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New Provisional Classification of Juvenile Idiopathic Arthritis 
Applying Rheumatoid Factor and Antinuclear Antibody 
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Department of Pediatrics, Hallym University Sacred Heart Hospital, Anyang, Korea

Objective. Previous classification systems for juvenile idiopathic arthritis (JIA) were based on the number of joints involved and 
did not categorize homogenous disease entities. Therefore, JIA patients were reclassified retrospectively by applying rheuma-
toid factor (RF) and antinuclear antibody (ANA), which have been proven to constitute a homogenous disease entity. Methods. 
The medical records of JIA patients were investigated retrospectively and reclassified into six categories using the new provi-
sional classification. The nomenclature was based on Dr. Martini’s proposal in the 23rd European Paediatric Rheumatology 
Congress (2016) at Genoa, Italy. New categories included systemic JIA (sJIA), RF-positive JIA (RF-JIA), early-onset ANA-positive 
JIA (eoANA-JIA), enthesitis/spondylitis-related JIA (ESR-JIA), “other JIA”, and “unclassified JIA”. Results. Of a total of 262 JIA pa-
tients, 71 (27.1%) were reclassified as sJIA, 31 (11.8%) as RF-JIA, 22 (8.4%) as eoANA-JIA, 63 (24.0%) as ESR-JIA, 65 (24.8%) 
as “other JIA”, and 10 (3.8%) as “unclassified JIA”. A comparison of RF-JIA, eoANA-JIA, and ESR-JIA revealed significant differ-
ences in the gender ratio, age of disease onset, and the cumulative number and type of joints involved among the three groups. 
“Other JIA” comprised a significant proportion (24.8%) and warrants the need for further classification. The characteristics of 
the RF-positive patients were comparable to those of the anti-cyclic citrullinated peptide antibody-positive patients. The ANA 
positivity was lower (28.2%) than that in Western studies but showed similar clinical features. Conclusion. This is the first study 
applying RF and ANA to classify JIA without considering the joint counts. The six new categories include sJIA, RF-JIA, 
eoANA-JIA, ESR-JIA, “other JIA,” and “unclassified JIA”. (J Rheum Dis 2018;25:34-46)
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INTRODUCTION

The term “juvenile idiopathic arthritis (JIA)” was first 
proposed by the International League of Associations for 
Rheumatology (ILAR) in Santiago (1994) and was re-
vised twice in Durban (1997) and in Edmonton (2001) 
[1-3]. It encompasses all forms of arthritis that begin be-
fore the age of 16, persist for more than 6 weeks, and are 
of unknown origins [4]. Before the ILAR classification, 
the American College of Rheumatology (ACR) had devel-
oped classification criteria (1972) for chronic childhood 
arthritis and revised it (1977) [5,6], and the European 
League against Rheumatism (EULAR) also proposed 
their classification system in Basel (1977) [7]. The ACR 

and EULAR classifications used the terms juvenile rheu-
matoid arthritis (JRA) and juvenile chronic arthritis 
(JCA), respectively, and there were some differences in 
contents as well. ILAR classification resolved this dis-
parity of terminology between the European and North 
American versions and aimed at identifying more homo-
genous and mutually exclusive disease groups [8].
However, ILAR classification for JIA had a limitation of 

being an incomplete system as it was based on the con-
sensus of experts rather than being data-driven [8]. In 
other words, the ILAR classification was part of “work in 
progress” to create more precise classification criteria in 
the future. As a result, numerous suggestions for revising 
the ILAR classification have been proposed until now 

http://crossmark.crossref.org/dialog/?doi=10.4078/jrd.2018.25.1.34&domain=pdf&date_stamp=2018-01-01
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[8-19]. 
First, patients with a distinct set of features, including 

antinuclear antibody (ANA) positivity, young age at dis-
ease onset, female predilection, asymmetric arthritis, and 
high risk for chronic uveitis, represent a homogenous 
group [8,10]. Second, the ILAR classification includes 
less well-characterized categories, such as rheumatoid 
factor (RF)-negative polyarthritis and psoriatic arthritis 
[20]. Multiple studies have reported that these subtypes 
comprise heterogeneous disease entities [11,16]. Third, 
the number of joints involved or presence of psoriasis no 
longer represent useful markers for defining a homoge-
nous disease group [9,11,17]. In addition, these findings 
were supported by various genetic studies [16,19,21]. 
With the accumulation of these diverse evidences, ex-
perts in pediatric rheumatology became more enthusi-
astic to revise the JIA classification system. As part of this 
process, Dr. Martini proposed and issued a prospective re-
search plan on establishing a new provisional classi-
fication system for JIA in the 23rd European Paediatric 
Rheumatology Congress (2016) at Genoa, Italy [12]. 
This newly proposed classification for JIA applied RF 

and ANA, which are the most frequently tested and use-
ful autoantibodies for analyzing JIA [22]. Conversely, the 
number of joints involved and the presence of psoriasis, 
which were included criteria in previous classification 
systems, were excluded. As a result, the concepts of oli-
goarthritis, polyarthritis, and psoriatic arthritis based on 
the old criteria were replaced by new categories that con-
sidered the presence of RF and ANA. Conversely, sys-
temic arthritis remained untouched because it has prom-
inent extra-articular manifestations, such as quotidian fe-
ver and evanescent rash. 
As mentioned above, autoantibodies have a pivotal role 

in the new provisional classification for JIA [22]. In par-
ticular, RF has been extensively studied in connection 
with anti-cyclic citrullinated peptide antibody (anti-CCP 
Ab). In adult rheumatoid arthritis (RA), RF and anti-CCP 
Ab have high specificity for RA and are a part of the diag-
nostic criteria [23]. Anti-CCP Ab is also considered a 
strong predictive factor of RA [24]. In the pediatric pop-
ulation, anti-CCP Ab is associated with RF-positive poly-
arthritis, and more erosive disease [25,26]. It was also 
found to be increased in human leukocyte antigen 
(HLA)-DR4-positive polyarthritis in a Western study 
[27]. In this study, we included anti-CCP Ab in the diag-
nostic criteria of RF-positive JIA as recommended in Dr. 
Martini’s proposal.

