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6. English summary 

Axial spondyloarthritis (axSpA) and ankylosing spondylitis (AS) belong to a group of inflammatory 

rheumatological conditions defined by inflammation in the sacroiliac joints (SIJ), spine and, in 

some cases, the peripheral joints and enthesis. The diagnosis of early-stage axSpA can be 

challenging, as there are no specific biomarkers or clinical tests that can differentiate between 

inflammatory disease and unspecified low back pain. To address the significant delays in 

diagnosing axSpA patients, the Assessment of SpondyloArthritis international Society (ASAS) 

introduced classification criteria for axSpA, including magnetic resonance imaging (MRI) of the 

SIJ, in 2009. 

 

The overall purpose of this PhD project is to investigate possible predictors of axSpA for early 

diagnosis. The first study evaluates the trends in axSpA and AS diagnoses before and after the 

ASAS criteria were implemented. We found a significant increase in the national and regional 

incidences of axSpA and AS, especially after 2009.  

Study II evaluates the incidence of inflammatory findings suggestive of inflammatory back 

disease on SIJ MRI in a mixed cohort of patients. The incidence of inflammatory changes in the 

SIJ correlated well with the findings of previous studies. Furthermore, patient-reported outcome 

measures (PROMs) were evaluated as predictors of inflammatory changes on SIJ MRI. However, 

PROMs were not effective in predicting inflammatory changes in this cohort. 

Studies III, IV and V are based on a cohort of patients with suspected early-stage axSpA after the 

implementation of the ASAS criteria in 2009 (the Molecular Biology of Infectious Agents in the 

Early Diagnosis of Spondyloarthritis [MICSA] cohort). Study III evaluates a possible association 

between the biomarker complement C3d and inflammatory MRI changes in the MICSA cohort. 

Studies IV and V are register-based studies that use different Danish patient registries. We found 
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no association between the biomarker C3d and MRI findings. In Study IV exploring long-term 

diagnoses at one- and five-year follow-ups in the MICSA cohort, a temporary overestimation of 

axSpA diagnoses was found at baseline and in subsequent years. Study V evaluates the extent to 

which a possible overdiagnosis of axSpA early in the process could influence a patient's 

socioeconomic prognosis at long-term follow-up. Patients with sustained inflammatory diagnosis 

at five-year follow-up had a higher employment rate than patients with no registered 

inflammatory diagnosis 

 

In conclusion, our evaluations of specific biomarkers, PROMs and MRI data revealed no 

significant predictors of early-stage axSpA. We also found that the implementation of the ASAS 

classification criteria contributed to a temporary increase in and overestimation of axSpA patients 

in the Danish population. 
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7. Danish summary (dansk resume) 

Axial spondyloartritis (axSpA) og ankyloserende spondylitis (AS) tilhører en gruppe af 

inflammatoriske reumatologiske sygdomme karakteriseret ved inflammation i bækkenleddene, 

rygsøjle og, i nogle tilfælde, perifere led og senetilhæftninger. 

Diagnosticering af axSpA i tidlig fase kan være udfordrende, idet der ikke findes specifikke 

biomarkører eller kliniske test, som kan differentiere mellem inflammatorisk sygdom og 

uspecifikke lændesmerter.  

For at hindre betydelig forsinkelse i diagnosticeringen af axSpA patienter introducerede Assessment 

of SpondyloArthritis international Society (ASAS) 2009 kriterier for axSpA inkluderende fund ved 

MR scanning af bækkenleddene.  

Det overordnede formål med dette Ph.d. projekt er, at undersøge mulige prædiktorer for tidlig 

diagnosticering af axSpA. 

Det første studie evaluerer udviklingen af axSpA og AS diagnoser før og efter implementeringen af 

ASAS kriterierne i 2009. Vi fandt en signifikant stigning nationalt og regionalt i incidensen af 

axSpA og AS, specielt efter 2009. 

Studie 2 undersøger incidencen af inflammatoriske forandringer på MR scanning af bækkenleddene 

forenelige med inflammatorisk sygdom i en blandet kohorte. Incidensen af inflammatoriske 

forandringer var på niveau med fund i tidligere studier. Yderligere blev patientrapporterede 

informationer (PROMs) undersøgt som prædiktorer for inflammatoriske forandringer ved MR af 

bækkenleddene. Vi fandt ingen signifikant sammenhæng mellem PROMs og inflammatoriske 

forandringer i denne kohorte. 

Studie 3,4 og 5 er baseret på en kohorte af patienter under observation for axSpA i tidlig fase 

inkluderet efter implementeringen af ASAS kriterierne i 2009 (the Molecular Biology of Infectious 

Agents in the Early Diagnosis of Spondyloarthritis [MICSA] kohorte). 
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Studie 3 undersøger mulig sammenhæng mellem biomarkøren complement C3d og inflammatoriske 

forandringer ved MR i MICSA kohorten. Studie 4 og 5 er registerstudier baseret på data fra 

forskellige danske databaser. Vi fandt ingen association mellem C3d og MR fund. 

I Studie 4 evalueredes langtidsdiagnoserne ved ét og fem års opfølgning i MICSA kohorten. Der 

blev observeret en midlertidig overestimering af axSpA diagnoser ved baseline og efterfølgende år. 

I Studie 5 undersøgtes i hvilken grad en tidlig overdiagnosering af axSpA patienter har indflydelse 

på patienternes socioøkonomiske prognose på lang sigt. Patienter med vedblivende inflammatoriske 

diagnoser ved 5 års opfølgning havde bedre arbejdstilknytning end patienter med ikke-

inflammatorisk diagnose. 

Konklusion, vores studier af vedrørende biomarkør, patientrapporterede data og MR fund afslørede 

ingen signifikante prædiktorer for axSpA i tidlig fase. Vi fandt, at implementeringen af ASAS 

klassifikationskriterier har medvirket til en midlertidig overestimering af axSpA patienter i den 

danske befolkning. 
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8. Introduction 

Axial spondyloarthritis (axSpA), which includes ankylosing spondyloarthritis (AS), refers to a 

group of systemic chronic inflammatory diseases characterised by inflammation in the sacroiliac 

joints (SIJs) and the spine [1]. The key symptom of the inflammatory process at the SIJs is low 

back pain, which can progress to impaired spinal mobility, significant organ involvement and 

other comorbidities [2, 3]. The physical symptoms and risk of irreversible structural damage due 

to longstanding inflammation as a consequence of the disease can have a range of psychological 

and social implications, such as reduced quality of life (QoL), social exclusion, reduced work 

ability and limited career choices, which, in turn, can lead to financial burdens [3-7]. Therefore, 

diagnosis should be made early in the process and with the greatest possible certainty. 

 

Currently, however, there is a lack of diagnostic tools, especially for identifying patients with 

axSpA in the early stages. No specific biomarker or clinical test can differentiate between 

inflammatory disease and unspecified low back pain. The genetic biomarker human leukocyte 

antigen B27 (HLA-B27) is widely used to evaluate patients with suspected axSpA. However, 

HLA-B27 varies in incidence across the globe and lacks specificity as a diagnostic biomarker [8-

10]. Although C-reactive protein (CRP) is commonly used as an acute-phase reactant in patients 

with rheumatic diseases to identify the level of ongoing inflammatory activity, CRP is only 

elevated in less than half of patients with active inflammatory disease due to axSpA [8]. Magnetic 

resonance imaging (MRI) examination is the golden standard for detecting bone marrow oedema 

(BMO) resulting from SIJ inflammation in axSpA patients. However, it has previously been 

shown that BMO at the SIJ can occur in several non-inflammatory conditions [11-13]. Despite the 

tremendous improvements in radiological methods and the intense research on the topic, there are 

still significant delays in diagnosing axSpA patients. For many patients, it takes years from the 



16 
 

debut of symptoms to receive a final diagnosis [5, 14, 15]. The insidious nature of the disease 

could contribute to this delay. 

In 2009, the Assessment of SpondyloArthritis international Society (ASAS) [16] published a set 

of innovative classification criteria for axSpA, including BMO on SIJ MRI. Although the criteria 

were created for classification and research purposes, they are frequently used in clinical settings. 

Previous studies have reported a significant number of patients with unspecified low back pain 

fulfilling the ASAS criteria [17], which has led to misclassification and treatment of patients who 

do not have an inflammatory back disease. Since the introduction of tumour necrosis factor alpha 

(TNF alpha) and later interleukin blockers, the treatment and prognosis of axSpA patients have 

improved significantly. However, it remains crucial to identify predictive factors for axSpA to 

facilitate early diagnosis, optimise prognosis and distinguish axSpA patients from those with low 

back pain for other reasons to avoid potential overdiagnosis and overtreatment. 

 

Therefore, this thesis focuses on the following topics: 

a) Predictive factors for axSpA for early-stage diagnosis: 

- Information presented in the clinic, such as patient-reported outcome measures (PROMs), 

serological biomarkers, and SIJ MRI data, is evaluated to identify predictors of early-

stage axSpA. 

 

b) Clinical information that can contribute to predicting the future course of patients with 

suspected axSpA: 

- Information regarding long-term diagnosis and socioeconomic statuses registered in 

clinical and national patient databases are used to evaluate potential clinical predictive 

factors for the course of axSpA patients. 
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9. Aims of the thesis 

The overall purpose of this PhD thesis is to identify possible clinical predictors of early-stage 

axSpA by examining PROMs (limitation of function and QoL), biomarkers and MRI detection of 

inflammatory changes at the SIJ. A second aim is to evaluate the impact of the ASAS criteria on 

early diagnosis of axSpA and their possible consequences on long-term socioeconomic outcomes. 

 

9.1. Specific aims 

Paper I 

Aim 1.1: To investigate the incidence of and trends in the diagnoses of axSpA and AS in the 

Danish population before and after the implementation of the ASAS 2009 criteria. 

 

Paper II 

Aim 2.1: To determine the BMO incidence on SIJ MRI in low back pain patients referred to a 

specialist spine centre or rheumatological departments for diagnosis. 

Aim 2.2: To explore whether PROMs are suitable for predicting BMO at the SIJ. 

 

Paper III 

Aim 3.1: To investigate the associations between the biomarker complement C3d and 

inflammatory and structural changes on SIJ MRI in a group of patients suggestive of early-stage 

axSpA. 
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Paper IV 

Aim 4.1: To monitor and evaluate the temporal evolution of axSpA diagnoses registered in the 

Danish National Patients Registry (DNPR) in a cohort of patients with features suggestive of 

early-stage axSpA. 

 

Aim 4.2: To explore when patients registered in the DNPR with sustained axSpA diagnoses can 

be identified with confidence for use in further epidemiological studies. 

 

Paper V 

Aim 5.1: To evaluate whether a possible early over-diagnosing of axSpA may influence the 

socioeconomic prognosis at the long-term follow-up.  

Aim 5.2: To assess whether clinical and socioeconomic features at the baseline were associated 

with full-time employment five years after the diagnosis to identify factors influencing treatment 

efforts among patients with low back pain. 
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10. Background 

10.1. Diagnosis and classification of axial spondyloarthritis. 

The diagnosis and classification of axSpA were previously based on the modified New York 

criteria from 1984 [18], which require structural changes at the SIJ at X-ray, concomitant clinical 

findings of longstanding low back pain and restricted motion of the lumbar spine for a diagnosis 

of ankylosing spondylitis (AS). Since osseous changes develop slowly, the diagnosis of patients 

with inflammatory back disease was often delayed for several years, resulting in substantial 

physical limitation and comorbidity. During the last 20–30 years, MRI, which can visualise active 

and structural changes both in the spine and at the SIJ, has been widely used in the diagnosis of 

axSpA. However, there are still no diagnostic criteria for axSpA [19]. In addition to a clinical arm, 

which refers to clinical and biochemical features, the 2009 ASAS classification criteria for 

identifying early-stage axSpA before structural damage occurs also have an imaging arm, which 

includes findings by SIJ MRI [16] (Figure 1). Based on the imaging arm of the ASAS criteria, 

axSpA can be divided into non-radiographic axSpA (nr-axSpA) and radiographic axSpA (r-

axSpA), which includes AS based on the degree of structural damage in the SIJ [1]. To fulfil the 

clinical arm of the ASAS criteria, a patient must be HLA-B27 positive and have ≥2 SpA features. 

 

The ASAS criteria can be applied to patients under 45 years of age at the debut of symptoms who 

have ≥3 months of inflammatory back pain and one or more SpA features, including biochemical 

testing of HLA-B27 and CRP (Figure 1). Importantly, the ASAS criteria were developed 

primarily for research purposes, and final diagnostic criteria for axSpA have not yet been 

established [19, 20]. However, the ASAS criteria are often used diagnostically due to the lack of 

diagnostic criteria. 
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Figure 1: ASAS classification criteria for axSpA 
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10.2. Imaging in axSpA 

In relation to the ASAS criteria implemented in 2009, an expert group published guidelines for 

interpreting changes in SIJ MRI suggestive of active sacroiliitis [21]. In short, BMO detected with 

short tau inversion recovery sequences (STIR) or T1-weighted gadolinium contrast sequences 

should be deemed highly suggestive of axSpA, but a minimum of one BMO lesion on at least two 

consecutive slices or at least two BMO lesions on a single slice can be considered "positive" and 

thereby contributing to the fulfilment of the imaging arm of axSpA, providing that other inclusion 

criteria were fulfilled (Figure 1). However, recent studies have revealed the possibility of 

detecting ASAS-positive BMOon SIJ MRI in patient groups other than axSpA patients, such as in 

postpartum women, runners or athletes and patients with concomitant degenerative changes at the 

SIJ [11, 13, 22, 23]. 
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10.3 Epidemiology of axSpA 

In general, the described epidemiology of SpA is characterised by considerable variation, 

presumably due to regional differences, inhomogeneous terminology and the inclusion of patients 

with nr-axSpA, axSpA, AS and unspecified SpA. The prevalence of axSpA has been investigated 

in several studies, and an apparent correlation has been observed between the prevalence of HLA-

B27 in the population and the occurrence of axSpA [24]. This is supported by previous studies 

that have reported a high prevalence of axSpA in Northern Europe and a low prevalence in Africa 

[9, 25, 26]. 

 

In contrast to prevalence studies, research on the incidence of axSpA is limited. The relatively few 

studies that do consider the incidence of axSpA show a higher incidence of axSpA in Northern 

European countries [9, 26], supporting the trend found in prevalence studies. Similar to 

prevalence studies, research on the incidence of axSpA varies significantly in terms of 

methodological approaches [27]. The effects of different classification criteria on the incidence of 

axSpA over time has not been extensively studied. Two studies exploring changes in incidence 

from 1935 to 1989 and from 1980 to 2009, respectively, reported no significant variation in the 

incidence of AS over time [28, 29]. The primary sources of information for these studies were 

hospital registries and nationwide databases. 
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10.4 Danish registries 

Denmark offers the unique possibility of performing register-based research. All Danish citizens 

have a unique 10-digit Civil Personal Register (CPR) number [30], which allows for links to be 

made between a wide range of validated registries. Using CRP numbers, it is possible to link 

information on clinical codes in the DNPR [31] with information on socioeconomic status, 

including employment rate, income, level of education and civil status from the Income Statistics 

Registry at Statistics Denmark [32] and the Danish Register for Evaluation of Marginalization 

(DREAM) database [33]. The Danish Health Care Classification System (Sundhedsvæsenets 

Klassifikations System [SKS]) is a collection of Danish and international classifications primarily 

used when reporting health care services to the DNPR [34]. The SKS codes consist of a single 

letter corresponding to a group of health care services followed by a number, based on a numeric 

classification system [35]. For example, radiological procedures such as MRI examinations are 

registered under "U", followed by a specific code denoting the type of MRI. This makes it 

possible to assess an individual patient's examinations and diagnoses over time and offers 

opportunities to conduct valid register studies on the Danish population. 

 

10.5. Patient-reported outcome measures and related databases 

Patient-reported outcome measures are patient-related questionnaires for assessing patients' 

perspectives on their symptoms (physical as well as psychological), social status and QoL [36]. 

Using PROMs as part of disease assessment places the patients at the centre of the decision-

making process regarding their future treatment [37], and PROMs are included in clinical 

databases evaluating rheumatological patients and patients with non-inflammatory back pain. 
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DANBIO 

DANBIO is a nationwide Danish clinical and research rheumatology register that includes 

patients with axSpA, psoriatic arthritis and rheumatoid arthritis followed in the primary and 

secondary rheumatological care services [38]. Current treatment (including biological treatment 

and disease-modifying antirheumatic drug [DMARD] treatment), adverse events, markers of 

disease activity and demographic data are registered before each clinical visit [39]. Together with 

clinical information, such as joint count and serum CRP, PROMs, including the visual analogue 

scales (VAS) for pain and fatigue, the Health Assessment Questionnaire (HAQ) and self-reported 

disease activity (the Bath Ankylosing Spondylitis Disease Activity Index [BASDAI]) are 

registered to assess the patient's medical status and response to treatment [40]. DANBIO does not 

contain information on patients with degenerative disorders without an inflammatory component.  

 

SpineData 

SpineData is a database developed for the specific purpose of assessing patients with persistent 

back pain of non-inflammatory origin. It is an online-based system designed to capture 

information regarding the biopsychosocial aspects of patients referred to the Medical Department 

of the Spine Centre of Southern Denmark with longstanding back pain [41]. Information such as 

activity limitation, physical impairment and level of work participation is registered by the patient 

at the first clinical visit. As with DANBIO, the clinical examination results and the information 

given by the patient contribute to an overall assessment of the patient's status. Two PROMs are 

available in SpineData, the Roland Morris Disability Questionnaire (RMDQ) and EuroQol (EQ-

5D), which assess patients' activity limitation and QoL, respectively. 
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The Roland Morris Disability Questionnaire 

The RMDQ is widely used in non-inflammatory settings to assess disability and limitation of 

function caused by low back pain with or without concomitant leg pain [42]. The validated Danish 

version of the RMDQ consists of 23 items and has a scale of 0–23, with high scores indicating 

pronounced disability [43]. Research on the use of the RMDQ in patients with suspected axSpA is 

sparse. A Danish study has shown that patients with MRI-verified SIJ involvement, regardless of 

origin, have higher RMDQ scores than patients with low back pain without SIJ MRI findings [17]. 

 

EuroQol 

In 1990, the European quality of life (EuroQol group) published a questionnaire describing clusters 

of non-disease-specific health items [38] (self-care, mobility, social relationships, pain, mood and 

main activities) together within an EQ-5D visual scale (points from 0–100, where 100 equals the 

best possible QoL). The EQ-5D has been validated in patients with axSpA [44] and has been shown 

to have negative correlations with various axSpA disease activity scores, such as BASDAI [4, 45]. 
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10.6. Biomarkers in axSpA 

Despite intensive research and tests of multiple biomarkers, no specific biomarker has been found 

that can identify early-stage axSpA patients with high sensitivity and specificity [15, 46]. The two 

most commonly used biomarkers clinically in patients with suspected axSpA are HLA-B27 and 

CRP. 

 

Human leukocyte antigen B27  

The prevalence of HLA-B27 is estimated at 6–9% [47] in the background population in European 

countries, compared with up to 80% in patient cohorts with diagnosed AS [48]. For this reason, 

HLA-B27 is the most commonly used biomarker in the diagnostic process of axSpA and is also a 

feature of the ASAS criteria for axSpA [8] (Figure 1). However, a somewhat intermediate positive 

likelihood of nine [49] expresses the demand to continue the search for a biomarker that is more 

distinctive and precise than HLA-B27. 

 

C-reactive protein  

C-reactive protein is the most frequently used acute-phase reactant and measure of inflammatory 

activity. However, elevated levels of CRP are detected in less than half of patients with active 

inflammatory disease due to axSpA [50], so its sensitivity and specificity as a marker of axSpA 

are limited [51]. 

 

The complement system 

Measuring levels of hypocomplementemia has been used to monitor disease activity in rheumatic 

connective tissue diseases, and it is still included in the classification criteria for systemic lupus 

erythematosus (SLE) 2012 [52]. However, research on axSpA and complement activation is 
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sparse. Most studies are from the 1970s and 80s and report increased complement split products 

based on small sample sizes [53-55]. Since these studies were performed before access to SIJ 

MRI, the patients had to fulfil the modified New York criteria (mNYc) for AS [18], which implies 

that they were in the late stages of the disease at the time of inclusion. A newer study of TNF 

alpha inhibitor treatment revealed a reduction in complement activation in patients with 

inflammatory back disease [56]. However, the study population was not comprised of early-stage 

axSpA patients but of late-stage patients fulfilling the radiographic criteria for AS. 

 

The complement system and associated cascade reaction are part of the humoral innate immune 

response [57]. The complement system has several essential functions, such as removing immune 

complexes, protecting against infections and connecting the adaptive and innate immune systems 

[58-60]. The system comprises a large number of proteins that exert their influence under the 

regulation of several modulators [61]. Activation of the system can be initiated through three 

pathways: the classic pathway, the alternative pathway, and the mannan-binding lectin pathway, 

leading to conversion of complement factors resulting in elevated complement split products [62, 

63]. All three forms of complement activation lead to cleavage of C3 to C3b via the enzyme C3 

convertase. Ultimately, C3b is cleaved into C3c and C3dg, with C3g and C3d being the final 

fragments [62, 64, 65] (Figure 2). An increased turnover of C3 will result in an elevation in the 

split product C3d, reflecting complement activation as part of disease activity. This thesis 

evaluates the C3d split product as a potential predictor of axSpA in the early stage because of its 

relatively long half-life of approximately four hours [66], which is longer than that of C3.  
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Figure 2: Complement system and cascade reaction[67]. 
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11. The conception of the thesis 

This PhD thesis consists of five studies. Study I investigates the national and regional incidence of 

SpA and AS over a 14-year period before and after the implementation of the ASAS 2009 criteria. 

Study II evaluates the local incidence of inflammatory changes on SIJ MRI and the potential of 

PROMs for predicting MRI-verified inflammatory changes at the SIJ in a population of low back 

pain patients referred to a specialist spine centre or rheumatological departments for diagnosis. 

Studies III, IV and V explore the suitability of the biomarker complement C3d as a predictor of 

changes on SIJ MRI (III), the development of inflammatory back diagnoses over time (IV) and 

the possible impacts of an early axSpA diagnosis on socioeconomic prognosis (V), respectively. 

Studies III, IV and V are based on two cohorts of patients with suspected early-stage axSpA, 

described below. 

 

Spines of Southern Denmark (SSD) cohort 

This PhD project was initiated based on the results of a Danish cohort study (SSD) [68] that 

explored the prevalence of inflammatory changes on SIJ MRI according to the ASAS 2009 

criteria in a non-rheumatological population of patients with unspecified low back pain of 2–12 

months who were referred to a secondary care unit that primarily investigates patients with 

degenerative spine disorders (Spine Centre of Southern Denmark) [41]. In brief, the SSD cohort 

was established between 2011 and 2013 and includes 1037 patients, all of whom underwent MRI 

of the spine and SIJ, together with baseline blood samples (HLA-B27 and CRP), clinical 

examination and questionnaires regarding inflammatory symptoms focusing on findings 

suggestive of axSpA. The study results showed that 21% of the patients had MRI changes 

consistent with sacroiliitis according to the ASAS definition [69] and that 10% fulfilled the ASAS 

criteria for axSpA [68]. 
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Molecular Biology of Infectious Agents in the Early Diagnosis of Spondyloarthritis (MICSA) 

cohort 

The MICSA cohort was initiated as a spin-off project based on the results of the SSD cohort [70]. 

Six hundred and ninety-six patients from the SSD cohort were initially referred to the MICSA 

cohort, and a total of 189 patients were subsequently evaluated by one of three experienced 

rheumatologists and grouped into three categories due to one of the following [71-73]: 

 

• Fulfilment of ASAS criteria for axSpA (n = 96) 

• ASAS-positive SIJ MRI without additional ASAS features (n = 32) 

• HLA-B27 positivity and one further ASAS feature (n = 6) 

 

In total, 134 patients were included in the inflammatory group after rheumatological evaluation. 

