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ABSTRACT
Objective  To evaluate the clinical characteristics of 
juvenile-onset non-radiographic axial spondyloarthritis 
(nr-axSpA) and to investigate risk factors associated with 
progression to juvenile-onset ankylosing spondylitis (JoAS).
Methods  A nested case–control study was conducted 
using the retrospectively collected data of 106 patients 
with juvenile-onset nr-axSpA (age at disease onset, 
<16 years) in the Clinical characteristic and Outcome in 
Chinese Axial Spondyloarthritis study cohort. Baseline 
demographic and clinical characteristics and prognosis 
were reviewed. Logistic regression analyses were 
performed to investigate risk factors associated with 
progression to JoAS.
Results  Overall, 58.5% of patients with juvenile-onset 
nr-axSpA presented with peripheral symptoms at disease 
onset. In 82.1% of these patients, axial with peripheral 
involvement occurred during the disease course. The rate 
of disease onset at >12 years and disease duration of ≤10 
years were significantly higher in those with progression to 
JoAS than in those without progression to JoAS (83.0% vs 
52.8%, p=0.001; 92.5% vs 56.6%, p<0.001, respectively). 
Multivariable logistic regression analysis revealed that 
inflammatory back pain (IBP) (OR 13.359 (95% CI 2.549 
to 70.013)), buttock pain (OR 10.171 (95% CI 2.197 to 
47.085)), enthesitis (OR 7.113 (95% CI 1.670 to 30.305)), 
elevated baseline C reactive protein (CRP) levels (OR 7.295 
(95% CI 1.984 to 26.820)) and sacroiliac joint-MRI (SIJ-
MRI) positivity (OR 53.821 (95% CI 9.705 to 298.475)) 
were significantly associated with progression to JoAS.
Conclusion  Peripheral involvement was prevalent in 
juvenile-onset nr-axSpA. IBP, buttock pain, enthesitis, 
elevated baseline CRP levels and SIJ-MRI positivity in 
patients with the disease are associated with higher risk of 
progression to JoAS.

INTRODUCTION
Axial spondyloarthritis (axSpA) is a chronic 
inflammatory rheumatic disease that mainly 
affects the axial skeleton (sacroiliac joint and 
spine). It may involve the peripheral skeleton 

with extra-articular manifestations, including 
anterior uveitis, psoriasis and chronic inflam-
matory bowel disease. According to the 2009 
Assessment of SpondyloArthritis Interna-
tional Society (ASAS) criteria,1 2 patients with 
axSpA are classified into the following two 

Key messages

What is already known about this subject?
►► The clinical characteristics and long-term prognosis 
of adult-onset non-radiographic axial spondyloar-
thritis (nr-axSpA) have been previously elucidated. 
However, the clinical characteristics and disease 
course of juvenile-onset nr-axSpA are not well 
known.

What does this study add?
►► Peripheral involvement was prevalent in juvenile-
onset nr-axSpA; one should not expect typical axial 
skeleton involvement as the first clinical presenta-
tion in patients who are considered to have juvenile-
onset nr-axSpA.

►► Patients with juvenile-onset nr-axSpA with progres-
sion to juvenile-onset ankylosing spondylitis (JoAS) 
are more often >12 years of age at disease onset 
and have a disease duration of ≤10 years than those 
without progression to JoAS.

►► Inflammatory back pain, buttock pain, enthesitis, 
elevated baseline C reactive protein levels and sac-
roiliac joint-MRI positivity in patients with juvenile-
onset nr-axSpA are likely associated with stronger 
risk of progression to JoAS.

How might this impact on clinical practice or 
further developments?

►► Our study findings enhance the current knowledge 
on juvenile-onset nr-axSpA. Future cohort studies 
including multiethnic and larger populations are 
warranted to delineate the long-term outcomes of 
juvenile-onset nr-axSpA.
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categories: those with radiographic axSpA (r-axSpA), 
known as ankylosing spondylitis (AS), who fulfil the 
modified New York criteria (mNYc)3 and those with non-
radiographic axSpA (nr-axSpA) in the absence of defi-
nite sacroiliac joint (SIJ) changes on plain radiograph. 
However, it may take considerable time from the onset 
of clinical symptoms to fulfil the mNYc, which requires 
at least bilateral grade II or unilateral grade III radio-
graphic changes in the SIJs. This contributes to diagnostic 
delay in AS.4 Therefore, the term nr-axSpA is proposed 
to enable earlier identification and appropriate clinical 
management of these patients.

