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INTRODUCTION 
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Inflammation and atherosclerosis 

Cardiovascular (CV) disease is the main cause for morbidity and mortality in the 

Western world.[1] The process of atherosclerosis, or the progressive accumulation 

of lipids in the arterial wall, is the most important driver of CV disease.[2] The 

development of atherosclerosis is characterized by different phases, such as 

endothelial dysfunction, atherosclerotic plaque progression, formation of an 

advanced atherosclerotic plaque with the risk of rupture leading to thrombotic 

complications (such as a myocardial infarction or stroke). Atherosclerosis is 

increasingly acknowledged as an inflammatory process in which innate immune 

activation, inflammatory cells and pro-inflammatory cytokines play a pivotal role in 

the development of all phases of atherosclerosis.[3;4] 

 

Cardiovascular disease in inflammatory arthritis 

Inflammatory arthritis, which includes rheumatoid arthritis (RA), ankylosing 

spondylitis (AS) and psoriatic arthritis (PsA), is a chronic systemic autoimmune 

condition of unknown etiology affecting approximately 1-2% of the general 

population.[5] This disease results in destruction of bone and cartilage in various 

joints, most likely caused by a persistent inflammatory burden, thus leading to a 

chronic disabling disease which results in disability and an impaired quality of life. 

Since the previous decade, evidence has accumulated that patients with chronic 

inflammatory arthritis are also at increased risk of CV disease.[1;6] Prior studies 

have reported an up to twofold increased prevalence for CV disease in all these 

diseases combined.[7-9] In RA, there is a two- to threefold elevated risk of incident 

CV disease, which is similar to individuals with diabetes mellitus.[10;11] However, 

the true magnitude of the cardiovascular burden in inflammatory arthritis is still 

debated since outcomes of studies assessing CV disease are difficult to compare 

due to differences in study design and populations.[12] 

 

Risk factors for cardiovascular disease in inflamma tory arthritis 

Patients with inflammatory arthritis have a higher prevalence of CV risk factors 

(such as hypertension, dyslipidemia, smoking habits and diabetes).[13] However, 

traditional CV risk factors alone do not explain the excessive CV disease risk in 

patients with inflammatory arthritis.[14;15] Inflammation has shown to specifically 
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influence the microcirculation (which often precedes hypertension)[16;17], 

unfavourably alter the composition of lipids (and therefore induce 

dyslipidemia)[18;19] and to deteriorate insulin sensitivity leading to insulin 

resistance (which may contribute to diabetes mellitus).[20;21] Many novel 

alternative risk factors might also play a role in the development of CV disease in 

patients with inflammatory arthritis, such as decreased renal function, acute-phase 

reactants (C-reactive protein) and N-terminal pro-Brain Natriuretic Peptide and 

lipoproteins. In addition, novel CV risk factors may also improve the CV disease 

risk prediction in patients with an inflammatory arthritis. 

 

Pathogenesis of cardiovascular disease in inflammat ory arthritis 

Research has shown that inflammation itself can also influence all stages of the 

atherosclerotic process, from early endothelial dysfunction and lipid accumulation 

to the formation of the atherosclerotic plaque and its eventual rupture, ultimately 

leading to thrombosis.[3] However, the exact mechanism by which CV disease 

occurs more often in chronic inflammatory arthritis is not yet fully elucidated. It is 

hypothesized that the chronic inflammatory state in patients with inflammatory 

arthritis accelerates atherosclerosis by providing pro-inflammatory cytokines and 

reactive immune cells to all stages involved in atherogenesis.[22] In addition, there 

is still conflicting data whether or not the process of atherosclerosis is already 

present before or at the clinical onset of a inflammatory arthritis and to what extent 

(subclinical) inflammation plays a role in the development of CV disease at this 

stage of the disease.[23] 

 

Imaging of cardiovascular risk in inflammatory arth ritis 

Non-invasive imaging of vessel walls is an important and potentially useful tool to 

determine subclinical CV risk. Many non-invasive techniques have been developed 

to detect vessel alterations associated with early preclinical atherosclerosis. 

Assessment of the carotid intima media thickness (cIMT) is the most widely used, 

which has shown to be an adequate surrogate marker in the general 

population.[24] Whether cIMT conveys the CV risk similarly in patients with 

inflammatory arthritis remains unknown. Also, imaging tools should be able to 

monitor CV risk over time as well as detect changes or improvements in CV risk 

I
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following treatment. However, due to the different pathogenic mechanisms of CV 

disease in inflammatory arthritis, it is not yet clear which imaging tool best predicts 

future CV disease.[25] An additional role for studying CV risk in inflammatory 

arthritis might be played by advanced imaging techniques such as positron 

emission tomography.[26] 

 

Cardiovascular effects of anti-inflammatory treatme nt in inflammatory 

arthritis 

Considering the crucial role for inflammation in the development of atherosclerosis, 

especially in patients with inflammatory arthritis, a logical step would be to 

investigate the effects of anti-inflammatory treatment on CV risk in these patients. 

The present anti-inflammatory armamentarium contains a multitude of drugs that 

have different mechanisms by which they reduce inflammation.[27] The most novel 

in the field of rheumatology are tumor-necrosis factor (TNF-) alpha blocking agents, 

which inhibit TNF-alpha, an important pro-inflammatory cytokine implicated in 

inflammatory arthritis as well as in atherosclerosis. Unknown is if anti-inflammatory 

treatment reduces CV disease occurrence and whether this comes about by 

favourable modulation of traditional CV risk factors (such as lipids, cIMT or arterial 

stiffness) or by reducing the chronic inflammatory burden itself.[28] 

 

Outline of this thesis 

The purpose of this thesis is to investigate the relationship between inflammatory 

arthritis and CV disease from different scientific perspectives using different 

populations and methods. Section I  describes CV disease risk in an outpatient-

based setting and identifies new risk factors from an epidemiological and clinical 

viewpoint. Section II  presents several imaging techniques for the detection of 

subclinical CV risk in inflammatory arthritis and discusses their strengths and 

limitations. Section III  discusses the effects of anti-inflammatory treatment on CV 

risk, either via risk factors, inflammation or direct effects on the atherosclerotic 

process. In the general discussion (Section IV ), an overview will be presented of 

the pathophysiologic mechanisms, the clinical and therapeutic implications and 

directions for future research. 
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ABSTRACT 

 

 

 

 

 

 

Background  There is accumulating evidence for an increased cardiovascular 

burden in inflammatory arthritis (as in diabetes, an established cardiovascular 

risk factor), but data from primary care records are sparse. We sought to 

determine the prevalence rate of non-fatal cardiovascular disease (CVD) in 

inflammatory arthritis, diabetes mellitus and osteoarthritis (non-systemic 

inflammatory comparator) compared to controls, using a primary care cohort.  

Methods  Data on CVD morbidity (ICPC codes K75 (myocardial infarction), K89 

(transient ischemic attack), and/or K90 (stroke/cerebrovascular accident) from 

patients with inflammatory arthritis (n=1,518), diabetes (n=11,959), 

osteoarthritis (n=4,040) and controls (n=158,439) were used from the 

Netherlands Information Network of General Practice (LINH), a large primary 

care cohort. Data were analyzed using multi-level logistic regression analyses 

and corrected for age, gender, hypercholesterolemia and hypertension. 

Results CVD prevalence rates were significantly higher in inflammatory 

arthritis, diabetes mellitus and osteoarthritis compared with controls. These 

results attenuated - especially in diabetes - but remained statistically significant 

after adjustment for age, gender, hypertension and hypercholesterolemia for 

inflammatory arthritis (OR=1.5) and diabetes mellitus (OR=1.3). 

Conclusion These results confirm an increased CVD burden in inflammatory 

arthritis to levels resembling diabetes. By contrast, lack of excess CVD in 

osteoarthritis further suggests that the systemic inflammatory load is critical to 

the CVD burden in inflammatory arthritis. 

Chapter 1 | Cardiovascular Disease Prevalence in Inflammatory Arthritis 



 

 

 21

INTRODUCTION 

It has been long recognized that in inflammatory arthritis patients the 

cardiovascular disease (CVD) burden is more prevalent, best exemplified by an 

enlarged cardiovascular mortality and morbidity in rheumatoid arthritis [1-3]. The 

increased CVD risk in inflammatory arthritis patients can not be fully explained by 

classical risk factors [4;6]. Additionally, chronic inflammation either directly or 

indirectly via insulin resistance, endothelial dysfunction, and dyslipidaemia, has 

emerged as potential mechanism for the excessive CVD risk in inflammatory 

arthritis patients [7]. 

The true magnitude of the cardiovascular burden in inflammatory arthritis is still 

debated, since outcomes of studies assessing CVD prevalence and incidence are 

difficult to compare due to differences in study design and study populations [8]. 

Most studies are performed in clinic-based cohorts and only a minority in 

community-based settings, which, as a consequence, may lead to an 

overestimation of the CVD burden due to an overrepresentation of inflammatory 

patients with more severe disease [1;9]. This problem can be solved by using data 

from community-based cohorts, including arthritis patients with a broader spectrum 

of disease severity, as these may give a more accurate estimate of the CVD 

prevalence. An example of such a community-based cohort can be created with 

the use of electronic medical records (EMRs) from general practitioners (GPs). In 

the Netherlands, GPs have a gatekeeper role for access to specialized care. All 

Dutch inhabitants are listed with a general practice, and the GP is commonly the 

first professional to be consulted for health problems. Using data from GPs makes 

it possible to compare morbidity and health care utilization of inflammatory arthritis 

patients with other patient groups.  

This latter possibility is interesting, because we recently observed that the 

magnitude of CVD risk in rheumatoid arthritis patients approached that of diabetes 

mellitus, [10;11] a well-established cardiovascular risk factor. Additionally, if indeed 

inflammation enhances CVD risk, one may speculate that osteoarthritis of the knee 

and/or hip (a non-systemic ‘inflammatory’ arthritis) will be associated with a less 

pronounced CVD burden. Against this background, we will determine the non-fatal 

CVD prevalence rate in patients with inflammatory arthritis, diabetes mellitus, and 

osteoarthritis, as compared to patients without these disorders.  

1
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METHODS 

Study population 

Data were used from the Netherlands Information Network of General Practice 

(LINH). These data were retrieved from EMRs kept by a representative sample of 

96 general practices with 360,000 registered patients in 2006. Data include 

information on consultations, morbidity, prescriptions and referrals to other 

healthcare professionals [12;13]. Diagnoses were recorded using the ICPC-1 

coding system [14]. When issuing a prescription, a diagnostic code was recorded, 

and the selected drug was automatically linked to the ATC coding system 

(http://www.whocc.no). In this study morbidity data and all prescriptions issued by 

the participating practices were used. Only individuals of 30 years and older were 

used in the statistical analyses, because individuals below the age of 30 years 

have a lower probability of having inflammatory arthritis, osteoarthritis, diabetes 

mellitus and/or CVD. Practices that recorded data during less than six months in 

2006 were also excluded from the analyses. 

 

Population selection 

Based on the ICPC-1 coded morbidity and prescription data, it was determined 

whether the participating patients had the following diagnoses: 1) inflammatory 

arthritis (ICPC code L88; rheumatoid arthritis or ankylosing spondylitis), 2) diabetes 

mellitus (ICPC code T90), 3) osteoarthritis of knee and/or hip (ICPC code L89 

and/or L90), 4) CVD (ICPC codes K75 (myocardial infarction), K89 (transient 

ischemic attack), and/or K90 (stroke / cerebrovasculair accident)), 5) hypertension 

(ICPC code K86 and/or K98) and 6) hypercholesterolemia (ICPC code T93). 

Individuals were classified within the above mentioned groups, when the diagnosis 

was recorded in 2006 or in previous years (up to 2004). It was not possible to 

discriminate between rheumatoid arthritis and ankylosing spondylitis within the 

group of inflammatory arthritis patients and between diabetes mellitus type 1 and 2, 

because it was not possible to use ICPC subcodes. Per patient we also determined 

whether they used cardioprotective medication (statins and/or anti-hypertensive 

agents) in 2006. Individuals without inflammatory arthritis, nor diabetes mellitus 

and/or osteoarthritis were used as controls. 
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Statistical analyses 

First, CVD prevalence rates were calculated among individuals with inflammatory 

arthritis, diabetes mellitus, osteoarthritis and controls. Differences in age, gender, 

CVD prevalence rates, hypertension, hypercholesteremia and the use of statins 

and/or antihypertensives between the three patient groups and controls were 

tested with Student’s t-test and chi-square tests. 

Second, the association between the presence of CVD and the presence of the 

three diseases was determined with multilevel logistic regression analyses with a 

random intercept using the second order PQL method [15]. Three models were 

calculated: 1) a model with the three studied independent variables (presence of 

inflammatory arthritis, diabetes mellitus and osteoarthritis), 2) model 1 plus age and 

gender, and 3) model 2 plus CVD risk factors (hypertension and 

hypercholesterolemia). Results are presented as odds ratios with 95%-confidence 

intervals. Interaction terms were introduced to test for selective amplification of the 

CVD risk by subjects with more than one of the investigated diseases.  

Multilevel logistic regression analyses were performed with MLwiN, a statistical 

program for multilevel analyses [16]. Student’s t-test and chi-square tests were 

performed with Stata10. 

 

RESULTS 

Population characteristics 

Data were used from 175,061 patients in 69 general practices. Of these patients, 

1,518 patients (0.9%) were diagnosed with inflammatory arthritis, 11,959 (6.8%) 

with diabetes mellitus, and 4,040 (2.3%) with osteoarthritis. The remaining 158,439 

individuals were used as controls. Because patients can have multiple disorders, 

the sum of the number of patients in the four groups exceeds the total of 175,061 

patients. The characteristics of the patient groups and controls are shown in table 

1. 

 

 

 

 

 

1
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Table 1. Population characteristics 

 
IA 

(n=1,518) 

DM 

(n=11,959) 

OA 

(n=4,040) 

Controls  

(n=158,439) 

Mean age, years 60.3** 65.8** 69.8** 51.0 

Female gender, % 64.1** 51.9* 68.7** 50.4 

AMI, % 1.8** 2.8** 1.5** 0.7 

TIA, % 2.0** 2.2** 2.0** 0.6 

CVA, % 3.0** 3.7** 2.7** 0.9 

Total CVD, % 6.5** 8.1** 5.8** 2.0 

Hypertension, % 30.9** 47.7** 38.5** 13.3 

Hypercholesterolemia, % 10.8** 24.0** 13.3** 4.8 

Use of anti-hypertensive 

agents, % 
36.4** 60.6** 45.0** 14.6 

Use of statins, % 15.7** 48.8** 20.0** 6.0 

Inflammatory arthritis, % --- 1.5 1.6 --- 

Diabetes mellitus, % 11.5 --- 16.5 --- 

Osteoarthritis, % 4.4 5.6 --- --- 

* p<0.01; ** p< 0.001 (compared to controls). DM, diabetes mellitus; IA, inflammatory 

arthritis; OA, knee- and/or hip osteoarthritis; AMI, acute myocardial infarction; TIA, transient 

ischemic attack; CVA, cerebrovascular accident; CVD, cardiovascular disease  

 

Compared with controls, individuals with inflammatory arthritis, diabetes mellitus 

and osteoarthritis were older and had higher prevalence rates of CVD, 

hypertension and hypercholesterolemia. Also, individuals with inflammatory 

arthritis, diabetes mellitus and osteoarthritis were more often female and used 

significantly more statins and anti-hypertensives compared with the control group. 

The prevalence rate of diabetes mellitus and osteoarthritis in inflammatory arthritis 

was 11.5% and 4.4%, respectively. 

 

Association between inflammatory arthritis, diabete s, osteoarthritis and CVD 

Significantly higher CVD rates were found in individuals with inflammatory arthritis 

(OR=2.1), diabetes mellitus (OR=3.7), and osteoarthritis (OR=1.9) compared with 

controls (model 1, table 2). After adjustment for age, gender and CVD risk factors 

(hypertension and hypercholesterolemia; model 3), both inflammatory arthritis and 
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diabetes mellitus were still positively associated with CVD, but to a lesser extent. 

We found a larger association between inflammatory arthritis and CVD (OR=1.5) 

than between diabetes mellitus and CVD (OR=1.3). The association between 

osteoarthritis and CVD reversed after adjustment for age, gender and CVD risk 

factors (OR=0.8). Interaction terms were added to model 3 to test for additional 

effects for subjects with more than one of the investigated diseases. However, 

none of the interaction terms reached statistical significance (data not shown). 

 

Table 2. Association between CVD and inflammatory arthritis, diabetes and 

osteoarthritis. 

 Controls IA DM OA 

Model 1 1.0 2.1 (1.7-2.7)* 3.7 (3.5-4.0)* 1.9 (1.6-2.2)* 

Model 2 1.0 1.6 (1.3-2.0)* 1.8 (1.6-1.9)* 0.9 (0.8-1.0) 

Model 3 1.0 1.5 (1.2-1.9)* 1.3 (1.2-1.4)* 0.8 (0.7-1.0)* 

* p <0.001. Results as odds ratios (95%-confidence interval). DM, diabetes mellitus; IA, 

inflammatory arthritis; OA, knee and/or hip osteoarthritis. 

Model 1: Unadjusted for risk factors 

Model 2: Model 1 adjusted for age and gender 

Model 3: Model 1 adjusted for age, gender, hypertension and hypercholesterolemia 

 

DISCUSSION 

There is considerable interest in the association between inflammatory arthritis and 

cardiovascular disease, but evidence from primary care settings emphasizing this 

association is sparse. To the best of our knowledge, this is the first observational 

study to report on the CVD prevalence rate in inflammatory arthritis, diabetes 

mellitus and osteoarthritis patients compared with controls in a representative 

primary care population. We report nearly identical age, sex, hypertension and 

hypercholesterolemia adjusted CVD prevalence rates in patients with either 

inflammatory arthritis or diabetes mellitus, supporting our previous observations 

that the magnitude of CVD burden in inflammatory arthritis is comparable with that 

in diabetes mellitus [10, 11]. 

1 
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The fact that adjustment for hypertension and hypercholesterolemia attenuated the 

association between CVD and diabetes mellitus, but far less so the association 

between CVD and inflammatory arthritis, is another important observation and can 

be explained in two potential ways. First, given the lower prevalence rate of 

hypertension and hypercholesterolemia and lower use of statins and anti-

hypertensive agents in inflammatory arthritis patients compared with diabetes 

mellitus, one may speculate that classic risk factors are underreported and hence 

perhaps undertreated in inflammatory arthritis. CVD risk management is one of the 

main goals in the treatment of diabetes mellitus, but, at least until recently, not in 

inflammatory arthritis patients, which supports this hypothesis. Hence, intensive 

CVD risk management, as suggested in EULAR based recommendations, should 

be considered in patients with inflammatory arthritis to reduce the CVD burden in 

these patients [17]. Second, factors other than classic CVD risk factors potentially 

explain the strong association between inflammatory arthritis and CVD. Indeed, it is 

increasingly hypothesized that individuals with inflammatory arthritis are more 

affected by CVD because of a chronic systemic inflammatory process, as this 

accelerates the development of all stages of atherosclerosis [18]. Inflammatory 

cells are commonly found within atherosclerotic lesions, particularly in the culprit 

lesions and many inflammatory cells, commonly active in inflammatory arthritis, are 

also implicated in the pathogenesis of atherosclerosis from its earliest stages on 

[7]. Additionally, inflammation may indirectly increase CVD risk through 

deteriorating CVD risk factors [19]. The fact that osteoarthritis (a non-systemic 

inflammatory comparator) did not convey any excess CVD risk after adjustment for 

CVD risk factors is another important observation and may comply with the 

inflammatory hypothesis. Surprisingly, after adjustment, osteoarthritis was 

negatively associated with CVD. A possible explanation for this finding is selective 

drop-out in the group osteoarthritis patients. High CVD risk patients may already 

have died, because the high mean age of this group, (about 70 years old) resulting 

in underrepresentation of the CVD prevalence rate. 

Using data from GPs makes it possible to compare the prevalence of CVD 

between different patient groups in the same study population. This has the 

advantage that all morbidity is measured in the same manner minimizing selection 

bias. Another strength of this study is the use of a representative group of patients 

1
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with a mean average disease severity. The fact that the observed CVD prevalence 

rates in inflammatory arthritis and diabetes mellitus concur with other studies lends 

external validity to our observations [9;20]. Also, of important note is the adjustment 

for important CVD risk factors (age, gender, hypertension, and 

hypercholesterolemia) on the one hand, and controlling for amplification of CVD 

risk by individuals with more than one disease on the other hand. Some other 

studies also reported an increased prevalence of CVD disease in inflammatory 

arthritis from a primary care population, but neither of these studies controlled for 

hypertension and/or hypercholesterolemia [9;20]. Weaknesses include the lack of 

information on the sequence of the disease and CVD events, and hence a causal 

relationship between the advent of inflammatory arthritis and development of CV 

disease can not be proven. In addition, information about other important risk 

factors, such as smoking, and obesity, was not available, which hampers us to 

adjust for these potentially important confounders (residual confounding).  

In conclusion, this is the first study demonstrating an increased CVD burden in 

inflammatory arthritis to levels broadly similar to diabetes mellitus in a 

representative primary care population. The lack of excess CVD in osteoarthritis 

further suggests that systemic inflammatory load appears critical to the CV disease 

burden in inflammatory arthritis and indirectly underscores the importance of 

adequate control of disease activity in inflammatory arthritis patients to lower CVD 

risk.  
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ABSTRACT 

 

 
 
 
 
 
 
 

 

 

Background  Rheumatoid arthritis (RA) patients have a doubled risk for 

cardiovascular (CV) disease, largely independent of traditional CV risk factors. 

Renal dysfunction is associated with CV morbidity and mortality in the general 

population, but data regarding this association in RA are lacking. To investigate 

the association between renal function and CV events in RA. 

Methods The CARRÉ study is an ongoing prospective cohort study of Dutch 

patients with RA, which records CV events. Glomerular filtration rate (GFR) was 

estimated with the abbreviated Modification of Diet in Renal Disease (MDRD) 

formula. Logistic regression determined the association between estimated 

GFR and the occurrence of CV events.  

Results 353 patients were followed for 3 years and 23 patients (7%) developed 

a CV event. RA patients with an event had a significantly lower baseline GFR 

compared to those without an event (59 ml/min vs. 79 ml/min, p=0.001). This 

association remained significant after adjustment for traditional risk factors: in 

this analysis a decrease in GFR of 5 ml/min was associated with a 30% (95%-

confidence interval: 7-59%) increase in the occurrence of CV events. During 

follow-up, an unfavourable change in GFR was noted in patients who later 

developed a CV event as compared to those who did not develop a CV event.  

Conclusion Our data confirm that in RA, renal dysfunction is associated with a 

higher risk for CV disease independently of traditional CV risk factors.  
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INTRODUCTION 

In recent years rheumatoid arthritis (RA) has been linked with an increased 

cardiovascular (CV) disease morbidity and mortality, an association that persists 

after adjustment for traditional CV disease risk factors (such as age, gender, 

smoking, blood pressure and hypercholesterolemia).[1] Epidemiological evidence 

suggests that other risk factors may be responsible for the excess CV risk.[2;3] 

However, the causative mechanism behind this increased CV disease risk is still 

mostly unknown. 

A recent meta-analysis clearly illustrates that renal dysfunction is a strong and 

independent CV risk factor in the general population [4], but data on the 

association between renal dysfunction and CV disease in RA is currently lacking. 

Renal dysfunction is also common among RA patients [5] and this might be 

attributed to use of anti-inflammatory medication [6], extra-articular manifestations 

(including amyloidosis and/or glomerulonephritis) [7], a higher prevalence of either 

diabetes mellitus or hypertension in RA [6;8] or chronic inflammation.[9] A necropsy 

study found that 90% of RA-patients had benign nephrosclerosis that correlated 

with arteriosclerosis.[10] 

In the present study, we investigate the association between renal dysfunction and 

CV disease in RA patients using data from the prospective CARRÉ study, in the 

context of known traditional risk factors. 

 

METHODS 

CARRÉ study 

The CARRÉ study is a prospective cohort of patients with RA, in whom CV events 

and concurrent risk factors were investigated. For this study we used data from the 

3 year follow-up period.[11] A total of 353 patients aged 50-75 years who fulfilled 

the American College of Rheumatology criteria of 1987 for RA [12] were enrolled in 

this study. Follow-up duration was calculated as time from enrolment in the study 

until follow-up measurement or occurrence of a (non-) fatal CV event. During the 

follow-up period, all CV events were recorded and adjudication of CV events was 

performed on the basis of standardized criteria by an independent trained person 

according to the ICD-9 codes for myocardial infarction (MI) (410.0-9), stroke (436) 

or transient ischemic attack (TIA) (435.9), a history of peripheral arterial 

2

2 



34 

reconstruction, carotid endarterectomy, percutaneous coronary intervention (PCI) 

(8036), coronary artery by-pass surgery (CABG) (8038) and sudden death, cause 

unknown (798). The local ethics committee approved the study protocol and all 

participants gave written informed consent. 