Furthermore, 82 patients from the SSD cohort, including six patients initially referred for 

rheumatological evaluation, without signs of inflammatory changes on SIJ MRI or positive HLA-

B27 or SpA features were included as a control group. In total, 216 patients were included in 

subsequent studies. The flow of patients from the SSD cohort to the MICSA cohort and further 

subdivisions in studies III, IV and V are shown in Figure 3. 
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Figure 3: Flow of patients from the SSD to MICSA cohort and further subdivision of 
patients in studies III–V 
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12. Methods 

12.1 Study I (Paper I) 

Design 

The study was designed as a nationwide register study, including data from the DNPR [31] and 

Statistics Denmark [74] for the period 2000–2013. 

 

Data collection and participants 

All patients aged 18–45 who underwent a clinical visit to a Danish hospital from the 1st of January 

2000 to the 31st of December 2013 with a corresponding primary or secondary diagnosis of 

axSpA (ICD-10: M.46*) or AS (ICD-10: M.45*) were identified from the DNPR. Patients with an 

AS or axSpA diagnosis registered before inclusion to the study were excluded. To reduce the 

potential inclusion of false positive diagnoses, only patients with relevant clinical contact and 

corresponding AS or axSpA diagnosis within the first 12 months and subsequent contact between 

12 and 24 months were included. In total, 3042 patients fulfilled the inclusion criteria (Figure 4). 

 

Outcomes 

The primary outcome was the incidence of and trend in the diagnosis of AS or axSpA between 

2000 and 2013 at the national level. The secondary outcome was regional trends in diagnoses 

during the same period. 

 

Statistical methods 

Incidence rate ratios (IRR) of patients with sustained inflammatory diagnoses from 2000 to 2013 

were obtained, and IRRs per 100,000 of population were calculated using data on the Danish 

background population from Statistics Denmark. To investigate potential shifts in the incidence of 
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inflammatory back diagnoses after the availability of TNF alpha inhibitor and the later 

implementation of ASAS criteria, the IRRs were combined into three time periods: 2000–2004, 

2005–2009 and 2010–2013 [75]. 

 

Figure 4: Distribution of patients in the five Danish regions with AS (M.45*) or axSpA 
(M.46*) diagnosis in the DNPR [75]. 
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12.2 Study II (Paper II) 

Design 

This retrospective cohort study explored the local incidence of inflammatory changes on SIJ MRI 

and the potential of PROMs for predicting inflammatory changes on SIJ MRI in a population of 

low back pain patients referred to the Spine Centre of Southern Denmark or rheumatological 

departments for diagnosis. 

 

Data collection and participants 

The study population comprised of patients referred for an SIJ MRI at the Department of 

Radiology, Lillebaelt Hospital, Denmark, during a one-year period from 2016 to 2017. In total, 

375 patients aged 18–45 were included in the study. 

 

MRI data: 

Using patients' unique CPR numbers and the SKS code UXME50 (MRI SIJ), relevant patients 

with SIJ MRI were identified, and the radiological descriptions of the SIJ MRIs were evaluated 

for signs of inflammatory changes suggestive of axSpA. Information about primary and secondary 

diagnoses according to the 10th version of the International Classification of Diseases (ICD-10) 

three months after the MRI was extracted from the medical records [76]. Patients who had 

undergone SIJ MRI previously were excluded from the study. A 1.5 T Philips Achieva (Best, The 

Netherlands) MRI system was used to evaluate the SIJs. The MRI includes coronal oblique T1-

weighted and T1-fat suppressed (SPIR) and axial oblique STIR sequences [76], as recommended 

by the Arthritis Subcommittee of the European Society of Musculoskeletal Radiology (ESSR) 

[77]. Based on the radiological descriptions of the SIJ MRIs, the patients were divided into two 

groups: 
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• those with an SIJ MRI fulfilling the ASAS criteria for axSpA 

• those with an SIJ MRI with either minor changes or no signs of inflammatory activity 

The descriptions of the SIJ MRI were primarily supplied by radiologists associated with Hospital 

Lillebaelt, Denmark, but a small proportion of the MRI descriptions were from external 

radiologists. 

 

PROM data: 

A subgroup of patients (n = 122) was clinically evaluated at the Spine Centre of Southern 

Denmark. As part of the clinical investigation, the patients completed the questionnaires in the 

SpineData database (n = 113), including the RMDQ and EQ-5D, and reported leg and back pain 

intensity. 

 

Outcomes 

The primary outcomes were the incidence of ASAS-positive SIJ MRI in a population of patients 

with low back pain and an evaluation of the RMDQ and the EQ-5D as predictors of MRI changes. 

 

Statistical methods 

Information from PROMs and demographic data from SpineData were assessed to identify any 

significant associations with inflammatory changes on SIJ MRI. Between-group comparisons and 

multiple logistic regression models were used. 
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12.3 Study III (Paper III) 

Design 

The study was based on the MICSA cohort and had a cross-sectional design. The primary 

objective was to evaluate possible associations between the biomarker complement C3d and SIJ 

MRI changes suggestive of axSpA. 

 

Data collection and participants 

The study group consisted of 134 patients in the inflammatory group and 82 patients in the control 

(non-inflammatory) group (Figure 3). 

Biomarker: 

Blood samples were obtained as part of a rheumatological examination and stored in the MICSA 

biobank. Levels of C3d were measured by double-decker rocket immunoelectrophoresis using 

1 mL ethylenediaminetetraacetic acid (EDTA) plasma and polyclonal rabbit anti-human C3d 

complement (DakoCytomation Denmark) [78]. The procedure for C3d analysis is described in 

detail elsewhere [63, 73]. Blood samples from 188 patients were available for C3d testing, and 

184 samples were analysed correctly (axSpA: n = 88; non-axSpA: n = 34; control: n = 62) (Figure 

5). Normal levels of C3d in a healthy background population have been measured as 20–52 AU/L 

[63]. 

MRI data: 

Evaluations of inflammatory changes according to the ASAS criteria were performed by three 

experienced radiologists and scored semi-quantitatively using a Danish MRI grading system as 

part of the SSD cohort study [79]. Subsequently, the SIJ MRIs were divided into ASAS-positive 

and ASAS-negative SIJ MRIs based on the degree of BMO and structural changes (erosions, 

subchondral sclerosis and ankylosis). 
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Figure 5: Patient and blood sample flow from the SSD and MICSA cohorts to the present 
study. 

 

Outcomes 

The primary outcome was the association between complement C3d and inflammatory changes on 

SIJ MRI in the MICSA cohort. 

 

Statistical methods 

The hypothesis of an association between C3d levels and inflammatory findings on SIJ MRI was 

tested, and potentially significant findings were tested by logistic regression analysis to obtain 

odds ratios (OR), sensitivity and specificity, together with the area under the curve (AUC). 
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12.4 Study IV (Paper IV) 

Design 

Study IV was a register-based study that evaluated long-term diagnoses of axSpA registered in the 

DNPR. 

 

Data collection and participants 

For studies IV and V, the MICSA cohort was divided into two groups: 

• an inflammatory group, consisting of the axSpA and non-axSpA groups (n = 134), and 

• a non-inflammatory group, consisting of the control group (n = 82) (Figure 3). 

 

The one-year and five-year clinical diagnoses defined by the ICD-10 codes [80] after initial SIJ 

MRI and rheumatological evaluation were retrieved from the DNPR. 

 

Method: 

Patients with a sustained inflammatory diagnosis—M.45* (AS) or M.46* (axSpA)—who visited a 

rheumatological department at least once a year were retained in the inflammatory group. Patients 

without a registered inflammatory diagnosis or who were not followed continuously were 

transferred to the non-inflammatory group. 

 

Distribution of patients at one- and five-year follow-ups (Figure 3): 

One-year follow-up: inflammatory group (n = 106), non-inflammatory group (n = 106) 

Five-year follow-up: inflammatory group (n = 29), non-inflammatory group (n = 183) 
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Four patients were excluded from studies IV and V, three due to emigration and one due to an 

inflammatory back diagnosis registered at baseline. The present studies include 212 patients in 

total.  

 

Outcome 

The primary outcome of study IV was an evaluation of when axSpA diagnoses were registered in 

the DNPR. A second outcome was the identification of the point in time when patients with 

sustained axSpA diagnoses could be identified with confidence for use in further epidemiological 

studies. 

 

Statistical methods 

Clinical diagnoses at one- and five-year follow-ups were extracted from the DNPR, and 

differences in demographics and clinical features between patients with an early diagnosis of 

axSpA and those diagnosed later in the process were evaluated. 
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12.4 Study V (Paper V) 

Design 

Study V was a register-based study that evaluated the possible impacts of early axSpA diagnosis 

on socioeconomic prognosis in the MICSA cohort. 

 

Data collection and participants 

As outlined above, for studies IV and V, the MICSA cohort was divided into the following two 

groups: 

• the inflammatory group, consisting of the axSpA and non-axSpA groups (n = 134), and 

• the non-inflammatory group, consisting of the control group (n = 82) (Figure 3). 

 

Method: 

The employment rate (+30 hours/week) at one- and five-year follow-ups of patients in the MICSA 

cohort was retrieved from the DREAM database [81]. Demographic data and descriptions of the 

SIJ MRI were retrieved as for study III, together with socioeconomic data (income, civil status 

and level of education) from the Income Statistics Registry at Statistics Denmark [32, 82]. 

 

Outcome 

The primary outcome was the employment rate at the five-year follow-up defined by working hours 

per week. The cut-off was ≥30 hours/week in an average of three months or more. 
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Statistical methods 

A long-term prognostic model was created using univariate analyses of the association between 

single variables and the employment rate at five-year follow-up. Subsequent bivariate analyses 

were performed, one for each adjustment variable, and an adjusted OR was obtained from each 

analysis. 
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13. Results 

The main findings of studies I–V are presented in this section. Detailed results are presented in the 

attached papers. The results are presented in relation to the specific aims outlined on pages 17-18. 

 

13.1. Results of Study I (Paper 1) 

Aim 1.1: To investigate the incidence and trend of diagnoses of axSpA and AS in the Danish 

population before and after the implementation of the ASAS 2009 criteria 

 

National level 

In total, 3042 patients, AS n = 1849 (60.8%); axSpA n = 1193 (39.2%), were diagnosed and had 

at least one relevant clinical contact registered in the DNPR between 12 and 24 months after their 

initial diagnosis between 2000 and 2013 (Figure 4). 

The incidence of AS and axSpA diagnoses increased significantly from the period 2005–2010 to 

the period 2010–2013 at the national level. The IRR for axSpA diagnoses increased substantial 

from 2.45 in the period 2005–2009 to 6.31 in the period 2010–2013 (Table 1). 

Table 1: Demographics for incident AS and axSpA cases divided by time periods and 
incidence rate ratios [75] 

 Groupsa  
Characteristics AS SpA Total P 

Age (years) 33.6±7.00 32.7±7.29 33.2±7.13 <0.05a 

Sex (n)      
Male 1.234 (66.8) 490 (41.1) 1.724(56.7) <0.05b 

Female 615 (33.2) 703 (58.9) 1.318 (43.3)  
IRRd     

2000-2004 Reference Reference   
2005-2009 1.49 (1.33-1.67) 2.45 (2.03-2.94)  <0.001c 
2010-2013 1.74 (1.53-1.97) 6.31 (5.27-7.55)  <0.001 

Time periods (n)     

2000-2004 476 (25.7) 156 (13.1) 632 (20.7)  
2005-2009 713 (38.6) 330 (27.7) 1.043 (34.4)  
2010-2013 660 (35.7) 707 (59.2) 1.367 (44.9)  

aIndependent t-test; bPearson's chi-squared test; cPoisson regression analysis. 
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Regional level 

The incidence of AS and axSpA diagnoses increased in all five regions of Denmark. However, the 

distribution of AS and axSpA diagnoses varied across the five regions, from 69.5% AS diagnoses 

in Region 1 to an almost even distribution of AS and axSpA diagnoses in Region 2. 

 

13.2. Results of Study II (Paper II) 

Aim 2.1: To determine the BMO incidence on SIJ MRI in low back pain patients referred to 

a specialist spine centre or rheumatological departments for diagnosis 

 

In this cohort of patients recruited from both a non-rheumatological setting (Spine Centre of 

Southern Denmark) and two rheumatological departments, 63 (18.9%) patients were described by 

the radiologists to have definite BMO by MRI. Minor signs of BMO at the SIJ MRI not fulfilling 

the ASAS criteria were reported in 60 patients (18.1%), and no signs of inflammatory change at 

the SIJ were detected in 193 patients (58.0%). 

 

Aim 2.2: To explore whether PROMs are suitable for predicting BMO at the SIJ 

 

RMDQ: 

One hundred and four (92%) patients referred to the Spine Centre of Southern Denmark 

completed the RMDQ without missing items. The mean RMDQ proportional score was 61.3 

(range 0–100) [76]. Data from four patients were missing, and five patients answered none of the 

RMDQ items. None of these patients had inflammatory changes on SIJ MRI. Two patients 

registered in SpineData were diagnosed with AS. The AS patients had a higher mean RMDQ than 

average for the group with BMO (mean RMDQ of AS patients: 74) 
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EuroQol: 

One hundred and six (94%) patients completed the EuroQol questionnaire and had a mean 

EuroQol thermometer score of 50.4 (range 0–100) [76]. Five patients, all of whom belonged to the 

non-BMO group, did not complete any of the items. 

 

A non-significant trend towards higher RMDQ and EuroQol scores was found in the BMO group 

evaluated at the Spine Centre of Southern Denmark (n = 16) (Table 2). 

 

Table 2: SpineData demographics of BMO and non-BMO patients [76] 

  

   BMO 
  (n = 16) 

  Non-BMO 
  (n = 97) 

  p-value 

Age, years (SD) 35 (7.17) 33 (8.00) 0.35a 

Sex, n (%)    0.25b 

Male 3 (18.6) 32 (33)  

 Female  13 (81.4) 65 (67)  

BMI, Mean (SD)  27.9 (7.35) 26.5 (4.97) 0.36a 

Clinical parameters    

RMDQ (0–100), Mean (SD) 
 

68.6 (21.6) 60.0 (62.7) 0.16a 

Low back pain intensity, (0–10): Mean (SD) 
 

5.75 (2.54) 5.47 (2.37) 0.55c 

Leg pain intensity (0–10), Mean (SD) 4.0 (2.78) 3.70 (2.95) 0.71c 

EuroQol health thermometer (0–100), Mean (SD) 52.8 (24.0) 49.9 (21.0) 0.63a 

at-test, bPearson's Chi2 test, cMann–Whitney U test 
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13.3. Results of Study III (Paper III) 

Aim 3.1: To investigate the associations between the biomarker complement C3d and 

inflammatory and structural changes on SIJ MRI in a group of patients suggestive of early-

stage axSpA. 

 

Complement C3d levels in the MICSA cohort: 

In total, 184 of the 188 eligible blood samples (axSpA n = 88, non-axSpA n = 35, control n = 65) 

(Figure 5) were analysed correctly using the double-decker rocket immunoelectrophoresis 

technique. Four samples had to be excluded due to technical challenges, such as haemolysis 

during the analytical process. 

The mean level of C3d was 33.8 AU/ml (SD: 8.1) (reference: 20–52 AU/L). 

The mean levels of C3d of the axSpA, non-axSpA and control groups were not significantly 

different (p-value: 0.15): 

• axSpA group = 34.3 AU/ml (SD: 7.9) 

• non-axSpA group = 33.5 AU/ml (SD: 6.9) 

• control group = 33.4 AU/ml (SD: 9.2). 

Four patients had C3d levels below the normal reference value of <20 AU/ml, and two patients 

had higher C3d levels (55/67 AU/ml). The latter two patients belonged to the control group. 

 

Association between inflammatory MRI changes and C3d levels: 
 
No statistically significant difference in mean C3d levels between the ASAS SIJ MRI-positive 

and ASAS SIJ MRI-negative groups was found (Student t-test p-value 0.8). Nor were there any 

significant differences in mean C3d in relation to single SIJ MRI findings, including BMO (p-

value 0.85), erosions (p-value 0.85) and BMO depth >1 cm beneath the joint surface (p-value 
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0.10). The prevalence of inflammatory and structural changes on SIJ MRI for each group is 

shown in Table 3. Erosions and deep BMO lesions were significantly more prevalent in the 

axSpA group compared to the non-axSpA and control groups. 

 
Table 3: Demographics, MRI findings and blood test characteristics of the axSpA, non-
axSpA and control groups [73]. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

astudent t-test, , bPearson'ss chi2 test, cMann–Whitney U test. 
1P-value comparison between axSpA and non-axSpA groups 
HsCRP= High sensitive CRP,,BMO = bone marrow oedema; FMD = fatty marrow deposition 
 

 

 

 

 
    

 AxSpA 
(n=88) 

Non-axSpA 
(n=34) 

p-value1 

(axSpA/non-
axSpA) 

Controls 
(n=62) 

Age, years (SD) 30.8 (5.4) 32.2 (5.9) 0.22a 30.6 (5.9) 

Sex, n (%)   0.62b  

Male 32 (36.4) 14 (41.2)  37 (59.7) 

Female 56 (63.6) 20 (58.8)  25 (40.3) 

Biomarkers     

HLA-B27 positive, n (%) 32 (36.4) 6 (17.7) 0.05b 5 (8.1) 

Hs-CRP, median (IQR) 1.9 (0.6-6.6) 0.4 (0.2-2) 0.007c 0.6 (0.2-1.6) 

Inflammatory changes:     

BMO/ASAS MR-positive, n (%) 82 (85.4) 30 (78.9) 0.34b 1 (1.2) 

Depth BMO, n (%) 27 (28.1) 4 (10.5) 0.02 0 (0.0) 

Intensity BMO, n (%) 11 (11.5) 1 (2.6) 0.16 0 (0.0) 

Structural MRI changes:     

Erosions, n (%)  31 (32.3) 5 (13.2) 0.02 0 (0.0) 

Fatty marrow deposition, n (%) 37 (38.5) 11 (28.9) 0.21 5 (6.1) 

Depth FMD, n (%) 21 (21.8) 3 (7.9) 0.08 1 (1.2) 

Subcondral sclerosis, n (%) 27 (28.1) 6 (15.7) 0.47 1 (1.2) 

Ankylosis, n (%) 0 (0.0) 0 (0.0) n/a 1 (1.21) 
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13.4. Results of Study IV (Paper IV) 

Aim 4.1: To monitor and evaluate the temporal evolution of axSpA diagnoses registered in 

the DNPR in a cohort of patients with features suggestive of early-stage axSpA + Aim 4.2: 

To explore when patients registered in DNPR with sustained axSpA diagnoses can be 

identified with confidence for use in further epidemiological studies 

 

All included patients (n = 216) from the MICSA cohort (Figure 3) were identified in the DNPR 

and had corresponding SIJ MRI and ICD-10 codes registered in the period 2011–2013. Four 

patients emigrated between 2011 and 2013 and were excluded from the study, resulting in two 

study groups: an inflammatory group, n = 133, and a non-inflammatory group, n = 79. 

The mean duration from baseline MRI to the rheumatological evaluation of the 134 patients 

referred to the MICSA cohort was 129 days [73]. 

 

Distribution of patients at one- and five-year follow-ups: 

One-year follow-up: inflammatory group (n = 106), non-inflammatory group (n = 106) 

Five-year follow-up: inflammatory group (n = 29), non-inflammatory group (n = 183) 

 

Shifts in diagnoses from baseline to five-year follow-up 

At baseline, 21 patients (15.8%) in the inflammatory group were registered with an inflammatory 

diagnosis in the DNPR. None of the patients in the non-inflammatory group was registered with 

an inflammatory diagnosis at baseline. At the one-year follow-up, 102 (76.7%) patients in the 

inflammatory group were registered with an inflammatory diagnosis, and 29 (21.8%) patients 

were registered at the five-year follow-up. Details of the changes in patients from baseline to five-

year follow-up is shown in Figure 1 of Paper IV.  
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In the non-inflammatory group, four patients (5.1%) were registered with a clinical visit and an 

inflammatory diagnosis at six months. After two years of follow-up, only one patient was 

registered with an inflammatory diagnosis (1.25%), and at four-year follow-up, no patients 

initially allocated to the non-inflammatory group were registered as inflammatory. 

 

One- and five-year follow-ups 

Table 4 shows the demographic, imaging and biochemical findings of patients registered with 

inflammatory and non-inflammatory diagnoses at the one- and five-year follow-ups. 

 

Table 4: Demographic, imaging and biochemical features of the inflammatory and non-
inflammatory groups at the one- and five-year follow-ups 

 

 One-year diagnosis DNPR Five-year diagnosis DNPR 

Variables Inflammatory 
(n = 106) 

Non-
inflammatory 

(n = 106) 

Inflammatory 
(n = 29) 

Non-
inflammatory 

(n = 183) 
Demographics     
Women, n (%) 65 (61.3) 54 (50.9) 14 (48.3) 105 (57.4) 
Age, years (SD) a 32 (5.3) 32 (6.2) 32 (5.4) 32 (5.8) 

Biomarkersa     
Hs-CRP, median (IQR) 1.2 (4.0–5.0) 0.8 (3.0–3.2) 2.2 (0.9–6.1) 0.9 (3.0–3.3) 
HLA-B27 positive, n (%) 39 (36.8) 17 (16.0) 18 (62.1) 38 (20.8) 
Complement C3d, median 
(IQR) 

33.4 (28.3–
37.7) 

33.4 (26.8–39.2) 31.9 (27.6–37.7) 33.4 (28.3–
38.8) 

Conventional 
radiography (baseline) 

    

Sacroiliitis (mNYC) b, n (%) 12 (14.5) 4 (20) 7 (27.0) 9 (11.7) 
MRI     
ASAS MR-positive, n (%) 90 (84.9) 27 (25.5) 29 (100.0) 88 (48.1) 

     
abaseline age and biomarkers, bpercentage of the total number of SIJ radiographs fulfilling the mNYC for each group. Hs-CRP – high-
sensitivity CRP 
 
 
There was no difference in age between the two groups at the one- and five-year follow-ups. The 

number of women in the inflammatory group decreased over time from 61.3% to 48.3% at five 

years, and the frequency of HLA-B27 positivity increased from 36.8% at the one-year follow-up 
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to 63.1% at the five-year follow-up. No significant differences between the two groups in terms of 

either complement C3d or Hs-CRP were detected.  

 

13.5. Results of Study V (Paper V) 

Aim 5.1: To evaluate whether a possible early over-diagnosing of axSpA may influence the 

socioeconomic prognosis at the long-term follow-up.  

 

45 patients (42.5%) registered with an inflammatory diagnosis at one year had an employment 

rate of ≥30 hours/week at the five-year follow-up, whereas 16 (55.2%) registered as inflammatory 

at five-year had an employment rate ≥30 hours/week at five-year follow-up. The unadjusted odds 

ratio (OR) of holding a full-time job at the five-year follow-up was 0.96 (0.56–1.66) and 1.77 

(0.81–3.90) for inflammatory diagnoses at the one- and five-year follow-ups, respectively (Table 

5). 

 

Aim 5.2: To assess whether clinical and socioeconomic features at the baseline were 

associated with full-time employment five years after the diagnosis to identify factors 

influencing treatment efforts among patients with low back pain. 

 

Significant predictors (p < 0.05) for holding a full-time job at five years were gender, the social 

group of the student/worker, and high income for patients with inflammatory diagnoses at one- 

and five years follow-up. Children at home were a significant predictor at the five-year follow-up 

only. The most significant variable for holding a full-time job at the five-year follow-up was full-

time employment at one year (OR: 7.26). No significant differences in the social group were 

found between the one- and five-year follow-ups. 



