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Abstract
Background To our knowledge, limited information is available about the differences in the characteristics of 
rheumatoid factor (RF)-negative polyarticular juvenile idiopathic arthritis (JIA) throughout the world. This study was 
aimed to compare the demographic and clinical features of patients with RF-negative polyarthritis across the world.

Methods Patients were part of a multinational sample included in a study aimed to investigate the prevalence of 
disease categories, treatment regimens, and disease status in patients from different geographical areas (EPOCA 
Study). All patients underwent a retrospective assessment, based on the review of clinical chart, and a cross-sectional 
evaluation, which included assessment of physician- and parent-reported outcomes and collection of ongoing 
medications.

Results Among the 9081 patients enrolled in the EPOCA study, 2141 patients (23.6%) with RF-negative polyarthritis 
were included in the present analysis. The prevalence of RF-negative polyarthritis was highest in North America and 
lowest in Southeast Asia (12.7%). The age at disease onset was lower in Northern and Southern Europe, where the 
highest prevalence of uveitis was found. Uveitis was rare in Southeast Asia, Africa & Middle East and Latin America. 
Patients from Eastern Europe, Latin America and Africa and Middle East presented with the highest prevalence of 
active joints at the visit. The combination of early onset, ANA positivity, and uveitis was observed mainly in Southern 
Europe (39%).

Conclusions Our results confirm the wide heterogeneity of the clinical presentation and outcome of children with 
RF-negative polyarticular JIA throughout the world. In particular, relevant differences in the onset age were observed 
across geographic areas. The group of children with early onset polyarthritis, ANA positivity, and risk of uveitis is 
remarkably frequent in Southern Europe.
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Introduction
Juvenile idiopathic arthritis (JIA) is not a single disease 
but rather an heterogeneous group of disorders, charac-
terized by chronic inflammatory arthritis but presenting 
distinct clinical phenotypes, disease courses, outcomes, 
and presumably, genetic background and pathogen-
esis [1]. These arthritides are the most common chronic 
rheumatic diseases of childhood and represent a leading 
cause of short- and long-term disability. According to the 
International League of Associations for Rheumatology 
(ILAR) classification, seven different subtypes of JIA can 
be distinguished on the basis of the clinical and labora-
tory features present in the first 6 months of disease [2]. 
Over the last decades, several small epidemiological stud-
ies have unveiled a considerable variability in the distri-
bution and the characteristics of the JIA subtypes among 
different geographic areas or ethnic groups [3], as after-
wards documented by a multinational, cross-sectional, 
observational cohort study, the Epidemiology, treatment 
and Outcome of Childhood Arthritis (EPOCA) study, 
including more than 9000 patients with JIA from 49 
countries [4].

Rheumatoid factor (RF)-negative polyarthritis is 
defined as an arthritis that affects five or more joints dur-
ing the first 6 months of disease in the absence of IgM 
RF [2] and accounts for 12–30% of all JIA cases, with 
the highest prevalence observed in North America and 
the lowest in Southeast Asia [4]. However, the current 
classification scheme for JIA, particularly regarding the 
use of the number of affected joints or the presence of 
psoriasis as criteria to define homogeneous groups has 
raised several criticisms [4, 5]. Observations indicate 
that patients with early-onset (diagnosis before 6 years of 
age), antinuclear antibody (ANA)-positive, RF-negative 
JIA constitute a homogeneous disease entity, irrespective 
of the ILAR classification, irrespective of the number of 
affected joints [6, 7]. Those findings support the emerg-
ing concept that most patients included in the ILAR cat-
egory of RF-negative polyarthritis share clinical features 
with patients affected with oligoarthritis [5].

The heterogeneity of RF negative polyarthritis in chil-
dren, and its possible implication in the pathophysiol-
ogy of the disease, is also demonstrated by recent genetic 
studies, showing that human leukocyte antigen (HLA) 
associations and peripheral blood transcriptomic signa-
tures differ between children who present with arthritis 
at the age of 6 years and below and those who present at 
an older age [8, 9]. However, it is not at all clear if the dif-
ferent phenotypes of this JIA category are significantly 
different in the different geographic areas.

Against this background, aim of the present study was 
to better characterize the demographic and clinical fea-
tures of patients with RF-negative polyarthritis enrolled 
in the EPOCA study, in order to gain further insights 

into the variability of this JIA subtype in the diverse parts 
of the world. Furthermore, we described the frequency 
and the disease characteristics of the subgroup of chil-
dren with early disease onset, ANA positivity and uveitis 
within the RF-negative category of JIA.