 

Baseline characteristics 

Blood pressure, length, weight, waist- and hip circumference, presence of 

subcutaneous nodules, smoking habits, medication use, co-morbidity, previous CV 

disease, disease activity score of 28 joints (DAS28) and the functional (disability) 

status were all assessed according to protocol during intake and physical 

examination. Hypertension was defined as a blood pressure more then 140/90 

mmHg and/or use of antihypertensive medication. In addition, rheumatoid factor 

positivity, inflammatory markers, serum creatinine levels and lipid levels were 

determined in fasting blood samples and urinary protein excretion was determined 

from a second void urine sample.[11] Atherogenic index was calculated as the ratio 

between total cholesterol and HDL-cholesterol. 10-year CV risk was calculated 

using the Systematic Coronary Risk Evaluation (SCORE) formula.[13] 

 

Renal function  

Serum creatinine was measured in 349 patients at baseline and 261 patients at 

follow-up. Two methods estimated renal function: the Cockcroft-Gault formula for 

creatinine clearance in mL/min [(140 - age in years) * body weight in kilograms / 

(serum creatinine in micromol/L * 0.81) * 0.85 if female]; and the abbreviated 

modified diet in renal disease (MDRD) formula for GFR in mL/min/1.73 m2 [186.3 * 

(age in years (-0.203)) * serum creatinine in micromol/L / (88.4 (-1.154)) * 0.742 if female 

and/or * 1.212 if ethnic black].[14;15] We chose the abbreviated MDRD formula as 

the primary measure as it is the most reliable in patients with decreased renal 

function and is currently the most widely used formula for estimated renal function 

in clinical settings.[16]  

 

Statistical analyses 

Baseline characteristics of RA patients are presented as mean ± standard 

deviation, median (interquartile range) or percentage. Baseline characteristics were 
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compared between patients with and without a CV event, using parametric or non-

parametric tests where appropriate. Logistic regression analyses evaluated the 

association between renal function and CV events. Multivariate logistic regression 

analyses assessed whether this association was independent of: 1. demographic 

factors, 2. CV risk factors (including cardioprotective medication), 3. RA-related 

factors (including anti-inflammatory medication). Results are described as odds 

ratios (OR) with 95%-confidence intervals (95%-CI) expressing the incremental risk 

of a CV event per 5 ml/min decrease in GFR. Two sided p-values less than 0.05 

were considered statistically significant. All analyses were performed by SPSS 17.0 

(Chicago, IL, USA). 

 

RESULTS  

Baseline characteristics 

Baseline characteristics are shown in table 1 for the total study population and 

stratified for patients with and without a CV event. Patients with a CV event were 

significantly older, more often male, smoker, more often had hypertension, 

hypercholesterolemia and previous CV disease. In addition, they used statins and 

antihypertensive medication more frequently.  

 

Follow-up and cardiovascular events 

Mean follow-up duration was 2.7 ± 0.8 years. Nineteen of the 349 participants were 

lost to follow-up due to moving away from the area or that they stopped 

participating in the study. Of the remaining 330 participants 23 developed a single 

CV disease event (7%). Of these, eight patients were diagnosed with a MI (all non-

fatal) for which most received PCI or CABG, three patients underwent elective PCI 

and two patients underwent elective CABG, two patients were diagnosed with 

ischaemic stroke (all non-fatal) and four patients with TIA, two patients underwent 

peripheral arterial reconstruction and two patients died suddenly, cause unknown. 

 

Estimates of renal function and cardiovascular even ts 

Patients who developed a CV event had substantially and significantly higher 

serum levels of creatinine and lower GFR at baseline (measured with the 

Cockcroft-Gault and MDRD formulas) as compared to patients who did not have a 
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CV event.(Table 1) The mean difference in estimated GFR between both groups 

was 19 ml/min/1.73 m2. Half of the patients with a subsequent CV event had a 

GFR below the threshold of 60 ml/min/1.73 m2 , which is an indication of moderate 

renal dysfunction.[17] Also, 17% (n = 15/87) of patients below this threshold 

developed a CV event compared to 3% (n = 8/243) above this threshold (p<0.001). 

The difference in renal function between the two groups increased during follow 

up.(Table S1) 

 

Logistic regression analyses 

Logistic regression analyses showed that a lower estimated renal function 

(calculated GFR with the MDRD-formula) was associated with an increased risk for 

a CV event, OR (95%-CI): 1.30 (1.14-1.49), per 5 ml/min/1.73 m2 decrease in 

GFR.(Table 2).  
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Table 1. Baseline characteristics 
 All patients 

(n=330) 
No CV-event 

(n=307) 
CV-event 

(n=23) 
Demographics     
Age, years 62 ± 8 63 ± 7 67 ± 8 * 
Men, % 35 33 58 * 
RA-related factors     
Rheumatoid factor positivity, % 71.8 72 71 
Bone erosions, % 81 81 88 
Nodular disease, % 35 33 55 
Disease duration, years 7 (4-10) 6 (4-10) 8 (4-10) 
ESR, mm/hour 17.3 (9.1-30.4) 17.3 (9.0-31.3) 17.9 (11.1-27.1) 
C-reactive protein, mg/L 7.0 (3.0-18.0) 7.0 (3.0-18.3) 8.0 (3.0-18.0) 
Disease activity score in 28 joints 3.92 ± 1.35 3.91 ± 1.36 4.07 ± 1.13 
Health assessment questionnaire 0.75 (0.25-1.13) 0.75 (0.38-1.13) 0.50 (0.00-1.10) 
CV risk factors     
Systolic blood pressure, mmHg 142 ± 20 142 ± 19 151 ± 26 * 
Diastolic blood pressure, mmHg 81 ± 9 81 ± 8 82 ± 11 
Hypertension, % 62 60 83 
Current smoking, % 30 29 33 * 
Pack years 18 (2-36) 18 (1-35) 29 (11-48) * 
Body-mass index, kg/m2 27 ± 5 27 ± 5 27 ± 4 
Waist-to-hip ratio, cm/cm 0.89 ± 0.08 0.89 ± 0.08 0.92 ± 0.07 
Total cholesterol, mmol/L 5.78 ± 1.10 5.81 ± 1.11 5.35 ± 0.92 
HDL-cholesterol, mmol/L 1.46 ± 0.49 1.46 ± 0.49 1.41 ± 0.52 
LDL-cholesterol, mmol/L 3.70 ± 1.02 3.73 ± 1.02 3.32 ± 0.99 
Triglycerides, mmol/L 1.32 (0.96-1.82) 1.32 (0.97-1.80) 1.16 (0.84-1.95) 
Atherogenic index  4.37 ± 1.54 4.37 ± 1.50 4.38 ± 2.06 
Diabetes, % 5 5 8 
10-year CV risk according to 
SCORE, % 

6 (3-11) 5 (3-10) 11 (6-16) * 

Previous cardiovascular disease, % 15 13 33 * 
Medication use     
Current methotrexate use, % 59 61 48 
Current prednisone use, % 17 17 22 
Current NSAID use, % 70 70 63 
Previous hydroxychloroquine use, 
% 

38 36 54 

Previous Gold use, % 19 20 8 
Previous D-penicillamine use, % 4 4 4 
Statin use, % 11 10 29 * 
Antihypertensives, % 26 24 54 * 
Estimates of renal function     
Serum creatinine, micromol/L 89 ± 18 88 ± 18 101 ± 14 * 
GFR - Cockcroft-Gault, ml/min 78 ± 23 79 ± 23 63 ± 14 * 
GFR - MDRD, ml/min/1.73 m2 77 ± 21 78 ± 21 59 ± 14 * 
Urinary protein excretion, g/L 0.10 (0.06-0.16) 0.10 (0.06-0.16) 0.11 (0.06-0.16) 
* p < 0.05. Continuous variables are presented as means ± standard deviations, medians 
(interquartile range), or percentages. CV, cardiovascular; ESR, erythrocyte sedimentation 
rate; GFR, glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density 
lipoprotein; MDRD, modified diet in renal disease
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Table S1. Changes in estimates of renal function for patients with a CV disease 

event and without a CV disease event 

 CV disease -incident No CV disease -incident 

Estimates of renal function Baseline Follow-up  Baseline Follow-up 

Serum Creatinine, micromol/L 101 ± 14 113 ± 34 88 ± 18 82 ± 17 * 

GFR-Cockcroft-Gault, ml/min 63 ± 14 58 ± 18 79 ± 23 85 ± 28 * 

GFR-MDRD, ml/min/1.73m2 59 ± 14 53 ± 16 78 ± 21 86 ± 27 * 

* p < 0.05 for differences in estimates of renal function between baseline and follow-up 

 

 

 

Table 2. Multivariate regression analyses estimated renal function and incident CV 

disease 

 MDRD 

 Odds ratio (95%-confidence interval) 

Crude  1.30 (1.14-1.49)* 

Model 1: Age + Sex 1.31 (1.09-1.57)* 

Conventional risk factors   

Model 1 + Systolic blood pressure 1.34 (1.11-1.62)* 

Model 1 + Use of antihypertensive 

medication 
1.24 (1.03-1.49)* 

Model 1 + Use of statins 1.31 (1.09-1.58)* 

RA-related factors  

Model 1 + RA disease duration 1.31 (1.09-1.57)* 

Model 1 + Health assessment 

questionnaire (HAQ) 
1.40 (1.13-1.74)* 

Model 1 + Presence of nodules 1.57 (1.19-2.07)* 

* p <0.05. Results described as odds ratios (95%-confidence interval) 
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In other words, a decrease in the estimated GFR of 5 ml/min was associated with a 

30% increase in risk of a CV event over the 3 year follow-up, which corresponds to 

a yearly risk increase of 11%. Similar results were found when using the Cockroft-

Gault formula for creatinine clearance. (data not shown) Additional adjustment for: 

1. age and gender, 2. age, gender and traditional CV risk factors, 3. age, gender 

and RA-related factors, did not significantly change the association between 

estimates of renal function and CV disease events. Subgroup analyses with 

exclusion of patients with a CV disease prior to inclusion into the cohort showed 

similar results, OR (95%-CI): 1.33 (1.13-1.56), per 5 ml/min/1.73m2 decrease in 

GFR. Furthermore, we evaluated which changes in traditional risk factors had a 

similar risk increase as 5 ml/min/1.73 m2 decrease in GFR.(Table 3) It appeared 

that this was comparable to: 1. an increment in age of approximately 5 years, 2. an 

absolute increase in 10-year CV risk (according to SCORE) of approximately 5% 

and 3. an increase in systolic blood pressure of 10 mmHg.   

 

Table 3. Comparison of crude CV-risk between renal function and other traditional 

risk factors 

Risk factor Unit of change 
Odds ra tio (95% -confidence 

interval) 

Renal function (MDRD) 5ml/min decrease 1.30 (1.14-1.49)* 

Age 5 year increment 1.50 (1.12-2.01) * 

Atherogenic index 1 point increase 1.01 (0.76-1.32) 

Body-mass index 5 kg/m2 increase 1.05 (0.68-1.60) 

Systolic blood pressure 10 mmHg increase 1.25 (1.03-1.53) * 

10-year CV risk (SCORE) 5% increase 1.59 (1.22-2.06) * 

* p <0.05. Results described as odds ratios (95%-confidence interval) 

 

DISCUSSION 

This is the first prospective study that clearly shows a clinically relevant association 

between moderate renal dysfunction and an increased risk of CV events in RA. An 

11% increased yearly risk of developing a CV event for every decrease in GFR of 5 
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ml/min, independent of traditional risk factors, is substantial. Thus far, only one 

cross-sectional study showed an association between renal dysfunction and CV 

disease risk factors in RA-patients, such as total cholesterol, hypertension and 

previous CV disease.[18]  

In the last two decades it has become clear that patients with RA are at an 

increased risk of developing CV disease, largely independent of traditional 

cardiovascular risk factors.[1] RA could even be seen as a cardiovascular risk 

factor for CV disease, similar to diabetes mellitus.[19] In addition, recent reports 

suggest that CV disease risk assessment tools designed for the general 

population, such as the SCORE- and Framingham formulas, may not accurately 

estimate the CV risk for individual patients with RA, as other underlying 

pathological processes may explain the excess CV risk.[20-22] It is not yet known 

what the exact underlying cause of this excess CV risk is, but non-traditional CV 

risk factors, such as inflammation or moderate renal dysfunction, may play a pivotal 

role in atherosclerosis in RA.[2]  

Recently, a meta-analysis of observational studies showed that an estimated renal 

function of less than 60 ml/min/1.73 m2 (MDRD formula) is associated with an 

increased hazard ratio for CV disease mortality: 1.18 (1.05-1.32), independent of 

traditional CV risk factors.[4]  

Compared to a study investigating the association between renal function 

(calculated with the Cockcroft-Gault estimate) and CV events in patients with 

diabetes mellitus (DM)[23], a disease with a high CV risk, our population of RA 

patients showed a similar association between renal function and CV disease, 

independent of traditional CV risk factors (19% vs. 20% higher risk of an incident 

CV disease per 5ml/min decrease in renal function, calculated with the Cockroft-

Gault estimate).(data not shown) Thus, not only is a decrease in renal function 

independently associated with incident CV disease in RA, but the effect size also 

appears stronger than in the general population and is comparable to that in DM. 

As the association we found was independent of other risk factors, this suggests a 

causal role for the chronic inflammatory state present in both diseases. Other 

possibilities include renal dysfunction itself causing CV disease or other underlying 

pathological processes affecting both renal function and CV disease. In our data 

concomitant use of anti-inflammatory medication (especially non-steroidal anti-
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inflammatory drugs, but also glucocorticosteroids, etc) did not appear to explain our 

findings. 

Strengths in our study include the prospective design, with low rates of loss to 

follow-up. Also, we were able to test several factors one by one as confounders by 

studying the change in beta coefficient of GFR before and after inclusion of the 

potential confounder. In the end, only age, sex, systolic blood pressure, use of 

antihypertensive medication and/or statins, RA disease duration, HAQ and 

presence of nodules proved to be confounders in our dataset and were thus 

included in the adjusted models. In addition, we performed subgroup analyses to 

investigate whether exclusion of previous CV disease changed the association 

between GFR and CV events in RA. Furthermore, we found a strong association 

between CV disease and both estimates of renal function (the Cockcroft-Gault and 

MDRD formulas). Several limitations merit attention. First, we were not able to 

adjust for residual confounding by recently discovered markers of both renal 

dysfunction and CV disease in RA-patients. One of these is uric acid, which is a 

predictor of CV disease in RA-patients [24] and has been linked with renal 

dysfunction in RA-patients.[25] Second, we did not use a control population of 

healthy subjects and therefore were not able to compare the present findings in 

RA-patients with matched non-RA patients. Third, small number of incident cases 

and soft events (elective PCI or CABG) might have caused a relatively low power. 

Therefore, we restricted confounding analyses to a minimum of variables. 

In conclusion, this study suggests that subclinical renal dysfunction is an 

independent risk factor for CV events in RA. A relatively minor decrease in 

estimated GFR may be associated with a substantial increase in CV morbidity. 

Therefore, clinicians should be aware that RA-patients with a decreased renal 

function are more prone to develop cardiovascular events. 
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Rheumatoid arthritis (RA) is a chronic inflammatory disease associated with 

cardiovascular (CV) disease.[1] There are conflicting data whether or not this 

increased CV risk is already present before the clinical onset.[2] In active RA, an 

unfavourable lipid profile is present and associated with inflammation.[3] Arthralgia 

patients positive for rheumatoid factor (RF) and/or anti cyclic citrullinated peptide 

antibodies (aCCP) (seropositive) are at risk of developing RA.[4]  Considering the 

close relationship between inflammation and serum lipid levels, we investigated 

whether an unfavourable lipid profile was associated with the development of RA in 

seropositive arthralgia patients.  

Total cholesterol (TC), high-density lipoprotein cholesterol (HDLc), low-density 

lipoprotein cholesterol (LDLc), triglycerides (TG), apolipoprotein (apo) A1 and apoB 

were determined at baseline in serum of 348 prospectively followed seropositive 

arthralgia patients.[4] Statin use and cardiovascular co-morbidities were recorded 

at baseline and analyzed for confounding. Development of arthritis was followed 

over a median (IQR) of 24 (14-49) months. Differences in lipid profiles between 

patient categories were analyzed with Student’s T test or Mann Whitney U tests as 

appropriate. Predictive properties of lipid profiles for the development of arthritis 

were analyzed with Cox proportional hazard analyses.  

One hundred sixteen patients (33%) developed arthritis after a median (IQR) 

follow-up of 12 (6-23) months, of whom 91% were diagnosed with RA according to 

the 2010 ACR/EULAR criteria.[5] Lower mean levels of TC, HDLc, LDLc, Apo A1 

and ApoB and higher mean levels of TG were observed in patients who developed 

arthritis than in patients who did not, although these differences did not reach 

statistical significance for every lipid (Table 1). ApoA1 showed a linear association 

with the risk for arthritis development (hazard ratios (HR); 95%-confidence interval 

(CI): 0.44; 0.26-0.79). HDL showed a non-linear association with arthritis 

development and was therefore analyzed as categorical variable (HR lower tertile 

versus second and third tertile; 95%CI: 0.64; 0.43-0.94). The other lipids were not 

significantly associated with arthritis development. aCCP status was a confounder 

for all lipids. No other confounders were found. aCCP positive patients had 

significantly lower total cholesterol levels. For the other lipids, trends were seen 

towards lower lipid levels in aCCP positive patients. After adjustment for aCCP 

status, only ApoA1 was significantly predictive for arthritis development (HR; 
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95%CI: 0.52; 0.29-0.92) whereas for HDL an obvious trend was observed (HR 1st 

vs 2nd and 3rd tertile; 95%CI: 0.70; 0.47-1.02).  

 

Table 1. Baseline characteristics stratified to future development of arthritis and 

aCCP positivity 

Lipid; mean (±SD) Arthritis Yes 

n=116 

Arthritis No 

n=232 

aCCP positive 

n=231 

aCCP negative 

n=117 

TC, mmol/L 5.19 ± 1.12 5.40 ±1.15 5.20± 1.07* 5.60±1.23* 

HDLc, mmol/L 0.87 ± 0.28† 0.95 ± 0.31† 0.90± 0.28 0.96± 0.34 

LDLc, mmol/L 3.68 ± 1.05 3.78 ± 1.04 3.67 ±1.017 3.90± 1.12 

Triglycerides, mmol/L‡ 1.33 (1.0-1.8) 1.28 (0.9-1.9) 1.3 (0.9-1.8) 1.4 (0.9-2.0) 

ApoA1, mg/L 1.62 ± 0.32† 1.70 ± 0.36† 1.65± 0.34 1.71± 0.37 

ApoB, mg/L 0.81 ± 0.23 0.83 ± 0.23 0.81± 0.23 0.85 ±0.22 

 * p<0.05 CCP negative vs. CCP positive; † p<0.05 arthritis yes vs. arthritis no; ‡ median 

(IQR) 

 

Our data show that arthralgia patients, particulary those with aCCP positivity, that 

developed arthritis had an overall unfavourable lipid profile, compared with those 

that did not. After adjustment for aCCP status, a lower ApoA1 level was predictive 

for the development of arthritis. Unfavourable lower lipid levels were present prior 

to arthritis, which might indicate subclinical inflammation. These data are in line 

with previous reports which also showed unfavourable lipid profiles in preclinical 

RA.[6,7] However, we showed for the first time that seropositivity is linked with this 

unfavourable lipid profile. Whether inflammation is the cause or consequence of 

lipid abnormalities in preclinical RA remains to be investigated.  
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ABSTRACT 

 

 
 
 
 
 
 
 

Background Rheumatoid arthritis (RA) is associated with increased risk of 

cardiovascular disease. Carotid intima media thickness (cIMT) is frequently 

used to identify populations at elevated cardiovascular risk. A systematic 

literature search and meta-analysis were performed to evaluate cIMT difference 

between RA and controls.  

Methods  The literature was screened to identify all available studies comparing 

cIMT in RA patients and controls. Random effects meta-analysis was performed 

to estimate the overall mean cIMT difference between both groups. Meta-

regression was performed to assess the influence of age and the degree of 

comparability regarding established cardiovascular risk factors on cIMT 

difference. Potential publication bias was examined by a funnel plot and Egger 

test. 

Results  From 22 studies, cIMT data was available from 1,384 RA patients and 

1,147 controls. In 17 of the studies, RA patients had a statistically significantly 

greater cIMT. The overall mean cIMT difference was 0.09mm (95%-CI: 0.07-

0.11mm). Heterogeneity was observed (I2 72.5%, p<0.001). A likely source of 

heterogeneity was the difference in cardiovascular risk factors between RA 

patients and controls at baseline, but not age. The funnel plot did not show a 

skewed or asymmetrical shape, which was supported by the Egger’s test 

(p=0.87). 

Conclusion  Our observations support the current evidence base for an 

increased cardiovascular burden in RA and support the use of cIMT in 

observational studies in RA patients. The next step is to determine its utility as a 

surrogate cardiovascular risk marker in RA in prospective studies. 
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INTRODUCTION 

Rheumatoid arthritis (RA) is a chronic inflammatory joint disease of unknown 

etiology affecting approximately 1% of the general population.[1] RA is associated 

with an increased cardiovascular (CV) morbidity and mortality as compared with 

the general population, and the reported relative risk of CV disease in RA patients 

varies from 1.5 to 4.0.[2;3] The exact mechanism underlying the association 

between RA and CV disease is unknown. A higher prevalence of traditional CV risk 

factors may be a partial explanation, but evidence from prospective cohort studies 

indicate that the excess CV risk in RA persists after adjustment for established CV 

risk factors.[4;5] Inflammation is recognized as another pathophysiological pathway 

by which RA patients are at elevated CV risk. Circulating inflammatory mediators 

may affect the arterial wall where they promote different stages of atherosclerosis, 

from endothelial dysfunction, plaque development to plaque rupture.[6;7] 

Atherosclerosis develops as a diffuse, systemic disease process and is already 

present many years before first clinical manifestations occur.[8] Non-invasive 

techniques have been developed to detect vessel alterations associated with early 

preclinical atherosclerosis. Of these, assessment of the carotid intima media 

thickness (cIMT) is the most widely used surrogate endpoint.[9] Measurement of 

the cIMT is independently associated with an increased CV risk in the general 

population, and hence also widely used as a non-invasive tool to determine the CV 

risk in other (high-risk) patient populations, like RA, or in clinical trials to determine 

the success of interventions.[10-13]  

This review has been undertaken to evaluate the difference in cIMT between RA 

patients and control subjects. 

 

METHODS 

Search- and review-strategy 

A systematic search of the literature published between January 1966 and 

December 2008 was conducted in MEDLINE and EMBASE to identify all articles 

using cIMT as a surrogate measure of CV risk in RA patients compared to control 

subjects. Search terms were used in every possible spelling, as synonyms, 

acronyms, key- or text words, and these groups were combined with an ‘AND’ 

operator. The following key words were used in all fields: “arthritis, rheumatoid” 
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AND “carotid atherosclerosis“ OR “carotid intima media thickness” OR “subclinical 

atherosclerosis”. Two investigators (AS and MP) independently performed the data 

extraction. In case of disagreement a third investigator was consulted (MN). 

Discrepancies were resolved by consensus. The references in the reviewed 

articles were manually scanned for other published articles. The review strategy 

with exclusion criteria is shown in further detail in Figure 1. Aspects of the 

ultrasound protocol were not part of the original inclusion criteria, as the multitude 

of different protocols would make a meta-analysis impossible. Hence, we decided 

to 1] include studies on the sole criterion whether they studied cIMT in RA patients 

and controls, and 2] describe differences in cIMT and/or carotid plaque 

measurement separately. 

