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 General introduction 

Rheumatoid arthritis 
 

 
heumatoid arthritis (RA) is an autoimmune disease, characterised 
by chronic inflammation of the joints, resulting in pain, stiffness and 
the loss of function [1]. Women are more affected than men in a 
ratio 2:1. RA is the most common form of chronic inflammatory 

polyarthritis, affecting approximately 0.5 to 1% of the Northern European and 
North American population. Studies in Southern Europe report a lower 
prevalence of 0.3 to 0.7% [2]. In the Netherlands, the reported prevalence of RA 
varies between 1.0 and 1.3% [3]. The incidence of RA in the Netherlands is 0.2 
to 0.4 per 1000, which is in line with other Northern European and North 
American countries [3, 4]. 
The aetiology of RA is unknown, but both genetic and environmental factors are 
thought to be important in the pathogenesis of RA (reviewed in [5]). The major 
histocompatibility complex (MHC) genes, which encode the human leukocyte 
antigens (HLA), are by far the most studied gene family in RA. HLA-DR4 and 
more in particular the shared epitope (SE) are associated with the development 
of RA [6, 7]. The strongest associations with RA are found for genes in the HLA 
region, but recently also other genes were found to be associated with the 
development of RA (reviewed in [8]), such as the protein tyrosine phosphatase 
non-receptor 22 (PTPN22) gene [9], the 6q23 region [10], the transducer and 
activator transcription 4 (STAT4) gene [11] and the genes TNF receptor 
associated factor 1 (TRAF1) and C5 [12]. 
However, twin studies showed that only approximately 60% of the development 
of RA can be explained by genetic factors [13]. Besides genetic factors, there 
are several environmental factors that might play a role in the pathogenesis of 
RA, such as smoking [14], infections [15] and hormonal factors (reviewed in 
[16]). 
 
 
Early arthritis 
 
In RA, joint damage is irreversible and associated with a loss of functional 
capacity in a later stage of the disease [17, 18]. Early recognition and treatment 
is important, because with the current treatment it is possible to prevent 
radiographic progression [19, 20]. In most studies the diagnosis of RA is not 
made on clinical parameters, but patients have to fulfil the 1987 classification 
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criteria for RA of the American College of Rheumatology (ACR) [21]. 
Unfortunately, these classification criteria have a low sensitivity in early arthritis 
[22]. Therefore studies of early arthritis cohorts focus mostly on the prediction of 
radiographic progression, rather than on the presence or absence of RA 
according to the classification criteria of RA. 
Many studies have focused on the prediction of radiographic progression in early 
arthritis patients. Presence of autoantibodies is the strongest determinant of 
radiographic progression in early arthritis. Especially antibodies against 
citrullinated proteins or peptides (anti-CCP) [23-25] and rheumatoid factor (RF) 
[26, 27] are predictors of radiographic progression early in the disease. Besides 
autoantibodies, genetic parameters [28] and parameters of disease activity, such 
as erythrocyte sedimentation rate (ESR) [28, 29], C-reactive protein (CRP) [30], 
the disease activity score [31] and quality of life [31] at the onset of disease are 
known to predict radiographic progression. Finally, there is a potential role of 
biomarkers of bone metabolism to predict radiographic damage at disease 
onset. Biomarkers such as C-terminal crosslink of type I collagen (β-CTX), 
Receptor Activator of Nuclear Factor Kappa B (NFκB) ligand (RANKL) and 
osteoprotegerin (OPG) are associated with future radiographic damage and 
could predict progression at the onset of disease [32-34]. 
In 36-54% of the cases, patients have radiographic damage shortly after the 
onset of symptoms [28, 35, 36]. Therefore, despite the improved early 
recognition of RA patients, half of the patients already have radiographic 
damage at the first visit to the rheumatologist. Since this damage is irreversible 
but potentially avoidable by modern treatment [19, 20], it is important to detect 
RA earlier, preferably before joint damage occurs. 
 