Patients and methods
Study design and subjects
Data were extracted from a cross-sectional dataset of 
9081 subjects with JIA from 49 countries enrolled in 
the EPOCA study [4]. Each center participating to the 
EPOCA project was asked to enroll all the patients (up 
to 100) with JIA that were seen consecutively within 6 
months. For each visit, retrospective and cross-sectional 
data were collected, including demographic and clinical 
data, physician-centered and patient/parent reported 
outcome measures. All participating centers to EPOCA 
study obtained approval from their respective ethics 
committee and consent/assent from parents/patients 
based on existing national regulations. The involved 
countries were grouped into eight geographical areas, 
based on geographical proximity: Northern Europe, 
Western Europe, Southern Europe, Eastern Europe, 
North America, Latin America, Africa and Middle East, 
and southeast Asia. The list of countries and their group-
ing method are provided in the Table S1.

Clinical assessment and outcome measures
All patients underwent a retrospective data collection, 
based on the review of clinical charts, and a cross-sec-
tional assessment, carried out at the study visit. Retro-
spective evaluation included demographic data, ILAR JIA 
category, history of uveitis, ANA determination and 
medications administered from disease onset to the date 
of the visit. Cross-sectional assessment included a stan-
dardized joint examination, a physician’s global assess-
ment of disease activity (PhGA) and the measurement 
of articular and extra-articular damage by the Juvenile 
Arthritis Damage Index (JADI) [10]. Before the cross-
sectional visit, the parent (or the patient when judged 
able to understand) completed a multidimensional ques-
tionnaire, translated and cross-culturally validated into 
54 languages of 52 countries [11], including the assess-
ments of the child’s physical function, overall wellbeing, 
pain intensity, health-related quality of life (HRQoL), 
and morning stiffness [12]. The Juvenile Arthritis Dis-
ease Activity Score-10 (JADAS-10) and its clinical ver-
sion (c-JADAS10) at the cross-sectional visit were also 
computed and collected [13–15]. The frequency of the 
clinical inactive disease was evaluated using the Wallace 
criteria and the American College of Rheumatology 2021 
cJADAS-10 criteria [16].
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Statistical analysis
For the purpose of this study, only data from patients 
with a diagnosis of RF negative polyarthritis were 
extracted and compared across the eight geographical 
areas. Descriptive statistics were reported as median and 
interquartile range (IQR) for continuous variables and as 
frequencies (%) for categorical ones. Quantitative mea-
sures were compared by Kruskal-Wallis test with Dunn’s 
post hoc test. Percentages were compared by chi-square 
test, with Bonferroni correction used for post hoc anal-
ysis. For sake of simplicity, results of post-hoc analysis 
were reported only in the text.

All statistical tests were 2-sided; a p-value < 0.05 was 
considered statistically significant. Rstudio Team (2020, 
version: 1.3.1093) was used to conduct the statistical 
analysis.

Results
Among the 9081 patients enrolled in the EPOCA study, 
2141 patients (23.6%) with RF negative polyarthritis were 
identified and included in the present analysis. According 

to their country of residence, these subjects were grouped 
into eight geographical areas, as reported in Table S1: 
Northern Europe (223 children), Western Europe (198), 
Southern Europe (480), Eastern Europe (539), North 
America (165), Latin America (217), Africa and Middle 
East (271), and southeast Asia (48). As already reported 
(4), the prevalence of RF negative polyarthritis was high-
est in North America, where it accounted for the 31.5% 
of all JIA patients enrolled, and lowest in southeast Asia 
(12.7%). The other areas showed similar frequency of 
RF-negative polyarthritis (Northern Europe and Eastern 
Europe: 26.4%; Western Europe: 23.8%; Southern Europe: 
20%; Latin America: 25.6% and Africa and Middle East: 
22.4%).

Clinical features
Demographic and clinical characteristics of subjects with 
RF negative polyarthritis across the eight geographical 
areas are presented in Table 1.

There was a predominance of female patients through-
out all areas. The median age at disease onset ranged 

Table 1 Demographic and clinical features of the patient sample*
Northern 
Europe
N = 223

Western 
Europe
N = 198

Southern 
Europe
N = 480

Eastern 
Europe
N = 539

North 
America
N = 165

Latin 
America
N = 217

Africa & 
Middle 
East
N = 271

South-
east Asia
N = 48

Demographic and clinical features
 Female (NS) 170 (76.2) 150 (75.8) 377 (78.5) 393 (72.9) 138 (83.6) 152 (70.0) 194 (71.6) 33 (68.8)
 Age at onset, years (median [IQR]) 3.5 [2.0, 7.9] 7.5 [3.0, 

10.6]
3.5 [1.7, 7.0] 6.8 [3.0, 

10.5]
7.3 [3.0, 
10.6]

7.0 [4.0, 
10.3]

6.8 [3.7, 9.8] 6.3 [2.6, 
10.8]

