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Abstract

Objective. To build a prediction model for uveitis in children with JIA for use in current clinical practice.

Methods. Data from the international observational Pharmachild registry were used. Adjusted risk factors as well

as predictors for JIA-associated uveitis (JIA-U) were determined using multivariable logistic regression models. The

prediction model was selected based on the Akaike information criterion. Bootstrap resampling was used to adjust

the final prediction model for optimism.

Results. JIA-U occurred in 1102 of 5529 JIA patients (19.9%). The majority of patients that developed JIA-U were

female (74.1%), ANA positive (66.0%) and had oligoarthritis (59.9%). JIA-U was rarely seen in patients with system-

ic arthritis (0.5%) and RF positive polyarthritis (0.2%). Independent risk factors for JIA-U were ANA positivity [odds

ratio (OR): 1.88 (95% CI: 1.54, 2.30)] and HLA-B27 positivity [OR: 1.48 (95% CI: 1.12, 1.95)] while older age at JIA

onset was an independent protective factor [OR: 0.84 (9%% CI: 0.81, 0.87)]. On multivariable analysis, the combin-

ation of age at JIA onset [OR: 0.84 (95% CI: 0.82, 0.86)], JIA category and ANA positivity [OR: 2.02 (95% CI: 1.73,

2.36)] had the highest discriminative power among the prediction models considered (optimism-adjusted area under

the receiver operating characteristic curve ¼ 0.75).

Conclusion. We developed an easy to read model for individual patients with JIA to inform patients/parents on

the probability of developing uveitis.

Key words: uveitis, JIA, prediction model, risk factors, confounders

1Department of Pediatric Immunology and Rheumatology,
Wilhelmina Children’s Hospital, Utrecht, Netherlands, 2Clinica
Pediatrica e Reumatologia, IRCCS Istituto Giannina Gaslini, Genoa,
Italy, 3Dipartimento di Neuroscienze, Riabilitazione, Oftalmologia,
Genetica e Scienze Materno-Infantili (DiNOGMI), Università degli
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Introduction

JIA is a group of diseases characterized by arthritis of

unknown origin persisting for >6 weeks before the age

of 16 [1, 2]. It is the commonest rheumatic disease in

children with a prevalence varying between 3.8 and 400

per 100 000 [3–5]. JIA patients are at an increased risk

of developing uveitis, which is an inflammatory condition

of the uvea, including the iris, ciliary body and choroid

[6]. A systematic review reported a cumulative incidence

of JIA-associated uveitis (JIA-U) of 11.4% [7]. Frequency

of JIA-U varies geographically and is highest in patients

with oligoarthritis while low in patients with systemic and

RF positive arthritis [8, 9]. JIA-U occurs more often in

girls and known risk factors are younger age at JIA

onset and having antinuclear antibodies positivity [6, 10–

18]. The estimated prevalence of JIA-U varies up to

30% [6], but the risk of acquiring uveitis for an individual

JIA patient is unknown. Chronic anterior uveitis or silent

uveitis is the most common form of JIA-U and is usually

asymptomatic. On the contrary, acute anterior uveitis

presents with apparent symptoms such as eye pain,

redness of eyes and headaches [6, 19]. If left un- or

undertreated, (silent) uveitis may result in sight-

threatening complications including synechiae, cataracts

and glaucoma in 25–50% and vision loss in 10–20% of

paediatric uveitis cases [20] .

Therefore, early detection and subsequent intensive

treatment is the key. Several guidelines exist for the rou-

tine screening of JIA patients by ophthalmologists.

These include the 1993 American Academy of Pediatrics

guidelines, the 2006 British Society for Paediatric and

Adolescent Rheumatology (BSPAR) guidelines and the

2019 ACR guidelines, as well as screening recommen-

dations by Heiligenhaus et al. following a 2007 nation-

wide study in Germany [6, 11, 20–22]. These guidelines

are all based on the risk factors age at JIA onset, ANA

status, JIA category and disease duration. Nevertheless,

they use different cut-off values for the age at JIA onset,

include different JIA categories and recommend differ-

ent screening frequencies. It can be concluded that

while screening for JIA-U is of the utmost importance,

there is global consensus neither on the screening fre-

quency, nor on the criteria to identify high-risk patients

for uveitis [23]. In fact, the treating physician does not

have tools to estimate the real risk of acquiring uveitis

for the individual patient.

