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skeleton. Contributing to inform this innovative clustering was another scientific breakthrough, 
this time in the field of genetics. Researchers recognised that HLA-B27 positivity occurred more 
frequently within this nosologic group than in other diseases.[11] Studies on the role of infection 
and the involvement of the gut in triggering spondyloarthritis also played a role.[12] 
 

 
Figure 1. Relationship between clinical diagnosis (A), classification criteria (B) and the Gestalt (C) of axSpA in a cohort of patients 
with a suspected axSpA. The size of the circles and of their intersections do not necessarily represent the expected magnitude of 
the relationship between the three concepts. Interactions: ‘AC’, ‘true SpA’ phenotype recognised by the rheumatologist but not 
captured by the criteria; ‘BC’: ‘true SpA’ phenotype captured by the criteria but not recognised by the rheumatologist; ‘AB’, 
phenotype recognised by the rheumatologist and captured by the criteria but not representing ‘true SpA’ (misclassification and 
misdiagnosis); ‘ABC’: ‘true SpA’ phenotype recognised by the rheumatologist and captured by  the criteria. ‘A alone’, a phenotype 
recognised only by the rheumatologist (wrong diagnosis); ‘B alone’: a phenotype captured only by criteria (misclassification): ‘C 
alone’: residual ‘true SpA phenotype’ intangible to rheumatologists and to the criteria they developed. 
 

The change-of-paradigm proposal by Moll and Wright, undoubtedly changed the clinician’s 
perception of SpA and marks the start of ‘Period two’ in our timeline. Grouping together 
‘different’ diseases, in theory, facilitates studies aiming at better understanding it. However, 
such studies need the proper ‘tool’ to guarantee that a homogeneous group of patients is 
included. While some of the diseases within the seronegative SpA concept had already their own 
classification criteria (e.g. r-axSpA, PsA, reactive arthritis), experts recognised that some patients 
with early and often milder forms did not classify as SpA even though they were perceived by 
the experts as having a Gestalt of SpA. This unmet need was addressed in the early 1990’s with 
the development of the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
were developed and compare it with one based on knowledge present at the time of the 
Amor/ESSG criteria, an increase in the ‘AC’, and consequently, the ‘BC’ interaction would be 
evident. Obviously, this ‘phenotypical expansion’ is only apparent in retrospect. 
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ABSTRACT 

Objectives: To gain expert-judgement-free insight into the Gestalt of axial spondyloarthritis 
(axSpA), by investigating its ’latent constructs’ and to test how well these latent constructs fit 
the Assessment of SpondyloArthritis international Society (ASAS) classification criteria. 

Methods: Two independent cohorts of patients with early onset chronic back pain 
(SPondyloArthritis Caught Early (SPACE)) or inflammatory back pain (IBP) (DEvenir des 
Spondylarthopathies Indifférenciées Récentes (DESIR)) were analysed. Latent class analysis 
(LCA) was used to estimate the (unobserved) potential classes underlying axSpA. The best LCA 
model groups patients into clinically meaningful classes with best fit. Each class was labelled 
based on most prominent features. Percentage fulfilment of ASAS axSpA, peripheral SpA (pSpA) 
(ignoring IBP) or both classification criteria was calculated. Five-year data from DESIR were used 
to perform latent transition analysis (LTA) to examine if patients change classes over time. 

Results: SPACE (n=465) yielded four discernible classes: ’axial’ with highest likelihood of 
abnormal imaging and HLA-B27 positivity; ’IBP+peripheral’ with 100% IBP and dominant 
peripheral symptoms; ’at risk’ with positive family history and HLA-B27 and ’no SpA’ with low 
likelihood for each SpA feature. LCA in DESIR (n=576) yielded similar classes, except for the ’no-
SpA’. The ASAS axSpA criteria captured almost all (SPACE: 98%; DESIR: 93%) ’axial’ patients, but 
the ’IBP+peripheral’ class was only captured well by combining the axSpA and pSpA criteria 
(SPACE: 78%; DESIR: 89%). Only 4% of ’no SpA’ patients fulfilled the axSpA criteria in SPACE. LTA 
suggested that 5-year transitions across classes were unlikely (11%). 

Conclusion: The Gestalt of axSpA comprises three discernible entities, only appropriately 
captured by combining the ASAS axSpA and pSpA classification criteria. It is questionable 
whether some patients with ‘axSpA at risk’ will ever develop axSpA.   
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INTRODUCTION 

Spondyloarthritis (SpA) encompasses heterogeneous entities with common clinical, laboratory 
and imaging features. The full spectrum of SpA includes patients with dominant axial symptoms 
(axial SpA (axSpA)) and patients with dominant peripheral symptoms (peripheral SpA (pSpA)).[1] 
The term axSpA aggregates patients with radiographic axSpA (r-axSpA; also known as ankylosing 
spondylitis) and non-radiographic axSpA (nr-axSpA), differing only by the presence of 
radiographic sacroiliitis in the former, as defined by the modified New York (mNY) criteria.[2]  

Axial SpA is a syndrome described by classification criteria that supposedly best reflect its 
inherently unmeasurable ‘latent’ construct (Gestalt). The Assessment of SpondyloArthritis 
international Society (ASAS) criteria for axSpA have been developed to classify both r-axSpA and 
nr-axSpA. In the absence of a ‘gold standard’, expert opinion has been used as an external 
‘anchor’ to develop and validate classification criteria.[3-5] The ASAS criteria outperform other 
criteria,[6] meaning that they contain several elements that experts consider relevant for their 
‘latent’ picture of axSpA.  

While such an approach for developing classification criteria has been pursued by default in 
rheumatology, it has a fundamental limitation that may jeopardise their construct- and content 
validity: circularity. If criteria are developed against expert opinion, and the expert finds certain 
characteristics [e.g. inflammation on magnetic resonance imaging (MRI) of the sacroiliac joints 
(SIJ)] more important than others, such characteristics may be awarded a too prominent place 
in the criteria. Subsequent cross-validation against an expert diagnosis may produce results 
driven by experts’ beliefs rather than on an objective presence of axSpA. The axiom that ‘early 
(diagnosis and treatment) is always better’, a dominant view in modern rheumatology, may have 
contributed to rheumatologists’ beliefs and as such trickled down into the ASAS criteria, 
designed to better capture patients with early disease. When classification criteria are (mis)used 
in a diagnostic context, overdiagnosis, followed by overtreatment, is a logical consequence.[7] 

A more circularity-free determination of the Gestalt of axSpA is lacking in the literature, which 
hampers the study of the side effects of overdiagnosis and overtreatment. Here we propose to 
evaluate the Gestalt of axSpA using an analytical approach that excludes the rheumatologist’s 
diagnostic opinion. Our aims were twofold: i. to gain an expert-judgement-free insight, into the 
concept of axSpA, by investigating its ‘latent constructs’; and ii. to evaluate how well the ASAS 
SpA classification criteria capture these ‘latent constructs’. 

 

METHODS 

Patients and study design 

Baseline data from the SPondyloArthritis Caught Early (SPACE) cohort and baseline and 5-year 
data from the DEvenir des Spondylarthopathies Indifférenciées Récentes (DESIR) were used. 
Both cohorts have been previously described in detail.[6, 8] Briefly, in SPACE (ongoing 
multinational cohort), consecutive patients aged ≥ 16 years with chronic back pain (≥3 months, 
≤2 years and onset <45 years) are included. In DESIR, consecutive patients aged 18-50 with 
inflammatory back pain (IBP) (>3 months but <3 years), and for whom the treating 
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skeleton. Contributing to inform this innovative clustering was another scientific breakthrough, 
this time in the field of genetics. Researchers recognised that HLA-B27 positivity occurred more 
frequently within this nosologic group than in other diseases.[11] Studies on the role of infection 
and the involvement of the gut in triggering spondyloarthritis also played a role.[12] 
 

 
Figure 1. Relationship between clinical diagnosis (A), classification criteria (B) and the Gestalt (C) of axSpA in a cohort of patients 
with a suspected axSpA. The size of the circles and of their intersections do not necessarily represent the expected magnitude of 
the relationship between the three concepts. Interactions: ‘AC’, ‘true SpA’ phenotype recognised by the rheumatologist but not 
captured by the criteria; ‘BC’: ‘true SpA’ phenotype captured by the criteria but not recognised by the rheumatologist; ‘AB’, 
phenotype recognised by the rheumatologist and captured by the criteria but not representing ‘true SpA’ (misclassification and 
misdiagnosis); ‘ABC’: ‘true SpA’ phenotype recognised by the rheumatologist and captured by  the criteria. ‘A alone’, a phenotype 
recognised only by the rheumatologist (wrong diagnosis); ‘B alone’: a phenotype captured only by criteria (misclassification): ‘C 
alone’: residual ‘true SpA phenotype’ intangible to rheumatologists and to the criteria they developed. 
 

The change-of-paradigm proposal by Moll and Wright, undoubtedly changed the clinician’s 
perception of SpA and marks the start of ‘Period two’ in our timeline. Grouping together 
‘different’ diseases, in theory, facilitates studies aiming at better understanding it. However, 
such studies need the proper ‘tool’ to guarantee that a homogeneous group of patients is 
included. While some of the diseases within the seronegative SpA concept had already their own 
classification criteria (e.g. r-axSpA, PsA, reactive arthritis), experts recognised that some patients 
with early and often milder forms did not classify as SpA even though they were perceived by 
the experts as having a Gestalt of SpA. This unmet need was addressed in the early 1990’s with 
the development of the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
were developed and compare it with one based on knowledge present at the time of the 
Amor/ESSG criteria, an increase in the ‘AC’, and consequently, the ‘BC’ interaction would be 
evident. Obviously, this ‘phenotypical expansion’ is only apparent in retrospect. 
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ABSTRACT 

Objectives: To gain expert-judgement-free insight into the Gestalt of axial spondyloarthritis 
(axSpA), by investigating its ’latent constructs’ and to test how well these latent constructs fit 
the Assessment of SpondyloArthritis international Society (ASAS) classification criteria. 

Methods: Two independent cohorts of patients with early onset chronic back pain 
(SPondyloArthritis Caught Early (SPACE)) or inflammatory back pain (IBP) (DEvenir des 
Spondylarthopathies Indifférenciées Récentes (DESIR)) were analysed. Latent class analysis 
(LCA) was used to estimate the (unobserved) potential classes underlying axSpA. The best LCA 
model groups patients into clinically meaningful classes with best fit. Each class was labelled 
based on most prominent features. Percentage fulfilment of ASAS axSpA, peripheral SpA (pSpA) 
(ignoring IBP) or both classification criteria was calculated. Five-year data from DESIR were used 
to perform latent transition analysis (LTA) to examine if patients change classes over time. 

Results: SPACE (n=465) yielded four discernible classes: ’axial’ with highest likelihood of 
abnormal imaging and HLA-B27 positivity; ’IBP+peripheral’ with 100% IBP and dominant 
peripheral symptoms; ’at risk’ with positive family history and HLA-B27 and ’no SpA’ with low 
likelihood for each SpA feature. LCA in DESIR (n=576) yielded similar classes, except for the ’no-
SpA’. The ASAS axSpA criteria captured almost all (SPACE: 98%; DESIR: 93%) ’axial’ patients, but 
the ’IBP+peripheral’ class was only captured well by combining the axSpA and pSpA criteria 
(SPACE: 78%; DESIR: 89%). Only 4% of ’no SpA’ patients fulfilled the axSpA criteria in SPACE. LTA 
suggested that 5-year transitions across classes were unlikely (11%). 

Conclusion: The Gestalt of axSpA comprises three discernible entities, only appropriately 
captured by combining the ASAS axSpA and pSpA classification criteria. It is questionable 
whether some patients with ‘axSpA at risk’ will ever develop axSpA.   
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INTRODUCTION 

Spondyloarthritis (SpA) encompasses heterogeneous entities with common clinical, laboratory 
and imaging features. The full spectrum of SpA includes patients with dominant axial symptoms 
(axial SpA (axSpA)) and patients with dominant peripheral symptoms (peripheral SpA (pSpA)).[1] 
The term axSpA aggregates patients with radiographic axSpA (r-axSpA; also known as ankylosing 
spondylitis) and non-radiographic axSpA (nr-axSpA), differing only by the presence of 
radiographic sacroiliitis in the former, as defined by the modified New York (mNY) criteria.[2]  

Axial SpA is a syndrome described by classification criteria that supposedly best reflect its 
inherently unmeasurable ‘latent’ construct (Gestalt). The Assessment of SpondyloArthritis 
international Society (ASAS) criteria for axSpA have been developed to classify both r-axSpA and 
nr-axSpA. In the absence of a ‘gold standard’, expert opinion has been used as an external 
‘anchor’ to develop and validate classification criteria.[3-5] The ASAS criteria outperform other 
criteria,[6] meaning that they contain several elements that experts consider relevant for their 
‘latent’ picture of axSpA.  

While such an approach for developing classification criteria has been pursued by default in 
rheumatology, it has a fundamental limitation that may jeopardise their construct- and content 
validity: circularity. If criteria are developed against expert opinion, and the expert finds certain 
characteristics [e.g. inflammation on magnetic resonance imaging (MRI) of the sacroiliac joints 
(SIJ)] more important than others, such characteristics may be awarded a too prominent place 
in the criteria. Subsequent cross-validation against an expert diagnosis may produce results 
driven by experts’ beliefs rather than on an objective presence of axSpA. The axiom that ‘early 
(diagnosis and treatment) is always better’, a dominant view in modern rheumatology, may have 
contributed to rheumatologists’ beliefs and as such trickled down into the ASAS criteria, 
designed to better capture patients with early disease. When classification criteria are (mis)used 
in a diagnostic context, overdiagnosis, followed by overtreatment, is a logical consequence.[7] 

A more circularity-free determination of the Gestalt of axSpA is lacking in the literature, which 
hampers the study of the side effects of overdiagnosis and overtreatment. Here we propose to 
evaluate the Gestalt of axSpA using an analytical approach that excludes the rheumatologist’s 
diagnostic opinion. Our aims were twofold: i. to gain an expert-judgement-free insight, into the 
concept of axSpA, by investigating its ‘latent constructs’; and ii. to evaluate how well the ASAS 
SpA classification criteria capture these ‘latent constructs’. 

 

METHODS 

Patients and study design 

Baseline data from the SPondyloArthritis Caught Early (SPACE) cohort and baseline and 5-year 
data from the DEvenir des Spondylarthopathies Indifférenciées Récentes (DESIR) were used. 
Both cohorts have been previously described in detail.[6, 8] Briefly, in SPACE (ongoing 
multinational cohort), consecutive patients aged ≥ 16 years with chronic back pain (≥3 months, 
≤2 years and onset <45 years) are included. In DESIR, consecutive patients aged 18-50 with 
inflammatory back pain (IBP) (>3 months but <3 years), and for whom the treating 

543254-bw-Alexandre-6-10.indd   49543254-bw-Alexandre-6-10.indd   49 06-10-20   14:1506-10-20   14:15



543254-L-bw-Sepriano543254-L-bw-Sepriano543254-L-bw-Sepriano543254-L-bw-Sepriano
Processed on: 6-10-2020Processed on: 6-10-2020Processed on: 6-10-2020Processed on: 6-10-2020 PDF page: 50PDF page: 50PDF page: 50PDF page: 50

50

  

9 | General Introduction 

1 

skeleton. Contributing to inform this innovative clustering was another scientific breakthrough, 
this time in the field of genetics. Researchers recognised that HLA-B27 positivity occurred more 
frequently within this nosologic group than in other diseases.[11] Studies on the role of infection 
and the involvement of the gut in triggering spondyloarthritis also played a role.[12] 
 

 
Figure 1. Relationship between clinical diagnosis (A), classification criteria (B) and the Gestalt (C) of axSpA in a cohort of patients 
with a suspected axSpA. The size of the circles and of their intersections do not necessarily represent the expected magnitude of 
the relationship between the three concepts. Interactions: ‘AC’, ‘true SpA’ phenotype recognised by the rheumatologist but not 
captured by the criteria; ‘BC’: ‘true SpA’ phenotype captured by the criteria but not recognised by the rheumatologist; ‘AB’, 
phenotype recognised by the rheumatologist and captured by the criteria but not representing ‘true SpA’ (misclassification and 
misdiagnosis); ‘ABC’: ‘true SpA’ phenotype recognised by the rheumatologist and captured by  the criteria. ‘A alone’, a phenotype 
recognised only by the rheumatologist (wrong diagnosis); ‘B alone’: a phenotype captured only by criteria (misclassification): ‘C 
alone’: residual ‘true SpA phenotype’ intangible to rheumatologists and to the criteria they developed. 
 