50 
 

Table 5: Odds ratios for the employment rate of ≥30 hours/week by early (one-year) and sustained 
(five year) diagnoses registered in the DNPR 

 Early diagnosis Sustained diagnosis 
  (95% CI)  (95% CI) 

None 0.96 (0.56–1.66) 1.77 (0.81–3.90) 
Gender   
Women vs men 1.07 (0.61–1.87) 1.67 (0.74–3.77) 
Age   
Age ≥30 vs <30 0.95 (0.55–1.64) 1.78 (0.80–3.92) 
HsCRP   
Continuous 0.94 (0.54–1.62) 1.77 (0.80–3.91) 
HLA-B27   
Positive vs negative 1.05 (0.60–1.84) 2.34 (0.99–5.53) 
Complement C3d   
Continuous 0.76 (0.42–1.37) 1.57 (0.70–3.54) 
MRI   
ASAS positive vs negative 0.71 (0.36–1.42) 1.62 (0.70–3.77) 
Conventional radiography 
Sacroiliitis (mNYc) 

  

Positive vs negative 0.68 (0.25–1.83) 1.78 (0.71–4.45) 
Social group   
Student/worker vs transfer payment 1.01 (0.57–1.77) 1.95 (0.85–4.45) 
Income   
High vs low 0.82 (0.46–1.47) 1.95 (0.85–4.47) 
Education   
Short vs. long 0.96 (0.56–1.66) 1.67 (0.75–3.69) 
Cohabitant with another adult 0.97 (0.56–1.70) 1.73 (0.71–3.83) 
Children at home 1.04 (0.60–1.82) 1.80 (0.81–4.00) 
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14. Methodological considerations 

The enclosed papers describe each study's strengths and limitations in detail. However, the 

primary considerations are described in this section. 

 

Paper I: 

The incidence study regarding trends in AS and axSpA diagnoses was exclusively based on 

register data from the DNPR and Statistics Denmark. No other information, such as clinical 

findings or imaging results from patient records, was used to validate the diagnoses registered in 

the DNPR. However, the validity of the DNPR had been evaluated earlier [83-85], and previous 

studies in other national registries reported sufficient validation when identifying patients with 

axSpA and AS diagnoses [86]. 

 

Paper II: 

MRI data: The heterogeneity of the radiologists describing the SIJ MRI is a possible limitation 

with regard to evaluate BMO incidence in the cohort. No information regarding possible 

algorithms for inflammatory findings on SIJ MRI was available for the subgroup of MRI scans 

described by external radiologists. However, most SIJ MRIs were described by radiologists 

working in Danish departments in which ASAS criteria for classifying BMO were used. 

 

PROM data: No significant differences were detected between the group with inflammatory 

findings and the group without BMO on SIJ MRI. However, there was a tendency towards a 

higher RMDQ score in the inflammatory group (non-significant). It is possible that the population 

of inflammatory patients registered in SpineData (n = 16) was too small to reveal a significant 

difference in limitation of function and pain in the inflammatory group. 
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Paper III: 

The MICSA cohort was established based on the SSD cohort of patients recruited from a 

department that primarily evaluates degenerative spine conditions (Spine Centre of Southern 

Denmark). This setting may have contributed to greater heterogeneity in the cohort compared to 

those evaluated at rheumatological departments, which may limit the generalizability of this 

study. However, all patients with signs of inflammatory back pain were thoroughly examined by 

experienced rheumatologists and evaluated according to the ASAS criteria at the time of inclusion 

in MICSA. 

 

Complement C3d: No association between levels of C3d and either inflammatory or structural 

changes on SIJ MRI was detected, and the vast majority of patients had C3d levels within the 

normal range. Limitations when evaluating associations between C3d and MRI findings were a) 

that only baseline C3d levels were measured at inclusion in MICSA and b) the time between 

baseline MRI and C3d measurement was approximately four months. Variation in C3d levels over 

time had not been measured in either axSpA or AS patients before, but a previous study of 

patients with rheumatoid arthritis detected only minor variation in C3d levels over a 12-week 

period [87]. 

 

Paper IV: 

The strengths and limitations of using register-based data (DNPR) and the MICSA cohort are 

similar to those associated with studies I and III. A strength of this study was that the AS and 

axSpA diagnoses were pooled in the inflammatory group to avoid potential misclassification due 

to missing information about radiography of the SIJ and fulfilment of the modified New York 
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criteria for AS. As with study I, access to medical records was not possible, and further validation 

of diagnoses could therefore not be performed. 

 

Paper V: 

A limitation of this study was the small sample size of patients with sustained inflammatory 

diagnosis at five-year follow-up (n = 29). The relatively small study population limited our ability 

to evaluate potential differences in socioeconomic status between the patient groups. 

A strength of this study is that all included patients were identified and followed in the databases 

throughout the entire study period. Second, the data in this study were based on registries with 

high proven validity. 
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15. Conclusions 

Paper I: (aim 1.1) 

The incidence of both axSpA and AS diagnoses increased significantly at both the regional and 

national levels. In particular, axSpA diagnoses increased considerably after the implementation of 

ASAS criteria in 2009. 

 

Paper II: (aims 2.1 and 2.2) 

The incidence of inflammatory findings suggestive of axSpA on SIJ MRI correlated well with the 

findings of previous studies (of the SSD cohort). The use of PROMs, such as RMDQ, EuroQol 

and VAS pain, was not effective in predicting significant inflammatory changes on SIJ MRI 

within the present cohort. 

 

Paper III: (aim 3.1) 

Levels of complement C3d were not significantly different between the groups, and no association 

with either active or structural SIJ MRI changes was found. 

 

Paper IV: (aim 4.1 and 4.2) 

The 2009 implementation of the ASAS criteria in clinical practice seems to have contributed to a 

temporary overestimation of axSpA diagnoses in the MICSA cohort. Inflammatory diagnoses 

registered in the DNPR at the time of referral for diagnosis cannot be used as reliable predictors of 

persistent inflammatory diagnosis and should be considered with caution in patients where the 

inflammatory diagnosis is based on the ASAS 2009 classification criteria. 
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Paper V: (aim 5.1) 

The proportion of patients with an employment rate of ≥30 hours/week was higher in those with a 

sustained inflammatory diagnosis at five-year follow-up than those without an inflammatory 

diagnosis, supporting the hypothesis that patients with sustained inflammatory diagnoses are 

supported by acceptance and treatment, leading to the ability to work and a better socioeconomic 

status at the long-term follow-up. 
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16. Discussion 

Evaluations of the biomarker complement C3d, PROMs and MRI data did not reveal them as 

potential predictors of early-stage axSpA, and, therefore, indicators of long-term prognosis have 

to be identified, including information on sociodemographic factors. 

Biomarkers 

Data regarding the role of the complement system in axSpA are spare. The use of complement 

C3d in the MICSA cohort did not reveal any significant differences between the patients in the 

inflammatory groups and the control group with unspecified low back pain without signs of 

inflammation at SIJ MRI (study III). A recent study has reported significantly elevated levels of 

C3 in a cohort of axSpA fulfilling the ASAS criteria [87]. However, in this cohort, the axSpA 

patients were inflammatory active with elevated CRP, high BASDAI score > 4, and longer disease 

duration than the early-stage MICSA patients. Furthermore, older and recent studies of the 

development of axSpA changes in mice have reported activation of the complement system [88, 

89]. These findings support the hypothesis of a potential role of the complement system in axSpA, 

but to what extent complement activation is significant in axSpA, especially in the early stage of 

the disease in mixed cohorts of patients, remains unclear. In this study, the double-decker rocket 

immunoelectrophoresis method [77] was used to access the levels of C3d. Other more time-

efficient and less expensive techniques for C3d quantification are available [90]. Currently, there 

is no widespread consensus on which method is preferable when evaluating C3d levels [91]. We 

do not believe that our result would have changed significantly on choosing another test modality 

based on the above-mentioned information. 

In recent years, tremendous efforts have been made to identify biomarkers for disease activity 

superior to that of hs-CRP, better prognostic biomarkers, and specific predictors for axSpA. 

Several different cytokines, bone turnover biomarkers, markers of cartilage degradation, and 
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antibodies have been evaluated [15, 92], especially in axSpA patients without structural SIJ or 

spinal changes [93], but most results have been disappointing, with performance no better than 

that of hs-CRP, and the few promising biomarkers have to be validated. The need for specific 

biomarkers with high sensitivity and specificity for axSpA will still be significant for identifying 

patients with axSpA in the early stage. 

Patient-reported outcome measures 

Disease-specific tools for evaluating the limitation of function and Qol in patients with axSpA 

have been developed previously [94]. The Ankylosing Spondylitis Quality of Life (ASQoL) 

questionnaire consists of 18 items assessing the health-related Qol in AS patients [95] and has 

subsequently been validated in a cohort of non-radiographic axSpA (nr-axSpA) to be used to 

evaluate impacts of AS interventions [96]. Besides disease-specific questionnaires, generic tools 

such as the EuroQol have been validated in patients with established AS [97]. However, the use of 

EuroQol in patients suggestive of axSpA is spare. 

RMDQ and EuroQol were evaluated in study II. These PROMs were selected due to the mixed 

group of patients from both rheumatological and non-rheumatological departments, primarily 

accessing patients with degenerative spine disorders. We did not detect a correlation between the 

PROMs and SIJ MRI changes. However, a non-significant tendency toward higher RMDQ was 

found in the patient groups with inflammatory changes at SIJ MRI, consistent with the previously 

reported correlation between inflammatory MRI findings and RMDQ in similar populations [17]. 

A significantly higher RMDQ score was detected in a previous study of patients with low back 

pain and spondyloarthritis [98]. However, the patients were classified as having AS at the time of 

evaluation. Based on the above, we do not believe that results of the EuroQol or RMDQ 

questionaries are suitable for being predictors of axSpA in the early stage of the disease. 
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Epidemiology and MICSA 

Implementing the ASAS classification criteria in 2009 has contributed to a temporary increase in 

and overestimation of axSpA patients in the Danish population, both at a national level and in the 

MICSA cohort (study I + IV). Although the ASAS classification criteria were developed primarily 

for research purposes on patients with established diagnoses [99], the criteria have been widely 

used in clinical settings to guide the clinical decision-making of patients suggestive of axSpA. 

This use is reflected in the MICSA cohort, in which patients were evaluated by experienced 

rheumatologists based on the research data available in 2010–2013. The number of patients with 

sustained inflammatory diagnoses decreased in the following years, resulting in only 29 patients 

(13.7%) with axSpA diagnoses five years after initial evaluation (study IV). This decrease in the 

number of axSpA diagnoses is believed to result from updated knowledge and insights into the 

complexity of diagnosing patients with axSpA, especially in patients without structural changes at 

the SIJ at the time of evaluation. The results of study IV are in line with a recent study exploring 

the clinical diagnosis at three and a half years after rheumatological evaluation of the MICSA 

cohort using a multidisciplinary team conference [71]. Furthermore, the percentage of HLA-B27 

positive patients increased from 36% at one-year to 62.1% in patients with sustained 

inflammatory diagnosis at five-year follow-up, which correlates more with other axSpA cohorts 

[101]. 

Over-diagnosing of axSpA patients in the MICSA cohort was due to the circumstances of the 

establishment in 2010–2013. However, according to the above results, a successful re-evaluation 

of the patients’ clinical presentation and diagnoses throughout time has been performed.  

Magnetic Resonance Imaging 

The use of MRI and interpretation of findings such as BMO at the SIJ have changed since 2009. 

The ASAS MRI criteria were updated in 2016 without changing the definition of active sacroiliitis 
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but emphasising the importance of BMO lesion(s) being “highly suggestive” of sacroiliitis and 

paying attention to the presence of concomitant structural lesions, especially erosions, as a sign of 

previous inflammation supporting the decision of a positive MRI if BMO changes were not 

convincing [100]. 

Furthermore, to quantify highly suggestive BMO lesions, a cut-off value was suggested based on 

a recent data-driven ASAS study encompassing the presence of BMO in ≥ 4 SIJ quadrants or ≥ 3 

consecutive SIJ slices [101]. It is possible that some of our ASAS MRI positive patients did not 

fulfil this new definition. Besides, during the later years, new knowledge regarding the incidence 

of BMO in other patient groups and healthy individuals [13] has contributed to a better 

understanding of the use of MRI in assisting clinical decision-making [11] rather than being 

diagnostic by itself. The MRI data used in both the MICSA cohort and the radiological description 

of SIJ MRI (study II) were based upon the recommendations from ASAS 2009 criteria – possibly 

contributing to the overestimated incidence of axSpA in these cohorts. 

Socioeconomic status 

We detected a higher proportion of patients holding a full-time job in the group with sustained 

inflammatory diagnoses at five-year follow-up (study V).  

A reason for the higher employment rate within the inflammatory group at five-year could be 

regular follow-ups at a rheumatological department throughout the period, which could have 

facilitated better treatment and coping strategies for patient symptoms and increased self-efficacy 

through early rehabilitation. Previous studies regarding employment rate in patients with 

inflammatory back pain have shown the opposite results [102]. However, these patients were 

diagnosed with AS and, thereby, were not early-stage axSpA patients. Furthermore, the AS 

patients’ employment rate was compared with that of the general population rather than patients 

with unspecified low back pain. The patients in the inflammatory group were initially diagnosed 
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with axSpA to explain their low back pain, but the diagnosis changed for most patients. The 

uncertainty may have influenced the patients without a sustained inflammatory diagnosis and 

those in the non-inflammatory group with no clear evidence of the origin of their symptoms 

(unspecified low back pain). Moreover, the lack of follow-ups could have negatively influenced 

the patients’ ability to possess a full-time job in the long term [103–105]. No significant 

difference in socioeconomic variables was detected in contrast to previous studies [4, 5, 106]. 

However, at one-year diagnosis, patients in full-time employment kept their labour market 

attachment at five-year follow-up (OR: 7.26). The relatively few axSpA patients at five-year 

follow-up (n = 29) could explain the non-significant findings in our study, and future studies 

including a higher number of patients might reveal significant associations between 

socioeconomic factors and long-term employment rate.  

 

17. Perspectives 

Despite years of research, there is still a need for better diagnostic tools in axSpA, especially 

when evaluating patients in their early stage of the disease. Further research to identify more 

specific predictive biomarkers is necessary. Furthermore, the interpretation of MRI findings in 

early-stage axSpA must be further improved, taking the complex clinical context into account. 

Increased cooperation between clinicians working with inflammatory and non-inflammatory back 

pain and radiologists may facilitate this improvement. 

Finally, it is of great importance to disseminate the knowledge and potential pitfalls when 

diagnosing axSpA to clinicians at all levels because most rheumatologists will be in contact with 

patients describing symptoms suggestive of inflammatory back disease. 
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Incidence of ankylosing spondylitis and spondyloarthritis in 2000–2013:
a nationwide Danish cohort study

A Nygaard1,2, PS Ljungdalh1,2, M Iachina3,4, TN Nikolov5, B Schiøttz-Christensen1,2

1Research Department, Spine Centre of Southern Denmark, Middelfart, Denmark
2Institute of Regional Health Research, University of Southern Denmark, Odense, Denmark
3Center for Clinical Epidemiology, Odense University Hospital, Odense, Denmark
4Research Unit of Clinical Epidemiology, University of Southern Denmark, Odense, Denmark
5The Danish Clinical Registries (RKKP), Odense University Hospital, Odense, Denmark

Objective: To describe the incidence of ankylosing spondylitis (AS) and spondyloarthritis (SpA) in the Danish
population in 2000–2013, at national and regional level, and to investigate any trends in incidence over time.
Methods: From the Danish National Patient Registry (NPR), we identified patients diagnosed with AS (International
Classification of Diseases, 10th revision: M45) or SpA (M46) from 1 January 2000 to 31 December 2013. Patients
without a relevant contact in NPR at 12–24 months after initial diagnosis were excluded. Incidence rate ratios (IRRs)
were calculated using the background population of men and women aged 18–45 years in 2000–2013 as a comparator.
Variations in incidence between periods and the five Danish regions were evaluated.
Results: In total, 3042 incident cases were identified (AS: 1849; SpA: 1193). AS incidence increased from 476 in
2000–2004 to 660 in 2010–2013; the IRR (95% confidence interval) increased from 1.49 (1.33–1.67) in 2005–2009 to
1.74 (1.53–1.97) in 2010–2013. SpA incidence increased from 156 in 2000–2004 to 707 in 2010–2013; the IRR
increased from 2.45 (2.03–2.94) in 2005–2009 to 6.31 (5.27–7.55) in 2010–2013. The incidence of both AS and SpA
increased in all five regions.
Conclusion: The incidence of both AS and SpA in Denmark increased from 2000 to 2013. However, the proportion of
patients diagnosed with SpA rather than AS was significantly higher in 2010–2013. This may be due to increased
awareness of SpA and new treatment options, but possibly also misclassification of patients with SpA.

Axial spondyloarthritis is a group of inflammatory rheu-
matic conditions characterized by back pain due to
inflammation in the sacroiliac joints and spine. The
several subgroups of this condition include ankylosing
spondylitis (AS), psoriatic arthritis, reactive arthritis,
enteropathic spondyloarthritis, and undifferentiated
spondyloarthritis (SpA) (1). Depending on the degree
of structural damage in the sacroiliac joints, axial spon-
dyloarthritis can be divided into non-radiographic axial
spondyloarthritis (nr axSpA) and radiographic axial
spondyloarthritis (axSpA), which includes AS (2).
The diagnosis of AS and SpA currently relies on the

modified New York criteria from 1984 and the Assess-
ment of SpondyloArthritis international Society (ASAS)
criteria with the imaging arm from 2009 (3). The
few published studies on the incidence of axial
spondyloarthritis show great variation, from 0.4 to

15 per 100 000 (4). When including only studies using
the modified New York criteria for AS, the incidence
declines to 1.5 to 7.3 per 100 000 (5–16).
A possible explanation for the variation in AS inci-

dence across studies using the same diagnostic criteria
could be the differences in prevalence of human leuco-
cyte antigen-B27 (HLA-B27) among the study popula-
tions (5). Previous studies have shown a high
prevalence of HLA-B27 in Scandinavian populations,
and this was correlated with a high incidence of AS
reported in studies from Norway (5) and Finland (6).
Few studies have reported variation in incidence over

time. One study found no significant variation in AS
incidence in a US population from 1935 to 1989 (7),
and a more recent study with 86 AS patients was unable
to detect significant variation in incidence from 1980 to
2009 (8).
Before the introduction of biological agents, the treat-

ment of SpA relied on physical therapy and non-
steroidal anti-inflammatory drugs (NSAIDs). In 2005,
the first tumour necrosis factor-α (TNF-α) inhibitor,
Remicade® (infliximab), was approved for treatment
of AS patients in Denmark (17). Because anti-TNF-α
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treatment is extremely expensive, it is relevant to eval-
uate the incidence of AS and SpA in the Danish popula-
tion.
The purpose of this study was to describe the inci-

dence of AS and SpA in the Danish population in
2000–2013, at both national and regional level, and to
investigate any trends in incidence over time. To eval-
uate potential effects of the introduction of anti-TNF-α
treatment in 2005 and the implementation of the ASAS
criteria in 2009, the incident cases were clustered into
three time periods: 2000–2004, 2005–2009, and
2010–2013.

Method

This study was a population-based nationwide cohort
study using data from Danish health registries. The
Danish healthcare system is tax-funded and provides
free and equal access to healthcare for all citizens. The
various national registries can be linked by applying the
unique civil registration number (CPR number) that is
assigned to Danish citizens at birth or upon immigra-
tion. The Danish National Patient Registry (NPR) was
used to identify relevant cases.
The NPR contains records of all discharges from

Danish hospitals since its establishment in 1977. As of
1994, the NPR also contains registrations of all out-
patient visits. The administrative data include informa-
tion such as CPR number, the patient’s municipality,
which hospital the patient was in contact with, and the
dates and times of the given activity. The registry also
contains clinical data on principal, secondary, and refer-
ral diagnoses based on the 10th version of the Interna-
tional Classification of Diseases (ICD-10) (18, 19). For
the current analysis, we defined a relevant visit as the
registration of an activity at an inpatient or outpatient
hospital visit combined with a relevant diagnosis.
Statistics Denmark collects and publishes national

statistics (20). We used data from Statistics Denmark
to provide information about the national background
population and for each of the five regions of Denmark.

Study population

The study population comprised all patients seen at
a Danish hospital in the period from 1 January 2000
to 31 December 2013 who were aged 18–45 years, had
a principal or secondary diagnosis of AS (ICD-10:
M45) or SpA (ICD-10: M46), and had a valid Danish
CPR number. Patients with a prior diagnosis of AS or
SpA before the inclusion period started in 2000 were
excluded. In total, 434 patients had both an M46 and an
M45 diagnosis registered in the NPR. In these cases, the
M46 diagnosis was overruled and the patients were
registered as M45 in the present study.

Patients with a relevant diagnosis but without
a relevant clinical contact registered in NPR were
excluded from the study. The guidelines from the
Danish Society of Rheumatology state that patients
with suspected axial SpA should be followed up at
a rheumatology clinic at least once within the first
6 months after initial diagnosis and subsequently
every 6 or 12 months (21). Thus, we only included
patients with at least one relevant contact in NPR
within the first 12 months and at least one relevant
contact in the 12–24 months after initial diagnosis.

Outcome

The primary outcome was the incidence of AS and SpA
in Denmark in the period 2000–2013. The secondary
outcome was potential regional variation among the five
regions of Denmark.
The incidences of AS and SpA were estimated by

dividing the number of cases by the number of person-
years for each disease. This resulted in an annual inci-
dence per 100 000.

Statistical analysis

STATA software version 14 was used for data analysis.
Background population data obtained from Statis-

tics Denmark were used to calculate AS and SpA
incidence rates per 100 000 among men and women
aged 18–45 years. The incidence rates were calcu-
lated nationwide, by gender, time periods, and region,
and then for each of the five Danish regions by gender
and time periods. We also calculated the incidence
rate of magnetic resonance imaging (MRI) scans
nationwide and by gender. Between-group compari-
sons for continuous and categorical demographic
variables were performed with the independent sam-
ple t-test and Pearson chi-squared test respectively.
A p-value <0.05 was considered statistically signifi-
cant.
Differences in the incidence rate ratio (IRR) of AS

and SpA between time periods and regions were tested
using Poisson regression analysis.

Results

National level

The background population of men and women aged
18–45 years in 2000–2013 gave a total of 28 495 047 per-
son-years.
In total, 3042 patients [AS: 1849 (60.8%); SpA: 1193

(39.2%)] from all five Danish regions were diagnosed
with AS or SpA and had a least one relevant clinical
contact in NPR at 12–24 months (Figure 1). Information
about place of residence was unavailable for 26
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patients. Mean patient age for AS was 33.6 years (sd
7.00) and for SpA 32.7 years (sd 7.29).
Males were overrepresented in the whole group

[1.724 (56.7%)] and specifically in the AS group
[1.234 (66.8%)]. Females were overrepresented in the
SpA group [703 (58.9%)] (Table 1).
Figure 2 presents the incidence and trends over

time in AS and SpA per 100 000 for males and

females in the period 2000–2013. The incidence of
SpA increased significantly from 2005 to 2010 and
from 2010 to 2013 for both males and females
(p < 0.001).
This is also reflected in Table 1, which shows that the

IRR for AS increased from 1.49 [95% confidence inter-
val (CI) 1.33–1.67] in 2005–2009 to 1.74 (95% CI
1.53–1.97) in 2010–2013. The IRR for SpA increased

A/B diagnose M45/M46 in 
NPR  

(n = 6180) NPR procedure without 
clinical contact  

(n =608) 

At least 1 procedure in 
NPR  

(n =5572) NPR procedure 1 year 
only  

(n = 2526) 

NPR procedure between  
1 and 2 years, aged 18-45 

(n =3042) 

Region 1 
M45 n: 628 
M46 n: 275 

Region 2 
M45 n: 434 
M46 n: 399 

Region 3 
M45 n: 367 
M46 n: 284 

Region 4 
M45 n: 258 
M46 n: 126 

Region 5 
M45 n: 145 
M46 n: 100 

Unknown 
M45 n: 17 
M46 n: 9 

NPR procedure between  
1 and 2 years  

(n =3046) Age >45 
(n:4) 

Figure 1. Distribution of patients in the five Danish regions with an ankylosing spondylitis (AS) (M45) or spondyloarthritis (SpA) (M46) diagnosis
in the Danish National Patient Registry (NPR).