 Age at onset
  ≤6 years of age 140 (62.8) 89 (44.9) 327 (68.1) 245 (45.5) 67 (40.6) 90 (41.5) 118 (43.5) 23 (47.9)
  6–12 years of age 18 (8.1) 36 (18.2) 29 (6.0) 101 (18.7) 28 (17.0) 28 (12.9) 25 (9.2) 7 (14.6)
  >12 years of age 65 (29.1) 73 (36.9) 124 (25.8) 193 (35.8) 70 (42.4) 99 (45.6) 128 (47.2) 18 (37.5)
 Age at visit, years
(median [IQR])

11.7 [8.2, 
14.6]

12.5 [8.9, 
15.6]

9.6 [5.8, 
13.5]

12.8 [8.9, 
15.7]

13.3 [10.7, 
16.1]

13.3 [10.6, 
15.2]

11.3 [8.0, 
13.8]

11.3 [8.2, 
14.1]

 Disease duration, years
(median [IQR])

5.4 [2.9, 8.5] 3.8 [1.6, 6.3] 4.2 [2.0, 7.2] 4.1 [1.9, 7.3] 4.4 [2.0, 8.8] 4.8 [2.4, 7.5] 3.2 [1.6, 6.0] 5.4 [2.9, 
8.5]

 Interval onset-referral, years
(median [IQR])

0.2 [0.1, 0.7] 0.4 [0.2, 0.9] 0.3 [0.1, 0.8] 0.4 [0.1, 1.3] 0.3 [0.1, 0.8] 0.4 [0.2, 1.3] 0.5 [0.2, 1.6] 0.8 [0.4, 
2.0]

 Uveitis ever 47 (21.1) 19 (9.6) 68 (14.2) 43 (8.0) 15 (9.1) 4 (1.8) 12 (4.4) 2 (4.2)
 Uveitis in patients with a disease 
duration > 4 years

36/146 
(24.7)

14/92 (15.2) 45/254 
(17.7)

25/278 (9.0) 13/89 (14.6) 3/123 (2.4) 5/107 (4.7) 2/27 (7.4)

 Active uveitis at visit (NS) 12 (5.4) 6 (3.0) 17 (3.7) 19 (3.5) 3 (1.8) 0 (0.0) 5 (1.8) 1 (2.1)
 ESR (median [IQR]) 6.0 [3.0, 9.0] 8.0 [5.0, 

14.0]
10.0 [5.0, 
19.0]

12.0 [6.0, 
21.0]

7.0 [4.0, 
14.0]

16.0 [8.0, 
27.0]

16.5 [8.8, 
28.0]

21.0 [10.0, 
31.2]

 Antinuclear antibodies
  Positive 88 (39.5) 101 (51.0) 301 (62.7) 184 (34.1) 59 (35.8) 82 (37.8) 66 (24.4) 16 (33.3)
  Negative 135 (60.5) 81 (40.9) 170 (35.4) 339 (62.9) 79 (47.9) 121 (55.8) 184 (67.9) 26 (54.2)
  Not available 0 (0.0) 16 (8.1) 9 (1.9) 16 (3.0) 27 (16.4) 14 (6.5) 21 (7.7) 6 (12.5)
 cDMARD ever 201 (90.1) 157 (79.3) 428 (89.2) 462 (85.7) 125 (75.8) 199 (91.7) 244 (90.0) 45 (93.8)
 bDMARD ever 118 (52.9) 74 (37.4) 206 (42.9) 198 (36.7) 88 (53.3) 76 (35.0) 90 (33.2) 4 (8.3)
NS not significant, IQR interquartile range, ESR erythrocyte sedimentation rate, cDMARDs conventional disease modifying antirheumatic drugs, bDMARDs biological 
disease modifying antirheumatic drugs

*Values are numbers (%) unless indicated otherwise. All the differences are statistically significant (p < 0.001), apart from gender difference (p = 0.19) and frequency 
of active uveitis (p = 0.39). See main text for post-hoc analysis
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from 6 to 7 years in all areas, except from Northern and 
Southern Europe where, in the post-hoc analysis, we 
observed a significantly lower median age at onset (3.5 
years) than in the other geographical areas (Table  1; 
Fig. 1a). In all geographic areas, the frequency of children 
with JIA onset between the age of 6 and 12 was lower 
than 20%. In North and Latin America, the frequency of 
patients with disease onset after the age of 12 was greater 
than 45%.

Post-hoc analysis also showed that Southern and 
Northern Europe presented with a significantly higher 
prevalence of uveitis (21.1% and 14.2%, respectively), 
as compared to Western and Eastern Europe (9.6% and 
8%) and North America (9.1%), and to Southeast Asia 
(4.2%), Africa & Middle East (4.1%) and Latin America 
(1.8%), which exhibited the lowest frequencies of uveitis 
(Fig. 1b). Although with an overall higher uveitis preva-
lence, similar differences resulted when considering 
solely patients with a disease duration longer than 4 years 
(Table  1). The frequency of active uveitis at the cross-
sectional examination was slightly higher in European 
areas compared to the others, although not significantly 
(Table 1).