Whether nr-axSpA represents an early stage of AS 
remains controversial.5 Clinical presentation, clinical 
disease activity (Bath Ankylosing Spondylitis Disease 
Activity Index) and treatment response are similar 
between the two subgroups of axSpA.6 7 This may support 
the hypothesis that nr-axSpA and AS are parts of the same 
disease. Several longitudinal cohort studies have shown 
that a proportion of cases with nr-axSpA progressed to AS, 
whereas others do not necessarily progress to AS during 
the follow-up period.8–10 This observation along with the 
identification of genetic and other differences between 
the two groups11—has led to the concept of nr-axSpA as 
a distinct disease entity.12 13 Multiple studies have inves-
tigated nr-axSpA prognosis to identify possible AS.8–10 
These studies mainly focused on adult-onset nr-axSpA; 
therefore, the clinical characteristics, course and natural 
history of juvenile-onset nr-axSpA are not well known. 
Therefore, we conducted a nested case–control study 
to summarise the clinical characteristics of Chinese 
patients with juvenile-onset nr-axSpA and to investigate 
risk factors associated with progression to juvenile-onset 
ankylosing spondylitis (JoAS), with the overarching aim 
to further advance the current knowledge on juvenile-
onset nr-axSpA.

PATIENTS AND METHODS
Clinical characteristic and Outcome in Chinese 
Axial Spondyloarthritis (COCAS; registration no, 
ChiCTR2100049357) is a single-centre ambispective 
cohort study of patients with axSpA between the ages 
of 16 and 70 years. The COCAS study was designed to 
investigate factors related to radiographic progression 
and disease outcomes in Chinese patients with axSpA 
and was conducted at the Department of Rheumatology 
and Immunology and Clinical Research Center in the 
First Affiliated Hospital of Shantou University Medical 
College, China. The COCAS study included a retrospec-
tive phase (1999–2020) and a prospective (2021–2030) 
phase. The present nested case–control study used the 
retrospectively collected data between 1999 and 2019 
from the COCAS cohort.

Patients
A total of 199 patients with juvenile-onset nr-axSpA (age 
at disease onset,<16 years) were identified at baseline 

in the COCAS study cohort. Of these, 53 patients who 
progressed to JoAS with mNYc-positive radiographs after 
the enrollment comprised the case group. Controls were 
randomly selected from the remaining patients with 
nr-axSpA without mNYc-positive radiographs who were 
matched with cases at a ratio of 1:1 based on sex and 
enrollment time. All subjects had a follow-up duration of 
more than 1 year and had available a minimum of two 
pelvic radiographs obtained with more than 1year inter-
vals.

Study design
Clinical data recorded included gender, age at disease 
onset (age when the first disease-related symptom 
occurred), age at first visit, baseline disease dura-
tion (from onset of first symptoms to be classified as 
nr-axSpA), disease duration (from onset of first symp-
toms to the last follow-up visit), family history of SpA, 
clinical manifestations, human leucocyte antigen 
(HLA)-B27 status, erythrocyte sedimentation rate 
(ESR) (>15 and >20 mm/hour for males and females 
were defined as elevated), C reactive protein (CRP) 
level (>8 mg/L was defined as elevated), Ankylosing 
Spondylitis Disease Activity Score (ASDAS) (>2.1 was 
defined as high disease activity) and SIJ imaging assess-
ment (on MRI and plain radiograph). A trained rheu-
matologist and radiologist independently assessed the 
images. In case of disagreement, a decision on the pres-
ence or absence of findings was achieved by another 
experienced rheumatologist. Definite radiographic 
sacroiliitis (grade II bilaterally or grade III–IV unilater-
ally) according to the mNYc 1984.3 SIJ-MRI was consid-
ered positive if bone marrow oedema (BME) lesions 
highly suggestive of SpA were present (either one BME 
lesion on ≥2 consecutive slides or several BME lesions 
on one slide).14 Enthesitis was defined as tenderness at 
the insertion point of a ligament or tendon to bone 
on palpation.15 The ASAS criteria were used to define 
inflammatory back pain (IBP).16