The change-of-paradigm proposal by Moll and Wright, undoubtedly changed the clinician’s 
perception of SpA and marks the start of ‘Period two’ in our timeline. Grouping together 
‘different’ diseases, in theory, facilitates studies aiming at better understanding it. However, 
such studies need the proper ‘tool’ to guarantee that a homogeneous group of patients is 
included. While some of the diseases within the seronegative SpA concept had already their own 
classification criteria (e.g. r-axSpA, PsA, reactive arthritis), experts recognised that some patients 
with early and often milder forms did not classify as SpA even though they were perceived by 
the experts as having a Gestalt of SpA. This unmet need was addressed in the early 1990’s with 
the development of the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
were developed and compare it with one based on knowledge present at the time of the 
Amor/ESSG criteria, an increase in the ‘AC’, and consequently, the ‘BC’ interaction would be 
evident. Obviously, this ‘phenotypical expansion’ is only apparent in retrospect. 

 

10 | General Introduction 
 

 

10 | General Introduction 
 

 

46 | What is Axial Spondyloarthritis? 

ABSTRACT 

Objectives: To gain expert-judgement-free insight into the Gestalt of axial spondyloarthritis 
(axSpA), by investigating its ’latent constructs’ and to test how well these latent constructs fit 
the Assessment of SpondyloArthritis international Society (ASAS) classification criteria. 

Methods: Two independent cohorts of patients with early onset chronic back pain 
(SPondyloArthritis Caught Early (SPACE)) or inflammatory back pain (IBP) (DEvenir des 
Spondylarthopathies Indifférenciées Récentes (DESIR)) were analysed. Latent class analysis 
(LCA) was used to estimate the (unobserved) potential classes underlying axSpA. The best LCA 
model groups patients into clinically meaningful classes with best fit. Each class was labelled 
based on most prominent features. Percentage fulfilment of ASAS axSpA, peripheral SpA (pSpA) 
(ignoring IBP) or both classification criteria was calculated. Five-year data from DESIR were used 
to perform latent transition analysis (LTA) to examine if patients change classes over time. 

Results: SPACE (n=465) yielded four discernible classes: ’axial’ with highest likelihood of 
abnormal imaging and HLA-B27 positivity; ’IBP+peripheral’ with 100% IBP and dominant 
peripheral symptoms; ’at risk’ with positive family history and HLA-B27 and ’no SpA’ with low 
likelihood for each SpA feature. LCA in DESIR (n=576) yielded similar classes, except for the ’no-
SpA’. The ASAS axSpA criteria captured almost all (SPACE: 98%; DESIR: 93%) ’axial’ patients, but 
the ’IBP+peripheral’ class was only captured well by combining the axSpA and pSpA criteria 
(SPACE: 78%; DESIR: 89%). Only 4% of ’no SpA’ patients fulfilled the axSpA criteria in SPACE. LTA 
suggested that 5-year transitions across classes were unlikely (11%). 

Conclusion: The Gestalt of axSpA comprises three discernible entities, only appropriately 
captured by combining the ASAS axSpA and pSpA classification criteria. It is questionable 
whether some patients with ‘axSpA at risk’ will ever develop axSpA.   
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rheumatologist considers the symptoms suggestive of axSpA (level of confidence (LoC) ≥5, scale 
0-10), were included. Databases were locked in October 2017 (SPACE) and June 2016 (DESIR).  

 

SpA features 

The following features were collected in each cohort: HLA-B27, elevated C reactive protein (CRP) 
(≥6 mg/L), family history of SpA (ASAS definition),[5] good response to nonsteroidal anti-
inflammatory drugs (NSAIDs), peripheral arthritis, heel enthesitis, dactylitis, psoriasis, 
inflammatory bowel disease, acute anterior uveitis, and IBP.  

At baseline, SpA features were considered positive if ‘ever present’ (i.e. any time in the past 
and/or baseline) in both cohorts, except dactylitis (available only as ‘current’ in SPACE). In DESIR, 
data on SpA features were also collected every 6 months up to 2 years and yearly thereafter up 
to 5 years. Change in time-varying features was defined as ‘once-a-feature-always-a-feature 
(OFAF)’: patients positive at baseline remained positive at 5-years, even if becoming negative or 
missing in between; patients negative at baseline, remained negative at follow-up if no switch 
to positive or if missing in between. A feature changed to positive if appearing anytime during 
follow-up.   

Radiographs and MRIs of the SIJ (X-SIJ; MRI-SIJ) and spine (X-Spine; MRI-Spine) were obtained 
at baseline in both cohorts, and at 2 and 5 years in DESIR. Each image was independently scored, 
by three trained central readers in each cohort, blinded to chronology, clinical data and to the 
results of other modalities. Four binary imaging features, defined by agreement between ≥2 out 
of 3 readers, were assessed: inflammation on MRI-SIJ (ASAS definition);[9, 10] bone marrow 
edema (BME) on MRI-Spine (≥5 lesions);[11] definite structural damage in X-SIJ according to the 
mNY criteria;[2] and ≥1 syndesmophyte in X-spine.[12] 
 

Statistical analysis  

Latent class analysis (LCA) was performed with baseline data of each cohort separately, including 
patients with complete data on all features. LCA unmasks a ‘latent’ (i.e. unobserved) construct 
(here: Gestalt of axSpA) by splitting patients into mutually exclusive classes based on the 
covariance of observed SpA features. Extensive evidence supports the superiority of LCA in 
identifying latent data structures, compared with other clustering methods.[13-15] SpA features 
(15 variables in SPACE; 14 in DESIR (excluding IBP)) were selected ‘a priori’ based on content 
knowledge without predefined weights.  

A detailed description LCA and how it can be used to identify the latent classes of the Gestalt of 
axSpA is provided in online supplementary text S1. Briefly, the number of classes was increased, 
one-by-one, until the best model was found, defined by: best goodness of fit assessed by 
Akaike’s information criterion, Bayesian information criterion (BIC), sample-sized adjusted BIC 
(aBIC), entropy, likelihood ratio-test (comparing the model with the one with n-1 classes); and 
by clinically recognisable patterns within each class (i.e. a statistical criterion alone does not 
suffice). The classes of the final model were interpreted according to the probability of each 
feature and labelled as a clinically recognisable entity. Features were defined as: across-class 
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dominant (highest probability across classes); within-class dominant (probability >50% within 
each class); and not dominant across or within classes. 

Maximum likelihood estimates were used to classify individual patients based on their posterior 
probability of class membership. This allowed us to describe the classes including also variables 
not used in the models and to evaluate the percentage of patients within each class fulfilling the 
ASAS axSpA, pSpA (ignoring IBP) and the SpA criteria (i.e. combination of either axSpA or pSpA 
criteria) at baseline.  

To address between-cohort differences in study design, a sensitivity analysis was performed in 
SPACE: only in patients with a rheumatologist’s diagnosis with LoC ≥ 5 (similar to DESIR). 

Latent transition analysis (LTA) was used to estimate the likelihood of change across classes after 
5 years in DESIR.[16] LTA includes the same patients and variables as in LCA. The number of 
classes best fitting the baseline and 5-year LCA formed the basis of the LTA model. Classes at 
baseline and follow-up can be assumed as: having the same meaning (full invariance); different 
meaning (full non-invariance); or the same meaning for some and different for others (partial 
invariance). The final LTA model has the number of classes at baseline and 5-year and class-
(in)variance that best fits the data provided it is clinically meaningful.  

LCA was performed in Stata V.15.1. LTA was performed in MPlus V.7. 

 

RESULTS  

Baseline characteristics  

In total, 465 patients from SPACE and 576 from DESIR were included. In SPACE, included patients 
were more likely to be HLA-B27 positive (37% vs 57%) and less likely to have BME on MRI-SIJ 
(14% vs 30%) than those excluded (N=283). No differences were seen in DESIR (excluded: N=132) 
(online supplementary tables S1 and S2). Baseline characteristics of the included patients from 
both cohorts are shown in table 1. Patients from DESIR had, on average, more SpA features 
compared with those from SPACE, including peripheral features (e.g. heel enthesis 45% vs 20%) 
and axial imaging abnormalities (e.g. sacroiliitis on MRI-SIJ 27% vs 14%). 
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skeleton. Contributing to inform this innovative clustering was another scientific breakthrough, 
this time in the field of genetics. Researchers recognised that HLA-B27 positivity occurred more 
frequently within this nosologic group than in other diseases.[11] Studies on the role of infection 
and the involvement of the gut in triggering spondyloarthritis also played a role.[12] 
 

 
Figure 1. Relationship between clinical diagnosis (A), classification criteria (B) and the Gestalt (C) of axSpA in a cohort of patients 
with a suspected axSpA. The size of the circles and of their intersections do not necessarily represent the expected magnitude of 
the relationship between the three concepts. Interactions: ‘AC’, ‘true SpA’ phenotype recognised by the rheumatologist but not 
captured by the criteria; ‘BC’: ‘true SpA’ phenotype captured by the criteria but not recognised by the rheumatologist; ‘AB’, 
phenotype recognised by the rheumatologist and captured by the criteria but not representing ‘true SpA’ (misclassification and 
misdiagnosis); ‘ABC’: ‘true SpA’ phenotype recognised by the rheumatologist and captured by  the criteria. ‘A alone’, a phenotype 
recognised only by the rheumatologist (wrong diagnosis); ‘B alone’: a phenotype captured only by criteria (misclassification): ‘C 
alone’: residual ‘true SpA phenotype’ intangible to rheumatologists and to the criteria they developed. 
 

The change-of-paradigm proposal by Moll and Wright, undoubtedly changed the clinician’s 
perception of SpA and marks the start of ‘Period two’ in our timeline. Grouping together 
‘different’ diseases, in theory, facilitates studies aiming at better understanding it. However, 
such studies need the proper ‘tool’ to guarantee that a homogeneous group of patients is 
included. While some of the diseases within the seronegative SpA concept had already their own 
classification criteria (e.g. r-axSpA, PsA, reactive arthritis), experts recognised that some patients 
with early and often milder forms did not classify as SpA even though they were perceived by 
the experts as having a Gestalt of SpA. This unmet need was addressed in the early 1990’s with 
the development of the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
were developed and compare it with one based on knowledge present at the time of the 
Amor/ESSG criteria, an increase in the ‘AC’, and consequently, the ‘BC’ interaction would be 
evident. Obviously, this ‘phenotypical expansion’ is only apparent in retrospect. 
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ABSTRACT 

Objectives: To gain expert-judgement-free insight into the Gestalt of axial spondyloarthritis 
(axSpA), by investigating its ’latent constructs’ and to test how well these latent constructs fit 
the Assessment of SpondyloArthritis international Society (ASAS) classification criteria. 

Methods: Two independent cohorts of patients with early onset chronic back pain 
(SPondyloArthritis Caught Early (SPACE)) or inflammatory back pain (IBP) (DEvenir des 
Spondylarthopathies Indifférenciées Récentes (DESIR)) were analysed. Latent class analysis 
(LCA) was used to estimate the (unobserved) potential classes underlying axSpA. The best LCA 
model groups patients into clinically meaningful classes with best fit. Each class was labelled 
based on most prominent features. Percentage fulfilment of ASAS axSpA, peripheral SpA (pSpA) 
(ignoring IBP) or both classification criteria was calculated. Five-year data from DESIR were used 
to perform latent transition analysis (LTA) to examine if patients change classes over time. 

Results: SPACE (n=465) yielded four discernible classes: ’axial’ with highest likelihood of 
abnormal imaging and HLA-B27 positivity; ’IBP+peripheral’ with 100% IBP and dominant 
peripheral symptoms; ’at risk’ with positive family history and HLA-B27 and ’no SpA’ with low 
likelihood for each SpA feature. LCA in DESIR (n=576) yielded similar classes, except for the ’no-
SpA’. The ASAS axSpA criteria captured almost all (SPACE: 98%; DESIR: 93%) ’axial’ patients, but 
the ’IBP+peripheral’ class was only captured well by combining the axSpA and pSpA criteria 
(SPACE: 78%; DESIR: 89%). Only 4% of ’no SpA’ patients fulfilled the axSpA criteria in SPACE. LTA 
suggested that 5-year transitions across classes were unlikely (11%). 

Conclusion: The Gestalt of axSpA comprises three discernible entities, only appropriately 
captured by combining the ASAS axSpA and pSpA classification criteria. It is questionable 
whether some patients with ‘axSpA at risk’ will ever develop axSpA.   
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The following features were collected in each cohort: HLA-B27, elevated C reactive protein (CRP) 
(≥6 mg/L), family history of SpA (ASAS definition),[5] good response to nonsteroidal anti-
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Statistical analysis  

Latent class analysis (LCA) was performed with baseline data of each cohort separately, including 
patients with complete data on all features. LCA unmasks a ‘latent’ (i.e. unobserved) construct 
(here: Gestalt of axSpA) by splitting patients into mutually exclusive classes based on the 
covariance of observed SpA features. Extensive evidence supports the superiority of LCA in 
identifying latent data structures, compared with other clustering methods.[13-15] SpA features 
(15 variables in SPACE; 14 in DESIR (excluding IBP)) were selected ‘a priori’ based on content 
knowledge without predefined weights.  

A detailed description LCA and how it can be used to identify the latent classes of the Gestalt of 
axSpA is provided in online supplementary text S1. Briefly, the number of classes was increased, 
one-by-one, until the best model was found, defined by: best goodness of fit assessed by 
Akaike’s information criterion, Bayesian information criterion (BIC), sample-sized adjusted BIC 
(aBIC), entropy, likelihood ratio-test (comparing the model with the one with n-1 classes); and 
by clinically recognisable patterns within each class (i.e. a statistical criterion alone does not 
suffice). The classes of the final model were interpreted according to the probability of each 
feature and labelled as a clinically recognisable entity. Features were defined as: across-class 

  

49 | What is Axial Spondyloarthritis? 

4 

dominant (highest probability across classes); within-class dominant (probability >50% within 
each class); and not dominant across or within classes. 

Maximum likelihood estimates were used to classify individual patients based on their posterior 
probability of class membership. This allowed us to describe the classes including also variables 
not used in the models and to evaluate the percentage of patients within each class fulfilling the 
ASAS axSpA, pSpA (ignoring IBP) and the SpA criteria (i.e. combination of either axSpA or pSpA 
criteria) at baseline.  

To address between-cohort differences in study design, a sensitivity analysis was performed in 
SPACE: only in patients with a rheumatologist’s diagnosis with LoC ≥ 5 (similar to DESIR). 

Latent transition analysis (LTA) was used to estimate the likelihood of change across classes after 
5 years in DESIR.[16] LTA includes the same patients and variables as in LCA. The number of 
classes best fitting the baseline and 5-year LCA formed the basis of the LTA model. Classes at 
baseline and follow-up can be assumed as: having the same meaning (full invariance); different 
meaning (full non-invariance); or the same meaning for some and different for others (partial 
invariance). The final LTA model has the number of classes at baseline and 5-year and class-
(in)variance that best fits the data provided it is clinically meaningful.  

LCA was performed in Stata V.15.1. LTA was performed in MPlus V.7. 

 

RESULTS  

Baseline characteristics  

In total, 465 patients from SPACE and 576 from DESIR were included. In SPACE, included patients 
were more likely to be HLA-B27 positive (37% vs 57%) and less likely to have BME on MRI-SIJ 
(14% vs 30%) than those excluded (N=283). No differences were seen in DESIR (excluded: N=132) 
(online supplementary tables S1 and S2). Baseline characteristics of the included patients from 
both cohorts are shown in table 1. Patients from DESIR had, on average, more SpA features 
compared with those from SPACE, including peripheral features (e.g. heel enthesis 45% vs 20%) 
and axial imaging abnormalities (e.g. sacroiliitis on MRI-SIJ 27% vs 14%). 
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classification criteria (e.g. r-axSpA, PsA, reactive arthritis), experts recognised that some patients 
with early and often milder forms did not classify as SpA even though they were perceived by 
the experts as having a Gestalt of SpA. This unmet need was addressed in the early 1990’s with 
the development of the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
were developed and compare it with one based on knowledge present at the time of the 
Amor/ESSG criteria, an increase in the ‘AC’, and consequently, the ‘BC’ interaction would be 
evident. Obviously, this ‘phenotypical expansion’ is only apparent in retrospect. 