Table 1. Demographics for incident ankylosing spondylitis (AS) and spondyloarthritis (SpA) cases, divided according to incidence
rate ratio (IRR) and time period.

Groups

Characteristics AS SpA Total p

Age (years), mean ± sd 33.6 ± 7.00 32.7 ± 7.29 33.2 ± 7.13 < 0.05*
Gender, n (%)

Male 1.234 (66.8) 490 (41.1) 1.724 (56.7) < 0.05†
Female 615 (33.2) 703 (58.9) 1.318 (43.3)

IRR (95% CI)
2000–2004 Reference Reference
2005–2009 1.49 (1.33–1.67) 2.45 (2.03–2.94) < 0.001‡
2010–2013 1.74 (1.53–1.97) 6.31 (5.27–7.55) < 0.001

Time period, n (%)
2000–2004 476 (25.7) 156 (13.1) 632 (20.7)
2005–2009 713 (38.6) 330 (27.7) 1.043 (34.4)
2010–2013 660 (35.7) 707 (59.2) 1.367 (44.9)

*Independent t-test; †Pearson chi-squared test; ‡Poisson regression analysis.
CI, confidence interval.
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from 2.45 (95% CI 2.03–2.94) in 2005–2009 to 6.31
(95% CI 5.27–7.55) in 2010–2013.
The use of MRI in patients suspected as having SpA

has increased substantially since 2000. In 2013, 94.3%
of females with AS and 98.1% with SpA had an MRI of
the sacroiliac joints as part of their examination leading
to an AS or SpA diagnosis. Similarly, 95% of males
with AS and 98.5% with SpA had MRI prior to final
diagnosis (Figure 3).

Regional level

There were no statistically significant differences in the
incidence of AS and SpA between the five regions of

Denmark. All regions showed an increasing incidence
of AS and SpA (Figure 4).
The distribution of AS and SpA differed across the

five regions of Denmark (Figure 1). Region 1 had
a higher proportion of AS cases (69.5%) than SpA
(30.5%), while Region 2 had the most even distribution,
with 52.1% AS cases and 47.9% SpA cases.
Males were overrepresented for AS and women for

SpA in all regions of Denmark, although the propor-
tions varied across regions. The greatest variation in AS
was seen in Region 3, with 60.4% males and 39.6%
females, compared to Region 5, with 51.6% males and
48.4% females.

Discussion

This is the first Danish study to explore the incidence of
AS and SpA over time. Our results show an overall
increase in incidence of both AS and SpA from 2000 to
2013 and a change in distribution towards an increased
proportion of SpA.
It is standard procedure in Denmark that a patient

with suspected AS or SpA is evaluated by an experi-
enced medical assistant or a specialist in rheumatology
before the final diagnosis is verified (21). There is an
unequal distribution of rheumatology experts in the five
Danish regions, ranging from 2.1 per 100 000 citizens
in Region 5 to 7.6 per 100 000 citizens in Region 1 (22).
To assess whether this inequality influenced the diag-
nosis of AS and SpA, we investigated incidence trends
in the five regions.
The significant increase in incidence of AS and SpA

over time was seen in all of the five Danish regions,
with no significant differences in incidence rates
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Figure 2. Incidence per 100 000 of spondyloar-
thritis (SpA) and ankylosing spondylitis (AS)
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between the regions. However, we found interregional
differences in the proportions of patients with AS and
SpA. Region 1 had the highest percentage of AS cases
(69.5%), while in Region 2, the distribution of AS and
SpA cases was almost equal. The reason for this differ-
ence is not clear, as rheumatologists in all regions
diagnose and treat patients with SpA according to the
national guidelines (21).
Males were overrepresented among all the cases and

in the AS group, which is in line with previous literature
regarding the epidemiology of SpA (23).
The increased incidence of AS and SpA may partly

be due to the new opportunities for medical treatment
that have increased awareness of the AS and SpA diag-
noses among general practitioners and other medical
specialists. This could have led to an increasing number
of referrals of patients for rheumatological evaluation
and thereby increased AS/SpA incidence registered in
the national databases. The introduction of the TNF-α
inhibitors in 2005 and 2006 in Denmark could thus
explain the increased incidence of AS and SpA from
this period (17). However, a 2018 study showed a non-
significant trend towards a decline in the incidence rate
of AS patients starting first line biological disease-

modifying anti-rheumatic drug treatment from 2010 to
2016 among Scandinavian countries, including Den-
mark (24).
The diagnosis of AS currently relies on the modified

New York criteria from 1984 (3), which are based on
radiographic changes of the sacroiliac joints at X-ray.
As MRI examination detects inflammatory changes at
an early stage, some of those patients will eventually
fulfil the criteria for AS and will thereby change from
an SpA to an AS diagnosis. In the present study, 14%
had both an M46 and an M45 diagnosis in the NPR
from 2000 to 2013. This is in line with data from the
Swedish NPR in a previous study (25).
Previous studies have failed to show a significant

increase in AS diagnosis over time (7, 8). We thus
believe that the findings in the present study reflect
changes in awareness and diagnostic practice rather
than an actual increase in AS patients in the Danish
population.
Besides the above-mentioned increased attention to

the SpA diagnoses, the implementation in 2009 of the
ASAS classification criteria including the imaging arm
could have contributed to the significant increase in
SpA incidence from 2000 to 2013. Increased use of

2000

0
1

2
3

0
1

2
3

0
1

2
3

0
1

2
3

2005 2010 2015
Year of diagnose

SpA Male

2000 2005 2010 2015
Year of diagnose

AS Male

2000 2005 2010 2015
Year of diagnose

SpA Female

2000 2005 2010 2015
Year of diagnose

AS Female

Figure 4. Incidence per 100 000 of spondyloarthritis (SpA) and ankylosing spondylitis (AS) for males and females in the five Danish regions in
2000–2013.

Incidence of AS and SpA in Denmark 5

www.scandjrheumatol.se



MRI in the evaluation of patients with inflammatory
symptoms could overestimate SpA incidence if the
MRI changes are overemphasized by the clinician. Pre-
vious studies have shown an increased probability of
MRI changes being detected in patients with unspeci-
fied low back pain (26). This means that some patients
may be diagnosed with an inflammatory condition at an
earlier stage, when X-rays of the sacroiliac joints do not
yet show structural changes.
In recent years, there has been increased awareness of

patients who present with low back or pelvic pain and
MRI signs of sacroiliac inflammation, and their risk of
being misclassified as having SpA according to the
ASAS criteria for SpA. To prevent such misclassifica-
tion, the Danish Society of Rheumatology has suggested
a mandatory expert evaluation of each patient with
suspected SpA before the final diagnosis is made (21).
This may result in a stabilizing or reduction in the
incidence of SpA in the future.

Strengths and limitations

The current study was registry based, and cases were
identified exclusively using the ICD-10 codes in the
NPR. This meant that no clinical or imaging results
prior to the registration were evaluated, and thus the
final diagnosis was not validated. The validation of the
ICD-10 codes for AS and SpA has been evaluated in
a previous study (25). Based on high positive predictive
values for fulfilling different sets of SpA/AS criteria, it
was concluded that the validity of AS/SpA diagnosis in
the Swedish NPR was sufficient to be used for further
studies. We believe that the validity of diagnosis of AS
and SpA in the Danish NPR would reflect the results
from the Swedish study, because the Danish and Swed-
ish populations and healthcare systems are similar in
many respects. The present study only included patients
with a relevant hospital contact registered in the patient
registry at 12–24 months after initial diagnosis. This
approach reduced the risk of false-positive diagnoses,
but could have underestimated the incident cases.
We believe, however, that the vast majority of Danish

patients diagnosed with AS or SpA are followed up
every 6–12 months after initial diagnosis. Patients diag-
nosed and treated in private practice were not included in
this study, which may also have led to underestimates of
AS and SpA. However, the proportion of patients with
AS or SpA in private practice is relatively small com-
pared to out-clinic patients at the hospitals. In a previous
study, it is stated that only 5% of patients with
a rheumatological disease are treated in private care
(25). Furthermore, patients with severe disease activity
and inadequate response to NSAIDs and psychical train-
ing must be referred to the hospital to receive biological
treatment. In view of these factors, we do not believe that
the proportion of patients treated in private care contri-
butes substantially to the incident cases of SpA.

In the present study, only patients up to 45 years were
included, according to the ASAS criteria for diagnosing
SpA. It is possible that this method has excluded some
potential incident cases owing to prolonged delay in the
final diagnosis of SpA, as suggested in a Swedish pre-
valence study of AS patients (27). However, the propor-
tion of incidents cases of AS/SpA after the age of 45 is
considered to be limited.
This study contributes new knowledge and insight

about the incidence and time trends of AS and SpA in
the Danish population. Clustering the data into three
time periods has given a more detailed view and sug-
gests possible factors (such as new medical treatments
and changes in classification criteria) that could have
influenced the epidemiology of the diseases.

Conclusion

This study has shown an increased incidence of AS and
SpA at both national and regional levels from 2000 to
2013 in the Danish population. Future trend studies would
be useful to investigate whether new insights into MRI
changes in inflammatory disease and possible overestima-
tion of SpA will influence the incidence of AS and SpA.
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The incidence of bone marrow oedema at
the sacroiliac joints in a non-
rheumatological population — a
retrospective cohort study
A. Nygaard1,2* , A. G. Jurik3,4, C. Lund5 and B. Schiøttz-Christensen1,2

Abstract

Background: The purpose of this study is to determine the incidence of bone marrow oedema (BME) at magnetic
resonance imaging (MRI) of the sacroiliac joints (SIJ) in a non- rheumatological population, and to explore whether
patient-reported outcome measures are suitable for predicting BME at the SIJ at referral. Furthermore, to investigate
the final clinical diagnoses three months after initial SIJ MRI.

Methods: This study was a retrospective cohort study consisting of patients 18–45 years of age that were referred
for a SIJ MRI between 1 July 2016 to 30 June 2017 at the Department of Radiology in Lillebaelt Hospital, Denmark.
The SIJ MRI radiological reports were evaluated for signs of BME. Principal and secondary diagnoses according to
the 10th version of International Classification of Diseases (ICD-10)—three months after the initial MRI—were
identified in the electronic patient record system. For a subgroup of patients, patient- reported outcome measures,
such as the 23-item Roland Morris Disability Questionnaire, quality of life and pain intensity in the back and leg
were included from the local SpineData database.

Results: In total, 333 patients were included, and 187 (56.2%) of those patients received a final diagnosis within
three months after the SIJ MRI. BME was detected in 63 (18.9%) patients; 17 (9.1%) patients had both BME at SIJ MRI
and were diagnosed with spondyloarthritis (M45/M46). There was no statistically significant difference between
patients with and without BME regarding demographics, quality of life, pain descriptions or function.

Conclusions: The incidence of BME in the cohort correlates well to previous studies regarding the incidence of SIJ
MRI changes in non-rheumatological populations in Denmark. Patient-reported outcome measures do not seem to
contribute to identifying patients with early-phase BME in a non-rheumatological population.

Keywords: Spondyloarthritis, MRI, Roland-Morris, EuroQol, cohort study, ankylosing spondylitis

Background
Magnetic resonance imaging (MRI) of the sacroiliac
joints (SIJ) is commonly used to evaluate patients sus-
pected of having early-stage spondyloarthritis (SpA)(1).
Previous studies have shown that bone marrow

oedema (BME) at the SIJ is not exclusively present in pa-
tients with SpA, but it is also detected in patients with

unspecified chronic low back pain (2), in healthy individ-
uals and in women with postpartum pelvic pain (3). In
light of the above, there is a risk of misclassification,
leading to an overestimation of patients with SpA (4), es-
pecially if the MRI findings are over-emphasized com-
pared to other classification criteria for SpA according
to The Assessment of SpondyloArthritis international
Society (ASAS)(1). Currently, no single biomarker is
available to discern between early-stage SpA and low
back pain from other causes. The human leukocyte anti-
gen (HLA-B27) lacks specificity as a diagnostic bio-
marker, and the C-reactive protein (CRP) is only
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elevated in up to 40% of patients with active SpA (5).
Furthermore, no single clinical test or medical history is
able to differentiate early SpA from other musculoskel-
etal conditions in lower back and pelvis, since both de-
generative and inflammatory conditions can present
with similar symptoms, such as early morning stiffness
and relief of pain when using non-steroidal anti-
inflammatory drugs (NSAIDs). The treatment possibil-
ities for non-radiographic (nr) SpA and ankylosing spon-
dylitis (AS) have improved tremendously over the last
decade with the implementation of biological agents,
such as TNF-α inhibitors and interleukin blockers. With
new treatment options available, it is important to be
able to distinguish patients with SpA in an early phase
from patients with low back and pelvic pain due to other
causes to ensure the right patients are treated and to re-
duce overtreatment and extensive health care costs (4).
This study was performed to determine the incidence of
BME at MRI of the SIJ in a non-rheumatological popula-
tion in Lillebaelt Hospital, Denmark. Furthermore, we
wanted to investigate the clinical conclusion defined by
the diagnoses, which were based on the 10th version of
the International Classification of Diseases (ICD-10) (6),
registered three months after the initial SIJ MRI. Finally,
we aimed to explore whether the use of patient reported
outcome measures (PROMs), such as EuroQol, the Rol-
land Morris Disability Questionnaire (RMDQ) and pain
descriptions are suitable for predicting BME at the SIJ at
baseline and thereby increasing the knowledge about pa-
tients where SIJ MRI will be advantageous.

Methods
This study was a retrospective cohort study consisting of
all patients, 18 to 45 years of age, referred for a SIJ MRI
between 1 July 2016 to 30 June 2017 (both dates in-
cluded) at the Departments of Radiology in Lillebaelt
Hospital (Middelfart, Kolding, Vejle and Fredericia). The
patients could be referred by any hospital department or
private practice.
Health Care Service Classification System (SKS) code

UXME50 was used to identify relevant patients with a
SIJ MRI in the patient record system, Cosmic.
Using the unique Danish CPR-number and date of

MRI, the radiological description of SIJ MRI was ex-
tracted from the local picture archiving and communica-
tion system (PACS) and evaluated regarding information
about signs of BME and/or degenerative changes.
In Denmark, the indications for performing SIJ MRI

are clinical suspicion of inflammatory disease such as
spondyloarthritis, and in rare cases clarification of infec-
tion at the SIJ (7).
Only the radiological description of the SIJ was consid-

ered when evaluating the MRI examination. No further
evaluation or validation of the MRI sequences was made

in this study. As a standard procedure, the radiologists
and specialised chiropractors in Middelfart and Vejle de-
scribe MRI changes in the SIJ according to ASAS rec-
ommendations (1). Counter-signature was performed in
each case by an experienced radiologic consultant or
specialised chiropractor before the final MRI description
was released.
MRI technique and sequences: MRI of the entire spine

was performed with a 1.5 T Philips Achieva (Best, The
Netherlands). MRI System encompassing sagittal T1-
weighted and STIR sequences; coronal oblique T1-
weighted and T1-fat suppressed (SPIR), and axial ob-
lique STIR sequences were used to evaluate the sacro-
iliac joints as suggested by the ESSR Arthritis
Subcommitee (8).
It is not clear whether all of the SIJ MRI reports from

the Department of Radiology, Kolding are described ac-
cording to ASAS recommendations since tele-
radiological assistance from abroad has been used in
some cases. For that reason, the MRI findings were di-
vided into two main categories depending on the assess-
ment from the radiologists: 1) BME fulfilling the ASAS
criteria for sacroiliitis or explicit radiological description
of SIJ changes based on evident inflammation; 2) minor
changes not fulfilling criteria for sacroiliitis or no signs
of BME (Non-BME).
To identify incident patients, those patients who had a

previous MRI examination were excluded. For each pa-
tient, information regarding the date of MRI, the radio-
logical department performing the MRI, previous MRI
and data of BME and/or degenerative changes in SIJ
were manually extracted by one of the authors (AN) and
entered into the online-based questionnaire, Survey-Xact
(9). From the journal system, Cosmic information re-
garding the referring medical department, date of first
contact and principal and secondary diagnoses—accord-
ing to the ICD-10—three months after the initial MRI
exam were extracted.
Only patients with a principal or secondary code of AS

(M.45) or SpA unspecified (M.46) were defined as hav-
ing spondyloarthritis in this study. All patients with a
spondyloarthritis diagnose + another SpA-related diag-
noses such as enteropathic arthritis, psoriatic arthropa-
thy, e.g. were defined as a SpA diagnose. Patients
without a secondary AS/SpA diagnose were not defined
as having spondyloarthritis.
Patients referred for an MRI from the Department of

Medicine, Spine Centre of Southern Denmark, Middel-
fart had—as a part of their clinical investigation—filled
out multiple questionnaires, including the 23-item Ro-
land Morris Disability Questionnaire (RMDQ), quality of
life (EQ-5D) and back and leg pain intensity in the Spi-
neData registry, which is an online system used by the
patients before initial clinical contact (10) (Fig. 1).

Nygaard et al. BMC Musculoskeletal Disorders          (2019) 20:590 Page 2 of 8



RMDQ has been widely used as a measure of functional
limitation due to low back pain with or without leg pain (a
higher score indicates a higher level of disability) (11). The
23-item RMDQ has been validated in Danish (12), and a
Danish study has shown a higher RMDQ score in patients
with MRI-verified inflammatory changes in the SIJ com-
pared to patients with degenerative changes only (13).
In 1990, the EuroQol group developed a health-related

quality of life questionnaire (EQ-5D) consisting of five
dimensions (mobility, self-care, main activities, social re-
lationships, pain and mood) and an EQ visual analogue
scale (score 0–100) to be used for describing a non-
disease specific health status (14). Studies on patients
with SpA have shown a negative correlation between
EuroQol and SpA disease activity scores, such as BAS-
DAI and ASDAS (15–16).
From the collected information in SpineData, analyses

were made to explore whether there was a significant
difference between patients with and without BME—as
determined by MRI—regarding functional limitation,
quality of life and back and leg pain intensity, respect-
ively, and demographic data, such as sex, age and BMI.

In case of more than one registry in the SpineData
database on the same patient within the inclusion
period, the information closest to the date the MRI was
performed was used.

Statistical analysis
STATA software, version 15 was used to perform data
analysis. Descriptive data were reported as the mean and
standard derivation (SD). One-way analysis of variance
(ANOVA) and in between-group comparisons for con-
tinuous and categorical demographic variables were per-
formed with the independent sample t-test and Pearson
Chi-square test, respectively. The Mann-Whitney U test
was used as a nonparametric test, and multiple logistic
regression analysis was used to test independent vari-
ables as prognostic factors for BME detected by MRI,
resulting in odds-ratios. A p-value < 0.05 was considered
statistically significant.

Results
A total of 375 patients 18 to 45 years of age were re-
ferred for SIJ MRI from 1 July 2016 to 30 June 2017 at

Fig. 1 Dataflow and MRI cohort at Lillebaelt Hospital from 1 July 2016 to 30 June 2017. 1 picture archiving and communication system
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Lillebaelt Hospital; 42 (11.2%) of the patients had a pre-
vious MRI examination and were excluded. In total, 333
patients were included, and of those, 122 patients had
been evaluated clinically at the Spine Centre of Southern
Denmark, and 113 patients filled out the SpineData
questionnaire (Fig. 1).
A total of 63 (18.9%) patients fulfilled the criteria of

BME, as detected by SIJ MRI, compatible with a SpA
diagnosis (Table 1). The Department of Radiology, Vejle,
had the highest percentage of patients with BME at the
MRI exam (27%), but the percentage was not signifi-
cantly different from the incidence of BME in Kolding
and Middelfart.
In 60 (18.1%) patients, the radiologists reported minor

signs of BME detected by the SIJ MRI exam that did not
fulfil the ASAS criteria for SpA; 17 (5.1%) patients had
degenerative SIJ changes based on MRI. Overall, 193
(58.0%) cases had no changes in the SIJ.
The mean age of the population was 33.1 years of age

(standard deviation (SD): 7.89), with no significant dif-
ferences between the BME (32.7, SD: 7.59) and non-
BME (33.3, SD: 7.95) groups. The groups primarily con-
sisted of women in both the BME (63.5%) and non-BME
(69.3%) groups, with no significant differences between
the groups.
In total, 187 (56.2%) patients were registered with a

diagnosis within 90 days after the initial SIJ MRI scan.
Table 2 presents the identified MRI changes and AS/
SpA diagnosis among the different diagnostic depart-
ments in Lillebaelt Hospital.
A total of 38 (20.3%) patients had BME at SIJ MRI; 17

(9.1%) patients had BME at the SIJ MRI and were diag-
nosed with AS/SpA (M45/M46); 21 patients had BME,
but no AS/SpA diagnosis, 6 patients received a SpA
diagnosis without BME at SIJ MRI. In total, 23 (12.3%)
patients were diagnosed with AS/SpA within 90 days
from the initial SIJ MRI.
In the 63 patients with BME identified at SIJ MRI,

36.5% were diagnosed with AS/SpA within three
months. The most frequent diagnosis among the pa-
tients having BME at SIJ MRI, but no AS/SpA diagnosis

was low back pain (M.54.5) and dorsalgia unspecified
(M.54.9), with six cases for each diagnosis.
Fifteen patients were referred for SIJ MRI by their gen-

eral practitioner (GP); eight of them (53.3%) had BME at
SIJ MRI. The mean age was 31.9 years (SD: 6.55) by the
time of the referral, and the majority of patients were
women (60%). All of the patients received a final diagno-
sis within 90 days from the initial SIJ MRI, and four
(26.6%) cases were diagnosed with SpA (M.46), while
none were diagnosed with AS (M45). The 15 patients re-
ferred for SIJ MRI from their GP were diagnosed at the
Spine Centre of Southern Denmark (n = 7), Vejle (n = 7)
and Fredericia (n = 1), respectively.
A total of five patients were referred for SIJ MRI from

rheumatology private practices; one (20%) case had BME
at SIJ MRI. The mean age was 36.6 years (SD: 4.39), and
the majority of patients were male (80%). Four cases
were diagnosed within 90 days, and none of them were
AS or SpA.