 
Preclinical rheumatoid arthritis 
 
A major further step in the early recognition of RA would be to detect healthy 
persons at risk. To this end the preclinical phase of RA needs to be studied 
thoroughly. Little is known in this area as of yet. There are a number of possible 
methods to study preclinical RA. First, preclinical RA can be studied in a 
population with a high incidence of RA, such as Pima Indians [37] or unaffected 
first degree relatives from multicase RA families [38]. Second, specific cohorts 
can be used in which specimens were collected and blood samples of healthy 
people who developed RA later can be studied [39, 40].  
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Previous studies in preclinical RA patients mainly focused on autoimmunity and 
inflammation. RF and/or antikeratin antibodies were found in both high-risk [37, 
38, 41] and healthy [39, 40, 42] populations before the start of the symptoms of 
RA. Autoantibody formation before the start of the symptoms was also described 
in several other autoimmune diseases, such as systemic lupus erythematosus 
[43] and insulin-dependent diabetes mellitus [44]. Results of preclinical 
inflammation studies in RA showed contradictory results [45, 46]. Aho et al did 
not find preclinical inflammation, measured by C-reactive protein (CRP) [45], 
which is in contrast with Masi et al who found a higher frequency of increased 
CRP levels in preclinical RA patients in comparison with healthy controls [46]. 
The limitation of these studies in preclinical RA patients was the fact that they 
were based on single serum samples. Therefore it was not possible to study the 
course of preclinical markers and to determine the moment of the appearance of 
these markers, which is necessary to make a reliable prediction of RA in healthy 
individuals or individuals at risk.  
The studies described in this thesis are based on serial samples of blood donors 
who developed RA later. The studies were carried out with 79 RA patients and 
for each RA sample, 2 control samples were selected, matched for sex, age and 
time of blood donation to ensure identical storage conditions. Since the majority 
of the donors donate 2–4 times per year over periods of several years, a median 
of 13 serum samples per patient was available. These blood samples were 
collected, auto-antibodies were determined as well as genetic and clinical 
markers of the disease in order to predict factors of onset of RA and of 
radiographic damage in the future.  
 
 
Thesis outline 
 
The purpose of this thesis is to study the preclinical phase of RA patients with 
serological markers by using serial blood samples of blood donors who 
developed RA later and of matched controls. These markers were used to 
predict the development of RA in the preclinical phase of the disease. Outcome 
data of the later patients were also used. In addition, the value of autoantibodies 
to predict RA and future radiographic damage in early arthritis was studied with 
data from the Early Arthritis Clinic (EAC) at the Jan van Breemen Institute. This 
EAC includes patients with early oligo- and polyarthritis (symptom duration less 
than 2 years). 
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Seven studies were done in preclinical RA patients. The presence of 
autoantibodies prior to disease and the predictive value of the antibodies for RA 
in healthy individuals at risk is presented in chapter 2.  
Preclinical inflammation is investigated in two different studies. In the first study, 
CRP is measured and compared with healthy individuals, which is described in 
chapter 3. Another inflammatory marker, sPLA2, is used in combination with 
CRP and autoantibodies to study the development of the acute phase response 
and autoantibodies in preclinical RA in chapter 4. 
In chapter 5 measurements of total cholesterol, HDL cholesterol, triglycerides, 
apolipoprotein A-1, apolipoprotein B and lipoprotein (a) are used to study the 
lipid profile of preclinical RA patients. 
In the Iowa Women’s Health Study it was found that higher dietary intake of 
vitamin D (estimated by questionnaire) was associated with a lower risk of RA. 
We tested this possible association by directly measuring serum levels of 25-
hydroxyvitamin D in preclinical RA (chapter 6). 
To study early bone changes, markers of bone metabolism and regulators of 
osteoclast activity in preclinical RA patients were measured and associated with 
radiographic progression after the onset of RA in chapter 7. 
The origin of RA is a combination of genetic and environmental factors. 
Therefore, genetic factors could be useful for the detection of RA in healthy 
individuals with an increased risk of RA. The association between autoantibodies 
(IgM-RF and anti-CCP) before the start of the symptoms of RA and genetic 
markers (HLA-DR4 and SE) is studied and the additional value of these genetic 
markers to predict RA in healthy persons is discussed in chapter 8. 
After the emergence of clinically apparent arthritis, progression of disease can 
be studied in early arthritis patients. The diagnostic and prognostic value of anti-
citrullinated fibrinogen in early arthritis are compared with IgM-RF and the 
second generation anti-CCP test in chapter 9. 
A summary of the results, a general discussion and recommendations for future 
research are presented in chapter 10. 
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