To establish a more precise classification for JIA, further 
large-scaled, multi-center studies should be conducted. 
The aim of this study is to reclassify JIA patients in a rela-
tively simple way based on tests for RF and ANA. 

MATERIALS AND METHODS

Patients 
We conducted a retrospective, single-center study of 262 

patients with JIA by reviewing their medical records be-
tween February 2002 and April 2016. The inclusion crite-
rion was a diagnosis of JIA based on the 2nd revision of 
ILAR classification for JIA in Edmonton (2001) [3]. 
Patients were categorized into seven disease subtypes on 
the basis of features presented in the first 6 months of ill-
ness: systemic arthritis, oligoarthritis (persistent type 
and extended type), RF-negative polyarthritis, RF-pos-
itive polyarthritis, psoriatic arthritis (PsA), enthesi-
tis-related arthritis (ERA), and undifferentiated arthritis. 
Then, we reclassified the patients based on the new pro-

visional classification that considers RF and ANA modi-
fied from the proposal by Dr. Martini in the 23rd Euro-
pean Paediatric Rheumatology Congress (2016) at 
Genoa, Italy. The subtypes of the new classification in-
cluded systemic JIA (sJIA), RF-positive JIA (RF-JIA), ear-
ly-onset ANA-positive JIA (eoANA-JIA), enthesitis/spon-
dylitis-related JIA (ESR-JIA), “other JIA” and “unclassified 
JIA.” The inclusion criteria for each subtype are as follows.
1. sJIA remained unchanged from the ILAR classi-

fication, because it is a well-defined disease category 
by its prominent systemic, extra-articular features. 

2. RF-JIA comprised patients with positive RF, irre-
spective of the number of joints involved. It also in-
cluded patients with positive Anti-CCP Ab. 

3. ESR-JIA comprised patients presenting with the fea-
tures of spondyloarthritis (SpA). In this study, we 
simply combined ERA patients and PsA patients 
(with ANA-negative) in the ILAR classification. 

4. eoANA-JIA comprised ANA-positive patients (aged 
≤6 years) who are not included in the above three 
groups.

5. “Other JIA” comprised patients not included in the 
above four groups. 

6. “Unclassified JIA” comprised patients having fea-
tures of more than two of the first four subtypes in 
this list.

A comparison of subtypes between the ILAR classi-
fication and the new provisional classification for JIA is 
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Figure 1. Comparison of sub-
types between the ILAR classi-
fication and the new provisional
classification. ILAR: Interna-
tional League of Associations 
for Rheumatology, RF: rheuma-
toid factor, ESR: enthesitis/ 
spondylitis-related, JIA: juvenile
idiopathic arthritis, ANA: anti-
nuclear antibody. 

shown in Figure 1. We also applied the Assessment of the 
SpondyloArthritis International Society (ASAS) criteria 
for adult SpA to JIA patients [28]. Patients were diag-
nosed and classified by a skilled pediatric rheumatologist, 
and excluded if they were followed up for less than 6 
months. This study was approved by the Institutional 
Review Board at Hallym University Sacred Heart Hospital 
(2017-I072).

Data collection
Medical charts were reviewed for the following in-

formation: sex, age at disease onset, cumulative number 
and type of joints involved, joint symmetricity, uveitis, 
enthesitis, back pain, psoriasis, dactylitis, nail pitting, 
and familial history of SpA. Associated laboratory find-
ings included RF, ANA, Anti-CCP Ab, and HLA-B27.

Definition
ANA, RF, and Anti-CCP Ab were all tested by en-

zyme-linked immunosorbent assay. The patients were 
considered ANA-positive if they had at least two positive 
results on indirect immunofluorescence assay performed 
over 3 months apart. HEp-2 cells were the substrate used 
for ANA determination. The patients were considered 
RF-positive if they had at least two positive results (≥20 
IU/mL) for over 3 months apart. The patients were con-
sidered anti-CCP Ab-positive if there was at least one 
positive test (≥20 arbitrary unit/mL). 
Upper large joints included elbows and wrists, and low-

er large joint included knees and ankles. Upper small 
joints were metacarpophalangeal (MCP) and inter-
phalangeal joints, and lower small joints were meta-
tarsophalangeal and interphalangeal joints. Axial joints 
included temporomandibular joint, sacroiliac joints, and 
the joints of shoulders, cervical or lumbar spine, and hips.

Arthritis was defined as symmetric if ＞50% of the joints 
involved during the first 6 months of the disease were 
symmetric pairs. This definition of joint symmetricity 
was previously adopted by Ravelli et al. [8], which was 
used in adults with rheumatoid and psoriatic arthritis 
[29]. 

Statistical analysis
All statistical analyses were conducted with IBM SPSS 

statistics ver. 24.0 (IBM Co., Armonk, NY, USA). 
Quantitative variables were compared among patient 
groups using the Mann-Whitney U test. Qualitative data 
were compared using the chi-square test or Fisher’s exact 
test. Bonferroni’s adjustment was applied as a correction 
method for multiple comparisons to explore the post-hoc 
differences between pairs of patient groups. Univariate 
logistic regression analysis was performed to evaluate 
which parameters had significant results on the presence 
of RF and anti-CCP Ab. All statistical tests were two-sid-
ed, and p-values＜0.05 were considered significant. 

