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Highlights

What are the main findings?

o This systematic review reports patients with Juvenile Idiopathic Arthritis (JIA),
Juvenile-onset Systemic Lupus Erythematosus (jSLE) and Juvenile Dermatomyositis
(JDM) to be at an increased risk of a wide range of comorbidities in both childhood
and adulthood.

e  This highlights the additional disease burden and impact on quality of life across the
life-course of patients extending beyond their primary disease.

What is the implication of the main finding?

e Findings suggest the need for a proactive, multidisciplinary approach to monitoring
and managing comorbidities in patients with juvenile-onset rheumatic disease.

e  This review exposes the limitations of current studies and identifies the need for more
robust long-term follow up to better determine the risk of comorbidities in patients
with childhood-onset rheumatic disease.

Abstract

Background/Objectives: Patients with childhood-onset rheumatic diseases may be at
additional risk of developing other health conditions. This systematic review aimed to
(i) identify and describe the comorbidities associated with three significant childhood-onset
rheumatic diseases—Juvenile Idiopathic Arthritis (JIA), Juvenile-onset Systemic Lupus
Erythematosus (jSLE), and Juvenile Dermatomyositis (JDM); (ii) describe comorbidity
prevalence and incidence reported as apparent in childhood or adulthood, and (iii) com-
pare these comorbidity estimates with control groups. Methods: PubMed, Web of Science,
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and Scopus databases were systematically searched without restrictions, in accordance
with PRISMA guidelines. Where three or more studies reported the same comorbidity,
a meta-analysis was performed using random-effect models. The risk of bias and study
quality were assessed using an adjusted version of the Newcastle-Ottawa Scale. Results:
Comorbidities were reported in 136,072 patients, of which 115,062 (84.56%) presented
in childhood. There was significant heterogeneity within the results. The comorbidities
presenting in childhood were uveitis (13.95%, 95% CI 11.79-16.43) in JIA patients, chronic
kidney disease (48.38%, 95% CI 0.67-99.24) in jSLE patients, and calcinosis (29.70%, 95%
CI 25.91-33.81) in JDM patients. The comorbidities identified in adult populations with
childhood-onset rheumatic disease were uveitis (14.46%, 95% CI9.76-20.90) in JIA, hy-
pertension (18.30%, 95% C1 7.52-38.16) in jSLE, and calcinosis (40.37%, 19.02-66.11) in
JDM patients. Almost all comorbidities that were compared to control groups were more
common in patients with childhood-onset rheumatic disease if statistically significant.
Conclusions: Uveitis, chronic kidney disease/hypertension and calcinosis were most
commonly identified among JIA, jSLE and JDM patients, respectively. Patients with the
three childhood-onset rheumatic diseases evaluated in this systematic review were often
found to be at higher risk of comorbidities compared to controls. This finding supports the
need for the proactive, multidisciplinary management of comorbidities by clinicians and
highlights the breadth of disease burden for patients.

Keywords: Juvenile Idiopathic Arthritis; Juvenile-onset Systemic Lupus Erythematosus;
Juvenile Dermatomyositis; comorbidity; systematic review; adults; meta-analysis

1. Introduction

Childhood-onset rheumatological conditions, including Juvenile Idiopathic Arthritis
(JTA), Juvenile-onset Systemic Lupus Erythematosus (jSLE) and Juvenile Dermatomyositis
(JDM), are associated with increased risk of disease damage, functional impairment, disabil-
ity, decreased quality of life, and comorbidities [1-8]. As children progress into adulthood,
ongoing disease activity from JIA, jSLE and JDM and the requirement for medication can be
associated with a higher risk of damage or comorbidities [4-8]. Studies evaluating medium
to long-term outcomes of these diseases have demonstrated a significant burden for young
people and their families [9-14].

Comorbidities associated with adult-onset rheumatic disease have been reported [15-17],
but less is known about the burden of comorbidity in childhood-onset rheumatic disease.
This is partly due to a suboptimal linkage between paediatric and adult research registries,
and that long-term data collection for these rare diseases may be lost as young people
transition to adult services [18-20]. We have found through focus group discussion that
young people are concerned about the long-term outcomes of their disease and may be
willing to make lifestyle changes to decrease the risk of comorbidities, provided that
information is given sensitively with clear practical steps for reducing risk [13].