Statistical methods
SPSS for Windows, V.26.0 (SPSS Inc IMB Company) 
was used for data analysis. Kolmogorov-Smirnov test of 
normality was performed for continuous data. Variables 
were presented as means with SD and medians with IQR 
for normally and non-normally distributed variables, 
respectively. Frequency (%) was given for counts. Mann-
Whitney test was used to compare continuous values 
between groups. χ2 test or Fisher’s exact test was used 
to compare categorical variables, such as proportions, 
between groups. Univariable and multivariable logistic 
regression analyses were used to investigate risk factors 
associated with progression to JoAS. ORs with 95% CIs 
were calculated. Variables identified in the univariate 
analysis (p<0.10) were entered into a forward stepwise 
multiple logistic regression model. P values of <0.05 were 
considered statistically significant.
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RESULTS
Case–control study
Table  1 shows the baseline demographic and clinical 
characteristics of 106 patients with juvenile-onset axSpA. 
The patients with progression to JoAS had a shorter 
median baseline disease duration and significantly older 
median age at disease onset (3.0 (IQR 2.7) vs 5.0 (IQR 
5.5), p<0.001; 14.0 (IQR 2.0) vs 13.0 (IQR 3.0), p=0.001, 
respectively) than those without progression to JoAS. 
There were significantly higher proportions of patients 
aged >12 years at disease onset, and a disease duration 
of  ≤10 years was observed in patients with progression 
to JoAS than in those with nr-axSpA (83.0% vs 52.8%, 
p=0.001; 92.5% vs 56.6%, p<0.001, respectively). No 
significant difference was observed between the two 
groups in terms of the prevalence of HLA-B27 positivity 
and family history of SpA positivity (p>0.05).

More than half (58.5%) of the patients with juvenile-
onset nr-axSpA presented with peripheral symptoms at 

disease onset, but extra-articular manifestations were 
observed only in 1.9%. Axial involvement with periph-
eral involvement occurred in a great percentage of these 
patients (82.1%) during the disease course. Axial involve-
ment alone accounted for 17.9%, whereas extra-articular 
manifestations were present in 10.4% patients.

The proportions of patients with elevated CRP level 
and ESR were significantly higher among patients with 
progression to JoAS than in those with nr-axSpA (67.9% 
vs 26.4%, p<0.001; 60.4% vs 26.4%, p<0.001, respectively), 
as were the ASDAS-CRP >2.1 and ASDAS-ESR >2.1 (92.7% 
vs 54.3%, p<0.001; 87.8% vs 60.0%, p=0.005, respectively). 
There were 54 (50.9%) patients who showed active sacro-
iliitis with BME lesions on MRI. They were classified as 
nr-axSpA using the ‘imaging arm’ of the ASAS criteria. 
The remaining 42 (39.6%) who did not show active sacro-
iliitis on MRI and the other 10 (9.4%) whose MRIs were 
unavailable could only be classified as having nr-axSpA 
using the ‘clinical arm’ of the ASAS classification criteria. 

Table 1  Baseline demographics of 106 cases of juvenile-onset axial spondyloarthritis

Characteristics*
Total
(n=106)

nr-axSpA group
(n=53)

JoAS group
(n=53) P value†

Male, n (%)  �  75 (70.8) 37 (69.8) 38 (71.7) 0.831

Age at first visit, (years)  �  17.0 (2.0) 17.0 (3.0) 16.0 (1.0) 0.024‡

Age at disease onset, (years)  �  14.0 (3.0) 13.0 (3.0) 14.0 (2.0) 0.001‡

Age at disease onset >12 years, n (%)  �  72 (67.9) 28 (52.8) 44 (83.0) 0.001

Baseline disease duration (years)  �  4.0 (4.0) 5.0 (5.5) 3.0 (2.7) <0.001‡

Disease duration (≤10 years)§, n (%)  �  79 (74.5) 30 (56.6) 49 (92.5) <0.001

HLA-B27 positive, n (%)  �  78 (73.6) 43 (81.1) 35 (66.0) 0.078

Family history of SpA, n (%)  �  26 (24.5) 13 (24.5) 13 (24.5) 1.000

Initial symptoms, n (%) Axial 42 (39.6) 24 (45.3) 18 (34.0) 0.233

Peripheral 62 (58.5) 27 (50.9) 35 (66.0) 0.115

Extra-articular 2 (1.9) 2 (3.8) 0 0.475

Symptom, ever, n (%) Axial only 19 (17.9) 13 (24.5) 6 (11.3) 0.076

Axial and peripheral 87 (82.1) 40 (75.5) 47 (88.7) 0.076

Extra-articular 11 (10.4) 6 (11.3) 5 (9.4) 0.750

Elevated ESR (baseline), n (%)  �  46 (43.4) 14 (26.4) 32 (60.4) <0.001

Elevated CRP (baseline), n (%)  �  50 (47.2) 14 (26.4) 36 (67.9) <0.001

ASDAS-ESR >2.1, n (%)¶  �  57 (75.0) 21 (60.0) 36 (87.8) 0.005

ASDAS-CRP >2.1, n (%)¶  �  57 (75.0) 19 (54.3) 38 (92.7) <0.001

Clinical arm, n (%)  �  52 (49.1) 41 (77.4) 11 (20.8) <0.001

Imaging arm, n (%)  �  54 (50.9) 12 (22.6) 42 (79.2)