 

10 | General Introduction 
 

 

10 | General Introduction 
 

 

46 | What is Axial Spondyloarthritis? 

ABSTRACT 

Objectives: To gain expert-judgement-free insight into the Gestalt of axial spondyloarthritis 
(axSpA), by investigating its ’latent constructs’ and to test how well these latent constructs fit 
the Assessment of SpondyloArthritis international Society (ASAS) classification criteria. 

Methods: Two independent cohorts of patients with early onset chronic back pain 
(SPondyloArthritis Caught Early (SPACE)) or inflammatory back pain (IBP) (DEvenir des 
Spondylarthopathies Indifférenciées Récentes (DESIR)) were analysed. Latent class analysis 
(LCA) was used to estimate the (unobserved) potential classes underlying axSpA. The best LCA 
model groups patients into clinically meaningful classes with best fit. Each class was labelled 
based on most prominent features. Percentage fulfilment of ASAS axSpA, peripheral SpA (pSpA) 
(ignoring IBP) or both classification criteria was calculated. Five-year data from DESIR were used 
to perform latent transition analysis (LTA) to examine if patients change classes over time. 

Results: SPACE (n=465) yielded four discernible classes: ’axial’ with highest likelihood of 
abnormal imaging and HLA-B27 positivity; ’IBP+peripheral’ with 100% IBP and dominant 
peripheral symptoms; ’at risk’ with positive family history and HLA-B27 and ’no SpA’ with low 
likelihood for each SpA feature. LCA in DESIR (n=576) yielded similar classes, except for the ’no-
SpA’. The ASAS axSpA criteria captured almost all (SPACE: 98%; DESIR: 93%) ’axial’ patients, but 
the ’IBP+peripheral’ class was only captured well by combining the axSpA and pSpA criteria 
(SPACE: 78%; DESIR: 89%). Only 4% of ’no SpA’ patients fulfilled the axSpA criteria in SPACE. LTA 
suggested that 5-year transitions across classes were unlikely (11%). 

Conclusion: The Gestalt of axSpA comprises three discernible entities, only appropriately 
captured by combining the ASAS axSpA and pSpA classification criteria. It is questionable 
whether some patients with ‘axSpA at risk’ will ever develop axSpA.   
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Table 1. Baseline patient characteristics in the SPACE and DESIR cohorts 

 SPACE 
(N=465) 

DESIR 
(N=576) 

Age at baseline (years) 31 (8) 33 (8) 
Male gender  161 (35) 269 (47) 
Symptom duration (years) 1.8 (2.3) 1.5 (0.8) 
ASAS axSpA criteria 172 (37) 358 (62) 
axSpA according to Rheumatologist* 136 (30) 269 (47) 
ASAS pSpA criteria  182 (39) 320 (56) 
ASAS SpA criteria† 249 (54) 443 (77) 
Sacroiliitis on MRI-SIJ (ASAS) 64 (14) 153 (27) 
BME on MRI-spine (≥ 5 lesions) 21 (5) 25 (4) 
Radiographic sacroiliitis (mNY) 38 (8) 78 (14) 
≥ 1 syndesmophyte on X-spine 15 (3) 39 (7) 
Elevated CRP (≥6 mg/L) 118 (25) 169 (29) 
Good response to NSAIDs ever 189 (41) 491 (85) 
Peripheral arthritis ever 76 (16) 122 (21) 
Dactylitis ever 23 (5) 78 (14) 
Heel enthesitis ever 91 (20) 261 (45) 
HLA-B27 172 (37) 345 (60) 
Family history of SpA 194 (42) 250 (43) 
Psoriasis ever 54 (12) 99 (17) 
Uveitis ever 33 (7) 52 (9) 
Inflammatory Bowel Disease ever 35 (8) 25 (4) 
Current arthritis / any enthesitis / dactylitis  317 (68) 398 (69) 
Inflammatory back pain 308 (66) 576 (100) 
Number of SpA features (0-9)‡ 2 (1) 3 (1) 

Values are mean (standard deviation) for continuous variables or number (%) for binary variables. SpA 
features are positive if ‘ever present’ (any time in the past and/or baseline); * Clinical diagnosis of axSpA 
at baseline with a level of confidence >7; Missing data SPACE: axSpA according to Rheumatologist 
(n=454); Symptom duration (N=461); missing data DESIR: axSpA according to Rheumatologist (N=576); 
† fulfilment of either ASAS axSpA or ASAS pSpA classification criteria; ‡ peripheral arthritis, heel 
enthesitis, dactylitis, psoriasis, uveitis, inflammatory bowel disease, good response to NSAIDs, elevated 
CRP and family history of SpA.; SD, standard deviation; ASAS, Assessment of SpondyloArthritis 
international Society; axSpA, axial spondyloarthritis; pSpA, peripheral spondyloarthritis; CRP, C-reactive 
protein; NSAIDs, nonsteroidal anti-inflammatory drugs; mNY, modified New York criteria; MRI, magnetic 
resonance imaging; SIJ, sacroiliac joints; BME, bone marrow edema; X-spine, radiograph of the spine. 
 

Latent class analysis in SPACE and DESIR  

A 4-class (SPACE) and a 3-class (DESIR) LCA-model fitted the data best (table 2). The additional 
class in the 5-class (SPACE) and 4-class (DESIR) models, with worse model fit, did not yield a 
clinically recognisable pattern (online supplementary tables S3, S4 and S5).  

The final LCA models are shown in Table 2. In SPACE, class 1 was characterised by highest 
likelihood (i.e. across-class dominance) of lesions present on axial imaging, elevation of CRP and 
HLA-B27-positivity, and was labelled as ‘axial’. Class 2, was labelled ‘IBP+peripheral’, given the 
100% likelihood of IBP and across-class dominance of peripheral features. Class 3 had across-
class dominance of positive family history (71%) and within-class dominance of HLA-B27 
positivity (69%) and IBP (66%) but low likelihood of other features and was labelled as ‘at risk’. 
Class 4 was labelled ‘no SpA’ given the very low likelihood for each SpA feature.  

  

51 | What is Axial Spondyloarthritis? 

4 

 

Ta
bl

e 
2.

 F
in

al
 la

te
nt

 c
la

ss
 a

na
ly

sis
 (L

CA
) m

od
el

s i
n 

SP
AC

E 
(N

=4
65

) a
nd

 D
ES

IR
 (N

=5
76

) i
n 

pr
ob

ab
ili

ty
 sc

al
e 

(r
an

ge
: 0

-1
) 

 
SP

AC
E 

 
DE

SI
R 

 
Cl

as
s 1

  
(‘a

xi
al

’) 
(P

*=
16

%
) 

Cl
as

s 2
 

(‘I
BP

+p
er

ip
he

ra
l’)

 
(P

*=
20

%
) 

Cl
as

s 3
  

(‘A
t r

is
k’

) 
(P

*=
24

%
) 

Cl
as

s 4
 

(‘n
o 

Sp
A’

) 
(P

*=
40

%
) 

 
Cl

as
s 1

 
(‘a

xi
al

’) 
(P

*=
19

%
) 

Cl
as

s 2
 

(‘I
BP

 +
 p

er
ip

he
ra

l’)
 

(P
*=

27
%

) 

Cl
as

s 3
 

(‘a
t r

is
k’

) 
(P

*=
54

%
) 

Cl
as

s 4
 

‘n
o 

Sp
A’

† 

In
fla

m
m

at
io

n 
on

 M
RI

-S
IJ 

(A
SA

S)
 

0.
74

 
0.

04
 

0.
00

 
0.

03
 

 
0.

83
 

0.
22

 
0.

09
 

 
BM

E 
on

 M
RI

-S
pi

ne
 (≥

 5
 le

sio
ns

)  
0.

25
 

0.
02

 
0.

00
 

0.
00

 
 

0.
20

 
0.

00
 

0.
01

 
 

Ra
di

og
ra

ph
ic

 sa
cr

oi
lii

tis
 (m

N
Y)

 
0.

32
 

0.
09

 
0.

01
 

0.
03

 
 

0.
58

 
0.

06
 

0.
02

 
 

≥ 
1 

sy
nd

es
m

op
hy

te
 o

n 
X-

sp
in

e 
0.

03
 

0.
06

 
0.

00
 

0.
04

 
 

0.
11

 
0.

05
 

0.
06

 
 

El
ev

at
ed

 C
RP

 (≥
 6

 m
g/

dL
) 

0.
49

 
0.

22
 

0.
21

 
0.

20
 

 
0.

56
 

0.
41

 
0.

14
 

 
Go

od
 re

sp
on

se
 to

 N
SA

ID
s (

ev
er

) 
0.

59
 

0.
85

 
0.

25
 

0.
20

 
 

0.
97

 
0.

84
 

0.
82

 
 

Pe
rip

he
ra

l a
rt

hr
iti

s (
ev

er
) 

0.
17

 
0.

44
 

0.
04

 
0.

10
 

 
0.

09
 

0.
73

 
0.

00
 

 
Da

ct
yl

iti
s (

ev
er

) 
0.

02
 

0.
18

 
0.

00
 

0.
03

 
 

0.
03

 
0.

46
 

0.
01

 
 

He
el

 e
nt

he
sit

is 
(e

ve
r)

 
0.

10
 

0.
66

 
0.

13
 

0.
04

 
 

0.
26

 
0.

60
 

0.
45

 
 

HL
A-

B2
7 

0.
84

 
0.

33
 

0.
69

 
0.

00
 

 
0.

90
 

0.
52

 
0.

53
 

 
Fa

m
ily

 h
ist

or
y 

of
 S

pA
 

0.
38

 
0.

50
 

0.
71

 
0.

21
 

 
0.

48
 

0.
44

 
0.

41
 

 
Ps

or
ia

sis
 (e

ve
r)

 
0.

10
 

0.
31

 
0.

02
 

0.
08

 
 

0.
09

 
0.

29
 

0.
14

 
 

U
ve

iti
s (

ev
er

) 
0.

13
 

0.
07

 
0.

12
 

0.
02

 
 

0.
08

 
0.

12
 

0.
08

 
 

IB
D 

(e
ve

r)
 

0.
03

 
0.

15
 

0.
00

 
0.

10
 

 
0.

02
 

0.
05

 
0.

05
 

 
In

fla
m

m
at

or
y 

ba
ck

 p
ai

n 
0.

68
 

1.
00

 
0.

66
 

0.
49

 
 

N
A 

N
A 

N
A 

 
Th

e 
ta

bl
e 

di
sp

la
ys

 th
e 

m
ai

n 
re

su
lts

 o
f t

he
 L

CA
 se

pa
ra

te
ly

 in
 e

ac
h 

co
ho

rt
. V

al
ue

s a
re

 th
e 

co
nd

iti
on

al
 p

ro
ba

bi
lit

y 
fo

r e
ac

h 
Sp

A 
fe

at
ur

e 
po

sit
iv

ity
 w

ith
in

 e
ac

h 
la

te
nt

 c
la

ss
 (r

an
ge

: 0
-1

). 
 

* 
Pr

ob
ab

ili
ty

 o
f t

he
 la

te
nt

 c
la

ss
. †

 ‘N
o 

Sp
A’

 la
te

nt
 c

la
ss

 a
bs

en
t i

n 
DE

SI
R;

 in
 D

ES
IR

 a
ll 

in
cl

ud
ed

 p
at

ie
nt

s h
av

e 
a 

hi
gh

 li
ke

lih
oo

d 
of

 a
xS

pA
. H

ea
tm

ap
 le

ge
nd

: R
ed

: h
ig

hl
ig

ht
s d

om
in

an
t f

ea
tu

re
s 

ac
ro

ss
 la

te
nt

 c
la

ss
es

; y
el

lo
w

: h
ig

hl
ig

ht
s d

om
in

an
t f

ea
tu

re
s (

pr
ob

ab
ili

ty
 >

50
%

) w
ith

in
 e

ac
h 

cl
as

s b
ut

 n
ot

 a
cr

os
s c

la
ss

es
; b

la
nk

: n
ot

 d
om

in
an

t n
ei

th
er

 a
cr

os
s n

or
 w

ith
in

 c
la

ss
es

. S
pA

 fe
at

ur
es

 
ar

e 
po

sit
iv

e 
if 

‘e
ve

r p
re

se
nt

’ (
an

y 
tim

e 
in

 th
e 

pa
st

 a
nd

/o
r b

as
el

in
e)

; C
I, 

co
nf

id
en

ce
 in

te
rv

al
; A

SA
S,

 A
ss

es
sm

en
t o

f S
po

nd
yl

oA
rt

hr
iti

s 
in

te
rn

at
io

na
l S

oc
ie

ty
; C

RP
, C

-r
ea

ct
iv

e 
pr

ot
ei

n;
 N

SA
ID

s,
 

no
ns

te
ro

id
al

 a
nt

i-i
nf

la
m

m
at

or
y 

dr
ug

s;
 m

N
Y,

 m
od

ifi
ed

 N
ew

 Y
or

k 
cr

ite
ria

; M
RI

, m
ag

ne
tic

 r
es

on
an

ce
 im

ag
in

g;
 S

IJ,
 s

ac
ro

ili
ac

 jo
in

ts
; B

M
E,

 b
on

e 
m

ar
ro

w
 e

de
m

a;
 X

-s
pi

ne
, r

ad
io

gr
ap

h 
of

 th
e 

sp
in

e;
 IB

D,
 in

fla
m

m
at

or
y 

bo
w

el
 d

ise
as

e.
 N

A,
 n

ot
 a

pp
lic

ab
le

. 

543254-bw-Alexandre-6-10.indd   52543254-bw-Alexandre-6-10.indd   52 06-10-20   14:1506-10-20   14:15



543254-L-bw-Sepriano543254-L-bw-Sepriano543254-L-bw-Sepriano543254-L-bw-Sepriano
Processed on: 6-10-2020Processed on: 6-10-2020Processed on: 6-10-2020Processed on: 6-10-2020 PDF page: 53PDF page: 53PDF page: 53PDF page: 53

 4

53

  

9 | General Introduction 

1 

skeleton. Contributing to inform this innovative clustering was another scientific breakthrough, 
this time in the field of genetics. Researchers recognised that HLA-B27 positivity occurred more 
frequently within this nosologic group than in other diseases.[11] Studies on the role of infection 
and the involvement of the gut in triggering spondyloarthritis also played a role.[12] 
 

 
Figure 1. Relationship between clinical diagnosis (A), classification criteria (B) and the Gestalt (C) of axSpA in a cohort of patients 
with a suspected axSpA. The size of the circles and of their intersections do not necessarily represent the expected magnitude of 
the relationship between the three concepts. Interactions: ‘AC’, ‘true SpA’ phenotype recognised by the rheumatologist but not 
captured by the criteria; ‘BC’: ‘true SpA’ phenotype captured by the criteria but not recognised by the rheumatologist; ‘AB’, 
phenotype recognised by the rheumatologist and captured by the criteria but not representing ‘true SpA’ (misclassification and 
misdiagnosis); ‘ABC’: ‘true SpA’ phenotype recognised by the rheumatologist and captured by  the criteria. ‘A alone’, a phenotype 
recognised only by the rheumatologist (wrong diagnosis); ‘B alone’: a phenotype captured only by criteria (misclassification): ‘C 
alone’: residual ‘true SpA phenotype’ intangible to rheumatologists and to the criteria they developed. 
 

The change-of-paradigm proposal by Moll and Wright, undoubtedly changed the clinician’s 
perception of SpA and marks the start of ‘Period two’ in our timeline. Grouping together 
‘different’ diseases, in theory, facilitates studies aiming at better understanding it. However, 
such studies need the proper ‘tool’ to guarantee that a homogeneous group of patients is 
included. While some of the diseases within the seronegative SpA concept had already their own 
classification criteria (e.g. r-axSpA, PsA, reactive arthritis), experts recognised that some patients 
with early and often milder forms did not classify as SpA even though they were perceived by 
the experts as having a Gestalt of SpA. This unmet need was addressed in the early 1990’s with 
the development of the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
were developed and compare it with one based on knowledge present at the time of the 
Amor/ESSG criteria, an increase in the ‘AC’, and consequently, the ‘BC’ interaction would be 
evident. Obviously, this ‘phenotypical expansion’ is only apparent in retrospect. 