RESULTS

A total 262 JIA patients (132 male, 130 female) were in-
cluded in this study. The median age of disease onset was 
7.3 years, being 8.4 years for males, and 5.8 years for 
females. All patients were categorized into subtypes by 
ILAR classification, and the characteristics of each sub-
type are shown in Table 1. 
Table 2 shows the characteristics of the subtypes of the 

new provisional classification and how each subtype was 
reclassified from the ILAR categories. We summarized 
the relation of subtypes between the ILAR classification 
and the new provisional classification with an organ-
ization chart represented in Figure 1. The solid line in 
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Figure 1 indicates how patients were actually reclassified 
within this study. 
In the new provisional classification, classification re-

mained unchanged for 71/73 classified as having sys-
temic arthritis as per the ILAR classification, except for 
two patients who were categorized as having “unclassified 
JIA” due to the presence of anti-CCP Ab. Thirty-one 
(11.8%) patients of RF-JIA comprised patients from vari-
ous ILAR subtypes who had RF or Anti-CCP Ab. 
Twenty-two (8.4%) eoANA-JIA patients were reclassified 
from persistent oligoarthritis, extended oligoarthritis, 
and RF-negative polyarthritis. ESR-JIA was composed of 
63 (24.0%) patients. This was the result of combining 
62/63 patients of ERA and 1/1 patient of psoriatic 
arthritis. One patient of ERA was re-categorized into 
“unclassified JIA” because of the presence of anti-CCP 
Ab. Sixty-five (24.8%) patients were classified under 
“other JIA” which comprised oligoarthritis and RF-neg-
ative polyarthritis patients negative for ANA and an-
ti-CCP Ab, or positive for ANA at age (＞6 years). Ten 
(3.8%) “unclassified JIA” patients were composed of 7 
undifferentiated arthritis, 2 systemic arthritis, and 1 
ERA.
RF-JIA included patients positive for RF or anti-CCP Ab. 

They may be divided into two groups: 26 patients with 
positive RF and/or anti-CCP Ab and five patients with an-
ti-CCP Ab alone and no RF. The former were 15 RF-pos-
itive polyarthritis and 11 undifferentiated arthritis pa-
tients, and the latter were two extended oligoarthritis and 
three RF-negative polyarthritis patients. 
Further, eoANA-JIA patients comprised patients from 

both persistent (n=12) and extended (n=3) types of oli-
goarthritis and RF-negative polyarthritis (n=7) from the 
ILAR classification. Eleven patients were not included in 
this group because their age of disease onset was over 6 
years, and they were reclassified under “other JIA.” 
When comparing these 11 patients (aged ＞6 years) 

with eoANA-J patients (aged ≤6 years), the eoANA-JIA 
patients had lower cumulative number of joints (p=0.040) 
and lower axial joints involved (p=0.006). Sixty-three 
ESR-JIA patients included one psoriatic arthritis and all 
ERA patients, except for one patient with positive an-
ti-CCP Ab. Sixty-five patients classified under “other JIA” 
comprised 27/39 persistent oligoarthritis, 11/16 ex-
tended oligoarthritis, and 27/37 RF-negative polyarthritis. 
Ten “unclassified arthritis” patients as per the new provi-
sional classification included 7/18 undifferentiated ar-
thritis, 1/63 ERA, and 2/73 systemic arthritis as per the Ta

bl
e 

2.
 C

on
tin

ue
d

V
ar

ia
bl

e
sJ

IA
RF

-JI
A

eo
A

N
A

-JI
A

ES
R-

JIA
O

th
er

 JI
A

U
nc

la
ss

ifi
ed

JIA
To

ta
l

p-
va

lu
e*

C
om

pa
ris

on
s

 s
ig

ni
fic

an
t o

n 
po

st
-h

oc
 te

st
s†

A
SA

S 
cr

ite
ria

9 
(1

2.
7)

6 
(1

9.
4)

10
 (4

5.
5)

62
 (9

8.
4)

14
 (2

1.
5)

6 
(6

0.
0)

10
7 

(4
0.

8)
＜

0.
00

00
1

RF
 v

s.
 E

SR
A

N
A

 v
s.

 E
SR

  A
xi

al
 S

pA
 (n

)
  0

  0
  0

  9
  1

1
11

  P
er

ip
he

ra
l S

pA
 (n

)
  9

  6
10

53
13

5
96

Ex
ce

pt
 w

he
re

 in
di

ca
te

d 
ot

he
rw

is
e,

 v
al

ue
s 

ar
e 

th
e 

nu
m

be
r 

(%
). 