SIJ-MRI positivity, n (%)**  �  54 (56.3) 12 (26.1) 42 (84.0) <0.001

*Values are median (IQR), unless otherwise indicated.
†χ2 test was used to compare the nr-axSpA and JoAS group, unless otherwise indicated.
‡Mann-Whitney U test.
§Disease duration: from onset of symptoms to the last follow-up visit.
¶Available in 76 patients (n=35 for the nr-axSpA group and n=41 for the JoAS group).
**Available in 96 patients (n=46 for the nr-axSpA group and n=50 for the JoAS group).
ASDAS-CRP, Ankylosing Spondylitis Disease Activity Score (C reactive protein); ASDAS-ESR, Ankylosing Spondylitis Disease Activity Score 
(erythrocyte sedimentation rate); CRP, C reactive protein; ESR, erythrocyte sedimentation rate; HLA-B27, human leucocyte antigen B27; IBP, 
inflammatory back pain; JoAS, juvenile-onset ankylosing spondylitis; NI, not included in the multivariate model; nr-axSpA, non-radiographic 
axial spondyloarthritis; SIJ-MRI, sacroiliac joint-MRI; SpA, spondyloarthritis.
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The percentage of SIJ-MRI positivity was significantly 
higher in patients with progression to JoAS than in those 
with nr-axSpA (84.0% vs 26.1%, p<0.001).

Figure  1 shows the clinical manifestations of 106 
patients with juvenile-onset axSpA. The most common 
clinical manifestation was IBP (77.4%) followed by 
knee arthritis (55.7%) and then enthesitis (36.8%). The 
presence of IBP, buttock pain, hip arthritis, enthesitis, 
morning stiffness and nocturnal pain was more frequent 
in patients with progression to JoAS than in those with 
nr-axSpA (90.6% vs 64.2%, p=0.001; 41.5% vs 20.8%, 
p=0.021; 35.8% vs 13.2%, p=0.007; 47.2% vs 26.4%, 
p=0.027; 69.8% vs 49.1%, p=0.030; 77.4% vs 47.2%, 
p=0.007, respectively).

Risk factors of progression to JoAS
During the follow-up of 12 (median 3.0 (IQR 3.0)) years, 
53 patients progressed to JoAS in the COCAS cohort. 
In the univariable logistic regression analysis to inves-
tigate risk factors associated with progression to JoAS, 

the variables of age at disease onset, disease duration, 
morning stiffness, nocturnal pain, buttock pain, IBP, hip 
arthritis, enthesitis, baseline elevated acute-phase reac-
tants (CRP and ESR) and MRI-positive sacroiliitis were 
statistically significant (p<0.05). Variables identified in 
the univariate analysis were subsequently entered into 
a forward stepwise multiple logistic regression model. 
The final multivariable model analysis revealed that IBP, 
buttock pain, enthesitis, elevated baseline CRP levels and 
SIJ-MRI positivity were statistically significant associations 
with progression to JoAS (table 2).

DISCUSSION
To our knowledge, this is the first study to investigate the 
demographics, clinical features and risk factors associ-
ated with progression to JoAS in Chinese patients with 
juvenile-onset nr-axSpA.

Patients with nr-axSpA enrolled in our study were 16 
years or older at their first visit. According to the Chinese 

Figure 1  Clinical manifestations of juvenile-onset axial spondyloarthritis (axSpA). †χ2 test was used to compare the juvenile-
onset non-radiographic axial spondyloarthritis (nr-axSpA) and juvenile-onset ankylosing spondylitis (JoAS) groups. *There was 
a statistically significant difference between the nr-axSpA and JoAS groups (p<0.05). Inflammatory back pain, buttock pain, hip 
arthritis, enthesitis, morning stiffness and nocturnal pain occurred more often in patients with progression to JoAS than in nr-
axSpA (90.6% vs 64.2%, p=0.001; 41.5% vs 20.8%, p=0.021; 35.8% vs 13.2%, p=0.007; 47.2% vs 26.4%, p=0.027; 69.8% vs 
49.1%, p=0.030; 77.4% vs 47.2%, p=0.007, respectively).
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regulations, these patients should visit the adult Depart-
ment of Rheumatology but not the paediatric depart-
ment. Therefore, the ASAS classification criteria were 
used to classify these cases as having nr-axSpA. However, 
because these patients developed the disease before the 
age of 16 years, their clinical features and outcomes may 
be different from those of adult-onset nr-axSpA. Analysis 
of the clinical features and prognosis of juvenile-onset 
nr-axSpA may advance current understanding of the 
disease.