 

10 | General Introduction 
 

  

9 | General Introduction 

1 

skeleton. Contributing to inform this innovative clustering was another scientific breakthrough, 
this time in the field of genetics. Researchers recognised that HLA-B27 positivity occurred more 
frequently within this nosologic group than in other diseases.[11] Studies on the role of infection 
and the involvement of the gut in triggering spondyloarthritis also played a role.[12] 
 

 
Figure 1. Relationship between clinical diagnosis (A), classification criteria (B) and the Gestalt (C) of axSpA in a cohort of patients 
with a suspected axSpA. The size of the circles and of their intersections do not necessarily represent the expected magnitude of 
the relationship between the three concepts. Interactions: ‘AC’, ‘true SpA’ phenotype recognised by the rheumatologist but not 
captured by the criteria; ‘BC’: ‘true SpA’ phenotype captured by the criteria but not recognised by the rheumatologist; ‘AB’, 
phenotype recognised by the rheumatologist and captured by the criteria but not representing ‘true SpA’ (misclassification and 
misdiagnosis); ‘ABC’: ‘true SpA’ phenotype recognised by the rheumatologist and captured by  the criteria. ‘A alone’, a phenotype 
recognised only by the rheumatologist (wrong diagnosis); ‘B alone’: a phenotype captured only by criteria (misclassification): ‘C 
alone’: residual ‘true SpA phenotype’ intangible to rheumatologists and to the criteria they developed. 
 

The change-of-paradigm proposal by Moll and Wright, undoubtedly changed the clinician’s 
perception of SpA and marks the start of ‘Period two’ in our timeline. Grouping together 
‘different’ diseases, in theory, facilitates studies aiming at better understanding it. However, 
such studies need the proper ‘tool’ to guarantee that a homogeneous group of patients is 
included. While some of the diseases within the seronegative SpA concept had already their own 
classification criteria (e.g. r-axSpA, PsA, reactive arthritis), experts recognised that some patients 
with early and often milder forms did not classify as SpA even though they were perceived by 
the experts as having a Gestalt of SpA. This unmet need was addressed in the early 1990’s with 
the development of the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
were developed and compare it with one based on knowledge present at the time of the 
Amor/ESSG criteria, an increase in the ‘AC’, and consequently, the ‘BC’ interaction would be 
evident. Obviously, this ‘phenotypical expansion’ is only apparent in retrospect. 

 

46 | What is Axial Spondyloarthritis? 

ABSTRACT 

Objectives: To gain expert-judgement-free insight into the Gestalt of axial spondyloarthritis 
(axSpA), by investigating its ’latent constructs’ and to test how well these latent constructs fit 
the Assessment of SpondyloArthritis international Society (ASAS) classification criteria. 

Methods: Two independent cohorts of patients with early onset chronic back pain 
(SPondyloArthritis Caught Early (SPACE)) or inflammatory back pain (IBP) (DEvenir des 
Spondylarthopathies Indifférenciées Récentes (DESIR)) were analysed. Latent class analysis 
(LCA) was used to estimate the (unobserved) potential classes underlying axSpA. The best LCA 
model groups patients into clinically meaningful classes with best fit. Each class was labelled 
based on most prominent features. Percentage fulfilment of ASAS axSpA, peripheral SpA (pSpA) 
(ignoring IBP) or both classification criteria was calculated. Five-year data from DESIR were used 
to perform latent transition analysis (LTA) to examine if patients change classes over time. 

Results: SPACE (n=465) yielded four discernible classes: ’axial’ with highest likelihood of 
abnormal imaging and HLA-B27 positivity; ’IBP+peripheral’ with 100% IBP and dominant 
peripheral symptoms; ’at risk’ with positive family history and HLA-B27 and ’no SpA’ with low 
likelihood for each SpA feature. LCA in DESIR (n=576) yielded similar classes, except for the ’no-
SpA’. The ASAS axSpA criteria captured almost all (SPACE: 98%; DESIR: 93%) ’axial’ patients, but 
the ’IBP+peripheral’ class was only captured well by combining the axSpA and pSpA criteria 
(SPACE: 78%; DESIR: 89%). Only 4% of ’no SpA’ patients fulfilled the axSpA criteria in SPACE. LTA 
suggested that 5-year transitions across classes were unlikely (11%). 

Conclusion: The Gestalt of axSpA comprises three discernible entities, only appropriately 
captured by combining the ASAS axSpA and pSpA classification criteria. It is questionable 
whether some patients with ‘axSpA at risk’ will ever develop axSpA.   
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Table 1. Baseline patient characteristics in the SPACE and DESIR cohorts 

 SPACE 
(N=465) 

DESIR 
(N=576) 

Age at baseline (years) 31 (8) 33 (8) 
Male gender  161 (35) 269 (47) 
Symptom duration (years) 1.8 (2.3) 1.5 (0.8) 
ASAS axSpA criteria 172 (37) 358 (62) 
axSpA according to Rheumatologist* 136 (30) 269 (47) 
ASAS pSpA criteria  182 (39) 320 (56) 
ASAS SpA criteria† 249 (54) 443 (77) 
Sacroiliitis on MRI-SIJ (ASAS) 64 (14) 153 (27) 
BME on MRI-spine (≥ 5 lesions) 21 (5) 25 (4) 
Radiographic sacroiliitis (mNY) 38 (8) 78 (14) 
≥ 1 syndesmophyte on X-spine 15 (3) 39 (7) 
Elevated CRP (≥6 mg/L) 118 (25) 169 (29) 
Good response to NSAIDs ever 189 (41) 491 (85) 
Peripheral arthritis ever 76 (16) 122 (21) 
Dactylitis ever 23 (5) 78 (14) 
Heel enthesitis ever 91 (20) 261 (45) 
HLA-B27 172 (37) 345 (60) 
Family history of SpA 194 (42) 250 (43) 
Psoriasis ever 54 (12) 99 (17) 
Uveitis ever 33 (7) 52 (9) 
Inflammatory Bowel Disease ever 35 (8) 25 (4) 
Current arthritis / any enthesitis / dactylitis  317 (68) 398 (69) 
Inflammatory back pain 308 (66) 576 (100) 
Number of SpA features (0-9)‡ 2 (1) 3 (1) 

Values are mean (standard deviation) for continuous variables or number (%) for binary variables. SpA 
features are positive if ‘ever present’ (any time in the past and/or baseline); * Clinical diagnosis of axSpA 
at baseline with a level of confidence >7; Missing data SPACE: axSpA according to Rheumatologist 
(n=454); Symptom duration (N=461); missing data DESIR: axSpA according to Rheumatologist (N=576); 
† fulfilment of either ASAS axSpA or ASAS pSpA classification criteria; ‡ peripheral arthritis, heel 
enthesitis, dactylitis, psoriasis, uveitis, inflammatory bowel disease, good response to NSAIDs, elevated 
CRP and family history of SpA.; SD, standard deviation; ASAS, Assessment of SpondyloArthritis 
international Society; axSpA, axial spondyloarthritis; pSpA, peripheral spondyloarthritis; CRP, C-reactive 
protein; NSAIDs, nonsteroidal anti-inflammatory drugs; mNY, modified New York criteria; MRI, magnetic 
resonance imaging; SIJ, sacroiliac joints; BME, bone marrow edema; X-spine, radiograph of the spine. 
 

Latent class analysis in SPACE and DESIR  

A 4-class (SPACE) and a 3-class (DESIR) LCA-model fitted the data best (table 2). The additional 
class in the 5-class (SPACE) and 4-class (DESIR) models, with worse model fit, did not yield a 
clinically recognisable pattern (online supplementary tables S3, S4 and S5).  

The final LCA models are shown in Table 2. In SPACE, class 1 was characterised by highest 
likelihood (i.e. across-class dominance) of lesions present on axial imaging, elevation of CRP and 
HLA-B27-positivity, and was labelled as ‘axial’. Class 2, was labelled ‘IBP+peripheral’, given the 
100% likelihood of IBP and across-class dominance of peripheral features. Class 3 had across-
class dominance of positive family history (71%) and within-class dominance of HLA-B27 
positivity (69%) and IBP (66%) but low likelihood of other features and was labelled as ‘at risk’. 
Class 4 was labelled ‘no SpA’ given the very low likelihood for each SpA feature.  
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1 

skeleton. Contributing to inform this innovative clustering was another scientific breakthrough, 
this time in the field of genetics. Researchers recognised that HLA-B27 positivity occurred more 
frequently within this nosologic group than in other diseases.[11] Studies on the role of infection 
and the involvement of the gut in triggering spondyloarthritis also played a role.[12] 
 

 
Figure 1. Relationship between clinical diagnosis (A), classification criteria (B) and the Gestalt (C) of axSpA in a cohort of patients 
with a suspected axSpA. The size of the circles and of their intersections do not necessarily represent the expected magnitude of 
the relationship between the three concepts. Interactions: ‘AC’, ‘true SpA’ phenotype recognised by the rheumatologist but not 
captured by the criteria; ‘BC’: ‘true SpA’ phenotype captured by the criteria but not recognised by the rheumatologist; ‘AB’, 
phenotype recognised by the rheumatologist and captured by the criteria but not representing ‘true SpA’ (misclassification and 
misdiagnosis); ‘ABC’: ‘true SpA’ phenotype recognised by the rheumatologist and captured by  the criteria. ‘A alone’, a phenotype 
recognised only by the rheumatologist (wrong diagnosis); ‘B alone’: a phenotype captured only by criteria (misclassification): ‘C 
alone’: residual ‘true SpA phenotype’ intangible to rheumatologists and to the criteria they developed. 
 

The change-of-paradigm proposal by Moll and Wright, undoubtedly changed the clinician’s 
perception of SpA and marks the start of ‘Period two’ in our timeline. Grouping together 
‘different’ diseases, in theory, facilitates studies aiming at better understanding it. However, 
such studies need the proper ‘tool’ to guarantee that a homogeneous group of patients is 
included. While some of the diseases within the seronegative SpA concept had already their own 
classification criteria (e.g. r-axSpA, PsA, reactive arthritis), experts recognised that some patients 
with early and often milder forms did not classify as SpA even though they were perceived by 
the experts as having a Gestalt of SpA. This unmet need was addressed in the early 1990’s with 
the development of the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
were developed and compare it with one based on knowledge present at the time of the 
Amor/ESSG criteria, an increase in the ‘AC’, and consequently, the ‘BC’ interaction would be 
evident. Obviously, this ‘phenotypical expansion’ is only apparent in retrospect. 
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ABSTRACT 

Objectives: To gain expert-judgement-free insight into the Gestalt of axial spondyloarthritis 
(axSpA), by investigating its ’latent constructs’ and to test how well these latent constructs fit 
the Assessment of SpondyloArthritis international Society (ASAS) classification criteria. 

Methods: Two independent cohorts of patients with early onset chronic back pain 
(SPondyloArthritis Caught Early (SPACE)) or inflammatory back pain (IBP) (DEvenir des 
Spondylarthopathies Indifférenciées Récentes (DESIR)) were analysed. Latent class analysis 
(LCA) was used to estimate the (unobserved) potential classes underlying axSpA. The best LCA 
model groups patients into clinically meaningful classes with best fit. Each class was labelled 
based on most prominent features. Percentage fulfilment of ASAS axSpA, peripheral SpA (pSpA) 
(ignoring IBP) or both classification criteria was calculated. Five-year data from DESIR were used 
to perform latent transition analysis (LTA) to examine if patients change classes over time. 

Results: SPACE (n=465) yielded four discernible classes: ’axial’ with highest likelihood of 
abnormal imaging and HLA-B27 positivity; ’IBP+peripheral’ with 100% IBP and dominant 
peripheral symptoms; ’at risk’ with positive family history and HLA-B27 and ’no SpA’ with low 
likelihood for each SpA feature. LCA in DESIR (n=576) yielded similar classes, except for the ’no-
SpA’. The ASAS axSpA criteria captured almost all (SPACE: 98%; DESIR: 93%) ’axial’ patients, but 
the ’IBP+peripheral’ class was only captured well by combining the axSpA and pSpA criteria 
(SPACE: 78%; DESIR: 89%). Only 4% of ’no SpA’ patients fulfilled the axSpA criteria in SPACE. LTA 
suggested that 5-year transitions across classes were unlikely (11%). 

Conclusion: The Gestalt of axSpA comprises three discernible entities, only appropriately 
captured by combining the ASAS axSpA and pSpA classification criteria. It is questionable 
whether some patients with ‘axSpA at risk’ will ever develop axSpA.   
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Figure 1. The Gestalt of axial SpA. Distribution of the probabilities of each feature according to the final 
LCA model in SPACE and DESIR. CRP, C-reactive protein; NSAIDs, nonsteroidal anti-inflammatory drugs; 
mNY, modified New York criteria; MRI, magnetic resonance imaging; SIJ, sacroiliac joints; BME, bone 
marrow edema; X-spine, radiograph of the spine; IBP, inflammatory back pain; IBD, inflammatory bowel 
disease. 
 

The LCA analysis in DESIR yielded the same latent classes, except ‘no SpA’, and an overlapping 
pattern of dominance: amongst 42 possible comparisons (14 features (excluding IBP) multiplied 
by 3 classes (excluding ‘no SpA’)), in 37 (88%) the dominance-pattern was similar to SPACE (Table 
2). Figure 1 graphically displays the between-cohort similarities, and also the phenotypical 
differences between the ‘axial’ and ‘IBP+peripheral’ classes which overlap with the ‘at risk class’ 
only partially, and even less with the ‘no SpA’ class. 
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The LCA model in SPACE, in patients with a rheumatologist’s diagnosis of axSpA (LoC ≥5) (N=202) 
yielded the same classes as the main model, except ‘no SpA’ i.e. similar to DESIR (‘axial’:29%; 
‘IBP + peripheral’:33%; ‘at risk’:38%; online supplementary table S6). 

 
Figure 2. Final latent transition analysis (LTA) model (with full invariance*) in DESIR (N=576). (a) squares 
refer to observed (i.e. measurable) variables and (b) Circles to latent (i.e. unobserved variables). Arrows: 
latent transition analysis models the change in observed features (a) to estimate the latent (b) transition 
probabilities between classes from baseline to 5-years. LTA, latent transition analysis; ASAS, Assessment 
of SpondyloArthritis international Society; CRP, C reactive protein; NSAIDs, nonsteroidal anti-
inflammatory drug; mNY, modified New York criteria; MRI, magnetic resonance imaging; SIJ, sacroiliac 
joints; BME, bone marrow edema; X-spine, radiograph of the spine; IBD, inflammatory bowel disease; 
axSpA, axial spondyloarthritis. * Selection of final LTA model according to goodness of fit detailed in online 
supplementary table S9 and full final model in online supplementary table S10. 
 

Latent Transition Analysis in DESIR 

Of the 576 patients in DESIR 500 (87%) completed the 5-year follow-up. The change in SpA- and 
imaging-features between baseline and 5 years is shown in Figure 2a. Because of how SpA 
features were defined (OFAF), all increased in prevalence over time, but changes were more 
pronounced with peripheral (e.g. peripheral arthritis: 21% to 30%) than with imaging features 
(e.g. BME on MRI-SIJ:26% to 29%).  

Similar to baseline LCA, a 3-class model at 5 years best fitted the data (online supplementary 
table S7 and S8). Accordingly, an LTA model with 3 classes at both timepoints was fit. Although 
the model fit (online supplementary table S9) was better with partial invariance, the resulting 
model did not yield a clinically recognisable pattern (data not shown), so the simplest 
assumption (full invariance) was taken to define the final LTA model (Figure 2b and online 
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skeleton. Contributing to inform this innovative clustering was another scientific breakthrough, 
this time in the field of genetics. Researchers recognised that HLA-B27 positivity occurred more 
frequently within this nosologic group than in other diseases.[11] Studies on the role of infection 
and the involvement of the gut in triggering spondyloarthritis also played a role.[12] 
 

 
Figure 1. Relationship between clinical diagnosis (A), classification criteria (B) and the Gestalt (C) of axSpA in a cohort of patients 
with a suspected axSpA. The size of the circles and of their intersections do not necessarily represent the expected magnitude of 
the relationship between the three concepts. Interactions: ‘AC’, ‘true SpA’ phenotype recognised by the rheumatologist but not 
captured by the criteria; ‘BC’: ‘true SpA’ phenotype captured by the criteria but not recognised by the rheumatologist; ‘AB’, 
phenotype recognised by the rheumatologist and captured by the criteria but not representing ‘true SpA’ (misclassification and 
misdiagnosis); ‘ABC’: ‘true SpA’ phenotype recognised by the rheumatologist and captured by  the criteria. ‘A alone’, a phenotype 
recognised only by the rheumatologist (wrong diagnosis); ‘B alone’: a phenotype captured only by criteria (misclassification): ‘C 
alone’: residual ‘true SpA phenotype’ intangible to rheumatologists and to the criteria they developed. 
 