JIA
: j

uv
en

ile
 id

io
pa

th
ic

 a
rth

rit
is

, s
JIA

: s
ys

te
m

ic
 JI

A
, R

F-
JIA

: R
he

um
at

oi
d 

fa
ct

or
-p

os
iti

ve
 JI

A
, e

oA
N

A
-JI

A
: e

ar
ly

-o
ns

et
 

an
tin

uc
le

ar
 a

nt
ib

od
y-

po
si

tiv
e 

JIA
, 

ES
R-

JIA
: 

en
th

es
iti

s/
sp

on
dy

lit
is

-re
la

te
d 

JIA
, 

IL
A

R:
 I

nt
er

na
tio

na
l 

Le
ag

ue
 o

f 
A

ss
oc

ia
tio

ns
 f

or
 R

he
um

at
ol

og
y,

 P
E:

 p
er

si
st

en
t, 

EX
: 

ex
te

nd
ed

, 
ER

A
: 

en
th

es
iti

s-
re

la
te

d 
ar

th
rit

is
, I

Q
R:

 in
te

rq
ua

rti
le

 ra
ng

e,
 A

nt
i-C

C
P 

A
b:

 a
nt

i-c
yc

lic
 c

itr
ul

lin
at

ed
 p

ep
tid

e 
an

tib
od

y,
 A

N
A

: a
nt

in
uc

le
ar

 a
nt

ib
od

y,
 H

LA
: h

um
an

 le
uk

oc
yt

e 
an

tig
en

, S
D

: s
ta

nd
ar

d
de

vi
at

io
n,

 A
SA

S:
 A

ss
es

sm
en

t o
f S

po
nd

yl
oA

rth
rit

is
 In

te
rn

at
io

na
l S

oc
ie

ty
, S

pA
: s

po
nd

yl
oa

rth
rit

is
. *

Fo
r o

ve
ra

ll 
co

m
pa

ris
on

s.
 F

ol
lo

w
in

g 
th

re
e 

su
bt

yp
es

 w
er

e 
co

m
pa

re
d 

st
at

is
tic

al
ly
―

RF
po

si
tiv

e 
ar

th
rit

is
, A

N
A

 p
os

iti
ve

 a
rth

rit
is

, a
nd

 E
RA

/S
pA

. C
om

pa
ris

on
s o

f q
ua

nt
ita

tiv
e 

da
ta

 w
er

e 
m

ad
e 

by
 M

an
n-

W
hi

tn
ey

 U
 te

st
; c

om
pa

ris
on

s 
of

 fr
eq

ue
nc

ie
s w

er
e 

m
ad

e 
by

 c
hi

-s
qu

ar
e 

te
st

 (o
r b

y 
Fi

sh
er

’s
 e

xa
ct

 te
st

 if
 e

xp
ec

te
d 

fre
qu

en
ci

es
 w

er
e 
＜

5)
. †

Pa
irs

 o
f c

om
pa

ris
on

s 
th

at
 w

er
e 

st
at

is
tic

al
ly

 s
ig

ni
fic

an
t o

n 
po

st
-h

oc
 te

st
s 

(B
on

fe
rr

on
i a

dj
us

tm
en

t).
 R

F:
 R

F-
JIA

, A
N

A
:

eo
A

N
A

-JI
A

, E
SR

: E
SR

-JI
A

.



Hyuck Jin Kwon et al.

40 J Rheum Dis Vol. 25, No. 1, January, 2018

Table 3. Joint involvement of RF-positive juvenile idiopathic arthritis (RF-JIA), early-onset ANA-positive JIA (eoANA-JIA) and 
Enthesitis/spondylitis related JIA (ESR-JIA)

Variable RF-JIA eoANA-JIA ESR-JIA p-value*
Comparisons 
significant on 
post-hoc test†

Lower limbs
  Knee 23 (74.2) 18 (81.8) 51 (81.0) 0.711
  Ankle 25 (80.6) 11 (50.0) 37 (58.7) 0.045
  MTP joint 15 (48.4)   4 (18.2) 18 (28.6) 0.047
  Toe   8 (25.8)   3 (13.6) 16 (25.4) 0.493
Upper limbs
  Elbow 14 (45.2)   8 (36.4)   7 (11.1) 0.001 RF vs. ESR
  Wrist 28 (93.3)   7 (31.8) 13 (20.6) ＜0.00001 ANA vs. RF

RF vs. ESR
  MCP joint 14 (45.2)   5 (22.7) 13 (20.6) 0.037 RF vs. ESR
  Finger 21 (67.7)   8 (36.4)   8 (12.7) ＜0.00001 RF vs. ESR
Axial joints
  TMJ   4 (12.9) 2 (9.1) 4 (6.3) 0.565
  Neck 1 (3.2) 1 (3.0)   8 (12.7) 0.087
  Shoulder 11 (35.5) 0 (0) 11 (17.5) 0.005 ANA vs. RF
  Back 0 (0) 0 (0) 10 (15.9) 0.010
  Sacroiliac joint 1 (3.2) 0 (0)   9 (14.3) 0.055
  Hip 12 (38.7) 2 (9.1) 26 (41.3) 0.020 ANA vs. RF

ANA vs. ESR

Except where indicated otherwise, values are the number (%). Comparisons of frequencies were made by chi-square test (or by 
Fisher’s exact test if expected frequencies were ＜5). RF: rheumatoid factor, ANA: antinuclear antibody, MTP: metatar-
sophalangeal, MCP: metacarpophalangeal, TMJ: temporomandibular joint, ERA: enthesitis-related arthritis, SpA: spondyloarthritis.
*For overall comparisons. Following three subtypes were compared statistically―RF positive arthritis, ANA positive arthritis, and 
ERA/SpA. Comparisons of quantitative data were made by Mann-Whitney U test; comparisons of frequencies were made by 
chi-square test (or by Fisher’s exact test if expected frequencies were ＜5). †Pairs of comparisons that were statistically significant
on post-hoc tests (Bonferroni adjustment). RF: RF-JIA, ANA: eoANA-JIA, ESR: ESR-JIA

