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ABSTRACT
Objectives  To follow up four previously identified classes 
‘pure axial spondyloarthritis’ (axSpA) (‘axial’), ‘axSpA with 
peripheral signs’ (‘inflammatory back pain+peripheral’), 
‘axSpA at risk’ and ‘no spondyloarthritis’ (‘no SpA’). They 
reflect the expert-opinion-free construct or ‘Gestalt’ of 
chronic back pain suspicious of axSpA. The aim was to 
assess participants’ transitions between these classes over 
time.
Methods  Participants with chronic back pain of ≤2 years 
duration, suspicious of axSpA from the SPondyloArthritis 
Caught Early cohort were analysed. Latent class (LCA) and 
latent transition analysis (LTA) using clinical, laboratory 
and imaging data at baseline and 2 years were calculated. 
Conditional and marginal probabilities were obtained, 
reflecting the probability of a spondyloarthritis feature 
in a class and the probability of the participant’s class 
membership, respectively. Transitional probabilities were 
extracted revealing potential switches across classes. 
The analyses were performed in all participants using 
imputations for missing data and in participants with full 
data at baseline and 2 years.
Results  Baseline and 2 years LCA models were 
constructed for 702 participants, resulting in the same 
four-class model as previously described. LTA revealed 
only a 3% transition from the ‘no SpA’ to the ‘at-risk’ 
class from baseline to 2 years with all other participants 
remaining in their initially assigned class. Sensitivity 
analysis on 384 participants with complete data at both 
baseline and 2 years showed similar results, underlining 
the model’s robustness.
Conclusions  Transitions between the four classes 
over 2 years were basically inexistent, highlighting the 
unlikelihood of developing new class-defining features of 
axSpA after an initial clinical workup.

INTRODUCTION
The clinical construct or ‘Gestalt’ of axial 
spondyloarthritis (axSpA) has been shaped 

over the last decades by a better under-
standing of its clinical presentation, imaging 
findings at the sacroiliac joints (SIJ) and 
spine, inflammatory markers in the blood, as 
well as its association with human leucocyte 
antigen-B27 (HLA-B27) and familial predis-
position.1 This construct is reflected in the 
Assessment of SpondyloArthritis interna-
tional Society (ASAS) classification criteria 
developed to homogenise axSpA popula-
tions for clinical trials.2–4 A limitation of these 
(and other) classification criteria is that, 
in the absence of a definite gold standard, 
expert opinion has been used both for the 
development and validation of the criteria, 
which introduces the potential for circular 
reasoning.5 6

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Four classes comprising patients with axial involve-
ment, peripheral involvement, risk factors for axSpA 
and chronic back pain without additional features, 
reflect the ‘Gestalt’ of chronic back pain suspicious 
of axSpA.

WHAT THIS STUDY ADDS
	⇒ Patients categorised to one of these classes are 
unlikely to switch to a different class over a 2-year 
period.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ New features altering the ‘Gestalt’ of chronic back 
pain, which is suspicious of axSpA, are unlikely to 
develop after an initial clinical workup, reassuring 
rheumatologists about the reliability of their initial 
findings and conclusions.
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To tackle this issue, our group has previously anal-
ysed participants of two inception cohorts of axSpA, 
namely the SPondyloArthritis Caught Early (SPACE) 
and DEvenir des Spondyloarthropathies Indifférenciées 
Récentes (DESIR) cohorts, to find underlying, hidden 
classes of participants.7 Using a data-driven approach 
the role of expert opinion in the categorisation process 
of the cohorts’ participants was minimised, leading to 
the mostly circularity-free identification of classes of 
participants.

Three classes were identified in both cohorts and 
labelled as follows: ‘pure axSpA’ (‘axial’) representing 
individuals with positive axial imaging and a familial/
genetic predisposition for spondyloarthritis (SpA); 
‘axSpA with peripheral signs’ (‘inflammatory back pain 
(IBP)+peripheral’) with participants characterised by 
peripheral involvement and IBP and ‘axSpA at risk’, a 
class with a familial/genetic predisposition to SpA but 
an otherwise low probability of other features. A fourth 
class ‘no spondyloarthritis’ (‘no SpA’) was found only 
in SPACE depicting participants with a very low proba-
bility for any SpA-associated feature. This is in line with 
the underlying population of that cohort which includes 
patients with axSpA and with non-axSpA chronic back 
pain, while in DESIR only patients with a clinical diag-
nosis of axSpA were included.