Western and Southern Europe showed the higher prev-
alence of ANA positivity (51% and 62.7%, respectively, 
p < 0.001 in all post-hoc comparisons with other geo-
graphic areas) (Table 1; Fig. 1c). Of note, ANA were not 
available in 12.5% of patients from Southeast Asia and 
16.4% of patients from North America (Table 1). Interval 
between disease onset and referral to a pediatric rheuma-
tology center ranged from 0.2 years in Northern Europe 
to 0.8 years in Africa and Middle East.

Treatment
The proportion of patients treated with conventional dis-
ease-modifying antirheumatic drugs (DMARDs) ranged 
from 75.8% (North America) to 93.8% (Southeast Asia), 
whereas biological DMARDs were used mostly in North-
ern Europe and North America and less frequently in 
southeast Asia (Table  1). Oral corticosteroids were pre-
scribed less frequently in Western Europe (24%) and 
North America (20%); in the other geographic areas they 
were prescribed in ≥ 50% of patients. More than 75% of 
patients in Northern Europe received intra-articular 
steroid injections, whereas no more than 15% of chil-
dren received this treatment in North and Latin Amer-
ica and in South-East Asia. The proportions of the most 

Fig. 1 Median age at disease onset (a), prevalence of uveitis (b) and ANA positivity (c) in patients with RF negative polyarthritis included in the EPOCA 
study across the world
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prescribed medications across the eight geographical 
areas are shown in supplementary Table S2.

Physician- and parent-reported outcomes
At the cross-sectional visit, the prevalence of patients 
with active joints at clinical examination was significantly 
lower in Northern and Southern Europe, and higher 
in Eastern Europe in the post-hoc analysis (Table  2). 

Patients from Eastern Europe and Africa and Middle 
East showed higher disease activity in terms of PhGA. 
Overall, patients from Southeast Asia showed the low-
est disease activity according to the physician-reported 
measures, even though not significantly at the post-hoc 
analysis (Table 2).

The prevalence of limited joints in subjects with inac-
tive disease according to the physician (PhGA = 0) was 

Table 2 Physician and parent/patient reported outcome measures, composite disease activity score and prevalence inactive disease 
at the cross-sectional visit*

Northern 
Europe
N = 223

Western 
Europe
N = 198

Southern 
Europe
N = 480

Eastern 
Europe
N = 539

North 
America
N = 165

Latin 
America
N = 217

Africa & 
Middle 
East
N = 271

South-
east 
Asia
N = 48

Physician-centered measures
 Swollen joint count > 0 73 (32.7) 83 (41.9) 169 (35.2) 271 (50.3) 60 (36.4) 110 (50.7) 122 (45.0) 11 (22.9)
 Tender joint count > 0 87 (39.0) 82 (41.4) 129 (26.9) 282 (52.3) 51 (30.9) 83 (38.2) 138 (50.9) 11 (22.9)
 Limited joint count > 0 94 (42.2) 110 (55.6) 197 (41.0) 309 (57.3) 80 (48.5) 130 (59.9) 152 (56.1) 22 (45.8)
 Active joint count > 0 84 (37.7) 93 (47.0) 184 (38.3) 315 (58.4) 69 (41.8) 117 (53.9) 146 (53.9) 13 (27.1)
 Active joint count (median [IQR]) 0.0 [0.0, 1.0] 0.0 [0.0, 2.0] 0.0 [0.0, 2.0] 1.0 [0.0, 6.0] 0.0 [0.0, 2.0] 1.0 [0.0, 4.0] 1.0 [0.0, 4.0] 0.0 [0.0, 

1.0]
 Less than 5 active joints 203 (91.0) 169 (85.4) 430 (89.6) 384 (71.2) 141 (85.5) 164 (75.6) 222 (81.9) 44 (91.7)
 5 to 9 active joints 14 (6.3) 16 (8.1) 32 (6.7) 75 (13.9) 16 (9.7) 27 (12.4) 29 (10.7) 1 (2.1)
 10 active joints or more 6 (2.7) 13 (6.6) 18 (3.8) 80 (14.8) 8 (4.8) 26 (12.0) 20 (7.4) 3 (6.2)
 PhGA > 0§ 135 (60.5) 128 (64.6) 237 (49.5) 432 (80.1) 98 (59.4) 131 (60.4) 206 (76.0) 24 (50.0)
 PhGA (median [IQR]) 1.0 [0.0, 2.0] 1.0 [0.0, 2.9] 0.0 [0.0, 2.0] 2.0 [0.5, 4.0] 1.0 [0.0, 2.5] 1.0 [0.0, 3.0] 2.5 [0.5, 4.2] 0.2 [0.0, 