The objective of this study is to develop a prediction

model for JIA-U for use in everyday clinical practice for

individual JIA patients rather than arbitrary groups.

Individual risk predictions could provide quantitative risk

estimates for uveitis to individual patients and guide

clinicians in determining screening frequencies.

Methods

Patients

We used data from the international observational

Pharmachild registry, an ongoing project that started in

2011 with the primary aim of collecting adverse events

in JIA patients undergoing treatment with biologic

agents. The scope was later broadened by also includ-

ing patients on NSAIDs, steroids and synthetic

DMARDs. Pharmachild contains information of JIA

patients treated in 86 medical centres from 32 countries

in Europe, Asia, Africa and South America that belong to

the Paediatric Rheumatology International Trials

Organisation [24]. Full details of the Pharmachild registry

have been published elsewhere [25].

Data were locked on 3 May 2019. For inclusion into

the study, patients had to provide informed consent and

meet the International League of Associations for

Rheumatology (ILAR) criteria for JIA. Exclusion criteria

were an age at JIA onset of �16 years, development of

uveitis prior to JIA, an observation period of <4 years

and a diagnosis of systemic JIA with a history of acute

anterior uveitis. An observation period of at least 4 years

was chosen such that every patient had had enough

time to develop uveitis.

For every patient, information was gathered about the

age at JIA onset, observation period, ANA, RF and

human leucocyte antigen (HLA) B27 status, use of medi-

cation, occurrence of uveitis and JIA ILAR category [2].

A patient was classified as RF positive if two positive RF

determinations at least 3 months apart were docu-

mented. For ANA positivity, one positive determination

was required. The additive value of requiring two posi-

tive ANA determinations was also studied. Occurrence

of uveitis was determined from three sources: free-text

fields and checkmarks indicating a history of uveitis at

registration into Pharmachild and adverse events

reported during follow-up after registration. All prospect-

ive and a number of retrospective uveitis cases were

reported using the MedDRA coding system, including a

date of onset. Of these, we included the following pre-

ferred terms: uveitis, iridocyclitis, autoimmune uveitis

and iritis. Since the date of onset was not available for

all uveitis cases, ever use of drugs of interest was col-

lected. This was defined as having ever taken the drug

during the disease course. Drugs included were

NSAIDs, intraarticular steroids, systemic steroids,
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methotrexate, ciclosporin, anti-TNF, anti-IL-1, anti-IL-6

and other biologics.

Statistical analysis

v2 and Mann–Whitney U tests at a significance level of

5% were performed to examine differences in character-

istics between patients who developed JIA-U and those

who did not. Based on the existing literature and con-

sensus of the authors, the following variables were

chosen as potential risk factors and confounding varia-

bles for JIA-U: age at JIA onset, gender, JIA category,

ANA status, RF status and HLA-B27 status. Crude and

adjusted odds ratios for the (independent) relationship

between these variables and JIA-U were established

using logistic regression in a complete-case analysis. A

95% confidence interval for the main effect that did not

contain 1 was considered statistically significant.

Subsequently, all independent statistically significant risk

factors were considered for inclusion into a multivariable

logistic regression model, to predict the probability of

developing JIA-U. The main effects of this prediction

model were selected using a backward procedure

based on the Akaike information criterion. For all analy-

ses, oligoarticular JIA was chosen as the reference JIA

category. Linearity between continuous predictors and

the logit outcome was tested using the Box–Tidwell test.