ILAR classification.
We compared the three groups, RF-JIA, eoANA-JIA, and 

ESR-JIA, and the results are shown in Tables 2 and 3. 
Overall p-values were obtained first, and post-hoc test was 
performed to compare the groups. The proportion of fe-
males was lower in ESR-JIA than in RF-JIA and 
eoANA-JIA. There was a significant difference in the age 
of onset among the three groups. Regarding the age of 
disease onset, ESR-JIA was the oldest, and eoANA-JIA 
was the youngest. Enthesitis was found more frequently 
in ESR/JIA than in the other two groups. Joint symme-
tricity and the cumulative number of joints involved were 
higher in RF-JIA than in the other two groups. Upper 
large joints and upper small joints were found to be in-
volved more in RF-JIA; however, lower joint involvement 
was comparable among the three groups. The involve-
ment of axial joints was comparable for RF-JIA and 
ESR-JIA groups and was much higher than in the 

eoANA-JIA group. 
Comparisons of each joint between RF-JIA, eoANA-JIA, 

and ESR-JIA are shown in Table 3. In lower limbs, ankles 
and MTP joint involvement showed overall variance, but 
no pair of groups showed significant difference after the 
post-hoc tests. Ankles were the most involved in RF-JIA 
(80.5%), followed by involvement in ESR-JIA (58.7%) 
and eoANA-JIA (50.0%). MTP joints were involved lesser 
in eoANA-JIA (18.2%) than RF-JIA (48.4%) and ESR-JIA 
(28.6%). In upper limbs, elbows were more involved in 
RF-JIA (45.2%) than ESR-JIA (11.1%), and wrists were 
markedly more involved in RF-JIA (93.3%) than in the 
other two groups (31.8% in eoANA-JIA, and 20.6% in 
ESR-JIA). MCP joints were involved more in RF-JIA 
(45.2%) than in ESR-JIA (20.6%). Finger joints were also 
involved more in RF-JIA (67.7%) than in ESR-JIA 
(12.7%). In axial joints, involvement of shoulders was 
more frequent in RF-JIA (35.5%) than in eoANA-JIA 
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Table 4. Univariate logistic regression analysis on rheumatoid factor (RF) and anti-cyclic citrullinated peptide antibody (anti-CCP
Ab)

Variable
RF Anti-CCP Ab

p-value Exp(β) (95% CI) p-value Exp(β) (95% CI)

Female 0.002 4.514 (1.773∼11.495) 0.005 3.332 (1.431∼7.757)
Age (＞6 yr) 0.743 0.879 (0.406∼1.903) 0.662 1.183 (0.557∼2.512)
Uveitis 0.363 0.501 (0.113∼2.216) 0.137 0.215 (0.028∼1.634)
Enthesitis 0.998 0.000 (not available) 0.104 0.187 (0.025∼1.414)
ANA 0.000 7.366 (3.169∼17.123) 0.000 4.327 (1.995∼9.385)
HLA-B27 0.018 0.227 (0.066∼0.776) 0.238 0.585 (0.240∼1.424)
Number of Joints involved (≥5) 0.001 5.885 (1.986∼17.440) 0.001 6.464 (2.192∼19.059)
Symmetricity 0.020 2.617 (1.166∼5.876) 0.051 2.149 (0.997∼4.633)

CI: confidence interval, ANA: antinuclear antibody, HLA: human leukocyte antigen.

(0%). Involvement of hip joints was higher in RF-JIA 
(38.7%) and ESR-JIA (41.3%) than in eoANA-JIA (9.1%).
The ASAS criteria for adult SpA were applied to JIA pa-

tients, and the results were also shown in Table 2. Overall, 
SpA was diagnosed in 40.8% (107/262) of total JIA pa-
tients by the ASAS criteria (axial SpA, 11; peripheral SpA, 
96). They included as many as 98.4% (62/63) of ESR-JIA, 
60% (6/10) of “unclassified JIA,” and 45.5% (10/22) of 
eoANA-JIA.
We performed univariate logistic regression analysis by 

setting the positivity of RF and anti-CCP Ab as in-
dependent variables (Table 4). Each variable showed al-
most consistent results between RF-positive patients and 
anti-CCP Ab-positive patients. In both groups, female 
gender, ANA positivity, and the number of joints involved 
(≥5) were statistically significant, while age of disease 
onset (＞6 years), uveitis, and enthesitis were not. Joint 
symmetricity was not statistically significant in Anti-CCP 
Ab-positive patients (p=0.051). 
We analyzed whether there were significant differences 

between ANA-positive patients and ANA-negative pa-
tients (Table 5). sJIA, RF-JIA, and ESR-JIA were excluded 
from this comparison because these subtypes were pre-
sumed to have prominent features regardless of ANA-po-
sitivity [8]. Thus, the remaining 95 patients were inves-
tigated. The female proportion and the risk of uveitis 
were both significantly higher in ANA-positive patients 
(p=0.045 and p=0.021, respectively). The ANA-positive 
group showed younger age of disease onset and lower 
joint symmetricity, although these were not statistically 
significant. Enthesitis, HLA-B27, and the cumulative 
number and types of joints involved did not significantly 
differ between the two groups.

We divided 35 ANA-positive patients in Table 5 by age of 
disease onset (6 years) and compared each other (not 
shown in table). Patients with disease onset at an age of 
≤6 years had fewer occurrences of enthesitis (p=0.046), 
frequent involvement of lower large joints (p=0.045), 
and lesser involvement of axial joints (p=0.022). Although 
not statistically significant, there was some tendency of 
higher female predilection, higher risk for uveitis, lesser 
risk for HLA-B27 positivity, lower joint symmetricity, and 
small cumulative number of joints involved in patients 
with disease onset at an age of ≤6 years.