To assess the class membership and potential switch 
across these classes over time, a latent transition anal-
ysis (LTA) was performed in the DESIR cohort revealing 
only an 11% probability of switching from the ‘at risk’ to 
the ‘IBP+peripheral’ class, with no other switches, over a 
period of 5 years. This finding was important as it showed 
the reliability and stability of the classes with participants 
being unlikely to develop new class-defining features of 
axSpA after their first clinical assessment.

In SPACE, such an analysis was not possible as follow-up 
data were still being collected. However, a recent analysis 
revealed that SPACE participants diagnosed with axSpA 
during an initial assessment were reliably considered to 
have the disease after 2 years, while participants without 
an initial axSpA diagnosis were unlikely to receive one 
after this follow-up period.8 Whether this stability of diag-
nosis also extends to the four classes is uncertain.

Now, with the 2 years data available, this analysis aimed 
to follow up the previously described classes and assess a 
potential switch in class membership over time.

METHODS
Participants and study design
This is a longitudinal analysis, for which baseline and 2 
years data of participants from the SPACE cohort were 
used. This multinational cohort has been previously 
described in detail.8 9 Briefly, participants aged ≥16 years 
with chronic back pain lasting ≥3 months and ≤2 years, 
with an initial onset of pain before 45 years of age, were 
eligible for inclusion and were assessed at a baseline visit. 
After the baseline visit, only participants fulfilling at least 

one of the following criteria were eligible for follow-up: 
(a) the presence of at least one major SpA feature (posi-
tive likelihood ratio (LR) of ≥6.0 for axSpA diagnosis): 
HLA-B27 positivity, positive family history of SpA, sacro-
iliitis (MRI or radiographs) or acute anterior uveitis or 
(b) the presence of two minor SpA features (positive LR 
of ≥2.5 and <6.0 for axSpA diagnosis): IBP, heel pain, 
peripheral arthritis, psoriasis, inflammatory bowel disease 
(IBD), good response to non-steroidal anti-inflammatory 
drugs (NSAID) or elevated levels of acute phase reactants 
(C reactive protein (CRP) or erythrocyte sedimentation 
rate).10 All patients included in SPACE were included in 
this analysis and the database was locked in July 2023.

Spondyloarthritis features and data imputations
Imaging data were collected at baseline, 1 and 2 years 
while clinical data were additionally also collected 
3 months after baseline. As previously described,7 the 
variables for the analyses to identify the latent classes 
included imaging features: sacroiliitis on MRI of the SIJ 
(MRI-SIJ, ASAS definition), bone marrow oedema (BME) 
on MRI of the spine (MRI-Spine, ≥5 lesions), definitive 
damage on radiographs of the SIJ (X-SIJ) according to 
modified New York criteria, ≥1 syndesmophyte on radi-
ographs of the spine (X-Spine)11–15 and clinical features: 
IBP (ASAS definition), good response to NSAID, periph-
eral arthritis, dactylitis, heel pain, family history of SpA, 
HLA-B27 status, psoriasis, uveitis, IBD and elevated CRP 
(>5 mg/L).3 16

MRI-SIJ, X-SIJ and X-Spine were read by three inde-
pendent readers. MRI-spine was read by two indepen-
dent readers and an adjudicator in case of disagreement. 
All readers were blinded to chronology, clinical data and 
the results of other modalities.7 9

At baseline, all features were either positive if ‘ever 
present’ or negative if ‘never present’, except for dactylitis 
which was either ‘currently present’ or ‘currently not 
present’. For the main analysis, if a clinical feature was 
absent at baseline, it was imputed using data from the 
3-month visit if available, except for ‘good response to 
NSAID’, for which data could also be imputed from the 
1-year visit if not available in a prior visit. Subsequently, if 
data were still missing, it was imputed with zero, assuming 
the absence of that feature (this was the case for 5% of all 
imaging and 0.2% of all clinical features).

For the 2 years follow-up visit, the ‘once a feature always 
a feature’ principle was applied: If a feature was positive 
at baseline, the 3-month or 1-year follow-up visit, it was 
also considered positive at the 2 years follow-up visit, even 
if it was negative or missing at that time point. If a feature 
was negative at baseline and also negative or missing at 
the follow-up visits, it was considered negative at the 2 
years follow-up visit.