Model performance was assessed based on the area

under the receiver operating characteristic curve (AUC)

in the training data and 10-fold cross validation. It was

also assessed if adding interaction terms for the main

effects to the prediction model resulted in improved

model performance. The reduced model was internally

validated and adjusted for overfitting by bootstrap

resampling. A description of the bootstrapping proced-

ure is provided in Supplementary Data S1, available at

Rheumatology online. Internal calibration of the final pre-

diction model was assessed by a plot of observed fre-

quencies of JIA-U within deciles of the predicted

probabilities vs the mean predicted probabilities. Lastly,

a formula for predicting the individual risk of developing

uveitis was determined based on the coefficients of the

prediction model. All analyses were performed with the

stats, car, caret, pROC and rms packages for R version

3.6.3 [26].

Results

Characteristics of study population

A total of 5529/8942 (62%) patients were included in the

analysis (Fig. 1). The majority of excluded patients had a

follow-up of <4 years (3303/8838; 37%). Characteristics

of patients included and excluded were similar

(Supplementary Table S1, available at Rheumatology

online).

Of the patients analysed, 1102 (19.9%) had ever

developed JIA-U (Table 1); 18/91 (20%) cases of uveitis

in enthesitis-related arthritis (ERA) patients with available

specification were of chronic uveitis type. Children who

developed JIA-U, had a longer observation period,

younger age at JIA onset and were more often female

and HLA-B27 positive compared with patients who did

not. The majority of JIA-U patients had oligoarthritis and

were ANA positive. RF negative polyarthritis was the se-

cond most common JIA category in patients that devel-

oped JIA-U. Moreover, RF positivity, systemic arthritis

and the ever use of anti-IL-1 and anti-IL-6 were lower in

the JIA-U group. On the contrary, the ever use of anti-

TNF was more frequent in patients with JIA-U than in

those without. We did not find differences among

patients receiving systemic steroids.

Time between onset of JIA and JIA-U

Of all patients who developed JIA-U, 138 patients had a

known date of uveitis onset. We observed that 93/138

patients (67.4%) developed JIA-U within the first 4 years

after JIA onset (Fig. 2). Two patients (1.4%) developed

JIA-U after 15 years, namely in the 18th and 19th year

after JIA onset. Furthermore, the median time interval

between JIA onset and onset of JIA-U was 2.4 years.

Adjusted risk factors

Crude odds ratios for JIA-U corresponding to the data

presented in Table 1 are presented in Table 2. After cor-

recting for confounding variables, ANA positivity and

HLA-B27 turned out to be statistically significant risk

factors for JIA-U. Older age at JIA onset (continuous

variable), polyarthritis and systemic arthritis were associ-

ated with significantly decreased odds for JIA-U (com-

pared with oligoarthritis). While female gender was a risk

factor for JIA-U on univariable analysis, this did not hold

true after adjusting for confounders. Also, the statistical-

ly significant protective effect of psoriatic arthritis, ERA

and undifferentiated arthritis for JIA-U compared with

oligoarthritis disappeared after confounder adjustment.

Patients with a twice positive ANA determination had

higher odds for JIA-U than patients with only one posi-

tive ANA determination.

Prediction model

Our best prediction model for estimating the probability

of developing JIA-U included the following predictors:

age at JIA onset, ANA positivity and JIA category

(Table 3). According to this model, the individual risk of

developing JIA-U can be calculated using the following

formula:

P uveitisð Þ ¼ 1
�

1þe� �0:65�0:17�age at JIA onsetþJIA category coefficientþ0:67�ANA statusð Þ

For this estimation, the age at JIA onset in years, ANA

status (1¼positive, 0¼negative) and a JIA category co-

efficient from Table 3 are needed.

