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Objective. Juvenile idiopathic arthritis (JIA)–associated uveitis (JIAU) is a serious JIA comorbidity that can result in
vision impairment. This study aimed to identify genetic risk factors within the major histocompatibility complex for JIAU
and evaluate their contribution for improving risk classification when combined with clinical risk factors.

Methods. Data on single nucleotide polymorphisms, amino acids, and classical HLA alleles were available for 2,497
patients with JIA without uveitis and 579 patients with JIAU (female 2,060, male 1,015). Analysis was restricted to
patients with inferred European ancestry. Forward conditional logistic regression identified genetic markers exceeding
a Bonferroni-corrected significance (6 × 10−6). Multivariable logistic regression estimated the effects of clinical and
genetic risk factors, and a likelihood ratio test calculated the improvement in model fit when adding genetic factors.
Uveitis risk classification performance of a model integrating genetic and clinical risk factors was estimated using area
under the receiver operator characteristic curve and compared with a model of clinical risk factors alone.

Results. Three genetic risk factors were identified, mapping to HLA-DRB1, HLA-DPB1, and HLA-A. These markers
were statistically independent from clinical risk factors and significantly improved the fit of a model when included with
clinical risk factors (P = 3.3 × 10−23). The addition of genetic markers improved the classification of JIAU compared with
a model of clinical risk factors alone (area under the curve 0.75 vs 0.71).

Conclusion. Integration of a genetic and clinical risk prediction model outperforms a model based solely on clinical
risk factors. Future JIAU risk prediction models should include genetic risk factors.

INTRODUCTION

Genetic risk factors have the potential to aid classification

and prognostic tools to assess risk of complications in rare

diseases with the potential benefit of improving early diagnosis

and treatment of the disease. Juvenile idiopathic arthritis

(JIA)–associated uveitis (JIAU) is a serious complication of JIA,

which can lead to loss of sight. JIAU onset in the majority of

patients (88.7%) is within 4 years of JIA diagnosis.1 Early detec-

tion and treatment of JIAU is paramount to avoid ocular inflamma-

tion and severe complications that can lead to visual loss.2–4 The

disease affects �13% of patients, rising to 30% of patients in oli-

goarticular and rheumatoid factor (RF)–negative polyarticular
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JIA subtypes, which makes JIAU the most common extra-
articular manifestation in patients with JIA.3,5–7

There are a number of JIAU screening guidelines, including
the 2006 British Society for Paediatric and Adolescent Rheuma-
tology (BSPAR) guidelines and the 2019 American College of
Rheumatology guidelines.8,9 Although the current guidelines are
comprehensive, expert review of the current screening
approaches by the Single Hub and Access Point for Paediatric
Rheumatology in Europe initiative considers these to be subopti-
mal with respect to who should be screened and when screening
should occur, resulting in a significant burden to the child and
family.10 Furthermore, routine examination is challenging in chil-
dren as complete examination is necessary, which can require
anesthesia in some instances.11 Screening guidelines use the
clinical risk factors of antinuclear antibody (ANA) status, age at
onset (AAO) of JIA, and ILAR subtype of JIA. Sex is also consid-
ered a clinical risk factor for JIAU because girls and young women
are at a greater risk of JIAU development.12 However, screening
guidelines can differ in their respective recommendations. For
example, the guidelines differ in age at JIA onset cut-offs, ILAR
subtypes, and screening frequency recommendations.13 In addi-
tion, retrospective studies report contradicting evidence to sup-
port each of these clinical risk factors.5 A recently published risk
prediction model derived from clinical risk factors reported that
risk factors with the greatest prediction power were age at JIA
onset, ILAR category, and ANA positivity.13 There is an unmet
need to include novel biomarkers and/or incorporate genotyping
to improve screening for JIAU.10

Both JIA and JIAU are multifactorial autoimmune diseases
with contributions from genetic and environmental risk fac-
tors.14,15 Associations with HLA genes are considered bio-
markers of uveitis.16 The most widely reported HLA association
in JIAU is HLA-DRB1, recently fine-mapped to the amino acid
position 11. Interestingly, the highly correlated amino acids at
positions 11 and 13 of HLA-DRB1 are the major genetic risk fac-
tor for susceptibility to RF-negative polyarticular and oligoarticular
JIA.17 These positions at HLA-DRB1 form part of the YST motif,
an antigen binding groove. Tyrosine at position 10, serine at
11, and threonine at 12 of HLA-DRB1 make up the amino acids
in the YST motif; all three residues within the motif are highly cor-
related with DRB1 position 13.3