Inflammatory diagnoses
Fig. 2 presents the frequency of AS/SpA and other arth-
ritis associated diagnoses among the entire population of
patients who received a diagnosis within 90 days after SIJ
MRI.
In total, 10 patients were diagnosed as having inflam-

matory bowel disease, psoriatic arthropathy or reactive
arthritis. All of the patients diagnosed with Mb. Crohn
(M0.74) and colitis ulcerosa (M0.75) had a principal
diagnosis of SpA (M.46) registered within the first visit
after SIJ MRI.
None of the four patients with psoriatic arthropathy

(M0.73) were diagnosed with SpA. BME was diagnosed
by SIJ MRI in one patient with psoriatic spondylitis
(M0.72) and psoriatic arthropathies (M0.73),
respectively.
In total, 113 of 122 (93%) patients who were referred

for SIJ MRI at the Radiology Department Middelfart,
and examined at SpineCentre of Southern Denmark,
Middelfart filled out the PROMs in the SpineData data-
base. The mean age was 33.3 years (SD: 7.89), and 78

Table 1 BME and degenerative changes at SIJ MRI in the three departments of radiology at Lillebaelt Hospital

Total Vejle Middelfart Kolding p-value

Age, years (SD) 33.1 (7.89) 32.4 (7.37) 33.7 (7.99) 32.1 (8.22) 0.601

Sex, n (%) 0.212

Male 106 (31.8) 35 (39.3) 54 (29.2) 17 (28.8)

Female 227 (68.2) 54 (60.7) 131 (70.8) 42 (71.2)

MRI, n (%)

BME 63 (18.9) 24 (27.0) 30 (16.2) 9 (15.3) 0.082

Non-BME 270 (81.1) 65 (73.0) 155 (83.8) 50 (84.7)

Degenerative. changes 17 (5.1) 4 (4.5) 12 (6.5) 1 (1.7) 0.332

1One-way ANOVA, 2Pearsons Chi2 test
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(69%) patients were women. The mean BMI was 26.7,
with a trend toward a higher BMI in the group with
BME (non-significant).
A total of 16 patients had BME according to SIJ MRI

(males n = 3, females n = 13), and 7 patients with BME
had an AS/SpA diagnosis. Of the 97 patients without
BME at SIJ MRI, 2 patients were diagnosed with SpA
(M.46), and none were diagnosed as AS (M.45). Degen-
erative changes were detected with MRI in eight patients
(7%).
Of the 113 patients who filled out the RMDQ, 104

(92%) completed the questionnaire without missing data.
In four cases, there were missing data from 2, 3 and 7
questions, respectively, five patients did not answer any
of the RMDQ questions, all of them were non-BME
cases based on the SIJ MRI. The mean RMDQ propor-
tional score was 61.3 with a range of 0–100.
Of the 113 patients, 106 (94%) filled out the EuroQol

questionnaire, 5 patients did not answer any of the five
EuroQol questions; none of them had BME at SIJ MRI.
The mean EuroQol thermometer was 50.4, with a range
of 0–100.
Overall, there were no significant differences between

the BME and non-BME populations in SpineData re-
garding age, sex, BMI, the mean RMDQ or the EuroQol
health thermometer (Table 3). Only two patients

registred in SpineData were diagnosed with AS. The
mean RMDQ for those patients were higher than the
average for the group with BME (mean RMDQ: 74).
The logistic regression on demographics (age, sex,

BMI), pain (present leg and back pain) and function
(Rolland Morris proportional score and EuroQol sum
score) were tested (Table 4), and there were no signifi-
cant differences between the BME and non-BME
groups.

Discussion
The primary purpose of this study was to identify the in-
cident cases of BME in patients referred to an MRI of
the SIJ at Lillebaelt Hospital, Denmark. BME was identi-
fied in 18.9% of the SIJ MRI examinations (n = 63),
which correlates well to previous studies regarding the
incidence of MRI changes in non-rheumatological popu-
lations in Denmark (17).
In the present study, both the BME and non-BME

groups primarily consisted of women. An explanation
for the relatively high number of women in the cohort
could be that patients with postpartum pelvic pain/pelvic
dysfunction often have symptoms that mimic those of
inflammatory back pain due to early SpA (18), which
might lead to a higher percentage of women being re-
ferred for SIJ MRI.

Table 2 BME changes detected by SIJ MRI and the use of diagnoses

Vejle (n = 49) Middelfart (n = 132) Other1 (n = 6) Total (n = 187)

SIJ MRI

BME, n (%) 15 (30.6) 21 (16.0) 2 (33.3) 38 (20.3)

Non-BME, n (%) 34 (69.4) 111 (84.0) 4 (66.6) 149 (79.7)

Diagnoses, n (%)

ASa (M.45.9) 3 (6.1) 2 (1.5) – 5 (2.7)

SpAb (M.46) 9 (18.4) 9 (6.8) – 18 (9.6)
1Department of Rheumatology in Kolding and Fredericia. aAnkylosing spondylitis, bSpondyloarthritis.

Fig. 2 Frequency of AS/SpA and other inflammatory associated diagnoses
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The majority of the patients (56%) were examined at
the Department of Radiology, Middelfart and were ex-
amined and diagnosed at the Spine Centre of Southern
Denmark. The Department of Radiology, Vejle, had the
highest percentage of patients with BME detected by SIJ
MRI. It is plausible to believe that patients referred for
SIJ MRI from a rheumatological expert/department have
a higher frequency of BME than patients referred from
other departments. The Department of Radiology, Kold-
ing, had the lowest number of cases of BME at the SIJ
MRI, and none of them were diagnosed with AS/SpA. A
reason for the differences in the incidence of BME
changes between the departments might be that the
rheumatological department in Vejle is the largest in Lil-
lebaelt Hospital, and therefore it is reasonable to refer
patients highly suspicious for SpA for SIJ MRI at the
same location where the patients would be followed in
case of a SpA/AS diagnosis.
Only a few patients were referred for SIJ MRI from a

rheumatological private practice, which may reflect the
small number of private practising rheumatologists in

the Region of Southern Denmark (19). Another explan-
ation might be that the majority of patients with low
back pain in Southern Denmark are initially referred to
the Spine Centre of Southern Denmark and Vejle Hos-
pital rather than to private practising rheumatologists.
About one-third of the patients with BME, diagnosed by
SIJ MRI, received a SpA diagnosis within three months.
The vast majority of patients without AS/SpA were diag-
nosed with unspecified low back pain, joint pain and
other musculoskeletal disorders. In these cases, the clin-
ical presentation, patient history and MRI changes must
have been evaluated and concluded by the clinician to
be inconsistent with SpA—suggesting that clinicians
working with patients with low back pain are aware of
the fact that minor changes observed in SIJ MRI can be
of a biomechanical origin as well.
A small number of patients were diagnosed with SpA,

without BME based on MRI. Theoretically, these pa-
tients could have fulfilled the non-imaging arm of ASAS
SpA classification criteria, but there is also a risk of mis-
classification of these patients. Only five patients were
diagnosed with AS, which is not surprising since this
diagnosis requires radiographical changes according to
the Modified New York Criteria, which usually takes
years to develop (20). Whether these patients had radi-
ography examinations before the diagnosis is unknown.
There were no significant differences in demographics

or pain characteristics between the BME and non-BME
groups in SpineData. There was a non-significant trend
toward a higher RMDQ score in the BME group, but the
RMDQ score does not seem to be a valid variable to dis-
criminate between BME and non-BME patients in this
study. The major reason for this could be the small
number of cases with BME detected by MRI in the Spi-
neData group (n = 16). Another reason for the non-
significant difference between the groups could be that
only two AS patients were registered in SpineData. It is
possible that a higher frequency of AS patients would

Table 3 SpineData Demographics in the BME and non-BME patients

BME (n = 16) Non-BME (n = 97) p-value

Age, years (SD) 35 (7.17) 33 (8.00) 0.35a

Sex, n (%) 0.25b

Male 3 (18.6) 32 (33)

Female 13 (81.4) 65 (67)

BMI, Mean (SD) 27.9 (7.35) 26.5 (4.97) 0.36a

Disease activity

RMDQ (0–100), Mean (SD) 68.6 (21.6) 60.0 (62.7) 0.16a

Low back pain intensity, (0–10): Mean (SD) 5.75 (2.54) 5.47 (2.37) 0.55c

Leg pain intensity (0–10), Mean (SD) 4.0 (2.78) 3.70 (2.95) 0.71c

EuroQol health thermometer (0–100), Mean (SD) 52.8 (24.0) 49.9 (21.0) 0.63a

at-test, bPearson Chi2 test, cMann-Whitney U test

Table 4 Grouped logistic regression analysis of pain, function
and demographics between groups

Variables Odds Ratio (95% CI) p-value

Demographics

Age 1.01 (0.94–1.09) 0.78

Sex 0.54 (0.14–2.11) 0.37

BMI 1.04 (0.94–1.15) 0.41

Pain

Low back pain (present) 1.03 (0.77–1.37) 0.87

Leg pain (present) 1.02 (0.81–1.29) 0.85

Function

RMDQ proportional score 1.02 (0.99–1.05) 0.20

EuroQoL sum score 1.02 (0.99–1.06) 0.17
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have increased the RMDQ score in the BME group. The
results highlight the fact that it is challenging to differ-
entiate low back and pelvic pain on a biomechanical
basis from inflammatory pain in the early stage of dis-
ease. In the present study, information regarding the
duration and debut of symptoms prior to SIJ MRI was
not evaluated.

Strengths and limitations
A limitation of this study is the use of radiological re-
ports to decide whether or not the patients had BME at
SIJ MRI. It is possible that the radiologists and specia-
lised chiropractors emphasised or understated the de-
gree of changes in the MRI report depending on the
clinical question asked, even though the radiologists in
Vejle and Middelfart refer to the guidelines from ASAS
when describing changes observed in MRI examinations.
Furthermore, it is uncertain whether all of the SIJ MRI
examinations performed at Kolding were described in
accordance with the recommendations of ASAS. How-
ever, over 80% of the total SIJ MRI examinations were
described by the same group of radiologists and specia-
lised chiropractors at both Vejle and Middelfart. The
small number of AS patients and patients with BME at
the time of MRI in the SpineData cohort is another limi-
tation. It is possible that some PROMs like the RMDQ
would have shown a statistical difference between the
BME and non-BME groups in a larger population. A
strength of this study is that all patients who underwent
SIJ MRI within a twelve months period at Lillebaelt Hos-
pital are represented in the present study, and this con-
tributes to knowledge regarding the incidence of SIJ
MRI in a non-rheumatological population.

Conclusions
In conclusion, the incidence of BME at SIJ MRI in the
present study correlates well with previous studies re-
garding the incidence of MRI changes in non-
rheumatological populations in Denmark. In light of the
above results, it seems that demographics and pain char-
acteristics are not of significant interest when categoris-
ing patients into either the BME or non-BME group. It
is possible that RMDQ can be of use in a future study,
but demographics like age, sex, BMI and pain descrip-
tions do not seem to add valuable information regarding
the distinction between patients with and without BME
in an early stage. To avoid potential challenges when
interpreting BME changes, it would be preferable if
all MRI examinations were reviewed according to the
same criteria and by the same radiologist/ specialised
chiropractor.
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Complement C3d is not associated with axial spondyloarthritis and 
magnetic resonance imaging changes at the sacroiliac joint

A Nygaard1,2, O Hendricks2,3, AG Loft4,5, AA Christiansen2,3, I Brandslund2,6, AG Jurik2,4,7, B Schiøttz-Christensen1,2

1Lillebaelt Hospital, University Hospital of Southern Denmark, Middelfart, Denmark 
2Department of Regional Health Research, University of Southern Denmark, Odense, Denmark 
3Department of Rheumatology, The Danish Hospital for Rheumatology, Sonderborg, Denmark 
4Department of Clinical Medicine, Aarhus University, Aarhus, Denmark 
5Department of Rheumatology, Aarhus University Hospital, Aarhus, Denmark 
6Department of Clinical Immunology and Biochemistry, Lillebaelt Hospital, Vejle, Denmark 
7Department of Radiology, Aarhus University Hospital, Aarhus, Denmark

Objective: To investigate the associations between complement C3d and inflammatory and structural changes by 
magnetic resonance imaging (MRI) at the sacroiliac joints (SIJ) suggestive of axial spondyloarthritis, according to the 
Assessment of SpondyloArthritis international Society (ASAS) criteria, in patients with low back pain. 
Method: This was a cross-sectional study of patients referred to the Spine Centre of Southern Denmark owing to 
unspecified low back pain (Spines of Southern Denmark cohort). The patients were divided into three groups: group 1: 
patients fulfilling the ASAS criteria for axial spondyloarthritis (axSpA, n = 96); group 2: patients with either a positive 
MRI of the SIJ and no spondyloarthritis features, or a negative MRI of the SIJ but positive human leucocyte antigen- 
B27 and one spondyloarthritis feature (non-axSpA, n = 38); group 3: patients with unspecified low back pain for 
> 3 months (control group, n = 82). Complement C3d was measured with double-decker rocket immunoelectrophor-
esis and evaluated in relation to the group division and baseline findings by SIJ MRI. 
Results: In total, 184 C3d analyses were performed. The mean ± sd level of C3d was 33.8 ± 8.1 AU/mL. There were 
no differences in C3d levels between the three patient groups, mean values being: axSpA = 34.3 ± 7.9 AU/mL, non- 
axSpA = 33.5 ± 6.9 AU/mL, and controls = 33.4 ± 9.2 AU/mL. The level of C3d was not related to MRI findings. 
Conclusions: In these patients, complement C3d was not associated with active or structural SIJ changes on MRI 
suggestive of axial spondyloarthritis. 

The term spondyloarthritis (SpA) covers a group of 
inflammatory conditions characterized by inflammation 
in the axial skeleton, and possibly affecting peripheral 
joints and extra-articular sites (1).

Although magnetic resonance imaging (MRI) can 
demonstrate bone marrow oedema (BMO) due to 
inflammation at the sacroiliac joint (SIJ), there is still 
a significant delay in the diagnosis of patients with SpA 
(2). Besides, BMO at the SIJ can be due to several non- 
inflammatory conditions (3, 4), and differentiation 
between inflammatory back pain and back pain due to 
other causes can be difficult as there are no clinical 
findings specific for early SpA (5). Because effective 
medical treatments, such as tumour necrosis factor-α 
(TNF-α) and interleukin-17 (IL-17) inhibitors, are 

available, it is important to detect prognostic biomarkers 
for early-stage SpA (6) to treat the correct patients early 
and avoid the unnecessary treatment of patients without 
SpA.

The exact pathogenesis of SpA is unknown, and 
a humoral immune response has not previously been 
considered as a primary pathway in the development of 
SpA (7). However, studies regarding autoantibodies in 
patients with axial spondyloarthritis (axSpA), such as 
CD74 [human leucocyte antigen (HLA) class II invar-
iant chain] (8) and, more recently, antibodies for oxi-
dized collagen type II (7), have suggested a humoral 
component in SpA development.

The complement cascade reaction is a part of the 
humoral innate immune response (9) and has several 
essential functions, including protection against infec-
tions, connecting the innate and adaptive immune sys-
tem, and removal of immune complexes (10, 11). The 
complement system can be activated by three pathways: 
the classical pathway, the alternative pathway, and via 
mannan-binding lectin (12).
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Activation of the complement system results in the 
conversion of complement factors, leading to elevated 
complement split products (13). The component C3 is 
a key factor in the system as all three forms of comple-
ment activation lead to the cleavage of C3 to C3b via 
the enzyme C3 convertase. Subsequently, C3b is 
cleaved into C3c and C3dg, with C3g and C3d being 
the final fragments (12, 14).

Complement activation as part of the pathogenesis of 
SpA has previously been investigated, and older studies 
have shown elevated complement components and split 
products in patients with ankylosing spondylitis (AS) (15– 
17). These studies were based on a small number of cases, 
and owing to the lack of MRI accessibility, the AS patients 
were late stage in fulfilling the New York criteria or mod-
ified New York criteria (mNYC) (18) for AS.

A more recent study on AS patients treated with 
biological agents found a negative correlation between 
high levels of C3 and fatty lesions by MRI (19), while 
research on TNF-α inhibitor treatment showed reduced 
complement activation in SpA patients receiving biolo-
gical treatment (20).

The purpose of this study was to investigate the 
associations between complement C3d and inflamma-
tory and structural changes by MRI at the SIJ sugges-
tive of axSpA, according to the Assessment of 
SpondyloArthritis international Society (ASAS) criteria, 
in a group of patients with unspecified back pain.

Method

This was a cross-sectional study including patients aged 
18–45 years, referred to the Spine Centre of Southern 
Denmark with unspecified back pain in the years 2011– 
2013 [the Spines of Southern Denmark (SSD) cohort] 
(21). The Spine Centre of Southern Denmark is 
a primary care department for patients with primarily 
degenerative spine disorders (22). At baseline, all 
patients answered a standardized questionnaire covering 
inflammatory symptoms, then underwent a clinical 
examination focusing on symptoms related to the SIJ 
and axSpA in general.

MRI of the SIJ and whole spine was performed on all 
patients at inclusion. Three radiologists with substantial 
knowledge of and experience in musculoskeletal radi-
ology evaluated the MRI for signs of inflammation and 
structural lesions compatible with a diagnosis of AS/ 
SpA. All changes were scored semi-quantitatively using 
a Danish MRI grading system (23), including bone 
marrow oedema (BMO) as well as erosions, subchon-
dral sclerosis, fatty marrow deposition (FMD), and 
ankylosis, and the depth of BMO and FMD (± > 1 cm 
beneath the joint surface), in addition to the signal 
intensity of BMO (less than spinal fluid or equal to 
spinal fluid). In the current study, the SIJ BMO findings 
were subsequently classified according to the criteria 
defined by the ASAS in 2009 (24) as ASAS MRI- 

positive and ASAS MRI-negative, depending on the 
amount of BMO. ASAS MRI-positive patients had at 
least two BMO areas on one MRI slice or a BMO 
extending over more than one slice. The different struc-
tural changes were scored by the prevalence of their 
occurrence in the different groups.

The SSD cohort and MRI protocol are described in 
detail by Arnbak et al (21). In total, 1037 patients with 
persisting low back pain for > 3 months were included 
in the study.

A subsequent study on the SSD cohort (25) encom-
passing biochemical examination [(HLA-B27) and 
high-sensitivity C-reactive protein (hs-CRP)], as well 
as a questionnaire and clinical examination, was per-
formed based on 1020 patients, 696 of whom gave 
consent for the further use of blood samples for research 
purposes (Figure 1).

Overall, 189 of the 696 patients were referred for clin-
ical examination by three rheumatologists owing to (i) the 
fulfilment of ASAS criteria for axSpA, or (ii) ASAS MRI- 
positive SIJ without additional ASAS features, or (iii) 
HLA-B27 positivity and one further ASAS feature. The 
remaining 507 patients were eligible as controls (Figure 1).

The patients were divided into three groups based on 
the clinical and biochemical findings of the rheumatolo-
gical examination, and a summary statement regarding 
whether or not the patient was ASAS MRI-positive or 
MRI-negative. Group 1: patients fulfilling the imaging or 
clinical arm of the ASAS criteria for axSpA (axSpA, 
n = 96); nine patients fulfilled the ASAS axSpA classifi-
cation according to the clinical arm only (HLA-B27 posi-
tive and at least two SpA features); group 2: patients with 
either positive SIJ MRI and no SpA features, or negative 
SIJ MRI, but positive HLA-B27 and one SpA feature 
(non-axSpA n = 38); and group 3: patients with unspeci-
fied low back pain for > 3 months and no inflammatory 
changes on SIJ MRI (control group n = 82) (Figure 1).

Patients in the control group were contacted by tele-
phone (by author OH). Among the 507 eligible patients, 
inclusion was performed continuously until 76 patients 
had agreed to blood sampling (26). Six of the indivi-
duals initially referred to the rheumatologist did not 
meet the inclusion criteria for the axSpA and non- 
axSpA groups after rheumatological examination, and 
were transferred to the control group (Figure 1).

After the rheumatological examination and allocation 
into the three groups, radiography of the SIJ was performed 
and evaluated according to the mNYC for the patients in the 
axSpA and non-axSpA group, but not for the control group.

In total, 216 patients were included in the present 
study.

Biochemical assessment

A blood sample was obtained at baseline at the Spine 
Centre of Southern Denmark. Then, 2 mL of serum was 
analysed for HLA-B27 and hs-CRP at the Danish Hospital 
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for Rheumatology. The remaining serum after HLA-B27 
and hs-CRP testing (1 mL) was stored in the Molecular 
Biology of Infectious Agents in the Early Diagnosis of 
Spondyloarthritis (MICSA) biobank. At the time of clinical 
examination, a second set of blood samples was taken from 
189 patients who participated in the clinical examination, as 
well as the 76 controls. Sera used in the present study were 
derived from blood samples from the second visits. The 
mean time from SIJ MRI to blood sampling for the C3d 
analyses was 129 days.

The biobank is hosted by the research group at the 
Danish Hospital for Rheumatology, Sonderborg. The 
MICSA cohort is described in detail by Hermansen 
et al (26).

The stored MICSA samples were transferred from the 
Danish Hospital for Rheumatology, Sonderborg, to the 

Department of Clinical Biochemistry at Vejle Hospital 
according to local instructions, and the durability and 
temperature requirements of the samples before analysis 
were respected.

With the use of 1 mL ethylenediaminetetra-acetic 
acid (EDTA) plasma and polyclonal rabbit anti-human 
C3d complement (DakoCytomation Denmark), the 
quantitation of C3d in the baseline samples was mea-
sured by double-decker rocket immunoelectrophoresis 
(27). The procedure for C3d analysis took 2 days. Day 1 
involved the preparation of gel 1 (11.1 mL 1.8% agar-
ose, 11.1 mL 4% PEG, 65 µL anti-C3d) and gel 2 
(8.9 mL 0.9% agarose, 500 µL anti-C3c), followed by 
electrophoresis (100 V dc, 15–25 mA). On day 2, gels 1 
and 2 were washed for 15 min with 0.1 M NaCl, 
followed by drying and height measurement in 

6=n a n=76b 

 n=8 n=3  n=17  

1=ndessiM c Missed n=3c 

Spines of Southern Denmark 
(SSD)21

(n=1037) 
Excluded from MICSA (n=341) 
 n=224, LBP < 3months 
n=11, no blood sample present 
n=106, did not wish to participate/did not  

    sign consent form 
MICSA cohort26

(n=696) 

Referred to rheumatologist 
(n=189) 

Eligible as controls 
(n=507) 

Excluded (n=49) 
n=27, did not wish to 
participate 
n=7, missed the consultation 
n=4, did not sign consent 
form 
n=11, other reasons 

AxSpA  
(n=96) 

Non-axSpA  
(n=38) 

Controls
(n=82) 

Not sufficient amount 
of serum in biobank for 
further analysis 
(n=28) 

Controls 
(n=65) 

Non-axSpA  
(n=35)
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(n=88) 

AxSpA C3d 
(n=88) 

Non-axSpA 
C3d  

(n=34) 

Controls C3d 
(n=62) 

Figure 1. Patient and blood sample flow from the Spines of Southern Denmark (SSD) and Molecular Biology of Infectious Agents in the Early 
Diagnosis of Spondyloarthritis (MICSA) cohorts to the present study with measured C3d samples in each MICSA group. a Patients not fulfilling 
criteria for spondyloarthritis (SpA) or being at risk of SpA; b Random sample from the control group invited to the MICSA project included by 
author OH; c Analyses missed during the processing of C3d samples.
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millimetres of the C3d rockets, carried out manually by 
a medical laboratory technologist with many years of 
experience in C3d analysis. The procedure is described 
in detail elsewhere (13). The normal range of C3d in 
a healthy reference population has been measured as 
20–52 AU/L. The analytical coefficient of variation 
(CV) is 9% at the upper normal limit (13).

Statistical analysis

Parametric data were reported as the mean ± sd. One- 
way analysis of variance (ANOVA) was used to test 
differences in mean C3d levels between the MICSA 
groups (axSpA, non-axSpA, control group). Between- 
group comparisons for continuous and categorical 
demographic variables were performed with the inde-
pendent samples t-test and Pearson chi-squared test. The 
Kruskal–Wallis test and interquartile range were used to 
describe non-parametric data.

Logistic regression analysis was used to test the 
hypothesis of an association between C3d levels and 
MRI changes, assessing odds ratios, sensitivity, specifi-
city, and area under the curve (AUC). This was fol-
lowed by multivariate logistic regression to evaluate the 
potential effect of other variables, such as demographic 
factors and other biomarkers (HLA-B27, hs-CRP).

A p-value < 0.05 was considered statistically signifi-
cant.

Stata (version 15.0) was used for statistical analysis.

Ethics and consent

The Region of Southern Denmark was the data control-
ler for this project, and it is included in their records of 
personal data processing activities (file no. 15/38665).

The Regional Committee on Human Research Ethics 
approved the study (S-20140050/S-20190004), and the 
study was conducted according to the Declaration of Hel-
sinki.

