease activity 

High Moderate Low Remission 

DAS28 
0.56 × √ (TJC28) + 0.28 × 

√(SJC28) + 0.70 × log (ESR) 
+ 0.014 × GH 

>5.1 3.2-5.1 <3.2 <2.6 

SDAI 
SJC28 + TJC28 + PGA + EGA 

+ CRP* >26 >11-26 ≤11 ≤3.3 

CDAI SJC28 + TJC28 + PGA + EGA >22 >10-22 ≤10 ≤2.8 

*CRP in mg/dl. TJC28 = number of tender joints, 28-joints count, SJC28 = number of swollen 
joints, 28-joint count, ESR = erythrocyte sedimentation rate (mm/h), GH = patient assessment 
of global health, visual analogue scale (VAS) 0-100 mm, CRP = C-reactive protein, PGA = 
patient global assessment of disease activity, VAS 0-10 cm, EGA = evaluator global assessment 
of disease activity, VAS 1-10 cm, DAS28 = Disease Activity Score 28 joint count, SDAI = 
Simplified disease activity index, CDAI = clinical disease activity index. 
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Response criteria based on each of DAS28, SDAI, and CDAI have been 
presented, whereas the EULAR response criteria uses DAS28 (van Gestel et 
al., 1996, van Gestel et al., 1998), defining “good”, “moderate” or “none” 
response to therapy (Table 3).  Recently published response criteria for SDAI 
and CDAI defines “major”, “moderate” and “minor” response (Aletaha et al., 
2012; Table 3), and are based on the ACR response criteria, in which the 
degree of response (usually 20%, 50% and 70%) are calculated from the ACR 
core set (Felson et al., 1995, Felson et al., 1998).  

 

Table 3. Response criteria for three frequently used disease activity indices in 

rheumatoid arthritis  

DAS28 at 
endpoint 

Improvement in DAS 28 from baseline 

 >1.2 >0.6 and <1.2 <0.6 

<3.2 Good Moderate None 

3.2-5.1 Moderate Moderate None 

>5.1 Moderate Moderate None 

 Improvement in SDAI/CDAI from baseline 

 85% 70% 50% 

 Major Moderate Minor 

 
 

Radiographic evaluations of inflammation and joint destruction 

Several scores for assessing joints destruction in conventional radiographic 
images have been developed. Three validated scoring systems are frequently 
used in clinical trials: the van der Heide modified Sharp score (van der 
Heijde, 1996), the Genant-modified Sharp score (Genant, 1983) and the 
Larsen score (Larsen, 1995). 

Peri-articular osteoporosis can be visualised by measurements of bone 
mineral density using dual X-ray absorptiometry (DXA). Magnetic resonance 
imaging (MRI) and ultrasonography can visualise erosions, as well as 
inflammatory changes in the synovial (DXA and MRI), cartilage (MRI), and 
bone (MRI) tissues. These methods still have limited usage in patients with 
RA.  



 

 10 

Patient reported outcome 

Disability in RA is frequently assessed by the Health Assessment 
Questionnaire (HAQ) (Fries et al., 1982), which renders a numerical value 
measuring functional capacity in daily life activities, as estimated by the 
patient.  

The VAS for assessment of the patient’s global health, HAQ, and VAS 
assessing pain are examples of patient reported outcome (PRO) 
measurements. A composite PRO score (RA Impact of Disease; RAID) 
evaluating seven domains of impact of RA (pain, function, fatigue, emotional 
well-being, sleep, coping, and physical well-being) has recently been 
produced as a EULAR initiative (Gossec et al., 2009, Gossec et al., 2011). The 
RAID score per se is validated, however cut-off points for states of disease 
activity and response criteria remains to be defined (Dougados et al., 2012).  

Pharmacological treatment  

Therapies for RA are aimed at reducing or extinguishing the inflammatory 
reaction in order to retard or prevent joint destruction and functional 
impairment. Recommendations for treatment of RA were published by 
EULAR in 2010 (Smolen et al., 2010), by the ACR in 2012 (Singh et al., 
2012), and on-line by the Swedish Society for Rheumatology, up-dated in 
2012 (Baecklund et al., 2012). These guidelines, and literature reviews 
underlying the EULAR recommendations (Gaujoux-Viala et al., 2010, 
Gorter et al., 2010, Nam et al., 2010), serve as general references regarding 
the pharmacological treatment.  

Synthetic disease modifying anti-rheumatic drugs 

Methotrexate is recommended as the first therapeutic choice for patients 
with active RA of all stages, or in patients with early RA and low disease 
activity, but features of a poor prognosis. It is given in weekly doses up to 20-
30 mg, and is taken orally or is administered as subcutaneous injections. It 
has a proven efficacy and among previously DMARD-naïve patients with 
early RA approximately 30% will respond to methotrexate as a monotherapy 
(Saevarsdottir et al., 2011). When given in combination it has proven to 
enhance the effect of biological agents (Klareskog et al., 2004).  

Leflunomide, sulfasalazine, and injectable gold are considered alternatives 
to methotrexate for those patients with contraindications or an intolerance 
to methotrexate. Anti-malarial drugs (chloroquine and hydroxychloroquine) 
have a place mainly in DMARD combinations, or in patients with a mild 
disease. Other compounds, such as auranofin, azathioprine, chlorambucil, 
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cyclosporin A, cyclophosphamide, minocycline, mycophenolate mophetil, 
and penicillamin, can be used in selected patients.  

Biological disease modifying anti-rheumatic drugs  

A biologic drug, or biologic, is created by a biological process, in contrast to a 
synthetic DMARD, which is produced chemically. The first biologic DMARDs 
produced, i.e., inhibitors of TNF, were introduced in the late 90’s. Today five 
different TNF inhibitors (TNFi; adalimumab, certolizumab pegol, etanercept, 
golimumab, and infliximab) are registered for treatment of patients with RA. 
Treatment with TNFi is a second-line alternative for patients with moderate-
high disease activity, but can be used as the first treatment in patients with 
high disease activity and features of a poor prognosis. Head-to-head studies 
comparing the efficacy between two (or more) TNFi are lacking. 

Other biologicals are available for those patients who do not respond to, or 
exhibit contraindications for TNFi. Abatacept binds to CTLA4 (cytotoxic T-
lymphocyte antigen 4), and inhibits the co-stimulation of T-cells by APC. 
Anakinra, a recombinant IL-1 receptor antagonist, has not proven as 
effective in patients with RA as the other biological agents, and is now mainly 
used as an alternative therapeutic in auto-inflammatory diseases. Rituximab 
is a monoclonal antibody against CD20, a cell-surface marker expressed on 
B-cells and eliminates B-cells in earlier stages of their differentiation. 
Tocilizumab, a monoclonal antibody against the IL-6 receptor, acts by 
competitively inhibiting activation of the receptor by IL-6. 

Several other drugs with a potential to mediate different pathogenic 
pathways are under evaluation for the treatment of RA. For example, 
inhibitors of the intracellular signalling enzymes tyrosine kinases, involved 
in activation and maturation of leukocytes, have shown promising results in 
trials (Cohen and Fleischmann, 2010). 

Glucocorticoids 

Treatment with systemic glucocorticoids efficiently decreases inflammation 
and symptoms in RA, but their long-term usage is limited due to toxicity. 
However, low doses of corticosteroids during the first two years of disease 
have been suggested to exert a positive effect on the radiographic 
progression and remission rate (Svensson et al., 2005, Kirwan et al., 2007, 
Hafström et al., 2009). In patients with established RA glucocorticoids can 
be effective in reducing symptoms when used as a bridging therapy while 
awaiting the effect of DMARDs after switching therapy.  
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Pharmacological treatment strategies 

The clinical decisions regarding continuing or switching DMARD therapy are 
based on the therapy response evaluated by disease activity measurements. 
Combination therapy with synthetic DMARDs can be used for those patients 
not responding to monotherapy and with contraindications to TNFi. A 
combination with methotrexate is recommended for most of the biologics.  

Several studies have evaluated intensive treatment strategies early in the 
course of the disease (Möttönen et al., 1999, Grigor et al., 2004, Fransen et 
al., 2005, Goekoop-Ruiterman et al., 2005, Verstappen et al., 2007, 
Saunders et al., 2008, Bakker et al., 2012). These strategies, often referred 
to as “tight control” and “treat to target”, include close monitoring of disease 
activity and frequent dose/drug adjustments to achieve and maintain a pre-
set level of low disease activity or remission. Such an intensive approach to 
treatment resulted in higher remission rates in studies comparing intensive 
and conventional treatment strategies (Grigor et al., 2004, Fransen et al., 
2005, Verstappen et al., 2007). 

The EULAR guidelines suggest tapering synthetic DMARD therapy in 
patients with sustained remission after withdrawal of glucocorticoid and 
biologics (Smolen et al., 2010). However, successful cessation of biological 
DMARD therapy is more frequently achieved in patients with a short disease 
duration (Saleem et al., 2010). 

Clinical decisions regarding pharmacological treatment  

The second over-arching principle in the EULAR guidelines reads: 
“Treatment of patients with RA should aim at the best care and must be based on a 

shared decision between the patient and the rheumatologist” (Smolen et al., 
2010). It illustrates the complexity of treating a patient with a chronic 
disease: the joint decision of the best available therapy for any individual 
patient in their current condition. Apart from treatment guidelines and 
estimations of prognosis and disease activity (Kievit et al., 2010), there are 
numerous factors to be taken into consideration in the clinical decision-
making, and consequently in the interpretation of observational studies of 
pharmacological treatment.  

Limited access to health care by a specialist in rheumatology has been 
shown to have a pronounced impact on the pharmacological treatment. A 
patient treated by a rheumatologist had a 31-fold higher chance of DMARD 
treatment compared with health care by a primary care physician (Lacaille et 
al., 2005).  

Disregarding the potential positive cost-effectiveness overall, the 
biological drugs increase the direct treatment costs for RA. The proportion of 
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patients with RA treated with TNFi in the United States was three times 
higher than the European average and twice as high as in Sweden in 2006, 
which may reflect a relatively lower price in the United States relative to the 
total health care budget (Jönsson et al., 2008). Societal decisions regarding 
drug budgets and reimbursements might influence the penetrance of biologic 
DMARDs into a society (Jönsson et al., 2008). The criteria for eligibility of 
biological therapy in the United Kingdom and Australia are examples of 
societal decisions that restrict usage (Lu et al., 2006, Deighton et al., 2010).  

The differences in utilisation of TNFi in Europe are suggested not only to 
be dependent on regulation and economic factors, but also factors related to 
the prescribing clinician, e.g., adherence to therapy guidelines (Hoebert et 
al., 2012). When comparing TNFi penetrance in different counties within 
Sweden, the estimated percentage of RA patients treated with TNFi ranged 
from 10% to 21% (Neovius et al., 2011c). These differences were partly 
attributed to therapeutic traditions influencing the clinical decisions among 
rheumatologists (and partly to county specific economic considerations).  

A progressively lower mean disease activity over the years has been 
observed among patients at the time point of starting TNFi treatment, both 
in the Scandinavian countries with a relatively high penetrance of TNFi 
(Hjardem et al., 2005, Hetland et al., 2008, Simard et al., 2011), and in the 
United Kingdom with a lower utilisation (Hyrich et al., 2011). There were 
also indications of an increasing mean age of patients starting treatment 
(Hetland et al., 2008, Hyrich et al., 2011). These changes might imply an 
increasing comfort with growing personal experience in prescribing the TNFi 
drugs among rheumatologists, and a change in what an individual physician 
defines as “the best care”. 

An issue regarding the shared decision between the patient and the 
rheumatologist can be disparate decision bases. Whilst rheumatologists 
focus on objective measurements of disease activity and severity when 
considering intensifying treatment, their patients are influenced by physical 
capacity, motivation to get better, and factors related to the patient-physician 
relationship (van Hulst et al., 2011). The patient may be satisfied with the 
current therapy despite of a residual moderate inflammatory activity (Wolfe 
and Michaud, 2007). Concerns regarding adverse effects may influence the 
patient’s motivation for therapy changes, as well as her/his adherence to the 
current therapy (Neame and Hammond, 2005, Wolfe and Michaud, 2007). 
Cultural differences associated with social or ethnic background may affect 
the patient’s concerns and expectations of medication, or experience of 
disease activity (Yazici et al., 2007, Constantinescu et al., 2009).  
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Rheumatoid arthritis and cardiovascular co-morbidity 

Cardiovascular disease (CVD) refers to a heterogeneous group of diseases 
involving the heart and the circulatory system. Among the diseases included 
in CVD are the two main underlying causes of death in the world: ischemic 
heart disease (IHD), estimated to account for 12.2% of the total deaths, and 
cerebrovascular disease, accounting for 9.7% of the total deaths, according to 
the World Health Organization (WHO, 2008).  

Although the term CVD also includes valvular disease, venous conditions 
(e.g., venous thrombosis and pulmonary embolism), dysrhythmias, and 
inflammatory heart conditions (e.g., endocarditis and myocarditis), the term, 
when used in the literature, frequently refers to the diseases that are related 
to atherosclerosis and/or hypertension, e.g., IHD, stroke, chronic heart 
failure, and peripheral arterial disease. This thesis is focused on IHD and the 
preclinical stages of the atherosclerotic disease.  

Ischemic heart disease 

Ischemic heart disease is clinically manifested as acute myocardial infarction 
(MI) with a loss of viable myocardium due to myocardial ischaemia, angina 
pectoris (AP), with exertional chest pain or dyspnoea indicating reversible 
myocardial ischaemia, and unstable angina, which is a state of severe 
myocardial ischaemia without significant necrosis of the myocardial tissues. 
Unstable angina, acute fatal and non fatal MI are often referred to as acute 
coronary syndromes (ACSs) due to the underlying pathology involving 
sudden partial or complete occlusion of a coronary artery (Falk et al., 1995).  

During myocardial ischaemia the patient typically experiences pain or 
discomfort in the chest, upper extremities or jaws, dyspnoea, diaphoresis, 
and/or sudden collapse (Thygesen et al., 2007). Myocardial ischaemia can 
also be clinically silent, only manifested by increased concentrations of 
biomarkers (e.g., troponins or creatine kinase-MB; CKMB), changes on the 
electrocardiogram (ECG), a regional loss of motion in the heart muscle wall, 
or (in fatal MI) pathological findings (Thygesen et al., 2007). The diagnosis 
of MI requires one or more objective findings, and the newer, more specific 
biomarkers has enabled the identification of also a minor MI (Alpert et al., 
2008). Due to the increased diagnostic sensitivity achieved using 
biomarkers, the diagnosis of MI in different clinical settings has recently 
been redefined (the Joint European Society of Cardiology/American College 
of Cardiology Committee, 2000, Thygesen et al., 2007).  
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Preclinical atherosclerosis 

The development of atherosclerosis is a process that starts long before any 
overt clinical signs of atherosclerotic disease are manifest. Endothelial 
dysfunction is a manifestation of activation of the endothelial cells. It can be 
assessed invasively, e.g., using administration of the endothelium dependent 
vasodilator acetylcholine (Panza et al., 1990), or by non-invasive 
measurement of the endothelial response to ischaemia, flow mediated 
dilatation (FMD; Celermajer et al., 1992). Macrovascular morphologic 
changes (e.g., presence of atherosclerotic plaques, plaque calcification and 
increased thickness of the arterial walls) can be observed using different 
imaging techniques. Ultrasound achieved estimation of thickness of the 
intimal-medial layers of the common carotid artery (IMT) and of presence of 
carotid plaques (Pignoli et al., 1986, Wendelhag et al., 1993) has often been 
used in studies. Pulse wave analysis, including assessments of pulse wave 
velocity and augmentation index, has been used to non-invasively estimate 
the stiffness in aorta and other large arteries (Wilkinson et al., 1998). 