Here, we present the largest and most detailed genetic study
to date of the HLA region in JIAU. The aims of this study were to
define genetic risk of JIAU and to investigate for the first time the
relationship of genetic risk factors with known clinical risk factors.
The ultimate ambition of this research is to create an integrated
approach to refine the prediction of JIAU.

PATIENTS AND METHODS

Study cohort. Patients were recruited from the following
UK JIA cohort collections: the UK JIA Biologics Register, which

includes the BSPAR Etanercept cohort study (BSPAR-ETN) and
the Biologics for Children with Rheumatic Diseases study
(BCRD)18; Childhood Arthritis Prospective Study (CAPS)19; Child-
hood Arthritis Response to Medication Study (CHARMS)20; and
the United Kingdom Juvenile Idiopathic Arthritis Genetics Consor-
tium (UKJIAGC).21 Participants with JIA were recruited with
ethical approval and provided informed consent, including from
the Northwest Multi-centre for Research Ethics Committee
(MREC:02/8/104 and MREC:99/8/84), West Midlands
Multi-Centre Research Ethics Committee (MREC:02/7/106),
North-West Research Ethics Committee (REC:09/H1008/137) and
the NHS Research Ethics Committee (REC:05/Q0508/95). For a list
of study collaborators, please see Appendix A.

Genotyping and imputation. A total of 3,076 JIA sam-
ples (579 patients with JIAU and 2,497 patients with JIA without
uveitis) were included in this study and genotyped using the
Illumina Infinium CoreExome array as described previously
(Table 1).22 Uveitis was diagnosed by an ophthalmologist through
use of regular screening in all patients with JIA and recorded as
yes/no for uveitis. Samples and single nucleotide polymorphisms
(SNPs) were subject to stringent quality control (QC) measures.
Samples with a call rate <0.98, that had discrepancy between
genetically inferred sex and database records, that had related
individuals in the cohort detected by identity-by-descent (IBD),
and that had ancestral outliers of non-European ancestry identi-
fied by principal component analysis (PCA) were excluded from
the cohort. For related individuals identified through IBD, the

Table 1. Number and percentage of individuals in the cohort with
JIA without uveitis and JIAU by sex, ANA status, and ILAR subtype*

Characteristics
JIA without
uveitis, n (%) JIAU, n (%)

Total 2,497 (81) 579 (19)
Sex
Female 1,646 (66) 414 (72)
Male 850 (34) 165 (28)
Missing 1 (0) 0 (0)

ANA status
Positive 500 (20) 196 (34)
Negative 529 (21) 61 (11)
Missing 1,468 (59) 322 (56)

ILAR
Systemic JIA 188 (8) 8 (1)
Persistent oligoarthritis 627 (25) 195 (34)
Extended oligoarthritis 317 (13) 152 (26)
RF-negative polyarthritis 650 (26) 132 (23)
RF-positive polyarthritis 151 (6) 15 (3)
ERA 187 (7) 27 (5)
PsA 192 (8) 26 (4)
Undifferentiated JIA 114 (5) 16 (3)
Missing 71 (3) 8 (1)

* The total number of individuals in the cohort was 3,076. ANA, anti-
nuclear antibody; ERA, enthesis-related arthritis; JIA, juvenile idio-
pathic arthritis; JIAU, JIA-associated uveitis; ILAR, International
League of Associations for Rheumatology; PsA, juvenile psoriatic
arthritis; RF, rheumatoid factor.
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individual with the highest call rate was retained for the study.
PCA was performed using the flashpca software package (ver-
sion 2.0), for which outliers were identified using aberrant R library
(version 1.0).23,24 Sample numbers excluded at each QC step are
summarized in Supplementary Figure 1. SNPs were excluded if
they were nonautosomal, had a call rate <0.98, and had a minor
allele frequency (MAF) <0.01. The dataset was restricted to
high-quality SNP genotypes within the major histocompatibility
complex (MHC) on chromosome 6 (29–34 Mb hg build 19).
Two- and four-digit HLA alleles, amino acid residues, and SNPs
were imputed using the SNP2HLA software package (version
1.0.3).25 SNP2HLA uses Beagle for phasing and imputation using
the T1DG reference panel. The imputed dataset was filtered for
variants with an information score >0.9 and MAF >1%.25

