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INTRODUCTION

Axial Spondyloarthritis (axSpA) is a chronic rheumatic disease, with predilection for the axial 
skeleton. Back pain - usually of inflammatory character and reflecting inflammation of the 
sacro-iliac joints and/or spine - and spinal stiffness, as well as peripheral arthritis, enthesitis 
and uveitis are among the most common clinical manifestations of patients with axSpA. AxSpA 
is a broad disease concept that includes 1) non-radiographic axSpA, i.e. patients with signs 
and symptoms characteristic of the disease as the above-mentioned but without radiographic 
sacroiliitis; and 2) radiographic axSpA, in which patients also have radiographic sacroiliitis 
and it corresponds to what is commonly known as Ankylosing Spondylitis (AS). Although we 
still lack long-term follow-up studies, we know that a substantial proportion of the patients with 
non-radiographic axSpA progress to AS 1,2. It is important to identify patients timely in order 
to treat them early and in an attempt to influence the course of the disease.  The Assessment 
of SpondyloArthritis international Society (ASAS), an international group of experts in the field 
of SpA, developed new classification criteria for the disease, covering the full spectrum of 
axSpA 3. The reason to develop these criteria was to be able to conduct clinical trials in 
patients reflecting the entire spectrum, including those with non-radiographic axSpA, as well 
as to facilitate the identification of patients with axSpA in an early stage. These new criteria 
signal a paradigm shift from AS to axSpA.

Disease activity, spinal mobility and radiographic damage are central themes of outcome 
in axSpA and are included in the core set of outcome domains for patients with axSpA/AS, 
as defined by ASAS 4. This core set of domains reflects in part the tremendous progress 
that we have witnessed in the field of AS during the last years: Standardization of outcome 
assessment is pivotal in obtaining a better understanding of outcome in a chronic disease.

Scores for the assessment of radiographic damage have been developed and evaluated 5-9, 
which enables us now to reliably measure new bone formation, which is characteristic for AS. 
At the start of the studies performed for this thesis, it was already known that the presence of 
syndesmophytes is the best predictor of future radiographic progression 10-13. Relationships 
between several outcomes were investigated in the past, showing that inflammatory markers, 
such as C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR), contribute to some 
extent to radiographic progression 12-15. Remarkably, though, disease activity, as measured 
with the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), a fully patient-reported 
index, did not seem to be related to radiographic progression 12,13. The debate about the 
relationship between disease activity and radiographic progression in AS 16 was also fuelled 
by the repeated observation that tumor-necrosis factor-alpha-inhibiting (TNFi) biologicals, 
that are very effective in suppressing signs and symptoms of AS, as well as acute phase 
reactants, did not inhibit radiographic progression in AS 17-19.
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Previous studies have suggested male gender and smoking to be associated with radiographic 
progression 12,13. Radiographic damage, in turn, was shown to be associated with impaired 
spinal mobility 20,21. 

However, an unequivocal picture of determinants of radiographic progression was failing for 
several (often methodological) reasons: 1) disease activity measurement was not optimal; 2) 
studies were too short; and 3) data-analysis was suboptimal. 

1. Disease activity measurement
Recently, assessment of disease activity in axSpA has been improved with the introduction of 
the AS Disease Activity Score (ASDAS), which now combines patient-reported outcomes and 
acute phase reactants (either CRP or ESR levels). ASDAS has shown superior psychometric 
properties compared to the BASDAI 22. 

2. Long term data: the Outcome in Ankylosing Spondylitis International Study
The Outcome in Ankylosing Spondylitis International Study, the OASIS cohort, is nowadays 
the cohort of patients with AS with probably the longest follow-up available according to a 
predefined protocol. It is a cohort of prevalent cases with AS, starting in 1996 with 217 patients 
from the Netherlands, Belgium and France 23. Patients have been meticulously followed-up 
for 12 years. In the first 6 years of follow-up, assessments were completed at least annually, 
thereafter every 2 years. Assessments included questionnaires, clinical investigations, 
physical examinations, laboratory assessments, and radiographic assessments of the pelvis, 
and the cervical and lumbar spine (every 2 years). Because the vast majority of OASIS 
patients has never been exposed to TNFi, and because of its long standardized follow-up, 
this cohort provides a unique opportunity to study the ‘natural history’ of AS and outcomes on 
the long-term. 

3. Longitudinal data analysis
OASIS offers us the possibility to conduct longitudinal analyses, which have until now scarcely 
been applied in AS studies. Longitudinal analyses are characterized by using all data collected 
over time, which also makes them more powerful, due to the more efficient data usage. Most 
importantly, they adjust for so-called within-subject correlation (between observations), which 
is essential when analysing data from longitudinal studies and using data from multiple 
observations in the same patient. Longitudinal analysis allows us to get better insight into 
the development of an effect over time and also to gain insight into longitudinal relationships 
between variables. Furthermore, they may to some extent allow a temporal relationship, 
thus bringing in an element of causality 24. For all these reasons, longitudinal analyses are 
extremely helpful to investigate the complex relationships between disease activity, spinal 
mobility, radiographic progression and other determinants.