1.5]
 JADI score > 0# 37 (31.1) 20 (28.2) 48 (25.4) 114 (52.8) 18 (24.7) 45 (42.9) 47 (53.4) 9 (56.2)
 JADI-articular score > 0# 31 (26.1) 15 (21.1) 36 (19.0) 99 (45.8) 15 (20.5) 44 (41.9) 42 (47.7) 8 (50.0)
 JADI-extra-articular score > 0# 15 (12.6) 8 (11.3) 23 (12.2) 59 (27.3) 6 (8.2) 12 (11.4) 27 (30.3) 5 (31.2)
Parent/patient reported measures
 PaGA > 0§ 169 (76.1) 164 (82.8) 250 (52.5) 393 (73.5) 101 (62.7) 119 (54.8) 183 (68.5) 27 (56.2)
 PaGA (median [IQR]) 1.5 [0.5, 3.5] 2.0 [1.0, 5.0] 0.5 [0.0, 3.0] 1.5 [0.0, 4.0] 0.5 [0.0, 2.5] 0.5 [0.0, 2.5] 2.0 [0.0, 5.0] 0.5 [0.0, 

2.0]
 Pain intensity > 0§ 165 (74.3) 151 (76.3) 226 (47.5) 383 (71.6) 112 (69.6) 120 (55.3) 162 (60.7) 23 (47.9)
 Pain intensity (median [IQR]) 1.8 [0.0, 4.5] 2.0 [0.5, 5.0] 0.0 [0.0, 2.5] 1.5 [0.0, 4.0] 1.0 [0.0, 3.0] 0.5 [0.0, 2.0] 1.5 [0.0, 5.0] 0.0 [0.0, 

2.5]
 Morning stiffness > 15 min 76 (34.7) 62 (31.6) 62 (13.1) 122 (22.8) 36 (22.4) 42 (19.4) 52 (19.8) 7 (14.6)
 Physical function score > 0† 143 (64.4) 130 (66.0) 230 (48.1) 344 (64.3) 88 (54.7) 124 (57.1) 193 (71.5) 26 (54.2)
 HRQoL score > SD 1 in healthy children‡ 147 (67.4) 130 (67.4) 219 (48.5) 359 (68.8) 84 (53.8) 114 (53.3) 189 (71.1) 19 (41.3)
Composite disease activity scores
 cJADAS10 (median [IQR]) 3.0 [0.5, 7.0] 5.0 [1.5, 9.5] 2.0 [0.0, 7.0] 6.5 [1.5, 

13.0]
3.0 [0.5, 7.5] 3.5 [0.0, 

11.0]
7.0 [1.5, 
12.0]

2.0 [0.0, 
5.0]

 JADAS10 (median [IQR]) 3.0 [1.0, 7.4] 4.9 [2.0, 8.5] 2.2 [0.0, 7.3] 7.0 [2.0, 
14.1]

3.0 [0.5, 7.5] 3.6 [0.3, 
12.0]

6.7 [1.5, 
13.5]

2.5 [0.3, 
6.1]

Inactive disease
 By ACR clinically inactive disease [17] 67 (30.0) 51 (25.8) 203 (42.3) 86 (16.0) 59 (35.8) 68 (31.3) 52 (19.2) 16 (33.3)
 By ACR 2021 cJADAS10 criteria [16] 104 (46.8) 75 (37.9) 268 (56.3) 174 (32.5) 80 (49.7) 103 (47.5) 84 (31.5) 30 (62.5)
IQR interquartile range, PhGA physician global assessment of disease activity, JADI Juvenile Arthritis Damage Index, PaGA parent global assessment of disease 
activity, HRQoL health-related quality of life scale, SD standard deviation, cJADAS10 clinical Juvenile Arthritis Disease Activity Score 10, JADAS10 Juvenile Arthritis 
Disease Activity Score 10, ACR American College of Rheumatology

*Values are numbers (%) unless indicated otherwise. All the differences are statistically significant (p < 0.001). See main text for the post-hoc analysis

§Measured with a visual analogue scale on a 21-numbered circle visual analogue scale, ranging from 0 (best) to 10 (worst)
#The JADI score is computed only in patients with a disease duration longer than 5 years

†Score ranges from 0 (no disability) to 45 (maximum disability). ‡Score ranges from 0 to 30, with higher scores indicating worse HRQoL. The SD in healthy children 
was calculated for each geographical area on questionnaires completed by the parents of these children
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higher in Eastern Europe and Latin America, although 
not significantly (p = 0.23, Table S3). In those two areas, 
along with Southeast Asia, a greater frequency of damage 
by JADI measurement was found (Table 2).