Genetic association testing. Association testing was
performed with logistic regression assuming an additive model
of imputed allele dosages, in which reported odds ratios reflect
an additive effect per allele carried. The omnibus test was used
for association testing at multiallelic markers, for which the most
frequent allele was selected as the reference. To account for
residual population substructure, three principal components
were included in all analyses. A study-wide significance threshold
was defined using a Bonferroni-corrected Type I error rate based
on the number of markers in the final dataset. To detect indepen-
dent effects from initial association signals, forward stepwise
logistic regression and conditional analysis were used. These
analyses were then repeated in a subset of the dataset consisting
only of the persistent and extended oligoarthritis ILAR subtypes.
To conduct sex dimorphism analysis, an association test using
sex as an interaction term was used.3 Deviation from the Hardy-
Weinberg equilibrium (HWE) was tested for each reported genetic
variant in available data of 9,196 population controls in a previ-
ously described study.22

Statistical analysis of risk factors. In a subset of the
cohort with complete data, we tested the association of clinical
risk factors prespecified from the literature for JIAU, including
age of JIA onset, sex, ILAR subtype, and ANA status in a univari-
ate analysis using logistic regression.13,26 Sample numbers for
these clinical risk factors can be seen in Supplementary Table 1.
A multivariable analysis was performed to create a fully adjusted
model accounting for correlation among the risk factors. Genetic
risk factors were added to the multivariable model to test for inde-
pendence, and the improvement in model fit was assessed using
a likelihood ratio test (LRT). We derived a final main effects model
by performing forwards stepwise regression with 10-fold cross-
validation where the final model was defined by minimizing Akaike
information criterion (AIC). Classification performance of this
model was estimated using area under the receiver operator
characteristic curve (AUC); this was compared with the AUC
derived from a model based solely on clinical risk factors.

Differences in effect estimates for the genetic and clinical variables
used in this analysis between the samples retained in the com-
plete case analysis (complete case group) and those excluded
for missing data (incomplete case group) were tested by including
a variable for group membership as an interaction term. A statisti-
cally significant interaction term was interpreted as evidence for
difference in the effect sizes between the groups. All analyses
were performed using R version 3.6.

RESULTS

Three independent associations within HLA genes.
The post-QC dataset consisted of 3,076 patients with JIA, includ-
ing 579 with uveitis and 2,479 without uveitis with a total of 7,773
high-quality imputed variants. The Bonferroni study-wide signifi-
cance threshold was defined as 6.43 × 10−6, and an odds ratio
(OR) >1 is considered a risk for JIAU.

Fine-mapping of the HLA region identified three independent
genetic risk factors for uveitis susceptibility within JIA. Association
testing of all genetic markers in the cohort identified amino acid
position 11 of HLA-DRB1 (P = 1.6 × 10−35) as the most signifi-
cantly associated marker (Figure 1A), where serine was associ-
ated with increased risk of uveitis (OR 2.2, 95% confidence
interval [95%] CI 1.9–2.5). Univariate P values and frequencies
for each residue at position 11 of HLA-DRB1 are reported in Sup-
plementary Table 2. This association correlated strongly with that
of HLA-DRB1 position 13 (P = 2.2 × 10−34), where the amino
acids serine (OR 1.6, 95% CI 1.4–1.9) and glycine (OR 1.9, 95%
CI 1.5–2.3) conferred the most risk of uveitis (Supplementary
Table 3). The most associated classical HLA allele was
HLA-DPB1*0201 (P = 7.3 × 10−15). HLA-B*27 has previously
been reported as a risk factor for anterior uveitis in JIA15; however,
it was not significantly associated in this JIAU cohort (P = 0.85).