12 Chapter 1

In summary, at the start of the analytical studies performed in the context of this thesis, there 
was a need to investigate long-term outcome in AS and to investigate longitudinal associations 
between variables, and there was an appropriate setting (the 12 year OASIS cohort) available 
allowing us to conduct the appropriate analyses. However, there were still some issues with a 
few assessments, which had to be solved first.

In general terms, the aims of this thesis were:

1. To improve several facets of outcome assessment in AS, in particular disease 
activity, spinal mobility and radiographic damage, so that these outcomes could be 
used in the analysis of outcome of AS in the long-term;

2. To analyse the course of radiographic damage over time and get more insight into 
syndesmophyte formation;

3. To investigate longitudinal relationships between disease activity, spinal mobility and 
radiographic damage and other potential determinants of these outcomes.

Disease activity and function assessment
Frequently disease activity in AS is assessed using the BASDAI, a fully patient-reported 
instrument. In analogy, physical function is often reported using the Bath AS Functional Index 
(BASFI). So far, clear instructions about how to deal with missing items in these questionnaires 
were not available, which could hamper the appropriate performance of the analyses we were 
planning with regard to this thesis. In chapter 2, we have presented methods to deal with 
missing data in BASDAI and BASFI. 

Mobility
The natural course of AS is associated with a progressive impairment in spinal mobility, a 
hallmark of the disease 25. ASAS recommends the assessment of spinal mobility according 
to standardized measures 26. However, the extent to which spinal mobility measures are 
impaired in patients with AS compared to healthy individuals (‘the norms’) were not known. In 
chapter 3, we describe a study in normal individuals, the MOBILITY-study, aiming at deriving 
reference intervals of spinal mobility measures. The idea was to derive percentile curves in 
analogy to the growth curves for monitoring children’s growth 27. In chapter 4 we provide an 
imputation method for cases in which lateral spinal flexion was inappropriately measured (a 
frequently seen omission in studies). 

In chapter 5, finally, a formal comparison of spinal mobility measures between patients with 
AS and reference values from normal individuals was performed. The aim was to investigate 
whether a hierarchy for the impairment of the spinal mobility measures could be established 
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and to further investigate whether assessing fewer measures could reliably capture ‘full 
information’ regarding spinal mobility, which may facilitate assessment of spinal mobility in 
daily clinical practice.

Radiographic damage and progression
In a formal comparison of radiographic damage scoring methods, the modified Stoke AS 
Spine Score (mSASSS), has shown best reliability and sensitivity to change 8. Afterwards, a 
slightly modified version of the mSASSS, the Radiographic AS Spinal Score (RASSS) has been 
proposed, that includes the lower thoracic vertebrae 9. In order to obtain the best method for 
our long-term analysis in the OASIS, a comparison between the mSASSS and RASSS was 
conducted. This comparative analysis is described in chapter 6. 

Long-term analysis of radiographic progression has never been performed. In chapter 7 we 
have introduced longitudinal data modelling in AS. The course of radiographic damage over 
time was investigated using generalised estimating equations, taking into account factors that 
may significantly modify the course of progression.

An extension of this basic model was described in chapter 8. The mSASSS quantifies 
radiographic damage with a score of 1 per vertebral corner for the presence of erosion, sclerosis 
and/or squaring and a score of 2 for the presence of syndesmophytes, thus suggesting that 
syndesmophytes are a natural consequence of erosions, sclerosis and squaring, which was 
based on pathophysiological considerations. However, it was unknown whether erosion, 
sclerosis and/or squaring truly precede the development of syndesmophytes. Chapter 8 
describes a formal longitudinal analysis to address this research question.  

Relationship between inflammation and radiographic progression
As mentioned before, the relationship between disease activity and radiographic progression 
was still poorly defined in AS. An important methodological limitation was that –in the absence 
of appropriate long-term cohorts- this relationship was only described in cross-sectional 
settings. The OASIS cohort provides a better setting to investigate to what extent disease 
activity causes radiographic progression. Results of a detailed longitudinal analysis in the 
OASIS cohort are presented in chapter 9. Using the longitudinal model described in chapter 
9 as a basic template, chapter 10 finally describes an extension of this basic longitudinal 
model, with emphasis on factors that may contribute to explaining radiographic progression 
in patients with AS, such as mechanical stress and smoking status.

Chapter 11 consists of a summary and general discussion on the findings of this thesis. A 
summary of this thesis in Dutch is provided in Chapter 12. 
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