Our data showed that juvenile-onset nr-axSpA is more 
common in males (male:female=2.4:1), whereas adult-
onset nr-axSpA usually exhibits a comparable sex ratio. 
Axial spondyloarthritis is strongly associated with HLA-
B27 positivity, and the HLA-B27 was positive in 73.6% 
patients in our study, which is consistent with a previous 
study that reported HLA-B27 prevalence ranging from 
37% to 90%.5 Patients with progression to JoAS had 
shorter duration of baseline disease because they were 
older at disease onset and younger at diagnosis than those 
without progression to JoAS. Furthermore, in patients 
aged >12 years at disease onset the proportion of those 

who progressed to JoAS was 61.1%, but this decreased 
to 26.5% when the age at onset was ≤12 years (p=0.001), 
indicating that age at disease onset may be associated 
with progression to JoAS. These data are consistent with 
earlier studies that reported that the average age at the 
onset of JoAS was higher than 12 years.17–19 Interestingly, 
the proportion of those who progressed from nr-axSpA to 
JoAS was approximately four times higher in patients with 
a shorter duration of disease (≤10 years) than in patients 
with a longer duration of disease (>10 years). These data 
suggest that patients with juvenile-onset nr-axSpA and a 
long disease duration of >10 years who still do not exhibit 
radiographic structural SIJ damage, the presence of 
which would fulfil the mNYc, are less likely to progress to 
JoAS in the future; however, the association between the 
disease duration and radiographic progression remains 
to be explored.

Although the axial skeleton may be involved in the 
disease course, peripheral arthritis was the most common 
first symptom of juvenile-onset nr-axSpA.20 This suggests 
that the disease onset pattern of juvenile-onset nr-axSpA 
presents as a ‘peripheral predominant’ mode, consistent 

Table 2  Risk Factors for the progression of juvenile-onset nr-axSpA to JoAS in univariable and multivariable analyses*

Risk factor

Univariable analysis Multivariable analysis model

OR (95% CI) P value OR (95% CI) P value

Male 1.095 (0.474 to 2.531) 0.831 NI

Disease onset (age >12 years) 4.365 (1.780 to 10.706) 0.001 NI

Disease duration (≤10 years)†

 � ≤5 years 10.925 (2.950 to 40.453) <0.001 NI

 � <5 and ≤10 years 8.625 (2.590 to 28.726) <0.001 NI

 � >10 years 1.0 (reference) –

Family history of SpA 1.000 (0.413 to 2.423) 1.000 NI

HLA-B27 positivity 0.452 (0.185 to 1.104) 0.081 NI

Morning stiffness 2.401 (1.083 to 5.324) 0.031 NI

Nocturnal pain 3.827 (1.653 to 8.859) 0.002 NI

Axial symptoms, ever

 � Buttock pain 2.710 (1.147 to 6.402) 0.023 10.171 (2.197 to 47.085) 0.003

 � IBP 5.365 (1.824 to 15.776) 0.002 13.359 (2.549 to 70.013) 0.002

Peripheral arthritis, ever

 � Knee 1.713 (0.790 to 3.714) 0.172 NI

 � Ankle 1.241 (0.498 to 3.090) 0.643 NI

 � Hip 3.672 (1.387 to 9.720) 0.009 NI

Enthesitis, ever 2.487 (1.101 to 5.617) 0.028 7.113 (1.670 to 30.305) 0.008

Elevated CRP (baseline) 5.899 (2.547 to 13.664) <0.001 7.295 (1.984 to 26.820) 0.003

Elevated ESR (baseline) 4.245 (1.866 to 9.658) 0.001 NI

SIJ-MRI positivity 13.045 (5.176 to 32.879) <0.001 53.821 (9.705 to 298.475) <0.001

*All variables with a p value below 0.10 from the univariable analysis were entered into a multivariable analysis model (forward logistic 
regression model).
†Disease duration: from onset of symptoms to the last follow-up visit.
CRP, C reactive protein; ESR, erythrocyte sedimentation rate; HLA-B27, human leucocyte antigen B27; IBP, inflammatory back pain; JoAS, 
juvenile-onset axial spondyloarthritis; NI, not included in the multivariate model; nr-axSpA, non-radiographic axial spondyloarthritis; SIJ-MRI, 
sacroiliac joint-MRI; SpA, spondyloarthritis.
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with earlier cross-sectional studies that compared JoAS 
and adult-onset AS.18 Goirand et al analysed 114 French 
patients with peripheral spondyloarthritis/enthesitis-
related arthritis in a median 2.5-year follow-up. They 
found that axial disease and sacroiliitis were rare at 
disease onset, but appeared during follow-up in 63% and 
47% of cases, respectively.21 Therefore, one should not 
expect typical axial skeleton involvement as the first clin-
ical presentation when patients are considered as having 
juvenile-onset nr-axSpA.