Statistical analysis
The statistical analysis including a detailed description of 
the method has been previously described.7 17 As a first 
step, a latent class analysis (LCA) was performed on the 
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baseline and, separately, on the 2 years follow-up data 
of all participants of the SPACE cohort. This included 
the 465 participants from the previous analysis and new 
participants who had been included in the cohort since 
then.7 LCA was performed, only as an intermediate step, 
to identify the number of classes at baseline and follow-up 
that would be used for the final LTA model (eg, a 4–4 class 
model represents an LTA model with four classes both at 
baseline and follow-up). Comparisons between LTA and 
LCA models were not performed as the latter is not suit-
able to analyse longitudinal data. The number of classes 
was determined by means of goodness-of-fit parame-
ters including Akaike’s information criterion, Bayesian 
information criterion (BIC), sample size adjusted BIC 
(for all three lower values mean better model fit), as 
well as entropy (range 0–1, values close to one reflect 

a better model accuracy) and a log-likelihood ratio test 
(comparing the model with the model with n-1 classes), 
as well as by clinically recognisable patterns within each 
class (meaning the classes need to make sense clinically). 
The number of classes was increased one by one until the 
best-fitting, clinically recognisable model was found. The 
classes were interpreted and labelled according to their 
conditional probabilities (ie, the probability of a feature 
being present in one of the classes) and marginal prob-
abilities (ie, the probability of a participant being in one 
of the classes) and participants were individually catego-
rised to one of the classes based on their posterior prob-
ability of class membership (with the class having the 
highest probability for each patient determining their 
assignment).

LCA was performed once with HLA-B27 status as a 
SpA feature, and once without it, to compare differences 
in the conditional and marginal probabilities of the 
two models. This was done because, for the subsequent 
LTA, HLA-B27 status was omitted as a variable due to its 
time-invariant nature (ie, its value remains constant over 
time).

Finally, an LTA was performed by using the number of 
classes at baseline and 2 years follow-up based on the best 
fitting, clinically most recognisable LCA models and the 
class-(in)variance according to clinical reasoning. The 
latter means that classes at baseline and follow-up were 
considered to have the same meaning. In line with the 
LCA, the LTA model reveals underlying latent classes of 
the patient cohort, but in addition, it takes the presence 
of different SpA features both at baseline and 2 years into 
consideration. Model fitness was again compared against 
models with fewer or more classes at baseline and 2 years 
using goodness-of-fit parameters as described above 
(except for a log-likelihood ratio which is not available 
for LTA) and clinically recognisable patterns. As before, 
conditional and marginal probabilities were extracted 
from the model and individual participants were catego-
rised into one of the classes at baseline and then again at 
follow-up. Transitional probabilities were extracted from 
the model representing the probability of a participant 
categorised to a class at baseline to switch to another class 
at the 2 years follow-up visit. Age and sex were included 
separately as covariates, to study their individual impact 
on transitions between classes.

To minimise selection bias, all participants with a 
baseline visit (with or without a 2-year follow-up) were 
included in the main analysis and missing data were 
imputed as described above. Additionally, a sensitivity 
analysis was performed only including participants with 
complete data for all measures of interest at both time 
points.

Demographic data were analysed both for all partici-
pants and for the participants in the respective class. All 
analyses were performed with MPlus V.8.9 and R V.4.3.0, 
in particular using the package ‘MplusAutomation’.18

Table 1  Patient characteristics

Characteristic

N=702

Baseline
2-year 
follow-up

Age, years 30 (8) n.a.

Male 271 (39%) n.a.

Body mass index (kg/m2) 25 (5) n.a.

Duration of back pain (months) 13 (7) n.a.

Imaging features of SpA  �   �

 � Sacroiliitis on MRI-SIJ (ASAS) 140 (20%) 179 (25%)

 � Definitive damage on X-SIJ (mNY) 24 (3%) 32 (5%)

 � BME on MRI-Spine (≥5 lesions) 15 (2%) 15 (2%)

 � ≥1 syndesmophyte on X-Spine 64 (9%) 83 (12%)

Clinical features of SpA  �   �

 � Peripheral arthritis ever 104 (15%) 123 (18%)

 � Dactylitis ever 43 (6%) 70 (10%)

 � Heel pain ever 147 (21%) 175 (25%)

 � Psoriasis ever 85 (12%) 100 (14%)

 � Uveitis ever 57 (8%) 76 (11%)

 � Inflammatory bowel disease ever 47 (7%) 53 (8%)

 � Inflammatory back pain ever 490 (70%) 547 (78%)

 � Elevated CRP (>5 mg/L) 191 (27%) 261 (37%)

 � HLA-B27 positive 314 (45%) 314 (45%)

 � Family history of SpA (ASAS) 312 (44%) 333 (47%)

 � Good response to NSAID ever 250 (36%) 414 (59%)

Mean (SD) or n (%).
Data for BMI available for 673 (96%) participants, for duration of 
back pain for 696 (99%) participants.
Missing values for imaging and clinical features of SpA have 
been imputed as described in the ‘Methods’ section.
ASAS, Assessment of SpondyloArthritis international Society; 
BME, bone marrow oedema; CRP, C reactive protein; HLA-B27, 
human leucocyte antigen B27; mNY, modified New York criteria; 
n.a., not applicable; NSAID, non-steroidal anti-inflammatory 
drug; SIJ, sacroiliac joints; SpA, spondyloarthritis; X-SIJ, 
radiograph of the sacroiliac joints; X-Spine, radiograph of the 
spine.

