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Scope of this thesis 

This thesis is devoted to finding answers to two main questions: 1) Why is the CV risk 

increased in inflammatory joint diseases? and 2) how can this increased CV risk be 

reduced? It is divided into three sections. The first section investigated the influence of 

inflammation and cardiovascular risk factors, including renal dysfunction on cardiovascular 

disease (CVD) in rheumatoid arthritis (RA) patients. The second section investigated the 

effect of (anti-TNF) treatment on cardiovascular risk factors in RA. The third section 

investigated the link between CVD in two other rheumatic diseases, i.e. ankylosing 

spondylitis (AS) and osteoarthritis (OA). 
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Main findings 

Section 1 The link between inflammation and cardiovascular risk in rheumatoid 

arthritis 

To date, it is evident that RA patients have an increased CV risk and that inflammation 

and the more traditional CV risk factors play an important causal role. It is also recognized 

that these factors influence each other, but these complex mechanisms are not fully 

elucidated yet. In section 1 we tried to find answers to the first main question of this 

thesis: why is the CV risk increased in RA patients? 

 

In chapter 1.1 we performed CV risk screening according to the Dutch cardiovascular risk 

management (CV-RM) guidelines in a substantial part of the RA population that regularly 

visits the outpatient rheumatology clinic Reade in the Dutch capital Amsterdam or 

Antonius Hospital in Sneek, the north more rural part of the Netherlands. Sixty per cent of 

this RA population was found to have a high (>20%) risk to develop a CV event in the next 

10 years. Furthermore, almost 60% of these RA patients should have received 

cardiovascular preventive medication, as statins or antihypertensives, but were not or 

inadequately treated. These results demand better CV-RM for RA patients in the future. 

 

In chapter 1.2 we investigated the association of renal function and CV risk in RA patients 

and found that a relatively small loss of renal function (5 ml/min) was associated with a 

30% increased risk to develop a CV event. 

 

Only limited pathophysiologic research has been performed in coronary or myocardial 

tissue of RA patients to look at the pathophysiologic mechanisms that could explain the 

increased risk of a fatal myocardial infarction and heart failure of this group of patients. 

To our knowledge chapter 1.3 is the first study investigating the inflammatory process 

not only in the epicardial coronary arteries, but also in the myocardium and 

intramyocardial arteries of RA patients, who suffered from a fatal myocardial infarction. 

This case-control autopsy study analysed the presence of neutrophilic granulocytes, 

lymphocytes, macrophages and mast cells in the myocardium and coronary arteries plus 

the presence of the advanced glycation end product (AGE) N-epsilon-

(Carboxymethyl)lysine (CML) in the intramyocardial vasculature of RA patients and 

controls, who died of a fatal myocardial infarction. We found a significant higher 

inflammatory status in all the tissue levels in the RA patients versus the controls: 1) more 

lymphocytes and mast cells the adventitial layer of the infarct related epicardial coronary 

arteries, 2) more CML depositions in the intramyocardial arteries and 3) more lymphocytes 
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and macrophages in the border area of the infarcted heart. These findings support the 

hypothesis that RA patients have an increased inflammatory status not only in the 

epicardial coronary arteries but also in the myocardium and intra-myocardial arteries, 

which may cause more vulnerable plaques and more myocardial tissue damage after a 

myocardial infarction. This could not only explain the higher incidence of CV events but 

also the higher fatality rate after myocardial infarction in RA. 

 

Section 2 Cardiovascular risk reduction in rheumatoid arthritis 

In section 2 the next main question of this thesis is addressed: how can we reduce the 

increased CV risk in RA? As anti-tumor necrosis factor (TNF) therapy is a commonly used 

anti-rheumatic treatment with strong anti-inflammatory action, we evaluated the effect 

of anti-TNF therapy on several CV risk factors. 

 

In chapter 2.1 the influence of anti-TNF therapy on insulin resistance, pancreatic β-cell 

function and body composition in RA patients was investigated, using OA patients as 

controls. The results of this study showed a clear link between inflammation, IR and β-cell 

function, as IR and β-cell function were evidently higher in the RA versus OA group and 

moreover, highest in the RA patients with a CRP level of >10 mg/l. Anti-TNF therapy 

improved not only IR and β-cell function but also the body composition of RA patients. 

 

Chapter 2.2 studied the effect of anti-TNF therapy on lipid levels and especially the high-

density lipoprotein (HDL) composition and showed that anti-TNF therapy restores the 

atheroprotective profile of HDL, which ultimately could translate into a reduced CV risk.  

 

In chapter 2.3 we hypothesize that other therapies that raise or optimize the 

atheroprotective profile of HDL by altering the HDL-protein composition could have 

potential as CV risk reductive therapies, especially in inflammatory diseases, like RA, 

where HDL-protein composition is often more pro-inflammatory and atherogenic due to 

inflammation. A drug that is not yet optimally studied is for instance niacin, a nicotinic 

acid, which is known to increase HDL. Whether this drug also changes HDL-composition is 

still unknown, 

 

Section 3 Cardiovascular disease in ankylosing spondylitis and osteoarthritis  

In chapter 3.1 the prevalence and adequate treatment of traditional CV risk factors was 

assessed in a group of AS patients with active disease. Data showed a higher prevalence of 
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hypertension and smoking in AS patients compared to the general population. More than 

one-third of the patients needed CV risk reduction and although the majority of these 

patients received some form of CV risk reductive treatment in three-quarter of the 

patients treatment goals were not achieved. Therefore, quality of CV-RM needs to be 

improved in AS. 