This systematic review aimed to (i) identify and describe reported comorbidities of
JIA, jSLE, and JDM patients in published articles, (ii) describe comorbidity prevalence
and incidence reported as being apparent in childhood and/or adulthood, and (iii) de-
scribe comparisons between comorbidity burden in juvenile rheumatic disease and in
control groups.
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2. Materials and Methods

This systematic literature review was performed and reported following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [21]. A
systematic review protocol was pre-registered and approved by the International Prospec-
tive Register of Systematic Reviews (PROSPERO), ID PROSPERO2022 CRD42022298901.
PubMed, Web of Science, and Scopus databases were searched in April 2023, with no search
restrictions, using defined search terms (see Supplementary Materials for details) via the
University of Liverpool central library systems. A university subject librarian was consulted
to develop a transparent and robust search strategy. This review included published articles
from cohort, case—control, cross-sectional, registry, case series (with multiple patients), and
randomised controlled trials on patients diagnosed with JIA, jSLE, and JDM. Non-primary
research articles, including reviews and editorials, were excluded from the analysis, but
were used to identify any relevant articles that may have been missed during the initial
screening. Non-English language articles were excluded. Articles on JIA, jSLE and JDM
that mentioned cases and the prevalence or incidence rate of at least one comorbidity
were considered for eligibility. Studies that considered only subsets of JIA, jSLE, and JDM
patients, e.g., JIA patients with uveitis or jSLE patients with lupus nephritis, were excluded
from analysis, as inclusion would likely overestimate the prevalence of ocular and renal
comorbidities, respectively, in examples given. However, studies that considered patients
with all subtypes of JIA apart from systemic-onset JIA were included, as these studies were
felt to represent most patients with JIA.

Two independent reviewers (SS and SC) screened the titles and abstracts, identified du-
plicate articles using bibliographic software, assessed full texts for eligibility and performed
data extraction. Conflicts were resolved through discussion and moderation from a third
reviewer (LJM or DMH). Articles were considered that reported study enrolment age as
either <18 years, >18 years, or both. Sample size, disease duration, follow-up time, disease
onset age, diagnosis age, study enrolment age, participant ethnicities, and data sources (if
available) were extracted from each article. Comorbidity prevalence and incidence were
calculated based on the available information. For control groups of patients without JIA,
jSLE and JDM, selected studies that reported estimates, e.g., hazard ratios, odds ratios,
risk ratios, incidence rate ratios, prevalence ratios, and percentage differences (absolute),
including 95% confidence intervals (CIs) and p-values, were extracted for comparison.

The quality and risk of bias of the included studies were assessed using an adapted ver-
sion of the Newcastle-Ottawa Scale (NOS). A higher score indicates better methodological
quality and a lower risk of bias for the study.

For a comorbidity reported in at least three studies, we performed a meta-analysis
to estimate the pooled prevalence, 95% CI, and I° statistic using the random-effects
(DerSimonian-Laird) model. We used the inverse-variance method with logit transforma-
tion. The I? statistic explained heterogeneity among studies [22]. Forest plots were created
to visualise the variation in prevalence across the studies, and Funnel plots were used to
assess the risk of publication bias. A meta-analysis was performed using the statistical
programming software R, version 4.1.1.

3. Results

A systematic search returned 4165 publications, of which 104 were included in the
review after exclusions, as illustrated in Figure 1.
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Figure 1. Flowchart showing the study selection process and number of publications identified.

3.1. Aim 1: Identification and Description of Published Comorbidities of [IA, jSLE and [DM

Among 104 articles, 76 reported co-existing comorbidities presenting in childhood and
30 reported co-existing comorbidities apparent in adulthood (Table 1 and Supplementary
Tables S1 and S2). Of them, 51 articles included 124,080 patients with JIA [14,23-72],
36 articles considering 9263 patients with jSLE [4,12,73-106] and 17 articles describing
2729 patients with JDM [1,2,5,107-120], totalling 136,072 patients (Table 1). Simon et al. [41]
reported co-existing comorbidities for JIA presenting in both childhood and apparent in
adulthood, which were considered separately for this systematic review. Similarly, Sinicato
et al. reported comorbidities presenting in both childhood and adulthood [94].

Thirty-three studies scored 5 out of a potential 6 NOS scores. Among them, twenty-five
studies reported comorbidities presenting in childhood and seven studies reported comor-
bidities apparent in adulthood (Table 1, Supplementary Tables S3-S5 and Figures S1-53).
Most studies scored between 3 and 5 on the NOS. Eleven studies scored 6, which may
indicate better methodological quality. The comorbidities reported in the most arti-
cles were uveitis, diabetes (undefined as type 1 or type 2), and depression in patients
with JIA; vascular necrosis, diabetes (undefined), and end-stage renal disease in pa-
tients with jSLE; and calcinosis, diabetes (undefined), and cataracts in patients with JDM
(Supplementary Figure S4).