U
niversidade N

ova de Lisboa. P
rotected by copyright.

 on O
ctober 1, 2024 at F

aculdade de C
iencias ?

http://rm
dopen.bm

j.com
/

R
M

D
 O

pen: first published as 10.1136/rm
dopen-2024-004584 on 30 S

eptem
ber 2024. D

ow
nloaded from

 

http://rmdopen.bmj.com/


4 Bosch P, et al. RMD Open 2024;10:e004584. doi:10.1136/rmdopen-2024-004584

RMD OpenRMD OpenRMD Open

RESULTS
Participant characteristics
702 participants were included. Table  1 shows baseline 
and 2 years characteristics of all participants. At baseline, 
the most frequent imaging feature of SpA was sacroiliitis 
on MRI-SIJ (20%) and the most frequent clinical feature 
IBP (70%). The frequency of all features increased 
from baseline to the 2 years follow-up visit, following 
the described ‘once a feature always a feature’ principle. 
BME on MRI-Spine was the only imaging variable that 
did not increase in frequency from baseline to follow-up. 
More pronounced increases were seen in the features 
good response to NSAID (36%–59%), elevated CRP 
(27%–37%) and IBP (70%–78%), from baseline to the 
2 years follow-up. For all other features, the increase was 
minimal (≤5%).

Latent class analysis
LCA performed on the baseline and 2 years follow-up data 
resulted in the same four clinically recognisable classes as 
previously described.7 This included the ‘axial’ class with 
the highest probability of positive axial imaging and a 
familial/genetic SpA predisposition, the ‘IBP+peripheral’ 
class exhibiting a high probability of peripheral involvement 
and IBP, the ‘at-risk’ class, demonstrating a high probability 
of a familial/genetic SpA predisposition exclusively and a 

‘no SpA’ class with a low probability of any SpA-associated 
features (online supplemental tables S1 and S2).

The four classes were also apparent in the LCA models 
at baseline and 2 years follow-up when excluding HLA-
B27 status. Excluding the variable increased the prob-
ability of a positive family history in the ‘no SpA’ class 
at baseline (40% vs 22%). Additionally, without HLA-
B27 status, fewer participants were classified as ‘axial’ at 
follow-up (9% vs 34%), but with a higher probability of 
sacroiliitis on MRI-SIJ (100% vs 51%) compared with the 
follow-up model with the genetic marker (online supple-
mental tables S3 and S4).

On a more technical note, the four-class model at base-
line without HLA-B27 status fitted the data best, while 
for the baseline model including HLA-B27 status and the 
follow-up models, with and without the genetic marker, 
model fitness of the four-class model was not superior to 
the three or five class models. However, the latter two did 
not reveal clinically recognisable patterns (online supple-
mental tables S5–S8).

Latent transition analysis
The LTA performed on baseline and follow-up data 
revealed similar goodness-of-fit parameters (online 
supplemental table S9) for all models but recognis-
able clinical patterns only for the 4–4 class model. The 

Table 2  Classes of participants with chronic back pain suspicious of axial spondyloarthritis identified in the 2-year latent 
transition analysis model (n=702)

Class 1 ‘axial’ 
(p*=0.18, N†=130)

Class 2 ‘IBP+peripheral’ 
(p*=0.16, N†=110)

Class 3 ‘at risk’ 
(p*=0.29, N†=204)

Class 4 ‘no SpA’ 
(p*=0.37, N†=258)