Oligoarticular JIA was chosen as the reference cat-

egory because this was the largest category and there-

fore would provide stable odds ratios for the other JIA

categories. The analysis eliminated 328/5529 (5.9%) of

all patients due to missing ANA determinations, resulting
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in 5201 patients with 1063 outcome events

(Supplementary Table S2, available at Rheumatology on-

line). ANA positivity and a younger age at JIA onset

were associated with significantly higher odds for devel-

oping uveitis, while systemic arthritis and polyarthritis

were associated with significantly decreased odds when

compared with oligoarthritis. The prediction model had

good discriminative power in the training data [AUC ¼
0.76 (95% CI: 074, 0.77)]. Ten-fold cross validation

revealed similar model performance: the average AUC

was 0.75 with a standard deviation of 0.02

(Supplementary Fig. S1, available at Rheumatology on-

line). Internal validation by bootstrap resampling

revealed little overfitting, optimism of the AUC estimate

was small (0.004) and the shrinkage factor of the model

coefficients was close to 1 (0.97). According to the cali-

bration plot of observed vs predicted probabilities of

JIA-U (Supplementary Fig. S2, available at

Rheumatology online), the optimism-adjusted model fit-

ted the data well. For clinical practice, a diagram is pro-

vided from which the predicted individual uveitis risk as

a function of the predicting variables can be read

(Fig. 3). Individual risks can also be obtained from a risk

calculator (Supplementary Data S2, available at

Rheumatology online).

A Transparent Reporting of a multivariable prediction

model for Individual Prognosis Or Diagnosis (TRIPOD)

checklist [27] is provided in Supplementary Data S3

(available at Rheumatology online).

Discussion

In this study, we developed a clinical prediction model

for estimating JIA-U in order to be able to inform

patients/parents on the probability that they/their child

will develop uveitis. For the first time, quantitative risk

estimates can easily be obtained for an individual newly

diagnosed JIA patient and these estimates could also

aid clinicians in determining screening frequencies. As a

result, screening frequencies can be tailored towards the

individual rather than followed for arbitrary groups.

Attributing a percent risk for developing JIA-U is a step

forward from only being able to inform patients and

parents of a ‘high’, ‘low’ or ‘moderate’ risk as used in

existing screening guidelines [20, 21], since these terms

are highly subjective and identify an unidentified risk

range. In addition, higher risk estimates following our

model might encourage clinicians to earlier escalate drug

therapy to methotrexate or adalimumab, which is super-

ior to etanercept in the treatment of silent uveitis [6].

The combination of age at JIA onset, ANA status and

JIA category had the highest predictive power among

the models we considered. HLA-B27 appeared to be

statistically significant in predicting JIA-U when added

to our model (P< 0.01). However, this addition also

decreased the discriminative power of our model

(AUC¼ 0.74). Because there were many missing obser-

vations for HLA-B27 and since this is an expensive test

that cannot be measured as a point-of-care, we decided

FIG. 1 Flowchart of study population
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not to include HLA-B27 in our model. Including HLA-

B27 as a predictor variable in our model could have

introduced selection bias and would cause our model

to be useless in clinical settings without resources for

this determination. Nonetheless, by not including HLA-

B27 as a predictor variable, the model might predict

acute anterior uveitis slightly worse [6]. We also

decided not to incorporate a twice positive ANA deter-

mination in the model for similar reasons: a substantial

number of patients did not have two ANA determina-

tions while adding this variable to the model did not re-

sult in an increase of discriminative power. We

furthermore considered adding interaction terms for the

main effects to the model to account for possible dif-

ferences in risk prediction between categories of pre-

dictors. Other studies have reported that the age at

JIA onset and ANA-associated risk of JIA-U differs

between boys and girls [10, 15, 28]. Nonetheless,

including interaction terms next to the main effects did

not improve the discriminative power of our model.

Lastly, we adjusted our model by distinguishing be-

tween persistent and extended oligoarthritis within the

group of oligoarthritis patients. This was based on a

study by Sim et al. that reported that patients with

extended oligoarthritis are at higher risk for developing

JIA-U and develop JIA-U earlier than patients with per-

sistent oligoarthritis [29]. The adjustment, however,

resulted in worse model fit as determined by the cali-

bration plot. We therefore decided to stick with the oli-

goarthritis group as a whole. Moreover, we wanted our

prediction model to predict baseline risks for JIA

patients and this is not possible when having to distin-

guish between persistent and extended oligoarthritis,

which might take years to become obvious.