The change-of-paradigm proposal by Moll and Wright, undoubtedly changed the clinician’s 
perception of SpA and marks the start of ‘Period two’ in our timeline. Grouping together 
‘different’ diseases, in theory, facilitates studies aiming at better understanding it. However, 
such studies need the proper ‘tool’ to guarantee that a homogeneous group of patients is 
included. While some of the diseases within the seronegative SpA concept had already their own 
classification criteria (e.g. r-axSpA, PsA, reactive arthritis), experts recognised that some patients 
with early and often milder forms did not classify as SpA even though they were perceived by 
the experts as having a Gestalt of SpA. This unmet need was addressed in the early 1990’s with 
the development of the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
were developed and compare it with one based on knowledge present at the time of the 
Amor/ESSG criteria, an increase in the ‘AC’, and consequently, the ‘BC’ interaction would be 
evident. Obviously, this ‘phenotypical expansion’ is only apparent in retrospect. 
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‘different’ diseases, in theory, facilitates studies aiming at better understanding it. However, 
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classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
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(axSpA), by investigating its ’latent constructs’ and to test how well these latent constructs fit 
the Assessment of SpondyloArthritis international Society (ASAS) classification criteria. 
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to perform latent transition analysis (LTA) to examine if patients change classes over time. 

Results: SPACE (n=465) yielded four discernible classes: ’axial’ with highest likelihood of 
abnormal imaging and HLA-B27 positivity; ’IBP+peripheral’ with 100% IBP and dominant 
peripheral symptoms; ’at risk’ with positive family history and HLA-B27 and ’no SpA’ with low 
likelihood for each SpA feature. LCA in DESIR (n=576) yielded similar classes, except for the ’no-
SpA’. The ASAS axSpA criteria captured almost all (SPACE: 98%; DESIR: 93%) ’axial’ patients, but 
the ’IBP+peripheral’ class was only captured well by combining the axSpA and pSpA criteria 
(SPACE: 78%; DESIR: 89%). Only 4% of ’no SpA’ patients fulfilled the axSpA criteria in SPACE. LTA 
suggested that 5-year transitions across classes were unlikely (11%). 

Conclusion: The Gestalt of axSpA comprises three discernible entities, only appropriately 
captured by combining the ASAS axSpA and pSpA classification criteria. It is questionable 
whether some patients with ‘axSpA at risk’ will ever develop axSpA.   
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Figure 1. The Gestalt of axial SpA. Distribution of the probabilities of each feature according to the final 
LCA model in SPACE and DESIR. CRP, C-reactive protein; NSAIDs, nonsteroidal anti-inflammatory drugs; 
mNY, modified New York criteria; MRI, magnetic resonance imaging; SIJ, sacroiliac joints; BME, bone 
marrow edema; X-spine, radiograph of the spine; IBP, inflammatory back pain; IBD, inflammatory bowel 
disease. 
 

The LCA analysis in DESIR yielded the same latent classes, except ‘no SpA’, and an overlapping 
pattern of dominance: amongst 42 possible comparisons (14 features (excluding IBP) multiplied 
by 3 classes (excluding ‘no SpA’)), in 37 (88%) the dominance-pattern was similar to SPACE (Table 
2). Figure 1 graphically displays the between-cohort similarities, and also the phenotypical 
differences between the ‘axial’ and ‘IBP+peripheral’ classes which overlap with the ‘at risk class’ 
only partially, and even less with the ‘no SpA’ class. 
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refer to observed (i.e. measurable) variables and (b) Circles to latent (i.e. unobserved variables). Arrows: 
latent transition analysis models the change in observed features (a) to estimate the latent (b) transition 
probabilities between classes from baseline to 5-years. LTA, latent transition analysis; ASAS, Assessment 
of SpondyloArthritis international Society; CRP, C reactive protein; NSAIDs, nonsteroidal anti-
inflammatory drug; mNY, modified New York criteria; MRI, magnetic resonance imaging; SIJ, sacroiliac 
joints; BME, bone marrow edema; X-spine, radiograph of the spine; IBD, inflammatory bowel disease; 
axSpA, axial spondyloarthritis. * Selection of final LTA model according to goodness of fit detailed in online 
supplementary table S9 and full final model in online supplementary table S10. 
 

Latent Transition Analysis in DESIR 

Of the 576 patients in DESIR 500 (87%) completed the 5-year follow-up. The change in SpA- and 
imaging-features between baseline and 5 years is shown in Figure 2a. Because of how SpA 
features were defined (OFAF), all increased in prevalence over time, but changes were more 
pronounced with peripheral (e.g. peripheral arthritis: 21% to 30%) than with imaging features 
(e.g. BME on MRI-SIJ:26% to 29%).  

Similar to baseline LCA, a 3-class model at 5 years best fitted the data (online supplementary 
table S7 and S8). Accordingly, an LTA model with 3 classes at both timepoints was fit. Although 
the model fit (online supplementary table S9) was better with partial invariance, the resulting 
model did not yield a clinically recognisable pattern (data not shown), so the simplest 
assumption (full invariance) was taken to define the final LTA model (Figure 2b and online 
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9 | General Introduction 

1 

skeleton. Contributing to inform this innovative clustering was another scientific breakthrough, 
this time in the field of genetics. Researchers recognised that HLA-B27 positivity occurred more 
frequently within this nosologic group than in other diseases.[11] Studies on the role of infection 
and the involvement of the gut in triggering spondyloarthritis also played a role.[12] 
 

 
Figure 1. Relationship between clinical diagnosis (A), classification criteria (B) and the Gestalt (C) of axSpA in a cohort of patients 
with a suspected axSpA. The size of the circles and of their intersections do not necessarily represent the expected magnitude of 
the relationship between the three concepts. Interactions: ‘AC’, ‘true SpA’ phenotype recognised by the rheumatologist but not 
captured by the criteria; ‘BC’: ‘true SpA’ phenotype captured by the criteria but not recognised by the rheumatologist; ‘AB’, 
phenotype recognised by the rheumatologist and captured by the criteria but not representing ‘true SpA’ (misclassification and 
misdiagnosis); ‘ABC’: ‘true SpA’ phenotype recognised by the rheumatologist and captured by  the criteria. ‘A alone’, a phenotype 
recognised only by the rheumatologist (wrong diagnosis); ‘B alone’: a phenotype captured only by criteria (misclassification): ‘C 
alone’: residual ‘true SpA phenotype’ intangible to rheumatologists and to the criteria they developed. 
 

The change-of-paradigm proposal by Moll and Wright, undoubtedly changed the clinician’s 
perception of SpA and marks the start of ‘Period two’ in our timeline. Grouping together 
‘different’ diseases, in theory, facilitates studies aiming at better understanding it. However, 
such studies need the proper ‘tool’ to guarantee that a homogeneous group of patients is 
included. While some of the diseases within the seronegative SpA concept had already their own 
classification criteria (e.g. r-axSpA, PsA, reactive arthritis), experts recognised that some patients 
with early and often milder forms did not classify as SpA even though they were perceived by 
the experts as having a Gestalt of SpA. This unmet need was addressed in the early 1990’s with 
the development of the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
were developed and compare it with one based on knowledge present at the time of the 
Amor/ESSG criteria, an increase in the ‘AC’, and consequently, the ‘BC’ interaction would be 
evident. Obviously, this ‘phenotypical expansion’ is only apparent in retrospect. 
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ABSTRACT 

Objectives: To gain expert-judgement-free insight into the Gestalt of axial spondyloarthritis 
(axSpA), by investigating its ’latent constructs’ and to test how well these latent constructs fit 
the Assessment of SpondyloArthritis international Society (ASAS) classification criteria. 

Methods: Two independent cohorts of patients with early onset chronic back pain 
(SPondyloArthritis Caught Early (SPACE)) or inflammatory back pain (IBP) (DEvenir des 
Spondylarthopathies Indifférenciées Récentes (DESIR)) were analysed. Latent class analysis 
(LCA) was used to estimate the (unobserved) potential classes underlying axSpA. The best LCA 
model groups patients into clinically meaningful classes with best fit. Each class was labelled 
based on most prominent features. Percentage fulfilment of ASAS axSpA, peripheral SpA (pSpA) 
(ignoring IBP) or both classification criteria was calculated. Five-year data from DESIR were used 
to perform latent transition analysis (LTA) to examine if patients change classes over time. 

Results: SPACE (n=465) yielded four discernible classes: ’axial’ with highest likelihood of 
abnormal imaging and HLA-B27 positivity; ’IBP+peripheral’ with 100% IBP and dominant 
peripheral symptoms; ’at risk’ with positive family history and HLA-B27 and ’no SpA’ with low 
likelihood for each SpA feature. LCA in DESIR (n=576) yielded similar classes, except for the ’no-
SpA’. The ASAS axSpA criteria captured almost all (SPACE: 98%; DESIR: 93%) ’axial’ patients, but 
the ’IBP+peripheral’ class was only captured well by combining the axSpA and pSpA criteria 
(SPACE: 78%; DESIR: 89%). Only 4% of ’no SpA’ patients fulfilled the axSpA criteria in SPACE. LTA 
suggested that 5-year transitions across classes were unlikely (11%). 

Conclusion: The Gestalt of axSpA comprises three discernible entities, only appropriately 
captured by combining the ASAS axSpA and pSpA classification criteria. It is questionable 
whether some patients with ‘axSpA at risk’ will ever develop axSpA.   
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supplementary table S10). LTA revealed a 0% probability of switch from the ‘axial’ and 
‘IBP+peripheral’ to another class. ‘at risk’ patients at baseline had 11% likelihood to change to 
‘IBP+ peripheral’ over 5 years.  

 

Observed characteristics and fulfilment of the ASAS classification criteria  

The patterns of observed characteristics per latent class in SPACE and DESIR were, expectedly, 
similar to the model-based estimates (table 3). In addition, across-class dominance of males in 
the ‘axial’ class (SPACE: 66%; DESIR: 73%), and current arthritis/enthesitis/dactylitis (i.e. entry 
criterion for pSpA criteria) in the ‘IBP+peripheral class (SPACE: 87%; DESIR: 88%) were observed. 

The ASAS axSpA criteria captured almost all patients from the ‘axial’ class in SPACE (63/64; 98%). 
This percentage was much lower with ‘IBP+Peripheral’ (41/92; 49%), and missed patients were 
most often female (78%), positive for current arthritis/enthesitis/dactylitis (92%) and HLA-B27 
and MRI-SIJ/mNY negative. The pSpA criteria captured 67% of the ‘IBP+peripheral’ patients and 
this figure was 78% when the axSpA and pSpA criteria were combined. Fifty-nine (60%) patients 
from the ‘at risk’ class fulfilled the axSpA criteria (58/59=98% fulfilling the ‘clinical arm only’). 
Among the 58 fulfilling the ‘clinical arm only’, family history of SpA (75%) and IBP (85%) were 
the most common features. Only nine patients (4%) from the ‘no SpA’ class fulfilled the axSpA 
criteria, all of which captured by the imaging arm only (78% positive for IBP or good response to 
NSAIDs). Results were similar in DESIR, except that the percentage of ‘at risk’ patients fulfilling 
the ‘clinical arm only’ was somewhat lower (148/177=84%). 

 

 

 

 

 

 

 

  

55 | What is Axial Spondyloarthritis? 

4 

 

Ta
bl

e 
3.

 B
as

el
in

e 
ob

se
rv

ed
 p

at
ie

nt
- a

nd
 d

ise
as

e-
ch

ar
ac

te
ris

tic
s p

er
 la

te
nt

 c
la

ss
 in

 S
PA

CE
 a

nd
 D

ES
IR

 
 

SP
AC

E 
 

DE
SI

R 

 
‘A

xi
al

’ 
(N

=6
4)

 
‘IB

P+
Pe

rip
he

ra
l’ 

(N
=9

2)
 

‘A
t r

is
k’

 
(N

=9
9)

 
‘N

o 
Sp

A’
 

(N
=2

10
) 

 
‘A

xi
al

’ 
(N

=1
10

) 
IB

P+
Pe

rip
he

ra
l’ 

(N
=1

37
) 

‘A
t r

is
k’

 
(N

=3
29

) 
Cl

in
ic

al
 a

nd
 d

em
og

ra
ph

ic
  

 
 

 
 

 
 

 
 

Ag
e 

at
 b

as
el

in
e 

(y
ea

rs
) 

30
 

32
 

30
 

31
 

 
31

 
33

 
34

 
M

al
e 

ge
nd

er
 

66
 

38
 

32
 

25
 

 
73

 
43

 
40

 
Sy

m
pt

om
 d

ur
at

io
n 

(y
ea

rs
) 

1 
2 

2 
2 

 
2 

1 
2 

Im
ag

in
g 

 
 

 
 

 
 

 
 

 
In

fla
m

m
at

io
n 

on
 M

RI
-S

IJ 
(A

SA
S)

 
86

 
3 

0 
2 

 
88

 
22

 
8 

BM
E 

on
 M

RI
-S

pi
ne

 (≥
 5

 le
sio

ns
)  

28
 

2 
0 

1 
 

20
 

0 
1 

Ra
di

og
ra

ph
ic

 sa
cr

oi
lii

tis
 (m

N
Y)

 
34

 
11

 
1 

2 
 

59
 

5 
2 

≥ 
1 

sy
nd

es
m

op
hy

te
 o

n 
X-

sp
in

e 
3 

7 
0 

3 
 

11
 

6 
6 

Sp
A 

fe
at

ur
es

 
 

 
 

 
 

 
 

 
El

ev
at

ed
 C

RP
 (≥

 6
 m

g/
dL

) 
50

 
22

 
24

 
20

 
 

56
 

39
 

16
 

Go
od

 re
sp

on
se

 to
 N

SA
ID

s (
ev

er
) 

59
 

89
 

32
 

18
 

 
97

 
84

 
82

 
Pe

rip
he

ra
l a

rt
hr

iti
s (

ev
er

) 
17

 
47

 
3 

9 
 

7 
83

 
0 

Da
ct

yl
iti

s (
ev

er
) 

2 
19

 
0 

2 
 

3 
55

 
0 

He
el

 e
nt

he
sit

is 
(e

ve
r)

 
9 

72
 

12
 

3 
 

24
 

59
 

47
 

Cu
rr

en
t a

rt
hr

iti
s/

 e
nt

he
sit

is/
 d

ac
ty

lit
is 

48
 

87
 

64
 

68
 

 
56

 
88

 
65

 
HL

A-
B2

7 
86

 
36

 
85

 
0 

 
93

 
52

 
52

 
Fa

m
ily

 h
ist

or
y 

of
 S

pA
 

38
 

52
 

72
 

24
 

 
47

 
43

 
42

 
Ps

or
ia

sis
 (e

ve
r)

 
9 

35
 

1 
7 

 
7 

29
 

16
 

U
ve

iti
s (

ev
er

) 
13

 
7 

15
 

2 
 

8 
12

 
8 

IB
D 

(e
ve

r)
 

3 
15

 
0 

9 
 

1 
5 

5 
In

fla
m

m
at

or
y 

ba
ck

 p
ai

n 
67

 
10

0 
69

 
50

 
 

10
0*

 
10

0*
 

10
0*

 
N

um
be

r o
f S

pA
 fe

at
ur

es
 (0

-9
)†

 
3 

5 
2 

1 
 

3 
4 

2 
AS

AS
 c

la
ss

ifi
ca

tio
n 

cr
ite

ria
 

 
 

 
 

 
 

 
 

AS
AS

 a
xS

pA
 c

rit
er

ia
 

98
 

45
 

60
 

4 
 

93
 

58
 

54
 

AS
AS

 p
Sp

A 
cr

ite
ria

 
48

 
70

 
56

 
15

 
 

56
 

82
 

44
 

AS
AS

 S
pA

 c
rit

er
ia

‡ 
98

 
78

 
79

 
17

 
 

99
 

89
 

64
 

Va
lu

es
 a

re
 m

ea
ns

 fo
r c

on
tin

uo
us

 v
ar

ia
bl

es
 o

r p
er

ce
nt

ag
es

 fo
r b

in
ar

y 
va

ria
bl

es
. *

 b
y 

st
ud

y 
de

sig
n 

al
l p

at
ie

nt
s i

n 
DE

SI
R 

ha
ve

 IB
P;

 †
 p

er
ip

he
ra

l a
rt

hr
iti

s,
 h

ee
l e

nt
he

sit
is,

 d
ac

ty
lit

is,
 p

so
ria

sis
, 

uv
ei

tis
, i

nf
la

m
m

at
or

y 
bo

w
el

 d
ise

as
e,

 g
oo

d 
re

sp
on

se
 to

 N
SA

ID
s,

 e
le

va
te

d 
CR

P 
an

d 
fa

m
ily

 h
ist

or
y 

of
 S

pA
; ‡

 fu
lfi

llm
en

t o
f e

ith
er

 A
SA

S 
ax

Sp
A 

or
 A

SA
S 

pS
pA

 c
la

ss
ifi

ca
tio

n 
cr

ite
ria

. V
al

ue
s 

in
 

bo
ld

 h
ig

hl
ig

ht
 d

isc
rim

in
an

t f
ea

tu
re

s 
ac

ro
ss

 la
te

nt
 c

la
ss

es
. V

al
ue

s 
in

 it
al

ic
 h

ig
hl

ig
ht

 d
om

in
an

t f
ea

tu
re

s 
(p

ro
ba

bi
lit

y 
>5

0%
) w

ith
in

 e
ac

h 
cl

as
s.