With regard to patient/parent reported outcomes 
(Table  2), the post-hoc analysis showed that subjects 
from Southern Europe presented less frequently with 
pain, morning stiffness and impairment of overall well-
being, quality of life and function ability. On the other 
hand, pain was more common in patients from Northern, 
Western and Eastern Europe, who also showed more fre-
quently impairment of overall well-being, together with 
subjects from Africa and Middle East. The frequency of 
morning stiffness was higher in Northern and Western 
Europe. Subjects from Eastern Europe reported more fre-
quently impaired health-related quality of life.

The frequency of inactive disease was significantly 
higher in patients from Southern Europe, and, to a lower 
extent from Southeast Asia and North America. On the 
other end, subjects from Africa and Middle East and 
Eastern Europe showed the highest scores of composite 
disease activity measures, also at the post-hoc analysis 
(Table 2). The distribution of the JADAS10 components 
across the 8 geographic areas is displayed in Fig.  2. Of 
note North, West and South European and North Ameri-
can children had lower erythrocyte sedimentation rate 
(ESR) levels (Table 1; Fig. 2).

Early onset polyarthritis
To examine if the cluster of JIA patients with early-onset, 
ANA positivity and uveitis was differently distributed 
throughout the world among patients with RF negative 

polyarthritis, we compared the proportion of patients 
presenting the association of at least two of those three 
clinical features across the eight geographic areas (Fig. 3). 
As shown in the post-hoc analysis, those associations 
were significantly more frequent in patients from South-
ern Europe (39%).

In comparison to other RF negative polyarthritis 
patients, children with at least two among early onset 
polyarthritis, ANA positivity, and uveitis had similar 
number of joints with active arthritis, higher count of 
joints with pain, lower physician global assessment, bet-
ter parent/patient reported outcomes, and lower fre-
quency of articular damage (Table 3).

Discussion
We provide herein a thorough overview of the features 
of more than 2000 children with RF-negative polyartic-
ular JIA coming from 8 different geographic areas. Our 
results provide further insights into the wide variability 
of RF-negative polyarthritis throughout the world. Firstly, 
as already reported, the prevalence of this JIA subtype 
was highest in North America, where it was comparable 
to oligoarthritis, and lowest in Southeast Asia, where 
patients with JIA were more likely to have systemic JIA or 
enthesitis-related arthritis [4].

As expected, most patients were female in all geo-
graphic areas. Studies have shown a biphasic distribution 
in age at onset in RF-negative polyarticular JIA, including 
a peak in young children (2–4 years) and a later peak at 
6–12 years [1, 5].

Patients from Northern Europe and Southern Europe 
showed similar demographic features. They had a lower 

Fig. 2 Distribution of the JADAS10 components across the 8 geographic areas
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age at onset (3.5 years), with more than 60% of patients 
with JIA onset before the age of 6 years. In Southern and 
Northern Europe, the frequency of uveitis in RF-nega-
tive polyarthritis was significantly higher (14% and 21% 
respectively). The interval between disease onset and 
referral to pediatric rheumatology center was short. ANA 

positivity was higher in Southern Europe (63%). How-
ever, uveitis was also reported in a considerable propor-
tion of subjects from North America and other European 
settings, whereas it was far less common in Southeast 
Asia, Africa and Middle East, and Latin America. Among 
European areas, uveitis was less prevalent in Eastern 

Fig. 3 Proportion of patients with RF negative polyarthritis included in the EPOCA study presenting the combination of two (a) or three (b) features 
among early disease onset, ANA positivity and uveitis
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Europe. It is well-known that chronic anterior uveitis is 
associated with early age at onset, female sex, and ANA 
positivity [7]. As a matter of fact, the new preliminary 
criteria for JIA outlined by the Pediatric Rheumatology 
International Trials Organization proposed the new cate-
gory of early-onset ANA-positive JIA, solely based on the 
presence of arthritis (irrespective of the number of joint 

involved), the age of onset (< 6 years of age) and the ANA 
positivity [17]. That, in our study, children with RF-neg-
ative polyarthritis from Northern and Southern Europe, 
in addition to a younger age at disease onset, had the 
highest prevalence of uveitis reinforces the concept that 
a sizeable proportion of patients included in this JIA sub-
type shares clinical aspect with those with oligoarthritis, 

Table 3 Comparison of geographic distribution, physician and parent/patient reported outcome measures, composite disease 
activity score and prevalence inactive disease at the cross-sectional visit between children with at least two features among early onset 
of polyarthritis, ANA positivity, and uveitis and other children with RF-negative polyarthritis*