 

Figure 1. Results of the search strategy 
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Data extraction  

From all articles comparing cIMT of RA patients with control subjects the mean 

‘crude’ cIMT values (± standard deviation) and sample size were extracted. In 

addition, we screened each study to assess if study participants were matched for 

age and gender, and for established CV risk factors, or whether studies excluded 

participants because of CV risk factors (smoking, diabetes, hypertension, and 

hypercholesterolemia). Among RA patients, we also extracted data on: rheumatoid 

factor positivity, disease duration, as this characteristic may mirror the chronic 

(inflammatory) disease burden, and the mean disease activity score (DAS28). In 

addition, we summarized the ultrasound protocol that was used to conduct cIMT 

measures for each study. The large variety in ultrasound protocols prevented us 

from introducing these aspects into the meta-regression analysis.  

 

Statistical analyses  

In each study, the mean cIMT difference (95%-CI) between RA patients and control 

subjects was calculated. Heterogeneity was assessed using the I-squared statistic, 

and if heterogeneity was present, a random effects model was used for further 

analyses.[14;15] These analyses result in an overall mean cIMT difference (95%-

CI). Publication bias was checked visually by creating a funnel plot with the 

standard error of the cIMT difference plotted against the mean difference of cIMT of 

each study.[16] Subsequently, we also performed an Egger test to detect 

asymmetry in the funnel plot, to assess potential publication bias.[17] Meta-

regression was used to investigate whether heterogeneity between the cIMT 

differences was related to age (mean age of RA patients and controls), and 

baseline differences in established CV risk factors. A score was given to each 

study, reflecting the degree of comparability (i.e. -1 = one or more established CV 

risk factors less prevalent in RA patients compared to controls; 0 = no difference in 

established CV risk factors; 1 = one or more established CV risk factors more 

prevalent in RA patients compared to controls). This degree of comparability score 

was introduced to the meta-regression model to evaluate the effect of differences 

in established CV risk factors (i.e. categories -1, 0, 1) on the overall cIMT 

difference (dependent variable) with category 0 as reference category. Results are 

shown as intercept (standard error) for the cIMT difference between RA patients 
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and control subjects with similar CV risk factors. Also, regression coefficients 

(standard error) for the effect of covariates 1 and -1 when compared with covariate 

0 are shown.  

We also investigated whether heterogeneity in cIMT values among RA patients 

was related with differences in rheumatoid factor positivity, RA disease duration, 

and DAS28. Hence, a meta-regression model was built with cIMT as dependent 

variable and aforementioned covariates were introduced in this model separately to 

study the influence of each co-variate on the differenc in cIMT between RA patients 

and controls. The number of investigated variables was limited to prevent false-

positive results.[18;19] A permutation test was used to calculate the significance 

level of variables entered into the meta-regression model.[18] All analyses were 

performed with special packages for meta-analysis (metan), meta-regression 

(metareg) and bias in meta-analysis (metabias) using the statistical software 

program Stata 10.1 (StataCorp, College Station, TX, USA). 

 

RESULTS 

The search resulted in 53 potential articles of interest, of which 22 were included 

(Figure 1). In all studies, RA patients were recruited from hospital-outpatient clinics 

and fulfilled the ACR criteria.[20] Table 1 summarizes the clinical characteristics 

and the degree of comparability with regard to other CV risk factors of each study. 

Only four out of 22 studies (17%) included 100 or more RA patients and most 

studies investigated middle-aged female RA patients. Overall, in- and/ or exclusion 

criteria widely varied with regard to established CV risk factors. 

 

Ultrasound Examination 

Several aspects of cIMT measurements in all studies are summarized in table 2. 

Measurement of the cIMT was done bilaterally in 17 studies [21-37], only at the 

right or left side in 3 studies [38-40], and this was unclear in 2 studies.[41;42] In 

addition, cIMT measures were taken from both the near and far arterial walls in 3 

studies [24;25;31], only at the far wall in 18 studies [21-23;26-30;32-34;36-42], and 

information was not availble from 1 study.[35] The definition of the cIMT measure 

and the number of readings on which this measure was based varied widely 

among all studies, i.e. the mean cIMT or mean maximum cIMT of multiple carotid 
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segments, of several random measurements, or of 1 carotid segment, respectively. 

We were unable to retrieve sufficient information regarding the cIMT measurement 

from 2 studies [39;42]. We also summarized, if available, information about the 

presence of plaque and plaque definition. In all, 16 of the 22 studies measured 

plaques [21-26;29-33;35-37;39;42], and in 7/16 (44%) [29;30;32;35-37;39] the 

prevalence of plaque was significantly higher among RA patients as compared to 

controls. The definition of plaques varied widely between studies. 

 

Meta-analysis 

From 22 studies, cIMT data was available from 1,384 RA patients and 1,147 

control subjects (Figure 2).[21-42] All studies, except one [29], reported a greater 

cIMT in RA patients compared to controls and this difference reached statistical 

significance in 17 out of 22 studies (77%).[21-23;26-28;30-33;35-37;39-42] On the 

basis of an I-square of 72.5% (p < 0.001) indicating the presence of heterogeneity, 

we used a random effects model to calculate the overall mean cIMT difference 

between RA patients and control subjects. The mean cIMT in RA patients was 0.71 

mm (95%-CI: 0.65-0.77mm) and in controls subjects 0.62 mm (95%-CI: 0.56-

0.68mm), resulting in an overall cIMT difference of 0.09 mm (95%-CI: 0.07-

0.11mm).  
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Figure 2. Meta-analysis of 22 studies reporting on cIMT in RA compared to controls  

 

MD = mean difference; 95%-CI = 95% confidence interval; cIMT = carotid intima media 

thickness; RA = rheumatoid arthritis. 

 

Meta-regression  

Table 3 shows the effects of covariates on cIMT difference. Meta-regression 

revealed that the degree of comparability, reflecting the absence or presence of 

differences in established CV risk factors between RA patients and control subjects 

at baseline, had a significant influence on the observed cIMT difference between 

both groups. No such association was observed for age. In addition, neither 

rheumatoid factor positivity nor RA disease duration or DAS28 had a significant 

influence on the cIMT difference among RA patients. The latter results did not 

change when also adjusting for age, gender and presence of CV risk factors (data 

not shown). 
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Table 3. Univariate effects of covariates on cIMT difference (random effects 
models) 

Covariate Available 
studies 

β-regression 
coefficient (SE)* p-value 

Total group    

Age (years) 22 -0.0008 (0.0010) 0.40 

Sex (males/females) 21 0.0004 (0.0006) 0.46 

CV-risk factors:*      

- more prevalent in RA 
(category 1 versus 0) 

20 0.043 (0.018) 0.02 

- less prevalent in RA 
(category 1 versus 0) 

16 -0.144 (0.031) <0.01 

Among RA patients      

RF positivity (yes/no) 13 -0.0025 (0.0040) 0.54 

Disease duration (years) 17 -0.0008 (0.0057) 0.89 

DAS28 (0-10) 7 0.0790 (0.0482) 0.15 

cIMT = carotid intima media thickness; SE = standard error; RF = rheumatoid factor; 
DAS = disease activity score.  
A negative regression coefficient indicates that the covariate is inversely associated with  
difference in cIMT between patients (and controls), whereas a positive regression coefficient  
indicates the opposite. The p-values for the regression coefficients were derived from  
permutation tests for univariate analysis.  
*The intercept (SE) of cIMT difference between RA patients and control subjects  
without differences in CV risk factors is: 0.084 (0.008).  
 

Evaluation of publication bias  

The funnel plot did not show a skewed or asymmetrical shape, indicating that 

smaller studies were not more likely to report larger differences in cIMT than 

studies including larger numbers of participants (Figure 3). Accordingly, the Egger 

test indicated no statistically significant departure from symmetry (p = 0.87).   
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Figure 3. Funnel plot (with pseudo 95% confidence intervals) with the standard 
error of the cIMT difference plotted against the mean difference of cIMT of each 
study  

 

DISCUSSION 

The key finding of this meta-analysis is a statistically significantly greater cIMT in 

RA patients compared to control subjects, supporting epidemiological evidence for 

an increased CV burden in these patients. In fact, of all 22 studies identified, only 

one study reported a smaller cIMT in RA patients. In this particular study, RA 

patients were compared with controls obtained from a hypertension cohort.[29] In 

accordance with this, we observed that the cIMT difference was significantly higher 

for RA patients in studies where RA patients had more prevalent CV risk factors as 

compared to control subjects and therefore can be considered as an important 

source of heterogeneity. In addition, we evaluated the influence of several RA 

specific variables (disease duration, rheumatoid factor positivity, and DAS28) on 

the heterogeneity of cIMT among RA patients, but none of these was associated 

with cIMT. Most studies reporting on cIMT were small (on average 40 patients per 

group), and of the four studies with a sample size above 100 only two 

demonstrated a significantly greater cIMT difference.[22;35] However, the funnel 

plot did not show a typical skewed or asymmetrical shape and the Egger test 

revealed no statistical significance (p = 0.87), so do not support the observation 
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that smaller studies are more likely to report larger differences in cIMT than studies 

including larger numbers of participants. Finally, the variation in ultrasound 

protocols for determining both cIMT and plaques (particularly the latter) between all 

studies is an important observation, but also complicates interpretation of the 

individual study results. Still, we think that the differences in ultrasound protocols or 

in other methodological aspects of the included studies are unlikely to have caused 

a systematic bias towards under- or over-estimation of the IMT difference between 

RA and controls.  

Ultrasound scanning of cIMT is widely used as a surrogate and intermediate 

endpoint of early atherosclerosis, and has been shown to be an accurate method 

for estimating CV risk in the general population.[43] Robust age- and gender-

adjusted risk estimates have illustrated that an absolute cIMT difference of 0.1 mm 

is associated with a 10-15% higher risk of myocardial infarction and 13-18% higher 

risk of stroke.[13] Hazard ratios derived from observational studies demonstrate 

that RA is associated with a 1.5 to 4 fold elevated CV risk [2], and hence a 0.09 

mm cIMT difference may be less than expected when carefully extrapolating our 

results. However, RA patients and controls with a history of CV disease or CV risk 

factors were often excluded as part of the study protocol, which may have reduced 

the ‘true’ overall cIMT difference, because the cIMT value is highest in patients with 

CV risk factors. On the other hand, one may speculate that in RA less 

atherosclerosis is needed to cause CV events. Increased serum levels of C-

reactive protein are associated with the progression of unstable coronary plaques 

probably due to the propensity of inflammation to increase likelihood of plaque 

rupture via plaque composition, irrespective of plaque size or frequency. Coronary 

artery lesions with high densities of inflammatory lipid laden foam cells and thin 

fibrous plaques account for only a small proportion of the overall plaque population, 

and yet cause the majority of clinical events due to propensity to rupture.[44;45] In 

conjunction, Aubry and colleagues observed more inflammation in walls of 

coronary arteries of RA patients, and, despite less severe atherosclerosis, a higher 

frequency of vulnerable plaques.[46]  

Considering this, inflammation may be associated with a greater likelihood that the  

atherosclerotic burden becomes earlier clinically manifest than in a non-

inflammatory situation  and, hence, plaque measurement might be more useful for 
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future development of risk stratification and intervention strategies in RA patients. 

However, in our study, we were unable to demonstrate an association between 

either the cumulative inflammatory burden (i.e. disease duration) or the disease 

activity marker DAS28 and cIMT, while several other studies –that were not 

included in this meta-analysis because they lacked a control group– did find an 

association between the magnitude of the inflammatory response and cIMT in RA 

patients, indicating that inflammation may indeed accelerate development of 

atherosclerosis.[47]  

At present, there have been no large-scale prospective studies that investigated 

the applicability of cIMT in assessing those at CV risk in RA. Only one small 

prospective cohort study has been published describing the association between 

cIMT measurement and CV disease. The results from that particular study show 

that cIMT has a high predictive power for the development of CV events over a 5-

year follow-up period in patients with RA.[48] These observations might be 

encouraging, but the number of patients included in that study was relatively small 

and only 8 out of the 47 patients included developed a CV event. On the contrary, 

one may argue –as outlined above- that in RA patients cIMT measurements are 

less reliable for ascertaining subjects at risk, because perhaps less atherosclerosis 

is needed to cause CV events. In addition, it should also be noted that the 

assessment of cIMT as a predictive factor may be particularly attractive in young 

populations, because this group is less likely to be under a physician’s surveillance 

and undergoing pharmacological intervention. Another intriguing question, as 

reported by others, remains [49]: could an increase in cIMT reflect current 

inflammation of the vessel wall rather than structural vessel changes as seen in 

atherosclerosis? If this possibility holds true, one might wonder whether a single 

measurement of cIMT in this context is a good predictor of future vascular events in 

patients with RA? In all, it is currently unclear whether cIMT measurements provide 

a good (individual or population) CV risk estimate in RA patients. Resolution of 

these lingering questions requires long-term, prospective studies, which are 

currently lacking.  

Strengths and weaknesses of this study merit careful consideration. First, data 

extraction and data review was conducted according to a well-described study 

protocol by two investigators who reviewed all studies separately. Second, meta-
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regression and tests for homogeneity and publication bias were also performed 

according to a protocol and in accordance with statistical modules designed for the 

special purpose of meta-analysis. In addition, to control for small sample size this 

meta-analysis uses a weighted mean difference (taking into account population 

number and standard deviation) and additional analyses were performed using 

meta-regression that did not reveal a marked effect of sample size on cIMT 

difference. There were also some limitations. We decided to use the differences in 

crude cIMT values, because only these were available in all studies. Therefore, 

information on the balance between the groups with regard to other CV risk factors, 

as presented in Table 1, and the results of the meta-regression in which the 

influence on non-comparability was assessed, is important to consider. All studies 

evaluating cIMT had a cross-sectional study design and hence do not prove 

causation. It should also be acknowledged that this meta-analysis and meta-

regression relies on aggregated data from studies rather than individual patients. 

The lack of technical information, i.e. intra- and/or interobserver variability and 

blinding, can also be considered as a limitation, although we reiterate that the 

overall results of this meta-analysis did not change when studies not reporting on 

these issues were excluded from the analyses (data not shown). In addition, the 

variety of different techniques used in the assessment of cIMT in the reviewed 

studies should be considered as an important source of heterogeneity. However, 

the large variety in ultrasound protocols, as well as lack of relevant information 

regarding many aspects of the ultrasound protocol (at least in most of the included 

studies) prohibited the investigation of the effect of these differences on the cIMT 

outcome between patients and controls. Additional studies are needed to 

determine the clinical relevance of different ultrasound protocols. The latter is 

underscored by recent findings of Kobayashi and colleagues illustrating that cIMT 

of the internal carotid artery and not the common carotid artery was associated with 

the degree of atherosclerosis in RA patients as compared to controls [50]. Taken 

together, the method of obtaining cIMT data is crucial to the validity of the findings 

when comparing cIMT in patients and controls. The process needs to be rigorous 

and robust, and patients as well as controls need to be comparable on other CV 

risk factors. In addition, cIMT measurement should be done according to existing 

well-validated criteria, as for example the Mannheim criteria [9], and if possibly, in a 
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blinded manner to minimize bias. Thus, future studies should be more rigorously 

designed than some of the previously published work. 

In conclusion, these data consistently show that RA is associated with a larger 

cIMT, supporting the current evidence base for an increased CV burden in this 

population. However, the utility of cIMT in risk prediction is not yet clear in RA 

patients and prospective studies are needed to address this important topic. 
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ABSTRACT 

 

 

 

 

Background Rheumatoid arthritis (RA) is associated with an increased 

cardiovascular (CV) risk, but mechanisms explaining this increased risk have 

not been fully elucidated. Carotid arterial remodeling is the change of structural 

properties in response to hemodynamic or metabolic factors aimed at keeping 

wall stress within certain limits. This process might become maladaptive when 

stress on the arterial wall increases beyond these limits. We investigated 

whether maladaptive carotid arterial remodeling is present in RA as compared 

to control subjects. 

Methods 96 RA patients and 274 healthy subjects were investigated cross-

sectionally in 2 cohorts. Carotid intima-media thickness (cIMT) and inter-

adventitial diameter (IAD) were assessed by B-mode carotid ultrasonography, 

and lumen diameter (LD), circumferential wall stress (CWS) and circumferential 

wall tension (CWT) were calculated. Linear regression analyses were used to 

investigate the association between presence of RA and carotid arterial 

remodeling. 

Results As compared to healthy subjects, RA was associated with a 0.40 mm 

(9.3%) greater LD, a 0.41 mm (7.8%) greater IAD, a 10% higher CWS and a 8% 

higher CWT. cIMT was comparable among groups. Associations remained 

similar after exclusion of patients with prior CV disease and after adjustment for 

demographic factors and CV risk factors.  

Conclusion RA is associated with maladaptive outward carotid arterial 

remodeling. These results are relevant as maladaptive outward remodeling is 

associated with plaque instability and rupture. These results indicate an 

alternative pathway, beyond the traditional cardiovascular risk factors, in RA 

that amplifies the cardiovascular risk. 
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INTRODUCTION 

Rheumatoid arthritis (RA) is a chronic inflammatory disease of the joints affecting 

approximately 1% of the general population.[1] RA has been associated with an 

increased risk of cardiovascular (CV) disease which is not fully accounted for by 

traditional CV disease risk factors.[2;3] Hence, the search for additional 

mechanisms linking RA to CV disease is relevant.  

Due to inflammatory, metabolic and/or hemodynamic alterations within the arterial 

environment, carotid arterial remodeling might develop as an adaptive mechanism 

aimed at keeping shear stress within certain limits.[4] Remodeling is maladaptive 

when changes in the vascular wall are accompanied by an elevated circumferential 

wall stress (CWS) and circumferential wall tension (CWT). 

Arterial remodeling can be distinguished into inward and outward remodeling. 

Inward remodeling is characterized by a decrease in lumen diameter (LD) (with 

more increased cIMT than inter-adventitial diameter (IAD)) and outward remodeling 

is characterized by an increased LD (with more increased IAD than cIMT).[4;5] 

(Figure 1) Outward remodeling is associated with degradation of subendothelial 

matrix by metalloproteinases, and may increase the risk of plaque rupture.[5;6] 

Inward remodeling results in luminal narrowing but stable atherosclerotic plaque 

due to the presence of more fibrous tissue and calcifications in the vessel wall.  

Thus far, increased lumen- and inter-adventitial diameters corresponding with 

outward remodeling have been found in one study examining female RA patients 

only.[7] However, whether these findings implicate a maladaptive carotid arterial 

remodelling is not clear. The goal of our study was to examine the type, if any, of 

carotid arterial wall remodeling in RA. 

 

MATERIALS AND METHODS 

CARRÉ study (rheumatoid arthritis)  

The CARRÉ study is a prospective cohort study investigating CV disease and its 

risk factors in RA patients.[8] In 2000, a random sample of RA patients registered 

at the Jan van Breemen Research Institute - Reade in Amsterdam, the 

Netherlands, was drawn. Patients fulfilled the 1987 American College of 

Rheumatology classification criteria for RA, and were aged between 50 and 75  
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Figure 1. Arterial wall characteristics in compensatory remodeling 

 

 

years.[9] An ultrasound study of the carotid artery was performed in 2001 in a 

randomly selected sub-group of 102 patients. From these, 96 non-diabetic RA 

patients were selected for the present study (6 participants with known diabetes 

mellitus or a fasting glucose >7 mmol/L were excluded from the present study). 

Additional data regarding health status, medical history and medication use were 

assessed by questionnaires as reported previously.[8] A physical examination was 

performed to also include the 28 joint Disease Activity Score (DAS-28).[10] In 

addition, to assess the functional (disability) status the Health Assessment 

Questionnaire (HAQ) was used, which is a generic measure used in various 

chronic diseases, using a self-reported patient-oriented questionnaire.[11] 

Furthermore, the presence or absence of erosions on radiographs of hands and 

feet were recorded (yes/no).  
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Hoorn study (healthy subjects) 

The Hoorn Study is a Dutch cohort study of glucose tolerance and CV risk 

factors.[12] For the present study, data were used from a random sample of all 

men and women aged 50 to 75 years drawn from the municipal population registry 

office of Hoorn in 1989 (n=2484).[13] In 2000, a follow-up examination including 

ultrasound examination was carried out among all surviving participants. For the 

present analyses, we selected a subgroup of 274 participants with a normal 

glucose metabolism (according to the 1999 WHO criteria [14]). Subjects using anti-

rheumatic drugs or with a verified diagnosis of RA were excluded. The local ethics 

committees approved both study protocols and all participants gave their written 

informed consent for the studies in accordance to the declaration of Helsinki. 

 

Assessment of cardiovascular disease and risk facto rs in both study 

protocols 

CV disease history was based on the participant’s medical records, obtained from 

the participant’s general practitioner or hospital. CV disease consisted of coronary, 

cerebral or peripheral arterial disease. In brief, coronary disease was defined as 

having a history of myocardial infarction confirmed by a cardiologist or a 

percutaneous transluminal coronary angioplasty or surgery for ischaemic heart 

disease. Cerebral arterial disease was defined as having a history of stroke or 

transient ischaemic attack confirmed by a neurologist or a carotid endarterectomy. 

Peripheral arterial disease was defined as a peripheral arterial reconstructive 

surgery or limb amputation. In both cohorts, ascertainment of CV risk factors was 

done according to similar standard operation procedures. Body mass index was 

calculated as the ratio of weight and squared height. Hypertension was defined as 

a systolic blood pressure (SBP) over 140 mmHg and/or a diastolic blood pressure 

(DBP) over 90 mmHg and/or the current use of antihypertensive medication. Mean 

arterial pressure (MAP) was defined as ((2 * DBP) + SBP) / 3. Triglycerides, total 

cholesterol and high-density lipoprotein (HDLc) cholesterol were determined from 

fasting blood samples by enzymatic techniques as previously described.[13] 
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Ultrasonography 

In both studies, the observers, who were unaware of the participants’ clinical or 

laboratory characteristics, performed an ultrasound analysis of the right common 

carotid artery. The two observers were both physicians trained by the same 

trainers of the ‘Institute for Cardiovascular Research of the Vrije Universiteit of 

Amsterdam (ICaR-VU)’. Similar protocols, standard operating procedures and 

equipment were used. Each observer performed a reproducibility test with other 

experienced observers from the institute, before starting to perform measurements. 

Inter and intra-observer variability were good with variations less than 10%. 

Measurements were performed with a 7.5-MHz linear probe, connected to a 

computer equipped with vessel wall movement detection software and an 

acquisition system (Wall track system, Pie Medical) that enables measurement of 

the inter-adventitial diameter (IAD) and cIMT. After localization of the common 

carotid artery, cross-sectional measurements were performed 10 mm proximal of 

the carotid bulb. Sites with mural atherosclerotic plaques were avoided due to 

difficulty in identifying carotid arterial variables in these regions.[15] The distance 

between the lumen-intima interface and the leading edge of the media-adventitia 

interface of the far wall corresponds with cIMT, and the distance between the 

media adventitia interface of the near and far wall corresponds with the IAD. 

Measurements of IMT and IAD were ECG triggered to the R-peak of the cardiac 

cycle. Lumen diameter (LD) was calculated with the following formula: LD = IAD – 

(2 * cIMT) in millimetres. Carotid pulse pressure (PP) was estimated by calibration 

of the distension waveforms.[13] Pulsatile and mean circumferential wall stress 

(CWS) and circumferential wall tension (CWT) were calculated as follows: pulsatile 

CWT (in kPa) = PP x (LD / 2), pulsatile CWS (in kPa) = CWT / IMT, mean CWT (in 

kPa) = MAP x (LD / 2) and mean CWS (in kPa) = CWT / IMT.[16]  

 

Statistical analyses 

Characteristics of both study populations are presented as means ± standard 

deviations, median (interquartile range) in case of skewed variables or percentages 

in case of categorical data. Students’ T-test, Mann-Whitney U-test and Pearson’s 

Chi-squares test, respectively, were used to compare baseline characteristics 

between RA patients and healthy subjects. Linear regression analyses were 
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performed to assess the association between carotid arterial wall variables and 

presence of RA. Additional adjustment was performed for demographic factors, 

blood pressure variables (MAP and carotid PP), use of cardioprotective medication 

(antihypertensives and statins) and cardiovascular risk factors (total cholesterol, 

smoking, prior CV disease and hypertension). 

Analyses were repeated after exclusion of subjects with prior CV disease (n=27) 

and with exclusion of RA patients with an impaired fasting glucose (n=6). Additional 

regression analyses were performed within RA patients to investigate whether RA 

related factors (erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), 

DAS28, HAQ, bone erosions, disease duration, rheumatoid factor positivity and 

use of anti-inflammatory treatment) were associated with the various carotid arterial 

wall variables. Analyses were carried out using SPSS 17.0 software (SPSS Inc, 

Chicago, IL, USA) and p-values less than 0.05 were considered statistically 

significant. 

 

RESULTS 

Baseline characteristics  

Baseline characteristics of RA patients and healthy subjects are shown in Table 1. 