Arterial stiffness, FMD, and IMT have all been observed to predict 
cardiovascular events in the general population (Mattace-Raso et al., 2006, 
Shechter et al., 2009, Novo et al., 2010) 

Inflammation in atherosclerosis 

Atherosclerosis is the main underlying cause of CVD (Hansson, 2005). The 
inflammatory nature of the atherosclerotic process has recently been 
extensively reviewed by Hansson and Hermansson (Hansson and 
Hermansson, 2011). The formation of an atherosclerotic plaque is illustrated 
in Figure 1.  

Low-density lipoprotein (LDL) particles become entrapped in the 
endothelium, degenerate and become oxidised (oxLDL). The oxidised 
phospholipids activate endothelial cells to express adhesion molecules and 
chemokines that attract monocytes and T-cells. Macrophage colony-
stimulating factor, from endothelial cells, stimulates monocytes to 
differentiate into macrophages. Macrophages become foam cells by 
internalisation of lipids through scavenger receptors (Libby et al., 2011).  

The initial sub-endothelial lesion, the fatty streak, containing lipid-loaded 
macrophages, extra-cellular lipids, and activated T-cells, develops into an 
atherosclerotic plaque through a process involving mechanisms related to 
the innate, as well as the adaptive, antigen-specific immune response. 
Antigen-presenting cells (APCs), e.g., dendritic cells and macrophages 
produce pro-atherosclerotic and pro-inflammatory cytokines, such as IL-1β, 
TNF, IL-6 and IL-18, by activation of toll-like receptors, and possibly also by 
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inflammasome activation (Hansson and Hermansson, 2011). Interferon-ϒ , 
from type 1 T-helper cells, enhances the expression of MHC class II, 
adhesion molecules, and pro-inflammatory cytokines, driving the 
immunological process further. Together with TNF, interferon-ϒ  also 
promotes the production of proteases (Andersson et al., 2009). Clusters of T-
cells are formed in proximity to the APCs in the plaque, and in lymphoid 
tissue within the adventitia, where B-cells are also found (Hansson and 
Hermansson, 2011).  

Histo-pathologically, the plaque consists of a necrotic core surrounded by 
inflammatory active cells, and is covered by a collagen cap of variable 
thickness built up of smooth muscle cells and collagen fibres. With 
increasing size the plaque can obliterate the vessel lumen, causing distal 
ischaemia. Proteases and decreased collagen fibre production can weaken 
the fibrous cap, making it vulnerable. If the plaque ruptures the necrotic core 
will be exposed to blood components in the vessel lumen, leading to platelet 
aggregation, activation of the coagulation cascade and the formation of a 
thrombus, or an embolus (Hansson and Hermansson, 2011). Approximately 
75% of the ACSs are caused by the rupture of a vulnerable plaque in the 
coronary arteries with subsequent thrombus formation (Falk et al., 1995). 

 

 

Figure 1. A schematic presentation of the atherosclerotic process over time 
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The (auto-) antigens involved in the adaptive immune response in 
atherosclerosis are still to be identified. Clones of T-cells responsive to 
components of LDL have been observed, but also other auto-antigens and 
microbial antigens have been suggested to be involved in the pathogenesis of 
atherosclerosis (Hansson and Hermansson, 2011). Recent findings also 
indicate that oxLDL possibly induces inflammation by activation of the 
NLRP3 inflammasome (Duewell et al., 2010). 

Persistent, low-grade inflammation, as measured by CRP, is a risk factor 
for CVD in the general population (Ridker et al., 1997, Kaptoge et al., 2010). 
There is increasing evidence against a causal relationship between CRP per 
se and CVD, but rather that the risk is attributed to the inflammation, or the 
effects of inflammation on other risk factors (Kaptoge et al., 2010, Wensley 
et al., 2011).  

Epidemiology 

The mortality from CVD in patients with RA is increased by approximately 
1.5 times as reported in a meta-analysis by Aviña-Zubieta and co-workers 
(Avina-Zubieta et al., 2008). The increase is mainly attributed to IHD 
(Myllykangas-Luosujärvi et al., 1995, Wållberg-Jonsson et al., 1997, 
Björnådal et al., 2002, Young et al., 2007). Epidemiological studies 
evaluating the risk of compound cardiovascular (CV) events have repeatedly 
presented an increase in the risk of incident events among patients with RA 
compared with the general population (del Rincon et al., 2001, Solomon et 
al., 2003, Watson et al., 2003, Turesson et al., 2004, Maradit Kremers et 
al., 2008, Bergström et al., 2009, Peters et al., 2009b), although not 
significantly increased in all studies (Gabriel et al., 1999a, Goodson et al., 
2005). The relative risk of IHD in patients with RA is increased in most 
published studies (Table 4). There are also observations of impaired 
prognosis among patients with RA after an MI (Van Doornum et al., 2006, 
Södergren et al., 2007). 

An accelerated atherosclerotic process has been suggested to be an 
underlying cause of the increased CV morbidity in RA patients. A large 
number of studies have been performed comparing patients with RA and 
control subjects regarding findings of subclinical atherosclerosis as recently 
reviewed by Sandoo and collegues (Sandoo et al., 2011). In summary, there is 
strong evidence for a premature development of atherosclerosis in patients 
with RA as assessed by FMD, IMT, and measurements of arterial stiffness.   
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Table 4. Relative risks (RR) of ischaemic heart disease in some studies 

comprising patients with rheumatoid arthritis 

Reference Event Statistic  RR1 (95%CI) RR2 (95%CI) 

Solomon et al., 2003 MI IRR 2.1 (1.3-3.3) 2.0 (1.2-3.3) 

Watson et al., 2003 MI IRR 1.6 (1.5-1.7)  

Turesson et al., 2004 MI SIR 1.8 (1.2-2.4)  

Fischer et al., 2004 MI OR  1.5 (1.2–1.8) 

Goodson et al., 2005 MI SIR  0.7 (0.2-1.9)* 
1.3 (0.6-2.5)# 

 

Maradit Kremers et al., 
2005a 

MI OR 1.1 (0.7–1.6) 1.1 (0.7–1.7) 

Solomon et al., 2006b MI IRR 1.8 (1.7–2.0)  

Han et al., 2006 IHD PRR 1.5 (1.4-1.6)  

Södergren et al., 2007 MI SIR 2.9 (1.9-4.1)  

Wolfe and Michaud, 
2008 

MI HR 1.7 (1.1-2.4) 1.6 (1.1–2.3) 

Bergström et al., 2009 CAD SIR 1.8 (0.7- 3.9)* 
2.2 (1.3- 3.6)#  

 

Holmqvist et al., 2010 MI  HR 1.6 (1.4-1.9)  

RR1=relative risk adjusted for age and sex, RR2=relative risk adjusted for age, sex and CV risk 
factors, *=men, #=women, MI=myocardial infarction, IHD=ischaemic heart disease, 
CAD=coronary artery disease, IRR=incidence rate ratio, SIR=standardised incidence ratio, 
OR=odds ratio, PRR=prevalence rate ratio, HR=hazard ratio  

Traditional cardiovascular risk factors in patients with 
rheumatoid arthritis 

A negative impact of RA disease on risk factors for CVD, or shared risk 
factors for development and progression of RA and CVD, are two 
hypothetical explanations for the increased CVD risk in RA. The traditional 
risk factors for CVD include age, male sex, a family history of premature 
CVD, and the modifiable risk factors, i.e., smoking, diabetes mellitus, 
hypertension, dyslipidaemia, and obesity. In the international 
INTERHEART study nine risk factors (abnormal lipid profile, smoking, 
hypertension, diabetes mellitus, abdominal obesity, psychosocial factors, 
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alcohol consumption, regular physical activity, and consumption of fruits 
and vegetables) accounted for 90-94% of the attributable risk for suffering 
an MI (Yusuf et al., 2004).  

Smoking habits 

Smoking is also a risk factor for development of RA, and is more prevalent 
prior to the onset of polyarthritis compared with control subjects (Goodson 
et al., 2004). Patients with RA report a past or current smoking habit more 
often than members of the general population (McEntegart et al., 2001, Stolt 
et al., 2003, Solomon et al., 2004, Gonzalez et al., 2008, Brady et al., 2009).  

Metabolic changes – lipid profile and glucose metabolism 

The lipid profile and the glucose metabolism are both influenced by 
inflammatory activity, and dyslipidaemia (Rantapää-Dahlqvist et al., 1991, 
Boers et al., 2003), and impaired glucose tolerance (Svenson et al., 1988, La 
Montagna et al., 2007) have frequently been reported in RA patients with 
active disease. Elevated levels of the pro-atherogenic high-density 
lipoprotein (HDL), with a decreased ability of reverse cholesterol 
transportation and oxidative, in contrast to normal, anti-oxidative 
properties, have been reported in RA patients (McMahon et al., 2006). 
Additionally, the concentrations of atherogenic small dense low-density 
lipoprotein (LDL) particles have been higher in patients with RA compared 
with those of control subjects (Hurt-Camejo et al., 2001). The measurements 
of total cholesterol and LDL did not differ between individuals prior to the 
development of inflammatory polyarthritis and controls (Goodson et al., 
2004). However, other studies have reported development of dyslipidaemia 
prior to RA disease onset with decreasing (Myasoedova et al., 2010), or 
increased (van Halm et al., 2007) total cholesterol levels. 

In spite of the relationship between inflammation and insulin resistance 
there is no clear evidence of a higher prevalence of diabetes mellitus in 
patients with RA (Simard and Mittleman, 2007).  

Hypertension and obesity 

Whether hypertension is more prevalent among patients with RA than in the 
general population has not been fully elucidated, as reviewed by Panoulas 
and co-workers (Panoulas et al., 2008). There are also conflicting results 
regarding obesity in RA, and higher (del Rincon et al., 2001, Elkan et al., 
2008, Book et al., 2009, Brady et al., 2009), and the same (Book et al., 
2009, Wolfe and Michaud, 2012) body mass index (BMI) values being 
reported for RA patients compared with the population at large. High BMI 
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have recently been suggested as a risk factor for the development of ACPA 
negative RA (Wesley et al., 2012).  

Traditional cardiovascular risk factors and cardiovascular disease in 
patients with rheumatoid arthritis 

The traditional risk factors and disease specific factors, e.g., inflammatory 
activity and disease severity have been observed to independently contribute 
to the increased CV risk in patients with RA in several studies (Wållberg-
Jonsson et al., 1999, Solomon et al., 2010, Innala et al., 2011). Some studies 
suggest that a combination of factors related to inflammation and traditional 
risk factors further exaggerates the risk of development of subclinical 
atherosclerosis or CV events (del Rincon et al., 2005, Maradit Kremers et 
al., 2008, Innala et al., 2011). In studies comparing the risk of IHD in 
patients with RA and the general population adjustments for traditional CV 
risk factors only had a limited effect on the risk estimates (Table 4). The role 
of the traditional risk factors on CVD in RA patients has been shown to differ 
from their impact on CVD in the general population (Gonzalez et al., 2008; 
Figure 2). It has been suggested that the influence of disease specific factors 
limit the effect of traditional risk factors in a competitive way, rendering the 
latter a lower relative value (Maradit Kremers et al., 2008, Symmons and 
Gabriel, 2011). 

 
Figure 2. Influence of traditional cardiovascular risk factors on combined endpoints 

in rheumatoid arthritis (RA) and non-RA subjects 
 
(Reproduced from Gonzalez A, Maradit Kremers H, Crowson CS, Ballman KV, Roger 
VL, et al., Ann Rheum Dis.  2008;67:64-69, with permission from BMJ Publishing 
Group Ltd.) 
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Inflammatory activity and cardiovascular comorbidity in 
patients with rheumatoid arthritis 

There are several possible pathogenic mechanisms by which systemic 
inflammation in RA can affect the progression of atherosclerosis and the risk 
of CVD (van Leuven et al., 2008): 

- Systemic inflammation can induce endothelial dysfunction, due to a reduced 

sensitivity to nitric oxide in the vessel wall (Yki-Järvinen et al., 2003). 

- The pro-atherogenic lipid profile related to inflammation might confer 

additional stress on the endothelium. 

- Inflammation can activate the coagulation pathway, leading to a hyper-

coagulative, hypo-fibrinolytic state (Wållberg-Jonsson et al., 2000, Peters et 

al., 2009a).  

- Platelet activation can promote thrombus formation and the production of 

platelet-derived adhesion molecules and other inflammatory mediators 

(Mac Mullan et al., 2010). 

Rheumatoid arthritis disease activity measurements and cardiovascular 
disease 

Several studies of patients with RA have identified associations between CVD 
and markers of disease activity and/or severity (Table 5). However, other 
studies have failed to detect any significant associations (Wolfe and 
Michaud, 2008, Radovits et al., 2009, van Halm et al., 2009), despite the 
magnitude of the increase in the risk attributed to the RA disease. There have 
also been contradictory results in studies evaluating relationships between 
markers of premature atherosclerosis and inflammatory activity, which 
presumably reflects the complexity of the interaction (Sandoo et al., 2011). 

Pharmacological treatment of rheumatoid arthritis and cardiovascular 
disease 

The potential interaction between inflammation and CV risk has also been 
investigated through studies of pharmacological therapy. Anti-inflammatory 
and immunosuppressive drugs used for the treatment of RA can have 
properties that interact with the processes of atherosclerosis or thrombus 
formation in either a positive or a negative direction. This point is 
exemplified by antimalarial drugs, which improve the lipid profile (Rho et 
al., 2009a), and tocilizumab, which increases all sub fractions of cholesterol 
(Smolen et al., 2008). Another example is the report that some prescribed 
non-steroid anti-inflammatory drugs (NSAIDs), have been associated with 
an increased risk of suffering an MI in a meta-analysis comprising mainly 
un-selected populations (Singh et al., 2006). 
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Table 5. Studies reporting associations between markers of disease activity 

and/or severity and cardiovascular disease in rheumatoid arthritis patients 

Reference 
Marker of disease 
severity or activity Outcome 

Wållberg-Jonsson et al., 1999 
Last ESR value  

Disease duration x ESR 
CV event 

Solomon et al., 2003 
 

Disease duration >10 years 

RF positivity 
MI 

Kremers et al., 2004 BMI <20 kg/m2 CV mortality 

Jacobsson et al., 2005 HAQ ≥1.38  CV event 

Maradit Kremers et al., 
2005b 

≥3 ESR values ≥60 mm/h CV mortality 

Liang et al., 2006 Ex-RA 
Non-cardiac CV 
event 

Turesson et al., 2007 Ex-RA CV event 

Young et al., 2007 HAQ at 1 year CV mortality 

Solomon et al., 2010 

A score including: Disease 
duration, radiographic joint 
erosions, subcutaneous 
nodules, joint replacement, 
HAQ score, CDAI, and sero-
positivity (ACPA and/or RF) 

CV event 

Innala et al., 2011 

ESR at baseline  

Cumulative DAS28 at 6 months 

Ex-RA 

CV event 

Wolfe and Michaud, 2012 BMI <18.5 kg/m2 CV mortality 

Ajeganova et al., 2012b HAQ at 5 years CV event 
CV=cardiovascular, ESR=erythrocyte sedimentation rate, MI=myocardial infarction, BMI=body 
mass index (kg/m2), HAQ=Health Assessment Questionnaire, Ex-RA=extra-articular 
manifestations of RA, CDAI=clinical disease activity index, DAS28=disease activity score 28-
joint count.  