TABLE 1 Characteristics of Pharmachild cohort used for analysis

Total cohort
(n 5 5529)

No uveitis
(n 5 4427)

Uveitis
(n 5 1102)

P-value

Female gender, n (%) 3881 (70.2) 3064 (69.2) 817 (74.1) <0.005a

Age at JIA onset, me-
dian (IQR), years

4.36 (2.14–8.60) 5.16 (2.39–9.23) 2.60 (1.69–4.70) <0.005a

Observation time,
median (IQR), years

7.91 (5.78–11.02) 7.64 (5.60–10.58) 9.14 (6.56–12.79) <0.005a

JIA category, n (%)

Oligoarthritis 2182 (39.5) 1522 (34.4) 660 (59.9) <0.005a

Persistent
oligoarthritis

1272 (23.0) 872 (19.7) 400 (36.3) <0.005a

Extended
oligoarthritis

910 (16.5) 650 (14.7) 260 (23.6) <0.005a

Polyarthritis (RF�) 1504 (27.2) 1285 (29.0) 219 (19.9) <0.005a

Polyarthritis (RFþ) 184 (3.3) 182 (4.1) 2 (0.2) <0.005a

Psoriatic arthritis 197 (3.6) 160 (3.%) 37 (3.4) 0.75

ERA 527 (9.5) 435 (9.8) 92 (8.3) 0.15
Systemic arthritis 569 (10.3) 564 (12.7) 5 (0.5) <0.005a

Undifferentiated
arthritis

366 (6.6) 279 (6.3) 87 (7.9) 0.07

Immunological
markers, n (%)

1� ANA positive 2273 (43.7) (n¼5201) 1571 (38.0) (n¼4138) 702 (66.0) (n¼1063) <0.005a

2� ANA positive 1372 (34.8) (n¼3946) 891 (28.9) (n¼3086) 481 (55.9) (n¼860) <0.005a

RF positive 190 (3.9) (n¼4877) 184 (4.7) (n¼3943) 6 (0.6) (n¼934) <0.005a

HLA-B27 positive 714 (21.2) (n¼3375) 555 (20.3) (n¼2729) 159 (24.6) (n¼646) 0.02a

Anti-inflammatory treatment ever, n (%)

NSAIDs 4635 (83.8) 3747 (84.6) 888 (80.6) <0.005a

Intraarticular
steroids

3118 (56.4) 2389 (54.0) 729 (66.2) <0.00a

Systemic steroids 2322 (42.0) 1838 (41.5) 484 (43.9) 0.16

Synthetic DMARDs 5068 (91.7) 4012 (90.6) 1056 (95.8) <0.005a

Methotrexate 4925 (89.1) 3883 (87.7) 1042 (94.6) <0.005a

Ciclosporin 441 (8.0) 308 (7.0) 133 (12.1) <0.005a

Biologic DMARDs 4157 (75.2) 3263 (73.7) 894 (81.1) <0.005a

Anti-TNF 3801 (68.7) 2917 (65.9) 884 (80.2) <0.005a

Anti-IL-1 248 (4.5) 243 (5.5) 5 (0.5) <0.005a

Anti-IL-6 491 (8.9) 446 (10.1) 45 (4.1) <0.005a

Other biologics 530 (9.6) 425 (9.6) 105 (9.5) 0.99

aStatistically significant difference at a¼0.05. ERA: enthesitis-related arthritis; IQR: interquartile range.
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The variables included in our model are identical to

the parameters used in current screening guidelines, ex-

cept for the disease duration. In addition, several studies

found that on multivariable analysis, young age at JIA

onset, ANA positivity and JIA category were indeed the

best predictors based on statistical significance [13, 14,

30, 31]. However, when building prediction models

including the JIA categories and cut-off values for age

at JIA onset that are used in these guidelines, this

resulted in less discriminative power than our individual-

ized model (AUCBSPAR ¼ 0.66 and AUCHeiligenhaus/ACR ¼
0.71).

Our analyses revealed that the relationship between

several factors and JIA-U is confounded by extraneous

variables. For the ERA patients in our cohort, the rela-

tionship with JIA-U can be explained as due to the pre-

dominance of HLA-B27 positivity (data not shown),

which is associated with acute anterior uveitis [20].