The data processing was conducted according to EU 
and Danish legislation on the processing of sensitive 
personal information, as well as internal regulations 
from the Region of Southern Denmark. Analyses were 
run on pseudonymized data, and the results presented in 
this manuscript do not enable the identification of single 
data subjects.

Results

Of the 188 blood tests eligible for examination (axSpA: 
n = 88; non-axSpA: n = 35; and control: n = 65), 184 
were analysed correctly.

Four samples had to be excluded owing to haemoly-
sis or technical challenges within the analytical process 
(Figure 1).

In total, the mean level of C3d was 33.8 ± 8.1 AU/ 
mL. Four patients had C3d levels below normal < 20 
AU/mL (axSpA: n = 3; control group: n = 1), and two 
patients had levels above the normal range > 52 AU/mL 
(55 and 67 AU/mL, respectively), both belonging to the 
control group.

There was no statistically significant difference in 
C3d levels between the three MICSA groups 
(p = 0.15), with mean C3d levels being: 
axSpA = 34.3 ± 7.9 AU/mL, non-axSpA = 33.5 ± 6.9 
AU/mL, and control group = 33.4 ± 9.2 AU/mL.

There were significant differences in the prevalence 
of HLA-B27 and levels of hs-CRP between the axSpA 
and non-axSpA groups (p = 0.05 and 0.007, respec-
tively) (Table 1). The prevalence of deep BMO lesions 
and erosions at SIJ was significantly higher in the 
axSpA compared to the non-axSpA group (p = 0.02/ 
0.02).

No differences regarding biomarkers (HLA-B27 and 
hs-CRP) between the non-axSpA group and control 
group were found. There were significantly higher pre-
valences of BMO (p < 0.01), deep BMO (p = 0.02), 

Table 1. Demographics, magnetic resonance imaging (MRI) 
findings, and blood test characteristics of the axial spondy-
loarthritis (axSpA), non-axSpA, and control groups.

axSpA 
(n = 88)

Non- 
axSpA 

(n = 34)

p* 
(axSpA/ 

non- 
axSpA)

Controls 
(n = 62)

Age (years) 30.8 ± 5.4 32.2 ± 5.9 0.22† 30.6 ± 5.9
Gender 0.62‡

Male 32 (36.4) 14 (41.2) 37 (59.7)
Female 56 (63.6) 20 (58.8) 25 (40.3)

Biomarkers
HLA-B27 
positive

32 (36.4) 6 (17.7) 0.05‡ 5 (8.1)

hs-CRP (mg/ 
L)

1.9 (0.6– 
6.6)

0.4 (0.2– 
2)

0.007§ 0.6 (0.2– 
1.6)

Inflammatory changes
BMO/ASAS 
MRI-positive

82 (85.4) 30 (78.9) 0.34‡ 1 (1.2)

Depth BMO 27 (28.1) 4 (10.5) 0.02 0 (0.0)
Intensity 
BMO

11 (11.5) 1 (2.6) 0.16 0 (0.0)

Structural MRI changes
Erosions 31 (32.3) 5 (13.2) 0.02 0 (0.0)
FMD 37 (38.5) 11 (28.9) 0.21 5 (6.1)
Depth FMD 21 (21.8) 3 (7.9) 0.08 1 (1.2)
Subchondral 
sclerosis

27 (28.1) 6 (15.7) 0.47 1 (1.2)

Ankylosis 0 (0.0) 0 (0.0) n/a 1 (1.21)

Data are shown as mean ± sd, n (%), or median (interquartile 
range). 
*p-Value comparison between axSpA and non-axSpA groups. 
†Student’s t-test; ‡Pearson’s chi-squared test; §Mann–Whit-
ney U test. 
HLA, human leucocyte antigen; hs-CRP, high-sensitivity 
C-reactive protein; BMO, bone marrow oedema; ASAS, 
Assessment of SpondyloArthritis international Society; FMD, 
fatty marrow deposition; n/a; not applicable. 
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FMD (p = 0.02), and erosions (p < 0.01) in the non- 
axSpA group compared to the control group.

Association between C3d levels and MRI findings

There was no statistically significant difference in mean 
C3d levels between the ASAS MRI-positive and ASAS- 
negative groups (Student’s t-test p = 0.8).

The C3d levels were tested, and the AUC and cut-off 
values were determined. The AUC was 0.537 (95% con-
fidence interval 0.45–0.62), and the best C3d level was 31.2 
AU/L, with a sensitivity of 62.6% and specificity of 45.5%.

The multivariable logistic regression on demo-
graphics (age, gender) and biomarkers (HLA-B27, 
hsCRP) was tested (Table 2). There was a higher prob-
ability of having an ASAS-positive MRI for females 
(odds ratio 1.94, p = 0.03). Age and C3d did not con-
tribute to higher AUC for ASAS-positive SIJ MRI. 
Using all covariables, the AUC increased to 0.63 

(Figure 2). The sensitivity and specificity of the multi-
variable logistic regression model were 75.7% and 
46.8%, respectively. The positive predictive value and 
negative predictive value were 0.66 and 0.58, with an 
accuracy of 63.6% correctly classified.

There was no statistically significant difference in mean 
C3d levels in relation to the individual MRI findings [BMO 
(p = 0.85), BMO depth > 1 cm beneath the joint surface 
(p = 0.10), erosions (p = 0.50), or FMD (p = 0.13)] tested on 
the entire population. Furthermore, there was no difference 
when tested separately for males and females.

There was a significantly higher proportion of 
females than males with BMO changes (females: 
57.1%; males: 46.9%; p = 0.03).

Radiographic assessment

For 104 patients, SIJ radiographs were available, and 
the classification of the SIJ according to the mNYC (15) 
was possible. In total, 16 patients fulfilled the mNYC 
criteria (axe-SpA: n = 14; non-axSpA: n = 2).

A corresponding C3d measurement was available for 
96 patients. The mNYC was fulfilled in 14 patients 
(14.6%): 13 cases (13.5%) in the axSpA group and 
one case (1.0%) in the non-axSpA group.

Among the axSpA patients, there was no difference 
in C3d levels between patients fulfilling the mNYC and 
patients without structural changes on SIJ radiographs 
(p = 0.39).

All patients fulfilling the mNYC fulfilled the MRI 
criteria for sacroiliitis concomitantly.

Discussion

To the best of our knowledge, this is the first study to 
investigate the associations of complement C3d and 

Table 2. Associations between demographic variables and 
biomarkers with fulfilment of the Assessment of SpondyloAr-
thritis international Society (ASAS) definition for positive 
sacroiliac joint magnetic resonance imaging.

Variable OR se 95% CI p

Demographics
Age 1.02 0.03 0.97–1.08 0.40
Gender (female) 1.94 0.60 1.07–3.55 0.03

Biomarkers
hs-CRP 1.06 0.04 0.99–1.14 0.07
HLA-B27 0.74 0.27 0.36–1.51 0.40
C3d 0.99 0.02 0.95–1.03 0.70

hs-CRP, high-sensitivity C-reactive protein; HLA, human leu-
cocyte antigen; OR, odds ratio; se, standard error; CI, con-
fidence interval. 
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Figure 2. Sensitivity and specificity of multi-
variable logistic regression on demographics 
(age, gender) and biomarkers (C3d, human leu-
cocyte antigen-B27, C-reactive protein) in rela-
tion to Assessment of SpondyloArthritis 
international Society magnetic resonance ima-
ging positivity. ROC, receiver operating charac-
teristics.
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inflammatory and structural changes on SIJ MRI sug-
gestive of axSpA in a patient population. However, 
there were no statistically significant differences in 
C3d levels between the three MICSA groups, despite 
significantly higher frequencies of MRI changes in the 
axSpA group compared to the remainder. Only two 
cases had C3d levels above the normal range, both 
belonging to the control group. Previous studies (15– 
17), including a 2019 study (20), have reported activa-
tion of the complement system in patients with AS 
compared to the background population. However, in 
the older studies, patients were classified as having AS 
due to the New York criteria from 1968 (28) based on 
structural changes at the SIJ, which most often reflects 
long-standing disease. Patients in more recent studies 
were eligible for treatment with TNF-α inhibitors, 
which could also indicate that the patients were not in 
the early stage of SpA/AS. In the present study, patients 
had unspecified low back pain for at least 3 months 
before inclusion in the SSD cohort (25), but the indivi-
dual duration of symptoms is unknown. Furthermore, 
baseline radiographic SIJ changes in the axSpA and 
non-axSpA groups were evaluated, and there was no 
difference in C3d levels between the groups.

We investigated the potential association of baseline 
C3d levels and MRI changes at the SIJ, first for the 
ASAS-positive/negative MRI score, and secondly for 
all inflammatory and structural changes, as well as 
single MRI findings with no significant detectable dif-
ferences. The interpretation of changes on the SIJ MRI 
was performed by three experienced radiologists, and 
their interobserver/intraobserver agreement was evalu-
ated in a previous study (29). We, therefore, believe that 
the classification of SIJ MRI is highly reliable and does 
not account for any skewness. Deep BMO lesions and 
erosions were overrepresented in the axSpA group, 
which is in line with previous studies regarding MRI 
findings in SpA patients (30). In light of the above, we 
conclude that baseline levels of C3d were not associated 
with inflammatory or structural MRI changes at the SIJ.

The quantification and measurement of C3d levels in 
this study were performed with the use of double-decker 
rocket immunoelectrophoresis (13). This method has 
been used for many years in Hospital Lillebaelt, and 
we believe that it is highly reliable and does not account 
for significant skewness in the C3d levels. However, the 
method requires manual measurements in millimetres of 
the C3d rockets, which is a time-consuming and expen-
sive procedure. Besides a few patients, nearly all of the 
C3d tests were within the normal range in both the 
axSpA and control groups. This indicates that the com-
plement system is not activated in early-stage SpA.

Other methods, including the time-resolved immuno-
fluorometric assay (TRIFMA), have been used for the 
quantification of C3 and activation fragments in other 
research (31). We do not believe that using other meth-
ods of C3d testing would have significantly changed the 

results, which is substantiated by a newer study testing 
C3 levels in 120 axSpA patients without significant 
changes compared to a control group with the use of 
the TRIFMA method (32).

Strengths and limitations

This study has some limitations. First of all, patients with 
apparent signs of inflammatory activity such as severe 
inflammatory back pain and/or peripheral manifestations 
are usually initially referred to a department of rheumatol-
ogy rather than to an outpatient clinic primarily managing 
back pain conditions of degenerative origin. This could 
result in selection bias and may influence the lack of 
differences in C3d results between the groups.

The exact duration of the patients’ symptoms is 
unknown, and it is uncertain at which stage of the disease 
the baseline SIJ MRI was performed. Moreover, only C3d 
at baseline was measured. It is possible that C3d levels 
would increase along with some progression of the symp-
toms of AS/SpA within 6 and 12 months of baseline.

In the present study, there was an unusually low 
proportion of HLA-B27-positive patients (axSpA: 
36.4%; non-axSpA: 17.7%), and a higher proportion 
of females in both the axSpA and non-axSpA groups 
(axSpA: 63.6%; non-axSpA: 58.8%). Furthermore, 
there was a higher proportion of BMO changes on the 
SIJ MRI in women. This is in contrast to usual observa-
tions on the prevalence of HLA-B27 and gender dis-
tribution in cohorts of spondyloarthritis patients (33).

We consider that the inclusion of patients from a primary 
care department for patients with primarily degenerative 
spine disorders may have contributed to the heterogeneity 
of the cohort, and that biomechanical stress at the SIJ in 
women with long-standing low back pain and/or postpar-
tum changes on SIJ MRI may have contributed to the 
higher frequency of BMO detected on the SIJ MRI in 
women. The above result may limit the generalizability of 
this study to axSpA identified in usual clinical practice.

The mean time from baseline SIJ MRI to the blood 
sampling for the C3d analyses was 129 days. The rela-
tively long period between MRI and C3d testing is 
a limitation when evaluating the association between 
C3d and inflammatory changes on MRI. However, 
older studies have demonstrated little variation in C3d 
levels in patients with rheumatoid arthritis over 
a 3 month period (34). Complement activation is 
a recognized sign of disease flare-up in other rheuma-
tological diseases such as systemic lupus erythemato-
sus, and we hypothesize that if complement activation 
were associated with active inflammation in axSpA 
patients, elevated levels of C3d would be expected in 
at least a subgroup of patients in the axSpA group as 
a sign of sustained inflammation.

A strength of this study is the high number of included 
patients and collected baseline C3d samples. Combined 
with baseline SIJ MRI and baseline radiography, it was 
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possible to test the association of C3d and MRI changes 
sufficiently in a large cohort of patients with clinical and 
radiological suspicion of early-stage SpA. However, the 
study population may still be too small for subgroup 
analyses such as radiographic axSpA, since the mNYC 
were fulfilled in only 14 cases.

Conclusion

Complement C3d was not associated with active or 
structural SIJ changes on MRI suggestive of axSpA in 
these patients.

Acknowledgements

The authors would like to thank medical laboratory technologist Nina 
Mogensen and the Department of Clinical Biochemistry at Vejle 
Hospital (Klinisk Biokemisk Afdeling) for processing and analysing 
the C3d samples, as well as the MICSA steering group for valuable 
inputs and discussion on the study.

This work was supported by Sygehus Lillebaelt Forskningsrådet (SLB) 
with financial support for the processing and analysing of the C3d samples.

Disclosure statement

No potential conflict of interest was reported by the authors.

References

1. Sieper J, Poddubnyy D. Axial spondyloarthritis. Lancet 
2017;390:73–84.

2. Maksymowych WP. Biomarkers for diagnosis of axial spondy-
loarthritis, disease activity, prognosis, and prediction of response 
to therapy. Front Immunol 2019;10:305.

3. De Winter J, de Hooge M, van de Sande M, de Jong H, van 
Hoeven L, de Koning A, et al. Magnetic resonance imaging of the 
sacroiliac joints indicating sacroiliitis according to the assessment 
of SpondyloArthritis international society definition in healthy 
individuals, runners, and women with postpartum back pain. 
Arthritis Rheumatol 2018;70:1042–8.

4. Deodhar A. Sacroiliac joint magnetic resonance imaging in the 
diagnosis of axial spondyloarthritis: “A tiny bit of white on two 
consecutive slices” may be objective, but not specific. Arthritis 
Rheumatol 2016;68:775–8.

5. Maksymowych WP. An update on biomarker discovery and use in 
axial spondyloarthritis. Expert Rev Mol Diagn 2017;17:965–74.

6. Lubrano E, De Socio A, Perrotta FM. Unmet needs in axial 
spondyloarthritis. Clin Rev Allergy Immunol 2018;55:332–9.

7. Vinci C, Infantino M, Raturi S, Tindell A, Topping LM, Strollo R, 
et al. Immunoglobulin A antibodies to oxidised collagen type II as 
a potential biomarker for the stratification of spondyloarthritis 
from rheumatoid arthritis. Scand J Rheumatol 2020;49:281–91.

8. Do L, Granåsen G, Hellman U, Lejon K, Geijer M, Baraliakos X, 
et al. Anti-CD74 IgA autoantibodies in radiographic axial spon-
dyloarthritis: a longitudinal Swedish study. Rheumatology 
(Oxford) 2020, keaa882.

9. Shishido SN, Varahan S, Yuan K, Li X, Fleming SD. Humoral 
innate immune response and disease. Clin Immunol 
2012;144:142–58.

10. Walport MJ. Complement. First of two parts. N Engl J Med 
2001;344:1058–66.

11. Walport MJ. Complement. Second of two parts. N Engl J Med 
2001;344:1140–4.

12. Wen L, Atkinson JP, Giclas PC.Clinical and laboratory evaluation 
of complement deficiency. J Allergy Clin Immunol 
2004;113:585–93; quiz 94.

13. Brandslund I, Teisner B, Hyltoft Petersen P, Svehag S-E. Devel-
opment and clinical application of electroimmunoassays for the 
direct quantification of the complement C3 split products C3c and 
C3d. Scand J Clin Lab Invest 2004;113:57–73.

14. Varela JC, Tomlinson S. Complement: an overview for the 
clinician. Hematol Oncol Clin North Am 2015;29:409–27.

15. Deicher H, Ebringer A, Hildebrand S, Kemper A, Zeidler H. 
Circulating immune complexes in ankylosing spondylitis. Br 
J Rheumatol 1983;22:122–7.

16. Brinch L, Vinje O, Teisberg P, Mellbye OJ, Aakesson I. The 
in vivo metabolism of C3 in ankylosing spondylitis. Ann Rheum 
Dis 1982;41:86–9.

17. Whaley K, Canesi B, Moseley A, Morrow W, Sturrock R, 
Mitchell W, et al. Complement metabolism in the seronegative 
arthritides. Ann Rheum Dis 1974;33:495–9.

18. Van Der Linden S, Valkenburg HA, Cats A. Evaluation of diag-
nostic criteria for ankylosing spondylitis. A proposal for modifica-
tion of the New York criteria. Arthritis Rheum 1984;27:361–8.

19. Inman RD, Baraliakos X, Hermann KA, Braun J, Deodhar A, van 
der Heijde D, et al. Serum biomarkers and changes in clinical/ 
MRI evidence of golimumab-treated patients with ankylosing 
spondylitis: results of the randomised, placebo-controlled 
GO-RAISE study. Arthritis Res Ther 2016;18:304.

20. Hokstad I, Deyab G, Wang Fagerland M, Lyberg T, Hjeltnes G, 
Forre O, et al. Tumor necrosis factor inhibitors are associated with 
reduced complement activation in spondylarthropathies: an obser-
vational study. PLoS One 2019;14:e0220079.

21. Arnbak B, Jensen TS, Egund N, Zejden A, Horslev-Petersen K, 
Manniche C, et al. Prevalence of degenerative and 
spondyloarthritis-related magnetic resonance imaging findings in 
the spine and sacroiliac joints in patients with persistent low back 
pain. Eur Radiol 2016;26:1191–203.

22. Kent P, Kongsted A, Jensen TS, Albert HB, Schiottz-Christensen 
B, Manniche C. SpineData - a Danish clinical registry of people 
with chronic back pain. Clin Epidemiol 2015;7:369–80.

23. Madsen KB, Jurik AG. Magnetic resonance imaging grading 
system for active and chronic spondylarthritis changes in the 
sacroiliac joint. Arthritis Care Res (Hoboken) 2010;62:11–18.

24. Rudwaleit M, van der Heijde D, Landewe R, Listing J, Akkoc N, 
Brandt J, et al. The development of Assessment of SpondyloAr-
thritis international Society classification criteria for axial spondy-
loarthritis (part II): validation and final selection. Ann Rheum Dis 
2009;68:777–83.

25. Arnbak B, Grethe Jurik A, Horslev-Petersen K, Hendricks O, 
Hermansen LT, Loft AG, et al. Associations between spondyloar-
thritis features and magnetic resonance imaging findings: a 
cross-sectional analysis of 1,020 patients with persistent low 
back pain. Arthritis Rheumatol 2016;68:892–900.

26. Hermansen LT, Loft AG, Christiansen AA, Munk HL, Gilbert L, 
Jurik AG, et al. No diagnostic utility of antibody patterns against 
Klebsiella pneumoniae capsular serotypes in patients with axial 
spondyloarthritis vs. patients with non-specific low back pain: a 
cross-sectional study. Scand J Rheumatol 2017;46:296–302.

27. Brandslund I, Siersted HC, Svehag SE, Teisner B. Double-decker 
rocket immunoelectrophoresis for direct quantitation of comple-
ment C3 split products with C3d specificities in plasma. 
J Immunol Methods 1981;44:63–71.

28. Moll JM, Wright V. New York clinical criteria for ankylosing spon-
dylitis. A statistical evaluation. Ann Rheum Dis 1973;32:354–63.

29. Arnbak B, Jensen TS, Manniche C, Zejden A, Egund N, Jurik AG. 
Spondyloarthritis-related and degenerative MRI changes in the 
axial skeleton--an inter- and intra-observer agreement study. 
BMC Musculoskelet Disord 2013;14:274.

30. Bennett AN, McGonagle D, O’Connor P, Hensor EM, Sivera F, 
Coates LC, et al. Severity of baseline magnetic resonance 
imaging-evident sacroiliitis and HLA-B27 status in early 

Complement activation in SpA                                                                                                                     7

www.scandjrheumatol.se



inflammatory back pain predict radiographically evident ankylos-
ing spondylitis at eight years. Arthritis Rheum 2008;58:3413–8.

31. Troldborg A, Jensen L, Deleuran B, Stengaard-Pedersen K, 
Thiel S, Jensenius JC. The C3dg fragment of complement is 
superior to conventional C3 as a diagnostic biomarker in systemic 
lupus erythematosus. Front Immunol 2018;9:581.

32. Troldborg A, Thiel S, Mistegaard CE, Hansen A, 
Korsholm TL, Stengaard-Pedersen K, et al. Plasma levels of 

H- and L-ficolin are increased in axial spondyloarthritis: 
improvement of disease identification. Clin Exp Immunol 
2020;199:79–87.

33. Kettering JM, Towers JD, Rubin DA. The seronegative 
spondyloarthropathies. Semin Roentgenol 1996;31:220–8.

34. Brandslund I, Peters ND, Ejstrup L, Teisner B, Rasmussen GG. 
Steroids and complement activation in rheumatoid arthritis. Lan-
cet 1983;2:346–7.

8                                                                                                                                         A Nygaard et al

www.scandjrheumatol.se                                                                                                                               



 

 

 

 

 

 

 

 

PAPER IV 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 
 

Title: "Spondyloarthritis diagnoses in the Danish National Patient Registry". 
 

 

Nygaard A1,2, Garvik OS3, Hendricks O2,4, Loft AG5,6, Jurik AG2,5,7, Schiøttz-Christensen B2. 

 

Affiliations: 
1Lillebaelt Hospital, University Hospital of Southern Denmark 
  
2Department of Regional Health Research, University of Southern Denmark, Odense, Denmark 
3 Center for Clinical Epidemiology, Odense University Hospital, Odense, Denmark 
 
4Department of Rheumatology, The Danish Hospital for Rheumatology, Sonderborg, Denmark  

5Department of Clinical Medicine, Aarhus University, Aarhus, Denmark 

6Department of Rheumatology, Aarhus University Hospital, Aarhus, Denmark  

7Department of Radiology, Aarhus University Hospital, Aarhus, Denmark  
 

Address for correspondence: 

Allan Nygaard 

Lillebaelt Hospital, University Hospital of Southern Denmark. Oestre Hougvej 55, 5500 Middelfart, 
Denmark 

Mail: allan.nygaard1@rsyd.dk 

 

Category: Full-length article 

Short title (running head): "AxSpA diagnoses in DNPR". 

 

 

 

 

 

 

 

 

 

 



2 
 

Abstract: 

Objectives:  

To evaluate when axial spondyloarthritis (axSpA) diagnoses were registered in the Danish National 

Patients Registry (DNPR) in patients suggestive of axSpA. Secondly, to explore at which time point 

patients with sustained axSpA diagnoses can be identified with confidence for use in further 

epidemiological studies. 

 

Methods: 

Information on the diagnosis of ankylosing spondylitis (M.45*) and spondyloarthritis (M.46*) in 

the DNPR was evaluated using the information given in a cohort of patients, including 134 patients 

suggestive of early-stage axSpA and 82 patients with unspecified lower back pain followed for five 

years. 

The clinical- and biochemical status were extracted from the Molecular Biology of Infectious 

Agents in the Early Diagnosis of Spondyloarthritis database (MICSA) and the DNPR at one- and 

five-year follow-up. 