 

Disease modifying anti-rheumatic drugs could hypothetically modify the 
CV risk by decreasing the inflammation. Treatment with methotrexate has 
been evaluated in a number of studies with CVD outcome measures 
including IHD (Table 6), all of which resulted in a significant or non-
significant decrease in risk among patients exposed to methotrexate. A meta-
analysis published 2011 comprising observational studies of patients with 
RA, psoriatic arthritis and polyarthritis resulted in a pooled risk estimate of 
0.79 (95% CI 0.73-0.87) for the risk of CVD associated with methotrexate 
use, and a corresponding pooled risk estimate of 0.82 (95% CI 0.71-0.96) for 
the risk of MI (Micha et al., 2011).  
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Table 6. Cardiovascular outcomes including ischaemic heart disease and 

methotrexate or tumor necrosis factor inhibitor therapy in rheumatoid arthritis 

patients 

 

Reference Study 
design 

Comparator Outcome Events 
n 

Adjusted RR 
(95%CI) 

M
E

T
H

O
T

R
E

X
A

T
E

 

van Halm et al., 
2006 

Nested 
case-
control 

MTX-naïve  CVD 72 0.1 (0.0-0.6) 

Choi et al., 2002 Cohort MTX-naïve  CV mortality 84 0.3 (0.2-0.7) 

Prodanovich et al., 
2005 

Cohort MTX-naïve CVD 2,017 0.8 (0.4-1.6) 

Suissa et al., 2006 Cohort No DMARD MI 476 0.8 (0.6-1.1) 

Naranjo et al., 
2008 

Cross-
sectional 

No MTX CVD 

MI 

406 

140 

0.8 (0.8-0.9) 

0.8 (0.7-0.9) 

Wolfe and 
Michaud, 2008 

Nested 
case-
control 

Non-current MTX MI 198 0.9 (0.7-1.2) 

Greenberg et al., 
2011 

Cohort Non-MTX, non-bio 
DMARD 

CV event 82 0.9 (0.5-1.8) 

T
N

F
 I

N
H

IB
IT

O
R

S
 

Greenberg et al., 
2011 

Cohort Non-MTX, non-bio 
DMARD 

Non-fatal 
MI 

25 0.2 (0.1-0.9) 

Naranjo et al., 
2008 

Cross-
sectional 

No TNFi MI 140 0.4 (0.2-0.8) 

Jacobsson et al., 
2005 

Cohort No TNFi CV event 98 0.5 (0.2-0.8) 

Carmona et al., 
2007 

Cohort No TNFi CV mortality 

IHD 

24 

22 

0.6 (0.2-1.4) 

0.2 (0.1-0.6)* 

Al-Aly et al., 2011 Cohort Non-bio DMARD CV event 9,121 1.0 (0.9-1.0) 

Wolfe and 
Michaud, 2008 

Nested 
case-
control 

No TNFi MI 198 1.3 (0.9-1.8) 

Suissa et al., 2006 Nested 
case-
control 

No DMARD MI 450 1.3 (0.9-1.8) 

Dixon et al., 2007 Cohort Non-bio DMARD MI 80 1.4 (0.6-3.7) 

Solomon et al., 
2006a 

Nested 
case-
control 

MTX 
monotherapy 

MI 438 1.7 (0.5-5.7) 

Events=number of events, RR=adjusted relative risk, MTX=methotrexate, CVD=cardiovascular 
disease, CV=cardiovascular, MI=myocardial infarction, non-bio=non-biological, 
DMARD=disease modifying anti-rheumatic drug, TNFi=tumour necrosis factor inhibitor 
therapy, IHD=ischemic heart disease. * Un-adjusted RR estimated from incidence rates as 
presented by the authors in patients 60 years or older. 
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Studies estimating the CV risk associated with TNFi treatment have 
generated conflicting results with relative risks ranging from 0.2 to 1.7, 
however, no studies resulted in a significant risk increase (Table 6). A study 
comprising the British Society for Rheumatology Biologics Register included 
an analysis comparing responders and non-responders to TNFi therapy, 
which concluded that there was 65 % reduction in the risk for an MI after a 
good or moderate EULAR response at 6 months (Dixon et al., 2007). No 
significant association between exposure to TNFi and the risk of an MI was 
noted in the British study population. A possible explanation, as concluded 
by the authors, could be that the suppression of the inflammation by TNFi, 
rather than any TNFi specific effect accounted for the risk reduction.  

Pharmacological treatments for rheumatoid arthritis and cardiovascular 
risk factors 

There are no published randomised controlled trials with CVD events as the 
outcome for any of the DMARDs. However, the effect of DMARD treatment 
on CV risk factors, and/or measurements of sub-clinical atherosclerosis have 
been evaluated in both observational studies and randomised trials in RA 
patients (Table 7). Improvement of, or no change in measurements is 
frequently the outcome regarding all of the substances analysed, with some 
exceptions. Impairment of the lipid profile has been observed in randomised 
controlled trials evaluating treatment with tocilizumab (Nishimoto et al., 
2007, Emery et al., 2008, Genovese et al., 2008, Smolen et al., 2008, Jones 
et al., 2010). Increased blood pressure levels and hypertension is a known 
side effect of treatment with leflunomide or cyclosporin A (Kim et al., 2001, 
Kvien et al., 2002, Kellner et al., 2010).  

Most studies of TNFi therapy in patients with RA have reported un-
changed, or improved lipid profile, as measured using the atherogenic index 
(total cholesterol/HDL; Table 7). However, two studies that included a 
longer duration of treatment (1-2 years) reported a significantly increased, 
i.e., impaired, atherogenic index (Rantapää-Dahlqvist et al., 2006, Popa et 
al., 2007). Increased levels of triglycerides are frequently observed, and are 
more apparent in studies with a short follow-up (Popa et al., 2005, Kiortsis 
et al., 2006, Rantapää-Dahlqvist et al., 2006, Popa et al., 2007, Tam et al., 
2007).  

A gain in fat-mass after 2 years of infliximab therapy was observed in a 
randomised controlled trial comparing infliximab plus methotrexate and a 
triple therapy with synthetic DMARDs (Engvall et al., 2010). No differences 
in BMI between the treatment groups were noted. In contrast to this finding, 
another group reported more gain of fat-free mass after etanercept therapy 
compared with methotrexate treatment in patients who had, after 6 months 
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of treatment, gained weight (Marcora et al., 2006). All studies of TNFi with 
measurement of FMD as the outcome parameter reported an improvement 
(Table 7). Arterial stiffness was unchanged or improved; however in one 
study a deterioration of the augmentation index was observed (Pieringer et 
al., 2010). 

Table 7. A brief summary of some studies reporting changes in traditional 
cardiovascular risk factors or measurements of subclinical atherosclerosis after 
DMARD therapy in rheumatoid arthritis patients 

  Improvement Unchanged Impairment 

LIPID 
PROFILE 

AMA Munro et al., 1997,  
Rho et al., 2009a,  
Morris et al., 2011 

  

MTX Georgiadis et al., 2006 Dessein et al., 2002,  
Park et al., 2002 

 

Rtx Kerekes et al., 2009,  
Ajeganova et al., 2011 

  

TNFi Popa et al., 2005,  
Gonzalez-Juanatey et al., 
2006b,  
Spanakis et al., 2006,  
Popa et al., 2009,  
Wijbrandts et al., 2009 

Vis et al., 2005,  
Allanore et al., 2006,  
Kiortsis et al., 2006, 
Tam et al., 2007,  
Garces et al., 2008,  
Soubrier et al., 2008, 
Bosello et al., 2008 

Rantapää-Dahlqvist et 
al., 2006,  
Popa et al., 2007 

Tcz   Nishimoto et al., 2007,  
Emery et al., 2008,  
Genovese et al., 2008, 
Smolen et al., 2008,  
Jones et al., 2010 

GLUCOSE 
META-

BOLISM 

AMA Penn et al., 2010,  
Bili et al., 2011 

  

MTX  Dessein et al., 2002  

TNFi Gonzalez-Gay et al., 2006,  
Tam et al., 2007,  
Stavropoulos-Kalinoglou et 
al., 2012  

Kiortsis et al., 2005, 
Rosenvinge et al., 2007,  
Stavropoulos-Kalinoglou 
et al., 2012 

 

HYPER-
TENSION 

AMA Rho et al., 2009a   

CyA   Kim et al., 2001,  
Kvien et al., 2002 

Lfl   Kellner et al., 2010 

MTX  Panoulas et al., 2008  

SSZ van Tuyl et al., 2010 Proudman et al., 2000  

TNFi Klarenbeek et al., 2010 Stavropoulos-Kalinoglou 
et al., 2012  

 

OBESITY 
MTX  Dessein et al., 2002  

TNFi Marcora et al., 2006  Engvall et al., 2010 

SUB-
CLINICAL 
ATHERO-

SCLEROSIS 

MTX Wållberg-Jonsson et al., 2004 Kumeda et al., 2002  

TNFi Hurlimann et al., 2002,  
Booth et al., 2004,  
Gonzalez-Juanatey et al., 
2006b, 
Mäki-Petäjä et al., 2006,  
Komai et al., 2007,  
Ferrante et al., 2009,  
Wong et al., 2009 

Van Doornum et al., 2005,  
Gonzalez-Juanatey et al., 
2006a, 
Angel et al., 2012 
 

Pieringer et al., 2010 

Rtx Gonzalez-Juanatey et al., 
2008,  
Kerekes et al., 2009 

  

DMARD=disease modifying anti-rheumatic drug, AMA=anti-malarial drugs, 
MTX=methotrexate, Rtx=rituximab, TNFi=TNF inhibitor, Tcz=tocilizumab, CyA=ciklosporin, 
Lfl=leflunomide, SSZ=sulphasalazine. Subclinical atherosclerosis includes: endothelial function, 
arterial stiffness, and intima-media thickness. 
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Obesity, fat distribution, and inflammation 

Body composition and inflammation in patients with 
rheumatoid arthritis 

Studies of the risk of mortality from CVD have shown a paradoxical effect of 
body weight in RA, with a greater risk found in patients with a low BMI 
(Kremers et al., 2004, Escalante et al., 2005, Wolfe and Michaud, 2012). 
The catabolic effects of inflammation, suggesting that high disease activity 
can be manifest by weight loss, may explain this, in part at least. A loss of 
lean body mass is a marker of both an acute and chronic illness, and loss of 
lean body mass in RA patients has been linked to production of TNF 
(Roubenoff et al., 1992, Walsmith et al., 2004). In patients with RA, the loss 
of skeletal muscle mass comes with an increase in fat mass, and preserved 
body weight or even weight gain (Rall and Roubenoff, 2004). This metabolic 
consequence of the RA disease, the so-called ”rheumatoid cachectic obesity”, 
has been observed at all stages of RA (Westhovens et al., 1997, Giles et al., 
2008b, Book et al., 2009, Elkan et al., 2009). To compensate for the 
abnormalities in body composition RA-specific cut-off levels for BMI 
defining overweight and obesity have been suggested (Stavropoulos-
Kalinoglou et al., 2007). 

Abundance of white adipose tissue (WAT) in obesity is associated with an 
inflammatory state, clinically measurable by elevated CRP in the general 
population (Visser et al., 1999). This has also been observed in women with 
RA (Giles et al., 2008a). A recent report from a Swedish inception cohort 
reported a 40-50% reduction in the remission rate among obese (BMI≥28-
30) patients with early RA, indicating an impact of adiposity also in the 
inflammatory state in RA patients (Ajeganova et al., 2012a). Similar 
findings, with positive associations between DAS28 and BMI, have been 
observed in the QUEST-RA cohort (Jawaheer et al., 2010). However, in a 
number of studies greater BMI values have been associated with less 
radiographic progression (Kaufmann et al., 2003, Westhoff et al., 2007, van 
der Helm-van Mil et al., 2008). 

Adipokines 

The adipose tissue consists mainly of adipocytes and variable amounts of 
pre-adipocytes, fibroblasts, macrophages, and T-cells. The potential of 
energy storage in the WAT is close to unlimited, as the adipocytes can 
expand extensively, and differentiation of new adipocytes can take place 
(Frayn et al., 2003). Hypertrophic adipocytes release free fatty acids and 
inflammatory mediators, and as the fat mass expands the relative amount of 
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present macrophages in WAT increases, which further enhances the 
inflammation (Galic et al., 2010).  

Adipokines, the cytokines, or cytokine-like proteins derived from adipose 
tissue can be expressed by adipocytes, i.e., the adipose tissue specific or 
traditional adipokines, or by other cells (e.g., macrophages, T-cells, or mast 
cells) within the adipose tissue (Derdemezis et al., 2011). Table 8 presents a 
summary of some of the suggested adipokines. The excessive release of pro-
inflammatory adipokines is considered to be the main reason for the 
observed inflammatory state in obesity, and provides a possible link between 
the association between obesity and CVD (Calabro et al., 2009). Notably, in 
healthy subjects 30% of the systemic IL-6 detected was derived from WAT 
(Mohamed-Ali et al., 1997). 

Some adipokines with suggested implications in rheumatoid arthritis 

Leptin is a hormone with a number of actions. It has been shown to have up-
regulatory effects on several immune cells such as lymphocytes, 
monocytes/macrophages, natural killer cells, neutrophils and dendritic cells 
(Lam and Lu, 2007). Compared with control subjects, patients with RA have 
been reported to have either increased or similar circulating levels of leptin 
(Scotece et al., 2011), with the levels of leptin in synovial fluid being 
increased (Bokarewa et al., 2003, Seven et al., 2009). Leptin has also been 
shown to protect against joint damage in experimental models of arthritis 
(Scotece et al., 2011). The role of leptin in RA is not fully elucidated, but 
leptin has been negatively associated with radiographic impairment (Rho et 
al., 2009b).    

Adiponectin is negatively associated with obesity, type 2 diabetes, and 
atherosclerosis in the general population (Scotece et al., 2011). However, in 
RA patients circulating adiponectin levels tend to be increased compared 
with those of controls (Scotece et al., 2011). High adiponectin levels have 
been related to a higher degree of radiographic progression (Giles et al., 
2011). The inverse association between BMI and joint erosion in patients 
with RA has been suggested to be mediated by adiponectin (Giles et al., 
2009). 

The physiological role for resistin in man is not yet clarified (Calabro et 
al., 2009). Increased circulating and synovial levels of resistin in RA patients 
compared with control subjects have frequently been observed (Derdemezis 
et al., 2011) and have been reported to be associated with RA disease activity 
(Forsblad d'Elia et al., 2008). Resistin could induce the expression of IL-6, 
TNF, and IL-1β in human synoviocytes and peripheral blood mononuclear 
cells (PMNC), and resistin mRNA in PMNC was induced by TNF (Bokarewa 
et al., 2005). Following infusion of the TNF-inhibitor infliximab in RA 
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patients an acute reduction in serum levels of resistin was observed 
(Gonzalez-Gay et al., 2008). These findings indicate a pathogenetic role for 
resistin in RA (Scotece et al., 2011). 

Visfatin (also called Nampt or pre-B-cell colony-enhancing factor; PBEF) 
is another adipokine suggested to have a role in the pathogenesis of RA 
(Scotece et al., 2011). Circulating concentrations of visfatin have been 
elevated in RA patients compared with those of controls (Otero et al., 2006). 
Synovial fibroblasts from patients with RA expressed visfatin after 
stimulation with IL-1β, TNF and toll-like receptor ligands (Brentano et al., 
2007). Furthermore, RA synovial fibroblasts expressed IL-6 and matrix 
metalloproteinases after exposure to visfatin (Brentano et al., 2007). The 
same authors also presented visfatin-overexpression in synoviocytes located 
in the lining layer and in the pannus formation in synovial tissue sample 
from patients with RA (Brentano et al., 2007). In another study visfatin was 
associated with radiological joint damage independently of inflammation 
and BMI in RA patients (Rho et al., 2009b).  