Similar to ERA, undifferentiated arthritis was no longer

associated with decreased odds for JIA-U compared

with oligoarthritis after adjusting for confounders. This

could be explained by the fact that a large percentage

of patients with undifferentiated arthritis in our cohort

were ANA and HLA-B27 positive and that a reasonable

number of acute anterior uveitis cases were present in

this group (data not shown). In addition, male gender,

another risk factor for acute anterior uveitis [6, 32], was

relatively common in undifferentiated arthritis patients

FIG. 2 Cumulative juvenile idiopathic arthritis-associated uveitis (JIA-U) onset rate (n¼ 138)

TABLE 2 ORs for the development of JIA-U per risk factor

Risk factor Crude OR (95% CI) Adjusted OR (95% CI)

Female gender 1.28 (1.10, 1.48)a 0.90 (0.72, 1.12)

Age at JIA onset 0.83 (0.81, 0.85)a 0.84 (0.81, 0.87)a

Oligoarthritis 1 1
Polyarthritis (RF�) 0.39 (0.33, 0.47)a 0.60 (0.47, 0.76)a

Polyarthritis (RFþ) 0.03 (0.00, 0.08)a 0.06 (0.00 -0.48)a

Psoriatic arthritis 0.53 (0.36, 0.76)a 0.89 (0.55, 1.41)

ERA 0.49 (0.38, 0.62)a 1.15 (0.77, 1.69)
Systemic arthritis 0.02 (0.01, 0.04)a 0.07 (0.03, 0.16)a

Undifferentiated arthritis 0.72 (0.55, 0.93)a 1.30 (0.87, 1.91)

1� ANA positive 3.18 (2.76, 3.66)a 1.88 (1.54, 2.30)a

2� ANA positive 3.13 (2.68, 3.65)a 2.27 (1.82, 2.85)a

RF positive 0.13 (0.05, 0.27)a 0.98 (0.22, 3.43)
HLA-B27 positive 1.28 (1.04, 1.56)a 1.48 (1.12, 1.95)a

aStatistically significant. ERA: enthesitis-related arthritis; JIA-U: juvenile idiopathic arthritis-associated
uveitis; OR: odds ratio.
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that developed JIA-U in comparison with all other JIA-U

patients (data not shown). Although the vast majority of

patients that developed JIA-U in our cohort were female,

female gender itself was not an independent risk factor

for JIA-U after confounder adjustment. Several studies

have also reported this bias, explained by the fact that

female JIA patients on average have a lower age at JIA

onset and are more often ANA positive than male JIA

patients [7, 33–35]. In addition, we observed that RF

negative polyarthritis was associated with decreased

odds for JIA-U compared with oligoarthritis, regardless

of adjusting for confounding. In fact, this was the JIA

category with the third lowest percentage of JIA-U. This

implies that even though it is known that uveitis occurs

most frequently in patients with oligoarthritis and RF

negative polyarthritis [6, 9], RF negative polyarthritis on

its own is not associated with a high risk of developing

uveitis. The large cohort study by Heiligenhaus et al.

TABLE 3 Coefficients table of prediction model for juvenile idiopathic arthritis-associated

uveitis (n¼ 5201)

Predictor OR (95% CI) b Optimism-adjusted b

(Intercept) 0.53 (0.44, 0.63)a �0.63 �0.65

ANA positive 2.02 (1.73, 2.36)a 0.70 0.67
Age at JIA onset 0.84 (0.82, 0.86)a �0.17 �0.17
Oligoarthritis 1 0 0

Undifferentiated arthritis 1.11 (0.84, 1.46) 0.10 0.10
Polyarthritis (RF�) 0.55 (0.46, 0.66)a �0.60 �0.58

Polyarthritis (RFþ) 0.06 (0.01, 0.20)a �2.78 �2.69
Psoriatic arthritis 0.85 (0.56, 1.24) �0.17 �0.16
ERA 1.53 (1.13, 2.05)a 0.42 0.41

Systemic arthritis 0.04 (0.01, 0.08)a �3.32 �3.21

Optimism-adjusted area under the receiver operating characteristic curve ¼ 0.75.
aStatistically significant. ERA: enthesitis-related arthritis; OR: odds ratio.