 

Results: 

At one-year follow-up, 102 patients (76.7%) of the 133 patients suggestive of axSpA were 

registered with an inflammatory diagnosis (M.45*/M.46*), declining to 29 patients (21.8%) at five-

year follow-up. No patients from the non-inflammatory group had a sustained inflammatory 

diagnosis registered after five years of follow-up.  
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Conclusion: 

The implementation of The Assessment of SpondyloArthritis international Society (ASAS) criteria 

in 2009 in clinical practice seems to have contributed to a temporary overestimation of axSpA 

diagnoses in the present cohort of patients suggestive of early-stage axSpA. The inflammatory 

diagnoses registered in the DNPR at the time of referral for diagnostics cannot be used as reliable 

predictors of persisting inflammatory diagnosis and should be used with caution in patients where 

the inflammatory diagnosis is based on the ASAS 2009 classification criteria. 

 

Keywords: spondyloarthritis, diagnosis, registry 
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Introduction: 

Axial spondyloarthritis (axSpA) is a group of chronic inflammatory diseases affecting the spine and 

sacroiliac joints (SIJs). The diagnosis of axSpA is often based on the presence or absence of 

features included in the Assessment of SpondyloArthritis international Society (ASAS) 

classification criteria from 2009 [1], although the criteria have been elaborated for classification 

purposes. Clinical and biochemical features, as well as imaging findings by radiography or 

magnetic resonance imaging (MRI), contribute to the diagnosis. Radiographic changes are needed 

to obtain the diagnosis of ankylosing spondylitis (AS) as defined by the modified New York criteria 

[2], whereas characteristic MRI changes may be the only imaging findings in the other SpA 

diagnoses.  

In the clinic, the International Classification of Diseases and Related Health Problems (ICD-10) 

codes M.45.* and M.46.* are used for patients diagnosed with AS and axSpA, respectively.  

The validity of the registered diagnoses is crucial when investigating possible associations and 

impacts of diagnoses on long-term outcomes. Using data from different patient registries, 

correlations between clinical diagnoses, medical treatment, and socioeconomic statuses such as 

connection to the labour market, level of education and income can be evaluated at a population 

level. The validation of axSpA diagnoses, primarily AS, in national patient registries has been 

investigated previously [3-6]. A few studies have investigated the trend in axSpA diagnoses after 

implementation of the ASAS criteria [7, 8]. However, despite new possibilities of detecting 

inflammatory changes on SIJ MRI at an early stage of the disease, there is still a significant delay 

from initial symptoms to the final diagnosis in axSpA patients [9, 10]. A contributing factor for the 

delay in diagnosis could be the insidious nature of the disease. Since symptoms evolve over time, 
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the diagnosis recorded in registries might not be valid until months or years after the first 

consultation. 

The objective of this study was to evaluate when axSpA diagnoses were registered in the Danish 

National Patients Registry (DNPR) in a cohort of patients with features suggestive of early-stage 

axSpA. Secondly, we aim to explore at which point in time patients with sustained axSpA 

diagnoses can be identified with confidence for use in further epidemiological studies.  
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Methods: 

Study population 

The study population consisted of patients (aged 18–45) with persisting unspecified lower back pain 

from the Spines of Southern Denmark cohort (SSD) [11]. An MRI of the spine and SIJ was 

performed at baseline to identify findings suggesting an axSpA diagnosis according to the ASAS 

2009 criteria. Based on the initial examination, blood samples [tested for human leukocyte antigen 

(HLA-B27) and high-sensitivity C-reactive protein (hs-CRP)] and MRI findings, 189 patients were 

included in a subsequent study [Molecular Biology of Infectious Agents in the Early Diagnosis of 

Spondyloarthritis (MICSA) cohort][12] and referred for rheumatological evaluation (performed by 

authors OH, AGL and another consultant in rheumatology).  

A total of 134 patients accepted the referral and were supplemented by a control group consisting of 

82 patients from the SSD cohort without signs of axSpA.  

The 82 patients included six patients who were initially referred for rheumatological evaluation, but 

were without signs of axSpA clinically, biochemically or radiographically. The remaining 76 

patients were contacted by phone (OH) and included in the MICSA cohort [12].  

This resulted in the following study groups: 

a) patients fulfilling the ASAS criteria for axSpA (axSpA: n = 96)  

b) patients with subchondral bone marrow oedema (BME) at SIJ MRI, but  

no additional SpA features [1] (n = 32), or who were HLA-B27 positive with a 

single SpA feature (n = 6) (non-axSpA: n = 38).  

c) patients without BME by SIJ MRI, with negative biomarkers  



7 
 

and no features of SpA (n = 82) 

For further analysis, groups a) and b) were combined to form the "inflammatory group" (n = 134) 

and group c) were designated the "non-inflammatory group" (n = 82).  

In total, 216 patients were included in the present study. The inclusion of patients from the SSD 

cohort to MICSA and allocation to the groups are described elsewhere [12, 13]. 

 

Danish National Patient Registry 

The DNPR has previously been validated [14-16] and contains information about principal and 

secondary diagnoses according to the ICD-10 [17] as well as information regarding radiological 

procedures, including the specific code for MRI of the SIJ (UXME50) [18]. In the present study, the 

date of the baseline SIJ MRI was used to identify the date of the diagnostic procedure in the DNPR 

in the period 2011–2013.  

This date was then used as the index date, and the ICD-10 codes corresponding to the index date 

plus 30 days were identified from the DNPR and used as the baseline diagnosis. In the case of 

multiple SIJ MRI examinations in the same patient within the inclusion period, the first SIJ MRI 

and corresponding ICD-10 diagnosis were used as baseline. 

Principal diagnoses available for the study population in the DNPR were included.  

The ICD-10 codes of interest were ankylosing spondylitis (AS) (M45.*) and other inflammatory 

spondylopathies (SpA) (M46.*), including SpA-related diagnoses such as reactive/enteropathic and 

psoriatic arthropathies. Non-inflammatory back diagnoses were pooled in a separate group (non-

inflammatory group).  
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Since 2015, the Danish Society of Rheumatology has recommended [19] that patients diagnosed 

with axSpA are continuously evaluated at a rheumatological department at least once per year. By 

these criteria, patients with sustained axSpA diagnoses are identified as those seen at least once a 

year at a rheumatological department and have a subsequent registration of a M.45* (AS) or M.46* 

(SpA) diagnosis in the DNPR.  

To evaluate the proportion of patients with sustained inflammatory diagnoses registered in the 

DNPR, patients with at least one relevant clinical contact at a rheumatological department and a 

corresponding inflammatory diagnosis (M.45.*/M.46.*) within the first twelve months after 

baseline SIJ MRI were identified. Subsequently, diagnoses and clinical contacts during the period 

of two, three, four and five years from baseline were identified (Figure 1). 

Only clinical contacts registered at a rheumatological department or the Spine Centres of Southern 

Denmark were checked for an M.45* or M.46* diagnosis in the DNPR (Appendix 1). This method 

was used to exclude potential inflammatory diagnoses given at a department without expert 

knowledge of spondyloarthritis.  
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Figure 1: Inflammatory back diagnoses in the DNPR at baseline, six months and at one to five years, respectively. Patients   

                without relevant clinical contacts every twelve months at minimum were classified as non-inflammatory, as well as   

                patients with non-inflammatory diagnoses registered in the DNPR.  

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Groups Inflammatory, n Non-inflammatory, n 
Inflammatory (n=134) 22 112 

Non-inflammatory (n=82) 0 82 
Baseline diagnoses 

Excluded (n=4) 
 
Inflammatory group n=1 
Excluded due to inflammatory 
diagnosis prior to inclusion: 

 
Non-inflammatory group n=3 
Excluded due to emigration 

 

Groups Inflammatory, n Non-inflammatory, n 
Inflammatory (n=133) 102 31 

Non-inflammatory (n=79) 4 75 

Groups Inflammatory, n Non-inflammatory, n 
Inflammatory (n=133) 99 34 

Non-inflammatory (n=79) 4 75 

Groups Inflammatory, n Non-inflammatory, n 
Inflammatory (n=133) 66 67 

Non-inflammatory (n=79) 1 78 

Groups Inflammatory, n Non-inflammatory, n 
Inflammatory (n=133) 21 112 

Non-inflammatory (n=79) 0 79 

Groups Inflammatory, n Non-inflammatory, n 
Inflammatory (n=133) 45 88 

Non-inflammatory (n=79) 1 78 

Groups Inflammatory, n Non-inflammatory, n 
Inflammatory (n=133) 41 92 

Non-inflammatory (n=79) 0 79 

Groups Inflammatory, n Non-inflammatory, n 
Inflammatory (n=133) 29 104 

Non-inflammatory (n=79) 0 79 

6 months diagnoses 

1-year diagnoses 

2-year diagnoses 

3-year diagnoses 

4-year diagnoses 

5-year diagnoses 

Baseline diagnoses 
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One-year and five-year demographics and clinical features 

In order to evaluate potential differences between patients diagnosed with axSpA early compared to 

those who were diagnosed later in the process, demographic and clinical features were retrieved at 

one year and after five years of follow-up.  

The following variables were included from the studies listed below (Table 1): 

SSD cohort: 

Description of inflammatory findings at SIJ MRI according to the ASAS criteria (either ASAS 

MRI-positive or ASAS MRI-negative) evaluated by experienced radiologists with substantial 

knowledge of axSpA using the Danish SIJ evaluation system [19]. 

MICSA cohort: 

Baseline conventional radiography of the SIJ on a subpopulation of the cohort, HLA-B27 status, 

and biochemical levels of hs-CRP. 

Complement C3d study: 

Baseline complement C3d levels in the population [13]. 
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Results: 

All of the included patients (n = 216) were identified in the DNPR and had at least one SIJ MRI and 

a corresponding ICD-10 code registered in the time period of 2011–2013. All patients had baseline 

visits, and SIJ MRI performed at the Radiological department of Sygehus Lillebaelt.  

The mean duration from baseline MRI to the rheumatological evaluation of the 134 patients referred 

to the MICSA cohort was 129 days [13].  

Four patients were excluded, three from the non-inflammatory group due to emigration during the 

study period (non-inflammatory group: n = 79), and one from the inflammatory group due to an 

inflammatory diagnosis registered in the DNPR before the baseline SIJ MRI (inflammatory group: 

n = 133). 

At baseline, 21 patients (15.8%) in the inflammatory group were registered with an inflammatory 

diagnosis in the DNPR. None of the patients in the non-inflammatory group were registered with an 

inflammatory diagnosis at baseline (Figure 1). 

At one-year and five-year follow-up, 102 (76.7%) and 29 (21.8%) patients in the inflammatory 

group were registered with an inflammatory diagnosis, respectively. 

In the non-inflammatory group, four patients (5.1%) were registered with a clinical visit and an 

inflammatory diagnosis at six months. After two years of follow-up, only one patient was registered 

with an inflammatory diagnosis (1.25%), and at four years follow-up, no patients initially allocated 

to the non-inflammatory group were registered as inflammatory. 

One- and five-year follow-up 

Table 1 describes the demographic, imaging and biochemical findings of patients registered with 

inflammatory and non-inflammatory diagnoses at the one- and five-year follow-ups. 
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Table 1: Demographic, imaging and biochemical features of the inflammatory and non-inflammatory groups at the one-year and five-year 
follow-ups 

 

 One-year diagnosis DNPR Five-year diagnosis DNPR 

Variables Inflammatory (n 
= 106) 

Non-inflammatory 
(n = 106) 

Inflammatory (n = 
29) 

Non-
inflammatory 

(n = 183) 
Demographics     
Women, n (%) 65 (61.3) 54 (50.9) 14 (48.3) 105 (57.4) 
Age, years (SD) a 32 (5.3) 32 (6.2) 32 (5.4) 32 (5.8) 

Biomarkers     
Hs-CRP, median (IQR) 1.2 (4.0–5.0) 0.8 (3.0–3.2) 2.2 (0.9–6.1) 0.9 (3.0–3.3) 
HLA-B27 positive, n (%) 39 (36.8) 17 (16.0) 18 (62.1) 38 (20.8) 
Complement C3d, median 
(IQR) 

33.4 (28.3–37.7) 33.4 (26.8–39.2) 31.9 (27.6–37.7) 33.4 (28.3–38.8) 

Conventional radiography 
(baseline) 

    

Sacroiliitis (mNYC) b, n (%) 12 (14.5) 4 (20) 7 (27.0) 9 (11.7) 
MRI     
ASAS MR-positive, n (%) 90 (84.9) 27 (25.5) 29 (100.0) 88 (48.1) 

     
abaseline age, bpercentage of SIJ radiographs fulfilling mNYC of the total number of radiographs performed in each group. Hs-CRP – high-
sensitivity CRP 

 

There was no difference in age between the two groups at the one- and five-year follow-ups. The 

number of women in the inflammatory group decreased over time from 61.3% to 48.3% at five 

years, and the frequency of HLA-B27 positivity increased from 36.8% at one year to 63.1% at the 

five-year follow-up. There were no significant differences between complement C3d and hs-CRP 

between the two groups. 
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Discussion: 

The purpose of this study was to evaluate at which point in time axSpA diagnoses were registered 

in the DNPR and to assess when the diagnosis can be identified with confidence and considered 

sufficient for use in further epidemiological studies. 

At baseline, most patients in both groups were registered with a non-inflammatory diagnosis in 

the DNPR. Only 15.8% of the patients in the inflammatory group were classified as having an 

inflammatory diagnosis after the initial SIJ MRI. 

The relatively low proportion of inflammatory diagnoses at baseline may be a consequence of the 

setting, with the Spine Centre of Southern Denmark mainly examining patients with degenerative 

spine disorders. Whether this is representative of all departments diagnosing potential inflammatory 

patients remains to be evaluated for generalisability. 

After rheumatological specialist evaluation within the first year, a significant increase in patients 

with an inflammatory diagnosis (76.7%) was reported. This was mainly caused by using the ASAS 

criteria established in 2011–2013 as a diagnostic tool in this cohort. Subsequently, the number of 

patients with sustained inflammatory diagnoses decreased until the five-year follow-up (21.8%).  

There are several potential explanations for the decrease in patients with inflammatory diagnoses 

over this time period. Firstly, the diagnosis made upon rheumatological evaluation was mainly 

based on the ASAS criteria for axSpA. Most of the patients in the inflammatory group fulfilled the 

"imaging arm", with inflammatory MRI changes at the SIJ [13]. Subsequent studies have shown 

that patients with other conditions than axSpA may have BME at the SIJ, such as changes due to 

overload or degeneration instead of an inflammatory condition [20, 21]. Secondly, the patients in 

this study were only registered as inflammatory if they had attended continuous visits at a 

rheumatological department, at least once every twelve months. Some patients initially diagnosed 



14 
 

with an inflammatory disease may have improved or even had remission of their symptoms and, 

therefore, not been recorded as inflammatory in the follow-up cohort. 

The ASAS classification criteria have, when used for diagnosis, contributed to overdiagnosis of 

axSpA patients in the present cohort. However, it seems that rheumatological evaluation has been 

accurate when identifying patients with non-inflammatory disease within the first year, since no 

patients from the non-inflammatory group had sustained inflammatory diagnoses registered after a 

five-year follow-up. 

The results show that rheumatological evaluation based on MRI findings and clinical examination is 

sufficient to exclude patients with non-inflammatory disease early in the process. 

Furthermore, in the present study, no underdiagnosis of patients with inflammatory disease 

occurred. It is of great importance to diagnose and register patients correctly as early in the process 

as possible. Firstly, to identify patients in need of treatment (Disease-modifying antirheumatic drugs 

(DMARDs), physiotherapy and biological therapy), and secondly, to avoid potential self-stigma 

[22] and psychological distress [23] in patients without sustained inflammatory symptoms. 

This study shows that neither baseline nor one-year diagnoses registered in the DNPR were reliable 

at identifying patients with sustained inflammatory disease among patients diagnosed in the early 

phase after implementing the ASAS classification criteria in the present cohort. 

Strengths and limitations 

The strengths of the present study are the relatively large study population and the use of diagnoses 

in the DNPR, which has been validated previously [14-16]. Furthermore, the diagnoses AS (M.45*) 

and SpA (M.46*) have been pooled into the inflammatory group to avoid potential misclassification 

due to missing information about radiographical examination of the SIJ and fulfilment of the 

modified New York criteria for AS.  
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However, there are some limitations to this study. Firstly, we did not have access to information 

recorded in the medical records when initiating the present study, and further validation of the 

clinical diagnosis within the inflammatory and non-inflammatory groups was not possible. All 

patients were evaluated by certified rheumatologists with expertise in axSpA within the first year of 

follow-up, and the interpretation of the SIJ MRI was performed by radiologists with substantial 

knowledge of inflammatory manifestations in the SIJ and spine. However, the initial 

rheumatological evaluation was mainly based on clinical findings, biochemical tests, and 

symptoms. A detailed radiological description of the SIJ MRI was not available, only information 

about ASAS MRI positivity. 

A subgroup of these patients was re-evaluated clinically 3.5 years after the baseline rheumatological 

examination as a part of a PhD project [24]. This re-evaluation may have affected the diagnoses, 

leading to a potential decrease in inflammatory diagnoses. Therefore, patients seen in daily clinical 

practice without thorough re-evaluation years after initial diagnosis might have been registered as 

inflammatory continuously in the DNPR, resulting in a higher prevalence of axSpA diagnosis. 

A recent study using the multidisciplinary team conference (MDT) approach identified a total of 25 

patients from the present MICSA cohort with definite axSpA after 3.5 years of follow-up [25]. This 

corresponds to the 29 patients registered as diagnosed with axSpA in the DNPR four years after 

initial rheumatological evaluation. 

Conclusion 

In conclusion, the implementation of the ASAS criteria in 2009 in clinical practice seems to have 

contributed to a temporary overestimation of axSpA diagnoses in the present cohort of patients 

suggestive of early-stage axSpA. The inflammatory diagnoses registered in the DNPR at the time of 

referral for diagnostics cannot be used as reliable predictors for persisting inflammatory diagnosis 
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and should be used with caution in patients where the inflammatory diagnosis is based on the ASAS 

2009 classification criteria. 
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Appendix 1 

Overview of the relevant hospitals and departments to which the population were registered for 
the clinical visits from baseline to five-year follow-up 

Hospital code Department code* Department 

2000 56A Dept. of Rheumatology 

North Zealand 

3800 R5D Dept. of Rheumatology 

Slagelse 

4202 389 

446 

Dept. of Rheumatology 

Odense University Hospital 

4202 739 Dept. of Rheumatology 

Svendborg 

4215 010 

35M 

35R 

Spine Centre of Southern Denmark, 

Middelfart 

6008 35S Spine Centre of Southern Denmark, 

Sonderborg 

5007 010 

019 

020 

037 

The Danish Hospital for Rheumatology, 

Sonderborg 

 

6008 057 

289 

Dept. of Rheumatology 

Vejle 

 

*Covers both departments of rheumatology and rehabilitation units/departments of physiotherapy. 

 

 

 

 

 



1 
 

 

 

 

 

 

 

 

 

PAPER V 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2 
 

Title: "Possible effect of early versus late spondyloarthritis diagnosis on 
socioeconomic status five years after primary diagnostic in 

low back patients – a Danish register study" 

 
 

Nygaard A1,2, Garvik OS3, Hendricks O2,4, Loft AG5,6, Jurik AG2,5,7, Schiøttz-Christensen B8 

 

 

 

Address for correspondence: 

Allan Nygaard 

Lillebaelt Hospital, University Hospital of Southern Denmark. Østre Hougvej 55, 5500 Middelfart, Denmark 

Mail: allan.nygaard1@rsyd.dk 

 

 

 

Category: Full-length article 

Short title (running head): "Socioeconomic status in axSpA." 

Keywords: ankylosing spondyloarthritis, axial spondyloarthritis, registry, diagnosis. 

 

 

 

 
1 Lillebaelt Hospital, University Hospital of Southern Denmark 
 
2 Department of Regional Health Research, University of Southern Denmark, Odense, Denmark 

 
3 Center for Clinical Epidemiology, Odense University Hospital, Odense, Denmark 
 
4 Department of Rheumatology, The Danish Hospital for Rheumatology, Sonderborg, Denmark  

 
5 Department of Clinical Medicine, Aarhus University, Aarhus, Denmark 

 
6 Department of Rheumatology, Aarhus University Hospital, Aarhus, Denmark 

 
7 Department of Radiology, Aarhus University Hospital, Aarhus, Denmark 
 
8 Research Unit of General Practice, University of Southern Denmark 



3 
 

Abstract 

 

Objectives 

The objective is to evaluate whether a possible over-diagnosing of axial spondyloarthritis (axSpA) 

early in the process may influence socioeconomic prognosis at a long-term follow-up. 

Methods 

The study was a register-based analysis of a cohort of 212 patients with findings suggestive of 

axSpA in the early stage (the Molecular Biology of Infectious Agents in the Early Diagnosis of 

Spondyloarthritis [MICSA] cohort). Clinical, biochemical and radiological variables were extracted 

from the MICSA database. Information was identified on the inflammatory or non-inflammatory 

diagnosis at the one- and five-year follow-up in the Danish National Patient Registry. 

Socioeconomic variables were extracted from the Income Statistics Registry at Statistics Denmark 

and the Danish Register for Evaluation of Marginalization. Based on available information at 

diagnosis, it was assessed whether patients primarily diagnosed as inflammatory who maintained 

the diagnosis differed at the five-year follow-up from patients characterised by an altered diagnosis 

during the period. Holding a full-time job was defined as ≥30 hours/week and was used as the 

primary outcome. 

Results 

A total of 45 patients (42.5%) registered with an inflammatory diagnosis at one year had an 

employment rate of ≥30 hours/week at the five-year follow-up, compared to 16 (55.2%) registered 

as inflammatory at five-year had an employment rate ≥30 hours/week at five-year follow-up. The 

unadjusted odds ratio (OR) of holding a full-time job at the five-year follow-up was 0.96 (0.56–

1.66) and 1.77 (0.81–3.90) for inflammatory diagnoses at the one- and five-year follow-ups, 
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respectively. Significant predictors (p < 0.05) for holding a full-time job at five years were gender, 

the social group of the student/worker, and high income for patients with early and late 

inflammatory diagnoses. Children at home were a significant predictor at the five-year follow-up 

only. The most significant variable for holding a full-time job at the five-year follow-up was full-

time employment at one year (OR: 7.26). No significant differences in the social group were found 

between the one- and five-year follow-ups. 

Conclusion 

The proportion of patients with an employment rate of ≥30 hours/week was higher in patients with a 

sustained inflammatory diagnosis than those with a noninflammatory diagnosis, supporting the 

hypothesis that patients with sustained inflammatory diagnoses are supported by acceptance and 

treatment, leading to the ability to work and a better socioeconomic status at the long-term follow-

up. 
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Introduction 
 

Axial spondyloarthritis (axSpA), including ankylosing spondylitis (AS), is a group of chronic 

inflammatory diseases with inflammation in the sacroiliac joints (SIJs) and the spine as a key 

feature [1]. The onset of symptoms usually develops within the second and third decade, a life 

period in which education, work-life, and family founding often have high priority. Besides the 

physical symptoms and risk of irreversible structural damage due to longstanding inflammation, 

social factors, including career choice and psychological distress, are factors that an axSpA 

diagnosis can significantly negatively affect [2]. 

Previous studies investigating the socioeconomic position have demonstrated that an axSpA 

diagnosis can have significant consequences compared to the background population [3]. An axSpA 

diagnosis has been described as resulting in lower work productivity [4, 5], lower quality of life [6], 

a greater extent of sick leave [7], and a lower employment rate than other individuals within the 

same age range [8, 9]. However, the amount of work disability can be positively affected by 

treatment with biological medicine in patients with axSpA [10, 11], which emphasises the 

importance of a correct diagnosis and medical treatment in patients suggestive of axSpA at an early 

stage. In recent years, the risk of over-diagnosing patients with an axSpA diagnosis has been of 

increasing concern, especially in the early stages [12]. However, most studies on the effects of an 

inflammatory back disease are based on patients with an established disease, and data for patients 

with axSpA in the early stages are sparse [13]. 