Osteopontin is involved in the mineralisation process in bone tissue and 
has also been associated with vascular calcification (Cho et al., 2009). 
Osteoblasts and osteocytes, as well as other cells, e.g., macrophages, 
activated T-cells and epithelial cells express osteopontin (Cho et al., 2009). 
Concentrations of osteopontin in patients with RA have been observed to be 
elevated in comparison to control subjects, and even further elevated 
concentrations has been analysed in synovial fluid from the affected joints of 
patients with RA (Xu et al., 2005, Bazzichi et al., 2009). 

Adipose tissue compartments 

The association between body fat distribution and the risk of diabetes or 
atherosclerosis is well known (Vague, 1956). The two main depots of WAT in 
the body is subcutaneous adipose tissue (SAT), or visceral adipose tissue 
(VAT), of which SAT is larger. Fat found in these compartments have 
different properties. Visceral adipose tissue secretes more pro-inflammatory 
adipokines and adiponectin than SAT, which in turn releases more leptin and 
has a higher sensitivity to insulin (Yang and Smith, 2007). Visceral fat is 
independently associated with mortality in the general population (Kuk et 
al., 2006). An association between VAT and CVD risk factors has been 
observed in patients with RA (Giles et al., 2010). Intrahepatic fat and 
intramuscular fat are other ectopic fat depots, although quantitatively much 
smaller than VAT they may contribute to systemic metabolic disease (Britton 
and Fox, 2011). Recent evidence suggests that SAT may even have a 
protective effect on the risk of CVD (Narumi et al., 2009, Porter et al., 
2009), but whether this also applies to patients with RA is not known.  
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Table 8. An over-view over some adipokines, their relationships with 

inflammation, and circulating plasma levels in obesity  

 Association with 
inflammation 

Plasma levels in 
obesity 

Leptin +? Increased  
Adiponectin +/- Decreased 
Resistin + Increased 
Visfatin + (VAT) Increased (VAT) 

Decreased (SAT) 
Vaspin ? Increased 
Omentin ? Decreased 
Retinol Binding Protein 4 + Increased 
TNF + Increased 
Soluble TNF receptors - Increased 
IL-1β + (Undetectable) 
IL-1Ra  - Increased 
IL-6 + Increased 
IL-8 + Increased 
IL-10 - Decreased 
PAI-1 + Increased 
Osteopontin +/- Increased 
MCP-1 + Increased 
Lipocalin - Increased 
Apelin ? Increased 

Chemerin + Increased 

Serum Amyloid A (SAA) + Increased 
TNF=tumor necrosis factor, IL-1Ra=interleukin-1 receptor antagonist, PAI-1=plasminogen 
activator inhibitor-1, MCP-1=monocyte chemotactic protein-1  
References for the table: Hauner et al., 1998, Mazzali et al., 2002, Meier et al., 2002, 
Straczkowski et al., 2002, Manigrasso et al., 2005, de Souza Batista et al., 2007, Gustafson et 
al., 2007, Kiefer et al., 2008, Zhang et al., 2008, Calabro et al., 2009, Lee et al., 2009, Ernst 
and Sinal, 2010, Galic et al., 2010, Jung et al., 2010, Derdemezis et al., 2011, Scotece et al., 
2011. 
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Aims 

Although the field has been studied extensively, the underlying reasons for 
the increased morbidity and mortality due to cardiovascular disease, 
including ischaemic heart disease, in patients with rheumatoid arthritis 
remain unclear. The overall aim for this thesis was to evaluate some aspects 
of the interaction between inflammation and cardiovascular co-morbidity in 
rheumatoid arthritis, and specifically: 

 
• to investigate whether there are detectable differences in the levels of 

some adipokines in the serum and subcutaneous adipose tissue from 
patients with rheumatoid arthritis compared with control subjects; 

 
• to analyse the extent to which adipokines in rheumatoid arthritis 

patients are associated with systemic inflammation, metabolic markers 
or measurements of sub-clinical atherosclerosis; 

 
• to evaluate the risk of acute coronary syndromes in relation to therapy 

with tumor necrosis factor inhibiting drugs in patients with rheumatoid 
artritis at different stages of disease progression, and in relation to the 
risk level in the general population;  
and 

 
• to analyse whether a response to tumor necrosis factor inhibitory 

treatment is associated with the risk of a subsequent acute ischaemic 
cardiac event. 
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Study populations and methods 

The patient populations in studies I and II were clinic-based cohorts. Studies 
III and IV were based on data from the Swedish Rheumatology Register 
(SRR). 

Study populations 

Study I 

The study population consisted of 23 women with seropositive RA according 
to the ACR 1987 revised criteria (Arnett et al., 1988) drawn from a clinic-
based inception cohort. The original cohort, included in another study 
(Wållberg-Jonsson et al., 1999) comprised all patients (n=211) with 
seropositive RA registered during 1974-1979 at the Department for 
Rheumatology at Umeå University Hospital, and with a disease duration  
≤ 1 year at presentation. At that time the department was the only reference 
centre for rheumatologically ill patients in the county of Västerbotten. The 
control subjects were 23 age-matched females, randomly sampled from the 
population register of the same region. Descriptive information of the 
patients and controls included are presented in Table 9. 

Study II 

This study population was recruited from the Departments of Rheumatology 
at Umeå University Hospital (n=23) and Helsinki University Hospital 
(n=28). All patients fulfilled the ACR 1987 revised criteria for RA (Arnett et 
al., 1988), and had no previously known cardiovascular disease (including 
hypertension), or diabetes mellitus. A subset of the patients in Umeå agreed 
to contribute adipose tissue biopsies (n=13), and 12 control subjects, 
matched for age, sex, and BMI (normal or overweight) were also recruited. 
The control subjects had no previous diagnosis of diabetes mellitus, 
cardiovascular, hypertensive, or rheumatic disease. Descriptive information 
of these patients and control subjects are presented in Table 9. 
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Table 9. Descriptive data for patients and control subjects included in study I 

and II 

 Study I Study II 

 Patients 
(n=23) 

Controls 
(n=23) 

Patients 
(n=51) 

Controls 
n=(12) 

Female sex, n (%) 23 (100) 23 (100) 36 (71) 8 (67) 

Age, years, mean ±SD 54.0 ±7.2 52.3 ±6.4 60 ±11 61 ±11 

BMI, kg/m2, mean ±SD 25.0 ±3.9 25.4 ±4.4 24.8 ±3.1 24.5 ±3.5 

ESR, mm/h,  
median (IQR) 

20 (6-38)** 6 (4-10) 24 (11-32)*** 7 (4-11) 

CRP, mg/L,  
median (IQR) 

<10 (10-16)*** <10 (<10) 7.0 (<5-14) <5 (<5-8.5) 

Syst BP, mm Hg,  
mean ±SD 

129 ±15 129 ±15 136 ±17 138 ±16 

Diast BP, mm Hg,  
mean ±SD 

81 ±8 84 ±10 78 ±7** 87 ±13 

AI, mean ±SD 3.8±1.1 3.8 ±1.2 3.1 ±1.0 3.3 ±0.9 

TG, mean ±SD 1.5±0.7 1.7 ±1.4 1.14 ±0.59 1.19 ±0.55 

Smokers, n (%) 1 (4) 0  14 (28) 0 

Hypertension, n (%) 4 (17) 3 (13) 0 0 

Diabetes, n (%) 1 (4) 0 0 0 

CVD, n (%) 2 (9) 1 (4) 0 0 

RF positive, n (%) 23 (100) - 47 (92) - 

DAS28, mean ±SD 3.7 ±1.2 - 4.2±1.1 - 

Disease duration,  
years, range 

20-24  - 2-46 - 

**p<0.01, ***=p<0.001, comparisons between patients and controls in each study. SD=standard 
deviation, BMI=body mass index, ESR=erythrocyte sedimentation rate, CRP=C-reactive 
protein, Syst BP=systolic blood pressure, Diast BP=diastolic blood pressure, AI=atherogenic 
index (total cholesterol/high density lipoprotein), TG=triglycerides, CVD=cardiovascular 
disease, RF=rheumatoid factor, DAS28=disease activity score, 28 joint count. 
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Study III and IV – Setting 

The Swedish Rheumatology Register (SRR) was started in 
1995 as a prospective register comprising patients with 
early RA from clinical practice. The patients are included at 
the time of diagnosis. Data on time point for debut of 
symptoms, measurements of clinical disease activity (e.g., 
DAS28), disability, (i.e., HAQ), pharmacological treatment, 
and fulfilment of diagnostic RA criteria are entered in the 
register at inclusion and further on at predetermined time 
points. All public and private rheumatology practitioners 
have access to the register (Figure 3). The estimated 
coverage in terms of early RA was 74% during 2007-2009 
(Lindblad et al., 2011). 

The Swedish Biologics Register (Anti-Rheumatic Therapy 
In Sweden; ARTIS) was started in the late 199os, using the 
SRR platform. Patients at all stages of RA development 

(and other rheumatological conditions), starting any biological therapy are 
included in the register, which comprises information on diagnosis, disease 
activity measurements, and start-stop dates for pharmacological treatments. 
The estimated coverage regarding prescribed TNFi was 87% in 2006-2008 
(Neovius et al., 2011a). 

The population-based Swedish National Patient Register was started in 
1964 and holds information on in-patient care, with full coverage since 1987. 
Since 2001 data from out-patient visits (except primary care) are also 
included. Information in the National Patient Register includes clinic visit 
and/or hospitalisation dates, geographical data, main and secondary 
discharge diagnoses and surgical procedures coded according to the 
International Classification of Diseases (ICD), as well as patient data, e.g., 
the unique individual personal identification number.  

The Cause of Death Register is a population-based register started in 1961 
holding information of all deceased Swedish citizens. The data includes 
personal and geographic data, date and the underlying cause(s) of death.  

Statistics Sweden (also called the Swedish Population Register) comprises 
information on immigration, emigration, vital status, and residency, as well 
as data on socioeconomic factors, such as civil status and education level for 
all Swedish residents. 

The inclusion of the personal identification number in all above registers 
brings the possibility of register linkage.  

Figure 3. 
Geographic 
distribution of units 
including patients in 
SRR. 

 



 

 35 

Study III 

The base for the two sub-studies (a cohort study and a nested case-control 
study) in study III comprised all patients who were included in the Swedish 
Rheumatology Register between 1995 and 2007 at the time of RA diagnosis 
(n=8,746). All patients fulfilled the 1987 ACR criteria for RA (Arnett et al., 
1988), and had a symptom duration ≤1 year at the time of inclusion, i.e., 
patients with early RA. 

For the cohort study only patients (n=6,496) with a diagnosis of RA after 
the introduction of TNF-inhibitors (TNFi) to the Swedish market (January 1, 
1999) were included. Furthermore, all patients hospitalised with a registered 
diagnosis of ischaemic or congestive heart disease (ICD codes in table 12) 
before the inclusion were excluded (n=496), leaving 6,000 study subjects 
with early RA in the final cohort (Figure 4). Demographic data on patients 
included in study III (cohort) are presented in Table 10. 

 

Figure 4. Overview of the selection of the patient populations included in the two 

parts of study III: cohort and nested case-control study.  

 

Controls* 
 n=81 

EARLY RA NESTED  
CASE-CONTROL STUDY 

EARLY RA COHORT STUDY 
The Swedish Rheumatology Register 

 

 

 

Included 
before 1999 

N=2,250 

Previous IHD 
N=496 

Early RA cohort 
n=6,000 

Patients exposed for 
TNFi with a validated 

ACS 1999-2006 
n=24 

Patients with early RA, 
duration of symptoms 

≤1 year, 
1995-2007 
 n=8,746  

*Matched for:  
• sex 
• age at inclusion 
• year of inclusion 
• duration of RA at  

start of TNFi 
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Table 10. Demographic data on study subjects included in study III (cohort) and 

study IV. TNFi exposed and bio-naïve refers to patient status after inclusion. 

 Study III  Study IV 
 TNFi 

exposed 
early RA 
patients  

 
(n=1,271) 

Bio-naïve 
early RA 

comparator  
 
 

(n=4,729) 

TNFi 
exposed 

RA 
patients 

                  
(n=7,213) 

Bio-naïve 
RA 

comparator 
 
  

(n=17,769) 

General 
population 

comparators 
 
    

(n=32,161)                                    

Age at 
inclusion, 
years, 
mean ±SD 

50.5 ±14.0 58.5 ±14.8 54.8 (12.8)  55.4 (12.6) 54.0 (12.6) 

 
Female sex, 
n (%) 

950 (74.7) 3278 (69.3)  5629 
(78.0) 

13822 (77.8) 25397 (79.0) 

 

 

In the nested case-control study all patients in the base cohort, who had 
experienced an acute coronary syndrome (ACS; ICD codes in Table 12) 
between 1999 and 2006, and after the start of any TNFi, were included. The 
possible cases (n=31) were identified by linking of the Swedish National 
Patient Register and the Cause of Death Register with the Swedish 
Rheumatology Register. After examining of the medical records, 24 cases 
with a validated ACS were included in the study. For each case up to 4 
controls (matched for sex, age at inclusion, year of inclusion, and duration of 
RA at start of TNFi) who had started TNFi therapy, were alive, but had not 
experienced an event at the time for the case’s event, were randomly selected 
from the base cohort (Figure 4). In contrast to the cohort study, patients with 
previous IHD or congestive heart disease, and patients included before 1999 
were not excluded from the nested case-control study. Patient characteristics 
of the patients included in the nested case-control study are presented in 
table 11. 
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Table 11. Patients characteristics at start of TNFi treatment in the nested case-

control study in study III 

 Cases 
(n=24) 

Controls 
(n=81) 

Cases 
vs. 
controls 

Age at RA diagnosis, years (SD)  62.4 (11.4) 60.1 (11.1) ns 

Sex, female, n (%) 12 (50.0) 44 (54.3) ns 

Time from diagnosis to start of TNFi, 
months (SD) 

28.5 (19.1) 26.6 (19.0) ns 

RF positivity, n (%) 21 (87.5) 70 (86.4) ns 

DAS28, mean (SD) 5.7 (1.0) 5.7 (1.4) ns 

HAQ, mean (SD) 1.2 (0.4) 1.2 (0.7) ns 

Rheumatoid nodules, n (%) 4 (16.7) 23 (28.4) ns 

Other extra-articular disease*, n (%) 2 (8.3) 3 (3.7) ns 

Pharmacological treatment, n (%):    

Methotrexate 18 (75.0) 63 (77.8) ns 

Any DMARD 18 (75.0) 70 (86.4) ns 

Oral corticosteroids 17 (70.8) 50 (61.7) ns 

NSAID or COX-2 inhibitor 18 (78.3) 63 (78.8) ns 

Cardiovascular risk factors, n (%):    

Smoking, present** 7 (29.2) 27 (36.5) ns 

Hypertension 11 (45.8) 25 (30.9) ns 

Diabetes mellitus 5 (20.8) 9 (11.1) ns 

Family history of CVD** 4 (40.0) 6 (18.2) ns  

Hypercholesterolaemia 9 (37.5) 9 (11.1) p=0.004 

Any previous CVD*** 9 (37.5) 13 (16.0) p=0.07 

*All other extra-articular disease consisted of interstitial lung disease ** Records of smoking 
habits available for 98 individuals, 24 cases and 74 controls. Records of family history of 
cardiovascular disease available for 43 patients; 10 cases and 33 controls. ***Any previous 
cardiovascular disease (CVD) included previous myocardial infarction, congestive heart failure, 
stroke, percutaneous coronary intervention, coronary artery bypass graft, and transient ischemic 
attack.  
RF = rheumatoid factor, DAS28 = disease activity score, 28 joint count, HAQ = health 
assessment questionnaire, DMARD = disease modifying anti-rheumatic drug, NSAID = non-
steroid anti-inflammatory drug, COX-2 = cyclooxygenase 2 
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Study IV 

The study population was divided into three separate cohorts: the TNFi 
cohort, the RA comparator, and the general population comparator (Figure 
5). Demographic data on included patients and referents included in the 
cohorts are presented in table 10. 