ASDAS, which includes objective inflammatory 
markers (serum ESR/CRP concentration) and subjective 
assessments of disease activity, was used as clinical tools 
for measuring disease activity in patients with juvenile-
onset nr-axSpA. The well performance of ASDAS has 
been demonstrated in the assessment of the condition of 
patients with adult-onset SpA.22 However, because ASDAS 
is predominantly focused on axial symptoms and showed 
a lower weight to the evaluation of peripheral symptoms, 
it may not perform well in assessing the disease activity of 
patients with juvenile-onset nr-axSpA because the periph-
eral involvement occurred in a great percentage of these 
patients (82.1%) during the disease course in this study. 
Moreover, it does not specifically include the measure of 
enthesitis. Follow-up validation might require inclusion 
of other items as identified by key stakeholders, as well 
as longitudinal evaluations to improve the precision and 
responsiveness of the tool.

Analysis of the German Spondyloarthritis Inception 
Cohort (GESPIC) found that of 95 patients with nr-axSpA, 
11.6% progressed to AS over 2 years.9 Another cohort 
study by our team showed that over the period from 5 
to 10 years, 18 (52.9%) of 34 patients with pathological 
evidence of sacroiliitis progressed to AS; meanwhile, 
there was no progression to AS in patients with nega-
tive pathological sacroiliitis over 0.3–8.5 years.8 A recent 
population-based cohort study from the USA reported 
that 16 (26.4%) of 83 subjects had nr-axSpA progression 
to AS over a mean follow-up of 10.6 years.10 These find-
ings revealed that not all patients with nr-axSpA will prog-
ress to AS. Therefore, identifying ‘early AS’ is of great 
significance in clinical practice. During the follow-up 
of 12 years in our study, there was a significantly higher 
percentage of SIJ-MRI positivity among patients with 
progression to JoAS than in patients with nr-axSpA, this 
result supports the conclusion reported by previous 
studies regarding MRI evidence of sacroiliitis as a marker 
for progression of nr-axSpA to AS.23 Therefore, active 
sacroiliitis on MRI (SIJ-MRI positivity) could predict 
the progression of juvenile-onset nr-axSpA to JoAS. In 
the absence of imaging evidence suggesting sacroiliitis, 
caution is warranted when considering a case as ‘early 
AS’.

Besides the presence of IBP, buttock pain and enthesitis 
were associated with progression to JoAS in the multi-
variate analysis in our study. Our data also showed that 
elevated CRP level was associated with progression to 
JoAS, but not ESR. This is consistent with the GESPIC 

study that reported that an elevated CRP level at baseline 
was a strong positive predictor of radiographic sacroiliitis 
progression in adult-onset nr-axSpA.9

Classification of juvenile-onset axSpA remains chal-
lenging unlike adult-onset cases. In paediatric rheuma-
tology, these patients may be categorised into the subtype 
of juvenile idiopathic arthritis as defined by the Interna-
tional League of Associations for Rheumatology classifi-
cation criteria24; however, these classification systems do 
not include sensitive imaging tools—such as MRI—which 
has been confirmed to be able to predict the progres-
sion of juvenile-onset nr-axSpA to JoAS in our research. 
However, clinical application of SIJ-MRI in children is 
still challenging. It is critical to understand the normal 
features of the immature SIJ-MRI before inflammatory 
changes can be accurately identified. Further studies 
are needed to determine the role of MRI in the clas-
sification criteria for juvenile-onset SpA, as well as to 
refine pediatric-specific definitions of a ‘positive’ MRI in 
juvenile-onset SpA.

This study has several limitations. First, the sample size 
is small. Second, this was a single-centre, retrospective 
study, which introduces several important limitations. For 
example, some patients lacked information on ASDAS 
or SIJ-MRI at baseline. Third, the follow-up duration 
was heterogeneous, ranging from 1 to 12 years and the 
long-term outcomes of patients with nr-axSpA who were 
followed for shorter than 2 years do not allow definite 
conclusions.

CONCLUSION
In summary, peripheral involvement was prevalent in 
juvenile-onset nr-axSpA; therefore, one should not 
expect typical axial skeleton involvement as the first clin-
ical presentation when patients are considered to have 
juvenile-onset nr-axSpA. Patients with progression to 
JoAS more often are >12 years at disease onset and have a 
disease duration of ≤10 years than those without progres-
sion to JoAS. IBP, buttock pain, enthesitis, elevated base-
line CRP levels and SIJ-MRI positivity in patients with 
juvenile-onset nr-axSpA are likely to be associated with 
higher risks of progression to JoAS.

Contributors  Z-DH designed the study. Z-DH, H-GL, D-MW, F-CS and S-XH 
collected the data and performed data analysis. H-GL and D-MW drafted the first 
version of the manuscript. Z-DH, LL, F-CS and Z-YX revised the manuscript. All 
authors read and approved the final manuscript. Z-DH is responsible for the overall 
content as the guarantor.