The primary objective of this study was to evaluate whether a possible over-diagnosing of axSpA 

may influence the socioeconomic prognosis at the long-term follow-up. The secondary objective 

was to assess whether clinical and socioeconomic features at the baseline were associated with full-
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time employment five years after the diagnosis to identify factors influencing treatment efforts 

among patients with low back pain. 

 

Outcomes 

The primary outcome was the employment rate at the five-year follow-up defined by working hours 

per week. The cut-off was ≥30 hours/week in an average of three months or more. 

 

Methods 

Study Population 

The present cohort originates from the Molecular Biology of Infectious Agents in the Early 

Diagnosis of Spondyloarthritis [MICSA] cohort [14], consisting of three groups of patients at 18 to 

45 years of age with findings suggestive of axSpA who were recruited from the Spines of Southern 

Denmark (SSD) cohort [15]. Briefly, the SSD cohort was initiated in 2011 to 2013 with the overall 

purpose of evaluating the occurrence and extent of inflammatory changes through magnetic 

resonance imaging (MRI) of the SIJ and spine in a non-rheumatological population consisting of 

patients without a known rheumatological diagnosis with >2 months of unspecified low back pain 

who were referred to an outpatient clinic primarily managing patients with degenerative spine 

conditions (Spine Centre of Southern Denmark). Due to a significant number of patients fulfilling 

the Assessment of SpondyloArthritis international society (ASAS) classification criteria [16] for 

axSpA in the SSD cohort (10% of the population [17]), the subsequent cohort (MICSA) was 

established. The MICSA cohort consisted of 696 patients referred from the SSD cohort (Figure 1). 

Of those patients, 189 were referred for rheumatological evaluation due to MRI changes or 

clinical/biochemical findings suggestive of an inflammatory back disease. 



7 
 

After rheumatological expert evaluation based on patient signs and symptoms, MRI data, clinical 

examination, questionnaires including SpA features [16] and blood samples (human leukocyte 

antigen (HLA-B27) and high sensitivity C-reactive protein (Hs-CRP)), 134 patients with 

inflammatory findings were included and divided into the following three groups: 

• AxSpA group (n = 96) (patients fulfilling the ASAS 2009 classification criteria for axSpA) 

• Non-axSpA group (n = 32) (patients with ASAS positive SIJ MRI without other features of 

axSpA) 

• Non-axSpA group (n = 6) (HLA-B27 positive with one SpA feature) 

Furthermore, 82 patients from the SSD cohort without signs of inflammation at the SIJ MRI or 

positive SpA features were included as a control group. The inclusion of patients from SSD in 

MICSA is described elsewhere [14, 18]. In a subsequent study [19], the patients with fulfilment or 

near-fulfilment of the ASAS criteria (Groups 1 to 3) were pooled in the inflammatory group 

(n = 134), and control patients with unspecified low back pain were in the non-inflammatory group 

(n = 82). 

The one-year clinical diagnoses defined by the International Classification of Diseases and Related 

Health Problems (ICD-10) [20] after the initial SIJ MRI and rheumatological evaluation were 

retrieved from the Danish National Patient Registry (DNPR). Subsequently, the diagnoses four 

years after the rheumatological evaluation were retrieved from the DNPR. 

Patients with a sustained inflammatory diagnosis (M.45* (AS) or M.46* (axSpA)) with 

concomitant visits to a rheumatological department at least once a year were kept in the 

inflammatory group. Patients without registered inflammatory diagnoses or those not followed 

continuously in a rheumatological setting were registered as having a non-inflammatory diagnosis. 

The patient groups of the present study consist of the following: 
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• One-year diagnoses: Inflammatory group (n = 106), non-inflammatory group (n = 106) 

• Five-year diagnoses: Inflammatory group (n = 29), non-inflammatory group (n = 183). 

In total, 212 patients were included in the present study (Figure 1). 

Variables from SSD and MICSA Cohorts 

From the SSD cohort, MICSA cohort, and a later study of the biomarker complement C3d on the 

population [18], the following radiographical and biochemical findings were included in the present 

study: 

•  MRI data: description of inflammatory findings at SIJ MRI according to ASAS criteria (either 

ASAS MRI positive or negative) evaluated by experienced radiologists with substantial 

knowledge of axSpA using a Danish evaluation system [21]. 

• Radiographical data: conventional baseline radiography of the SIJ on a subpopulation of the 

cohort (n = 104). 

• Biochemical data: levels of HLA-B27, high-CRP, and complement C3d. 

Registries in the Present Study 

The Danish Central Personal Register is linked individually using the unique civil registration 

number assigned to all Danish residents at birth and provides information on death and immigration 

[22]. The DNPR is a register containing information relevant for public health research, including 

principal and secondary diagnoses according to ICD-10 codes and time and dates for hospital 

contacts [23]. 

The Income Statistics Registry at Statistics Denmark [24, 25] contains a broad spectrum of 

variables related to tax payments, transfer payments, wages, and socioeconomic status. Information 

such as the annual income of the Danish population at the individual and family levels is also 
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available. The following variables for the study population were retrieved from the Income Registry 

at Statistics Denmark. 

Income: The income for the study population based upon an equated household income scale 

included a weighted estimate adjusted for the number of children < 25 of age living at home. In the 

present study, income was recorded as a continuous variable and categorised as low or high 

compared to the cohort median. 

Social group and education: Due to the small sample size of the inflammatory group at the five-

year follow-up (n = 29), the following cut-offs for the social group and level of education were 

made. The social group was divided into two categories: a) patients on transfer payment and b) 

patients belonging to other social groups (e.g. students, workers, or self-employed individuals). 

Similarly, the level of education was categorised as low/intermediate (up to high school) and high 

(bachelor, master and doctoral levels). 

Civil status: The number of children < 25 years of age in the household (0 or > 0 children) and the 

number of cohabitations with another adult (1 or > 1 adult) were registered for the study population. 

Danish Register for Evaluation of Marginalization 

The employment rate is accessible in the Danish Register for Evaluation of Marginalization 

(DREAM) database and is calculated as the proportion of paid working hours per month. The 

variables in the DREAM database are 0 (no job or self-employed), 1 (a full-time job of 37 

hours/week), and +1 (+1 job or working hours above 37 hours/week) [26]. The employment rate is 

calculated based on the Danish employees’ obliged labour market contribution of 8% income tax.  

The patient employment status one month prior to diagnosis and two months after diagnosis (three 

months total) was extracted from the DREAM database for the one-year and five-year diagnoses. 

The employment rate of ≥ 30 hours/week was used as a cut-off due to the relatively small sample 
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size of the patient groups. Furthermore, 30 working hours/week is considered the cut-off for 

financial self-sufficiency. 

Due to the age of the study population (18 to 45 years), a relatively large proportion of the patients 

were registered as students (n = 20 at the one-year follow-up). Students were allocated to the ≥30 

working hours/per week because full-time study is considered 37 hours/week of study. 
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Figure 1: Patient flow from the SSD cohort to the MICSA cohort and allocation to the 
inflammatory/noninflammatory groups based on (near) fulfilment of ASAS criteria. Distribution of 
patients at one- and five-year follow-ups based on clinical visits at rheumatological departments and 
the subsequent relevant diagnosis in DNPR.  

 
a Patients not fulfilling criteria for axSpA or being at risk of SpA. These patients were transferred to the control group. b Random sample 
from the control group invited to the MICSA project. 
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Statistics 

All categorical variables were reduced to binary variables due to the small population. Continuous 

variables were reported as the median and interquartile range. For in between-group comparisons, 

we used the Mann–Whitney test and the Pearson chi-square test for the continuous and binary 

variables, respectively. 

Continuous variables were tested for uniformity using the Hosmer–Lemeshow test. If the 

assumption about uniformity was rejected, the variables were substituted by categorical variables 

with suitable intervals. The long-term prognostic model was made using univariate analyses of the 

association between single variables and the outcome (employment rate at five years). A 

multivariate analysis was not possible due to the small population size; therefore, a series of 

bivariate analyses were made, one for each adjustment variable, and an adjusted OR was obtained 

in each analysis. 
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Results 

Demographic and Clinical Results 

For the entire population of 212 patients, the defined variables were identified in all the relevant 

databases. At the early diagnosis, women were overrepresented in the inflammatory group (61.3%), 

but men were slightly overrepresented in patients with a sustained inflammatory diagnosis at the 

five-year follow-up (51.7%). No differences in age were found (Table 1). At the early diagnosis, 

84.9% of the patients in the inflammatory diagnosis group had MRI findings fulfilling the ASAS  

2009 criteria for sacroiliitis at the baseline, increasing to 100% in patients with a sustained 

inflammatory diagnosis. Further, 25.5% of the patients defined as non-inflammatory at the early 

diagnosis fulfilled the ASAS MRI criteria vs 48.1% at the five-year follow-up. In addition, 14.5% 

exhibited radiographic SIJ changes at the early diagnosis, fulfilling the modified New York criteria, 

vs 27.0% at the five-year follow-up. At the early diagnosis, 20.0% of the patients in the non-

inflammatory group exhibited a positive SIJ radiography vs 11.7% at the five-year follow-up. At the 

early diagnosis, 36.8% of the patients in the inflammatory group were HLA-B27 positive, 

increasing to 62.1% in the patient group with sustained inflammatory diagnosis at the five-year 

follow-up. 

Socioeconomic Results 

At the early diagnosis, approximately 25% of the patients were on transfer payment in both groups, 

and the proportion of higher-education patients was evenly distributed between the groups. Patients 

with sustained inflammatory diagnosis at the five-year follow-up had a higher educational level 

than those with a non-inflammatory diagnosis (inflammatory group: n = 20, 69.0%, 

noninflammatory group: n = 100, 54.6%). 
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Table 1: Demographics, clinical features, and socioeconomic variables of the inflammatory and 
noninflammatory groups at the baseline for the patients diagnosed as inflammatory and non-
inflammatory, respectively, at one and five years 

a baseline age, b Percentage of SIJ radiographic fulfilling mNYC from the total number of radiographic performed in each group, c Based on group 
median income, d Low/intermediate (up to high school or short-cycle tertiary) and high (bachelor, masters and doctoral levels) 

 

One-year vs Five-year AxSpA Diagnosis and Five-year Employment Rate 

Employment rate at five years 

Among patients with a diagnosis of axSpA at year-one, 45 patients (42.5%) had an employment rate 

of ≥30 hours/week at the five-year follow-up, whereas 16 patients (55.2%) registered with a 

sustained inflammatory diagnosis at five years had an employment rate of ≥30 hours/week. Among 

patients with a diagnosis of non-inflammatory back pain at year-one, 46 patients (43.4%) had an 

employment rate of ≥30 hours/week at the five-year follow-up, whereas 75 patients (41.0) 

 Early diagnosis  Sustained diagnosis  
Variables Inflammatory 

(n = 106) 
Noninflammatory 

(n = 106) 
Inflammatory 

(n = 29) 
Noninflammatory 

(n = 183) 
Demographics     
Women, n (%) 65 (61.3) 54 (50.9) 14 (48.3) 105 (57.4) 
Age, years (SD) a 32 (5.3) 32 (6.2) 32 (5.4) 32 (5.8) 

Biomarkers     
HsCRP, median (IQR) 1.2 (4.0-5.0) 0.8 (3.0-3.2) 2.2 (0.9-6.1) 0.9 (3.0-3.3) 
HLA-B27 positive, n (%) 39 (36.8) 17 (16.0) 18 (62.1) 38 (20.8) 
Complement C3d, median 
(IQR) 

33.4 (28.3-37.7) 33.4 (26.8-39.2) 31.9 (27.6-37.7) 33.4 (28.3-38.8) 

Conventional radiography 
(baseline) 

    

Sacroiliitis (mNYC) b, n (%) 12 (14.5) 4 (20.0) 7 (27.0) 9 (11.7) 
MRI     
ASAS MR-positive, n (%) 90 (84.9) 27 (25.5) 29 (100.0) 88 (48.1) 
Social group     
Student/worker/self-
employed, n (%) 

78(75.5) 82 (73.6) 21(75.5) 139 (72.4) 

On transfer 
payment/other/missing, n 
(%) 

28 (24.5) 24 (26.4) 8 (24.5) 44 (27.6) 

Income, n (%)c     
Low 54 (51.4) 45 (48.4) 17 (58.6) 82 (48.5) 
High 51 (48.6) 48 (51.6) 12 (41.4) 87 (51.5) 
Education, n (%)d     
Short/intermediate 46 (43.4) 46 (43.4) 9 (31.0) 83 (45.4) 
Long 60 (56.6) 60 (56.6) 20 (69.0) 100 (54.6) 
Civil status, n (%)     
Cohabitant with another 
adult, n (%) 

81 (77.1) 78 (73.6) 25 (86.2) 134 (73.6) 

Children at home, n (%) 76 (72.4)  66 (62.3) 20 (69.0) 122 (67.0) 
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registered with non-inflammatory diagnoses at five years had an employment rate of ≥30 

hours/week. For those patients diagnosed with inflammatory diagnosis, the one-year unadjusted OR 

of holding a full-time job at five years was 0.96 (0.56 to 1.66). For those with an inflammatory 

diagnosis at the five-year follow-up, the unadjusted OR was 1.77 (0.81 to 3.90; Table 2). 

Predictors at the baseline for the ≥30 hours/week employment rate at the five-year follow-up 

Univariate predictors and adjusted OR for full-time employment at the five-year follow-up are 

listed in Table 2. Significant variables (p < 0.05) were gender, the social group of the 

student/worker, and high income for inflammatory diagnoses at the one- and five-year follow-ups. 

Children at home were a significant predictor at the five-year follow-up only. 

Predictors at the one-year follow-up for ≥30 hours/week employment rate at the five-year follow-up 

The single most significant variable for holding a full-time job at the five-year follow-up was full-

time employment at one year (OR: 7.26; 3.94 to 13.40). 
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Table 2: Odds ratios for the employment rate of ≥30 hours/week by early (year-one) and 
sustained diagnoses registered in the DNPR 

 Early diagnosis Sustained diagnosis 
  (95% CI)  (95% CI) 

None 0.96 (0.56–1.66) 1.77 (0.81–3.90) 
Gender   
Women vs men 1.07 (0.61–1.87) 1.67 (0.74–3.77) 
Age   
Age ≥30 vs <30 0.95 (0.55–1.64) 1.78 (0.80–3.92) 
HsCRP   
Continuous 0.94 (0.54–1.62) 1.77 (0.80–3.91) 
HLA-B27   
Positive vs negative 1.05 (0.60–1.84) 2.34 (0.99–5.53) 
Complement C3d   
Continuous 0.76 (0.42–1.37) 1.57 (0.70–3.54) 
MRI   
ASAS positive vs negative 0.71 (0.36–1.42) 1.62 (0.70–3.77) 
Conventional radiography Sacroiliitis 
(mNYc) 

  

Positive vs negative 0.68 (0.25–1.83) 1.78 (0.71–4.45) 
Social group   
Student/worker vs transfer payment 1.01 (0.57–1.77) 1.95 (0.85–4.45) 
Income   
High vs low 0.82 (0.46–1.47) 1.95 (0.85–4.47) 
Education   
Short vs. long 0.96 (0.56–1.66) 1.67 (0.75–3.69) 
Cohabitant with another adult 0.97 (0.56–1.70) 1.73 (0.71–3.83) 
Children at home 1.04 (0.60–1.82) 1.80 (0.81–4.00) 

Additional data are available in Appendix 1. 
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Discussion 

The primary objective of this study was to evaluate whether a possible over-diagnosing of axSpA 

early in the process may influence the socioeconomic prognosis at a long-term follow-up. The 

socioeconomic outcome was defined as the employment rate of ≥30 hours/week, as this information 

is available for all patients in the central registers.  

There was a higher proportion of patients with an employment rate of ≥30 hours/week with in those 

with sustained inflammatory diagnoses at five years ([one-year: 42.5%], [five-year: 55.2%]). This is 

in contrast to a previous study regarding withdrawal from the labour market, which was 3.1 times 

higher than the background population [9], with the percentage of patients withdrawing from the 

labour market one- and five years after diagnosis being 5% and 13%, respectively. However, those 

patients were not in the early stage of the disease at the time of inclusion in the study, therefore, 

patients who do not consistently meet the criteria for the diagnosis of axSpA will not be part of the 

patient population.  

No significant differences in employment rate between the inflammatory and non-inflammatory 

group at the one-year follow-up was detected. This finding is in line with a previous study 

evaluating the employment rate (no defined cut-off) in a mixed cohort of SpA patients similar to the 

present cohort [27]. 

The patients in the inflammatory group were initially diagnosed with axSpA as an explanation for 

their low back pain, but the diagnosis changed for most patients. The uncertainty may have 

influenced the patients without a sustained inflammatory diagnosis and those in the 

noninflammatory group with no clear evidence of the origin of their symptoms (unspecified low 

back pain). Moreover, patients with a persistent inflammatory diagnosis had regular follow-ups at a 

rheumatological department throughout the period, which could have facilitated better treatment 
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and coping strategies for their symptoms and increased self-efficacy through early rehabilitation, 

including patient education. [28-30].  

The secondary objective of this study was to assess whether clinical and socioeconomic features at 

the baseline were associated with full-time employment five years after diagnosis to identify factors 

that may influence treatment efforts among patients with low back pain. The single most significant 

variable for holding a full-time job at the five-year follow-up was full-time employment at one year 

(OR: 7.26), which is in line with previous knowledge on retaining jobs over time. 

All other information included in the analyses representing demographics, biochemical, radiological 

and sociodemographic information did not predict full-time employment at the five-year follow-up. 

The patients characterised by early vs sustained diagnosis differed by the tendency that patients 

with a sustained diagnosis more often had a regular job than those with unspecific symptoms. The 

difference between the two groups indicates that the sustained diagnosis is supported by such 

information as gender, HLB-27, and findings through x-ray and MRI which follows the clinical 

criteria used to identify patients with axSpA. Information on the effect of medical treatment or a 

follow-up MRI is not included in this study but might bring important information in future studies. 

As reported in previous studies [31], no biochemical or radiographical variables in this study were 

significant concerning the employment rate at the five-year follow-up for patients with an early 

diagnosis or sustained inflammatory back pain. This outcome could be caused by the distribution of 

positive findings in inflammatory and non-inflammatory groups at the five-year follow-up. 

Biochemically, although the results were insignificant concerning the employment rate, there was a 

significant increase in the number of patients registered as HLA-B27 positive in the inflammatory 

group at the five-year follow-up (36.8% vs 62.1%). We believe this increase was because patients 

with HLA-B27 are more prone to sustained inflammatory disease. The percentage of patients with 
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HLA-B27 at five years is more in line with previous findings on the incidence of HLA-B27 positive 

in previous axSpA cohorts [32]. 

Traditionally, male patients predominate in AS studies, but within axSpA, several studies have 

reported a nearly equal gender distribution [1]. In the present study, female patients were 

predominating in the inflammatory group at the one-year follow-up (61.3%), but at the five-year 

follow-up, the number of females with a sustained inflammatory diagnosis was significantly 

reduced (48.3%). This result might be a consequence of too-sensitive MRI diagnostics at baseline, 

conforming to the fulfilment of at least the minimum requirement according to the ASAS MRI 

criteria compared to older studies based on radiography where patients often were in the late stages 

of the disease. These findings also question the extent to which the present diagnostics of axSpA 

was precise enough to differentiate between the findings due to axSpA and unspecific findings 

unrelated to a chronic inflammatory disease, such as previous pregnancy, degenerative findings, and 

temporary changes due to physical activities. 

Socioeconomically, there were no differences between the percentage of patients on transfer 

payment between the inflammatory and noninflammatory groups at the one- and five-year follow-

ups. We consider that this result, although not tested, is an expression of a subgroup of patients with 

poor attachment to the labour market regardless of the diagnosis at one year and the potential shift 

to another diagnosis during the study period. Regarding educational level, a significant increase in 

the proportion of patients with higher education at the five-year follow-up occurred in the 

inflammatory group, which is in line with a previous study [33]. A hypothesis could be that patients 

with sustained inflammatory symptoms tend to choose an academic career, with traditionally less 

physical demands to maintain a full-time job. This hypothesis may be subject to further analyses to 

strengthen the information given early in the course of SpA. 
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Strengths and Limitations 

This study has some limitations. First, the study results are based on relatively small sample sizes, 

especially regarding the inflammatory group at the five-year follow-up (n = 29). In this study, 20 

patients were registered as students at the baseline, and these patients were allocated to the group of 

patients with an employment rate of ≥30 hours/week, which may have contributed to a false high 

employment rate of ≥30 hours/week. However, it is believed that the students were equally 

distributed between the groups, which did not differ in age. 

A strength of this study is that all included patients were identified and followed in the databases 

throughout the entire study period. Second, the data in this study were based on registries with high 

proven validity. 

In conclusion, in this study, the proportion of patients with an employment rate of ≥30 hours/week 

was higher in patients with a sustained inflammatory diagnosis than those with a non-inflammatory 

diagnosis, supporting the hypothesis that patients with sustained inflammatory diagnoses are 

supported by acceptance and treatment, leading to the ability to work and have a better 

socioeconomic status at the long-term follow-up. 
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Appendix 1 

Table 2b: Estimated effect of inflammatory early diagnosis (one-year) (3rd row) and sustained 
diagnosis (five-year) (5th row) diagnoses on employment rate ≥30 hours/week at five-year 
follow-up, adjusted for one single adjustment variable (2nd and 4th row) 

 Early diagnosis Sustained diagnosis 
Adjusted for adjusted variable 

OR (95%CI) 
Inflammatory one-year 

OR (95%CI) 
adjusted variable 

OR (95%CI) 
Inflammatory one-year 

OR (95%CI) 

None  0.96 (0.56-1.66)  1.77 (0.81-3.90) 
Gender     
Women vs men 
 

0.38 (0.22-0.67)* 
 

1.07 (0.61-1.87) 
 

0.39 (0.22-0.69)* 
 

1.67 (0.74-3.77) 
 

Age     
Age >30 vs age<=30 1.40 (0.80-2.44) 0.95 (0.55-1.64) 1.40 (0.80-2.44) 1.78 (0.80-3.92) 
HsCRP     
Continuous 1.01 (0.97-1.06) 0.94 (0.54-1.62) 1.00 (0.96-1.05) 1.77 (0.80-3.91) 
HLA-B27     
Positive vs negative 0.66 (0.34-1.26) 1.05 (0.60-1.84) 0.53 (0.26-1.05) 2.34 (0.99-5.53) 
Complement C3d     
Continuous 1.01 (0.98-1.05) 0.76 (0.42-1.37) 1.02 (0.98-1.05) 1.57 (0.70-3.54) 
MRI     
ASAS positive vs 
ASAS negative 

1.64 (0.82-3.30) 0.71 (0.36-1.42) 1.19 (0.66-2.15) 1.62 (0.70-3.77) 

Conventional 
radiography 
Sacroiliitis (mNYc) 
 

    

Positive vs negative 1.96 (0.66-5.80) 0.68 (0.25-1.83) 1.78 (0.59-5.37) 1.78 (0.71-4.45) 
Social group     
Student/worker vs 
transfer payment 
 

0.27 (0.13-0.60)* 1.01 (0.57-1.77) 0.26 (0.12-0.54)* 1.95 (0.85-4.45) 

Income     
High vs low 2.70 (1.66-5.32)* 0.82 (0.46-1.47) 3.13 (1.73-5.65)* 1.95 (0.85-4.47) 
Education     
Short vs. long 1.67 (0.96-2.92) 0.96 (0.56-1.66) 1.62 (0.92-2.84) 1.67 (0.75-3.69) 
Cohabitant with 
another adult 

1.16 (0.61-2.00) 0.97 (0.56-1.70) 1.11 (0.58-2.11) 1.73 (0.71-3.83) 

Children at home 0.53 (0.29-0.95) 1.04 (0.60-1.82) 0.52 (0.29-0.94)* 1.80 (0.81-4.00) 
*Significant p-value<0.05 
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