In the TNFi cohort all patients over the age of 18, who started treatment 
with a first ever biologic (a TNFi) between January 1, 2001 and December 31, 
2009 (n=8,394) were identified from the ARTIS register. Patients for whom 
no matched RA comparators were available were excluded (n=319). In the 
next step patients with previous ischaemic or congestive heart disease 
(n=566, ICD codes in table 12), who had emigrated before matching date 
(n=238), and patients without RA referents after exclusions (n=58) were 
excluded, leaving 7,213 patients in the TNFi cohort (Figure 5). 

The RA referents were required to have two or more registered diagnoses 
of RA (ICD codes in table 12) in the National Patient Register, with at least 
one as a consequence of a visit to a Rheumatology or Internal Medicin clinic 
during 2001-2009. The matching process was performed in four steps: 1. 1:2 
matching based on sex, age in 5-year strata, and county of residency; 2. for 
any patient in the TNFi cohort not receiving two referents in step 1, matching 
on sex, age in 10-year strata and county of residency; 3. for TNFi patients 
still without two referents, matching by sex, and age in 10-year strata; and, 4. 
repeating steps 1-3 for a potential third referent for each TNFi patient. This 
procedure identified 21,953 RA referents. After exclusions as above, 17,769 
RA patients remained in the RA comparator cohort (Figure 5). 

The general population comparator consisted of 5 referents randomly 
assigned and matched for sex, age and county of residency, to each patient in 
the TNFi cohort. In total 40,375 general population referents were identified, 
leaving 32,161 general population referents after exclusions as above (Figure 
5).  

Demographic data on study subjects included in this study are presented 
in Table 11. 
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Figure 5. Overview of the selection of patient populations in the three cohorts in 

study IV. 
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Table 12. ICD codes used for identification of rheumatoid arthritis, previous 

ischaemic and congestive heart disease and covariates in study III and IV 

Diagnoses ICD 7 ICD 8 ICD 9 ICD 10 Study 
III 

Study 
IV 

RA  712.10, 
712.20, 
712.38, 
712.39
  

714A-C, 
714W, 719D 

M05, M06.0, 
M06.2, M06.3, 
M06.8, M06.9, 
M12.3 

 X 

Ischemic or 
congestive heart 
disease 

420, 
434.1, 
434.2, 
(+434.4 
in study 
IV)
  

410-414, 
427.00, 
427.10, 428.9 

410-414, 
428 

I20-25, I50 X 

 
X 

Myocardial 
infarction 

   I21 X X 

Angina pectoris    I20 X  

Unstable angina    I20.0 X X 

Chronic 
obstructive and 
interstitial 
pulmonary 
disease 

 490, 491.01, 
491.02, 
491.04, 492, 
517 

491-492, 
496, 515-
516 

J41-44, J84.1, 
J84.9 

X X 

Diabetes mellitus  250 250 E10, E11 X X 

Hypertension   400-404 401-405 I10-15  X 

Infections   000-136, 320, 
322, 381-383, 
460-466, 470-
474, 480-486, 
501, 526.4, 
590, 680-686, 
710, 720, 
782.9  

 

001-139, 
320-322, 
382-383, 
460-466, 
475, 480-
487, 526E-
526F, 590, 
680-686, 
711A, 711E, 
730, 790H 

A00-B99, G00-
G02, G04.2, 
G05-G07, H66-
H67, H70, J00-
J22, J32, J34.0, 
J36, J38.3, 
J39.0-J39.1, 
K10.2, L00-
L08, M00-
M01, M46.2-
M46.5, M86, 
N10, N30.0 

X X 

Cerebrovascular 
disease   

 430-434, 436-
438 

430-434, 
436-438 

I60-69  X 

Other 
atherosclerotic 
disease* 

 432, 435, 
437, 440-442, 
443.10, 
443.9, 444, 
445 

433-435, 
437A,B, 438, 
440-442, 
443B,X, 444, 
557A,B 

G45, I65-I66, 
I67.2, I69-I72, 
I73.1, I73.9, 
I74, K55.0, 
K55.1 

 X 

*Includes arterial occlusion and stenosis of cerebral and precerebral arteries, transient 
ischaemic attack, cerebral atherosclerosis, late effects of cerebrovascular disease, 
atherosclerosis, aortic aneurysm, other aneurysm or dissection, peripheral arterial disease, 
arterial embolism or thrombosis, and atherosclerosis with gangrene. 
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Laboratory methods and technics 

Adipose tissue biopsies 

Abdominal subcutaneous adipose tissue (SAT) samples were obtained under 
sterile conditions by aspiration using a 14G (2.1 mm ∅) injection needle 
under local anaesthesia (Study II). The samples were rinsed in normal saline 
solution, immediately frozen in liquid nitrogen, and stored in -80° until 
analysed.  

During preparation for analyses the frozen SAT samples were washed in 
buffer, containing 20 mM Tris-HCl and 1 mM EDTA, followed by 
homogenisation in the same buffer containing 0.1 mM 
phenylmethanesulfonylfluoride, i.e., lysis buffer, in the ratio of 100 µl lysis 
buffer per 0.1 g tissue. After centrifugation the aliquoted infranatant was 
used for analyses.  

Measurements of cytokines, cytokine receptors and adipokines 

Serum samples were stored at -80° prior to analyses. Leptin in serum was 
analysed using double antibody radioimmuno assays (Study I). Interleukin-
6, IL-1Ra, sTNFRI and II in serum (Study I) were analysed using quantitative 
sandwich enzyme linked immunoassays.  

In study II the serum concentration of osteopontin was analysed using 
enzyme linked immunosorbent assay (ELISA). Visfatin, PAI-1, and IL-1Ra in 
serum and SAT extract, TNF and IL-6 in serum, and MCP-1 and sTNFRII in 
SAT extract were all analysed by multiplex (xMAP) technology in study II. 
Final concentrations were calculated based on internal standard curves. 

All analyses were performed using duplicate aliquotes. 

Assessments of endothelial function and intima-media thickness 

The assessments of endothelial function and intima-media thickness (IMT) 
were performed using B-mode ultrasound systems equipped with high-
frequency 10-MHz linear array transducers and a standardised protocol. The 
study subjects were examined after an over-night fast in the supine position 
in a quiet, temperature-controlled (22-24°C), darkened room.  

Measurements of endothelium dependent and independent dilatation 

 The brachial artery of the non-dominant arm was scanned longitudinally 5–
10 cm above the antecubital fossa and the scans were recorded on videotape. 
ECG with R-wave indication was recorded throughout the ultrasonographic 
study. After recordings of the basal diameter, ischaemia was induced by 
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inflation of a sphygmomanometer cuff around forearm distal to the scanned 
part of the artery to 250 mmHg for 5 min. The diameter of brachial artery 
was scanned continuously for 180 seconds after release of the cuff to assess 
the endothelium dependent dilatation (FMD; flow-mediated dilatation). 
After the diameter had returned to the basal (approximately 15 min after 
FMD) sublingual glyceryl trinitrate (GTN; 25 µg) was administrated. The 
diameter of brachial artery was scanned continuously for 300 seconds after 
administration of GTN to assess the endothelium independent dilatation.  

Videotaped brachial artery scans were analysed of by a single reasearcher 
using an automated edge detection and analysis software which detects 
brachial artery walls and calculates the distance between the near wall and 
far wall M-lines from R-wave gated sequences. The highest diameter values 
observed during the 180 seconds (FMD) were used to calculate the increases 
in the brachial diameter above basal in response to ischaemia (percent 
FMD).  

Measurements of intima-media thickness 

Recordings were obtained from the left carotid artery with the patient’s head 
turned slightly to the contralateral side with the probe registering a linear, 
plaque-free segment of the left common carotid artery 1-3 cm proximal the 
carotid bulb. ECG with R-wave indication was recorded. 

Carotid scans were digitalized and analysed using software automatically 
detecting media-adventitia and lumen-vessel boundaries. A mean IMT value 
was calculated as the mean value of near and far wall IMT in 30 consecutive 
R-wave gated frames.  

Assessment of body fat content 

Body fat content, i.e., percentage of body fat and body water content, were 
measured by bioimpedance. Bioimpedance analysis (BIA) gives an 
estimation of the total body water content by measuring the resistance to a 
current through the body using four electrodes placed on the study subject’s 
feet. After entering the gender, the height, and the weight of the subject, the 
included computer software calculates the estimated percentage body fat and 
body water content. 

Epidemiological study design 

Three different study designs were used in the observational studies: a 
prospective cohort study (Study III); a nested case-control study (Study III); 
and a matched cohort study (Study IV). In a cohort study, one cohort with a 
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defined exposure is compared with another without this exposure regarding 
the risk of a specific outcome.  

A prospective cohort is followed longitudinally identifying the time point 
of the exposure (if exposed) and onwards until the outcome occurs or 
another defined end of follow-up. In the matched cohort study a cohort with 
a known exposure (often referred to as index cohort) is compared with 
another without this exposure, but with the included subjects matched (on 
individual or cohort basis) with respect to potential confounding factors, e.g., 
often variables such as sex and age. Cohort studies are used to estimate 
relative risks, but require large sample sizes, depending on the rate of the 
outcome.  

A case-control study is retrospective, with identified cases with a specific 
outcome and for each case a number of controls, often matched on 
properties that could be considered confounding. Case-control studies can be 
nested within a specific cohort. The sample size needed depends on the 
prevalence of the exposure, which is generally higher than the incidence of 
the outcome, thus the sample size in a case-control study can be relatively 
small. A case-control study gives an odds ratio for the risk of an outcome. For 
outcomes with low probability to occur, the odds ratio is an approximation of 
the relative risk. 

Classification of exposure 

In studies II and IV (early RA cohort study) exposure was defined to take 
place at the start of treatment with a first biologic, a TNFi, as registered in 
the SRR. In the nested case-control study, designed to estimate the 
association between response to TNFi therapy and the risk for ACS, the main 
exposure was a good or moderate EULAR response after 3 or 6 months.  

Definition of follow-up 

In the early RA cohort study within study III follow-up started at inclusion 
into the RA Register (i.e., at the time point of RA diagnosis) and ended, for 
each individual, at the first ACS, emigration from Sweden, death, or the end 
of 2007, whichever came first. Subjects exposed to TNFi during follow-up 
contributed exposed person-time from the time point of exposure and 
onwards until end of follow-up. 

In study IV, the time for inclusion in the cohort was set to the date of start 
on the TNFi for the index patient and the corresponding date for the 
matched referents. The follow-up ended at death, emigration, December 31 
2009, at the time point for a first ACS, or the reported stop date for the TNFi 
plus 90 days (index patients) or the reported start date for any biologic agent 
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(referents), whichever came first. If a previously unexposed RA referent 
started treatment with a TNFi, this patient was included as an index patient 
from that date.  

Outcome definition 

In study III the outcome was defined as the occurrence of an ACS and was 
assessed through the diagnosis of an acute MI or angina pectoris (ICD codes 
in table 12) as the primary hospital discharge diagnosis or MI as the 
underlying cause of death. In study IV the outcome was defined as any first 
ever ACS; acute MI or unstable angina pectoris (ICD codes in table 12), as 
the primary hospital discharge diagnosis. The date for admission to hospital, 
or the date of death (for a fatal MI occurring out-side a hospital), was 
considered the event date.  

In the nested case-control study all included events (except MI as the 
underlying cause of death) were validated by examination of medical records 
from departments of cardiology or internal medicine. 

Validation of events 

The validity of an ACS event by a discharge diagnosis of acute MI, angina 
pectoris, or unstable angina was assessed by examination of the medical 
records of 117 events. An acute MI should be consistent with the definition of 
The Joint European Society of Cardiology/American College of Cardiology 
Committee (the Joint European Society of Cardiology/American College of 
Cardiology Committee, 2000), and unstable angina by a clinical definition 
(Table 13). 

Covariates 

Disease activity and severity 

In Study III information on disease activity (ESR, CRP, SJC, TJC, patient’s 
global health VAS, pain VAS, DAS28, HAQ) and the use of NSAIDs, the dose 
and type of DMARDs and oral corticosteroids were extracted from the 
Swedish RA Register. Data from the inclusion date and the visit at 3 months 
was used for the early RA cohort study.  

In the nested case control study (Study III) data as above from SRR was 
extracted from the year before initiation of TNFi and from start of TNFi 
treatment to the index date similarly for cases and controls. All medical 
records from in- and out-patient visits to rheumatologists were examined 
and register data was complemented when necessary.  
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Table 13 Validation and definition of acute coronary syndrome 

Discharge 

diagnosis 

ICD 10 

code 

Number 

of 

identified 

possible 

events 

Validated 

events 

Positive predictive value 

of ICD codes for ACS 

Acute MI1 I 21 72 70 97% 

76% 

95% Unstable 

angina2 

I 20.0 13 11 85% 

Angina 

pectoris 

I 20 32 8 25%  

       

Definition of acute MI Definition of unstable angina 

1. Typical rise and gradual fall (troponin) or 
more rapid rise and fall (CK-MB) of 
biochemical markers of myocardial necrosis 
with at least one of the following: 

a. ischaemic symptoms 
b. development of pathologic Q waves on 

the ECG 
c. ECG changes indicative of ischaemia (ST 

elevation or depression) 
d. coronary artery intervention.  

2. Pathologic findings of an acute MI. 

1. Typical symptoms of new or accelerated exercise-
induced AP or AP at rest plus at least one of the 
following objective findings:  

a. ischaemic episode on computerized, 
continuous vectorcardiography 

b. abnormal blood level of one or more cardiac 
biomarker (troponin I or T, CK-MB) 

c. pathological angiography of the coronary 
arteries 

d. pathological myocardial perfusion scintigraphy  
e. typical ischaemic ECG changes on exercise test.  

ICD=International Classification of Diseases, ACS=acute coronary syndrome, MI=myocardial 
infarction, AP=angina pectoris, CK-MB=creatine kinase-MB, ECG=electrocardiography. 

 

Disease duration 

In Study IV disease duration at matching date was classified as “5+ years”, 
“<5 years” or “not specified” depending on definition in SRR (if present) or 
the time since first entry in the National Patient Register.  

Comorbidity and cardiovascular risk factors 

A history of hospitalisation with comorbidity was included as covariates in 
both cohort studies: in study III chronic obstructive pulmonary disease, 
diabetes, and infection (ICD codes in table 12), prosthesis surgery, 
malignancy, and total of days in hospital; and, in study IV hospitalisation or 
clinic visits with a diagnosis of chronic obstructive or interstitial pulmonary 
disease, diabetes mellitus, hypertension, infections, cerebrovascular disease 
and other atherosclerotic disease (ICD codes in table 12) were extracted, as 
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well as the number of previous hospital admissions during the 10 years 
antedating the inclusion into the cohorts, and any joint surgery prior to 
inclusion. 

In the nested case-control study (Study III) data from the medical records 
on previous history of, and/or medication for, any CVD (defined as AMI, 
congestive heart failure, percutaneous coronary intervention, coronary artery 
bypass graft, stroke and/or transient ischaemic attack) and CVD risk factors 
(hypertension, hypercholesterolaemia, diabetes, family history of CVD and 
smoking habits) were obtained. 