Conditional analysis on position 11 of HLA-DRB1 revealed
an independent signal at the SNP rs2523765 close to HLA-A
(P = 5.8 × 10−10, OR 0.6, 95% CI 0.5–0.7) (Figure 1B and Supple-
mentary Table 2). The top amino acid association with HLA-A is at
position 127, where lysine conferred the most risk (P = 7.6 × 10−9,
OR = 1.5, 95% CI 1.3–1.7). Conditioning on HLA-DRB1 position
11 and rs2523765 revealed an independent signal at
HLA-DPB1*0201 (P = 7.2 × 10−9, OR 1.6, 95% CI 1.4–1.9)
(Figure 1C and Supplementary Table 2). The top amino acid asso-
ciation at this gene is with position 69 (P = 2.8 × 10−8). Further
conditional analysis revealed the signal at rs3104398 (P = 7.2 ×
10−6), which was below the threshold for study-wide significance
(Figure 1D). Table 2 summarizes the associations and effect esti-
mates of residues at position 11 of HLA-DRB1, rs2523765, and
HLA-DPB1*0201 from a fully adjusted multivariable model. None
of the reported genetic variants deviated from the HWE (P value
>0.05; Supplementary Table 4), and there was no significant dif-
ference in effect estimates between the complete case group
and incomplete case group (Supplementary Table 5).
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Genetic factors refine risk in JIA ILAR subgroups. JIA
ILAR subtype is a clinical risk factor for JIAU; specifically, BSPAR
screening guidelines consider individuals with oligoarthritis to be
at high risk for JIAU onset.9 Therefore, we explored the potential
of genetic associations to refine the risk of JIAU onset in the ILAR
subtype oligoarthritis. When restricted to individuals with oligoar-
thritis, the cohort included 1,291 individuals; 347 had JIAU, and
944 had JIA without uveitis. Association testing on all HLA alleles

in a combined group of persistent and extended oligoarthritis JIA
ILAR subtypes revealed that position 11 of HLA-DRB1 was
again the strongest signal, but with a more modest significance
(P = 5.1 × 10−14). Serine at position 11 suggested the most risk
of uveitis onset (OR 1.8, 95% CI 1.5–2.2). Conditioning on
position 11 of HLA-DRB1 in the oligoarticular cohort revealed
no further study-wide significant signals. These results suggest
that genetic risk factors can further refine risk of uveitis in

Figure 1. Manhattan plots for independent associations within the HLA region. (A) Position 11 of HLA-DRB1 is lead marker for HLA association
analysis. (B) HLA-A SNP rs2523765 is lead marker for conditional analysis of position 11 of HLA-DRB1. (C) HLA-DPB1*0201 is lead marker for
conditional analysis of position 11 of DRB1 and rs2523765. (D) Conditional analysis of three leading HLA markers finds no further study-wide sig-
nificant markers. The log10 of the P value of each HLA marker (vertical axis) is plotted against the base position of each HLA marker on chromo-
some 6. SNP, single nucleotide polymorphism.
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individuals considered to be at high risk for JIAU because of
ILAR classification.

No evidence for sex dimorphism at HLA-DRB1
position 11. The genetic risk marker at position 11 of HLA-
DRB1 has previously been reported to be a female-specific effect
for JIAU, and this study aimed to validate this finding in this
cohort.3 The cohort was restricted to a dataset with girls and
young women (with JIAU 414, with JIA without uveitis 1,646)
and a dataset with boys and young men (with JIAU 165, with JIA
without uveitis 850). We found the HLA-DRB1 position 11 to be
significantly associated with JIAU in both a restricted dataset of
female samples (P = 3.5 × 10−20) and a restricted dataset of male
samples (P = 4.4 × 10−8) with similar effect estimates of position
11 residues in both sexes (Supplementary Figure 2). An associa-
tion test for serine at position 11 with sex as an interaction term
was implemented on the total cohort, which revealed no evidence
that this signal was sex dimorphic in the cohort used in this study
(P = 0.16).