3.2. Comorbidities” Pooled Prevalence

Any comorbidity reported in at least three separate studies, either presenting in
childhood or apparent in adulthood, associated with JIA, jSLE and JDM, were included in
a meta-analysis to estimate the pooled prevalence (Supplementary Figure S4 and Table S1).
Among JIA patients, 24 comorbidities were reported in at least three studies each presenting
in childhood and 10 were reported in at least three studies appearing in adulthood. For
jSLE patients, 18 comorbidities were reported in at least three studies each presenting in
childhood and 12 were reported in at least three studies appearing in adulthood. In JDM
patients, 10 comorbidities were reported in at least three separate studies presenting in
childhood and 2 comorbidities apparent in adulthood (Supplementary Table S6).
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Table 1. Details of study participant numbers, geographical location and Newcastle-Ottawa Score of
studies on JIA, jSLE and JDM patients observed in childhood and adulthood 1z

Number of Studies Reporting Comorbidities

Childhood Adulthood Total
JIA jSLE JDM Subtotal JIA jSLE JDM Subtotal
Number of studies 35* 29 12 76 17# 8 5 30 106 *
Number of study participants 104,006 8623 2433 115,062 20,074 640 296 21,010 136,072
Number of studies by region
Africa 1 3 1 5 0 0 0 0 5
Asia/Middle East 4 8 4 16 3 2 0 5 21
Australia/New Zealand 0 1 1 2 0 0 0 0 2
Europe/UK 21 3 3 27 10 3 4 17 44
North America 9 8 3 20 4 1 1 6 26
South America 0 6 0 6 0 1 0 1 7
Newcastle-Ottawa Scale score of bias by number of studies

Scores = 6 3 1 1 5 2 2 2 6 11
Scores =5 9 13 4 26 3 2 3 8 34
Scores =4 8 8 3 19 7 2 0 9 28
Scores =3 8 3 2 13 2 0 0 2 15
Scores = 2 5 2 1 8 1 0 0 1 9
Scores =1 2 2 1 5 2 1 1 4 9

1 NOS: Newcastle-Ottawa Scale. Each article was assessed based on the score as representativeness: 2 for
population or primary care level data, 1 for hospital, 0 for more selective, i.e., treatments; sample size: 1 if justified,
0 if not; JIA/JSLE/JDM definitions (exposure): 2 for classical criteria/physician diagnosis, 1 for diagnostic
codes, and 0 if self-reported /unclear /unreported; and ascertainment of comorbidities (outcome): 1 if diagnostic
codes/classical criteria, 0 if self-reported /unclear/unreported. A higher score indicated better methodological
quality and a lower risk of bias for the study, and vice versa. 2 Forty-four studies were based on UK and European
populations, 26 USA /Canada, 21 Asia/Middle East, 7 South American, 5 African and 2 Australian/New Zealand
populations. # Simon et al. [41] reported comorbidities both presenting in childhood and apparent in adulthood
and these were considered separately for this systematic review. Sinicato et al. [94] reported comorbidities present
in childhood and apparent in adulthood for jSLE.

Based on estimates of pooled prevalence (Table 2 and Figure 2), uveitis (13.95%, 95%
CI 11.79-16.43, range of published values 7-22%), varicella (10.31%, 95% CI 1.79-42.04,
range 1-50%) and asthma (8.84%, 95% CI 7.86-9.93, range 8-10%) were highly prevalent
comorbidities reported presenting in childhood in patients with JIA. However, the wide
confidence intervals and high heterogeneity mean these estimates (and those following)
should be interpreted with caution and should not be considered precise prevalence es-
timates. Uveitis (14.46%, 95% CI 9.76-20.90, range 4-22%), depression (9.11%, 95% CI
4.42-17.87, range 2-25%) and asthma (8.36%, 95% CI 7.88-8.88, range 8-9%) were highly
prevalent in adults who had JIA as a child. For jSLE patients, the most prevalent comorbidi-
ties were chronic kidney disease (48.38%, 95% CI 0.67-99.24, range 5-100%), hypertension
(19.14%, 95% CI 13.05-27.18, range 9-45%) and obesity (18.86%, 95% CI 5.56-47.84, range
7-45%) reported as presenting in childhood; and hypertension (18.30%, 95% CI 7.52-38.16,
range 7-44%), seizures (11.24%, 95% CI 4.22-26.68, range 4-23%) and avascular necrosis
(9.90%, 95% CI 4.82-19.28, range 3-18%) reported as being apparent in adulthood. Among
JDM patients, calcinosis (29.70%, 95% CI 25.91-33.81, range 6-42%), growth failure (22.85%,
95% CI 7.66-51.39, range 8-40%) and contractures (17.98%, 95% CI 14.82-21.64, range
3-20%) had the highest prevalence presenting in childhood; and calcinosis (40.37%, 95% CI
19.02-66.11, range 21-69%) and lipodystrophy (15.67%, 95% CI 6.05-34.91, range 7-33%)
were the most prevalent comorbidities apparent in adulthood (Supplementary Table S6).
We recognise that many of the items recognised as comorbidities in this pooled prevalence
overlap with what are considered activity or damage items related to disease, such as
chronic kidney disease in SLE and calcinosis in JDM.
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Table 2. Prevalence estimates for comorbidity in JIA, jSLE and JDM patients presenting in childhood and apparent in adulthood. Only comorbidities that were
reported in at least 3 papers for both childhood and adult studies are included in this table. The p values report Cochran’s Q test of heterogeneity.