DISCUSSION

The most important point in the new provisional classi-
fication for JIA is that the previous diagnostic criteria 
based on the number of joints were substituted by the 
positivity for RF and ANA. Thus, in the new provisional 
classification, we discontinued the use of the term pau-
ci/oligoarthritis and polyarthritis which have been used 
in the pediatric field for over 4 decades. The category of 
PsA excluded as well. Instead, patients who once be-
longed to these groups were re-categorized to RF-JIA, 
eoANA-JIA, ESR-JIA, “other JIA,” and “unclassified JIA.” 
sJIA remained unchanged from the ILAR classification.
As mentioned earlier, this nomenclature was originated 

from the new provisional classification for JIA proposed 
by Dr. Martini in 2016. The Paediatric Rheumatology 
European society (PReS) is currently conducting a 
large-scale prospective study in Europe with this new 
provisional classification. The aim of our current study 
was to retrospectively apply the concept of the new classi-
fication to JIA patients. 
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Table 5. Comparison of ANA-positive patients and ANA-negative patients

Variable ANA-positive patients ANA-negative patients p-value

Patient 35 (36.8) 60 (63.2)
Male:Female

(female, %)
7:28 (80.0) 24:36 (60.0) 0.045

Disease onset, 
median (IQR) (yr)

4.1 (2.3∼8.0) 5.1 (2.8∼11.3) 0.104

Uveitis 9 (25.7) 5 (8.3) 0.021
Enthesitis 1 (2.9) 4 (6.7) 0.649
HLA-B27 5 (15.2) 12 (20.0) 0.563
Symmetricity 14 (40.0) 35 (58.3) 0.085
Cumulative number of 

joints involved, mean±SD
8.9±9.1 7.0±5.9 0.623

Upper large joint 21 (60.0) 31 (51.7) 0.431
Upper small joint 18 (51.4) 20 (33.3) 0.082
Lower large joint 30 (85.7) 55 (91.7) 0.490
Lower small joint 10 (28.6) 13 (21.7) 0.449
Axial joint 11 (31.4) 23 (38.3) 0.498

Except where indicated otherwise, values are the number (%). Comparisons of quantitative data were made by Mann-Whitney U
test; comparisons of frequencies were made by chi-square test (or by Fisher’s exact test if expected frequencies were ＜5). ANA:
antinuclear antibody, IQR: interquartile range, HLA: human leukocyte antigen, SD: standard deviation.

As shown in Tables 2 and 3, RF-JIA, eoANA-JIA, and 
ESR-JIA represent significant difference. First, the female 
predilection is much higher in RF-JIA (77.4%) and 
eoANA-JIA (77.3%) than in ESR-JIA (11.1%). It is well 
known that ANA and RF positivity patients shows female 
predominance, and that ERA patients have male predom-
inance in Western studies [4]. The age of disease onset 
was the highest in ESR-JIA and lowest in eoANA-JIA. The 
risk of uveitis was higher in eoANA-J (31.8%) than in 
other categories, albeit not statistically significantly so. 
The cumulative number of joints involved also sig-
nificantly differed between groups in that RF-JIA in-
cluded much more joints than eoANA-JIA or ESR-JIA. 
eoANA-JIA included RF-negative polyarthritis patients, 
and RF-JIA included oligoarticular-onset patients; never-
theless eoANA-JIA had a lower average number of joints 
involved than RF-JIA. 
It is well known that patients with a distinct set of fea-

tures, including ANA positivity, early-onset of disease, fe-
male predilection, asymmetric arthritis, and high risk of 
uveitis, represent a homogenous disease entity in JIA 
[8-10]. To group them into a single homogenous category 
in the new classification, we excluded patients with pos-
itive ANA in sJIA, RF-JIA and ESR-JIA in the new provi-
sional classification in recruiting eoANA-JIA, because 
these categories represent well-defined and separate dis-
ease entities. Ravelli et al. [8] also excluded systemic ar-

thritis, RF-positive polyarthritis, and ERA in their study 
about ANA. In addition, in that ANA positivity and young 
age were both important in defining the homogenous dis-
ease entity[8], and JIA patients with early-onset arthritis 
(aged ≤6 years) were characterized by genetic features 
[12,19,21]; we defined eoANA-JIA as occurring at ≤6 
years of age in this new classification.
The number of patients (n=22, 8.4%) in the eoANA-JIA 

was relatively small as shown in Table 2. The fact that the 
overall positive rate of ANA (74/262, 28.2%) was low in 
this study may be a contributable factor. This was com-
parable with the statistics presented in two studies of 
Korean JIA patients [30,31], wherein ANA was positive 
in 18% and 33% of total JIA patients. For Caucasian pop-
ulations, ANA positivity was reportedly 38%∼85% in 
pauci/oligoarthritis, 30%∼50% in polyarthritis, and 0%∼