Genetic risk factors improve risk classification of
uveitis in combination with clinical risk factors. A univar-
iate analysis was conducted for each of the prespecified clinical
risk factors: AAO, ANA status, sex, and ILAR classification. Male
was used as the reference for sex, and oligoarthritis was used as
the reference for ILAR subtype. All four clinical risk factors were
associated with uveitis; the top associated clinical risk factor was
AAO (P = 9.7 × 10−38, OR 0.84), which suggests that an older
age at the onset of JIA is associated with decreased risk of JIAU
(Supplementary Table 6). A multivariable model of the four clinical
risk factors, in a complete case analysis of 217 patients with JIA
with uveitis and 874 patients with JIA without uveitis, revealed that
sex was no longer significantly associated (P = 0.25) with uveitis
when adjusting the effect of the other risk factors (Table 3). There
was no significant difference in effect estimates for these clinical
variables between the complete case group and the incomplete
case group (Supplementary Table 7). The three genetic risk fac-
tors remain associated when added to the multivariable model
that included the four clinical risk factors, which demonstrates
that the genetic markers are independent (Table 4). Forward and
backward stepwise regression both identified the same best-
fitting model, which included AAO, ANA status, ILAR category,
and the three genetic risk factors as selected by AIC. Risk classi-
fication of uveitis using 10-fold cross-validation on the four pre-
specified clinical factors was found to have an AUC of 0.71 (95%
CI 0.68–0.76). The addition of the three genetic risk factors
improved classification performance with an AUC of 0.75 (95%
CI 0.71–0.79) and significantly improves the overall fit of the statis-
tical model for uveitis (LRT P value = 3.3 × 10−8).

DISCUSSION

This study, using a large dataset of patients with JIA with and
without uveitis, identified three independent genetic risk factors
for JIAU. These were shown to be independent of the well-
established clinical risk factors and were found to improve the
classification of uveitis in a model combining clinical and genetic
risk factors. This study provides evidence to support further

Table 2. Associations and effect estimates for each independent association from a fully adjusted multivariable
model including HLA-DRB1 position 11 residues, rs2523765 (HLA-A), and HLA-DPB1*0201*

Gene
Amino acid
position/BP Residue/allele

Frequency
of JIAU

Frequency of
JIA without
uveitis P value OR 95% CI

proline 0.11 0.15 7.04 × 10−3 0.75 0.60–0.92
HLA-DRB1 11 (ref serine) valine 0.05 0.15 7.73 × 10−18 0.31 0.24–0.40

glycine 0.04 0.09 7.78 × 10−8 0.40 0.28–0.53
leucine 0.09 0.16 2.86 × 10−11 0.46 0.37–0.58

aspartate 0.02 0.02 5.51 × 10−1 0.87 0.54–1.35
HLA-A (rs2523765) 29925085 - 0.30 0.39 3.13 × 10−9 0.64 0.55–0.74
HLA-DPB1 - 0201 0.26 0.16 3.04 × 10−9 1.67 1.41–1.98

* The effect estimates are adjusted for all other selected variants. OR >1 implies increased risk of JIAU. Serine is the
reference for residues at HLA-DRB1 position 11 therefore ORs are relative to serine. BP, base position; JIA, juvenile
idiopathic arthritis; JIAU, JIA-associated uveitis; OR; odds ratio; 95% CI, 95% confidence interval.

Table 3. Associations and effect estimates from multivariate analy-
sis of the clinical risk factors sex, ANA status, AAO, and ILAR
subtype*

Risk factor P value OR 95% CI

Sex (ref males) 2.57 × 10−1 0.81 0.56–1.17
ANA status 2.74 × 10−8 2.79 1.96–4.04
AAO 2.69 × 10−8 0.87 0.83–0.91
ILAR (ref oligoarthritis)
Systemic JIA 3.80 × 10−3 0.17 0.04–0.48
RF-negative polyarthritis 1.24 × 10−2 0.62 0.43–0.90
RF-positive polyarthritis 4.00 × 10−2 0.32 0.09–0.85
ERA 7.87 × 10−1 0.88 0.34–2.03
PsA 6.84 × 10−1 1.15 0.57–2.19
Undifferentiated JIA 8.30 × 10−1 1.11 0.41–2.67

* Male was used as the reference for sex, and oligoarthritis was
used as the reference for ILAR subtype. OR >1 implies increased risk
of JIAU. AAO, age at onset; ANA, antinuclear antibody; ERA,
enthesitis-related arthritis; ILAR, International League of Associa-
tions for Rheumatology; JIA, juvenile idiopathic arthritis; JIAU, JIA-
associated uveitis; OR, odds ratio; PsA, juvenile psoriatic arthritis;
RF; rheumatoid factor; 95% CI, 95% confidence interval.
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research to potentially adapt screening tools to include newly dis-
covered biomarkers as recommended by expert review.10