Disease

Comorbidity

Comorbidity Reported Presenting in Childhood

Comorbidity Reported as Apparent in Adulthood

JIA

% Pooled Prevalence; (95% CI)

% Pooled Prevalence; (95% CI)

jSLE

Uveitis
Depression
Asthma
Cataract
Glaucoma
Hypertension
Anxiety
Malignancy
Diabetes (undefined)
Osteoporosis

13.95; [11.79-16.43] I2 = 91.5% [88.0-93.9], T =0.1497, p < 0.001
3.61; [1.80-7.11] I% = 97.3% [96.1-98.1], T =1.049, p < 0.001
8.84; [7.86-9.93] 12 = 88.7% [69.0-95.9], T = 0.0115, p < 0.001
2.32; [1.39-3.85] I2 = 63.0% [16.0-83.7], T2 —0295 p=0.013

1.84; [1.33-2.56] 12 = 1.9% [0.0-79.6], T =0,p=0.39
0.29; [0.04-1.97] I? = 95.8% [92.7-97.6], T2 = 4.498, p < 0.001
5.02; [2.00-12.06], 12 = 98.8% [98.2-99.2], T =0.889, p < 0.001
0.40; [0.23-0.68] I = 85.6% [64.7-94.2], T =0.252, p < 0.001
0.92; [0.72-1.18] I? = 55.0% [0.4-79.6], T = 0.053, p = 0.030
3.99; [3.16-05.03] I? = 0.0% [0.0-89.6], T2 = 0, p = 0.455

14.46; [9.76-20.90] I? = 89.1% [79.9-94.0], T =0.299, p < 0.001
9.11; [4.42-17.87] I? = 85.8% [68.9-93.5], 2 = 0.680, p < 0.001
8.36; [7.88-8.88] I? = 0% [0.0~89.6], T = 0, p = 0.575
7.48; [0.87-42.66] 12 = 95.7% [90.6-98.0], T2 = 3.707, p < 0.001
7.11; [1.50-27.74] I? = 96.0% [91.5-98.1], 2 = 1.937, p < 0.001
3.81; [1.59-8.85] I? = 96.2% [93.4-97.8], 2 = 0.911, p < 0.001
6.18; [2.36-15.25] I? = 89.1% [70.3-96.0], T2 = 0.743, p < 0.001
3.45; [2.14-5.53] I? = 93.2% [83.6-97.2], T2 = 0135, p < 0.001
3.19; [1.36-7.31] I2 = 81.4% [60.1-91.3], TZ 0.845, p < 0.001
1.58; [0.26-9.18] I = 94.4% [87.1-97.6], T2 = 2.489, p < 0.001

JDM

Hypertension
Avascular necrosis
End-stage renal disease
Venous thrombosis
Cataract
Diabetes (undefined)
Premature gonadal failure
Malignancy
Transverse myelitis