Sacroiliitis on MRI-SIJ (ASAS) 0.97 0.22 0.03 0.01

BME on MRI-Spine (≥5 lesions) 0.09 0.01 0.00 0.01

Definitive damage on X-SIJ (mNY) 0.14 0.01 0.01 0.02

≥1 syndesmophyte on X-Spine 0.09 0.19 0.09 0.09

Elevated CRP (>5 mg/L) 0.50 0.43 0.28 0.22

Good response to NSAID ever 0.62 0.71 0.43 0.33

Peripheral arthritis ever 0.11 0.65 0.02 0.08

Dactylitis ever 0.05 0.35 0.03 0.01

Heel pain ever 0.15 0.76 0.14 0.10

Family history of SpA (ASAS) 0.45 0.51 1.00 0.00

Psoriasis ever 0.10 0.47 0.08 0.04

Uveitis ever 0.14 0.11 0.11 0.06

Inflammatory bowel disease ever 0.02 0.08 0.06 0.10

Inflammatory back pain ever 0.81 0.96 0.72 0.62

Conditional probabilities (ie, the probability of a feature being present in one of the classes, range: 0–1) were obtained using a latent 
transition analysis model with full invariance on baseline and 2-year data. Full invariance means that these probabilities are the same at 
baseline and follow-up.
Cells are coloured in green whenever the conditional probability is ≥0.3. This cut-off was chosen to better visualise differences between 
the classes.
*Marginal probability of the latent class (ie, a participant's probability of class membership).
† Participants categorised to one of the classes based on their posterior probability of class membership (with the class having the 
highest probability for each patient determining their assignment).
ASAS, Assessment of SpondyloArthritis international Society; BME, bone marrow oedema; CRP, C reactive protein; IBP, inflammatory 
back pain; mNY, modified New York criteria; NSAID, non-steroidal anti-inflammatory drug; SIJ, sacroiliac joints; SpA, spondyloarthritis; 
X-SIJ, radiograph of the sacroiliac joints; X-Spine, radiograph of the spine.
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conditional and marginal probabilities for the final 
model are shown in table  2 and figure  1. The condi-
tional probabilities of the SpA feature a good response to 
NSAID, IBP and family history of SpA were high (≥30%) 
throughout all classes except for family history in the ‘no 
SpA’ class which was 0%.

The ‘axial’ class, had a distinct, high probability of 
sacroiliitis on MRI-SIJ (97%) and elevated CRP values 
(50%); the ‘IBP+peripheral’ class, the highest probability 
of IBP (96%) and peripheral/cutaneous SpA features 
(including peripheral arthritis, dactylitis, heel pain and 
psoriasis); the ‘at-risk’ class the highest probability of 
family history of SpA (100%), but otherwise a lack of 
distinct SpA features; and the ‘no SpA’ class a negative 
family history of SpA and overall the lowest probability 
for any SpA feature.

LTA revealed no switch from the ‘axial’, ‘IBP+periph-
eral’ or ‘at-risk’ class at baseline to any other class at the 
2 years follow-up. The ‘no SpA’ participants at baseline 

had a 3% probability to switch to the ‘at-risk’ class at the 
2 years follow-up (figure 2).

The odds of transitioning from the ‘no SpA’ class to 
the ‘at-risk’ class, relative to staying in the ‘no SpA’ class, 
were not significantly different for sex (OR (95%CI) for 
females vs males: 0.28 (0.03 to 2.39)), while age did not 
have a significant impact on the transition either (OR 
(95% CI) per 1-year increase: 0.96 (0.88 to 1.05)).

Observed baseline characteristics per class
Observed baseline characteristics per class were similar 
to the model’s conditional probabilities as expected 
(table  3). Participants in the ‘axial’ class at baseline 
showed the lowest mean (SD) age at 287 years and the 
highest percentage of males (69%), while participants in 
the ‘IBP+peripheral’, ‘at-risk’ and ‘no SpA’ classes were 
predominantly female with 58%, 72% and 65%, respec-
tively, and slightly older than the participants in the axial 
class.

Sensitivity LTA
A sensitivity LTA was performed on 384 participants who 
had full data of all relevant SpA features at baseline and 
2 years follow-up. The 4–4 class model exhibited similar 
goodness-of-fit parameters (online supplemental table 
S10), the same clinically recognisable classes and similar 
conditional and marginal probabilities as the main anal-
ysis (table  4 and online supplemental figure 1). The 
sensitivity LTA revealed again no switch from the ‘axial’, 
‘IBP+peripheral’ or ‘at-risk’ class at baseline to any other 
class at follow-up, but a 7% class switch from ‘no SpA’ 
at baseline to ‘at risk’ at the 2 years follow-up (online 
supplemental figure S2). Observed characteristics per 
class were also similar to the main analysis (online supple-
mental table S11).