Socioeconomic factors 

In study IV, data on education level and the number of days at sick leave 
from work, or disability pension, the year before index date were retrieved 
from Statistics Sweden.  

Statistical methods 

Statistical analyses were performed using SPSS/PASW/IBM SPSS Statistics 
software version 11-20, and SAS 9.2.  

Differences in continuous variables between groups were tested using 
Wilcoxon Signed Ranks Test, Mann-Whitney U Test, or Student’s T-test as 
appropriate. Chi-square (Fisher’s exact test) was used for categorical data. A 
probability of <0.05 was considered to be statistically significant. 

 Correlations in Studies I and II were analysed using non-parametric 
Spearman’s Rank Correlation method, and in Study I the partial correlation 
procedure was used to allow adjustments. A probability of <0.05 was 
considered to be statistically significant. In Study I factor analysis, with 
maximum likelihood as extraction method and Varimax rotation, was used 
to identify patterns of correlations within the observed variables. 

Simple and multiple linear regression analyses were used in Study II. 
Conditional logistic regression analyses were used to assess odds ratios (OR) 
with 95% confidence interval (95% CI) in study III (nested case-control). In 
Study III (cohort) and Study IV hazard ratios (HR) with 95%CI were 
estimated using Cox proportional hazards regression models. To enable 
adjustments for several possible confounding factors in Study III (cohort) a 
propensity score was calculated using logistic regression models. 

Incidence rates for ACS in the cohorts in Studies III and IV were 
calculated by dividing the number of events by the person-time of follow-up. 
In Study IV the event-free survival in the cohorts was illustrated using 
Kaplan-Meier curves. 
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Methods for handling of missing values and non-normally distributed 
variables 

One subject in Study I was excluded from the parametric statistical analyses 
due to an extreme value. In Study III missing values were handled by the 
missing indicator method or the last value forward method. Furthermore, 5 
cases at the 3 months and 6 cases at the 6 months evaluations were excluded 
(with controls) from the analyses because of unobtainable EULAR response 
due to missing variables in the nested case-control study.  

In Study II positively skewed variables were transformed by using the 
common logarithm to meet the assumption of normal distribution.  

Ethical aspects 

Studies I and II were approved by the Regional Ethical Review Board at 
Umeå University, Umeå, and Studies III and IV by the Regional Ethical 
Review Board at the Karolinska Institute, Stockholm, Sweden. All study 
subjects in Studies I and II, and the patients included in the Swedish 
Rheumatology Registers, gave their informed consent prior to inclusion.  
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Results and discussion 

Results Studies I and II 

Study I - Interleukin-1 receptor antagonist is associated with 
both lipid metabolism and inflammation in rheumatoid arthritis 

The aim of this study was to evaluate the relationship between IL-1Ra and 
factors associated with WAT and inflammation in patients with RA.  

The serum concentration of haptoglobin, orosomucoid, IL-1Ra, IL-6, 
sTNFRI, and sTNFRII was significantly higher in patients compared with 
controls (Table 14). There were no significant differences between patients 
and control subjects regarding anthropometric measurements (Table 14). 

 

Table 14. Anthropometric and laboratory characteristics of 23 female patients 

with established rheumatoid arthritis and matched control subjects  

 Patients (n=23) Controls (N=23)  

 Median IQR  Median IQR  p-value 

BMI (kg/m2) 24.5 3.7 25.0 5.1 0.7 

Fat (% body tissue) 36.4 4.9 33.8 7.3 0.2 

Leptin (ng/ml) 13.7 19.9 12.1 13.1 0.9 

Haptoglobin (g/L) 1.4 1.0 1.0 0.6 0.03 

Orosomucoid (g/L) 0.9 0.4 0.6 0.3 <0.001 

IL-1Ra (pg/ml) 603 325 273 158 <0.001 

IL-6 (pg/ml) 8.5 27.2 3.1* 0.0 <0.001 

sTNFRI (pg/ml) 1183 403 920 241 <0.001 

sTNFRII (pg/ml) 2628 1230 1808 621 <0.001 

ApoA1 (mg/L) 1507 399 1451 387 0.9 

ApoB (mg/L) 1136 343 1190 258 0.6 

*All except 3 below cut-off: 3.1. IQR=interquartile range, BMI=body mass index, IL-
1Ra=interleukin-1 receptor antagonist, sTNFR=soluble tumor necrosis factor receptor, 
Apo=apolipoprotein 

 

In both patients and controls there were correlations between IL-1Ra and 
factors related to WAT and factors related to inflammation, respectively 
(Table 15). IL-1Ra was correlated significantly with BMI, percent body fat, 
and leptin in both patients and control subjects. In patients, IL-1Ra 
correlated with haptoglobin, whilst in control subjects it correlated with 
sTNFRI (Table 15). In partial correlation analyses adjusted for age and BMI 
the association between IL-1Ra and leptin persisted in both patient and 
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control groups, and an association with sTNFRII was found in patients 
(Table 15). After adjustment for age and sTNFRII not only did the 
correlations in the patients remain but an additional correlation with ApoB 
was observed (Table 15). Associations between IL-1Ra and anthropometric 
data and leptin, respectively, remained among the controls (Table 15). 

In a factor analysis within the patient group three latent factors were 
observed that accounted for 74% of the variability of the included variables 
(Table 16). One latent factor exhibited large loadings on ESR, haptoglobin 
and orosomucoid, some on BMI and percent body fat, and an inverse loading 
on ApoA1 (Table 16). No corresponding factor was seen in control subjects. A 
second factor in the patient cohort loaded on BMI, percent body fat, leptin, 
IL-1Ra, and ApoB (Table 16); a similar factor was also observed among 
control subjects, with some additional loadings on the TNF receptors (Table 
16). The third factor in the patients yielded loadings on IL-1Ra and the TNF 
receptors (Table 16).  

 

 

Table 15. Spearman Rank Correlation coefficients between serum levels of  

IL-1 Ra and variables in patients with established RA and matched control 

subjects 

 
Spearman 

Rank Correlation 

Partial correlation, adjusted for: 

 Age, BMI Age, sTNFRII 

 Patients 
(n=23) 

Controls 
(n=23) 

Patients 
(n=22) 

Controls 
(n=22) 

Patients 
(n=22) 

Controls 
(n=22) 

BMI 0.56** 0.55** - - 0.61** 0.63** 

Fat (% body 

tissue) 
0.48* 0.54** 

0.02 -0.16 0.46* 0.58** 

Leptin 0.71*** 0.58** 0.48* 0.63** 0.74*** 0.79*** 

Haptoglobin 0.56** 0.14 0.08 0.09 0.45* 0.27 

sTNRI 0.31 0.46* 0.26 0.32 -0.15 0.24 

sTNFRII 0.35 0.35 0.46* 0.22 - - 

ApoB 0.15 0.28 0.13 0.39 0.52* 0.34 

* p<0.05, ** p<0.01, *** p<0.001. BMI=body mass index, IL-1Ra=interleukin-1 receptor 
antagonist, sTNFR=soluble tumor necrosis factor receptor 
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Table 16. Factor analysis with analysis of latent factors in 22 patients with 

rheumatoid arthritis and 22 matched control subjects 

 Patients (n=22) Controls (n=22) 

 Factor Factor 

 1 2 3 1 2 3 4 

BMI 0.41 0.82   0.97   

Fat (% body tissue) 0.52 0.56   0.89   

Leptin  0.90   0.90   

ESR 0.89   0.54   0.60 

Haptoglobin 0.88   1.00    

Orosomucoid 0.83   0.68    

Il-1Ra  0.67 0.51  0.73   

sTNFRI   0.90  0.43 0.73  

sTNFRII   0.94  0.43 0.71  

ApoA1 -0.61     -0.58  
ApoB  0.60   0.47 0.42 0.55 

Only factor loadings <.0.40 or >0.40 are presented. IL-1Ra=interleukin-1 receptor antagonist, 
sTNFR=soluble tumor necrosis factor receptor, ESR=erythrocyte sedimentation rate, BMI=body 
mass index, Apo=apolipoprotein. 

 

Study II - Inflammatory markers in serum and adipose tissue in 
relation to markers of sub-clinical atherosclerosis in rheumatoid 
arthritis patients 

In this study the objective was to evaluate the relationships between 
concentrations of certain cytokines/adipokines in serum and SAT, and 
markers of the development of sub-clinical atherosclerosis in patients with 
RA.  

Among the patients studied the mean (±SD) FMD was 5.3% ±3.3, and the 
mean endothelial independent vasodilatation was 13.7% ±6.2. The median 
(IQR) IMT in patients was 0.70 (0.64-0.82) mm. Assessment of sub-clinical 
atherosclerosis was not performed in controls. 

The concentrations of osteopontin, visfatin, IL-1Ra, IL-6 and TNF in 
serum were significantly increased in patients compared with those in 
controls (Table 17A). However, the concentration of PAI-1 was significantly 
higher in the control group (Table 17A). In SAT samples only sTNFRII was 
significantly increased in patients compared with controls (Table 17B).  
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Table 17. Concentrations of adipokines in serum (A) and subcutaneous adipose 

tissue samples (B) in patients with rheumatoid arthritis and control subjects 

A 

 Patients (n=51) Controls (n=12)  

 Median IQR Median IQR p-value 

Osteopontin, ng/ml 1.99 1.21-2.65 0.55 0.38-0.73 <0.001 

Visfatin, ng/ml 11.53 1.63-50.28 0.74 0.49-1.35 <0.001 

IL-1Ra, pg/ml 520 125-3841 178 47-369 0.036 

IL-6, pg/ml 121.5 57.1-349.1 15.4 9.5-19.8 <0.001 

TNF, pg/ml 39.1 39.1-871.7 <12.3 <12.3  <0.001 

PAI-1, ng/ml 25.6 19.2-32.0 36.4 30.2-43.0 0.002 

B 

 Patients (n=13) Controls (n=12)  

 Median IQR Median IQR p-value 

SAT-MCP-1, pg/ml 6.25 3.82-9.02 4.14 1.99-5.6 0.106 

SAT-IL-1Ra, pg/ml 549 358-696 335 181-1495 0.228 

SAT–sTNFRII, pg/ml 475 390-629 362 249-408 0.006 

SAT-PAI-1, pg/ml 521 311-710 970 750-2066 0.060 

SAT–Visfatin, ng/ml 5.62 4.86-10.71 5.02 3.23-8.95 0.262 

The amount of aspirated fat was not sufficient for all analyses to be performed in some control 
subjects.  The number of samples analysed was 11 for SAT-MCP-1 and SAT-IL-1Ra, and 9 for 
SAT-PAI-1 and SAT-visfatin. The analysis of SAT-sTNFRII in one of the patients failed. IL-
1Ra=interleukin-1 receptor antagonist, TNF=tumor necrosis factor, PAI-1=plasminogen 
activator inhibitor-1, MCP-1= monocyte chemotactic protein-1, sTNFRII=soluble tumor necrosis 
factor receptor II 

 

The levels of several cytokines/adipokines (visfatin, IL-1Ra, IL-6, and 
TNF) in serum were highly inter-correlated in the RA patients (rs=0.409-
0.755, p<0.001-0.01). The concentrations of visfatin, IL-1Ra, IL-6, 
osteopontin and PAI-1 also correlated with measures of disease activity 
(ESR, CRP, and/or DAS28; rs=0.280-0.506, p<0.01-0.05). A correlation was 
found between disease duration and osteopontin (rs=0.352, p<0.05). In 
control subjects IL-6 correlated with BMI (rs =0.725, p>0.01), and AI (rs 
=0.585, p<0.05).   
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A partially similar pattern as in serum, with inter-correlations between 
measurements was observed in SAT samples from patients (i.e., SAT-MCP-1, 
SAT-IL-1Ra, SAT-TNFRII, and SAT-PAI-1; rs=0.593-0.648, p<0.05).  
SAT-MCP-1 also correlated with disease duration (rs=0.780, p<0.01) and 
CRP (rs=0.605, p<0.05). However, SAT-IL-1Ra correlated negatively with 
ESR (rs=-0.624, p<0.05), whilst none of SAT-TNFRII, SAT-PAI-1, or SAT-
visfatin correlated with disease activity measures.  

No correlations between measured concentrations in serum and SAT of 
PAI-1, visfatin, or IL-1Ra were observed. In the control group, however, there 
was a significant correlation between IL-1Ra measured in serum and SAT 
samples (rs=0.807, p<0.01). 

There were some correlations between metabolic variables and adipokines 
from SAT samples from the patients (SAT-IL-1Ra and AI, rs=0.621, p<0.05, 
SAT-TNFRII and BMI, rs=-0.594, p<0.05), and in controls (SAT-IL-1Ra and 
BMI, rs=0.656, p<0.05, SAT-PAI-1 and BMI, rs=-0.745, p<0.05, and SAT-
PAI-1 and AI, rs =-0.717, p<0.05). 

In simple linear regression models, adjusted for age and sex, investigating 
associations between adipokines and markers of sub-clinical atherosclerosis 
in RA patients, logarithmically transformed levels (log) of osteopontin, 
visfatin, and IL-1Ra in serum were significantly associated with log IMT 
(Table 18). Inflammatory markers derived from SAT (log MCP-1 and log  
PAI-1) were negatively associated with log IMT (Table 18). No associations 
between the adipokines and FMD were observed.   

Multiple linear regression models yielded independent associations 
between log IMT and log visfatin (Model 1), or log IL-1Ra (Model 2), 
respectively, when adjusted for inflammatory activity measured by log IL-6 
(Table 19), but not by DAS28 (data not shown). The association between log 
osteopontin and log IMT was attenuated after adjustment for CV risk factors 
and inflammation (data not shown). 
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Table 18. Simple linear regression models of associations between adipokines in 

serum  (n=51), from SAT (n=13) and measurements of intima media thickness 

or endothelial dysfunction in patients with RA 

 logIMT  FMD  

 β p-value β p-value 

Log osteopontin -0.091 0.040 1.491 0.422 

Log visfatin 0.022 0.044 -0.316 0.479 

Log IL-1Ra 0.028 0.044 -0.434 0.447 

Log IL-6 -0.014 0.504 0.290 0.741 

Log TNF 0.014 0.297 -0.161 0.772 

Log PAI-1 0.006 0.926 1.134 0.688 

Log SAT-MCP-1 -0.131 0.022 -4.668 0.066 

Log SAT-IL-1Ra -0.042 0.638 -2.837 0.452 

Log SAT-sTNFRII  -0.256 0.064 -0.872 0.885 

Log SAT-PAI-1 -0.107 0.021 -1.293 0.567 

Log SAT-visfatin -0.115 0.234 -0.324 0.939 
Analyses were adjusted for age and sex. IMT=Intima media thickness, FMD=Flow mediated 
dilatation (endothelium dependent dilatation), IL-1Ra=interleukin-1 receptor antagonist, 
TNF=tumor necrosis factor, PAI-1=plasminogen activator inhibitor-1, sTNFRII=soluble tumor 
necrosis factor receptor II, MCP-1= monocyte chemotactic protein-1 

 

 

Table 19. Multiple linear regression models of visfatin or IL-1Ra, traditional risk 

factors, and markers of inflammatory activity with logIMT as response variable 

in 51 patients with RA 

 Model 1 Model 2 

 β 95% CI p-value β 95% CI p-value 

Log visfatin 0.028 0.005-0.051 0.019 - - - 

Log IL-1Ra - - - 0.040 0.006-0.075 0.023 

Diastolic BP 0.002 0.000-0.005 0.096 0.002 -0.001-0.005 0.188 

AI -0.006 -0.028-0.016 0.581 -0.002 -0.023-0.020 0.883 

Smoking -0.033 -0.083-0.018 0.198 -0.018 -0.067-0.031 0.460 

Log IL-6 -0.036 -0.081-0.010 0.119 -0.051 -0.104-0.001 0.055 

Model 1: Adjusted R2 0.427. Model 2: Adjusted R2 0.423. Models adjusted for age and sex. BP= 
blood pressure, AI= atherogenic index (HDL/total cholesterol ratio).  
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Discussion Studies I and II 

In these two studies, serum levels of several cytokines/adipokines (IL-1Ra, 
IL-6, sTNF-receptors, TNF, osteopontin, and visfatin) were increased in 
patients with RA compared with control subjects. In Study I analyses 
suggested IL-1Ra to be related to both RA disease activity and metabolic 
variables in patients with RA. Furthermore, the results from Study II 
indicated a role for IL-1Ra and the novel adipokine visfatin in sub-clinical 
atherosclerosis in RA patients, independent of disease activity and 
traditional CV risk factors. 