Calcinosis

19.14; [13.05-27.18] I? = 85.8% [74.0-92.3], t% = 0.352, p < 0.001
2.20; [1.20-4.02] I? = 76.4% [52.8-88.2], T% = 0.486, p < 0.001
3.62; [2.03-6.39] 12 = 78.0% [54.3-89.4], T = 0.431, p < 0.001
1.61; [0.57—4.44] I = 61.3% [0.0-89.0], T2 = 0.498, p = 0.075
6.39; [3.49-11.41] 12 = 87.8% [75.9- 938],1 =0.495, p < 0.001
1.98; [1.07-3.62] 12 = 55.5% [1.9-79.9], T2 —0376 p=0.028
1.92; [1.27-2.90] I = 0% [0.0-89.6], T = 0, p = 0.622
0.33; [0.11-0.93] I2 = 0% [0.0-84.7], 2:0,p=0.661
0.73; [0.28-1.93] 12 = 52.7% [0.0-86.4], T2 = 0.395, p = 0.121

18.30; [7.52-38.16] 12 = 92.4% [83.8-96.5], T =0.931, p < 0.001
9.90; [4.82-19.28] 1% = 69.6% [12.4-89.4], T2 = 0.431, p = 0.020
7.59; [5.31-10.75] I? = 20.0% [0.0-87.8], T =0,p=0.290
7.35; [4.39-12.04] I? = 43.5% [0.0-83.1], T =0,p=0.170
6.62; [3.95-10.87] I? = 0% [0.0-89.6], T2 = 0, p = 0.410
3.82; [1.88-7.58] 12 = 39.2% [0.0-79.3], T2 =0.213,p =0.177
2.83; [0.87-8.82] I? = 39.5% [0.0-81.3], T = 0.458, p = 0.192
1.12; [0.39-3.14] I? = 0% [0.0-89.6], T2 = 0, p = 0.576
1.09; [0.27-4.27] T? = 0% [0.0-89.6], T2 = 0, p = 0.624

Lipodystrophy

29.70; [25.91-33.81] I? = 26.7% [0.0-63.7], ’t =0.015, p = 0.190
8.11; [3.38-18.21] I = 57.7% [0.0-85.9], T = 0.513, p = 0.069

40.37; [19.02-66.11] 12 = 92.7% [84.6-96.6], r =1.080, p < 0.001
15.67; [6.05-34.91] 12 = 85.1% [55.9-94.9], 12 = 0.733, p = 0.001
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Figure 2. Pooled prevalence (%) and confidence intervals (95%) of comorbidities reported in JIA, jSLE
and JDM patients present in childhood or apparent in adulthood. Rectangles represent the pooled
prevalence of the comorbidity (%); the line represents the 95% CI. Abbreviations—MAS: macrophage
activation syndrome; IBD: inflammatory bowel disease.

3.3. Aim 2: Common Comorbidities Apparent in Both Childhood and Adulthood

There were 10 comorbidities reported by at least three studies as apparent in both
childhood and adulthood in JIA patients, 9 in jSLE patients and 2 in JDM patients. (Table 2,
Figure 2, and Supplementary Table S6).

Uveitis was a highly prevalent comorbidity among JIA patients, present in both
childhood (13.95%, 95% CI 11.79-16.43, range of published values 7-22%) and adulthood
(14.46%, 95% CI 9.76-20.90, range 4-22%), indicating that it remains a problem during
adulthood. Similarly, depression, cataracts and hypertension were found to be common
problems identified in childhood and adulthood in JIA patients. Hypertension was a
highly prevalent comorbidity among jSLE patients, present both in childhood (19.14%,
95% CI 13.05-27.18, range 9-45%) and in adulthood (18.30%, 95% CI 7.52-38.16, range
7-44%). Calcinosis was reported as the most prevalent comorbidity in JDM patients, both
in childhood and adulthood (Table 2).

Forest plots were created to visualise variation in the pooled prevalence rates of
reported comorbidities among JIA, jSLE, and JDM patients in childhood and adult-
hood and Funnel plots were generated to assess publication bias in those studies
(Supplementary Figures S5-578).
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3.4. Aim 3: Comorbidity Comparison Between JIA, jSLE and JDM Patients and Non-JIA,
Non-jSLE and Non-JDM Controls

Twenty studies reported comparisons with control cohorts of JIA with non-JIA patients
(15 studies) and jSLE with non-jSLE patients (5 studies). No study reported a comparison
between JDM and non-JDM patients. Control cohorts varied across studies and included
patients with a diagnosis of asthma or Attention Deficit Hyperactivity Disorder (ADHD).
Control studies reported comorbidity estimates in multiple ways (Table 3). We had hoped
to meta-analyse the comparisons of prevalence in cases and controls. However, due to
different types of outcomes being reported in different studies (odds ratios, % difference,
hazard ratios etc), there were not enough papers reporting the same outcome for the same
disease and so, a meta-analysis was not possible. All comorbidity estimates from the
studies that compared cases to controls are presented in Supplementary Table 52, and the
most common comorbidity estimates are listed in Table 3. Most studies that compared
estimates of comorbidity prevalence with control groups either did not reach a statistically
significant level or were not reported as statistically significant/insignificant. An exception
to this was two studies reporting a statistically significant increase in the presence of type 1
diabetes in JIA patients when compared to non-JIA controls (p-value < 0.001) [33,47].
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Table 3. Most common comparative comorbidity estimates between cases and controls of JIA and jSLE patients.