 

In chapter 3.2 we studied the association of CVD with biomechanical factors, including 

muscle strength and proprioceptive accuracy and activity limitations in patients with knee 

and/or hip OA from the Amsterdam Osteoarthritis (AMS-OA) cohort. Our data clearly 

showed increased activity limitations in OA patients with CVD, but also decreased 

proprioceptive accuracy and muscle strength in OA patients with CVD compared to those 

without CVD. These findings underscore a patient tailored intervention approach, to not 

only treat the OA but also reduce the risk to a new CV event. 
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Generalizability 

In this thesis the link between inflammation and an increased cardiovascular risk in RA is 

confirmed in different ways. The enhanced prevalence of inflammatory cells and CML in 

the coronary arteries and myocardium of RA patients versus controls shows a direct effect 

of inflammation to the heart and arteries. But also CV risk factors, as IR, the lipid profile 

and body composition are influenced by inflammation, providing an overall proatherogenic 

profile in RA patients with active disease. These findings also suggest that optimal 

treatment to reduce inflammation in RA should reduce not only disease activity but also 

CV risk. This is also illustrated in this thesis, as anti-TNF therapy was not only effective to 

reduce IR and β-cell function in RA, it also altered body composition and the HDL-protein 

composition in a favorable way. 

Furthermore, this thesis showed that in both RA and AS traditional CV risk factors 

contribute to the increased CV risk. However, in both RA and AS the majority of patients 

with a high CV risk, who were in need of CV risk reductive treatment, were not or not 

adequately treated. This suggests that optimizing CV-RM in these patients is probably 

another effective way to reduce the increased CV risk burden. 

 

Future research 

This thesis provides new evidence that inflammation and traditional CV risk factors play 

an important but complex and intertwining role in the link between CV risk and rheumatic 

diseases. The next years these complex pathophysiologic mechanisms should be further 

unraveled to be able to effectively counteract the enhanced CV risk in chronic 

inflammatory diseases. Several research topics need to be addressed: 

• The actual CV risk screening tools are suboptimal to predict future CV risk in chronic 

inflammatory diseases, therefore large datasets that collect epidemiological and 

anthropometric data but also blood and tissue samples are needed to provide new CV 

risk screening tools that are better suited to predict CV risk in chronic inflammatory 

diseases. Preferably, these data should be collected in the earliest stage of the 

disease or even before the actual onset of the disease (prevention cohorts) to be able 

to determine when the CV risk starts to increase. New biomarkers that require further 

investigation are the AGEs (1), and the adipocytokines, including omentin-1, a 

secretory protein that is selectively present in visceral adipose tissue (2) and not in 

subcutaneous adipose tissue, and osteoprotegerin, a cytokine receptor and a member 

of the tumor necrosis factor receptor superfamily (3). Also genetic predisposition 

should be investigated by looking for genetic polymorphisms that render persons more 

prone to develop not only CV events but also chronic inflammatory diseases. 
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• Randomized controlled trials should be conducted to compare the impact of different 

anti-rheumatic drugs on CV risk reduction. Unfortunately, these studies need long 

follow-up to actually measure reduction of CV events. However, these studies deliver 

more insight in the optimal management of CV risk, but could also provide more 

understanding of the pathophysiologic mechanisms behind the increased CV risk. 

• The optimal CV-RM strategy should be further developed. Should CV-RM be 

undertaken by the rheumatologists, the general practitioner or is cooperation the 

best option. How can patients be motivated to be physically active when they 

experience pain and functional disability? Are there CV risk reducing drugs that not 

only reduce CV risk but also inflammation and thereby disease activity (e.g. statins, 

angiotensin converting enzymes, niacin or liraglutide (4)). 

• RA patients are prone to develop (diastolic) heart failure, fatal myocardial infarction 

and sudden cardiac death. However, only three pathological studies have looked at 

coronary arteries and to date only one study (see chapter 1.3) has investigated the 

myocardium and intra-myocardial arteries to look at the effect of inflammation on 

these tissues. Obviously, these studies need tissue samples from the heart and 

coronaries and these are difficult to obtain from alive persons (e.g. coronary artery 

bypass grafts). Therefore, these studies need large autopsy tissue banks, but also 

animal models (for instance rats with RA) could provide adequate study material. 

Next to find out is if the lymphocytes, macrophages and mast cells that are more 

prevalent in coronary arteries and myocardial tissue of RA patients after a myocardial 

infarction are active (produce cytokines) but even more interesting is to find out 

when they appear, before or after the event. 

• Another interesting research field is the effect of inflammation on muscle and fat 

tissue. Both tissues have been understudied in RA. Rheumatoid cachexia is 

characterized by loss of muscle tissue and in this thesis we found that CVD in OA is 

associated with a decrease in muscle strength, but the exact pathophysiological 

mechanisms behind these findings are far from unraveled yet. Studies performing 

muscle tissue biopsies to look for mechanisms by which inflammation (inflammatory 

cells) may cause muscle weakness and loss should be conducted in chronic 

inflammatory diseases. Adipose tissue is divided in three types: white, brown and 

beige, however, in RA the distribution and function of these three types of adipose 

tissue and their relation to CV risk are completely unknown (5). Is ‘browning’ (the 

turning of white fat cells into brown fat cells) a potential therapeutic option in RA, or 

is it one of the reasons RA patients become cachectic (6-8)? This is an important 

future research field that needs to be addressed. 
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Conclusions/practical implications 

This thesis shows that the excess CV risk in chronic inflammatory diseases is for a large 

part due to a complex interplay between inflammation and traditional CV risk factors. 

This means that optimizing both anti-inflammatory treatment to reduce disease activity 

and CV-RM to reduce CV risk factors are needed to lower the increased CV risk burden in 

this population. Future research in RA populations is needed to see if these measures 

indeed have the desired effect.  
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