17% in systemic JIA [22]. Notably, in one multiethnic co-
hort study, young-onset ANA-positive patients were 
found significantly more in the European population than 
in the Asian population [32]. In addition, ANA positivity 
rate was extremely low in India and Costa Rica (1.1% and 
6.3%, respectively) [33,34]. Owing to these differences in 
ANA positivity, the patient fraction of eoANA-JIA could 
vary with the countries and ethnic groups being studied.
As shown in Table 2, 65 patients (24.8%) newly classi-

fied under “other JIA” comprise of 27 of 39 persistent oli-
goarthritis, 11 of 16 extended oligoarthritis, and 27 of 37 
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RF-negative polyarthritis from the ILAR classification. In 
other words, 70.7% (65/92) of these three ILAR subtypes 
were recruited to “other JIA,” while the remaining 29.3% 
(27/92) were reclassified into eoANA-JIA and RF-JIA be-
cause of the presence of Anti-CCP Ab. Although “other 
JIA” does not represent a homogenous disease group by 
definition, it accounts for as many as one fourth of total 
JIA patients. One of the reasons for this significant pro-
portion of “other JIA” is thought to be relatively low pos-
itive rate of ANA than in Western studies as mentioned 
above. Patients of oligoarthritis and RF-negative poly-
arthritis without ANA positivity are most likely to be re-
classified as “other JIA” in the new provisional classification. 
That is, lower positive rate of ANA might result in higher 
proportion of “other JIA.” This high proportion of “other 
JIA” is far from the original intent to specifically classify 
most types and identify homogenous disease groups; 
thus there is a need to reform this group in the future. As 
part of this attempt, we used the ASAS criteria to identify 
patients who have features of spondyloarthritis among 
those classified under “other JIA.” 
Table 2 shows the results of applying the ASAS criteria 

to JIA patients. A total 107 patients (40.8%) were diag-
nosed as SpA (axial SpA: 11 patients, peripheral SpA: 96 
patients). In “other JIA,” a total 14 patients were diag-
nosed as SpA (axial SpA: 1 patient, peripheral SpA: 13 pa-
tients). However, we should be careful when applying the 
ASAS criteria to JIA patients. In the ASAS criteria, periph-
eral SpA can be diagnosed if the patients have both arthri-
tis and uveitis. However, uveitis is a common manifes-
tation in early-onset ANA-positive JIA group, which is 
known not to be relevant with SpA. For example, 10 of 22 
patients (45.5%) of eoANA-JIA were diagnosed as SpA by 
the ASAS criteria (Table 2). They were all peripheral SpA, 
with eight of them being “arthritis+uveitis” and two be-
ing “arthritis+HLA-B27.” It is unlikely that all these 
eoANA-JIA patients are at high risk of SpA in the future. 
Therefore, it is necessary to modify the ASAS criteria to 
resolve this controversy before applying it to JIA patients. 
Thus, Dr. Martini proposed to combine the existing ERA 
and ASAS criteria in the new provisional classification.
In Table 2, the overall positive rate of HLA-B27 was 

32.9% (84/262) which was similar to the multiethnic co-
hort study on JIA [32]. This significant rate of HLA-B27 
positivity in JIA might be due to the considerable in-
clusion of juvenile SpA patients in some JIA subtypes. 
Especially, ESR-JIA is intended to categorize juvenile SpA 
patients, and it is the subtype most associated with 

HLA-B27 that 57 of 63 ESR-JIA patients (90.5%) are 
HLA-B27 positive. In “unclassified JIA”, HLA-B27 pos-
itive rate was as high as 60% (6/10), but those of the oth-
er subtypes were relatively low (7.4%∼20.0%). “Unclas-
sified JIA” included patients who had features belonging 
to more than 2 subtypes except for “other JIA,” and 6 of 10 
“unclassified JIA” patients had the features of ESR-JIA 
with the positivity of HLA-B27. In addition, peripheral 
SpA by the ASAS criteria can be diagnosed when patients 
both have arthritis and HLA-B27. So JIA patients, who al-
ready have arthritis by definition, can be diagnosed as pe-
ripheral SpA if they are positive for HLA-B27. Thus, when 
applying the ASAS criteria to JIA patients, it is highly cor-
related with HLA-B27 positivity.
 The presentation of SpA differs in children and adults; 

most notably, spinal involvement is uncommon and hip 
arthritis and enthesitis are frequently seen in juvenile 
SpA [35]. Although most juvenile SpA is classified as 
ERA by the ILAR classification, the ILAR system does not 
specifically acknowledge the presence of axial disease in 
juvenile SpA [35]. In addition, unlike adult SpA classi-
fication, psoriatic features comprise a separate category 
in JIA [35]. Further, it is now known that psoriatic arthri-
tis in the ILAR classification is another heterogeneous 
category that has two identifiable populations: a) one that 
belongs to ERA and thus represents a form of undifferen-
tiated SpA and b) another that has the same features as 
those of early-onset ANA-positive JIA patients [9,12,18]. 
These differences are making difficult to communicate 
between pediatric and adult rheumatologists, when JIA 
patients transit to adult clinic. It is important to under-
stand that all the different forms of adult SpA can be 
found in children and that there is much higher pro-
portion of undifferentiated SpA in childhood [12]. 
Currently, these pediatric patients with juvenile SpA or 
SpA features are sorted into ERA, PsA, or undifferentiated 
arthritis as per the ILAR classification, or diagnosed as ju-
venile ankylosing spondylitis (JAS) or juvenile SpA. Thus, 
by eliminating the concept of the subtype psoriatic arthri-
tis and by reforming the ERA criteria to better recruit SpA 
patients, we could more reliably classify juvenile SpA in 
the new provisional classification.
RF-positive polyarthritis in the ILAR classification is 

considered the same as adult RF-positive RA, and it is the 
only category wherein anti-CCP Abs are found [4,36]. 
However, there has been controversy over applying RF to 
only polyarthritis, and not oligoarthritis in the proposal of 
the ILAR classification [13,14]. Patients with oli-
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goarticular onset and positive RF have been classified un-
der “undifferentiated arthritis” in the ILAR classification. 
It is now considered that the number of joints involved 
simply reflects a more rapid spread of arthritis within the 
same disease and thus may not represent a suitable mark-
er defining a homogeneous JIA subgroup [8,9]. Moreover, 
imaging techniques, such as ultrasonography, which are 
useful in detecting subclinical synovitis in JIA make phys-
ical examination seem unreliable in assessing the number 
of joints involved [12,17,37]. In the new classification, 
therefore, the number of joints is no longer used as a cri-
terion in defining the subtype.
Anti-CCP Ab, together with RF, has higher specificity in 