Childhood Adulthood
Patient Group Comorbidity Study Estimates Estimate Type Comorbidity Study Estimates Estimate Type
Anxiety Berthold et al. [53] F1.20, M 0.60 Hazard ratio Asthma Raab et al. [59] —2.50 °/o($§f)elf1(etr;§e
Depression Berthold et al. [53] F1.10, M 0.80 Hazard ratio Depression Raab et al. [59] —4.10
Type 1 diabetes Schenck et al. [33] 1.76 Prevalence ratio Type 1 diabetes Simon et al. [41] 2.15,2.50 Odds ratio
Lee et al. [38] 1.81,1.48 Hazard ratio (adj) Diabetes mellitus Raab et al. [59] —0.70 "/(E;lbiggelllrirge
Hazard ratio
Lee et al. [38] 1.89, 1.46 (adjusted for age, Gestational diabetes Zhang-Jian et al. [71] 0.75 Adjusted Odds ratio
sex, index date)
Lovell et al. [47] 1.25 Log risk ratio Hypertension Raab et al. [59] —0.60 % ‘Eiiggelﬁrge
Simon et al. [41] 1.82,1.70 Odds ratio I“tefisit;l:slemng Simon et al. [41] 12.89, 11.54 Odds ratios
JIA H 1 rati
Type 2 diabetes Lee et al. [38] 1.22,1.01 (33?£st$1)10 Multiple sclerosis Simon et al. [41] 1.52,1.50
Hazard ratio (age, Osteoporosis % difference
Lee et al. [38] 1.89, 0.95 sex, index date) (lumbar spine) Aggarwal et al. [60] 22.40 (absolute)
Malignancy Horneff et al. [46] 3.00, 6.30 Risk ratio Osteoporosis (hip) Aggarwal et al. [60] 5.90
Multiple sclerosis Lovell et al. [47] 1.90 Log risk ratio
Simon et al. [41] 3.38,2.26 Odds ratio Psoriasis Simon et al. [41] 2.93,2.31 Odds ratios
I“teﬁfggliielung Simon et al. [41] 12.03,24.86 Odds ratio Ulcerative colitis Simon et al. [41] 2.41,3.69
Psoriasis Simon et al. [41] 5.89, 8.42 Odds ratio Uveitis Simon et al. [41] 29.54,18.46
Ulcerative colitis Simon et al. [41] 6.49, 8.34 Odds ratio
Uveitis Simon et al. [41] 133.20, 165.10 Odds ratio
% diff . . % diff
Asthma Karve et al. [12] 8.50 g (ablsoel{letre1§e Hypertension Sinicato et al. [94] 11.40 4 (ablsoelietrelge
iSLE Type 1 diabetes Karve et al. [12] —0.70
Multiple sclerosis Karve et al. [12] 1.40
Hypertension Sinicato et al. [94] 9.80 Wiﬁéﬁﬁgge

Simon: Matched controls patients with ADHD in the US PharMetrics and US MarketScan datasets, respectively. Lee: Controls were healthy children with at least one record of a Wellcare
visit, matched with JIA patients on age, sex and index date; and children with at least two diagnoses of asthma followed by at least one outpatient pharmacy claim for asthma treatment,
matched with JIA patients on age, sex and index date, respectively. Horneff: Compared with rates taken from the German Childhood Cancer Registry report 2015 (Methotrexate Drug
Cohort) and with rates taken from the German Childhood Cancer Registry report 2015 (Etanercept Drug Cohort), respectively.
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4. Discussion

This is the first systematic review to identify and examine a comprehensive list of
comorbidities associated with JIA, jSLE, and JDM patients reported in childhood and
adulthood. When comorbidities were compared between children with childhood-onset
rheumatic disease and controls, often no statistically significant differences were observed.
When such differences were observed, the comorbidity was almost always more common
in the rheumatic cohorts than in controls. The most common comorbidities reported
for JIA patients in this systematic review were uveitis, varicella, depression and asthma.
Comorbidities with high point estimates of pooled prevalence in jSLE patients were chronic
kidney disease, hypertension, obesity and seizures, whereas JDM patients were most
affected by calcinosis, growth failure, contractures and lipodystrophy.