 S
pA

 a
re

 p
os

iti
ve

 if
 ‘e

ve
r p

re
se

nt
’ (

an
y 

tim
e 

in
 

th
e 

pa
st

 a
nd

/o
r b

as
el

in
e)

; C
I, 

co
nf

id
en

ce
 in

te
rv

al
; A

SA
S,

 A
ss

es
sm

en
t o

f S
po

nd
yl

oA
rt

hr
iti

s 
in

te
rn

at
io

na
l S

oc
ie

ty
; C

RP
, C

 r
ea

ct
iv

e 
pr

ot
ei

n;
 N

SA
ID

s,
 n

on
st

er
oi

da
l a

nt
i-i

nf
la

m
m

at
or

y 
dr

ug
; 

m
N

Y,
 m

od
ifi

ed
 N

ew
 Y

or
k 

cr
ite

ria
; M

RI
, m

ag
ne

tic
 re

so
na

nc
e 

im
ag

in
g;

 S
IJ,

 sa
cr

oi
lia

c 
jo

in
ts

; B
M

E,
 b

on
e 

m
ar

ro
w

 e
de

m
a;

 X
-s

pi
ne

, r
ad

io
gr

ap
h 

of
 th

e 
sp

in
e;

 IB
D,

 in
fla

m
m

at
or

y 
bo

w
el

 d
ise

as
e;

 
ax

Sp
A,

 a
xi

al
 sp

on
dy

lo
ar

th
rit

is;
 p

Sp
A,

 p
er

ip
he

ra
l s

po
nd

yl
oa

rt
hr

iti
s.

 
 

543254-bw-Alexandre-6-10.indd   56543254-bw-Alexandre-6-10.indd   56 06-10-20   14:1506-10-20   14:15



543254-L-bw-Sepriano543254-L-bw-Sepriano543254-L-bw-Sepriano543254-L-bw-Sepriano
Processed on: 6-10-2020Processed on: 6-10-2020Processed on: 6-10-2020Processed on: 6-10-2020 PDF page: 57PDF page: 57PDF page: 57PDF page: 57

 4

57

  

9 | General Introduction 

1 

skeleton. Contributing to inform this innovative clustering was another scientific breakthrough, 
this time in the field of genetics. Researchers recognised that HLA-B27 positivity occurred more 
frequently within this nosologic group than in other diseases.[11] Studies on the role of infection 
and the involvement of the gut in triggering spondyloarthritis also played a role.[12] 
 

 
Figure 1. Relationship between clinical diagnosis (A), classification criteria (B) and the Gestalt (C) of axSpA in a cohort of patients 
with a suspected axSpA. The size of the circles and of their intersections do not necessarily represent the expected magnitude of 
the relationship between the three concepts. Interactions: ‘AC’, ‘true SpA’ phenotype recognised by the rheumatologist but not 
captured by the criteria; ‘BC’: ‘true SpA’ phenotype captured by the criteria but not recognised by the rheumatologist; ‘AB’, 
phenotype recognised by the rheumatologist and captured by the criteria but not representing ‘true SpA’ (misclassification and 
misdiagnosis); ‘ABC’: ‘true SpA’ phenotype recognised by the rheumatologist and captured by  the criteria. ‘A alone’, a phenotype 
recognised only by the rheumatologist (wrong diagnosis); ‘B alone’: a phenotype captured only by criteria (misclassification): ‘C 
alone’: residual ‘true SpA phenotype’ intangible to rheumatologists and to the criteria they developed. 
 

The change-of-paradigm proposal by Moll and Wright, undoubtedly changed the clinician’s 
perception of SpA and marks the start of ‘Period two’ in our timeline. Grouping together 
‘different’ diseases, in theory, facilitates studies aiming at better understanding it. However, 
such studies need the proper ‘tool’ to guarantee that a homogeneous group of patients is 
included. While some of the diseases within the seronegative SpA concept had already their own 
classification criteria (e.g. r-axSpA, PsA, reactive arthritis), experts recognised that some patients 
with early and often milder forms did not classify as SpA even though they were perceived by 
the experts as having a Gestalt of SpA. This unmet need was addressed in the early 1990’s with 
the development of the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
were developed and compare it with one based on knowledge present at the time of the 
Amor/ESSG criteria, an increase in the ‘AC’, and consequently, the ‘BC’ interaction would be 
evident. Obviously, this ‘phenotypical expansion’ is only apparent in retrospect. 
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ABSTRACT 

Objectives: To gain expert-judgement-free insight into the Gestalt of axial spondyloarthritis 
(axSpA), by investigating its ’latent constructs’ and to test how well these latent constructs fit 
the Assessment of SpondyloArthritis international Society (ASAS) classification criteria. 

Methods: Two independent cohorts of patients with early onset chronic back pain 
(SPondyloArthritis Caught Early (SPACE)) or inflammatory back pain (IBP) (DEvenir des 
Spondylarthopathies Indifférenciées Récentes (DESIR)) were analysed. Latent class analysis 
(LCA) was used to estimate the (unobserved) potential classes underlying axSpA. The best LCA 
model groups patients into clinically meaningful classes with best fit. Each class was labelled 
based on most prominent features. Percentage fulfilment of ASAS axSpA, peripheral SpA (pSpA) 
(ignoring IBP) or both classification criteria was calculated. Five-year data from DESIR were used 
to perform latent transition analysis (LTA) to examine if patients change classes over time. 

Results: SPACE (n=465) yielded four discernible classes: ’axial’ with highest likelihood of 
abnormal imaging and HLA-B27 positivity; ’IBP+peripheral’ with 100% IBP and dominant 
peripheral symptoms; ’at risk’ with positive family history and HLA-B27 and ’no SpA’ with low 
likelihood for each SpA feature. LCA in DESIR (n=576) yielded similar classes, except for the ’no-
SpA’. The ASAS axSpA criteria captured almost all (SPACE: 98%; DESIR: 93%) ’axial’ patients, but 
the ’IBP+peripheral’ class was only captured well by combining the axSpA and pSpA criteria 
(SPACE: 78%; DESIR: 89%). Only 4% of ’no SpA’ patients fulfilled the axSpA criteria in SPACE. LTA 
suggested that 5-year transitions across classes were unlikely (11%). 

Conclusion: The Gestalt of axSpA comprises three discernible entities, only appropriately 
captured by combining the ASAS axSpA and pSpA classification criteria. It is questionable 
whether some patients with ‘axSpA at risk’ will ever develop axSpA.   
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supplementary table S10). LTA revealed a 0% probability of switch from the ‘axial’ and 
‘IBP+peripheral’ to another class. ‘at risk’ patients at baseline had 11% likelihood to change to 
‘IBP+ peripheral’ over 5 years.  

 

Observed characteristics and fulfilment of the ASAS classification criteria  

The patterns of observed characteristics per latent class in SPACE and DESIR were, expectedly, 
similar to the model-based estimates (table 3). In addition, across-class dominance of males in 
the ‘axial’ class (SPACE: 66%; DESIR: 73%), and current arthritis/enthesitis/dactylitis (i.e. entry 
criterion for pSpA criteria) in the ‘IBP+peripheral class (SPACE: 87%; DESIR: 88%) were observed. 

The ASAS axSpA criteria captured almost all patients from the ‘axial’ class in SPACE (63/64; 98%). 
This percentage was much lower with ‘IBP+Peripheral’ (41/92; 49%), and missed patients were 
most often female (78%), positive for current arthritis/enthesitis/dactylitis (92%) and HLA-B27 
and MRI-SIJ/mNY negative. The pSpA criteria captured 67% of the ‘IBP+peripheral’ patients and 
this figure was 78% when the axSpA and pSpA criteria were combined. Fifty-nine (60%) patients 
from the ‘at risk’ class fulfilled the axSpA criteria (58/59=98% fulfilling the ‘clinical arm only’). 
Among the 58 fulfilling the ‘clinical arm only’, family history of SpA (75%) and IBP (85%) were 
the most common features. Only nine patients (4%) from the ‘no SpA’ class fulfilled the axSpA 
criteria, all of which captured by the imaging arm only (78% positive for IBP or good response to 
NSAIDs). Results were similar in DESIR, except that the percentage of ‘at risk’ patients fulfilling 
the ‘clinical arm only’ was somewhat lower (148/177=84%). 
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9 | General Introduction 

1 

skeleton. Contributing to inform this innovative clustering was another scientific breakthrough, 
this time in the field of genetics. Researchers recognised that HLA-B27 positivity occurred more 
frequently within this nosologic group than in other diseases.[11] Studies on the role of infection 
and the involvement of the gut in triggering spondyloarthritis also played a role.[12] 
 

 
Figure 1. Relationship between clinical diagnosis (A), classification criteria (B) and the Gestalt (C) of axSpA in a cohort of patients 
with a suspected axSpA. The size of the circles and of their intersections do not necessarily represent the expected magnitude of 
the relationship between the three concepts. Interactions: ‘AC’, ‘true SpA’ phenotype recognised by the rheumatologist but not 
captured by the criteria; ‘BC’: ‘true SpA’ phenotype captured by the criteria but not recognised by the rheumatologist; ‘AB’, 
phenotype recognised by the rheumatologist and captured by the criteria but not representing ‘true SpA’ (misclassification and 
misdiagnosis); ‘ABC’: ‘true SpA’ phenotype recognised by the rheumatologist and captured by  the criteria. ‘A alone’, a phenotype 
recognised only by the rheumatologist (wrong diagnosis); ‘B alone’: a phenotype captured only by criteria (misclassification): ‘C 
alone’: residual ‘true SpA phenotype’ intangible to rheumatologists and to the criteria they developed. 
 

The change-of-paradigm proposal by Moll and Wright, undoubtedly changed the clinician’s 
perception of SpA and marks the start of ‘Period two’ in our timeline. Grouping together 
‘different’ diseases, in theory, facilitates studies aiming at better understanding it. However, 
such studies need the proper ‘tool’ to guarantee that a homogeneous group of patients is 
included. While some of the diseases within the seronegative SpA concept had already their own 
classification criteria (e.g. r-axSpA, PsA, reactive arthritis), experts recognised that some patients 
with early and often milder forms did not classify as SpA even though they were perceived by 
the experts as having a Gestalt of SpA. This unmet need was addressed in the early 1990’s with 
the development of the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
were developed and compare it with one based on knowledge present at the time of the 
Amor/ESSG criteria, an increase in the ‘AC’, and consequently, the ‘BC’ interaction would be 
evident. Obviously, this ‘phenotypical expansion’ is only apparent in retrospect. 
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46 | What is Axial Spondyloarthritis? 

ABSTRACT 

Objectives: To gain expert-judgement-free insight into the Gestalt of axial spondyloarthritis 
(axSpA), by investigating its ’latent constructs’ and to test how well these latent constructs fit 
the Assessment of SpondyloArthritis international Society (ASAS) classification criteria. 

Methods: Two independent cohorts of patients with early onset chronic back pain 
(SPondyloArthritis Caught Early (SPACE)) or inflammatory back pain (IBP) (DEvenir des 
Spondylarthopathies Indifférenciées Récentes (DESIR)) were analysed. Latent class analysis 
(LCA) was used to estimate the (unobserved) potential classes underlying axSpA. The best LCA 
model groups patients into clinically meaningful classes with best fit. Each class was labelled 
based on most prominent features. Percentage fulfilment of ASAS axSpA, peripheral SpA (pSpA) 
(ignoring IBP) or both classification criteria was calculated. Five-year data from DESIR were used 
to perform latent transition analysis (LTA) to examine if patients change classes over time. 

Results: SPACE (n=465) yielded four discernible classes: ’axial’ with highest likelihood of 
abnormal imaging and HLA-B27 positivity; ’IBP+peripheral’ with 100% IBP and dominant 
peripheral symptoms; ’at risk’ with positive family history and HLA-B27 and ’no SpA’ with low 
likelihood for each SpA feature. LCA in DESIR (n=576) yielded similar classes, except for the ’no-
SpA’. The ASAS axSpA criteria captured almost all (SPACE: 98%; DESIR: 93%) ’axial’ patients, but 
the ’IBP+peripheral’ class was only captured well by combining the axSpA and pSpA criteria 
(SPACE: 78%; DESIR: 89%). Only 4% of ’no SpA’ patients fulfilled the axSpA criteria in SPACE. LTA 
suggested that 5-year transitions across classes were unlikely (11%). 

Conclusion: The Gestalt of axSpA comprises three discernible entities, only appropriately 
captured by combining the ASAS axSpA and pSpA classification criteria. It is questionable 
whether some patients with ‘axSpA at risk’ will ever develop axSpA.   
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DISCUSSION  

Using a data-driven approach, we identified three separate clinical entities, remarkably stable 
over time, together forming the Gestalt of axSpA, in two independent cohorts, that we labelled 
‘Pure axial SpA’ (‘axial’), ‘Axial SpA with peripheral signs’ (‘IBP+peripheral’) and ‘Axial SpA at risk’ 
(‘at risk’). In SPACE, a cohort that includes back pain patients without axSpA, these three axSpA 
classes decently discerned themselves from a fourth labelled as ‘no SpA’. This adds to the 
credibility of our data, since the absence of ‘no SpA‘ in DESIR was expected based on enrolment 
criteria. The ASAS axSpA classification criteria captured almost entirely the ‘axial’ class but 
missed several patients from the ‘IBP+peripheral’ class: The latter is better captured when 
combining the axSpA and pSpA criteria, suggesting a larger overlap between axSpA and pSpA 
than previously thought, when the ASAS criteria were developed. Taken together, at the group 
level these results confirm the robustness of the classification criteria. The ‘at risk’ class is an 
entity characterised by the presence of presumed risk factors for axSpA but the absence of 
objective clinical signs. While these patients often fulfil the ASAS axSpA classification criteria, it 
is likely that some do not actually have or will ever develop axSpA. Overdiagnosis of axSpA in the 
50% of patients in this class is likely if classification criteria are ticked for diagnosis.  