RA patients were more often hypertensive and smokers, but were also younger. 

The majority of RA patients were IgM-rheumatoid factor positive and had erosions 

on radiographs. RA patients had average disease duration of more than eight 

years and a moderately active disease with a mean DAS-28 of almost 3.4. Most 

RA patients used a DMARD at baseline (66% on methotrexate, 23% on 

sulfasalazine and 14% on prednisone). None of the participants used a biologic 

DMARD.  

 

Ultrasonography and carotid arterial wall variables  

The association of carotid arterial wall variables and presence of RA is shown in 

Table 2. As compared with healthy subjects LD and IAD were higher in RA 

(6.43mm and 8.04mm vs. 6.13mm and 7.79mm, p-values: 0.03 and 0.08, 

respectively). There was no difference in cIMT between RA patients and healthy 

subjects (0.81mm vs. 0.83mm, p-value 0.08). While mean and pulsatile CWS was 
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Figure 2. Mean values of cIMT, LD, IAD, CWS and CWT across study groups. 

* p < 0.05. CWS, circumferential wall stress; CWT, circumferential wall tension; IAD, 

interadventitial diameter; cIMT, carotid intima-media thickness; LD, lumen diameter; RA, 

rheumatoid arthritis 

 

not different between groups, patients with RA did have a significantly higher mean 

CWS and CWT (509kPa and 319kPa vs. 452kPa and 295kPa, p-values 0.004 and 

0.004, respectively). These differences remained statistically significant after 

adjustment for important confounders (see table 2). Adjustment for demographics, 

blood pressure variables (local carotid PP) and CV risk factors, did not essentially 

change the results. Results were similar when patients with prior CV disease 

and/or RA patients with an impaired fasting glucose were excluded from analyses.  

 

Carotid arterial wall parameters and markers of inf lammation 

Additional regression analyses were performed to investigate the association 

between several RA related factors and carotid arterial wall variables.(Table 3) 

Only the functional disability index (HAQ), C-reactive protein and current use of 

prednisone were associated with a lower IMT. 
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Table 1. Baseline characteristics 

 
Healthy subjects 

(n=274) 
Rheumatoid Arthritis 

(n=96) 
Demographics   

Age, years 69 ± 6 63 ± 7 * 

Sex (% males) 49 40  

Cardiovascular risk factors   

Systolic blood pressure, mmHg 137 ± 20 142 ± 18 * 

Diastolic blood pressure, mmHg 74 ± 9 78 ± 9 * 

Mean arterial pressure, mmHg 95 ± 12 99 ± 11 * 

Carotid pulse pressure, mmHg 59 ± 17 53 ± 14 * 

Antihypertensives, % 25 24 

Hypertension, % 55 59 * 

Total cholesterol, mmol/L 5.80 ± 1.02 5.69 ± 1.01 

LDL-cholesterol, mmol/L 3.7 (3.1-4.2) 3.6 (3.0-4.4) 

HDL-cholesterol, mmol/L 1.51 ± 0.43  1.47 ± 0.48 

Triglycerides, mmol/L 1.2 (0.9-1.6) 1.3 (1.0-1.7) 

Statin use, % 13 12 

Prior cardiovascular events, % 8 15 

Body mass index, kg/m2 26.1 ± 3.2 26.0 ± 4.3 

Waist-hip-ratio 0.91 (0.83-0.97) 0.89 (0.83-0.96) 

Current smoking, % 15 31 * 

Pack years 22 (9-34) 28 (18-42) 

RA related factors   

Erythrocyte sedimentation rate, mm/hour - 18 (8-27) 

C-reactive protein, mg/L - 6 (3-15) 

Disease activity score of 28 joints - 3.44 ± 1.23 

HAQ – Disability Index - 0.63 (0.13-1.00) 

Bone erosions, % - 81 

RA disease duration, years - 8.7 ± 3.3 

Rheumatoid factor positivity, % - 70 

Current NSAID use, % - 66 

Current methotrexate use, % - 64 

Current sulfasalazine use, % - 23 

Current prednisone use, % - 14 
Data presented as means ± standard deviations, median (interquartile range) or percentage 
when appropriate. * p < 0.05. HAQ, health assessment questionnaire; HDL, high-density 
lipoprotein; LDL, low-density lipoproteins; NSAID, non-steroidal anti-inflammatory drugs. 
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DISCUSSION 

This study shows that RA is associated with maladaptive outward carotid arterial 

remodelling demonstrated by a higher mean circumferential wall stress and 

tension. These findings are relevant as this might contribute to plaque instability 

and rupture.[17] 

The increased CV burden in RA is thought to be due to the chronic inflammatory 

process inherent to RA, as inflammation also seems to play a pivotal role in the 

atherosclerotic process.[18;19] Traditional surrogate markers of CV risk, such as 

cIMT, do not convey the CV risk in RA accurately.[20;21] Studies into the 

atherosclerotic process have shown that the fibrous cap of an atherosclerotic 

plaques becomes thinner (and thus more vulnerable) when the inflammatory 

process within the plaque intensifies.[22;23] These vascular changes may result in 

plaque rupture and lead to myocardial infarction or stroke.  

Inflammation may play a role in this process by causing outward carotid arterial 

remodeling, as inflammatory cells produce damaging metalloproteinases, which in 

turn inhibit proliferation and promote apoptosis of smooth muscle cells in the 

arterial walls leading to outward remodeling and medial thinning.[5] The initial 

reactive process of outward remodeling becomes maladaptive when 

circumferential wall stress and tension are not compensated and thus remain 

elevated. Increased mean CWS (calculated using MAP) as well as pulsatile CWS 

(calculated using local PP) are implicated in large-artery remodeling.[24] Although 

pulsatile CWS is best known for its capability of enhancing atherogenesis [25], 

mean CWS can cause rupture of load-bearing elastin fibers in response to the 

fatiguing effect of tensile stress.[24;26] 

As a consequence, elevated mean CWS and CWT will increase the risk for rupture 

of underlying structures, such as the fibrous cap of the atherosclerotic plaques. 

Hence, one may hypothesize that patients with an inflammatory disease, such as 

RA, are more prone for plaque rupture due to a more outward process of 

remodelling and with increased mean CWS. 

Studies on the structural differences of carotid arterial wall variables between RA 

patients and healthy individuals are scarce. Schott and colleagues described an 

increased LD and IAD in female RA patients and age-matched female healthy 

subjects, without any difference in cIMT.[7] We found an increased LD and IAD in 
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both male and female patients, without concomitant increase in cIMT, indicating 

similar results. In the present study, RA was independently associated with 

outward remodelling with a higher circumferential wall stress and tension, even 

after adjustment for hemodynamic factors (MAP and local PP), which suggests that 

the chronic inflammatory process inherent to RA might play an additive role in the 

maladaptive remodeling process in these patients. To investigate this hypothesis, 

we studied the associations between inflammatory markers and RA related factors 

with carotid arterial wall variables in RA patients. We only found an association 

between a lower IMT and current use of prednisone, C-reactive protein and HAQ, 

which all reflect the cumulative inflammatory burden over time. As a stable or lower 

IMT is one of the characteristics of outward arterial remodelling, one might 

hypothesize that these variables might specifically explain this type of remodeling 

in RA. Previous research from our group showed in a meta-analysis that while IMT 

was higher in RA patients as compared to controls [21], this was still lower then 

expected when extrapolating the actual CV risk in RA. Concomitantly, the lack of 

association between other carotid arterial wall variables and inflammatory markers 

might be due to the fact that most inflammatory markers, such as ESR and DAS28, 

vary over time and might not reflect the cumulative inflammatory burden in cross-

sectional studies as well as HAQ or use of prednisone do. One previous study 

showed a significant improvement of IAD following the use of a tumor-necrosis 

factor (TNF) blocking agent [27], which is a strong immunosuppressive drug 

thereby adding to the proof of principle that inflammation and arterial remodeling 

are highly interrelated. Schott and colleagues also showed that LD and IAD were 

positively associated with use of prednisone and methotrexate. The latter has both 

immunosuppressive as well as cardioprotective effects.[28-30] This might be 

explained by the fact that pharmacological treatment with prednisone can be seen 

as a marker for RA severity as RA patients who have a more severe disease tend 

to need more prednisone to reduce disease activity. 

Strengths of the present study include the recording of CV- and RA related factors, 

which were all performed by physicians using the same protocol. Our study has 

several limitations that should be acknowledged. First, pathophysiological 

pathways can only be investigated to a limited extent in cross-sectional 

epidemiological studies. Second, a single-point measuring technique was used to 
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determine carotid arterial wall variables. Thus, results may have been influenced 

by local variability of the investigated arterial segment. However, by using the same 

ultrasound protocol we did define the exact location on the carotid artery where 

measurements were made in all participants. Third, readers and observers were 

not masked to patient characteristics as it is difficult to conceal disability and 

deformity caused by longstanding RA.  

Our investigation shows that RA patients, as compared to healthy subjects, display 

a pattern of maladaptive outward remodelling (i.e. widening of carotid arterial 

diameter with elevated circumferential wall stress and tension). These findings 

might explain the increased CV disease burden in RA patients and carry important 

implications in how subclinical CV risk is assessed in this high-risk group. 
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ABSTRACT 

 
 

Background Considerable variability exists in reported methodology of quantification 

of atherosclerotic plaque inflammation using 18F-FDG-PET. To date, there are no 

studies investigating factors that may potentially influence outcome measures from 

quantitative analysis, i.e. standardized uptake value (SUV) and target to background 

ratio (TBR). We examined the effect of several methodological factors on 

quantification of vascular wall uptake of 18F-FDG using a dynamic scanning protocol 

in patients with rheumatoid arthritis, a group with a high cardiovascular risk. 

Methods Six patients with rheumatoid arthritis with a high cardiovascular risk were 

included in this sub-study. Three whole-body (cranium to mid-femur) emission scans 

were acquired as was a low-dose CT scan. Quantification of vascular wall uptake was 

performed using the following methodologies: the procedure of determining/drawing 

regions of interest (ROI’s), conversion of image resolution (i.e. voxel size), 

background (blood pool) activity, SUV normalisation and 18F-FDG uptake time.  

Results In general, there was no substantial difference in SUVmax in the drawn 

regions of interest of most vascular segments for the single slice hot-spot method and 

the whole segment method. Interobserver agreement was generally excellent for the 

hot-spot and whole-segment method. However, the SUVmax  of most-diseased 

segment was generally lower for all vascular segments as compared to the single 

slice hot-spot method. No significant difference between SUVmax measured on PET 

or CT voxel resolution was observed. Blood pool background activity (as measured 

with SUVmean of large arteries and veins) decreased in all segments over time.  

Conclusion The present study shows that quantification of vascular wall 18F-FDG 

uptake, using standardized uptake values (SUV’s), is associated with a certain 

amount of variability, resulting from both image acquisition and analysis procedures. 
18F-FDG uptake time and SUV normalisation cause large variability, whereas the 

procedure of drawing ROI’s, voxel size and blood pool activity only cause minimal to 

moderate variability. Our findings should be replicated in a larger study that preferably 

uses outcome measures (i.e. cardioavascular events) to ascertain whether one of 

these methods stands out as a predictor of future events. 

Chapter 6 | 18F-FDG PET/CT Analysis of Atherosclerotic Plaque 



 

 

 97

INTRODUCTION 
18F-Fluorodeoxyglucose positron emission tomography (18F-FDG PET) is a nuclear 

imaging modality that is increasingly used in the assessment of vascular 

inflammation in patients with atherosclerosis. Vascular wall 18F-FDG uptake is 

considered to be a surrogate marker for inflammation.[1;2] To optimize the 

comparison of results between studies (and within multicenter studies) it has been 

stressed that it is essential to standardize the quantification of vascular wall 18F-

FDG uptake.[3] Nevertheless, there is still large variability in methods in studies 

that aim at quantifying vascular wall inflammation in atherosclerosis.(Appendix 

Table 1) For instance, the arterial segments studied may be the carotids, (parts of) 

the aorta or all large arteries. Also, 18F-FDG uptake time varies, ranging from 45 to 

193 minutes.[4;5] Mean and Maximum Standardized Uptake Value (SUV) are 

regularly reported in PET-atherosclerosis studies. SUV is the decay-corrected 

tissue concentration of intravenously injected 18F-FDG normalised for either body 

weight, lean body mass or body surface area.[6] In addition to SUV, the target-to-

background ratio (TBR), which is the ratio of vascular wall and blood pool SUV 

(both determined in arteries and veins in previous studies), is frequently used as a 

well-accepted surrogate marker of atherosclerotic plaque inflammation, as it highly 

correlates with histologically determined macrophage content in atherosclerotic 

lesions.[7] Although promising, it is known from studies performed in patients with 

malignant diseases that SUV quantification is associated with considerable 

variability.[8] Even though most factors are associated by small uncertainties by 

themselves, the cumulative effects may produce a large amount of variability in the 

overall quantitative result. The same may be true when atherosclerotic plaque 

inflammation is being quantified. Therefore, the primary objective of this study is to 

examine the effect of several methodological factors on the quantification of 

vascular wall 18F-FDG uptake.  

 

PATIENTS AND METHODS 

Patient selection 

Six consecutive patients with rheumatoid arthritis (RA) were included from a study 

that investigates the effect of anti-inflammatory therapy on vascular wall 

inflammation. Patients were recruited at the departments of Rheumatology of the 
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VU University Medical Center and the Jan van Breemen Research Institute/Reade 

in Amsterdam. Patients were eligible for inclusion if they were diagnosed with RA, 

an auto-immune disease that is associated with an increased risk of cardiovascular 

disease and increased vascular wall 18F-FDG uptake.[9] All patients had a history 

of CVD (TIAs, stroke, myocardial infarction or peripheral vascular disease) or a 10-

year risk of CVD > 10% according to the SCORE risk estimation table.[10]  

 
18F -FDG PET/CT scan characteristics  

A Philips Gemini TOF PET/CT was used to perform 18F-FDG PET/CT scans. All 

patients fasted for at least 6 hours prior to the intravenous injection of 18F-FDG. 

Blood glucose was measured in all patients and did not exceed 8 mmol/l (=144 

mg/dl). 3 whole-body (cranium to mid-femur) emission scans were acquired  

starting 38, 60 and 90 minutes after 3,5 Mbq/kg 18F-FDG-injection using 2 min/bed 

position. Immediately following the third emission scan, a low-dose CT-scan (80-

120 kV, 20-35 mAs) was performed for localization and attenuation correction 

purposes. PET images were reconstructed using a time of flight ordered subset 

expectation maximisation algorithm, as implemented by the vendor, providing 

images with a matrix size of 144x144 and a voxel size of 4x4x4mm.  

 

Image analysis 

All images were analysed using a PET image analysis research tool developed at 

the department of Radiology & Nuclear Medicine of the VU University Medical 

Center Amsterdam. Methodological factors that potentially influence vascular wall 
18F-FDG uptake quantification include:  

1. procedure of determining/drawing regions of interest (ROI’s),  

2. conversion of image resolution (i.e. voxel size),  

3. blood pool (background) activity,  

4. SUV normalisation and  

5. 18F-FDG uptake time.  

In the subsequent paragraphs the methods that have been applied to investigate 

the potential effect of these factors will be further elucidated. 
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Procedure of determining/drawing regions of interest (ROI’s): In the present study, 

two distinct procedures were applied to detect the single-hottest slice at all 3 

uptake times. Firstly, ROI’s were drawn on each axial slice of low-dose CT images 

in predefined vascular segments, including carotid arteries, aorta, iliac arteries and 

femoral arteries. (Appendix Table 2) The aorta was subdivided in ascending aorta, 

aortic arch, descending aorta and abdominal aorta (Appendix table 2 describes 

how the borders of the ROI’s were defined). Sagittal and coronal views were used 

to ensure that ROI’s were correctly placed. The resulting volume of interest (VOI) 

was transferred to corresponding PET-images. Subsequently, maximal activity in 

the VOI (SUVmax whole-segment) was calculated after (visually) correcting for 

potential spill-over from adjacent FDG avid regions (e.g. esophagus for the 

descending aorta). (Appendix Figure 2)  Secondly, ROI’s were drawn directly on 

the axial slice of the PET-image showing the most intense 18F-FDG uptake (after 

visual examination of PET, CT and fused PET/CT images). Subsequently, 

SUVmax in this ROI was calculated (SUVmax hot-spot). We investigated whether 

SUVmax whole-segment and SUVmax hot-spot were equivalent. In addition, 

SUVmax  most-diseased segment was determined, as previously described in 

literature, by including two ROI’s in adjacent slices, one proximal and one distal, to 

the hot-spot.[9] Two observers independently determined SUVmax whole-segment 

and SUVmax hot-spot. Interobserver agreement for both procedures was 

assessed.  

Image resolution (i.e. voxel size): The effect of voxel size was studied by 

determining SUVmax whole-segment on PET-images with the original PET-

resolution (in these cases the co-registerd CT-images were converted to PET-

resolution) and on PET-images that were converted to the resolution of the CT-

images.   

Blood pool (background) activity: blood pool activity was calculated by drawing 

ROI’s on at least 3 axial slices of the blood pool of the inferior and superior vena 

cava and the center of the blood pool of the ascending aorta. SUVmean values 

were determined for the resulting VOI at all three uptake times and were compared 

between regions and scan times. 
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SUV normalisation SUVmax values were calculated with normalisation applied for 

body weight (BW), lean body mass (LBM) and body surface area (BSA). We 

explored the effect of these different types of normalisation on SUVmax values.  
18F-FDG uptake time: 

SUVmax (whole-segment) and TBRmax (using SUVmean vena cava to adjust for 

background activity) were calculated in all vascular segments at all three uptake 

times to assess the effect of late-imaging on both parameters. In addition, we 

investigated whether this effect depends on the arterial segment in which it was 

determined.  

 

Statistical analysis 

Continuous data are presented as mean (±SD) when normality is ascertained or as 

median (IQR). Agreement between methods and observers was assessed using 

intraclass correlation coefficients (ICC’s) and Bland-Altman plots. A generalized 

linear model was used to determine the relation between uptake time and 

continuous outcome variables (SUV), correcting for repeated measures within one 

subject. Statistical analyses were performed using SPSS analysis software. (SPSS 

version 20; SPSS Inc.) 

 

RESULTS 

Patient characteristics 

6 RA-patients (2 women), with a mean age of 66±8 years, were recruited.(Table 1) 

Disease activity, assessed with the DAS-28 score, was 4,5±1,6. Three patients had 

previously documented vascular disease. Average BMI was 25,4±5,4. One patient 

had diabetes mellitus. Four patients were using statins and four patients used anti-

hypertensive medication.  
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Table 1. Patient characteristics 

 Age  Sex DAS-
28 BMI DM Plasma 

glucose  
History 
of CVD  Statins  

Anti-
hypertensive  

therapy  

Patient 1  61 M 3,6 26,3 0 4,7 1 0 1 
Patient 2 61 M 5,5 31,0 0 5,6 0 0 0 
Patient 3  81 M 2,7 26,0 0 6,0 1 1 1 
Patient 4 69 M 7,1 16,9 0 6,6 1 1 0 
Patient 5  59 V 4,1 21,7 0 5,2 0 1 1 
Patient 6  61 V 4,0 30,5 1* 7,9 0 1 1 
0= Absent, 1= Present 
DM, type 2 diabetes mellitus; BMI, body mass index; DAS, disease activity score; CVD, 
cardiovascular disease 
 

Procedure of determining/drawing regions of interest (ROI’s). The difference 

between SUVmax whole-segment and SUVmax hot-spot is, generally, quite small 

in all vascular segments studied. In addition,  the number of values above and 

below the mean difference were evenly distributed indicating that there was no 

systematic difference between the two methods.(Figure 1A) Furthermore, ICC’s 

were high when both methods were compared (ICC > 0,7), except for the carotid 

arteries (ICC < 0,4).  

 

Figure 1. Bland Altman plots to assess agreement between: A. whole-segment and 

hot-spot method and B. hot-spot and most-diseased segment method. 
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SUVmax hot-spot was consistently higher than SUVmax most-diseased segment. 

(Figure 1B) ICC values were high and were comparable in all vascular segments.  

Plots for both comparisons have been constructed for the other uptake times (38 

and 60 minutes) and show similar results. (data not shown) 

Interobserver agreement was generally excellent for the hot-spot and whole-

segment method.  ICC’s were above 0,8 for all segments of the aorta for both 

methods. Values were low (< 0,5) for the carotid and femoral arteries when the hot-

spot method was used.   

Bland-Altman plots show that there are no systematic differences for high or low 

values. (Figure 2) In addition, most values are within 2 standard deviations of the 

mean difference, indicating good agreement between the observers.  

 

Figure 2. Bland-Altman plots for interobserver agreement for A. Hot-spot (HS) and 
B. Whole-segment (WS) method. 
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Image resolution (i.e. voxel size): Figure 3 illustrates that, in most instances, the 

average difference between SUVmax PET and CT resolution is approximately 

zero. When SUVmax values are higher, the difference tends to be larger with 

outliers in both directions.  

 
Figure 3. Bland Altman plots to assess agreement between SUVmax calculated at 
PET- and CT-resolution.  

 
Figure 4. Blood pool activity expressed as SUVmean in the blood pool of the 

ascending aorta and inferior and superior vena cava at all three uptake times. 

 

Blood pool (background) activity: Over time, blood pool activity decreases in all 

segments. (Figure 4) When correcting for repeated measurements within subjects 
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a significant difference was found between   38 and 90 (P < 0,001) and between 60 

and 90 minutes (P < 0,02). At 38 minutes SUVmean was significantly higher in the 

ascending aorta than in the superior vena cava, whereas there were no differences 

at 60 and 90 minutes.  

 

SUV normalisation: Normalising SUV for body weight, lean body mass and body 

surface area resulted in an average SUVmax ±SD of 2,25±0,60, 1,67±0,37 and 

0,058±0,013 respectively.    

 
Uptake time:. Results for SUVmax and TBRmax at three post-injection scan times 

are illustrated in Figure 5. SUVmax values decrease when uptake time increases, 

whereas TBRmax increases. No statistically significant differences were found for 

the individual vascular segments. However, using a generalized linear model, 

correcting for repeated measures within a patient, a significant difference in 

SUVmax between 38 minutes and 90 minutes (P = 0,025) and in TBRmax between 

38 and 90 minutes (P = 0,008) and between 60 and 90 minutes (P = 0,001) was 

observed. The inter-subject variability of TBRmax values was much larger at 90 

minutes than at 38 and 60 minutes. 

 

DISCUSSION 

Our study shows that quantification of vascular wall 18F-FDG uptake, using 

standardized uptake values (SUV’s), is associated with a certain amount of 

variability, resulting from both image acquisition and analysis. 18F-FDG uptake time 

and SUV normalisation cause large variability, whereas the procedure of drawing 

ROI’s, voxel size and blood pool activity only cause minimal to moderate variability. 

As shown in Appendix Table 1, various methods have been used for analysing 18F-

FDG PET images with the objective of quantifying vascular wall 18F-FDG uptake in 

atherosclerosis. Initially,  a ‘systemic’ approach was used in which the average of 

SUVmax values on axial slices along the course of a whole segment was 

calculated.[2] Subsequently, a more ‘focal’ approach, including the single-hottest-

slice (SHS) and most-diseased segment (MDS) has been added.[4;9;11] Although 

none of these methods are proven to be superior we have chosen the focal 
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approach as we are inclined to believe this is a better reflection of plaque 

inflammation and vulnerability.  