Causes of the higher rate of comorbidities in patients with childhood-onset rheumatic
diseases compared to patients without rheumatic diseases are likely multifactorial. Disease
activity itself is strongly associated with comorbidities, such as uveitis in JIA and calcinosis
in JDM [121,122]. Damage accrual may be a particular risk in childhood or adolescent-
onset disease compared to adult-onset disease, as demonstrated in studies of jSLE, where
damage frequencies are reported in 28-60% of patients and long-term organ damage is
an important determinant of morbidity and mortality [7,123,124]. In studies investigating
prognostic factors and damage accrual in jSLE patients, the presence of haemolytic anaemia,
renal disease and a higher median disease activity over time at diagnosis were found
to increase the risk of damage, with risk of damage being particularly high (probability
increasing to 98.97%) when a combination of haemolytic anaemia, neurological disease
and vasculitis were present at diagnosis [120,123,124]. The identification of clinical features
that predispose to damage may allow for better risk stratification in clinical practice to try
to minimise this risk. Further work is also needed to confirm whether childhood-onset
disease presents a greater risk of comorbidities than adulthood-onset disease.

The following commonly identified comorbidities are considered in greater detail:
uveitis, hypertension, growth failure, depression and anxiety.

4.1. Uveitis

Uveitis and associated ocular pathologies are commonly recognised complications
of JIA [26,40,45,49,51,52]. This review identified a high frequency of ocular-related comor-
bidities, including band keratopathy, cataract, glaucoma, macular oedema and synechiae
(Figure 2 and Supplementary Table S1).

The prevalence of JIA-associated uveitis has been found to vary according to geo-
graphical region and is highest in northern Europe (19.1%) and lowest in Southeast Asia
(5%) [121]. These differences may relate to genetic determinants, environmental factors,
and/or disparities in the availability of ophthalmological screening. As shown in Table 1,
studies included in this systematic review are frequently from Europe or North America,
which may not reflect the frequency of comorbidities in other regions due to genetic or
ethnic differences. Reported incidence may be altered by sample sizes, disparities in access
to care or health services, and race or ethnicity.

4.2. Hypertension

This review consistently identified increased risk of hypertension in patients with
jSLE and JIA, with the effect size being greatest in patients with jSLE. As disease control in
childhood has improved, atherosclerotic cardiovascular disease in juvenile-onset rheumatic
disease has emerged as a leading cause of morbidity and mortality in patients in adult-
hood [125,126]. Hypertension represents an important target for monitoring and early
intervention, including modification of lifestyle factors.
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4.3. Growth Failure

Growth failure in JDM patients was identified as a comorbidity in this systematic
review. This could be secondary to disease activity or medication (corticosteroid treatment).
Patients with recent onset of puberty during the active phase of disease or with previous
growth failure have been found to be most at risk of growth and pubertal delay [127].
Similarly, the peri-pubertal period has been identified as a vulnerable time for growth
disruption in JIA and jSLE [128,129].

4.4. Depression and Anxiety

Symptoms of depression and anxiety are prevalent in patients with JIA, jSLE and
JDM and impose a significant burden with a negative impact on quality of life, but current
service provision is sub-optimal to screen and proactively treat mental health issues related
to rheumatic conditions [3,53,130-132].

Reported contributing factors include pain and medication-related side effects, as
well as social isolation and concerns about future prospects (particularly in relation to
education, employment, and pregnancy). From focus groups, we have determined that
young people with rheumatic diseases consistently identified mental health as a priority
comorbidity [13]. A high prevalence of anxiety and depression was found in a large-
scale outpatient screening of adolescents and young adults with JIA in Germany [8]. We
recommend early and frequent screening of symptoms and a multidisciplinary approach
to treatment, as is also recommended in recently published guidance statements by the
American College of Rheumatology [133].

4.5. Limitations

The limited number of studies reporting on each comorbidity, differences in the
definitions of each disease comorbidity and the variance in reported estimates of preva-
lence/incidence present limitations to the findings of this review. Many of the comorbidities
identified overlap with items included in disease damage indices, particularly in jSLE (e.g.,
chronic kidney disease) and JDM (e.g., calcinosis). As a result, standardised reporting of
these conditions may lead to their overrepresentation in the data. Some apparent comor-
bidities may represent true coexisting conditions, whereas others may arise as consequences
of disease-related damage or treatment-related adverse effects. In many cases, it is not
possible to attribute an individual condition to a single underlying cause. For example,
arterial hypertension in jSLE may reflect disease-related damage, treatment effects, or a
coexisting condition. Given these challenges, we adopted an inclusive approach to the
definition of comorbidity in this review.