Increased levels of adipokines in serum have frequently been observed in 
patients with RA (Scotece et al., 2011). Leptin, however, was not significantly 
increased in Study I. Previously published studies have reported both 
unchanged (Anders et al., 1999) and increased (Bokarewa et al., 2003) 
leptin levels in patients with RA. High concentrations of osteopontin and 
visfatin have been shown in synovial fluid from joints of patients with RA 
(Xu et al., 2005, Brentano et al., 2007), but it has not been established 
whether adipose tissue also contributes to the elevated levels found in serum. 
Interestingly, lower concentrations of PAI-1 were seen in patients than in 
control subjects. This is an unexpected finding, since increased levels of PAI-
1 have been shown to be associated with inflammation (Alessi et al., 2007), 
although no modifications of the serum concentrations of PAI-1 were 
observed in a cohort of patients with early RA (Södergren et al., 2010). 

In Study I both IL-1Ra and leptin were associated with inflammation. 
Distinct correlations were noted between serum levels of visfatin, IL-1Ra, IL-
6 and TNF in Study II. Several of the measured cytokines/adipokines 
(visfatin, IL-1Ra, IL-6, osteopontin and PAI-1) also correlated with clinical 
disease activity measurements. This is consistent with other studies 
suggesting a role for osteopontin and visfatin in the pathogenesis of RA (Xu 
et al., 2005, Brentano et al., 2007).  

In one study, stimulation of human WAT with interferon-β was 
demonstrated to induce the production of IL-1Ra (Juge-Aubry et al., 2003). 
The association of IL-1Ra with BMI and adipose tissue in Study I could be 
considered to be a reflection of this interaction in vivo. However, this 
association was not observed in the RA patients in Study II, in spite of an 
apparently higher disease activity in this population. A hypothetical 
explanation could be that a higher degree of systemic inflammation, with an 
increased production of IL-1Ra from alternative sources, limits the 
possibility of identifying any IL-1Ra derived from WAT. Additionally, the 
association of IL-1Ra with anthropometric measurements observed in 
control subjects in Study I could support this hypothesis. Moreover, the 
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correlation between IL-6 and BMI in controls (Study II) could be explained 
by release of IL-6 from the adipose tissue (Mohamed-Ali et al., 1997).  

To the best of my knowledge results of measuring the concentrations of 
cytokines/adipokines in WAT from RA patients ex vivo have not previously 
been reported. Although higher levels of most of the adipokines analysed 
(i.e., MCP-1, IL-1Ra, sTNFRII and visfatin) were detected in patients, only 
the concentration of sTNFRII was significantly increased in patients 
compared with controls. On the other hand, and in line with the findings in 
serum, a tendency of decreased PAI-1 levels was observed among the 
patients. No significant correlations between serum and SAT concentrations 
were observed regarding those variables measured in both serum and SAT 
(serum-PAI-1 vs. SAT-PAI-1; serum visfatin vs. SAT-visfatin; serum-IL-1Ra 
vs. SAT-IL-1Ra; or, serum TNF vs. SAT-sTNFRII) in patients. However, a 
strong correlation between concentrations of IL-1Ra SAT and serum was 
detected in control subjects (Study II). This was interpreted as indicating 
that sources other than SAT may be the main contributors to the high levels 
of visfatin and IL-1Ra (in addition to members of the TNF superfamily) in 
the circulation in RA patients.  

The various measurements undertaken on the SAT extract were not, 
however, independent of the inflammation. For example, SAT-MCP-1 was 
associated with both CRP and disease duration, which could indicate a role 
for activated macrophages and/or endothelial cells in WAT of patients with 
RA.  

Dyslipidaemia is a feature of active RA (Rantapää-Dahlqvist et al., 1991). 
In Study I and Study II, IL-1Ra in serum and SAT, respectively, was 
associated with markers of a proatherogenic lipid profile (e.g., 
apolipoprotein B and atherogenic index). 

Logarithmically transformed concentrations of visfatin, IL-1Ra and 
osteopontin were associated with log IMT in simple linear regression models 
in patients, and in multiple models adjusted for traditional CV risk factors 
and inflammation they yielded independent associations between log IL-1Ra 
and log visfatin, respectively, and log IMT. This contradicts a recent 
publication reporting no associations between visfatin and IMT (Ozgen et al., 
2011). Similarities between IL-1Ra and visfatin may strengthen the results 
from these analyses. Both IL-1Ra and visfatin are induced by pro-
inflammatory cytokines such as IL-1β and TNF (Brentano et al., 2007, 
Kontny et al., 2012), i.e., cytokines with a known role in the pathogenesis of 
atherosclerosis (Hansson and Hermansson, 2011). The findings of this study 
may reflect a systemic inflammation with IL-1 superfamily activity involving 
the vasculature. 
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None of the inflammatory mediators measured was associated with 
measurements of endothelial function. Furthermore, levels of osteopontin 
were not associated with either IMT, or FMD. Associations between pulse 
wave velocity and osteopontin have previously been described in RA patients 
(Bazzichi et al., 2009). Conversely, in a study comprising a large population-
based cohort of young, asymptomatic adults no associations between 
osteopontin and FMD or IMT were observed (Wendelin-Saarenhovi et al., 
2011). Osteopontin has been established as a biomarker for calcification 
(Giachelli et al., 2005), and as an inhibitor of calcification, being highly 
expressed in atherosclerotic plaques (Ikeda et al., 1993). The results of the 
current study do not support a role for osteopontin in the early development 
of atherosclerosis in RA patients. 

Inflammatory mediators in SAT (log SAT-PAI-1 and log SAT-MCP-1) were 
inversely related to log IMT. The low number of subjects in the SAT analyses 
delimited further adjustments. However, in the light of the suggested anti-
atherogenic and anti-inflammatory properties of SAT in contrast to VAT in 
non-RA subjects (Narumi et al., 2009, Porter et al., 2009), these findings 
deserve further investigations. 

The strengths of Studies I and II are the well-defined study populations, 
and the inclusion of matched controls from the general population. However, 
there are limitations to consider. The number of patients contributing SAT 
samples was small, which limited the possibility for statistical adjustments. 
The technique used for the biopsies resulted in a small amount of adipose 
tissue, consequently analyses were restricted to those feasible using 
multiplex technology. Measurements of more anthropometric variables (e.g., 
visceral fat depots), and assessment of, for example, insulin sensitivity, could 
have added to the interpretation of the results.   

Results Studies III and IV 

Study III - Treatment with tumor necrosis factor inhibitors and 
the risk of acute coronary syndromes in rheumatoid arthritis 

The purpose of this study was to evaluate the risk for ACS in relation to 
exposure and response to TNFi in patients with RA of a short duration. To 
achieve this the study was performed as two sub-studies: a cohort and a 
nested case-control study. 

The cohort study comprised 6,000 patients contributing 23,436 person-
years at risk, of which 5,969 were TNFi exposed person-years. Baseline 
characteristics of the patients included are presented in Table 20. The mean 
follow-up was 3.9 years and the mean time from inclusion in the register 
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until the start of TNFi therapy among the patients subsequently exposed to 
TNFi was 16.7 months. Among the bio-naïve RA patients 173 incident events 
occurred, giving a crude incidence of 9.9/1,000 person-years at risk. The 
crude incidence after TNFi exposure was 4.2/1,000 person-years (number of 
ACS=25). 

 

Table 20. Baseline characteristics of patients included in the early RA cohort 

divided by subsequent exposure status 

 Subsequently TNFi 
exposed early RA 
patients  
(n=1 271) 

Bio-naïve early RA 
patients  
 
(n=4 729) 

Age at inclusion, years (SD) 50.5 (14.0) 58.5 (14.8) 

Sex, female, n (%) 950 (74.7) 3278 (69.3) 

RF positivity, n (%) 874 (68.8) 2968 (62.8) 

Year of inclusion, n (%)   

99-01 476 (37.5) 1215 (25.7) 

02-04 459 (36.1) 1449 (30.6) 

05-07 336 (26.4) 2065 (43.7) 

Disease activity at 
inclusion: 

  

DAS28, mean (SD) 5.1 (2.0) 4.6 (2.0) 

HAQ, mean (SD) 1.2 (0.7) 0.9 (0.6) 

Treatment at inclusion:   

Methotrexate, n (%) 954 (75.1) 3258 (68.9) 

Any DMARD, n (%) 1078 (84.8) 4150 (87.8) 

DMARD combinations,  
n (%) 

70 (5.5) 125 (2.6) 

Oral corticosteroids, n (%) 558 (43.9) 1914 (40.5) 

NSAID or COX-2 inhibitor,  
n (%) 

735 (57.8) 2279 (48.2)  

Cumulative days of 
hospitalisation, mean (SD) 

33.1 (66.2) 21.8 (64.0) 

SD=standard deviation, RF=rheumatoid factor, DAS28=disease activity score 28-joint count, 
HAQ= health assessment questionnaire, DMARD=disease modifying anti.rheumatic drug, 
NSAID=non-steroid anti-inflammatory drug, COX-2=cyclooxygenase-2 

 

Cox proportional hazard regression models adjusted for age, sex, year of 
entry into the cohort, and the propensity score revealed no significant 
association between TNFi exposure and the risk of ACS in the early RA 
cohort, HR 0.80 95% CI 0.52-1.24 (Table 21). Separate analyses stratified by 
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sex and age suggested no significant effect to be modified by these factors 
(Table 21). Using a stricter definition of the outcome (i.e., unstable angina 
instead of angina pectoris, ICD codes presented in Table 12) resulted in a 
similar HR (Table 21). 

 

Table 21. Cox proportional hazard regression models analysing relative risks for 

ACS after exposure to TNFi in the early RA cohort, in subgroups of patients, or 

using a stricter definition of the outcome 

Definition of outcome Strata HR1 95% CI HR2 95% CI 

AMI, AP and MI as the 
underlying cause of 
death 

All 0.96  0.61-1.49 0.80  0.52-1.24 

Female 1.17  0.71-1.95 1.01  0.58-1.75 

Male 0.75  0.40-1.43 0.57  0.28-1.17 

Age < 65  1.06  0.64-1.76 0.74  0.41-1.33 

Age ≥ 65 0.90  0.46-1.74 0.86  0.44-1.72 

Unstable AP, AMI and 
MI as the underlying 
cause of death 

All 0.94 0.59-1.50 0.75 0.45-1.25 

1 Stratified by age, sex, and year of entry in the cohort. 2 Adjusted for the propensity score after 
stratification. ACS=acute coronary syndrome, AMI=acute myocardial infarction, AP=angina 
pectoris, MI=myocardial infarction, HR=hazard ratio, CI=confidence interval 

 
The mean (SD) follow-up (from start of TNFi until index date) in the 

nested case-control study was 22.7 (15.4) months. The cases and controls 
were comparable on all measured parameters with the exception of 
significantly more prevalent hypercholesterolaemia among the cases, and a 
tendency towards a higher prevalence of CVD (Table 10). The mean duration 
(±SD) of treatment with the first TNFi was 17.4 (±15.1) months, and the 
mean (±SD) total time of TNFi treatment (also adding the time on any 
subsequent TNFi) was 19.1 (±15.6) months.  

A good or moderate EULAR response was achieved after three months in 
65% of the cases and 47% of the control subjects (a non-significant 
difference), and at six months in 79% of the cases and 64% of the controls (a 
non-significant difference). Comparing cases with control subjects, a 
response to TNFi after three or six months was not significantly associated 
with the risk of ACS (Table 22). Analyses, using a modified definition of the 
exposure, i.e., a good or moderate response at the last time point of 
evaluation (and within six months from the index date), gave similar results 
(Table 22). Furthermore, conditional logistic regression models adjusted for 
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previous CVD or disease activity, or including only those patients remaining 
on TNFi treatment at the index date, yielded similar results (Table 22).  

 

Table 22. Conditional logistic regression models analysing associations between 

response to TNFi treatment and the risk for acute coronary syndrome in Study 

III (nested case-control study) 

EULAR response good or moderate at 3 months 

Crude OR, 95% CI OR, 95% CI, 
adjusted for 
previous 
cardiovascular 
disease 

OR, 95% CI, 
adjusted for 
disease activity the 
year before 
inclusion 

Crude OR, 95% CI, 
restricted to 
patients remaining 
on TNFi at index 
date 

1.8 (0.6-5.4)  4.0 (0.8-20.7) 1.7 (0.5-5.1) 1.3 (0.3-5.3) 

 

EULAR response good or moderate at 6 months 

Crude OR, 95% CI OR, 95% CI, 
adjusted for 
previous 
cardiovascular 
disease 

OR, 95% CI, 
adjusted for 
disease activity the 
year before 
inclusion 

Crude OR, 95% CI, 
restricted to 
patients remaining 
on TNFi at index 
date 

1.5 (0.3-7.1) 2.2 (0.4-12.7) 1.5 (0.3-6.9) 2.2 (0.1-34.0) 

 

EULAR response good or moderate at the last time point for evaluation, and 
within 6 months from index date 

Crude OR, 95% CI OR, 95% CI, 
adjusted for 
previous 
cardiovascular 
disease 

OR, 95% CI, 
adjusted for 
disease activity the 
year before 
inclusion 

Crude OR, 95% CI, 
restricted to 
patients remaining 
on TNFi at index 
date 

1.4 (0.4-5.3) 1.4 (0.3-5.9) 1.2 (0.3-4.9) 1.1 (0.26-4.2) 

 

Study IV - The risk of acute coronary syndrome in rheumatoid 
arthritis in relation to TNF inhibitors and the risk in the general 
population; a national cohort study 

The objective of this study was to evaluate the risk of ACS in early, as well 
as established, RA in relation to treatment with TNFi and the risk level in the 
general population. The cohort of patients treated with TNFi comprised  
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17, 784 person-years with 85 incident ACS events, resulting in a crude 
incidence rate of 4.8/1,000 person-years at risk. The corresponding crude 
incidence rate in the bio-naïve RA cohort was 5.2/1,000 person-years, and in 
the general population comparator 2.2/1,000 person-years (Figure 6). The 
mean time of follow-up was 2.5 years in the TNFi exposed cohort, 3.1 years 
in the RA comparator, and 4.1 years in the general population comparator. 

No difference in event-free survival between RA patients exposed to TNFi 
therapy and the matched RA comparators was observed in Kaplan-Meier 
curves (log rank p=0.79; Figure 6). However, both RA cohorts had a 
significantly lower event-free survival than the general population 
comparator (both log rank p<0.001, Figure 6). 