 

Figure 5. Clustered error plots of SUVmax and TBRmax at all three uptake times in 
all vascular segments. 

 
carli, left carotid; carre, right carotid; arc, aortic arch; asc, ascending aorta; desc, 
descending aorta; abd, abdominal aorta; ilili, left iliac; ilire, right iliac; femli, left 
femoral; femre, right femoral 
 
 
Several studies have used visually enhanced 18F-FDG uptake.[12-14] However, in 

a pilot study that was performed several years ago at our medical center (data not 

published), it was perceived that visual detection of focal vascular wall uptake was 

quite difficult. At present though, due to an increasing experience, it was 

considered that we should be able  to detect the most intense focus of FDG 

uptake. To ascertain this assumption we investigated whether visual analysis 

would yield the same results as a systematic analysis in which a VOI, covering the 

entire vascular segment, was constructed. SUVmax values were remarkably 

similar for the two methods,  indicating that the hot-spot method is equally sensitive 

and can be used safely without the risk of overlooking inflamed lesions. This is an 

important finding, because this method is much more time-efficient. Although the 

most-diseased segment approach showed high correlations with the hot-spot 

method, SUVmax values were consistently lower. This attenuation probably 

increases along with the number of axial slices used to average SUVmax.   
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In general, interobserver agreement was excellent for the hot-spot and whole-

segment method. However, using the hot-spot method, agreement was low for 

carotid and femoral arteries. These findings are dissimilar to previous studies 

showing high interobserver agreement for all vascular segments.[3;15] In addition, 

most studies reporting observer agreement show that it is generally good to 

excellent.[7;16-21] Only one other study, in which carotid arteries were analysed, 

reported moderate observer agreement.[22] Low observer agreement for the visual 

identification of the site with most intense FDG uptake in carotid arteries may not 

be remarkable as it is more challenging, due to the smaller calibre of the vessel 

and high 18-FDG uptake in adjacent structures (e.g. muscles) and,  possibly, 

patient movement to detect the most inflamed lesion. Studies using a ‘systemic’ 

approach by averaging SUVmax from multiple axial slices may be less prone to 

observer variability. However, as mentioned earlier, this method may 

underestimate plaque inflammation and/or vulnerability.   

 

To our knowledge, we are the first to report on the effect of voxel size. We 

hypothesized that, due to rebinning, conversion of PET-images to CT-resolution 

would lead to changes in SUVmax. We were not able to establish this in the 

vascular segments that we studied.  However, comparisons were only made in the 

large (aortic) segments as visual detection of smaller segments was considered to 

be too difficult after CT images were converted to PET resolution. Therefore, it 

remains to be elucidated whether the results also apply for smaller vessels. 

Nonetheless, our results suggest that adjusting the resolution of PET-images to 

CT-resolution, which is required for proper transfer of VOI’s, can be performed 

without significantly affecting SUVmax. The purpose of this procedure is to 

enhance the identification of vascular segments and structures that may potentially 

cause spill-over (e.g. oesophagus). 

 

Blood pool activity is almost exclusively assessed by measuring SUVmean in the 

blood pool of an adjacent vein (e.g. jugular vein) or the inferior or superior vena 

cava. Two earlier reports have also calculated blood pool activity in the center of  a 

large artery.[23-24] It has been suggested that spill-over from atherosclerotic 

lesions may overestimate blood pool activity.[25] Conversely, venous blood pool 

6
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activity may be lower due to tissue metabolism extracting glucose at the capillary 

level. Our results show that arterial and venous blood pool activity were 

comparable at 60 and 90 minutes indicating that spill over may be present only 

during early imaging as arterial blood pool activity was higher at 38 minutes.  

 

Quantification by SUV also depends on the type of normalisation used. SUV’s are 

commonly normalised for either body weight (BW) or lean body mass (LBM), 

although body surface area (BSA) is also used occasionally. SUVmax BW was 

clearly higher (i.e.  35%) than SUVmax LBM. SUVmax BSA was much lower due to 

a different calculation. At present this type of normalisation has not been used in 

vascular wall uptake quantification. In oncology, the most appropriate method for 

SUV normalization is still a matter of debate.[8] The same is probably true when 

quantifying inflammation. Our results show that the different types of normalisation 

should be used consistently when trials are compared as the difference between 

them is large. 

Previously,  dynamic studies have shown that late-imaging (i.e. increasing post-

injection interval) is superior for the detection of vessel wall inflammation.[2] This 

finding has been argued by other investigators who demonstrated no superiority of 

late-imaging.[23] Interestingly, the latter group studied the abdominal aorta as 

opposed to the carotid arteries. In our study, we were able to show that SUVmax 

decreased when the uptake time increased, whereas TBRmax increased 

significantly over time. This effect could not be established in the individual 

segments, most likely as a result of a small study sample. We may conclude, 

however, that the decrease in blood pool activity is larger than the decrease in the 

vascular wall uptake, a finding which is in agreement with a previous study.[23] 

Furthermore, we observed that the intersubject variability of TBRmax values was 

much larger at late-imaging. A possible explanation is that vascular wall activity in 

inflammatory/vulnerable atherosclerotic lesions decreases at a slower pace than in 

non-inflammatory lesions.  In theory, late-imaging would thus provide optimal 

contrast between lesion (atherosclerotic plaque) and background (blood) and 

therefore better visual detection of the lesion when using the hot-spot method. 

Nevertheless, late-imaging did not improve correlations between the hot-spot and 

whole-segment methods. It appears that for the visual detection of atherosclerotic 
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plaque activity late-imaging is not required. This result is in accordance with a 

previous study in which patterns and locations of 18F-FDG uptake could be 

identified in early and delayed images in patients with carotid artery disease.[5] 

 

Our study has some strengths and limitations. First, our study population consists 

of a high risk population. RA is associated with increased cardiovascular disease. 

Additionally, a recent study showed that RA patients had significantly higher SUV 

values than a historical control group of patients with cardiovascular disease.[9] As 

our population had a history of both RA and cardiovascular disease, we were more 

certain that we were actually studying vascular  inflammation, although a gold 

standard (histological proof) was absent. Second, our multi-segment approach 

enabled us to study the effects of potential factors on different vascular segments, 

which proved to be useful as differences between segments in susceptibility to 

variation were observed.  

The small sample size is a limitation. Possibly, statistically significant differences 

might have been observed, especially for individual segments in the analysis of 

uptake time variability. Also, the limited number of possible effectors may be 

considered a limitation. Parameters that were not investigated which may 

potentially influence quantification are reconstruction parameters, glucose 

correction, image acquisition parameters (time/bed position). Furthermore, the 

‘atherosclerotic’ lesions on the 18F-FDG PET scan were not confirmed by histology 

or CTA/MRI. Understandably, it was impossible to obtain histological specimens in 

these patients. In addition, the large amount of radiation of whole-body CTA and 

costs of whole-body MRI precluded these imaging modalities to be performed.  

Finally, we only studied the effect of factors potentially influencing focal SUVmax. 

Earlier studies mainly calculated the average SUVmax in a vascular segment. 

Perhaps, this method is less susceptible to the influence of variation in image 

acquisition and analysis.[26] However, we feel that the approach of averaging 

SUVmax has a lower sensitivity for detecting atherosclerotic inflammation.  

 

Conclusions and recommendations  

Quantification of vascular inflammation by means of SUVmax is affected by several 

factors, including  SUV normalisation and 18F-FDG uptake time. As in tumour PET 
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imaging, the magnitude of these individual factors is not large. However, the 

interaction between these factors may cause substantial differences in reported 

SUV’s throughout studies and within multi-center trials in which standardized 

protocols are not used. This has to be recognized when results between studies 

are discussed.  

Atherosclerosis is highly consistent throughout the vascular system with some form 

of regionality.[25] Therefore, measuring inflammation may not necessarily be 

bound to a particular region. Yet, our findings suggest that quantification in some 

vascular segments is more prone to variability than others and support a recent 

statement that, at present, FDG PET is likely to be more reliable for aorta imaging 

than imaging for smaller vessels (e.g. carotid arteries), as our results show high 

correlations for different methods and at different time intervals and also high 

observer agreement in the aorta.[27] Although 18F-FDG uptake time did not affect 

agreement between methods and observers, SUVmax and TBRmax  values 

changed significantly over time (decreased and increased respectively). Therefore, 

in accordance with previous recommendations, late imaging seems to be most 

appropriate to quantify vascular wall 18F-FDG uptake and use it as a surrogate 

marker for atherosclerotic plaque inflammation. However, it is relevant that our 

findings are replicated in a larger study that preferably uses outcome measures 

(i.e. cardioavascular events) to ascertain whether one of these methods stands out 

as a predictor of future events. Finally, SUV normalisation needs to be 

standardized. At present it is unknown which type of normalisation is superior for 

the specific clinical application addressed in our study. 
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ABSTRACT 

 
 
 
 
 
 
 
 
 

Background Changes in the lipid profile have been described in patients with 

rheumatoid arthritis (RA) following therapy with tumor necrosis factor (TNF)-

alpha blocking agents. However, thus far, results have been inconsistent. 

Therefore, we investigated changes in lipid levels after TNF-alpha blocking 

therapy using meta-analysis of published data. 

Methods The literature was searched to identify studies assessing changes in 

total cholesterol (TC), high-density lipoprotein cholesterol (HDLc), low-density 

lipoprotein cholesterol, triglycerides, atherogenic index (i.e. TC/HDLc ratio) and 

apolipoprotein levels in response to TNF-alpha blocking therapy. Weighted 

mean levels of lipids at different time points and subsequent changes in these 

lipid levels between these time points were calculated with multivariate linear 

mixed models.  

Results Data was available on TC in 15 studies encompassing 766 RA patients 

and on HDLc in 14 studies encompassing 736 RA patients. TC increased 

significantly (maximum increase of 10%) and HDLc increased significantly in the 

first two to 6 weeks of therapy (maximum increase of 7%) after which it 

remained more or less stable. The atherogenic index did not significantly 

change over time.There was too limited information to evaluate changes in 

other lipids and apolipoproteins.  

Conclusion TNF-alpha blocking therapy has a modest effect on TC and HDLc 

levels in RA patients with no significant overall effect on the atherogenic index. 

Whether TNF-alpha blocking effects on qualitative lipid changes (structure and 

function) are more relevant to their presumed vascular benefits requires further 

study. 
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INTRODUCTION 

There is strong evidence that rheumatoid arthritis (RA) is associated with an 

increased risk for cardiovascular (CV) morbidity and mortality relative to the 

general population.[1] While there are several potential reasons for the higher CV 

risk in RA, inflammation is considered to play a crucial role.[2;3] Inflammation 

accelerates atherosclerosis directly, but also via effects on conventional and novel 

CV risk factors, such as lipid levels, blood pressure, and insulin resistance. As for 

lipid levels, numerous studies have demonstrated an altered lipid profile (low TC 

driven mainly by low HDL-cholesterol resulting in a higher atherogenic index) in RA 

patients with active disease.[4-6]  

Indirect evidence supporting the importance of inflammation accelerating 

atherosclerosis comes from large observational studies illustrating favourable 

effects of strong anti-inflammatory treatment on CV risk, best exemplified by lower 

incidence rates of CV events in patients successfully treated with TNF-alpha 

blocking agents.[7-10] These observations raise the question of how TNF-alpha 

blocking agents favourably modulates CV risk.[11] One explanation by which these 

effective anti-inflammatory drugs may reduce vascular risk is through modulation of 

lipid profiles. There are ample studies now linking suppression of inflammation 

(with TNF-alpha blocking agents) to alternation in lipid profiles but the data appear 

somewhat inconsistent.[12-26]  

This systematic review and meta-analysis was undertaken to evaluate the overall 

effect of TNF-alpha blocking therapy on lipid profiles using appropriate statistical 

analyses. Such data may help to estimate if net lipid changes may or may not be 

responsible for the presumed TNF-alpha associated vascular risk benefits.  

 

METHODS 

Search and selection-strategy  

A systematic search of the literature published until May 2010 was conducted in 

MEDLINE, Cochrane library and EMBASE to identify all articles investigating lipid 

profiles in RA patients treated with TNF-alpha blocking agents. Search terms were 

used in every possible spelling, as synonyms, acronyms, key- or text words. The 

following key words were used in all fields: (“arthritis, rheumatoid”) AND 
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(“cholesterol” OR “HDL” OR “LDL” OR “triglycerides” OR “atherogenic index” OR 

“apolipoprotein A”) OR “apolipoprotein B”) AND (“TNF alpha” OR “TNF inhibitors” 

OR “anti-TNF alpha” OR “Tumor Necrosis Factor-alpha/antagonists and inhibitors” 

OR “infliximab” OR “etanercept” OR “adalimumab” OR “certolizumab” OR 

“golimumab”).  

 

Figure 1. Flowchart of the search and selection process 

 

 

In addition, references of reviewed articles were manually scanned for other 

relevant articles. Two investigators (AS and MP) performed the data extraction 

independently. In case of disagreement a third investigator was consulted (MN). 
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Discrepancies were resolved by consensus. The search strategy and selection 

results are shown in a flowchart (Figure 1).  

 

Data extraction 

From all articles evaluating lipid levels before and after TNF-alpha blocking therapy 

in RA-patients, the following data were extracted: means with standard deviation or 

standard error of TC, LDLc, HDLc, triglycerides, atherogenic index (i.e. TC/HDLc 

ratio), apolipoprotein A-I, apolipoprotein B and ratio of apolipoprotein B and 

apolipoprotein A-I. Studies not reporting standard deviations or standard errors 

were excluded. 

Data regarding sample size, age and gender of patients, and disease activity score 

(DAS) of 28 joints at baseline were extracted. In addition, we evaluated quality of 

each study with the Newcastle-Ottowa Scale (NOS) system, which is specifically 

developed to assess quality of non-randomized studies.[27] 

The scoring system encompasses the following eight items: clear specification of 

sample definition, selection, interventions, outcomes, creation of treatment groups, 

analyses for comparability and outcome and appropriate interpretation of results. If 

an item was adequately addressed 1 point each was awarded for the first seven 

specific items and two points for analyses for comparability. This results in a quality 

score between 0 and 9. A cut-off was chosen at the median of quality scores of all 

individual studies. 

 

Statistical analyses 

When there is sufficient information for every time-point, multivariate linear mixed 

models were used to calculate summary estimates (with standard errors) for lipid 

levels at different time-points (baseline, 2 weeks, 6 weeks, 3 months, and 6 months 

after administration of TNF-alpha blocking agents). This approach adjusts for the 

precision of individual studies, the within-study variation of lipid levels at time-

points, the between-study variation of lipid levels between studies at similar time-

points. Moreover, this model enables to adjust for unequally spaced time intervals 

and missing lipid data.[28] Means for lipid levels (standard errors) and significance 

levels were calculated between baseline and all separate follow-up measurements. 
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For lipid levels with insufficient information on different time-points, composite 

linear regression lines with intercepts (with standard errors) and coefficients (with 

standard errors) from baseline until 6 months after starting TNF-alpha blocking 

therapy were constructed.  

Meta-regression was used to investigate whether heterogeneity in alterations of 

lipid levels across time was related to the following covariates: age (mean age of 

RA patients), gender (percentage males), DAS28 (as a marker of inflammatory 

disease activity) at baseline and the NOS quality score for evaluating non-

randomized studies. The median score was chosen as cut-off to compare studies 

with good versus those with less quality. The number of investigated variables was 

restricted to limit the possibility of false-positive results. Meta-analyses were 

performed with special packages for mixed multivariate linear models (NLMIXED 

and Proc Mixed) using the statistical software program SAS 9.2 (SAS institute, 

Cary, NC, USA). Publication bias was checked visually by creation of a funnel plot 

with the standard error of the difference in lipids plotted against the mean 

difference of lipids between each time-point.[29;30] 

 

RESULTS 

Included studies and population characteristics (Ta ble 1) 

For the present meta-analyses 15 studies with data on TC in 766 patients and 14 

studies with data on HDLc in 736 patients were available that met our inclusion 

criteria.[12-26] All included studies used data of patients initiating TNF-alpha 

blocking therapy for the first time and were thus TNF-alpha blocking agent-naïve at 

baseline. Five studies had a study population of more than 50 

individuals.[14;15;19;25;26] Mean follow-up duration after start of TNF-alpha 

blocking therapy was 10 weeks and ranged from 2 weeks to 6 months. There was 

insufficient information on lipid levels after 1 year of TNF-alpha blocking therapy. 

The age of study participants ranged from 46 and 63 years and 17% of all study 

participants were male. Furthermore, disease duration ranged from 5 to 20 years, 

DAS28 at baseline ranged from 3 to 8. In total, 13 out of 15 studies (87%) reported 

concomitant use of corticosteroids and methotrexate among their patients [12;14-

21;23-26], while two out of eight studies (22%) included patients who used  
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statins.[25;26] Median quality score of studies (using NOS) was five. All studies 

included were non-randomized observational cohort studies. 

 

Meta-analysis (Table 2) 

Treatment with TNF-alpha blocking agents was followed by an increase in TC in 14 

out of 15 studies [13-26] (of which five were significant at the end of study) and an 

increase in HDLc in 13 out of 14 studies [12-20;23-26] (of which nine were 

significant at the end of the study). Overall, among the 766 RA patients in the 15 

studies, the weighted mean baseline TC concentration was 196 mg/dL (5.07 

mmol/L), which gradually increased over time with a maximum increase of 10% at 

6 months of therapy (215 mg/dL or 5.56 mmol/L). The weighted mean baseline 

HDLc concentration in 14 studies was 54 mg/dL (1.39 mmol/L), and a maximum 

increase of 7% was reached at 2 weeks of therapy 58 mg/dL (1.49 mmol/l), after 

which the HDLc concentration remained more or less stable. (Figures 1 and 2) 

 

Additional analyses 

Meta-regression revealed that age, sex, baseline DAS28, RA-disease duration and 

NOS scoring system (cut-off ≥5 points) was not confounded by with the observed 

changes in TC and HDLc. Exclusion of studies that incorporated patients who 

already used statins did not alter the results.  Funnel-plots revealed no publication 

bias. (data not shown) 
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Table 2. Weighted means according to time using meta-analyses 

Total cholesterol 

Study Baseline 2 weeks 6 weeks 3 months 6 months 

Irace 212 ± 15 209 ± 15 201 ± 15 - - 
Popa 182 ± 42 194 ± 45 - - - 
Vis 200 ± 41 220 ± 45 213 ± 48 * - - 
Allanore 193 ± 50 - 228 ± 50 - 232 ± 43 
Seriolo 166 ± 24 - - 185 ± 28 * 197 ± 26 * 
Spanakis 205 ± 40 - 212 ± 36 * 209 ± 33 216 ± 43 
Gonzalez-Juanatey 193 ± 22 189 ± 26 - 200 ± 17 - 
Popa 214 ± 38 229 ± 27 * - - 217 ± 31 
Saiki 166 ± 28 - - - 212 ± 39 
Tam 178 ± 30 - 189 ± 23 202 ± 28 * - 
Komai 181 ± 12 189 ± 12 202 ± 11 - - 
Bosello 192 ± 56 202 ± 48 210 ± 53 206 ± 52 - 
Soubrier 218 ± 38 - - 223 ± 41 - 
Wijbrandts 188 ± 41 - - 195 ± 45 - 
Jamnitski 198 ± 39 - - 203 ± 43* - 
      
Total studies included 15 7 7 8 5 
Total patients included 766 200 203 466 201 
Weighted mean, in mg/dL 196 (4) 204 (5) 206 (5) 207 (5) * 215 (6) * 
% change as  
compared to baseline  - +4% +5% +6% * 10% * 

 

* p < 0.05 for difference between baseline and respective time-point. Results described as 
mean values ± standard deviations for individual studies and mean values (standard error) 
for weighted results 

HDL cholesterol 

Study Baseline 2 weeks 6 weeks 3 months 6 months 
Irace 54 ± 2 58 ± 4 * 54 ± 4 * - - 
Popa 33 ± 12 38 ± 13 * - - - 
Vis 57 ± 17 62 ± 18 * 61 ± 19 * - - 
Allanore 50 ± 15 - 54 ± 15 * - 58 ± 19 
Seriolo 35 ± 12 - - 35 ± 18 * 39 ± 14 * 
Spanakis 54 ± 16 - 58 ± 16 * 58 ± 18 * 58 ± 17 * 
Gonzalez-Juanatey 56 ± 9 58 ± 14 - 62 ± 12 * - 
Popa 53 ± 12 57 ± 8 * - - 51 ± 8 
Tam 59 ± 14 - 63 ± 15 * 65 ± 17 * - 
Komai 49 ± 3 51 ± 5 58 ± 5 * - - 
Bosello 53 ± 14 56 ± 14 50 ± 14 53 ± 15 - 
Soubrier 74 ± 19 - - 76 ± 11 - 
Wijbrandts 59 ± 15 - - 64 ± 15 * - 
Jamnitski 56 ± 19 - - 57 ± 15 - 
      
Total studies included 14 7 7 8 4 
Total patients included 736 200 203 466 201 
Weighted means, in mg/dL 54 (1) 58 (3) * 57 (3) * 57 (3) 56 (3) 
      
% change as  
compared to baseline 

- +7% * +6% * +6% +4% 
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Figure 2. Line diagram of change in total cholesterol (with respective 95%-

confidence interval) following TNF-alpha blocking therapy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* p < 0.05 for difference between baseline and respective time-points 

 

Figure 3. Line diagram of change in HDL-cholesterol (with respective 95%-
confidence interval) following TNF-alpha blocking therapy 

 

 

 

 

 

 

 

 

 

 

 

 

* p < 0.05 for difference between baseline and respective time-points 
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Linear regression coefficients (Table 3) 

Using data of other lipid parameters from all time points within 6 months of follow-

up, linear regression coefficients were calculated between baseline and 6 months 

for LDLc, triglycerides, atherogenic index, apolipoprotein A-1, apolipoprotein B and 

the apolipoprotein B to apolipoprotein A-1 ratio, as insufficient data were available 

of these lipids to perform meta-analyses. Linear regression coefficients were 

calculated between baseline and 6 months for LDLc, triglycerides, atherogenic 

index, apolipoprotein A-I, apolipoprotein B, and the apolipoprotein B to 

apolipoprotein A-I ratio, as for these lipids insufficient data was available to perform 

meta-analyses. Regression analyses revealed a statistically significant increase in 

triglycerides after 6 months of therapy: from 133 mg/dL (1.5 mmol/L) to 142 mg/dL 

(1.6 mmol/L). Treatment with TNF-alpha blocking agents was associated with a 

rise in triglyceride levels in 9 of 11 studies [12;15;16;19;21-24;26](of which three 

were significant at the end of study). None of the other lipid parameters 

demonstrated a significant change over time.  

 

Table 3. Weighted means of lipid levels according to time using calculated linear 

regression coefficients 

 Baseline  Regression coefficient  

LDL, in mg/dL 124 (4) 0.004 (0.04) 

Triglycerides, in mg/dL 133 (74) 9 (0.1) * 

Atherogenic index 3.89 (0.27) 0.0007 (0.001) 

Apolipoprotein A1, in mg/dL 164 (6) 0.01 (0.1) 

Apolipoprotein B, in mg/dL 100 (1) -0.1 (0.1) 

Apo B / A1 ratio 0.61 (0.02) -0.0003 (0.002) 

* p < 0.05 for difference between baseline and respective time-point.  

 

Results described as weighted mean values (standard error) at baseline and 

regression coefficient of change during all time-points until the 6 months interval of 

therapy. 

 

 

 

7 



128 

DISCUSSION 

To date, some systematic reviews have focused on the effect of TNF-alpha 

blocking therapy on lipid levels in RA, yet, none have produced a summary 

estimate of the changes in lipid levels following TNF-alpha blocking therapy. [2;31-

34] The present study therefore is the first to describe a summary estimate of 10% 

increase for TC and 7% increase for HDLc within a period of 6 months. In addition, 

results from available studies were more consistent than originally perceived, as a 

rise in TC and HDLc was reported in 14 out of 15 studies and 13 out of 14 studies, 

respectively. Alterations in TC and HDLc levels resulted in minimal change in the 

atherogenic index (i.e. TC/HDLC ratio). These observations also appeared not to 

be significantly influenced by baseline age, sex, individual study quality and DAS28 

at baseline, although the latter was available only in a few studies. In addition, 

TNF-alpha blocking agents induced an increase in triglyceride levels. Based on 

these observations, one may question whether the potential cardioprotective effect 

of TNF-alpha blocking therapy is driven by various time-dependent changes in net 

lipid levels. However, the interplay between inflammation and lipids is more 

complex than just changes in serum cholesterol levels. For instance, new data 

suggest that TNF-alpha blocking agents lead to qualitative changes in lipid 

compositions, i.e. structure and function of cholesterol particles.[35-37] In 

agreement, we previously found that TNF-alpha blocking therapy led to favourable 

alterations in HDLc composition, i.e. diminishing the serum amyloid A (SAA) 

concentration within the HDLc particle.[38] This is of interest since it is known that 

SAA is able to replace anti-atherogenic apolipoprotein A-I in HDLc particles, which 

renders them less atheroprotective. Hence, whether TNF-alpha blocking effects on 

(qualitative) lipid changes are more relevant to their presumed vascular benefits 

requires further study. 