Figure 1  Graphical demonstration of the conditional and 
marginal probabilities of the 2-year latent transition analysis 
(LTA) model (n=702). The circles represent the conditional 
probability for a feature in a respective class, with a higher 
probability corresponding to a fuller circle. A full circle 
represents 100% and an empty circle 0% probability. The 
colours represent the four classes. The numerical values 
for conditional and marginal probabilities are reported in 
table 2. The numbers in the last row represent the marginal 
probabilities, that is, the percentage of participants that 
according to the LTA belong to one of the classes. ASAS, 
Assessment of SpondyloArthritis international Society; 
BME, bone marrow oedema; CRP, C reactive protein; IBP, 
inflammatory back pain; mNY, modified New York criteria; 
NSAID, non-steroidal anti-inflammatory drug; SIJ, sacroiliac 
joints; X-SIJ, radiograph of the sacroiliac joints; SpA, 
spondyloarthritis; X-Spine, radiograph of the spine.

Figure 2  Diagram showing class change over 2 years 
according to transitional probabilities (LTA analysis). 
Transitional probabilities were generated using the 4-class 
latent transition model with 702 patients. IBP, inflammatory 
back pain; LTA, latent class analysis; SpA, spondyloarthritis. U
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DISCUSSION
The four classes labelled ‘pure axSpA’ (‘axial’), ‘axSpA 
with peripheral signs’ (‘IBP+peripheral’), ‘axSpA at 
risk’ and ‘no spondyloarthritis’ (‘no SpA’), previously 
described in the SPACE cohort and found through 
a data-driven approach were followed-up for 2 years. 
While the first two classes reflect the clinical construct 
or ‘Gestalt’ of patients with axial and peripheral mani-
festations of axSpA, the latter two capture patients with 
chronic back pain, either without features or only with 
risk factors for axSpA. The current analysis revealed no 
relevant class switch over time, more specifically only 3% 
from ‘no axSpA’ to ‘at risk’, underlining the unlikeliness 
of developing class-defining new features of axSpA over 2 
years after an initial clinical workup. The remaining 3% 
of transitions mainly reflect a positive family history only 
noted postbaseline, with age and sex showing no signifi-
cant effect on this transition.

These findings are in line with a similar analysis in the 
DESIR cohort; the same classes with the exception of 

the ‘no SpA’ class were found. The latter is aligned with 
the different populations included in the two cohorts: 
In DESIR, only participants with axSpA are included, 
whereas in SPACE, participants with chronic back pain, 
with or without an axSpA diagnosis, are included.9 19 In 
DESIR, the LTA revealed only an 11% switch of partici-
pants from the ‘axial SpA at risk’ to the ‘axial SpA with 
peripheral signs’ class over a time period of 5 years.7 The 
development of new peripheral and extramusculoskel-
etal manifestations in axSpA is well known.20 21 In SPACE, 
the follow-up was shorter (2 years) and it is possible that 
a longer follow-up period would have shown a similar 
transition, similar to DESIR, also in SPACE. In any case, 
a similar conclusion is possible in both analyses: there is 
very little change in the classes over follow-up.

The initial aim for this analytical approach of sepa-
rating participants in different classes, was to gain an 
alternative, mostly expert-judgement-free insight into the 
‘Gestalt’ of axSpA. This distinguishes it from diagnosis, 
where experts assess SpA features based on preconceived 

Table 3  Observed baseline characteristics per latent class (n=702) after data imputation

Characteristic
Class 1 ‘axial’ 
(n=130, 18%)

Class 2 ‘IBP+peripheral’ 
(n=110, 16%)

Class 3 ‘at risk’ 
(n=204, 29%)

Class 4 ‘no SpA’ 
(n=258, 37%)

Age, years 28 (7) 31 (8) 30 (8) 32 (8)

Male 77 (59%) 46 (42%) 58 (28%) 90 (35%)

Body mass index (kg/m2) 24 (4) 25 (6) 24 (5) 25 (5)

Duration of back pain (months) 14 (7) 12 (6) 13 (7) 14 (7)

Imaging features of SpA

 � Sacroiliitis on MRI-SIJ (ASAS) 125 (96%) 14 (13%) 0 (0%) 1 (0%)

 � Definitive damage on X-SIJ (mNY) 15 (12%) 1 (1%) 3 (1%) 5 (2%)

 � BME on MRI-Spine (≥5 lesions) 12 (9%) 1 (1%) 0 (0%) 2 (1%)

 � ≥1 syndesmophyte on X-Spine 9 (7%) 21 (19%) 14 (7%) 20 (8%)

Clinical features of SpA

 � Peripheral arthritis ever 13 (10%) 69 (63%) 2 (1%) 20 (8%)

 � Dactylitis ever 5 (4%) 33 (30%) 2 (1%) 3 (1%)

 � Heel pain ever 15 (12%) 82 (75%) 28 (14%) 22 (9%)