Early onset, ANA positive, uveitis associated polyarthritis
N = 613

Other RF-negative polyarthritis
N = 1384

p

Geographic area (%) < 0.001
 Northern Europe 86 (14.0) 136 (9.8)
 Western Europe 63 (10.3) 115 (8.3)
 Southern Europe 239 (39.0) 225 (16.3)
 Eastern Europe 112 (18.3) 402 (29.0)
 North America 31 (5.1) 104 (7.5)
 Latin America 39 (6.4) 161 (11.6)
 Africa & Middle East 32 (5.2) 210 (15.2)
 Southeast Asia 11 (1.8) 31 (2.2)
Swollen joint count > 0 248 (40.5) 586 (42.3) 0.460
Tender joint count > 0 204 (33.3) 592 (42.8) < 0.001
Limited joint count > 0 279 (45.5) 719 (52.0) 0.009
Active joint count > 0 274 (44.7) 665 (48.0) 0.182
Active joint (%) 0.002
 Less than 5 active joints 531 (86.6) 1113 (80.4)
 5 to 9 active joints 49 (8.0) 142 (10.3)
 10 active joints or more 33 (5.4) 129 (9.3)
PhGA (median [IQR]) 1.0 [0.0, 2.5] 1.0 [0.0, 3.5] < 0.001
PhGA > 0§ 354 (57.7) 932 (67.4) < 0.001
ESR (median [IQR]) 10.0 [5.0, 20.0] 10.0 [5.0, 21.0] 0.445
PaGA (median [IQR]) 1.0 [0.0, 3.0] 1.0 [0.0, 4.0] 0.001
PaGA > 0§ 359 (59.3) 940 (68.4) < 0.001
Physical function score > 0† 305 (50.3) 870 (63.1) < 0.001
HRQoL score > SD 1 in healthy children ‡ 3.0 [0.0, 6.0] 4.0 [1.0, 8.0] < 0.001
Pain intensity (median [IQR]) 0.5 [0.0, 3.0] 1.0 [0.0, 4.0] < 0.001
Pain intensity > 0§ 340 (56.1) 908 (66.1) < 0.001
ACR clinically inactive disease [17] 201 (32.8) 369 (26.7) 0.006
cJADAS10 (median [IQR]) 3.0 [0.0, 8.5] 4.5 [1.0, 10.5] < 0.001
cJADAS10 state (%) [16] 0.010
 ID 299 (49.4) 572 (41.6)
 MiDA 79 (13.1) 188 (13.7)
 MoDA 174 (28.8) 460 (33.5)
 HDA 53 (8.8) 155 (11.3)
JADI score > 0# 160 (26.6) 452 (32.8) 0.007
JADI-articular score > 0# 121 (20.1) 400 (29.0) < 0.001
JADI-extra-articular score > 0# 87 (14.5) 163 (11.8) 0.121
IQR interquartile range, PhGA physician global assessment of disease activity, PaGA parent global assessment of disease activity, ESR erythrocyte sedimentation rate, 
HRQoL health-related quality of life scale, SD standard deviation, ACR American College of Rheumatology, cJADAS10 clinical Juvenile Arthritis Disease Activity Score 
10, ID inactive disease, MiDA minimal active disease, MoDA moderate active disease, HDA high disease activity, JADI Juvenile Arthritis Damage Index

*Values are numbers (%) unless indicated otherwise

§Measured with a visual analogue scale on a 21-numbered circle visual analogue scale, ranging from 0 (best) to 10 (worst)

†Score ranges from 0 (no disability) to 45 (maximum disability). ‡Score ranges from 0 to 30, with higher scores indicating worse HRQoL. The SD in healthy children 
was calculated for each geographical area on questionnaires completed by the parents of these children. #The JADI score is computed only in patients with a disease 
duration longer than 5 years
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the only difference being in the number of joints involved, 
which may be simply a marker of disease severity. Chil-
dren with early onset, ANA positive polyarthritis seem to 
show a somewhat joint milder disease, with less pain and 
better parent/patient reported outcomes.

Other studies have indeed shown that in some areas, 
such as Costa Rica, New Zealand and India, where early-
onset, ANA positive, uveitis-associated oligoarticular 
arthritis is rare, also RF-negative polyarticular JIA is 
less commonly observed [5]. Consistent with that, evi-
dence has been provided that European ancestry may be 
an important predisposing factor for ANA-positive JIA 
associated with iridocyclitis [3]. In the EPOCA cohort, 
RF negative polyarthritis patients with positive ANA, 
younger age at onset, and affected with uveitis were more 
frequent in the pediatric rheumatology units in North-
ern and Southern Europe (≥ 10%) than in other regions 
(< 5%). Remarkably, children in countries grouped in the 
Western Europe area had high frequency of ANA positiv-
ity, but older age at onset and low rate of uveitis.