Previous studies clearly demonstrated that serum cholesterol levels “normalize” 

(increase in TC and HDLc) in parallel with adequate suppression of inflammatory 

activity with DMARD therapy in RA.[2;32;39;40] Given this inverse relationship 

between inflammation and cholesterol levels [15;19;26;41], we expected to 

observe a rise in cholesterol levels with reduction of inflammatory activity especially 

with strong anti-inflammatory treatment, like TNF-alpha blocking agents. Indeed, 

administration of TNF-alpha blocking agents led to a significant rise in both TC and 

7
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HDLc levels. However, although TC levels appeared to continue to rise over time, 

the initial rise in HDLc levels, somewhat surprisingly, may have seemed to stabilize 

after 2 weeks of TNF-alpha blocking therapy. It is conceivable that when TNF-

alpha blocking therapy is successful, other anti-rheumatic drugs, particularly 

corticosteroids, are likely to be used less rigorously. Hence, tapering these drugs 

may counterbalance the effect of TNF-alpha blocking therapy on lipid levels. The 

limited number of studies available as well as lack of additional information on co-

medication hampers the possibility to address the influence of alterations in co-

medication on changes in lipid levels observed in this study. Clearly, future 

carefully controlled prospective studies in this area would help answer relevant 

outstanding questions. 

Knowledge about the net effect of TNF-alpha blocking therapy on lipids is 

potentially important, as current EULAR guidelines recommend initiation of statin 

therapy if hypercholesterolemia is associated with a sufficiently elevated global CV 

risk.[42] If, however, changes lipid levels by anti-inflammatory therapy are to be 

expected, statin treatment may be deferred until lipid levels are reassessed after 

anti-inflammatory therapy. In addition, some of the current algorithms to determine 

CV risk only incorporate TC as their lipid-associated CV risk factor, and such 

algorithms may overestimate the true CV risk in RA patients treated with TNF-

alpha blocking agents. Results from the present meta-analysis support the use of 

the more stable atherogenic index instead of TC alone – as advised by the EULAR 

guideline –. Interestingly, recent data directly confirms the atherogenic index to be 

a more appropriate marker of lipid associated CV risk in RA than TC only [43;44], 

an observation also true in the general population.[45] 

Strengths of this study include the meticulous search strategy and data extraction, 

which was performed according to a well-described study protocol by two 

investigators. Robust statistical analyses were performed, i.e. calculating weighted 

mean values for various lipid levels at various time intervals, while taking variance 

and sample sizes of the included studies into account. There were also some 

limitations. Residual confounding cannot be excluded as we did not adjust for other 

potentially relevant variables, including inflammatory activity (baseline DAS-28 was 

not available in all studies), physical activity, body composition, diet, smoking and 

concomitant use of statins, methotrexate and/or corticosteroids. It should also be 
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noted that the present meta-analysis relies on aggregated data from separate 

studies rather than data from individual patients. Despite limiting the number of 

investigated variables in order to reduce the risk of chance findings, interpretation 

still needs to be cautious as the small number of studies limit power to detect 

interactions. 

In conclusion, these data consistently show that TNF-alpha blocking therapy is 

associated with modest but broadly parallel increases in TC and HDLc within the 

first six months with the result that the atherogenic index was not appreciably 

altered. 
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ABSTRACT  

 

 

 

 

 

 

Background  Ankylosing spondylitis (AS) is associated with an increased 

cardiovascular (CV) risk that might be due to the chronic underlying 

inflammatory process. We investigated whether subclinical atherosclerosis of 

the carotid artery in patients with AS was reduced after anti-inflammatory 

treatment with tumor necrosis factor (TNF) inhibitors in a prospective 

observational cohort study. 

Methods  67 out of 81 AS patients who used TNF inhibitors and underwent 

ultrasonography at baseline returned for follow-up after 4.9 years. Of all 

patients, 12 (15%) discontinued use of TNF inhibitors. Assessments of 

medication use, AS related factors and CV risk factors were measured at 

baseline and repeated at follow-up. B-mode carotid ultrasonography was used 

to investigate arterial wall parameters, including carotid intima-media thickness 

(cIMT) and Young’s elastic modulus (YEM). 

Results  After a median 4.9 years of follow-up, cIMT did not change significantly 

(paired t-test: +0.011mm, p-value 0.561) in those who continued use of TNF 

inhibitors, while cIMT increased substantially (+0.057mm, p-value 0.069) in 

those who did not continue their use of TNF inhibitors. The effect of TNF 

inhibitors was mainly mediated by a subsequent decrease in AS disease 

activity. Vascular elasticity (as measured with YEM) did not change significantly 

in patients who discontinued TNF inhibitors or those who continued TNF 

inhibitors. 

Conclusions Use of TNF inhibitors might stabilize or slow down the 

progression of subclinical atherosclerosis in AS patients, reflecting a decreased 

CV risk in these patients. Further research to investigate whether these 

changes result in a lower cardiovascular risk in AS patients is warranted. 
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INTRODUCTION 

Ankylosing spondylitis (AS), a chronic inflammatory disease of the sacroiliac joints 

and spine, is associated with an increased risk of cardiovascular (CV) disease.[1;2] 

Although specific CV disorders (valvular disease and conduction disturbances) 

occur more frequently in AS [3-5], accelerated atherosclerosis also renders these 

patients more at risk of CV disease.[6] Increased CV risk factors as well as the 

generalized inflammatory state contribute to the atherosclerotic process.[7]  

High-resolution ultrasonography can be used to determine cIMT and vascular 

elasticity at the carotid arteries. In the general population, an increased cIMT is 

associated with an increased risk of CV disease [8;9], which was also the case in 

rheumatoid arthritis (RA).[10]  

A decreased vascular elasticity indicates compromised intrinsic elastic wall 

properties (which can be measured with Young´s elastic modulus) and is 

independently associated with CV disease.[11;12]  

In AS, several studies have shown an increased cIMT and an impaired vascular 

elasticity.[13-17] However, it is unclear whether inflammation reduction by tumor-

necrosis factor (TNF) inhibitors improves the risk of CV disease as measured by 

subclinical markers of atherosclerosis, such as carotid intima-media thickness 

(cIMT) and vascular elasticity. Available data on the effects of TNF inhibitors on 

cIMT and vascular elasticity in AS show discrepant findings, mostly due to the short 

follow-up period (<1 year) and low number of subjects (n<30).[15;18-20] We 

hypothesize that TNF inhibition leads to more favourable developments in cIMT 

and vascular elasticity. A placebo-controlled randomised trial with  TNF inhibitors in 

patients with active AS for this particular purpose is, for ethical reasons, not 

possible. Therefore we longitudinally assessed cIMT and vascular elasticity in a 

cohort of AS patients using TNF inhibitors at baseline, and compared those AS 

patients who discontinued TNF inhibitors during follow-up to those who did not. 

 

METHODS 

Study population and design 

81 consecutive AS patients were included in this study at baseline from the Jan 

van Breemen Research Institute | Reade and VU University Medical Center in 

Amsterdam, the Netherlands.[13] All patients fulfilled the modified New York 
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diagnostic criteria of AS. Before inclusion in the study, all patients gave written 

informed consent (according to the principles reported in the Declaration of 

Helsinki) and the Institutional Ethics Committee of both hospitals approved the 

study protocol. The present study was a prospective, observational study in 

patients with AS who received treatment with TNF inhibitors (70 patients on 

etanercept, 11 on adalimumab), when they had an active disease in accordance 

with the Assessment of SpondyloArthritis Society (ASAS) guidelines for anti-TNF 

treatment.[21] Clinical, laboratory and ultrasound examinations in patients were 

performed at baseline (before first administration with TNF inhibitors) and after five 

years of follow-up.  

 

Ultrasound examination 

Ultrasound examination at baseline and at follow-up were performed by two 

observers using similar protocols, standard operating procedures and 

equipment.[13] Both observers performed a reproducibility test of which the inter-

observer variability was good (intra-class correlation coefficient: 0.861) 

Measurements were performed as described before.[13] In short, a 7.5-MHz linear 

probe, connected to a computer equipped with vessel wall movement detection 

software and an acquisition system (Wall track system, Pie Medical) enabled 

measurements of the cIMT. After localization of the right common carotid artery, 

cross-sectional measurements were performed 10 mm proximal of the carotid bulb. 

Sites with mural atherosclerotic plaques were avoided due to difficulty in identifying 

carotid arterial parameters in these regions. The distance between the lumen-

intima interface and the leading edge of the media-adventitia interface of the far 

wall corresponds with cIMT. (Inter-adventitial) diameter was considered the 

distance between media-adventitia of far and near walls of the carotid artery. 

Change in diameter as a function of time (distension) was estimated and presented 

on the computer screen as distensibility. Measurements of cIMT, diameter and 

distension were ECG triggered to the R-peak of the cardiac cycle. Distensibility 

coefficient (reflecting arterial elastic properties), compliance coefficient (reflecting 

arterial buffering capacity) and Young’s elastic modulus (reflecting intrinsic elastic 

wall properties) were calculated from diameter (D), distension (d) and pulse 

pressure (P) [13]: 
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Distensibility coefficient (DC)  = (2d * D + d²) / (P * D²) in 10   ◌ֿ ³ * kPa   ֿ◌ ¹ 

Compliance coefficient (CC)  = π * (2D * d + d²) / (4 * P) in mm² * kPa   ֿ◌ ¹ 

Young’s elastic modulus (YEM)  = D / (cIMT * DC) in kPa 

 

Other measurements 

Ascertainment of CV risk factors and AS related factors was done at baseline and 

follow-up according to similar standard operating procedures. Smoking history, use 

of medications and history of CV risk factors and/or diseases were ascertained via 

questionnaire. Body mass index was calculated as the ratio of weight and squared 

height. Hypertension was defined as a systolic blood pressure (SBP) over 140 

mmHg and/or a diastolic blood pressure (DBP) over 90 mmHg and/or the current 

use of antihypertensive medication. Mean arterial pressure (MAP) was defined as 

((2 * DBP) + SBP) / 3. Total cholesterol, high-density lipoprotein cholesterol 

(HDLc), triglycerides, erythrocyte-sedimentation rate (ESR) and C-reactive protein 

(CRP) were determined from fasting blood samples by enzymatic techniques as 

previously described. Low-density lipoprotein cholesterol (LDLc) and total- to HDLc 

ratio were calculated. AS related disease activity was assessed with the AS 

Disease Activity Score (ASDAS) and the Bath AS Disease Activity Index 

(BASDAI).[22;23] Outcome parameters of response according to the ASAS 

guidelines were calculated: ASAS-20 (20% improvement), ASAS-40 (40% 

improvement) and ASAS partial remission (low disease activity).[23] 

 

Statistical analyses 

Results were expressed as means ± standard deviations, medians (interquartile 

range) or percentage, when appropriate. Changes in CV-risk factors, AS-related 

factors and arterial wall characteristics were analyzed using paired t-tests while 

changes in medication use were analysed using non-parametric paired test 

(Wilcoxon’s signed-ranks), stratified for patients who continued or discontinued use 

of TNF inhibitors. To generate sufficient contrast between patients who stopped 

TNF inhibitors and who continued treatment, only patients who discontinued 

treatment within 2.5 years (n=9) were considered to have ceased TNF inhibitors. 

Two patients who discontinued TNF inhibitors after 2.5 years were excluded from 

further analyses, as these might have received sufficient beneficial effects of TNF 

8
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inhibitors (due to cumulative exposure) to skew the association between use of 

TNF inhibitors and changes in  carotid arterial wall properties. Linear regression 

was used to analyse the associations between duration of use of TNF inhibitors 

and changes in arterial wall properties after follow-up, additionally adjusting for 

demographics, CV-risk factors and AS-related factors at baseline. Possible 

confounders were considered according to available literature and by selecting 

variables on the basis of the effect on the original estimate of the exposure effect. 

Mediation of the association by changes in disease activity parameters or duration 

of treatment was analyzed using the method by Kruskall and McKinnon. 

Correlations between changes in arterial wall characteristics and CV-risk factors or 

AS-related factors were investigated using Spearman’s non-parametric correlation. 

All data were analyzed using the Statistical Package for Social Sciences version 

17.0 (SPSS; Chicago; Illinois; United States of America) and results were 

considered statistically significant with two-sided p-values <0.05. 

 

RESULTS 

Population characteristics 

In total, 81 patients were eligible for the study of whom 69 AS patients were still on 

TNF inhibitors after 5 years, while 9 AS patients discontinued treatment within the 

first 2.5 years of follow-up (median 1.0 years (range: 0.2-2.3). Fourteen patients 

dropped out of the study because they refused follow up visits, moved out of the 

area (Figure 1). After approximately 5 years of follow-up, 65 AS patients, of whom 

56 were still using TNF inhibitors, underwent examination.  

 

Table 1 summarizes the demographic parameters at baseline of all AS patients 

who completed follow-up. Results were stratified according to use of TNF inhibitors 

at follow-up. As compared to those who discontinued TNF inhibitors, patients who 

continued their use of TNF inhibitors were more often male, but were otherwise 

similar with respect to CV-risk factors and AS-related factors (Table 2). cIMT and 

YEM at baseline were higher in patients who later on continued their use of TNF 

inhibitors, albeit not statistically significantly so. Furthermore, patients who 

continued their use of TNF inhibitors at 5 years of follow-up, all AS-related factors 

(BASDAI, ASDAS, ESR and CRP) improved significantly and more often achieved 
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Figure 1. Flowchart of study population 

 

Table 1. Demographic factors and outcome measures  
 Total 

population 
(n=65) 

Discontinued TNF 
inhibitors at follow-

up (n=9)  

Continued TNF 
inhibitors at 

follow-up (n=56)  
Demographic factors     
Age, years 44 ± 12 37 ± 12 44 ± 12 
Male gender, % 64 33 71 * 
Prior cardiovascular disease, % 6 0 6 
HLA-B27, % 73 67 75 
Disease duration, years 10.1 (4.4-15.0) 6.1 (3.0-13.9) 10.1 (4.5-15.0) 
Outcome measures     
Duration of anti-TNF treatment, 
years 

4.8 (3.9-5.3) 1.0 (0.5-1.3) ¶ 4.9 (4.3-5.4) * 

ASAS 20 response, % 58 22 66 * 
ASAS 40 response, % 49 22 55  
ASAS partial remission, % 21 0 25 

Results presented as means ± standard deviation, percentage or median (interquartile 
range). 
* p < 0.05 for differences in demographic factors and outcome measures between patients 
who later discontinued TNF inhibitors and those that continued.  
¶ Minimum and maximum duration of therapy in patients who discontinued treatment: 0.2-
2.3 
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response criteria (ASAS20, ASAS40 and ASAS partial remission criteria), as 

compared to patients who discontinued their use of TNF inhibitors. 

 
Changes in carotid arterial properties 

In patients who discontinued TNF inhibitors, cIMT increased substantially: 

+0.057mm (p-value 0.069), while YEM and arterial diameter did not change 

(+0.24kPa and +0.2mm, respectively). In patients who continued their use of TNF 

inhibitors, cIMT remained stable (+0.011mm, p-value 0.561), while diameter and 

YEM decreased (-0.2mm and -0.29kPa). In both group of patients, distension was 

reduced, while distensibility coefficients (DC) and compliance coefficients (CC) did 

not change substantially (Table 2).  

Regression analyses showed that duration of treatment with TNF inhibitors was 

associated with changes in arterial wall parameters, mainly with changes in cIMT 

(Table 3). After adjustment for the confounders age, gender, total- to HDL-

cholesterol ratio and AS disease activity score (ASDAS), the association between 

duration of TNF inhibitor use and favourable changes in cIMT remained strong, 

albeit not statistically significant, regression coefficient (95%-confidence interval): -

0.021 (-0.044;0.002), p-value 0.073. Additional adjustment for discontinuation of 

TNF inhibitors and changes in ASDAS seem to explain the association between 

duration of TNF inhibitor use and favourable changes in cIMT as the regression 

coefficients (95%-confidence interval) normalized: -0.022 (-0.070;0.026), p-value 

0.369 and -0.010 (-0.031;0.010), p-value 0.319, with a respective mediation effect 

of 32% and 33%. No co-linearity or effect-modification between duration of use of 

TNF inhibitors and age or disease duration was observed. In addition, although 

NSAID use decreased significantly in patients who continued to use TNF inhibitors 

as compared to patients who discontinued TNF inhibitors (63% vs. 11%), there was 

no confounding or effect-modification of discontinuation of NSAIDs with favourable 

changes in arterial wall parameters.(data not shown) 

 
Correlations between changes in carotid arterial pa rameters and CV- or AS-

factors  

A statistically significant correlation coefficient was found between improvements in 

AS disease activity (BASDAI), BASMI, BASG and changes in cIMT, correlation 

8

Chapter 8 | TNF-Blocking Therapy and Subclinical Atherosclerosis in Ankylosing Spondylitis 

8



 

 

 145

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8 



146 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 8 | TNF-Blocking Therapy and Subclinical Atherosclerosis in Ankylosing Spondylitis 



 

 

 147

coefficient: 0.308 (p-value 0.013), 0.327 (p-value 0.007) and 0.311 (p-value 0.012), 

respectively. Results remained essentially similar when only patients who 

continued their use of TNF inhibitors were included in analyses.  

 

DISCUSSION 

The main results from this study indicate that in patients with AS who continue their 

use of TNF inhibitors cIMT progression slows down as compared to normal cIMT 

progression in those that discontinued TNF inhibitors. In patients with AS who 

continued treatment with TNF inhibitors a mean increase in cIMT of +0.011mm 

over 5 years was observed. In comparison, prior studies in RA have shown an 

annual increase in cIMT of 0.016mm/year [24], which is more or less comparable to 

the increase in cIMT over 5 years of follow-up in patients who discontinued use of 

TNF  inhibitors (+0.057mm/year). Also, treatment with TNF inhibitors was 

associated with a more favourable change in cIMT. Mediation analyses illustrate 

that this is caused by duration of treatment and by changes in disease activity (as 

measured with BASDAI). contuned successful  treatment with TNF inhibitors slows 

down the progression of suclinical atherosclerosis.   

 

To date, there have been some studies reporting an increased cIMT and impaired 

vascular elasticity in AS.[13-16;25] One cross-sectional study showed that AS 

patients on TNF inhibitors did not have a significantly higher cIMT or vascular 

stiffness (measured with pulse-wave velocity (PWV)) as compared to AS patients 

on NSAIDs.[26] More recently, a prospective study in inflammatory arthropathies 

(including only a small number of AS patients) showed that after one year 

treatment with TNF inhibitors, cIMT and PWV improved significantly.[19] Another 

study in 28 AS patients, treated with TNF inhibitors over 24 weeks, did not show 

improvement of vascular elasticity.[18]  

Previous results from our group already corroborated the greater cIMT in AS 

patients as well as an increased prevalence of myocardial infarction.[13;14;27] In 

addition, we previously demonstrated an improved endothelium-dependent 

vasodilatation and capillary recruitment in skin (indicators of microvascular 

function), directly after use of TNF inhibitors.[15;17;28] In line with these results, 

the current investigation found favourable changes in arterial wall properties with 
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use of TNF inhibitors that was associated with improvements in AS related disease 

activity parameters and lipid levels. It is conceivable that an inflammatory driven 

atherogenesis is dampened by the use of strong anti-inflammatory treatment by 

TNF inhibitors. Studies in rheumatoid arthritis have demonstrated that TNF 

inhibitors have a protective effect against CV disease incidence and several 

traditional and novel CV risk factors, such as endothelial dysfunction and insulin 

resistance.[29;30] Since progression of subclinical atherosclerosis in RA is not 

linear and the rate at which the cIMT increases per unit of age steepens in 

proportion to the RA duration, being more severe in those with disease duration 

longer than 10 years [31], it is possible that the beneficial effect of TNF inhibitors to 

decrease progression of atherosclerosis may be more relevant in those with short 

disease duration prior to the use of this biologic therapy.  

Our study has some limitations that should be acknowledged. First, a single-point 

measuring technique was used to determine carotid arterial wall parameters. Thus, 

results may have been influenced by local variability of the investigated arterial 

segment. However, by using the same ultrasound protocol we did define the exact 

location on the carotid artery where measurements were made in all participants. 

Second, since the studied population consisted of AS patients with high disease 

activity, we can not convey the same results to AS patients with low disease 

activity. Thirdly, power constraints limited the comparison in changes in arterial wall 

parameters between patients who discontinued and continued therapy. Finally, 

ultrasound examination was performed at 5 years of follow-up, irrespective of 

discontinuation of TNF inhibitors, therefore the changes in cIMT that occur between 

discontinuation and follow-up examination are as yet unknown. 

Our investigation indicates that AS patients who are treated with TNF inhibitors 

exhibit a substantially slower progression of cIMT as compared to those who 

discontinued TNF inhibitors. Improvements in AS-related factors and lipids, 

respectively, might be related to these improvements. However, whether these 

favourable changes extend to a decreased CV disease incidence in AS remains to 

be answered. Larger studies and further investigation into the potential of TNF 

inhibitors protecting against cardiovascular disease in AS is warranted. 
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ABSTRACT 

 

 

 

Objectives  Patients with rheumatoid arthritis (RA) are at increased risk of 

cardiovascular (CV) disease. Recent register-based studies suggest that strong 

suppression of inflammation via tumour necrosis factor (TNF) inhibitors lowers 

CV risk. To date, no register-based study has assessed which CV- and RA 

related factors influence this risk reduction. We sought to investigate the effect 

of TNF inhibitors on reducing CV disease and to which extent this was 

explained by CV- or RA related factors. 

Methods  The CARRÉ study is a Dutch prospective cohort study of 353 

randomly selected RA patients. The Biologicals cohort is an ongoing study of 

1039 RA patients followed since their allocation to TNF inhibitors adalimumab 

or etanercept. Fatal and non-fatal CV events, as well as CV- and RA related 

factors, were documented in both cohorts. Cox-proportional hazard analyses 

were used to investigate the association between TNF inhibitors and CV 

disease incidence. Confounding and mediation analyses were performed to 

assess whether baseline characteristics or changes in risk factors explained this 

association. 

Results  The CV event incidence rate was 7.98 vs. 23.12 per 1.000 patient 

years in RA patients with TNF inhibitors versus those without TNF inhibitors, 

corresponding to an incidence rate ratio of 0.35 (95%-confidence interval (CI): 

0.18-0.69). The age- and gender adjusted hazard ratio for CV disease 

incidence: 0.46 (95%-CI: 0.21-1.00) in favour of patients receiving TNF 

inhibitors. The association remained after adjustment for CV risk factors and RA 

related factors. There was no increase in CV risk factors over time in either 

group, while patients receiving TNF inhibitors had a substantial improvement in 

RA related factors over time. Changes in DAS28 explained the CV risk 

reduction in patients treated with TNF inhibitors. 

Conclusion  Our observations confirm the association between use of TNF 

inhibitors (and decrease in disease activity) and CV risk in RA.  
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INTRODUCTION 

Rheumatoid arthritis (RA) is a chronic systemic inflammatory joint disease. 

Growing evidence indicates an increased cardiovascular (CV) burden in RA.[1] 

This increased CV risk is due to a less favourable CV risk profile (e.g. 

hypercholesterolemia, hypertension, smoking and physical inactivity) [2] as well as 

the chronic inflammatory process underlying RA.[3;4] One of the principal 

mediators of inflammation in RA, and also of atherosclerosis, is tumour necrosis 

factor (TNF)-alpha.[5] This pro-inflammatory cytokine might cause atherosclerotic 

disease through actions on leukocytes, endothelial cells and adipocytes.[6]  

For several years, TNF inhibitors have made successful suppression of rheumatoid 

disease activity and chronic inflammation possible. Hence, one may hypothesize 

that administration of TNF inhibitors will result in a CV risk benefit. Five studies 

have investigated the effect of TNF inhibitors on CV risk.[7-11] A recent meta-

analysis reports a more than 50% CV risk reduction with TNF inhibitors.[12] 

However, important limitations remain that impede adequate interpretation.[13] In 

all studies, the investigators used register-based data, which may be inaccurate or 

incomplete, often lacking additional information about CV risk factors (blood 

pressure and lipid profiles) and RA disease activity at baseline as well as follow-up.  

It is still unknown whether the CV risk reduction is attributable to TNF inhibitors 

alone or due to differences in cardiovascular risk between populations (e.g. 

exclusion of patients with high degree of comorbidity in patients who would receive 

TNF inhibitors) and whether changes in CV risk factors or RA related factors 

explain the CV risk reduction.  

In the present study, we compared prospectively collected data on the incidence of 

CV disease and risk factors in a cohort of Dutch RA patients receiving TNF 

inhibitors with a cohort of RA patients not receiving TNF inhibitors. We investigated 

whether changes in CV- and RA related factors in both cohorts mediated CV 

disease incidence. 