 � Psoriasis ever 13 (10%) 48 (44%) 15 (7%) 9 (3%)

 � Uveitis ever 14 (11%) 10 (9%) 20 (10%) 13 (5%)

 � Inflammatory bowel disease ever 3 (2%) 8 (7%) 12 (6%) 24 (9%)

 � Inflammatory back pain ever 97 (75%) 104 (95%) 132 (65%) 157 (61%)

 � Elevated CRP (>5 mg/L) 55 (42%) 43 (39%) 43 (21%) 50 (19%)

 � HLA-B27 positive 102 (78%) 54 (49%) 100 (49%) 58 (22%)

 � Family history of SpA (ASAS) 56 (43%) 52 (47%) 204 (100%) 0 (0%)

 � Good response to NSAID ever 59 (45%) 57 (52%) 65 (32%) 69 (27%)

Participants were individually categorised to one of the classes (obtained from the latent transition analysis) based on their posterior 
probability of class membership (with the class having the highest probability for each patient determining their assignment).
Mean (SD) or n (%).
Data for BMI available for 673 (96%) participants, for duration of back pain for 696 (99%) participants.
Missing values for imaging and clinical features of SpA have been imputed as described in the ‘Methods’ section.
ASAS, Assessment of SpondyloArthritis international Society; BME, bone marrow oedema; BMI, body mass index; CRP, C reactive 
protein; HLA-B27, human leucocyte antigen B27; IBP, inflammatory back pain; mNY, modified New York criteria; NSAID, non-steroidal anti-
inflammatory drug; SIJ, sacroiliac joints; SpA, spondyloarthritis; X-SIJ, radiograph of the sacroiliac joints; X-Spine, radiograph of the spine.
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ideas and experiences and is also different to classifica-
tion criteria, which involve a similar weighting of features 
followed by validation against expert opinion.22–24

However, all three methods of stratifying patients have 
their own unique significance or ‘truth’: (1) the clin-
ical diagnosis represents the rheumatologist’s ‘truth’ 
which while being influenced by perceptions and prone 
to circular reasoning is key for treatment and related 
decisions; (2) classification criteria represent the best 
possible external ‘truth’ of the internationally accepted 
construct of axSpA, which aims to generate homoge-
nous groups of participants to be included in research 
studies, mostly clinical trials and (3) lastly, LCA and LTA 
reflect the statistical ‘truth’ derived from a model that 
needs human input solely for the selection of patients, 
variables and detection of meaningful classes, but not for 
the weighting of the mentioned variables. This means, 
for instance, that the importance of sacroiliitis is not 
predefined to be superior to that of heel pain by the 
researcher, allowing the model itself to determine the 
significance of each feature, thereby introducing a more 
objective perspective on the interplay between the SpA 
features. As a clear hierarchy between these ‘truths’ does 
not exist we have on purpose refrained from performing 
comparisons between them in this study.

Nevertheless, the stability of the classes over time also 
aligns with the stability of an axSpA diagnosis over time, 
as described in a recent analysis in SPACE. This anal-
ysis revealed that participants diagnosed with axSpA 
during an initial assessment were reliably considered to 
have the disease also after 2 years, whereas participants 
with definitely no initial axSpA diagnosis were unlikely 
to receive one after this follow-up period. Furthermore, 
the uncertainty of a diagnosis persisted in up to 30% of 
the participants.8 The alignment of these results with the 
data-driven approach reported here confirms and reas-
sures that our perception of patients with back pain suspi-
cious of axSpA is not biased by placing more value on 
certain SpA features. It validates the ‘Gestalt’ of axSpA 
that we encounter in everyday practice and confirms the 
unlikelihood of developing new class-defining features 
over time.

LCA was chosen over traditional clustering methods 
(eg, k-means, k-medians, hierarchical clustering) as it has 
been shown to outperform them in correctly identifying 
classes/clusters in simulation studies, especially when 
the number of classes/clusters was unknown.17 25 LCA’s 
‘model-based’ approach also provides a more objective 
way of model comparison through statistical testing.26 
Lastly, LTA, used for the main analysis of obtaining 

Table 4  Sensitivity analysis: classes of participants with chronic back pain suspicious of axial spondyloarthritis identified in 
the 2-year latent transition analysis model in the population with complete follow-up (n=384)

Class 1 'axial' 
(p*=0.25, N†=96)

Class 2 'IBP+peripheral' 
(p*=0.15, N†=58)

Class 3 'at risk' 
(p*=0.31, N†=119)

Class 4 'no SpA' 
(p*=0.29, N†=111)