Looking at the joint disease, North, West and South 
European and North American children showed simi-
lar outcomes in terms of prevalence of active joints and 
ESR levels, and median active joint count at the cross-
sectional visit was lower as compared to patients from 
Eastern Europe, Africa and Middle East and Latin Amer-
ica, which exhibited the higher disease activity accord-
ing to the physician-reported outcome measures. Taken 
together, all these findings may suggest that patients with 
RF-negative polyarthritis from most European coun-
tries and North America tend to develop a less aggres-
sive joint involvement with a higher prevalence of uveitis, 
compared to subject from Africa, Middle East and Latin 
America. The joint disease was also associated to better 
outcomes in pain intensity, quality of life and functional 
status according to parents/patients in Southern Europe. 
On the other hand, patients from Southeast Asia exhib-
ited the better outcomes in terms of not only physician-
reported outcome measures, but also according to the 
parent/patient perspective and the composite disease 
activity tools, suggesting that RF-negative polyarticular 
JIA is not only a rare JIA subtype in this geographic area, 
but it also seems to be associated to a lower disease activ-
ity, even though the frequency of damage was higher in 
this area.

No substantial discrepancies were observed with regard 
to the DMARDs used in RF-negative polyarthritis world-
wide, except from a lower use of conventional DMARDs 
in favor of biological DMARDs in North America and a 
very low use of biological DMARDs in Southeast Asia. 
Notably, adalimumab was more frequently adminis-
tered in Northern Europe, where the highest prevalence 
of uveitis was found. Also of note is that the proportion 
of patients undergone to intra-articular joint injections 

was particularly high in Northern and Southern Europe, 
whereas the use of systemic corticosteroids was higher 
in Africa and Middle East and Southeast Asia. The lesser 
use of biological agents, in favor of the higher use of sys-
temic glucocorticoid, in lower-income settings might be, 
at least partly, related to reduced accessibility to health-
care facilities or treatment availability. As above-men-
tioned, the presence of damage was higher in Southeast 
Asia, along with Eastern Europe and Africa and Middle 
East. A factor key associated to the disease damage lies in 
the higher use of systemic corticosteroids in those areas, 
as shown by the higher frequency of extra-articular dam-
age. Moreover, Southeast Asia showed the longest inter-
val between symptoms onset and the first observation 
to the referral center, which also has been associated to 
worst disease outcomes [18].

Our study should be interpreted in light of some limi-
tations. Disparities in availability of ophthalmologic 
screening programs may explain in part the different 
rates of uveitis. So, it cannot be entirely excluded that less 
rigorous screening schedules could account for the lower 
frequencies of uveitis in some geographic context. The 
frequency of ANA testing and the test methodology was 
widely variable in the different geographic areas, with 
ANA being more tested where a higher frequency was 
observed; moreover, a less stringent definition of ANA 
positivity was used for this analysis in comparison to 
previous studies. In the EPOCA cohort, ANA were mea-
sured with indirect immunofluorescence in 74% of posi-
tive cases; when ANA were reported to be negative, ANA 
determination methodology was not collected. That, 
together with the differences in the frequency and meth-
odology of ANA testing, might represent a potential con-
founding factor in the analysis of the ANA results across 
the eight geographic areas. Moreover, our findings could 
be biased by the geographic differences in the healthcare 
access and cultural factors across the world. Indeed, it is 
possible that only JIA patients with poor clinical status 
visit clinics in countries with lower gross domestic prod-
uct, and patients with better status in rich countries seek 
medical care. Finally, difficulties in the accessibility to 
biological agents might, at least partly, account for higher 
disease activity in lower income settings.

While we cannot exclude this possibility, the study was 
designed to incorporate a consecutive cross-section of 
patients seen in various countries. There was a dispro-
portion in the number of patients included in the vari-
ous geographic areas and this limitation may affect the 
generalizability of our findings. We acknowledge that our 
modality of grouping of countries in geographic areas 
may be regarded as arbitrary.
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Conclusions
In conclusion, our results confirm the wide heterogene-
ity of the clinical presentation and outcome of children 
with RF-negative polyarticular JIA throughout the world. 
While the discrepancies in the treatment modalities and 
in the outcome can be at least in part explained by the 
unbalanced availability of resources in the different geo-
graphic areas, the observation that children with fea-
tures considered typical of oligoarthritis (i.e. lower age 
at onset, ANA positivity and higher frequency of uve-
itis) are significantly more prevalent in some European 
countries, remains unexplained. This finding could be 
the key to understand the genetic and environmental 
factors involved in the pathophysiology of this group of 
JIA patients that may represent the only disease category 
observed solely in children.
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