A diagnosis of axSpA is challenging and should rely on thorough knowledge and recognition of 
‘the appropriate pattern’.[17, 18] The rheumatologists’ perception of the ‘SpA-pattern’ evolved 
over the last 40 years as a result of efforts by the international rheumatology community. 
Initially only r-axSpA (ankylosing spondylitis) was recognised and classified by the mNY-
criteria.[2] In the 70s-80s Moll and Wright defined SpA as a group of entities with common 
features,[19] and the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria were proposed.[20, 21] Both criteria-sets capture the broader ‘SpA-
pattern’ by combining axial and peripheral features and do not distinguish between patients 
with dominant axial- and dominant peripheral patterns. Since then, evidence has emerged 
supporting that patients with the axial and peripheral pattern may respond differently to 
treatment,[22, 23] and that not all patients with axSpA will develop sacroiliitis on pelvic 
radiographs (mNY-positive).  When they do, this is frequently a late and unreliable finding and 
often preceded by sacroiliitis on MRI-SIJ for many years.[24-31] Such evidence prompted ASAS-
experts to develop classification criteria for patients with predominant axial involvement,[5] also 
capturing those that are mNY-negative (nr-axSpA) as axSpA, and for patients with predominant 
peripheral involvement that -if combined- enclose the entire Gestalt of SpA according to 
experts.[4]  

The ASAS axSpA and pSpA classification criteria were validated against an external ‘gold 
standard’: expert opinion.[3-5] Extensive evidence supports that the ASAS criteria perform well 
against this anchor,[32] but misclassification remains a matter of intense debate.[33] It has been 
argued that expert opinion may have contributed to designing criteria that encompass circular 
reasoning,[34, 35] that is, features deemed important by experts, especially those that allow 
early detection (e.g. sacroiliitis on MRI), were awarded a too prominent place in criteria that 
were subsequently again validated by experts. However, whether or not circularity has played a 
decisive role remains unclear, since an expert judgement free assessment of the Gestalt of axSpA 
has not been pursued so far. This is exactly what we have done in this study. 
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4 

Using LCA we could describe the Gestalt of axSpA without any pre-assumptions on the 
contribution (‘weight’) of each SpA feature. This was only possible because LCA, following 
selection of parameters for analysis, does not need interpretational input from experts, whose 
beliefs therefore do not influence the analysis. The only inevitable influence experts potentially 
had was deciding if the patient should be included in the cohort.  One of the phenotypes that 
arose from this analytical framework was a syndrome characterised by a high likelihood of axial 
imaging abnormalities, HLA-B27 positivity and male dominance, which we have subsequently 
labelled as ‘axial’. This phenotype closely resembles the rheumatologist’s conventional clinical 
picture of axSpA. Of note, LCA did not distinguish nr-axSpA from r-axSpA, even after forcing one 
additional class to the model. This is in line with extensive evidence suggesting that the split of 
axSpA in nr-axSpA and r-axSpA is artificial and supports the view that both are part of the same 
disease spectrum.[1, 26, 36, 37]  

However, the ‘axial’ class is only one part of the Gestalt of axSpA: We identified a separate 
phenotype, defined by the presence of IBP (100%) in close conjunction with peripheral signs and 
symptoms (‘IBP+peripheral’). These axSpA patients (mostly female) had back pain but were 
unlikely to be positive for sacroiliitis on imaging and HLA-B27. Thus, these patients rather 
fulfilled the pSpA than the axSpA classification criteria since the latter require either positive 
imaging (‘imaging arm’) or HLA-B27 (‘clinical arm’). Formally, the ASAS pSpA criteria could not 
have been applied, since all patients had IBP.[4] We ignored this rule to better understand the 
possible overlap between SpA with predominantly peripheral features (original ‘target’ of the 
pSpA criteria) and axSpA with peripheral signs (the entity described here). The high percentage 
of ‘IBP+Peripheral’ patients fulfilling the pSpA criteria argues in favour of a significant overlap. 
This is in line with another study in DESIR, in which a different analytical approach (cluster 
analysis) was pursued that, unlike LCA, assumes an a priori presence of subgroups.[38] Taken all 
together, our findings undermine the current stand that either sacroiliitis on imaging or 
presence of HLA-B27 is mandatory to classify patients as axSpA. Several (female) patients 
presenting with IBP and concomitant peripheral manifestations but without manifest sacroiliitis 
or HLAB27 are not recognised as axSpA and therefore not included in axSpA trials. These patients 
have consistently shown to have significant burden of disease.[38-41] Whether or not these 
patients truly have inflammatory SpA or rather a chronic pain syndrome is a question that cannot 
be resolved by this analysis.   

A third phenotype we identified is based on the presence of risk factors for axSpA (i.e. positive 
family history and HLA-B27) in association with IBP and only sporadically other SpA features. We 
have labelled this phenotype axSpA ‘at risk’. Here ‘at risk’ means that patients present with 
features suggestive of axSpA, but such a diagnosis is not beyond any doubt. In other words, the 
‘at risk’ class implies a higher level of uncertainty (grey zone) than the other classes, such as the 
‘axial’ and the ‘IBP+peripheral’ classes. Too often, when dealing with uncertain or difficult cases 
clinicians apply classification criteria to inform binary diagnostic judgements (e.g. axSpA vs no 
axSpA) that do not allow grey zones. In addition, the anchoring features of this class (i.e. family 
history and HLA-B27) have shown redundancy,[42] but yet count separately for classification, 
which may contribute to overcalling axSpA when the ASAS axSpA criteria are wrongly used for 
diagnostic purposes. The high likelihood of IBP in these patients does not further help in 
discriminating SpA and no-SpA, since it also occurs in half of the patients of the ‘No SpA’ class. 
This is in line with recent data suggesting that specificity of IBP is lower than previously 
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skeleton. Contributing to inform this innovative clustering was another scientific breakthrough, 
this time in the field of genetics. Researchers recognised that HLA-B27 positivity occurred more 
frequently within this nosologic group than in other diseases.[11] Studies on the role of infection 
and the involvement of the gut in triggering spondyloarthritis also played a role.[12] 
 

 
Figure 1. Relationship between clinical diagnosis (A), classification criteria (B) and the Gestalt (C) of axSpA in a cohort of patients 
with a suspected axSpA. The size of the circles and of their intersections do not necessarily represent the expected magnitude of 
the relationship between the three concepts. Interactions: ‘AC’, ‘true SpA’ phenotype recognised by the rheumatologist but not 
captured by the criteria; ‘BC’: ‘true SpA’ phenotype captured by the criteria but not recognised by the rheumatologist; ‘AB’, 
phenotype recognised by the rheumatologist and captured by the criteria but not representing ‘true SpA’ (misclassification and 
misdiagnosis); ‘ABC’: ‘true SpA’ phenotype recognised by the rheumatologist and captured by  the criteria. ‘A alone’, a phenotype 
recognised only by the rheumatologist (wrong diagnosis); ‘B alone’: a phenotype captured only by criteria (misclassification): ‘C 
alone’: residual ‘true SpA phenotype’ intangible to rheumatologists and to the criteria they developed. 
 

The change-of-paradigm proposal by Moll and Wright, undoubtedly changed the clinician’s 
perception of SpA and marks the start of ‘Period two’ in our timeline. Grouping together 
‘different’ diseases, in theory, facilitates studies aiming at better understanding it. However, 
such studies need the proper ‘tool’ to guarantee that a homogeneous group of patients is 
included. While some of the diseases within the seronegative SpA concept had already their own 
classification criteria (e.g. r-axSpA, PsA, reactive arthritis), experts recognised that some patients 
with early and often milder forms did not classify as SpA even though they were perceived by 
the experts as having a Gestalt of SpA. This unmet need was addressed in the early 1990’s with 
the development of the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
were developed and compare it with one based on knowledge present at the time of the 
Amor/ESSG criteria, an increase in the ‘AC’, and consequently, the ‘BC’ interaction would be 
evident. Obviously, this ‘phenotypical expansion’ is only apparent in retrospect. 
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abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
were developed and compare it with one based on knowledge present at the time of the 
Amor/ESSG criteria, an increase in the ‘AC’, and consequently, the ‘BC’ interaction would be 
evident. Obviously, this ‘phenotypical expansion’ is only apparent in retrospect. 

 

46 | What is Axial Spondyloarthritis? 

ABSTRACT 

Objectives: To gain expert-judgement-free insight into the Gestalt of axial spondyloarthritis 
(axSpA), by investigating its ’latent constructs’ and to test how well these latent constructs fit 
the Assessment of SpondyloArthritis international Society (ASAS) classification criteria. 

Methods: Two independent cohorts of patients with early onset chronic back pain 
(SPondyloArthritis Caught Early (SPACE)) or inflammatory back pain (IBP) (DEvenir des 
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peripheral symptoms; ’at risk’ with positive family history and HLA-B27 and ’no SpA’ with low 
likelihood for each SpA feature. LCA in DESIR (n=576) yielded similar classes, except for the ’no-
SpA’. The ASAS axSpA criteria captured almost all (SPACE: 98%; DESIR: 93%) ’axial’ patients, but 
the ’IBP+peripheral’ class was only captured well by combining the axSpA and pSpA criteria 
(SPACE: 78%; DESIR: 89%). Only 4% of ’no SpA’ patients fulfilled the axSpA criteria in SPACE. LTA 
suggested that 5-year transitions across classes were unlikely (11%). 

Conclusion: The Gestalt of axSpA comprises three discernible entities, only appropriately 
captured by combining the ASAS axSpA and pSpA classification criteria. It is questionable 
whether some patients with ‘axSpA at risk’ will ever develop axSpA.   
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DISCUSSION  

Using a data-driven approach, we identified three separate clinical entities, remarkably stable 
over time, together forming the Gestalt of axSpA, in two independent cohorts, that we labelled 
‘Pure axial SpA’ (‘axial’), ‘Axial SpA with peripheral signs’ (‘IBP+peripheral’) and ‘Axial SpA at risk’ 
(‘at risk’). In SPACE, a cohort that includes back pain patients without axSpA, these three axSpA 
classes decently discerned themselves from a fourth labelled as ‘no SpA’. This adds to the 
credibility of our data, since the absence of ‘no SpA‘ in DESIR was expected based on enrolment 
criteria. The ASAS axSpA classification criteria captured almost entirely the ‘axial’ class but 
missed several patients from the ‘IBP+peripheral’ class: The latter is better captured when 
combining the axSpA and pSpA criteria, suggesting a larger overlap between axSpA and pSpA 
than previously thought, when the ASAS criteria were developed. Taken together, at the group 
level these results confirm the robustness of the classification criteria. The ‘at risk’ class is an 
entity characterised by the presence of presumed risk factors for axSpA but the absence of 
objective clinical signs. While these patients often fulfil the ASAS axSpA classification criteria, it 
is likely that some do not actually have or will ever develop axSpA. Overdiagnosis of axSpA in the 
50% of patients in this class is likely if classification criteria are ticked for diagnosis.  

A diagnosis of axSpA is challenging and should rely on thorough knowledge and recognition of 
‘the appropriate pattern’.[17, 18] The rheumatologists’ perception of the ‘SpA-pattern’ evolved 
over the last 40 years as a result of efforts by the international rheumatology community. 
Initially only r-axSpA (ankylosing spondylitis) was recognised and classified by the mNY-
criteria.[2] In the 70s-80s Moll and Wright defined SpA as a group of entities with common 
features,[19] and the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria were proposed.[20, 21] Both criteria-sets capture the broader ‘SpA-
pattern’ by combining axial and peripheral features and do not distinguish between patients 
with dominant axial- and dominant peripheral patterns. Since then, evidence has emerged 
supporting that patients with the axial and peripheral pattern may respond differently to 
treatment,[22, 23] and that not all patients with axSpA will develop sacroiliitis on pelvic 
radiographs (mNY-positive).  When they do, this is frequently a late and unreliable finding and 
often preceded by sacroiliitis on MRI-SIJ for many years.[24-31] Such evidence prompted ASAS-
experts to develop classification criteria for patients with predominant axial involvement,[5] also 
capturing those that are mNY-negative (nr-axSpA) as axSpA, and for patients with predominant 
peripheral involvement that -if combined- enclose the entire Gestalt of SpA according to 
experts.[4]  

The ASAS axSpA and pSpA classification criteria were validated against an external ‘gold 
standard’: expert opinion.[3-5] Extensive evidence supports that the ASAS criteria perform well 
against this anchor,[32] but misclassification remains a matter of intense debate.[33] It has been 
argued that expert opinion may have contributed to designing criteria that encompass circular 
reasoning,[34, 35] that is, features deemed important by experts, especially those that allow 
early detection (e.g. sacroiliitis on MRI), were awarded a too prominent place in criteria that 
were subsequently again validated by experts. However, whether or not circularity has played a 
decisive role remains unclear, since an expert judgement free assessment of the Gestalt of axSpA 
has not been pursued so far. This is exactly what we have done in this study. 
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Using LCA we could describe the Gestalt of axSpA without any pre-assumptions on the 
contribution (‘weight’) of each SpA feature. This was only possible because LCA, following 
selection of parameters for analysis, does not need interpretational input from experts, whose 
beliefs therefore do not influence the analysis. The only inevitable influence experts potentially 
had was deciding if the patient should be included in the cohort.  One of the phenotypes that 
arose from this analytical framework was a syndrome characterised by a high likelihood of axial 
imaging abnormalities, HLA-B27 positivity and male dominance, which we have subsequently 
labelled as ‘axial’. This phenotype closely resembles the rheumatologist’s conventional clinical 
picture of axSpA. Of note, LCA did not distinguish nr-axSpA from r-axSpA, even after forcing one 
additional class to the model. This is in line with extensive evidence suggesting that the split of 
axSpA in nr-axSpA and r-axSpA is artificial and supports the view that both are part of the same 
disease spectrum.[1, 26, 36, 37]  

However, the ‘axial’ class is only one part of the Gestalt of axSpA: We identified a separate 
phenotype, defined by the presence of IBP (100%) in close conjunction with peripheral signs and 
symptoms (‘IBP+peripheral’). These axSpA patients (mostly female) had back pain but were 
unlikely to be positive for sacroiliitis on imaging and HLA-B27. Thus, these patients rather 
fulfilled the pSpA than the axSpA classification criteria since the latter require either positive 
imaging (‘imaging arm’) or HLA-B27 (‘clinical arm’). Formally, the ASAS pSpA criteria could not 
have been applied, since all patients had IBP.[4] We ignored this rule to better understand the 
possible overlap between SpA with predominantly peripheral features (original ‘target’ of the 
pSpA criteria) and axSpA with peripheral signs (the entity described here). The high percentage 
of ‘IBP+Peripheral’ patients fulfilling the pSpA criteria argues in favour of a significant overlap. 
This is in line with another study in DESIR, in which a different analytical approach (cluster 
analysis) was pursued that, unlike LCA, assumes an a priori presence of subgroups.[38] Taken all 
together, our findings undermine the current stand that either sacroiliitis on imaging or 
presence of HLA-B27 is mandatory to classify patients as axSpA. Several (female) patients 
presenting with IBP and concomitant peripheral manifestations but without manifest sacroiliitis 
or HLAB27 are not recognised as axSpA and therefore not included in axSpA trials. These patients 
have consistently shown to have significant burden of disease.[38-41] Whether or not these 
patients truly have inflammatory SpA or rather a chronic pain syndrome is a question that cannot 
be resolved by this analysis.   

A third phenotype we identified is based on the presence of risk factors for axSpA (i.e. positive 
family history and HLA-B27) in association with IBP and only sporadically other SpA features. We 
have labelled this phenotype axSpA ‘at risk’. Here ‘at risk’ means that patients present with 
features suggestive of axSpA, but such a diagnosis is not beyond any doubt. In other words, the 
‘at risk’ class implies a higher level of uncertainty (grey zone) than the other classes, such as the 
‘axial’ and the ‘IBP+peripheral’ classes. Too often, when dealing with uncertain or difficult cases 
clinicians apply classification criteria to inform binary diagnostic judgements (e.g. axSpA vs no 
axSpA) that do not allow grey zones. In addition, the anchoring features of this class (i.e. family 
history and HLA-B27) have shown redundancy,[42] but yet count separately for classification, 
which may contribute to overcalling axSpA when the ASAS axSpA criteria are wrongly used for 
diagnostic purposes. The high likelihood of IBP in these patients does not further help in 
discriminating SpA and no-SpA, since it also occurs in half of the patients of the ‘No SpA’ class. 
This is in line with recent data suggesting that specificity of IBP is lower than previously 
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skeleton. Contributing to inform this innovative clustering was another scientific breakthrough, 
this time in the field of genetics. Researchers recognised that HLA-B27 positivity occurred more 
frequently within this nosologic group than in other diseases.[11] Studies on the role of infection 
and the involvement of the gut in triggering spondyloarthritis also played a role.[12] 
 

 
Figure 1. Relationship between clinical diagnosis (A), classification criteria (B) and the Gestalt (C) of axSpA in a cohort of patients 
with a suspected axSpA. The size of the circles and of their intersections do not necessarily represent the expected magnitude of 
the relationship between the three concepts. Interactions: ‘AC’, ‘true SpA’ phenotype recognised by the rheumatologist but not 
captured by the criteria; ‘BC’: ‘true SpA’ phenotype captured by the criteria but not recognised by the rheumatologist; ‘AB’, 
phenotype recognised by the rheumatologist and captured by the criteria but not representing ‘true SpA’ (misclassification and 
misdiagnosis); ‘ABC’: ‘true SpA’ phenotype recognised by the rheumatologist and captured by  the criteria. ‘A alone’, a phenotype 
recognised only by the rheumatologist (wrong diagnosis); ‘B alone’: a phenotype captured only by criteria (misclassification): ‘C 
alone’: residual ‘true SpA phenotype’ intangible to rheumatologists and to the criteria they developed. 
 