 

METHODS 

Population 

The CARRÉ study is a prospective cohort study investigating CV disease and its 

risk factors in RA patients who have been followed for approximately 3 years since 

9

9 



156 

their enrolment in 2001-2002.[14] Briefly, we included a random sample of 353 

patients aged 50 years and older fulfilling the American College of Rheumatology 

criteria of 1987. [15;16] The present study used data from the first follow-up 

moment in 2004 until the second follow-up moment in 2010. For the CARRÉ study, 

we excluded all patients receiving TNF inhibitors at baseline and censored all 

patients who started TNF inhibitors during follow-up at the start of TNF inhibitors.  

The Biologicals cohort is a prospective cohort of 1039 RA patients starting therapy 

with TNF inhibitors etanercept (Enbrel) or adalimumab (Humira) since 2004 up to 

april 2012.[17;18] RA patients who failed to achieve a satisfactory response in 

disease activity (DAS<3.2) on at least two prior non-biologic disease modifying 

anti-rheumatic drugs (DMARDs) were eligible for enrolment. All patients fulfilled the 

American College of Rheumatology criteria of 1987 for rheumatoid arthritis.[15] For 

this study, only patients aged 50 years and older at baseline were selected for 

analysis in order to facilitate a fair comparison with patients included in the CARRÉ 

study. The local ethics committee approved both study protocols and all 

participants in both studies gave their written informed consent. 

 

Baseline measurements  

Systolic and diastolic blood pressures, body-mass index (BMI), current smoking, 

medication use, co-morbid conditions, prior CV disease, disease activity score of 

28 joints (DAS28) and functional (disability) status as measured with the health 

assessment questionnaire (HAQ) were all assessed according to identical 

protocols. In addition, rheumatoid factor positivity, inflammatory markers and lipid 

levels were determined from blood samples as described previously.[16] The 10-

year risk of CV disease was assessed with the Systematic Coronary Risk 

Evaluation (SCORE) model.[19] Baseline measures were repeated at follow-up 

visits. 

 

Follow-up and incident cardiovascular disease  

All participants were followed up for the occurrence of (non-)fatal CV disease. The 

mean follow-up duration was calculated as the time between baseline examination 

and the end point (non-)fatal CV event or death, or date of follow-up visit, 

whichever came first. In the CARRÉ study, patients who started TNF inhibitors 
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during the study period contributed follow-up time up until the date of switching to 

TNF inhibitors. In the Biologicals cohort, when discontinuation of TNF inhibitors for 

any reason occurred, the follow-up period ended. Information about (non-)fatal 

incident and prevalent CV disease was extracted from the medical records of 

general practitioners and local hospitals, and was adjudicated according to the 

International Classification of Diseases (ICD), Ninth Revision codes 410.0–410.9 

for coronary arterial disease, 435.9 and 436 for cerebral arterial disease or a 

history of peripheral arterial reconstruction, percutaneous coronary intervention or 

coronary artery by-pass surgery.[14]  

 

Statistical analyses  

Baseline characteristics of RA patients receiving TNF inhibitors were compared 

with those not receiving TNF inhibitors by parametric or nonparametric tests, as 

appropriate. Incidence rate ratios for CV events (with 95%-confidence interval) 

were determined per 1000 patient-years. To compare CV event free probability in 

both groups, hazard ratio (HR) and 95%-confidence interval was calculated by Cox 

proportional hazard analyses. The following groups of models were created out of 

the strongest confounding factors: 1. age and gender, 2. 10-year CV risk estimate 

according to SCORE (consisting of age, gender, current smoking, systolic blood 

pressure and total cholesterol), 3. propensity scores of CV risk factors (including 

age, gender, systolic blood pressure, total cholesterol, current smoking, serum 

creatinine and prior CV disease), 4. Age, gender and RA related factors (including 

DAS-28 and HAQ functional disability index) and 5. Age, gender and changes in 

CV- or RA related factors (to investigate mediation of CV risk by changes in risk 

factors). Furthermore, separate subgroup-analyses were performed with exclusion 

of: 1. patients with prior CV disease, 2. Male RA patients, 3. patients with no 

response to TNF inhibitors (according to EULAR-response criteria [20]). Finally, a 

Kaplan-Meier curve was constructed to illustrate the age- and gender adjusted CV 

event-free probability between both cohorts. To determine whether changes in CV- 

or RA related factors between cohorts are mediated by TNF inhibitors, differences 

between measurements at baseline and follow-up were also assessed in both 

cohorts with parametric or non-parametric tests, as appropriate. For the purpose of 

this analysis, only patients were included with a follow-up period of more than 1 
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CARRÉ Study (2004) 
347 Included at 3-years of follow-up 

Biologicals cohort (2004) 
1039 Participants  

Excluded:  
- 11 Lost to follow-up 
- 23 Started TNF inhibitors 
during follow-up 

Excluded: 
- 6 Patients already 
using biologics 

CARRÉ study (2001) 
353 Participants 

CARRÉ Study 
313 Included in primary 

analyses (1384 patient years) 

Biologics cohort  
579 Included in primary 

analyses (1254 patient years) 

Excluded: 
- 379 Patients aged  
<50 years 
- 38 never started TNF 
inhibitors 
- 23 already enrolled 
in CARRÉ study 
- 9 lost to follow-up 
- 11 other reasons 

year and patients who did not develop incident CV disease during follow-up. P-

values less than 0.05 were considered statistically significant. All statistical 

analyses were performed with SPSS 17.0 software (SPSS Inc., Chicago, IL, USA). 

 

RESULTS 

Study population 

A total of 353 RA patients participated in the CARRÉ study. Of these, 6 RA patients 

already used TNF inhibitors (infliximab) at start of the study and were therefore 

excluded. Follow-up information could not be obtained from 11 RA patients not on 

TNF inhibitors. During the follow-up period, 23 RA patients started with TNF 

inhibitors and were excluded from the Biologicals cohort at the start of TNF 

inhibitors. Thus the study population consisted of 313 RA patients free from TNF 

inhibitors at follow-up, comprising 1384 patient years. A total of 1039 RA patients 

participated in the Biologicals cohort. Of these, 331 were excluded who were 

younger than 50 years old at inclusion and 58 RA patients did not choose to 

participate in the Biologicals cohort. The total study population of RA patients on 

TNF inhibitors consisted of 579 patients, comprising 1254 patient years.  

 
Figure 1. Flow chart of investigated population 
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Baseline characteristics  

Age, percentages of male patients, bone erosions, RA disease duration, 10-year 

CV disease risk according to the SCORE-formula, prior CV disease, systolic blood 

pressure and serum creatinine were all higher at baseline in patients who were not 

on TNF inhibitors.(Table 1) Erythrocyte-sedimentation rate, C-reactive protein, 

DAS-28, Health Assessment Questionnaire (HAQ) – Disability Index and 

prevalence of diabetes mellitus were higher at baseline in patients who were 

treated with TNF inhibitors. 

 

Table 1. Baseline characteristics 
 Biologicals cohort 

(n=579) 
CARRÉ study 

(n=313) 
Demographics    
Age, years 61 ± 8 66 ± 7 
Men, % 21 33 
   
RA related factors    
Rheumatoid factor positivity, % 73 71 
Bone erosions, % 65 82 
Disease duration, years 7.6 (2.7-17.6) 10.0 (7.6-13.0)  
ESR, mm/hour 23 (12-43) 15 (7-27) 
C-reactive protein, mg/L 10 (3-23) 4 (2-11)  
Disease activity score 28 joints 5.09 ± 1.32 3.38 ± 1.16  
Disability index (HAQ) 1.3 (0.9-1.9) 0.5 (0.3-1.1)  
   
CV risk factors    
Systolic blood pressure, mmHg 136 ± 21 141 ± 21  
Diastolic blood pressure, mmHg 83 ± 31 81 ± 9 
Anti-hypertensives, % 39 39 
Hypertension, % 68 69 
   
Total cholesterol, mmol/L 5.51 ± 1.07 5.54 ± 1.08  
HDL-cholesterol, mmol/L 1.6 (1.3-1.9) 1.5 (1.3-1.9) 
LDL-cholesterol, mmol/L 3.26 ± 1.02 3.28 ± 0.95 
Triglycerides, mmol/L 1.2 (0.9-1.7) 1.3 (1.0-1.7) 
Ratio of total cholesterol to HDL-
cholesterol 

3.69 ± 1.27 3.74 ± 1.37 

Statin use, % 17 17 
   
Current smoking, % 27 24 
Body-mass-index, kg/m2 27.0 ± 5.8 26.9 ± 4.8 
Serum creatinine, micromol/L 69 ± 17 84 ± 21  
Diabetes, % 11 6  
10-year CV risk, % 3.1 (1.3-6.8) 6.4 (3.3-13.1)  
Prior CV disease, % 7 19  
Variables are presented as means ± standard deviations, medians (interquartile range), or 
percentages. ESR, erythrocyte sedimentation rate; HDL, high-density lipoprotein; LDL, low-
density lipoprotein. 
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Cardiovascular events and change in risk factors  

During follow-up period, 10 individuals (1.7%) with TNF inhibitors developed an 

incident CV disease vs. 32 individuals (11.3%) in the CARRÉ study. Incidence rate 

(95%-confidence interval) was 7.98 (4.29-14.54) per 1000 patient-years vs. 23.12 

(16.35-32.69) per 1000 patient-years for RA patients with and without TNF 

inhibitors, respectively.(Table 2) Incidence rate ratio between groups was 0.35 

(0.18-0.69).  

 

Table 2. Incidence of cardiovascular risk factors and cardiovascular events  
 Biologicals c ohort (n=579)  CARRÉ study (n=313)  
 Cases IR (95%-CI) / 1000 

patientyears 
Cases IR (95%-CI) / 1000 

patientyears 
IRR (95%-CI) 

All CV events  10 7.98 (4.29-14.54) 32 23.12 (16.35-32-69) 0.35 (0.18-0.69) 
CV mortality 0 - 3 2.17 (0.70-6.73) - 
CAD 4 3.19 (1.20-8.50) 18 13.01 (8.20-20.65) 0.25 (0.09-0.74) 
CVD 6 4.79 (2.15-10.66) 8 5.78 (2.89-11.56) 0.83 (0.21-3.32) 
PAD 0 - 3 2.17 (0.70-6.73) - 

CAD, coronary artery disease; CI, confidence interval; CV, cardiovascular; CVD, 
cerebrovascular disease; IR, incidence rate; PAD, peripheral arterial disease;  
 

Hazard analyses 

Cox proportional hazard analyses showed an approximately 50% reduced, age- 

and gender adjusted, hazard ratio for incident CV disease in favour of RA patients 

receiving TNF inhibitors, hazard ratio (95%-confidence interval): 0.46 (0.21-1.00), 

p-value: 0.049. After adjustment for 10-year CV risk estimate, a propensity score of 

CV risk factors, and RA related factors, the association remained stable.(Table 3) 

There were no violations of the Cox proportional hazard assumption or non-

informative censoring. A Kaplan-Meier plot is shown in Figure 2. Sub-group 

analyses for patients without prior CV disease, female patients or patients who 

responded to TNF inhibitors (according to EULAR response criteria), did not differ 

from the overall results.(data not shown) 
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Figure 2. Kaplan-Meier curve of age-and gender adjusted cardiovascular event free 
probability for patients with and without TNF inhibitors 

 

 

Changes in CV risk factors and RA related factors 

Changes in CV risk factors and RA related factors were investigated between 

cohorts for all patients who did not develop an incident CV disease during follow-

up.(Table 4) During follow-up, CV risk factors and use of cardioprotective 

medication tended to increase somewhat in the Biologicals cohort and CARRÉ 

study. In contrast, RA related factors improved substantially in the Biologicals 

cohort, but not in the CARRÉ study.(Table 4) To investigate possible mediation of 

the CV risk reduction by TNF inhibitors, we analyzed whether changes in CV- or 

RA-related factors explained the association between use of TNF inhibitors and 

reduced incidence of CV disease.(Table 3) Of all risk factors, changes in DAS28 (a 

validated and well known marker of disease activity) normalized the association 
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and mediated 72% of this association (calculated by the method of Kruskall and 

McKinnon). 

 

DISCUSSION 

This comparative study of two prospective cohorts reaffirms a 50% reduced CV risk 

in RA patients receiving TNF inhibitors as compared to RA patients not receiving 

TNF inhibitors.[12] This reduction tended to be independent of traditional CV risk 

factor differences between the two groups, hence channelling bias appeared 

unlikely. RA related factors and inflammatory parameters improved in patients who 

were treated with TNF inhibitors and not in patients who were not treated with TNF 

inhibitors, which further support the epidemiological findings indicating TNF 

inhibition lessens CV risk in patients with RA by successful inflammation 

modulation. 

Numerous studies focusing on CV morbidity and mortality among RA patients 

receiving DMARDs have been reported. Choi and colleagues observed a 

substantially lower CV mortality in RA patients treated with methotrexate.[21] Also, 

a case-control study in 613 RA patients showed a significantly lower CV disease 

risk in RA patients who received methotrexate, and to a lesser extent, 

sulfasalazine.[22] As for TNF inhibitors, our primary findings are in accordance with 

previous register-based studies which have shown a similar age- and sex adjusted 

relative risk (95%-confidence interval) for first-time CV events: 0.62 (0.34-1.12) [8], 

and overall CV mortality rate ratio: 0.58 (0.24-1.41), 0.73 (0.44-1.23), 0.42 (0.21-

0.81) and 0.39 (0.19-0.82) [7;9-11]. A meta-analysis confirmed these results, which 

also support the hypothesis that the use of TNF inhibitors causes a decrease in CV 

risk.[12]  

Still unknown is whether this risk reduction is due to mediation of traditional CV risk 

factors or modulation of inflammation or a combination of both. Recently, Solomon 

et al. [23] showed that both traditional CV risk factors and RA related factors 

equally contributed to the CV risk in RA patients, but whether equivocal changes in 

these factors mitigate the CV risk remains unclear.  
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All of the previously mentioned studies were register-based and thus only sparsely 

included specific data on CV risk factors or RA related factors and changes therein 

during TNF inhibitor use. As mentioned earlier, the effect of TNF inhibitors on 

reducing incident CV disease seems clear from previously published studies. 

However, it is still not clear whether these findings are due to differences in CV risk 

factors at baseline between groups or not. Channelling bias could be at the basis 

of these results, which might be caused by allocating drugs with specific 

therapeutic indications to be prescribed for a group of patients with a prognostic 

difference, as compared to a control group not receiving this medication. Thus, 

claimed advantages (or disadvantages in the case of TNF inhibitors) of a new drug 

may channel it to or away from patients with certain pre-existing co-morbidities, 

hence the name channelling bias.[24] 

A major advantage of the present study is its potential to investigate the influence 

of possible confounders on CV risk reduction within the same study. We not only 

adjusted for age and gender and many other confounders, such as CV risk factors 

and RA related factors, we also investigated whether changes in CV- and RA 

related factors explained the CV risk reduction by TNF inhibitors, thereby giving 

more insight into the mechanism by which TNF inhibitors cause a risk reduction in 

CV disease. During follow-up, CV risk factors and use of cardioprotective 

medication seemed to increase in the Biologicals cohort as well as the CARRÉ 

study. As expected, RA related factors improved substantially in the Biologicals 

cohort, while these factors did not change essentially in the CARRÉ study. Also, 

mediation analyses revealed that changes in DAS28 explained approximately 72% 

of the CV risk reduction by TNF inhibitors.  These results indicate that the reduction 

in CV disease incidence in the Biologicals cohort was not due to CV risk factors but 

primarily due to favourable modulation of disease activity and inflammation. Cox-

proportional hazard analyses seem to support this finding, as adjustment for 

changes in DAS-28 over time strongly explains the CV risk reduction by TNF 

inhibitors.  

The marked difference in CV outcomes between the Biologicals cohort and 

CARRÉ study might also be explained by other potential mechanisms: Stricter 

implementation of CV risk management in patients with active RA over the last few 

years may have occurred, thereby limiting the incidence of CV disease in the 
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Biologicals cohort. Also, during introduction of TNF inhibitors, patients with overt 

CV disease were mostly excluded from the Biologicals cohort due to concerns that 

TNF inhibitors may lead to an increased CV risk, which might have created a 

selection bias with respect to the earliest inclusions in the Biologicals cohort. 

Indeed, a higher prevalence of CV disease and SCORE 10-year risk of CV disease 

at baseline can be seen in the CARRÉ study as compared to the Biologicals 

cohort. However, subgroup analyses (excluding patients with prior CV disease) and 

adjustment for 10-year estimated CV risk according to SCORE showed essentially 

similar results as the main analyses, proving that the reduction in CV events in the 

TNF inhibitor group was not primarily due to selection bias. Another major strength 

of the present study is that both cohorts of patients precisely ascertained CV risk 

factors, RA related factors and concomitant medication use, both at baseline as 

well as at follow-up, with which we were able to accurately adjust the CV hazard 

ratio for potential confounders. However, due to small sample sizes we were 

unable to maintain adequate power in the adjusted Cox proportional hazard 

analyses as is shown by the expanding confidence interval, while the hazard ratio 

remained essentially the same. 

In summary, this is the first prospective cohort study showing a statistically 

significant lower age- and gender adjusted CV disease incidence in RA patients 

receiving TNF inhibitors in comparison to RA patients not receiving these agents. 

As the present study showed a 50% reduction in CV risk incidence and favourable 

changes in RA related factors in the patients on TNF inhibitors, one could assume 

that inflammation modulation curbs CV disease incidence in RA patients. 

Replication of these results in other RA populations may have an impact on 

prescribing TNF inhibitors for RA patients with a high cardiovascular risk in clinical 

practice, as strong suppression of inflammation with TNF inhibitors is not only 

beneficial in suppressing inflammation, but also in reducing cardiovascular risk. 

However, additional CV risk management with traditional cardioprotective 

medication remains important. 
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Studies in inflammatory arthritis, a complex, multi-facetted ailment of the joints and 

bones, have consequently shown an increased propensity for CV morbidity and 

mortality.[1] This thesis aims to give insight into several aspects that are currently 

under investigation in the field of rheumatology and CV disease.  

 

Study populations 

The CArdiovascular Risk in patients with RhEumatoid arthritis (CARRÉ) study is a 

prospective population-based cohort study designed to ascertain CV disease in RA 

to investigate the role of traditional and novel CV risk factors as well as the effect of 

disease activity on the development of CV disease in RA. The prospective design 

makes this study particularly suitable for comparing CV risk in patients with RA to 

risk in other populations [2;3], assessing novel risk factors for CV disease [4], 

investigating changes in CV risk factors and inflammatory parameters while also 

studying changes in cardioprotective and anti-inflammatory treatment. In addition to 

the possibility of comparing risk factors or co-morbidity incidences in patients with 

RA to other diseases or healthy controls, the CARRÉ study also enables 

comparisons with cohorts in which patients who receive anti-inflammatory 

treatment (such as TNF inhibitors) are followed longitudinally. These comparisons 

can yield interesting results that corroborate results found in randomised clinical 

trials and convey a more realistic representation of the efficacy of these drugs.[5;6] 

Through comparison of these cohorts additional unexpected findings relating to 

safety and efficacy of specific medications has been found.[7] These cohorts also 

provide us with ample opportunity to study certain metabolic, inflammatory and 

vascular changes that occur due to treatment with these anti-inflammatory 

medications.[8] 

 

Epidemiological science: generalisability of findin gs from smaller studies 

Numerous epidemiological studies have previously shown an increased risk of CV 

disease in individuals with inflammatory arthritis [1], however the precise 

magnitude of this CV burden is still debated. Direct comparisons of cohort studies 

can be difficult due to differences in study design and study populations.[5] CV 

burden might be overestimated in these studies as CV disease rates are obtained 

from clinic-based cohorts. Often this captures inflammatory arthritis patients with a 
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more severe disease, which could falsely inflate the CV disease rate (i.e. selection 

bias).[9] Hence, observations obtained from community-based cohorts, including 

arthritis patients with a broader spectrum of disease severity, may give a more 

accurate CV disease estimate. To that end, we studied the CV disease prevalence 

rates of inflammatory arthritis, diabetes mellitus (a disease with known CV disease 

risk), hip- and/or knee osteoarthritis (non-inflammatory comparator) in a 

representative primary care population in the Netherlands and compared these to 

those in the general population.(chapter 1 ) We previously demonstrated that the 

increased CV burden in inflammatory arthritis is similar to that seen in diabetes 

mellitus.[3] These results were confirmed in chapter 1. In addition, the lack of 

excess CV disease in osteoarthritis further suggests that the systemic inflammatory 

load is critical to the CV disease burden in inflammatory arthritis.[10;11] 

 

Clinical science: identification of novel risk fact ors and discovery of 

mechanisms 

Studies from registers, such as in chapter 1 , focus on the dynamics of large 

populations and its risk factors on disease incidence. Population- or hospital-based 

studies can be helpful to elucidate additional clinically relevant processes that 

influence the complex interplay between CV risk factors and inflammation that 

ultimately lead to CV disease. 

One such mechanism is described in chapter 2 , in which we provide evidence that 

even a small loss of renal function (i.e. 5 ml/min) in a large population of patients 

with RA is associated with a 30% increased risk of CV disease.[4] Furthermore, 

chapter 3  describes that individuals at risk of developing RA (individuals with 

arthralgia and positive antibodies for anti-cyclic citrullinated peptide antibodies) 

indeed developing arthritis had an unfavourable lipid profile as compared to those 

not developing arthritis. Therefore, an unfavourable lower lipid profile, present prior 

to arthritis, might indicate a subclinical inflammatory process preceding 

development of arthritis and on the long term CV disease.[12]  
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Imaging of CV risk: correct ascertainment of vascul ar involvement in 

inflammation 

There are many non-invasive ultrasonography based imaging modalities for 

examining the increased risk of CV disease in inflammatory arthritis.[13;14] 

However, these modalities are mostly validated in the general population and 

sometimes do not reflect the actual atherosclerotic process.[15] Therefore, 

traditional surrogate markers of CV risk, such as intima-media thickness, as well as 

novel non-invasive imaging techniques are discussed in section II. Chapter 4  

presents a meta-analysis of 22 observational studies that examined intima-media 

thickness (cIMT), a well-known surrogate marker for CV risk, in patients with RA as 

compared to controls. The results show a higher cIMT in RA patients as compared 

to controls, which support the current evidence base for an increased 

cardiovascular burden in RA.[16] However, when carefully extrapolating the results 

beyond cIMT, the results underestimate the actual CV risk reported in prospective 

observational studies. This might indicate that in RA less atherosclerosis is needed 

to cause CV events or that another pathogenetic mechanism is present. One such 

alternative mechanism is called outward arterial remodelling. This is a maladaptive 

process of the arterial walls in response to changes in hemodynamic or metabolic 

factors.[17] This process is characterized by an increased lumen and diameter of 

the artery, thereby elevating the arterial wall stress and tension.[18;19] This 

process has been shown to be associated with degradation of subendothelial 

matrix by metalloproteinases, and may increase the risk of plaque rupture.[20-22] 

In chapter 5 , we showed that RA is associated with maladaptive outward carotid 

arterial remodelling demonstrated by a higher mean circumferential wall stress and 

tension. Hence, we postulate that outward arterial remodelling contributes to a 

higher chance of plaque instability and rupture in RA patients.[23]  

Next to structural changes, such as intimal media thickening and outward arterial 

remodelling, the arterial wall might also exhibit changes in inflammatory activity, 

which can also be visualized. Chapter 6  describes such a novel imaging modality, 

namely 18-fluorodeoxyglucose positron emission tomography (18-FDG-PET). This 

modality uses a radioactively labelled glucose analogue that is taken up by highly 

active cells, such as inflammatory cells. As the radioactive isotope decays, it emits 

a signal that can be picked up by a PET-scanning machine.[24] Although the 
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essence of this technique seems quite elegant at estimating inflammation of the 

vascular wall and is being used more often to assess vascular wall involvement in 

chronic inflammatory diseases [25;26], there is still large variability in the 

quantification of vascular inflammation. Chapter 6  examines several factors that 

cause variability in measurements that may be paramount to the development of 

standardization of quantification of vascular wall inflammation in RA. 