This research will help further define the genetic risk of uveitis
in patients with JIA. HLA-DRB1 at positions 11 and 13 have been
associated with JIAU previously; this study has independently val-
idated these associations. Haasnoot et al3 reported that the pres-
ence of serine at position 11 of HLA-DRB1 is correlated with
JIAU, and Heiligenhaus et al27 reported that the position 11 of
HLA-DRB1 is a good predictor of uveitis in patients with JIA. We
also report that serine at position 11 of HLA-DRB1 is correlated
with uveitis in patients with JIA. A second association signal at
position 13 of HLA-DRB1 was detected in the Haasnoot et al
study,3 in which serine or glycine at this position were in linkage
disequilibrium with serine at position 11. This finding is consistent
in this study; serine or glycine at position 13 were associated with
increased risk of uveitis in a cohort of patients with JIA and JIAU.
Forward stepwise logistic regression from HLA-DRB1 position
11 detected an independent signal at rs2523765 within HLA-A
in this cohort. To our knowledge, this independent signal has not
been associated with uveitis onset in previous studies. A second
independent signal at HLA-DPB1*0201 was associated with
increased risk of JIAU in this cohort. HLA-DPB1*0201 has
been associated with a 7.7-fold increased risk of chronic uveitis
when in combination with HLA-DRB1*1104.5 Interestingly,
HLA-DPB1*0201 has been associated with JIA.17,28 The shared
association of HLA markers in JIA and JIAU onset suggest a
pleiotropic effect of genetic risk factors. In addition to the three

independent effects, we observe evidence for a significant associ-
ation with the SNP rs3104398 within the MHC class II region.
Although this did not pass our study-wide significance, it does
suggest the possibility of further genetic risk factors for JIAU
within this region that could be resolved with larger sample sizes.

These analyses demonstrate that the addition of genetic risk
factors can further define the risk of uveitis in patients with JIA.
The association with HLA-DRB1 position 11 was correlated in
the oligoarthritis subset of the cohort with an OR of 1.8 compared
with 2.2 in all JIA. This demonstrates that the magnitude of effect
for serine at position 11 of HLA-DRB1 is consistent between all
subtypes of JIA and oligoarthritis and suggests that individuals
with this ILAR subtype may carry genetic risk factors that place
them at a higher risk for uveitis. Many studies corroborate that
individuals with oligoarthritis ILAR subtypes are high risk for uve-
itis.29 Multivariate analysis of the clinical risk factors AAO, ANA
status, sex, and ILAR classification found that AAO and ANA sta-
tus are strongly associated with JIAU. Additionally, incorporation
of the genetic risk factors serine at position 11 of HLA-DRB1,
rs2523765, and HLA-DPB1*0201 to this model found that
genetic risk factors significantly improve the fit of the statistical
model for uveitis.

Sex and ILAR subtype are established risk factors for JIAU.
This study explored these clinical risk factors alongside genetic
risk factors for JIAU. Individual analysis of female patients in the
study by Haasnoot et al3 found that the association with position
11 of HLA-DRB1 was a female-driven signal. The theory that girls
and young women are more susceptible to JIAU than boys and
young men is supported by a separate study, in which girls
and young women were at significantly higher risk of JIAU than
boys and young men, particularly if they had an early AAO of
arthritis and ANA positivity.30 Oligoarticular JIA is often stated as
a risk factor for uveitis along with the presence of the risk factor
HLA-DRB1 position 11.1 In the study by Haasnoot et al,3 the
strength of the association signal at position 11 of HLA-DRB1
did not change from the female-driven association signal when
the analysis was repeated using only oligoarthritis and RF-
negative polyarthritis subtypes. When repeating this sex dimor-
phism analysis in the cohort in this study, the signal at serine at
position 11 of DRB1 was found to not be significantly sex dimor-
phic for JIAU.