Sacroiliitis on MRI-SIJ (ASAS) 1.00 0.26 0.07 0.05

BME on MRI-Spine (≥5 lesions) 0.10 0.02 0.00 0.01

Definitive damage on X-SIJ (mNY) 0.10 0.03 0.02 0.01

≥1 syndesmophyte on X-Spine 0.09 0.23 0.10 0.12

Elevated CRP (>5 mg/L) 0.50 0.44 0.29 0.24

Good response to NSAID ever 0.60 0.73 0.54 0.51

Peripheral arthritis ever 0.14 0.78 0.00 0.13

Dactylitis ever 0.08 0.45 0.03 0.01

Heel pain ever 0.18 0.80 0.14 0.23

Family history of SpA 0.45 0.59 1.00 0.00

Psoriasis ever 0.09 0.50 0.07 0.08

Uveitis ever 0.15 0.08 0.10 0.10

Inflammatory bowel disease ever 0.04 0.08 0.07 0.10

Inflammatory back pain ever 0.80 0.98 0.78 0.86

Conditional probabilities (ie, the probability of a feature being present in one of the classes, range: 0–1) were obtained using a latent 
transition analysis model with full invariance on baseline and 2-year data. Full invariance means that these probabilities are the same at 
baseline and follow-up.
Cells are coloured in green whenever the conditional probability is ≥0.3. This cut-off was chosen to better visualise differences between the 
classes.
*Marginal probability of the latent class (ie, a participant’s probability of class membership).
†Participants categorised to one of the classes based on their posterior probability of class membership (with the class having the highest 
probability for each patient determining their assignment).
ASAS, Assessment of SpondyloArthritis international Society; BME, bone marrow oedema; CRP, C reactive protein; IBP, inflammatory back 
pain; mNY, modified New York criteria; NSAID, non-steroidal anti-inflammatory drug; SIJ, sacroiliac joints; SpA, spondyloarthritis; X-SIJ, 
radiograph of the sacroiliac joints; X-Spine, radiograph of the spine.
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transitional probabilities for the class switch, builds on 
LCA and adds the handling of longitudinal data. The 
main limitation of this study is that several participants 
with a baseline visit were, per protocol, excluded from 
follow-up visits in SPACE (100/702). This was due to the 
very low probability of these individuals getting diag-
nosed with axSpA, as determined by their clinical, labo-
ratory and imaging data. To minimise selection bias, 
we still included these participants in the main analysis 
and imputed their baseline data at 2 years. Similarly, we 
imputed missing baseline values for clinical or imaging 
features using data from additional follow-up visits, or 
if not available, we considered the corresponding SpA 
features as absent. The latter was, however, done only 
in a small number of variables (5% of all imaging and 
0.2% of all clinical features). The sensitivity analysis, 
using only participants with complete data (384/702), 
resulted in very similar results, which adds to the robust-
ness of the findings. The variable HLA-B27 status was 
removed from the final LTA model due to its time-
invariant nature. Furthermore, the value of including 
both HLA-B27 status and family history as independent 
variables is questionable, considering their high collin-
earity.27 Performing LCA we found meaningful classes 
with and without HLA-B27 status and a meaningful final 
LTA model without the genetic marker. Apart from this, 
the model yielded stable results in line with the previous 
LCA conducted in SPACE on a subset of participants 
for whom data was available at that moment.7 While 
response to NSAID treatment was included as a latent 
variable in the LTA model, treatment with a disease-
modifying antirheumatic drug (DMARD) was not. The 
main reason for this was that DMARD treatment would 
imply an axSpA diagnosis and our aim was to iden-
tify and follow-up classes without prior expert knowl-
edge of their diagnosis. A sample size calculation was 
not performed as there is currently no consensus on 
a standardised method for LTA. However, our dataset 
exceeded the minimal sample size of 300 participants 
that has been recommended and all of the final models 
converged.28 Lastly, the 2 years time frame was relatively 
short for observing changes between the classes over 
time. Extending the follow-up duration was, however, 
not possible due to the current availability of scored 
imaging data only up to the 2 years mark. A future 
analysis with longer follow-up may reveal more change 
between the classes, as in DESIR, where only one out of 
ten participants switched from the ‘axSpA at-risk’ class 
to the ‘axSpA with peripheral signs’ class.

In summary, four distinct latent classes of participants 
in the SPACE cohort, previously found using a mostly 
circularity-free data-driven process, were followed up for 
2 years. Class switch over time was basically inexistent, 
highlighting the unlikelihood of participants to develop 
relevant new features of axSpA over this time period after 
an initial clinical workup.
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