 

 

 Bio-naïve RA patients TNFi exposed RA 
 

General population 
 Follow-

up 
Individuals 
(n) at risk 

Cumulative 
number of ACS 

Individuals 
(n) at risk 

Cumulative 
number of ACS 

Individuals 
(n) at risk 

Cumulative 
number of ACS 

 Start   17,769    7,213    32,161   
2 years  10,405  118  3,296  53  23,947  110 
4 years   5,736  211  1,608  73  15,841  193 
6 years  2,423  265  629  83  7,854  255 

Figure 6. Kaplan-Meier curves illustrating event-free survival in matched cohorts 

comprising TNFi exposed RA patients, TNFi-naïve RA patients, and referents from 

the general population.  

The Cox proportional hazards regression models were adjusted for age, 
sex, county of residence, level of education, work disability, cardiovascular 
risk factors, joint surgery, chronic pulmonary disease, previous infections, 
number of hospital admissions (Table 23). In comparisons between the RA 
cohorts an adjustment for disease duration was included (Table 23).  
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Table 23. Description of covariates at baseline among entries in the National 

Swedish RA cohort; patients subsequently exposed to TNF inhibitor, matched RA 

patients without an exposure to TNF inhibitors during follow-up, and matched 

individuals from the general population. 

 TNFi 

exposed RA 

patients 

(n=7 213) 

Bio-naïve 

RA 

comparator 

(n=17 769) 

General 

population 

comparator 

(n=32 161)  

Age at inclusion, years (SD) 54.8 (12.8)  55.4 (12.6) 54.0 (12.6) 

Sex, female, n (%) 5629 (78.0) 13822 (77.8) 25397 (79.0) 

Disease duration:    

Less than 5 years, n (%) 1773 (24.6) 4710 (26.5) - 

Five years of more, n (%) 2727 (37.8) 3841 (21.6) - 

Not specified 2713 (37.6) 9218 (51.9) - 

Comorbidity:    

Joint surgery, n (%) 941 (13.0) 2594 (14.6) 474 (1.5) 

Previous infections, n (%) 2199 (30.5) 4678 (26.3) 6039 (18.8) 

Chronic pulmonary disease, n (%) 198 (2.7) 501 (2.8) 352 (1.1) 

Diabetes mellitus, n (%) 314 (4.4) 811 (4.6) 814 (2.5) 

Hypertension, n (%) 673 (9.3) 1615 (9.1) 1636 (5.1) 

Cerebrovascular disease, n (%) 151 (2.1) 418 (2.4) 590 (1.8) 

Other atherosclerotic disease, n (%) 196 (2.7) 517 (2.9) 613 (1.9) 

Any cardiovascular risk factor1, n (%) 1051 (14.6) 2590 (14.6)  2750 (8.6)  

Work disability the year before inclusion:    

Retired (age ≥65 years), n (%) 1379 (19.1) 3574 (20.1) 5420 (16.9) 

Any disability pension, n (%) 2555 (35.4) 4944 (27.8) 4006 (12.5) 

Any sick leave, no disability pension, n 

(%) 

1281 (17.8) 2711 (15.3) 3053 (9.5) 

No sick leave2, n (%) 1996 (27.7) 6531 (36.8) 19672 (61.2) 

1Includes: a previous diagnosis of hypertension, diabetes mellitus, cerebrovascular disease 
and/or other atherosclerotic disease. ICD codes are presented in Table 12. 
2Sick leave ≤10 days not included 

 

No significant associations between exposure to TNFi and the risk of an 
ACS among RA patients were revealed in the Cox proportional hazards 
regression analyses, HR 1.08 95% CI 0.82-1.41 (Figure 7). Rheumatoid 
arthritis disease was associated with a significantly increased risk of ACS in 
the bio-naïve RA cohort, HR 1.80 95% CI 1.49-2.17, and in the TNFi exposed 
cohort, HR 2.09 95% CI 1.58-2.76, respectively, in comparison with the 
general population comparator (Figure 7).  
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Hazard ratios (95% CI) from models adjusted for age, sex, county of residency, level of 
education, work disability, cardiovascular risk factors, joint surgery, chronic pulmonary 
disease, previous infections, number of hospital admissions. In comparison between RA 
cohorts also adjustment for disease duration was included. 
 

Figure 7. Relative risks for acute coronary syndromes among patients with RA 

exposed to TNFi, matched bio-naïve comparators and matched referents from the 

general population. 

 

In comparisons between TNFi exposed patients with RA and bio-naïve RA 
comparators no significant risk modifications were observed after stratifying 
the patients on the basis of sex, age, disease duration or the presence of 
cardiovascular risk factors (Table 24). Alternative definitions of exposure 
resulted in similar risk estimates (Table 24).   
 
 
  

TNFi exposed vs. 
bio-naïve RA 
HR 1.08 (0.82-1.41) 

TNFi exposed RA vs. 
general population 
HR 2.09 (1.58-2.76) 

Bio-naïve RA vs. 
general population 
HR 1.80 (1.49-2.17)  

Bio-naïve patients  
with RA 

Incident ACS, n=281 
Person-years at 

risk=54,297 

General population  
comparator 

Incident ACS, n=284 
Person-years at 

risk=130,369 

TNFi exposed patients  
with RA 

Incident ACS, n=85 
Person-years at 

risk=17,784 
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Table 24. Cox proportional hazard regression models analysing relative risk of 

ACS after exposure to TNFi in RA in subgroups of patients, or using different risk 

attribution windows 

Definition of 
exposure  

Strata ACS, n 
Person-
years at 
risk 

TNFi exposed 
vs.  
bio-naïve RA 
patients 

HR 95% CI 

I 

All 85 17,784 1.08 0.82-1.41 

Female 60 13,732 1.34 1.00-1.81 

Male 25 4,052 0.80 0.51-1.24 

Age <65  45 14,392 1.09 0.77-1.54 

Age ≥65 40 3,392 1.17 0.82-1.66 

CV risk factor 
present1 

26 2,225 1.34 0.85-2.11 

No previous CV risk 
factor1  

59 15,559 1.05 0.79-1.41 

Disease duration <5 
years 

15 3,632 0.97 0.53-1.77 

Disease duration ≥5 
years  

41 6,507 0.76 0.51-1.13 

Disease duration not 
specified 

29 7,645 1.07 0.72-1.60 

II All 107 19,581 1.19 0.93-1.54 

III All 162 28, 810 1.23 0.99-1.52 

Exposure I= Actively on TNFi +90 days 
Exposure II= Exposed to TNFi (maximum 5 yrs follow-up) OR until start of second biologic drug 
+90 days  
Exposure III= Ever exposed to TNFi 
1Cardiovascular risk factor defined as a diagnosis of hypertension, diabetes mellitus, 
cerebrovascular disease and/or other atherosclerotic disease antedating inclusion. ACS=acute 
coronary syndrome, HR=hazard ratio, CI=confidence interval. 

 

Discussion Studies III and IV 

In these two nation-wide cohorts, comprising patients with RA during the 
first years of their disease, and patients at all stages of RA, no significant 
associations between treatment with TNFi and the risk of ACS were 
observed. Furthermore, a response to TNFi was not associated with any 
statistically significant modification of the risk of an ACS as assessed in the 
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early RA cohort. However, the risk of an ACS was doubled among patients 
with RA compared with the general population.  

Due to the inflammatory nature of the atherosclerotic process (Hansson 
and Hermansson, 2011), and the associations between markers of RA 
disease activity/severity and cardiovascular disease (Table 5), drugs which 
efficiently control the inflammation could hypothetically reduce the risk of 
ACS in patients with RA. Treatment with methotrexate in RA patients has 
frequently been observed to be associated with a reduced risk of CVD, 
although not significantly so in all published studies (Table 6). The exact 
mechanism behind this risk reduction is as yet unknown, but a reduced 
inflammation as a result of the methotrexate treatment is one possible 
explanation.  

The underlying pathology of most ACS events, i.e., the forming and 
rupture of an atherosclerotic plaque, involves pro-inflammatory cytokines 
such as TNF. Inhibition of TNF activity has demonstrated favourable results 
on markers of subclinical atherosclerosis in most of the studies published to 
date (Table 7). This has focused the interest on TNFi during the recent years, 
and in four studies a beneficial effect on CVD associated with TNFi treatment 
have been observed (Jacobsson et al., 2005, Carmona et al., 2007, Naranjo 
et al., 2008, Greenberg et al., 2011; Table 6). However, an overview of all 
published studies evaluating the association between TNFi treatment and the 
risk of ACS resulted in a wide range of risk estimates (Table 6). The current 
results from the cohort studies in Studies III and IV are well within this 
range. 

The inconsistency of the results in all these observational studies of TNFi 
and the risk of ACS may have methodological, population-related, as well as 
biological, reasons. In addition to different study designs, the differing 
definitions of the outcome, as well as the chosen comparator populations 
(Table 6), may limit the comparability between the published studies. There 
were also differences in the studies regarding the possibility to adjust for 
confounders, mainly in terms of disease activity measurements and CV risk 
factors.  

The studied cohort in the CORRONA registry (Greenberg et al., 2011) had 
a penetrance of 43% for TNFi in the study population. The corresponding 
figure in the Early RA cohort analysed in Study III was 21%, and in the 
national Swedish population the penetrance has been estimated to be even 
lower (Neovius et al., 2011c). Based on the assumption that there are no 
major differences between the populations regarding the manifestations of 
the RA disease, there would be differing structures underlying the treatment 
decisions in these populations explaining the variability in the choice of 
treatment.  
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There may also be variability in the background CV risk. The prevalence of 
hypertension among the patients with RA in some of the studies were 
ranging from under 10% in Study IV (Table 23) to over 30% in the study by 
Wolfe and Michaud (Wolfe and Michaud, 2008). However, this potential 
difference may possibly be explained by the methods used to identify the risk 
factor. As there is an interaction between the traditional CV risk factors, and 
the disease activity regarding the impact on the risk of IHD, differences in 
the prevalence of CV risk factors may be of importance, although this is as 
yet insufficiently clarified. 

A previous study presented a 64% lower risk of an MI in RA patients who 
responded to TNFi treatment compared with those who did not respond, 
however TNFi treatment per se was not significantly associated with the risk 
of an MI in the cohort (Dixon et al., 2007). This could imply that the 
improved control of the disease activity, rather than any other specific 
properties of the drug would account for the decrease in the estimated risk. If 
the disease was equally well controlled in the populations studied in Studies 
III and IV, any beneficial effect of TNFi therapy would be difficult to 
measure. However, in the nested case-control study in Study III no 
association between response to treatment and risk of ACS was observed.    

During recent years the overall goal in the treatment of RA has been 
remission, with an early start of treatment during the course of the disease, 
as well as usage of combination therapy, higher dosage of methotrexate and 
intensive treatment strategies being used. If this has resulted in a 
normalisation (or close to normalisation) of the risk of IHD in patients with 
RA, any effect of the TNFi treatment would be difficult to establish. This 
hypothesis was forcefully contradicted in Study IV with a doubled risk of ACS 
among patients with RA, whether treated with TNFi or not, compared with 
matched referents from the general population. An increased risk of MI in 
the early RA cohort in Study III has been observed in a previously published 
study (Holmqvist et al., 2010). 

The strengths of Studies III and IV include the population-based setting 
with the use of nation-wide registers, the in-depth analyses in the nested 
case-control design in Study III, and the relatively large number of study 
subjects and events in Study IV. In the early RA cohort adjustments for 
disease activity was feasible, and in Study IV the data from Statistics Sweden 
allowed adjustments for socioeconomic factors. Furthermore, the register 
linkage made it possible to control for prevalent co-morbidity.  

There are, however, limitations to take into consideration regarding both 
studies. The patients in the cohorts were relatively young, with a mean age 
between 50 and 60 years. This may explain the relatively low number of CV 
events in Study III, however, previous data yielded a more pronounced 
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increase in the risk of MI in the younger age groups of patients from within 
the overall cohort (Holmqvist et al., 2010). Furthermore, a smaller effect size 
than detectable in these studies cannot be ruled out.  

Analyses were adjusted for disease activity at baseline (Study III), joint 
surgery (Studies III and IV), sick leave, and disability pension (Study IV). 
This may have been sufficient, but residual confounding (by indication) 
cannot be excluded. If so, the risk of ACS may have been even higher among 
the TNFi treated patients had they not received the therapy. In Study III 
(i..e., the nested case-control study) additional information on CV risk 
factors (and pharmacological interventions for risk factors) was extracted 
from review of patient’s records. This data (except diagnosed hypertension 
and diabetes mellitus) was not accessible for the cohorts. Also lacking were 
data on the actual blood pressure levels, serum cholesterol, and plasma 
glucose. Also, any treatment other than TNFi during the study periods was 
not fully accounted for.  
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Conclusions 

In this thesis subclinical and manifest atherosclerotic disease in patients with 
rheumatoid arthritis has been studied using several methods, with a focus on 
the inflammatory response, and the treatment thereof. The main conclusions 
can be summarised as follows: 

• Serum concentrations of visfatin and osteopontin (as well as IL-1Ra,  
IL-6, sTNF-receptors, and TNF), are increased, and are related to the 
inflammation, in patients with rheumatoid arthritis;  

• Concentrations of IL-1Ra showed some associations with 
anthropometric measurements and markers of dyslipidaemia in 
rheumatoid arthritis patients;  

• There were no clear evidence that abdominal subcutaneous adipose 
tissue contributes to the increased levels of these inflammatory 
mediators in rheumatoid arthritis patients;  

• Visfatin and IL-1Ra, but not osteopontin, were positively associated with 
intima-media thickness in patients with rheumatoid arthritis, 
independently of traditional cardiovascular risk factors and IL-6; 

• Treatment with tumor necrosis factor inhibitors was not associated with 
any significant alteration in the risk of acute coronary syndromes in two 
nation-wide cohorts comprising patients with early rheumatoid arthritis 
or rheumatoid arthritis patients at all stages of disease development, 
respectively; 

• Response to treatment with a tumor necrosis factor inhibitor was not 
associated with the risk of acute coronary syndromes in patients with 
rheumatoid arthritis during the early years of the disease; and, 

• The risk of acute coronary syndromes was doubled in patients with 
rheumatoid arthritis, whether treated with tumor necrosis factor 
inhibitors or not, compared with the risk among matched referents from 
the general population.  
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Future perspectives 
Based on the findings presented in this thesis, and the published results from 
others, there are several issues that are considered relevant for further 
studies. 

The inverse associations between inflammatory factors derived from 
subcutaneous adipose tissue, systemic inflammation and measurements of 
subclinical atherosclerosis, respectively, are interesting, but have not been 
investigated sufficiently. There is growing evidence for an anti-atherogenic, 
anti-inflammatory role of subcutaneous adipose tissue in the general 
population. Assessments of subcutaneous, in relation to visceral fat depots 
during the course of RA, and in relation to cardiovascular co-morbidity could 
establish whether this also applies to patients with RA. Also other ectopic fat 
depots have yet to be investigated in patients with RA to any major extent, 
especially in relation to cardiovascular co-morbidity.  

As pro-inflammatory cytokines, i.e., TNF and IL-6 seemingly are involved 
in the development of rheumatoid cachexia, the impact of cytokine inhibitory 
therapies on body composition should be studied further. Studies have, so 
far, not been conclusive, and studies evaluating biological drugs other than 
TNFi are lacking. 

Improved control of the inflammatory response in patients with RA might 
diminish the risk of ischaemic heart disease. This hypothesis requires further 
study, which could be possible by accessing data held within the Swedish 
Rheumatology Registers. Studies on the response to various DMARD therapy 
strategies, with strict exposure definitions, including remission criteria, 
could possibly clarify the role of disease control. They may also clarify 
whether low disease activity or remission should be the therapeutic goal 
regarding cardiovascular prevention. The objective should be to have clear 
evidence as a basis for recommendations for improving clinical practice to be 
made. 
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