The change-of-paradigm proposal by Moll and Wright, undoubtedly changed the clinician’s 
perception of SpA and marks the start of ‘Period two’ in our timeline. Grouping together 
‘different’ diseases, in theory, facilitates studies aiming at better understanding it. However, 
such studies need the proper ‘tool’ to guarantee that a homogeneous group of patients is 
included. While some of the diseases within the seronegative SpA concept had already their own 
classification criteria (e.g. r-axSpA, PsA, reactive arthritis), experts recognised that some patients 
with early and often milder forms did not classify as SpA even though they were perceived by 
the experts as having a Gestalt of SpA. This unmet need was addressed in the early 1990’s with 
the development of the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
were developed and compare it with one based on knowledge present at the time of the 
Amor/ESSG criteria, an increase in the ‘AC’, and consequently, the ‘BC’ interaction would be 
evident. Obviously, this ‘phenotypical expansion’ is only apparent in retrospect. 
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ABSTRACT 

Objectives: To gain expert-judgement-free insight into the Gestalt of axial spondyloarthritis 
(axSpA), by investigating its ’latent constructs’ and to test how well these latent constructs fit 
the Assessment of SpondyloArthritis international Society (ASAS) classification criteria. 

Methods: Two independent cohorts of patients with early onset chronic back pain 
(SPondyloArthritis Caught Early (SPACE)) or inflammatory back pain (IBP) (DEvenir des 
Spondylarthopathies Indifférenciées Récentes (DESIR)) were analysed. Latent class analysis 
(LCA) was used to estimate the (unobserved) potential classes underlying axSpA. The best LCA 
model groups patients into clinically meaningful classes with best fit. Each class was labelled 
based on most prominent features. Percentage fulfilment of ASAS axSpA, peripheral SpA (pSpA) 
(ignoring IBP) or both classification criteria was calculated. Five-year data from DESIR were used 
to perform latent transition analysis (LTA) to examine if patients change classes over time. 

Results: SPACE (n=465) yielded four discernible classes: ’axial’ with highest likelihood of 
abnormal imaging and HLA-B27 positivity; ’IBP+peripheral’ with 100% IBP and dominant 
peripheral symptoms; ’at risk’ with positive family history and HLA-B27 and ’no SpA’ with low 
likelihood for each SpA feature. LCA in DESIR (n=576) yielded similar classes, except for the ’no-
SpA’. The ASAS axSpA criteria captured almost all (SPACE: 98%; DESIR: 93%) ’axial’ patients, but 
the ’IBP+peripheral’ class was only captured well by combining the axSpA and pSpA criteria 
(SPACE: 78%; DESIR: 89%). Only 4% of ’no SpA’ patients fulfilled the axSpA criteria in SPACE. LTA 
suggested that 5-year transitions across classes were unlikely (11%). 

Conclusion: The Gestalt of axSpA comprises three discernible entities, only appropriately 
captured by combining the ASAS axSpA and pSpA classification criteria. It is questionable 
whether some patients with ‘axSpA at risk’ will ever develop axSpA.   
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thought.[43, 44] Although a longer follow-up may reveal more across-class switches over time, 
the low likelihood of ‘at risk’ patients to switch  to a more profound phenotype within 5 years 
adds to the notion that ‘At risk’ patients may not have ‘real’ axSpA and will most often also not 
develop it later. A logical consequence would be to refrain from treating them as if they really 
have axSpA and from including these ‘at risk’ patients in axSpA trials which is indeed done as in 
addition to fulfilment of the ASAS criteria objective signs of inflammation are required.   

In summary, we identified three latent phenotypes of the Gestalt of axSpA with a method that 
largely circumvents the circularity by expert opinion. ‘Pure axial SpA’ is the ‘classical’ phenotype 
of axSpA. ‘axSpA with peripheral signs‘ is a recognisable phenotype in the spectrum of patients 
presenting with chronic back pain, best captured by the pSpA criteria suggesting that the overlap 
between axSpA and pSpA is larger than anticipated. The ‘at Risk’ class is the least well-defined 
of all entities and may encompass individuals at risk of axSpA, but without fully established 
disease, and also individuals that do not have SpA or will ever develop it. Studies addressing the 
prognosis of these subphenotypes, especially that of the ‘at Risk’ class, should inform us better 
on the real outcome of axial SpA. 

 

SUPPLEMENTARY DATA 

Supplementary data are published online on the website of the Annals of the Rheumatic Diseases 
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skeleton. Contributing to inform this innovative clustering was another scientific breakthrough, 
this time in the field of genetics. Researchers recognised that HLA-B27 positivity occurred more 
frequently within this nosologic group than in other diseases.[11] Studies on the role of infection 
and the involvement of the gut in triggering spondyloarthritis also played a role.[12] 
 

 
Figure 1. Relationship between clinical diagnosis (A), classification criteria (B) and the Gestalt (C) of axSpA in a cohort of patients 
with a suspected axSpA. The size of the circles and of their intersections do not necessarily represent the expected magnitude of 
the relationship between the three concepts. Interactions: ‘AC’, ‘true SpA’ phenotype recognised by the rheumatologist but not 
captured by the criteria; ‘BC’: ‘true SpA’ phenotype captured by the criteria but not recognised by the rheumatologist; ‘AB’, 
phenotype recognised by the rheumatologist and captured by the criteria but not representing ‘true SpA’ (misclassification and 
misdiagnosis); ‘ABC’: ‘true SpA’ phenotype recognised by the rheumatologist and captured by  the criteria. ‘A alone’, a phenotype 
recognised only by the rheumatologist (wrong diagnosis); ‘B alone’: a phenotype captured only by criteria (misclassification): ‘C 
alone’: residual ‘true SpA phenotype’ intangible to rheumatologists and to the criteria they developed. 
 

The change-of-paradigm proposal by Moll and Wright, undoubtedly changed the clinician’s 
perception of SpA and marks the start of ‘Period two’ in our timeline. Grouping together 
‘different’ diseases, in theory, facilitates studies aiming at better understanding it. However, 
such studies need the proper ‘tool’ to guarantee that a homogeneous group of patients is 
included. While some of the diseases within the seronegative SpA concept had already their own 
classification criteria (e.g. r-axSpA, PsA, reactive arthritis), experts recognised that some patients 
with early and often milder forms did not classify as SpA even though they were perceived by 
the experts as having a Gestalt of SpA. This unmet need was addressed in the early 1990’s with 
the development of the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
were developed and compare it with one based on knowledge present at the time of the 
Amor/ESSG criteria, an increase in the ‘AC’, and consequently, the ‘BC’ interaction would be 
evident. Obviously, this ‘phenotypical expansion’ is only apparent in retrospect. 
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included. While some of the diseases within the seronegative SpA concept had already their own 
classification criteria (e.g. r-axSpA, PsA, reactive arthritis), experts recognised that some patients 
with early and often milder forms did not classify as SpA even though they were perceived by 
the experts as having a Gestalt of SpA. This unmet need was addressed in the early 1990’s with 
the development of the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
were developed and compare it with one based on knowledge present at the time of the 
Amor/ESSG criteria, an increase in the ‘AC’, and consequently, the ‘BC’ interaction would be 
evident. Obviously, this ‘phenotypical expansion’ is only apparent in retrospect. 
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ABSTRACT 

Objectives: To gain expert-judgement-free insight into the Gestalt of axial spondyloarthritis 
(axSpA), by investigating its ’latent constructs’ and to test how well these latent constructs fit 
the Assessment of SpondyloArthritis international Society (ASAS) classification criteria. 

Methods: Two independent cohorts of patients with early onset chronic back pain 
(SPondyloArthritis Caught Early (SPACE)) or inflammatory back pain (IBP) (DEvenir des 
Spondylarthopathies Indifférenciées Récentes (DESIR)) were analysed. Latent class analysis 
(LCA) was used to estimate the (unobserved) potential classes underlying axSpA. The best LCA 
model groups patients into clinically meaningful classes with best fit. Each class was labelled 
based on most prominent features. Percentage fulfilment of ASAS axSpA, peripheral SpA (pSpA) 
(ignoring IBP) or both classification criteria was calculated. Five-year data from DESIR were used 
to perform latent transition analysis (LTA) to examine if patients change classes over time. 

Results: SPACE (n=465) yielded four discernible classes: ’axial’ with highest likelihood of 
abnormal imaging and HLA-B27 positivity; ’IBP+peripheral’ with 100% IBP and dominant 
peripheral symptoms; ’at risk’ with positive family history and HLA-B27 and ’no SpA’ with low 
likelihood for each SpA feature. LCA in DESIR (n=576) yielded similar classes, except for the ’no-
SpA’. The ASAS axSpA criteria captured almost all (SPACE: 98%; DESIR: 93%) ’axial’ patients, but 
the ’IBP+peripheral’ class was only captured well by combining the axSpA and pSpA criteria 
(SPACE: 78%; DESIR: 89%). Only 4% of ’no SpA’ patients fulfilled the axSpA criteria in SPACE. LTA 
suggested that 5-year transitions across classes were unlikely (11%). 

Conclusion: The Gestalt of axSpA comprises three discernible entities, only appropriately 
captured by combining the ASAS axSpA and pSpA classification criteria. It is questionable 
whether some patients with ‘axSpA at risk’ will ever develop axSpA.   
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thought.[43, 44] Although a longer follow-up may reveal more across-class switches over time, 
the low likelihood of ‘at risk’ patients to switch  to a more profound phenotype within 5 years 
adds to the notion that ‘At risk’ patients may not have ‘real’ axSpA and will most often also not 
develop it later. A logical consequence would be to refrain from treating them as if they really 
have axSpA and from including these ‘at risk’ patients in axSpA trials which is indeed done as in 
addition to fulfilment of the ASAS criteria objective signs of inflammation are required.   

In summary, we identified three latent phenotypes of the Gestalt of axSpA with a method that 
largely circumvents the circularity by expert opinion. ‘Pure axial SpA’ is the ‘classical’ phenotype 
of axSpA. ‘axSpA with peripheral signs‘ is a recognisable phenotype in the spectrum of patients 
presenting with chronic back pain, best captured by the pSpA criteria suggesting that the overlap 
between axSpA and pSpA is larger than anticipated. The ‘at Risk’ class is the least well-defined 
of all entities and may encompass individuals at risk of axSpA, but without fully established 
disease, and also individuals that do not have SpA or will ever develop it. Studies addressing the 
prognosis of these subphenotypes, especially that of the ‘at Risk’ class, should inform us better 
on the real outcome of axial SpA. 
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skeleton. Contributing to inform this innovative clustering was another scientific breakthrough, 
this time in the field of genetics. Researchers recognised that HLA-B27 positivity occurred more 
frequently within this nosologic group than in other diseases.[11] Studies on the role of infection 
and the involvement of the gut in triggering spondyloarthritis also played a role.[12] 
 

 
Figure 1. Relationship between clinical diagnosis (A), classification criteria (B) and the Gestalt (C) of axSpA in a cohort of patients 
with a suspected axSpA. The size of the circles and of their intersections do not necessarily represent the expected magnitude of 
the relationship between the three concepts. Interactions: ‘AC’, ‘true SpA’ phenotype recognised by the rheumatologist but not 
captured by the criteria; ‘BC’: ‘true SpA’ phenotype captured by the criteria but not recognised by the rheumatologist; ‘AB’, 
phenotype recognised by the rheumatologist and captured by the criteria but not representing ‘true SpA’ (misclassification and 
misdiagnosis); ‘ABC’: ‘true SpA’ phenotype recognised by the rheumatologist and captured by  the criteria. ‘A alone’, a phenotype 
recognised only by the rheumatologist (wrong diagnosis); ‘B alone’: a phenotype captured only by criteria (misclassification): ‘C 
alone’: residual ‘true SpA phenotype’ intangible to rheumatologists and to the criteria they developed. 
 

The change-of-paradigm proposal by Moll and Wright, undoubtedly changed the clinician’s 
perception of SpA and marks the start of ‘Period two’ in our timeline. Grouping together 
‘different’ diseases, in theory, facilitates studies aiming at better understanding it. However, 
such studies need the proper ‘tool’ to guarantee that a homogeneous group of patients is 
included. While some of the diseases within the seronegative SpA concept had already their own 
classification criteria (e.g. r-axSpA, PsA, reactive arthritis), experts recognised that some patients 
with early and often milder forms did not classify as SpA even though they were perceived by 
the experts as having a Gestalt of SpA. This unmet need was addressed in the early 1990’s with 
the development of the Amor and the European Spondyloarthropathy Study Group (ESSG) 
classification criteria.[13, 14] The Amor/ESSG expanded the range of manifestations allowing 
classification (Table 1). In addition, the term ‘undifferentiated SpA’ was coined to describe 
above-mentioned patients who fulfilled the ESSG classification criteria but did not fall within one 
of the major disease entities. The name of the disease was also changed. With such a wide 
spectrum of manifestations the term ‘seronegative’ became less relevant and was therefore 
abandoned. If we would build our Figure 1 based on the knowledge available when the mNY 
were developed and compare it with one based on knowledge present at the time of the 
Amor/ESSG criteria, an increase in the ‘AC’, and consequently, the ‘BC’ interaction would be 
evident. Obviously, this ‘phenotypical expansion’ is only apparent in retrospect. 
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ABSTRACT 

Objectives: To gain expert-judgement-free insight into the Gestalt of axial spondyloarthritis 
(axSpA), by investigating its ’latent constructs’ and to test how well these latent constructs fit 
the Assessment of SpondyloArthritis international Society (ASAS) classification criteria. 

Methods: Two independent cohorts of patients with early onset chronic back pain 
(SPondyloArthritis Caught Early (SPACE)) or inflammatory back pain (IBP) (DEvenir des 
Spondylarthopathies Indifférenciées Récentes (DESIR)) were analysed. Latent class analysis 
(LCA) was used to estimate the (unobserved) potential classes underlying axSpA. The best LCA 
model groups patients into clinically meaningful classes with best fit. Each class was labelled 
based on most prominent features. Percentage fulfilment of ASAS axSpA, peripheral SpA (pSpA) 
(ignoring IBP) or both classification criteria was calculated. Five-year data from DESIR were used 
to perform latent transition analysis (LTA) to examine if patients change classes over time. 

Results: SPACE (n=465) yielded four discernible classes: ’axial’ with highest likelihood of 
abnormal imaging and HLA-B27 positivity; ’IBP+peripheral’ with 100% IBP and dominant 
peripheral symptoms; ’at risk’ with positive family history and HLA-B27 and ’no SpA’ with low 
likelihood for each SpA feature. LCA in DESIR (n=576) yielded similar classes, except for the ’no-
SpA’. The ASAS axSpA criteria captured almost all (SPACE: 98%; DESIR: 93%) ’axial’ patients, but 
the ’IBP+peripheral’ class was only captured well by combining the axSpA and pSpA criteria 
(SPACE: 78%; DESIR: 89%). Only 4% of ’no SpA’ patients fulfilled the axSpA criteria in SPACE. LTA 
suggested that 5-year transitions across classes were unlikely (11%). 

Conclusion: The Gestalt of axSpA comprises three discernible entities, only appropriately 
captured by combining the ASAS axSpA and pSpA classification criteria. It is questionable 
whether some patients with ‘axSpA at risk’ will ever develop axSpA.   
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