Funding  This study was supported by grants from the Guangdong Basic and 
Applied Basic Research Foundation (2021A1515010137), the Project of Innovating 
and Strengthening Universities in Guangdong Province (2019KTSCX040), the 
Supporting Program of the First Affiliated Hospital of Shantou University Medical 
College (2019-70), the Shantou University Medical College Clinical Research 
Enhancement Initiative (2014110109), the Medical Scientific Research Foundation 
of Guangdong Province (A2018104) and the Science and Technology Planning 
Project of Shantou City ([2017]85). The funders had no role in study design, data 
collection and analysis, decision to publish or preparation of the manuscript.

Competing interests  None declared.

Patient consent for publication  Not applicable.



7Li H-G, et al. RMD Open 2021;7:e001867. doi:10.1136/rmdopen-2021-001867

SpondyloarthritisSpondyloarthritisSpondyloarthritis

Ethics approval  This study was approved by the Institutional Ethics Committee of 
the First Affiliated Hospital of Shantou University Medical College (B-2021-134).

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available upon reasonable request.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://​creativecommons.​org/​
licenses/​by/​4.​0/.

ORCID iD
Zhi-Duo Hou http://​orcid.​org/​0000-​0001-​7734-​001X

REFERENCES
	 1	 Rudwaleit M, Landewé R, van der Heijde D, et al. The development 

of assessment of spondyloarthritis International Society 
classification criteria for axial spondyloarthritis (part I): classification 
of paper patients by expert opinion including uncertainty appraisal. 
Ann Rheum Dis 2009;68:770–6.

	 2	 Rudwaleit M, van der Heijde D, Landewé R, et al. The development 
of assessment of spondyloarthritis International Society 
classification criteria for axial spondyloarthritis (part II): validation 
and final selection. Ann Rheum Dis 2009;68:777–83.

	 3	 van der Linden S, Valkenburg HA, Cats A. Evaluation of diagnostic 
criteria for ankylosing spondylitis. A proposal for modification of the 
New York criteria. Arthritis Rheum 1984;27:361–8.

	 4	 Mau W, Zeidler H, Mau R, et al. Clinical features and prognosis of 
patients with possible ankylosing spondylitis. Results of a 10-year 
followup. J Rheumatol 1988;15:1109–14.

	 5	 Robinson PC, van der Linden S, Khan MA, et al. Axial 
spondyloarthritis: concept, construct, classification and implications 
for therapy. Nat Rev Rheumatol 2021;17:109–18.

	 6	 Rudwaleit M, Haibel H, Baraliakos X, et al. The early disease stage 
in axial spondylarthritis: results from the German spondyloarthritis 
inception cohort. Arthritis Rheum 2009;60:717–27.

	 7	 Wallman JK, Kapetanovic MC, Petersson IF, et al. Comparison of 
non-radiographic axial spondyloarthritis and ankylosing spondylitis 
patients-baseline characteristics, treatment adherence, and 
development of clinical variables during three years of anti-TNF 
therapy in clinical practice. Arthritis Res Ther 2015;17:378.

	 8	 Gong Y, Zheng N, Chen S-B, et al. Ten years' experience with 
needle biopsy in the early diagnosis of sacroiliitis. Arthritis Rheum 
2012;64:1399–406.

	 9	 Poddubnyy D, Rudwaleit M, Haibel H, et al. Rates and predictors 
of radiographic sacroiliitis progression over 2 years in patients with 
axial spondyloarthritis. Ann Rheum Dis 2011;70:1369–74.

	10	 Wang R, Gabriel SE, Ward MM. Progression of nonradiographic 
axial spondyloarthritis to ankylosing spondylitis: a population-based 
cohort study. Arthritis Rheumatol 2016;68:1415–21.

	11	 Poddubnyy D, Sieper J. Similarities and differences between 
nonradiographic and radiographic axial spondyloarthritis: a clinical, 
epidemiological and therapeutic assessment. Curr Opin Rheumatol 
2014;26:377–83.

	12	 Robinson PC, Wordsworth BP, Reveille JD, et al. Axial 
spondyloarthritis: a new disease entity, not necessarily early 
ankylosing spondylitis. Ann Rheum Dis 2013;72:162–4.

	13	 Hou ZD, Xiao ZY. Recognition of pathological features of early 
sacroiliitis in patients with non-radiographic axial spondyloarthritis. 
Chin J Rheumatol 2017;021:217–9. doi:10.3760/​cma.​j.​issn.​1007-​
7480.​2017.​04.​001

	14	 Lambert RGW, Bakker PAC, van der Heijde D, et al. Defining active 
sacroiliitis on MRI for classification of axial spondyloarthritis: update 
by the ASAS MRI Working group. Ann Rheum Dis 2016;75:1958–63.