diagnosing RA, and is involved in diagnostic criteria of 
adult RA [23]. RF and anti-CCP are known to precede the 
RA symptoms and present at the early process of RA 
[24,38]. In addition, a study reported the development of 
more severe radiological damage in anti-CCP Ab-positive 
patients than in anti-CCP Ab-negative patients [39]. In 
pediatric population, numerous studies have been con-
ducted on the Anti-CCP Ab recently [25,26,36]. Overall, 
RF is approximately found between 2% and 12% of JIA 
patients and was 11.1% in this study [22]. Anti-CCP Ab 
is known to be detected almost exclusively in RF-positive 
polyarthritis (57%∼73%) and only seldom in other sub-
types (2%∼3%) [22,36]. 
Although anti-CCP Ab is not yet used as a diagnostic cri-

terion in JIA, there is an ongoing attempt by Dr. Martini to 
apply it as a criterion for RF-positive JIA. We also re-
cruited anti-CCP Ab-positive patients to RF-JIA in this 
study. In Table 2, positivity of RF and Anti-CCP Ab are not 
100% in RF-JIA because RF-JIA included patients with 
only RF-positive or Anti-CCP Ab-positive. As shown in 
Table 4, most of the variables in RF-positive patients and 
anti-CCP Ab-positive patients show consistent results in 
univariate logistic regression analysis. These results pro-
vide some evidence that these two factors represent the 
same disease entity―RF-positive JIA―in the new provi-
sional classification.
We did not make any changes in the sJIA classification in 

this study except for the two patients who were re-catego-
rized to “unclassified arthritis” due to the presence of an-
ti-CCP Ab. sJIA is characterized by prominent systemic 
features, marked activation of the innate immune system, 
and important pathogenic roles played by interleukin 1 
(IL-1), IL-6, and interferon-γ [12,40]. Adult-onset Still’s 
disease is considered similar to sJIA, but the former is dif-
ferent in terms of arthritis not being an essential diag-

nostic criterion [12]. Among the pediatric patients, there 
are cases that cannot be diagnosed as sJIA because arthri-
tis does not develop during the extra-articular manifes-
tation period. Thus, Martini [12] suggested that these pa-
tients with systemic features and no arthritis should be 
included in the sJIA category. However, given the absence 
of arthritis, Dr. Martini also suggested that the term sJIA 
should also be revised to a new name, such as Still’s dis-
ease, owing to analogy with the adult counterpart―
adult-onset Still’s disease.
We acknowledge the limitations that this is a retro-

spective study with a relatively small number of patients 
in a single center. Furthermore, we used a relatively sim-
ple classification system that is modified from the pro-
posal of Dr. Martini from 2016 PReS annual meeting. 
However, it is meaningful that this is the first study im-

plementing the new JIA classification system that uses 
laboratory factors such as RF and ANA rather than the 
number of joints involved or the presence of psoriatic fea-
ture as key identifiers. In the new provisional classi-
fication, eoANA JIA, RF-JIA, and ESR-JIA showed sig-
nificantly distinct features such as age of disease onset, 
male-to-female ratio, risk of uveitis, and cumulative 
number and type of joints involved. In other words, JIA 
patients who were previously classified into subtypes 
with heterogeneous nature were re-categorized into ho-
mogenous categories based on the new evidence-based 
classification. RF-positive patients were comparable to 
anti-CCP Ab-positive patients, and they could be catego-
rized together. The number of ANA-positive patients was 
lower (28.2%) than that reported in Western studies 
(30%∼50%), but ANA positivity showed clear difference 
in terms of lower age of onset and higher risk of uveitis. 
Ethnic differences such as rate of ANA positivity should 
be taken into consideration when developing a new clas-
sification system for JIA in the future. 

CONCLUSION

Previous classification systems for JIA including the 
ILAR classification do not categorize homogenous dis-
ease entities. The number of joints involved and the 
psoriatic features are no longer valid criteria for dividing 
subtypes in the new classification and the concepts of oli-
goarthritis, polyarthritis, and psoriatic arthritis should be 
excluded. Herein, we reclassified the JIA patients by new 
provisional classification applying RF and ANA which 
have been proven to constitute homogenous disease 
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entities.
The new provisional classification for JIA includes six 

subtypes; sJIA, RF-JIA, early-onset eoANA-JIA, ESR-JIA, 
“other JIA,” and “unclassified JIA”. RF-JIA, eoANA-JIA, 
and ESR-JIA were well distinguished by female ratio, age 
of disease onset, HLA-B27, enthesitis, joint symmetricity, 
and cumulative number and type of joints involved. 
Criteria for RF-JIA included anti-CCP Ab positivity in this 
study, which was proven to have almost same features as 
RF. ANA positivity ratio differed among ethnicities, but 
the features of ANA positivity seemed to be shared, such 
as lower age of onset and higher risk of uveitis. A sig-
nificant proportion (24.8%) of the “other JIA” in this 
study warrant the need for further reforming the classi-
fication in the future. sJIA was not changed from the ILAR 
classification in this study. 
To establish a more precise and globally accepted classi-

fication system for JIA, further large-scale, prospective, 
and multiethnic studies are needed.
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