 

Effect of interventions on CV risk: balancing CV ri sk management and anti-

inflammatory treatment for the benefit of the patie nt 

Prior findings that inflammation plays a pivotal role in the development of CV 

disease in inflammatory arthritis [15;27-29] can also be replicated by performing 

studies in which inflammation is reduced by means of treatment. As such, TNF 

inhibitors (one of the most potent anti-inflammatory drugs in the rheumatologic 

armamentarium) are thought to play a ubiquitous role in amelioration of CV disease 

and its risk factors.[30] However, as chapter 7  shows in a meta-analysis of 

observational prospective studies, TNF inhibitors exhibit only a modest effect on 

total cholesterol and high-density lipoprotein (HDL) cholesterol levels in RA 

patients with no significant overall effect on the total-to-HDL-cholesterol ratio 

(atherogenic index).[31] Conversely, chapter 8  describes a study in which 

preclinical markers of atherosclerosis (cIMT) do not deteriorate in patients with AS 

who continue treatment with TNF inhibitors as compared to a deterioration in 

patients with AS who discontinue treatment with TNF inhibitors. We corroborate 

this finding in chapter 9 , in which we compared the CV disease incidence in a 

large cohort of patients with RA, treated with TNF inhibitors, and RA patients from 

the CARRÉ study, who did not use TNF inhibitors. We found a statistically 

significant decreased incident rate (ratio) for patients who were treated with TNF 

inhibitors that remained after additional adjustment for traditional CV risk factors. 

This association seemed to be mediated by a concomitant reduction in DAS-28, a 

disease activity score in RA.  
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Cardiovascular risk management or strong inflammato ry modulation in 

preventing cardiovascular disease 

Cardiovascular risk management 

Although traditional CV risk factors may not explain the excess CV risk in RA, they 

do play an important role and should not be neglected when it comes to CV risk 

prevention. Since there are no CV risk assessment models for RA specifically, the 

national guidelines for CV risk management can best be used to determine CV risk 

and treatment, as advised by the EULAR guidelines for CV risk management in 

RA.[32] To adjust for the excess CV risk in RA, a multiplication factor of 1.5 is 

recommended in the presence of two of the following criteria: disease duration of 

more than 10 years, rheumatoid factor and/or anti-CCP positivity or the presence of 

extra-articular manifestations. There is indirect evidence that this multiplication 

factor improves CV risk estimation in RA [33], but validation is urgently warranted. 

With regard to the three above-mentioned criteria it is important to realize that 

although cumulative disease and therefore disease duration probably enhances 

CV risk, this does not mean CV risk is evident after 10 years disease duration.[34] 

Whether anti-CCP or rheumatoid factor positivity are independent risk factors for 

CV disease or simply associated with CV disease because they are also 

associated with disease severity, remains to be investigated. This means CV risk 

could be underestimated in RA patients who do not qualify to two of the three 

criteria. In the Dutch multidisciplinary guidelines for cardiovascular risk 

management, RA has been recognized as an independent CV risk factor, equal to 

DM, and CV risk estimations are calculated using the SCORE formula, adjusted for 

data from Dutch studies. For both DM and RA patients, 15 years are added to the 

actual age of all patients to express the excess CV risk burden. When it comes to 

CV risk treatment in RA the first step is life style adaptation. The two key messages 

for the rheumatologist to convey to patients are smoking cessation and becoming 

physically active.[35] The second step involves the determination of the CV risk 

profile, including at least assessment of blood pressure and lipid profile. On the 

basis of these and other easily accessible risk factors (e.g. age, sex, family history 

of premature cardiovascular heart disease etc.) and the aid of calculators such as 

Framingham and SCORE, the 10-year CV risk can be calculated. Primary 

prevention involving treatment with statins and/or antihypertensives is only 
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necessary if this 10 years CV risk is above a certain value. For instance, in the 

Netherlands this would be a 10 year risk of CV morbidity or mortality of 20 per cent 

or more, based upon a Dutch version of the SCORE.  

Unfortunately, thus far no interventional trials with statins or antihypertensives for 

CV disease prevention in RA have been published. Based on data from 

epidemiological studies and post-hoc subgroup analyses of large, secondary 

cardiovascular prevention trials, the effects of statins on cholesterol levels in RA 

patients appear to be at least equivalent to the effects of statins in the general 

population.[36-38] In contrast, one recently published population based longitudinal 

study found that the efficacy of statins varied in chronic diseases, including RA, 

and tended to be less effective than in the rest of the population.[39] There are, 

however, numerous other studies that show beneficial effects of statins and 

angiotensin-converting enzyme (ACE) inhibitors on CV risk in RA.[40-45] Actually, 

in RA the effects of cardio-protective agents might be more pronounced as the 

pleiotropic effects of statins, ACE inhibitors and angiotensin blockers include anti-

inflammatory properties.[46-49] 

Randomized controlled intervention trials are necessary to assess the true effect of 

statins, ACE-inhibitors and other life style intervention strategies on CV risk in RA. 

 

Inflammation modulation 

CV risk in RA cannot be explained by traditional CV risk factors alone and is for a 

large part increased because of chronic systemic inflammation. Therefore tight and 

sustained control of RA disease activity is necessary to effectively prevent CV 

disease development in RA. This starts by early recognition and diagnosis of RA 

followed by immediate aggressive treatment to diminish the grade of inflammation 

as quickly as possible to prevent damage not only of the joints but also the arteries. 

Although we do not know when the CV risk exactly starts to arise, it is likely that 

this will start at the same time as signs of inflammation occur and it could even be 

sooner than that. The treatment goal should be remission, since even low grade 

inflammation and especially cumulative (low grade) inflammation can eventually 

cause atherosclerosis and CV events, as summarized in figure 1.[50] Indirectly, 

effective treatment (or effective inflammation modulation) can result in improved 

physical activity, subsequently leading to a decreased risk of obesity, diabetes and 
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hypertension, and in the end CV disease. The thrust of recent research has clearly 

identified disease modifiying anti-rheumatic drugs (DMARDs) as potentially 

attenuating the excess CV burden either directly by dampening inflammation or 

indirectly through modulation of CV risk factors, i.e. specific lipid moieties (e.g. HDL 

levels and composition), blood pressure, and insulin resistance. Whether these 

effects are directly influenced by the intrinsic properties of DMARDs or due to 

improvement in disease activity, remains to be elucidated. Future intervention 

studies examining risk factor pathways, novel surrogate markers of CV disease, 

but ideally and most importantly, CV disease end-points upon inflammatory 

suppression would help to confirm this notion.  

 

Directions for future research 

The studies of this thesis can be condensed into several implications to the 

research setting. There is clear evidence for an increased risk of CV disease in 

inflammatory arthritis and this risk seems to be caused (at least in part) by chronic 

inflammation, which can be positively modulated by the use of anti-inflammatory 

treatment. However, questions remain with respect to correct ascertainment and 

treatment of CV risk in inflammatory arthritis. Future work designed to address 

these questions is outlined below: 

• Tin collaboration with other institutes, steps have been taken to develop a new 

CV risk score for rheumatoid arthritis and other forms of inflammatory arthritis. 

Ideally, this will lead to specific and efficient use of anti-inflammatory and/or 

cardioprotective interventions to lower the established CV risk in inflammatory 

arthritis.  

• Research into soluble biomarkers, genetic polymorphisms and gene-

expression signatures may shed light on the exact pathogenesis of CV disease 

in patients with inflammatory arthritis, as well as predict CV risk.  

• Most importantly, the strong interrelation between the chronic inflammatory 

state and the development of CV disease enables us to translate findings from 

the field of cardiovascular medicine to the field of rheumatology and vice versa. 

For example, individuals with preclinical RA might benefit from low-grade anti-

inflammatory lipid-lowering agents, such as statins, with the specific purpose to 

prevent the development of CV disease.  
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• Findings from the field of rheumatology with regard to anti-inflammatory 

treatment (such as methotrexate) and reduction of CV disease (risk) in 

inflammatory arthritis might be translated into possible anti-inflammatory 

interventions in patients with a high risk of CV disease, but without any chronic 

inflammatory disease.  

• An interesting method to translate findings from the laboratory to the clinic, is to 

examine the inflammatory process in crucial tissue implicated in CV disease 

(coronary arteries and myocardial tissue), thus investigating the driving factors 

behind the increased CV risk and mortality of CV disease in patients with 

inflammatory diseases. Insights gained from such a study could enable us to 

design a clinical trial investigating the effects of specific anti-inflammatory 

drugs on reducing the CV risk or ameliorating the damage of CV disease. 

 

CONCLUSION 

In this thesis, we have demonstrated that CV disease is a disconcerting problem in 

inflammatory arthritis due to a combination of CV risk factors and inflammation. 

Also, we provide a novel non-invasive imaging tool for effective CV risk 

ascertainment, as well as a novel method of CV risk protection through anti-

inflammatory treatment. A more sensitive predictive model and therapeutic 

rationale for patients with inflammatory arthritis is needed.  
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Strekking van proefschrift 

Patiënten met een chronische gewrichtsontsteking, waaronder reumatoïde artritis 

(RA), de ziekte van Bechterew en artritis psoriatica, hebben een verhoogd risico op 

het ontwikkelen van hart- en vaatziekten, zoals een hart- of herseninfarct. De 

aanwezigheid van het chronisch ontstekingsproces lijkt een grote rol te spelen bij 

het optreden van hart- en vaatziekten in deze patiëntengroepen. Daarnaast spelen 

traditionele risicofactoren voor hart- en vaatziekten (zoals een hoge bloeddruk en 

een ongunstig cholesterol) een belangrijke rol. Ontsteking lijkt ook een nadelig 

effect te hebben op deze traditionele risicofactoren. Het is daarom van belang te 

onderzoeken wat het effect is van antireumatica op hart- en vaatziekten. Tot op 

heden is het onduidelijk hoe het risico op hart- en vaatziekten het beste is in te 

schatten bij patiënten met een chronische gewrichtsontsteking. 

Dit proefschrift beschrijft drie belangrijke aspecten van de relatie tussen chronische 

gewrichtsontsteking en hart- en vaatziekten:  

• De aspecten van het ontstaan van hart- en vaatziekten bij chronische 

gewrichtsontstekingen; 

• De  beeldvormende technieken die de mogelijkheid bieden om het risico 

op hart- en vaatziekten op te sporen; 

• De effecten van antireumatica op het optreden of voorkomen van hart- en 

vaatziekten.   

 

Bevindingen vanuit klinisch wetenschappelijk onderz oek 

De beschikbare literatuur over hart- en vaatziekten bij patiënten met een 

chronische gewrichtsontsteking lijkt duidelijk in de richting te wijzen van een 

verhoogd risico op het krijgen van hart- en vaatziekten. Echter, deze gegevens 

komen uit ziekenhuizen en andere gespecialiseerde centra waar patiënten met een 

chronische gewrichtsontsteking worden behandeld. Mogelijk dat deze groep 

patiënten een ernstigere chronische gewrichtsontsteking hebben, dan patiënten 

met een chronische gewrichtsontsteking die worden behandeld door de huisarts, 

waardoor het risico op hart- en vaatziekten overschat wordt.  

In hoofdstuk 1  wordt onderzocht of dit verhoogde risico op hart- en vaatziekten 

ook geldt voor patiënten met een chronische gewrichtsontsteking die bij de huisarts 

onder controle zijn. Om deze vraag te beantwoorden is gebruik gemaakt van een 

Nederlandse Samenvatting (Dutch Summary) 



 

 

 191

groot gegevensbestand van patiënten die bij hun huisarts geregistreerd staan. 

Eerder is aangetoond dat deze populatie representatief is voor de algemene 

Nederlandse bevolking. De resultaten van dit onderzoek laten zien dat patiënten 

met een chronische gewrichtsontsteking in de huisartsenpraktijk ook vaker hart- en 

vaatziekten hebben dan patiënten zonder een chronische gewrichtsontsteking. De 

aanwezigheid van hart- en vaatziekten in patiënten met een chronische 

gewrichtsontsteking is vergelijkbaar als bij patiënten met suikerziekte (diabetes 

mellitus), een ziekte met een bekend risico op hart- en vaatziekten. Het verhoogde 

risico op hart- en vaatziekten bij patiënten met een chronische gewrichtsontsteking 

wordt echter minder verklaard door de aanwezigheid van traditionele risicofactoren 

voor hart- en vaatziekten (zoals hoge bloeddruk of een te hoog cholesterol), dan bij 

suikerziekte. Dit suggereert dat andere risicofactoren verantwoordelijk zijn voor het 

optreden van hart- en vaatziekten bij patiënten met een chronische 

gewrichtsontsteking. 

Een van deze risicofactoren wordt beschreven in hoofdstuk 2  waarin een groep 

patiënten met reumatoïde artritis (RA) gedurende 3 jaren gevolgd is om het 

optreden van hart- en vaatziekten te bepalen. In deze studie kwam naar voren dat 

patiënten met RA met een verminderde nierfunctie vaker hart- en vaatziekten 

ontwikkelen. Gezien nierfunctie niet een van de traditionele risicofactoren is voor 

hart- en vaatziekten, mogen we aannemen dat dit mogelijk een alternatief 

mechanisme biedt voor het optreden van hart- en vaatziekten bij chronische 

gewrichtsontstekingen. Het wordt dus steeds duidelijker dat patiënten met een 

chronische gewrichtsontsteking een hoger risico hebben op hart- en vaatziekten. 

Eerdere studies laten zien dat dit mogelijk al aanwezig is vóórdat de diagnose RA 

wordt vastgesteld.  

In hoofdstuk 3  bestuderen we in hoeverre dit risico al aanwezig is vóór de 

diagnose RA. In een groep individuen met een bekend risico op RA (maar zonder 

ziekteverschijnselen) vonden wij een ongunstiger vetspectrum. Aangezien een 

ongunstig vet spectrum onder andere wordt veroorzaakt door chronische 

ontsteking, zou dit mogelijk een verklaring kunnen zijn voor het vervroegde 

optreden van hart- en vaatziekten bij RA. Dit ongunstige vet spectrum speelt 

mogelijk een belangrijke rol in het ontwikkelen van RA. 
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Beeldvormend wetenschappelijk onderzoek 

Uit het voorgaande blijkt dat patiënten met een chronische gewrichtsontsteking 

vaker hart- en vaatziekten ontwikkelen. Daarom is het van belang om in een vroeg 

stadium, voordat daardwerkelijk een hartaanval of beroerte optreedt, patiënten te 

kunnen identificeren die een verhoogd risico hebben op hart- en vaatziekten. 

Hiervoor zijn enkele beeldvormende technieken ontwikkeld die de mate van 

aderverkalking in de bloedvaten kan opsporen. Deze vaatwandeigenschappen 

veranderen in de tijd en kunnen verbeteren bij het gebruik van medicatie.  

Hoofdstuk 4  beschrijft de resultaten van een meta-analyse (wetenschappelijke 

studie waarbij resultaten uit eerdere onderzoeken gezamenlijk geanalyseerd 

worden met als doel uitspraken te doen en inzichten te verkrijgen die op basis van 

elk van de afzonderlijke onderzoeken niet mogelijk waren). Deze meta-analyse 

toonde aan dat de intima-media dikte (IMD), oftewel de dikte van de 

binnenbekleding van de vaatwand gemeten met behulp van echografie, dikker was 

bij patiënten met reumatoïde artritis (RA) dan bij mensen zonder RA van dezelfde 

leeftijd en hetzelfde geslacht. Echter, bij RA patiënten is de IMD minder 

geassocieerd met het risico op HVZ dan bij andere patiëntengroepen. Dit 

suggereert dat er nog een ander proces aanwezig moet zijn wat het verhoogde 

risico op HVZ verklaart.  

Hoofdstuk 5  verkent een van die processen, genaamd vaatwandhermodellering. 

Vaatwandhermodellering is een proces waarbij de vaatwand door 

hemodynamische factoren (gerelateerd aan de bewegingen van het bloed) en 

stofwisselingsfactoren veranderingen doormaakt in vorm. Het bloedvat verwijdt 

zich waardoor druk en stress op de vaatwand toenemen. Dit veroorzaakt weer 

vaker beschadigingen van de vaatwand en eventueel scheuren van kwetsbare 

plaques (laatste stadium van vaatwandverkalking, verantwoordelijk voor trombose). 

Wij beschrijven in hoofdstuk 5 dat dit proces van vaatwandhermodellering vaker 

aanwezig is bij patiënten met reumatoïde artritis (RA) ten opzichte van individuen 

zonder RA.  

Naast echografische beeldvormende technieken is er nog een andere 

beeldvormende techniek die wij hebben bestudeerd, namelijk de 18-FDG-PET/CT 

scan. Dit is een techniek waarmee met behulp van radioactief gemerkt suiker, 

ontstekingsprocessen in het lichaam opgespoord kunnen worden. Hoofdstuk 6  
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beschrijft de methodologische kwaliteiten, voordelen en nadelen van deze techniek 

in de interpretatie van vaatwandontsteking in een kleine groep patiënten met 

reumatoïde artritis (RA). 

 

Bevindingen vanuit wetenschappelijk onderzoek met m edicijnen 

Het onderzoek wat is beschreven in de voorgaande hoofdstukken heeft met name 

betrekking op de wisselwerking tussen hart- en vaatziekten en ontsteking bij 

patiënten met een chronische gewrichtsontsteking. De logische stap hierna is 

onderzoek naar de effecten van sterk ontstekingsremmende medicatie op het risico 

op hart- en vaatziekten bij patiënten met een chronische gewrichtsontsteking. Als 

ontsteking inderdaad een belangrijke rol speelt bij het optreden van hart- en 

vaatziekten in deze groep kwetsbare patiënten, dan zou het gebruik van 

antireumatica moeten leiden tot een afname van het risico op hart- en vaatziekten. 

Hoofdstuk 7  bestaat uit een zogeheten meta-analyse (overkoepelend onderzoek 

gebruik makende van resultaten van meerdere studies die hetzelfde onderwerp 

hebben onderzocht)  waarbij is gekeken naar de effecten van de nieuwste 

antireumatica, de TNF-blokkerende medicijnen, op het vet spectrum bij patiënten 

met reumatoïde artritis (RA). Uit deze studie blijkt dat het effect van deze 

medicijnen op het vet spectrum klein en mogelijk kortdurend is.  

Hoofdstuk 8  beschrijft de effecten van TNF-blokkerende medicijnen op IMD en 

elasticiteit van de vaatwand (voorstadia van aderverkalking) in een groep patiënten 

met de ziekte van Bechterew die vijf jaar is gevolgd. Hierbij komt naar voren dat er 

geen verslechtering optreedt in IMD van de vaatwand bij patiënten die gedurende 

een periode van vijf jaar aaneengesloten TNF-blokkerende medicijnen gebruiken. 

Daarentegen verslechtert de IMD bij patiënten die moesten stoppen met TNF-

blokkerende medicijnen. Dit zijn hoopvolle resultaten, maar of TNF-blokkerende 

medicijnen daadwerkelijk hart- en vaatziekten bij chronische gewrichtsontstekingen 

voorkomen, zal nog moeten blijken.  

Daarom hebben we in hoofdstuk 9  gekeken naar het optreden van hart- en 

vaatziekten bij patiënten met RA die wel zijn behandeld met TNF-blokkerende 

medicijnen versus patiënten met RA die zijn behandeld met andere antireumatica 

gedurende een periode van 3 jaar. Hierbij zagen we dat het gebruik van TNF-

blokkerende medicatie minder vaak gepaard gaat met het optreden van hart- en 
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vaatziekten. Voorts kwam naar voren dat dit effect voornamelijk wordt verklaard 

door een vermindering in ziekteactiviteit en ontsteking.  

 

Praktische toepassingen (Cardiovasculair Risico Man agement) 

Traditionele risicofactoren voor hart- en vaatziekten (hoge bloeddruk, ongunstig vet 

spectrum, suikerziekte) verklaren het risico op hart- en vaatziekten niet volledig bij 

patiënten met een chronische gewrichtsontsteking. In de loop der jaren zijn er 

risicoformules opgesteld om het risico op hart- en vaatziekten te kunnen 

berekenen. Aangezien dit risico bij patiënten met een chronische 

gewrichtsontsteking hoger is dan in de algemene bevolking, zijn er aanpassingen 

voorgesteld van deze risicoformules. De Europese richtlijn van de EULAR stelt 

voor dat bij patiënten met een chronische gewrichtsontsteking (met name 

reumatoïde artritis), die zich kenmerken door bepaalde ongunstige 

reumakarakteristieken (reumafactoren, lange ziekteduur), het berekende risico 

vermenigvuldigd moet worden met een factor 1.5. De Nederlandse richtlijn stelt dat 

bij elke patiënt met reumatoïde artritis 15 jaar opgeteld dient te worden bovenop de 

actuele leeftijd. Deze twee richtlijnen bieden handvat om het risico op HVZ bij 

patiënten met reumatoïde artritis beter in te schatten, alswel beoogen ze een 

bewustwording van het risico te creeëren. Het is echter nog steeds niet mogelijk 

om het risico op HVZ volledig betrouwbare in te schatten. Hierdoor wordt wellicht 

nog steeds te laat of te vroeg een behandeling ingezet om hart- en vaatziekten te 

voorkomen. 

 

Toekomstperspectieven 

De in dit proefschrift beschreven bevindingen geven meer duidelijkheid over de 

wisselwerking tussen ontsteking en het optreden van hart- en vaatziekten bij 

patiënten met een chronische gewrichtsontsteking en over wat de effecten zijn van 

het onderdrukken van het onstekingsproces. Deze nieuwe bevindingen werpen 

ook weer vragen op het gebied van voorspelling en behandeling van patiënten met 

een chronische gewrichtsontsteking: 

• Gezien het verhoogde risico op hart- en vaatziekten bij patiënten met een 

chronische gewrichtsontsteking en het verschillende risicoprofiel van deze 

patiënten, zijn de huidige risico voorspelmodellen niet exact genoeg. Voor 
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deze patiënten dient een nieuw model te worden ontwikkeld om een 

verhoogd risico eerder op te sporen en te kunnen behandelen. Eventueel 

kan hiervoor gebruik worden gemaakt van biomarkers, stoffen of 

genetische signalen, die in het bloed kunnen worden bepaald. Deze 

biomarkers kunnen het voorspellen beter maken evenals dat ze inzicht 

geven in het exacte proces achter hart- en vaatziekten. 

• Daarnaast is het mogelijk om de bevindingen vanuit algemeen onderzoek 

naar hart- en vaatziekten toe te passen binnen de reumatologie. Wij 

hebben aangetoond dat er voor het ontstaan van RA afwijkingen te vinden 

zijn in het vetspectrum, welke te maken kunnen hebben met 

ontstekingsprocessen. Statines zijn cholesterolverlagende medicijnen die 

tevens een ontstekingsremmend effect hebben, waardoor behandeling 

met dit medicijn bij individuen in het voorstadium van RA mogelijk de 

ontwikkeling van RA kan remmen of zelfs stoppen. 

• Een interessante methode om het exacte proces te onderzoeken, 

waardoor patiënten met een chronische gewrichtsontsteking hart- en 

vaatziekten ontwikkelen, is door het weefsel (kransslagaderen en 

hartspierweefsel) van patiënten met een chronische gewrichtsontsteking 

te onderzoeken. Hierbij kan worden onderzocht welk proces een cruciale 

rol heeft gespeeld bij het optreden van een hartaanval. Inzichten 

verkregen vanuit dit basaal wetenschappelijk onderzoek kunnen verder 

worden uitgewerkt in de ontwikkeling van nieuwe medicijnen tegen hart- 

en vaatziekten. 

• Omgekeerd kan het wetenschappelijke onderzoek naar hart- en 

vaatziekten gebaat zijn bij bevindingen vanuit het huidige onderzoek. 

Ontsteking speelt een belangrijke rol bij het ontstaan van aderverkalking 

los van de aanwezigheid van een chronische gewrichtsontsteking. 

Hierdoor zou de behandeling met ontstekingsremmende medicatie 

mogelijkerwijs ook voordelig kunnen zijn voor patiënten met (een risico 

op) hart- en vaatziekten, maar zonder chronische gewrichtsontsteking. 
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Conclusies 

Uit dit proefschrift blijkt dat de relatie tussen hart- en vaatziekten en chronische 

gewrichtsontstekingen niet alleen is toe te schrijven aan traditionele risicofactoren, 

maar dat er meerdere factoren een rol spelen, zelfs al voor het ontstaan van RA. 

Verschillende beeldvormende technieken zijn beschikbaar om hart- en vaatziekten 

in een vroeg stadium op te sporen. Ontstekingsremmende medicatie, of juist 

adequate onderdrukking van de ziekteactiviteit, lijkt het risico op hart- en 

vaatziekten te kunnen verminderen.  Onduidelijkheden blijven bestaan, met name 

bij het inschatten van het exacte risico op hart- en vaatziekten en het aanbieden 

van het juiste medicijn, op het juiste moment, aan de juiste persoon. 

Bewustwording van dit probleem is dan ook een eerste stap in het proces om de 

levenskwaliteit van patiënten met een chronische gewrichtsontsteking te 

behouden. 
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