	15	 Rosenberg AM, Petty RE. A syndrome of seronegative enthesopathy 
and arthropathy in children. Arthritis Rheum 1982;25:1041–7.

	16	 Sieper J, van der Heijde D, Landewé R, et al. New criteria for 
inflammatory back pain in patients with chronic back pain: a real 
patient exercise by experts from the assessment of spondyloarthritis 
international Society (ASAS). Ann Rheum Dis 2009;68:784–8.

	17	 Lin Y-C, Liang T-H, Chen W-S, et al. Differences between juvenile-
onset ankylosing spondylitis and adult-onset ankylosing spondylitis. 
J Chin Med Assoc 2009;72:573–80.

	18	 O'Shea FD, Boyle E, Riarh R, et al. Comparison of clinical and 
radiographic severity of juvenile-onset versus adult-onset ankylosing 
spondylitis. Ann Rheum Dis 2009;68:1407–12.

	19	 Ozgocmen S, Ardicoglu O, Kamanli A, et al. Pattern of disease 
onset, diagnostic delay, and clinical features in juvenile onset and 
adult onset ankylosing spondylitis. J Rheumatol 2009;36:2830–3.

	20	 Weiß A, Minden K, Listing J, et al. Course of patients with juvenile 
spondyloarthritis during 4 years of observation, juvenile part of 
GESPIC. RMD Open 2017;3:e000366.

	21	 Goirand M, Breton S, Chevallier F, et al. Clinical features of 
children with enthesitis-related juvenile idiopathic arthritis / juvenile 
spondyloarthritis followed in a French tertiary care pediatric 
rheumatology centre. Pediatr Rheumatol Online J 2018;16:21.

	22	 Fernández-Espartero C, de Miguel E, Loza E, et al. Validity of the 
ankylosing spondylitis disease activity score (ASDAS) in patients 
with early spondyloarthritis from the Esperanza programme. Ann 
Rheum Dis 2014;73:1350–5.

	23	 Bennett AN, McGonagle D, O'Connor P, et al. Severity of baseline 
magnetic resonance imaging-evident sacroiliitis and HLA-B27 
status in early inflammatory back pain predict radiographically 
evident ankylosing spondylitis at eight years. Arthritis Rheum 
2008;58:3413–8.

	24	 Petty RE, Southwood TR, Manners P, et al. International League 
of associations for rheumatology classification of juvenile 
idiopathic arthritis: second revision, Edmonton, 2001. J Rheumatol 
2004;31:390–2.

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0001-7734-001X
http://dx.doi.org/10.1136/ard.2009.108217
http://dx.doi.org/10.1136/ard.2009.108233
http://dx.doi.org/10.1002/art.1780270401
http://www.ncbi.nlm.nih.gov/pubmed/3262757
http://dx.doi.org/10.1038/s41584-020-00552-4
http://dx.doi.org/10.1002/art.24483
http://dx.doi.org/10.1186/s13075-015-0897-6
http://dx.doi.org/10.1002/art.33453
http://dx.doi.org/10.1136/ard.2010.145995
http://dx.doi.org/10.1002/art.39542
http://dx.doi.org/10.1097/BOR.0000000000000071
http://dx.doi.org/10.1136/annrheumdis-2012-202073
http://dx.doi.org/10.3760/cma.j.issn.1007-7480.2017.04.001
http://dx.doi.org/10.1136/annrheumdis-2015-208642
http://dx.doi.org/10.1002/art.1780250902
http://dx.doi.org/10.1136/ard.2008.101501
http://dx.doi.org/10.1016/S1726-4901(09)70432-0
http://dx.doi.org/10.1136/ard.2008.092304
http://dx.doi.org/10.3899/jrheum.090435
http://dx.doi.org/10.1136/rmdopen-2016-000366
http://dx.doi.org/10.1186/s12969-018-0238-9
http://dx.doi.org/10.1136/annrheumdis-2012-202976
http://dx.doi.org/10.1136/annrheumdis-2012-202976
http://dx.doi.org/10.1002/art.24024
http://www.ncbi.nlm.nih.gov/pubmed/14760812

	Risk factors for progression of juvenile-­onset non-­radiographic axial spondyloarthritis to juvenile-­onset ankylosing spondylitis: a nested case–control study
	Abstract
	Introduction﻿﻿
	Patients and methods
	Patients
	Study design
	Statistical methods

	Results
	Case–control study
	Risk factors of progression to JoAS

	Discussion
	Conclusion
	References