Although the results of this study have identified genetic risk
factors for JIAU, it is important to recognize the limitations. One
limitation of this study is the lack of representation of
non-European ancestral samples from the dataset. PCA
was used during QC of this dataset to exclude ancestral out-
liers in order to protect against population stratification
(Supplementary Figure 1). Because of this QC measure and
the relatively small number of non-European samples in this
dataset, non-European ancestry samples were not included
in the analysis. The results of this study are therefore not repre-
sentative of genetic risk factors for uveitis in non-European

Table 4. Associations and effect estimates from multivariate analy-
sis of the clinical risk factors sex, ANA status, AAO, and ILAR subtype
and the genetic markers HLA-DRB1 position 11 amino acid residues,
HLA-DPB1*0201, and rs2523765 (HLA-A)*

Risk factor/genetic marker P value OR 95% CI

Sex (ref males) 1.47 × 10−1 0.75 0.51–1.11
ANA status 3.12 × 10−5 2.23 1.54–3.26
AAO 4.18 × 10−7 0.88 0.84–0.92
ILAR (ref oligoarthritis)
Systemic JIA 3.80 × 10−3 0.17 0.04–0.48
RF-negative polyarthritis 1.24 × 10−2 0.62 0.43–0.90
RF-positive polyarthritis 4.00 × 10−2 0.32 0.09–0.85
ERA 7.87 × 10−1 0.88 0.34–2.03
Psoriatic arthritis 6.84 × 10−1 1.15 0.57–2.19
Undifferentiated JIA 8.30 × 10−1 1.11 0.41–2.67

HLA-DRB1 position 11 proline 6.77 × 10−1 0.92 0.62–1.35
HLA-DRB1 position 11 valine 5.25 × 10−3 0.51 0.31–0.80
HLA-DRB1 position 11 glycine 1.14 × 10−1 0.62 0.34–1.09
HLA-DRB1 position 11 leucine 8.86 × 10−5 0.42 0.27–0.64
HLA-DRB1 position 11 aspartate 6.50 × 10−1 0.84 0.38–1.74
HLA DPB1*0201 1.84 × 10−2 1.42 1.06–1.90
HLA-A rs2523765 2.22 × 10−4 0.61 0.46–0.79

* OR >1 implies increased risk of JIAU. Male was used as the refer-
ence for sex, oligoarthritis was used as the reference for ILAR sub-
type, and serine was used as the reference for position 11 of HLA-
DRB1. AAO, age at onset; ANA, antinuclear antibody; ERA,
enthesitis-related arthritis; ILAR, International League of Associa-
tions for Rheumatology; JIA, juvenile idiopathic arthritis; JIAU, JIA-
associated uveitis; OR, odds ratio; RF, rheumatoid factor; 95% CI,
95% confidence interval.
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populations, and future research on the genetic risk of JIAU in
non-European populations is required.

An important limitation of this study is the availability of clinical
data in all of the datasets and cohorts. As can be seen in Table 1,
there are significant missing data for several clinical variables, in
particular ANA status. The impact of this is a reduction in the
sample size for the integrated model component of this
research as a complete case analysis was conducted. More-
over, it is important to highlight that duration of JIA at uveitis
diagnosis was not available for all patients and therefore not
included in this study. Individuals with a shorter duration of
JIA at data collection that were included in this study could go
on to develop uveitis. This could potentially result in an under-
estimation of uveitis cases in this cohort. The authors of this
study would also like to acknowledge that eight individuals in
this study had cases of systemic JIA with uveitis. Patients with
systemic JIA are usually at low risk for JIAU, and consequently,
we cannot be certain that the correct ILAR subtype has been
assigned in these cases.31 However, it was important to
include these samples in this study to best stratify genetic risk
of uveitis in all patients with JIA.

The results of this study have evidenced the role of genetic
risk factors in JIAU and highlight their potential use in defining
risk of uveitis in patients with JIA. The incorporation of
genetic risk factors into current JIAU screening guidelines
could aid prioritization of children and young people at high risk
for uveitis, which could facilitate the prevention of severe dis-
ease that may lead to permanent visual impairment. However,
future research is necessary to validate these findings in a pro-
spective cohort to assess the clinical utility of using genetic risk
factors in screening guidelines and future endeavors require
the development of a genetic test that can be practically used
in the clinic.
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