FIG. 3 Diagram of optimism-adjusted clinical prediction model for juvenile idiopathic arthritis-associated uveitis (JIA-U)

First, distinguish between ANA positive and negative patients (left or right side of the diagram). Then, pick a line cor-

responding to the JIA category (see legend), and finally, read off the predicted probability for JIA-U (y-axis) as a func-

tion of the age at JIA onset (x-axis).
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also observed relatively low rates of JIA-U in patients

with RF negative polyarthritis [11].

Our study supports well-established epidemiological

features of JIA-U. The prevalence of JIA-U in our cohort

used for analysis was 19.9%, which is in line with a re-

view by Clarke et al. [6]. The (independent) association

with a younger age at JIA onset, ANA positivity and oli-

goarthritis is also frequently described [13, 14, 30, 36,

37]. Furthermore, we observed that JIA-U is extremely

rare in systemic arthritis and RF positive polyarthritis

patients, which is in concordance with other studies [8,

11–13, 30, 36]. Occurrence of uveitis in systemic JIA

patients might therefore be a good moment for reconsi-

dering the initial diagnosis. Nevertheless, because of

diagnosis uncertainty and overlapping symptoms, the

guidelines indicate screening in this group of patients

and thus recognize a small risk of uveitis in patients ini-

tially labelled as systemic JIA [6, 38, 39].

We excluded patients with an observation period of

<4 years since the risk of developing uveitis after 4 years

of JIA is markedly reduced [21, 40] and we only wanted

to analyse patients who had had enough time to de-

velop uveitis. Extending this period would lead to a

decreased sample size for analyses. We observed that

67% of JIA-U cases occurred within the first 4 years

since JIA onset and other studies have reported num-

bers between 63% and 91% [11, 12, 15, 34, 41]. The

cut-off value of 4 years has also been used in other

studies on JIA-U on the basis of the aforementioned

reasons [7, 30, 42].

The study has some limitations given it lacks an asso-

ciation with relevant medication prior to uveitis onset as

well as the disease duration. Because of the latter, our

prediction model should not directly replace current

screening guidelines. Nevertheless, we believe it is very

useful for clinicians, parents and patients to estimate an

individual ‘starting risk’ of developing uveitis. A great

strength of our model is its large sample size with data

of patients from 32 countries around the world, making

its risk predictions well generalizable. However, it should

be mentioned that our cohort is subject to a certain

amount of referral bias since in the Pharmachild registry

many of the contributing centres are academic hospi-

tals, which might lead to an under-representation of JIA

patients with low disease activity and not in need of

DMARDs. Therefore, our prediction model might perform

worse and might need to be recalibrated especially for

non-academic centres with a higher proportion of JIA

patients that do well on NSAIDs and intra-articular injec-

tions only.

For the future, a dynamic model for predicting JIA-U

that incorporates medication and disease duration

would certainly be ideal. A further step in modelling JIA-

U would be to include additional information on relevant

biomarkers, including HLA-B27. Studies have already

indicated HLA type DRB1*11, anti-histone antibodies, an

elevated erythrocyte sedimentation rate and calcium-

binding protein S100A12 as predictive factors for JIA-U

[14, 15, 28, 41–45]. Furthermore, some studies have

identified particular T cell subsets and monocyte pheno-

types as potential biomarkers for JIA-U [46, 47].

In conclusion, here, we provide a clinical tool for pre-

dicting JIA-U based on data from the largest registry of

JIA patients. For every individual with JIA, this model

informs patients/parents on the probability of developing

uveitis. Known risk factors of JIA-U have been con-

firmed. In our model, ANA-positive patients with early-

onset JIA are at highest risk for JIA-U contrary to sys-

temic and RF positive polyarticular JIA patients.
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