Challenges related to studying the long-term outcomes of childhood-onset rheumatic
disease may lead to the underreporting of comorbidities in this population. This might
arise from difficulties in capturing long-term data in registries and cohort studies, including
discrepancies in disease terminology or classification when patients transition from paedi-
atric to adult care, and from poor linkage between childhood and adult registries [18-20].
Inconsistencies in patient identifiers, differences across digital platforms, and poor inter-
operability among UK health registry systems make it difficult to capture disease data
as patients transition into adulthood [18,19]. Studies reporting comorbidities for adult
populations did not include information on whether patients were under or over the age
of 18 when diagnosed with the comorbid condition, so we have used the terminology
“diagnosed in childhood” and “apparent in adulthood” to reflect this. This lack of de-
tail also meant we could not perform our initially planned comparison of comorbidity
prevalence in children and adults. Furthermore, the overlapping of large-scale registry
cohorts in multiple studies may lead to the over-reporting of co-morbidities. In this review,
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the BIKER registry was used by a number of authors. These were mostly reporting the
prevalence of different comorbidities (e.g., [31,35,46,48]). Two papers report numbers of
patients with macrophage activation syndrome and tuberculosis from potentially over-
lapping cohorts [36,43]. This may lead to some over-reporting of comorbidity prevalence,
but both studies are reported in this review. Failure to identify comorbidities early may
accelerate disease progression, increase pain and lead to missed opportunities for treatment
and prevention, thereby impeding quality of life in adulthood [19]. If risk factors for
damage/comorbidities could be identified at early stages of the disease, clinicians may
have the opportunity to closely monitor these patients, thereby potentially reducing the
risk of damage/comorbidities [123,124].

Heterogeneity was substantial for most pooled estimates, with 1> >75% for 22/44
meta-analyses. The highest heterogeneity was observed for chronic kidney disease in
jSLE childhood [I? = 98.7%], likely due to differences in definitions of CKD, ethnicity, and
follow-up duration across the three included studies. Clinical heterogeneity in CKD and
other identified comorbidities was driven by several broader factors. First, geographic
variation in study populations is likely to have contributed through differences in genetic
susceptibility, environmental exposures, healthcare systems, and clinical management, all of
which may influence both disease severity and the occurrence or detection of comorbidities.
Second, studies differed in the disease subtypes included, with some including all patients
with a disease diagnosis and others including only those that met certain classification
criteria. Third, the diagnostic criteria evolved over the study period, with more recent
classification criteria enabling earlier diagnosis and potentially capturing patients with
different disease characteristics compared with historical cohorts.

Certain populations/comorbidities may not be captured in this review due to the
exclusion of non-English publications and the absence of EMBASE in the literature search.
Orthopaedic manifestations and musculoskeletal comorbidities were not specifically eval-
uated, as these outcomes are frequently captured in dedicated orthopaedic databases or
registries rather than in paediatric or adult rheumatology registries. Consequently, the
long-term burden of childhood-onset rheumatic diseases may be underestimated. These
manifestations differ across the major paediatric rheumatic diseases included in this review
and may include joint deformities, contractures, growth disturbances, limb-length discrep-
ancies, and temporomandibular joint involvement in JIA, osteoporosis, fragility fractures,
avascular necrosis, and non-erosive deforming arthropathy in jSLE and contractures and
persistent functional impairment in JDM. Our report summarises the available evidence
until April 2023.

5. Conclusions

This systematic review found that comorbidities are highly prevalent among JIA, jSLE
and JDM patients, particularly uveitis, hypertension and growth failure. These findings
indicate a substantial additional disease burden with lasting impacts on quality of life across
the life course, extending beyond the primary condition. They underscore the potential
of early identification of comorbidities and targeted lifestyle interventions to mitigate risk
while recognising that coexisting conditions may complicate management of the primary
disease, including influencing treatment selection and outcomes. A multidisciplinary,
life-course oriented approach is necessary to support the comprehensive identification and
management of comorbidities in juvenile rheumatic disease.

Supplementary Materials: The following supporting information can be downloaded at https://

www.mdpi.com/article/10.3390/children13080995/s1, Search Strategy, Supplementary Figures S1-578,
Supplementary Tables S1-56.
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