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ABSTRACT
Objective Many autoimmune diseases share common 
pathogenic mechanisms; however, there are limited 
studies quantifying the coexistence of autoimmune 
diseases and associated conditions in patients with 
juvenile idiopathic arthritis (JIA). This large US- based 
study estimated and compared the prevalence of multiple 
coexisting autoimmune diseases in patients with JIA with a 
general paediatric (GP) patient population.
Methods This retrospective cohort study was conducted 
using registry data from the Cincinnati Children’s 
Hospital Medical Center (January 2010–October 2018). 
The prevalence of multiple autoimmune diseases was 
estimated in patients (age <21 years) with JIA and a 
control group from the GP patient population. Crude 
prevalences of 26 prespecified autoimmune diseases and 
associated conditions were compared using Bayesian 
Poisson regression modelling for each year up to the end 
of the study period.
Results Overall, 2026 patients were included in the JIA 
cohort and 41 572 in the GP cohort. Of 26 autoimmune 
diseases and associated conditions evaluated, 14 (53.8%) 
had a significantly higher prevalence in the JIA cohort 
compared with the GP cohort. In total, seven (26.9%) 
autoimmune diseases or associated conditions had a >20- 
fold increased prevalence in the JIA cohort compared with 
the GP cohort.
Conclusion In this study, patients with JIA had a greater 
prevalence of a large number of coexisting autoimmune 
diseases and associated conditions compared with the 
GP population. Physicians should consider coexisting 
autoimmune diseases in the treatment and management 
of patients with JIA.

INTRODUCTION
Juvenile idiopathic arthritis (JIA) is an auto-
immune inflammatory arthritis that develops 
in children <16 years of age, persists for >6 
weeks and is of unknown cause.1 It is the 
most common paediatric rheumatic disease 
and can lead to joint damage, chronic pain 
and disability.2 It has a prevalence in the 

USA of 44.7 cases per 100 000 children.1 3 
Seven subtypes of JIA exist, based on features 
present in the first 6 months of illness: 
systemic arthritis, oligoarthritis, rheumatoid 
factor (RF)- positive polyarthritis, RF- negative 
polyarthritis, enthesitis- related arthritis, psori-
atic arthritis and undifferentiated arthritis.4 5 
The cause of JIA remains unknown, but it has 
been related to both genetic and environ-
mental factors.4 6

The National Institutes of Health estimates 
that autoimmune diseases are the most preva-
lent diseases in the USA, affecting up to 23.5 

Key messages

What is already known about this subject?
 ► Many autoimmune diseases share common patho-
genic mechanisms, and patients with coexisting 
autoimmune diseases often experience increased 
disease severity, disability and mortality. There are, 
however, limited studies quantifying the coexistence 
of autoimmune diseases in children and young 
adults with juvenile idiopathic arthritis (JIA).

What does this study add?
 ► This study estimated the prevalence of 26 coexist-
ing autoimmune diseases and associated conditions 
in this patient population compared with a general 
paediatric patient population.

 ► Overall, 14 of the 26 autoimmune diseases and as-
sociated conditions studied had a statistically higher 
prevalence among patients with JIA compared with 
the general paediatric patient population; 7 (26.9%) 
had a >20- fold increased prevalence in the JIA co-
hort compared with the general paediatric cohort.

How might this impact on clinical practice or 
future developments?

 ► Assessment, management and treatment options for 
patients with JIA should be considered in the context 
of the increased frequency of other autoimmune dis-
eases and associated conditions present.
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million Americans.7 Many autoimmune diseases share 
common pathogenic mechanisms.8 The presence of 
coexisting autoimmune diseases in patients with rheuma-
toid arthritis (RA) has been noted to lead to increases 
in disease severity, disability and mortality.9 In addition, 
coexisting conditions in patients with JIA (including 
coexisting autoimmune diseases) have been shown to 
negatively impact quality of life and increase disability and 
mortality.10 11 Similar results were shown in studies that 
evaluated the coexistence of other autoimmune diseases 
in patients with multiple sclerosis and psoriasis.12 13 There 
are limited published studies quantifying the occurrence 
of other autoimmune diseases in children and young 
adults with JIA, the majority of which are case reports or 
studies with small numbers of patients.11 14–26

The aim of this study was to estimate and compare the 
prevalence of 26 coexisting autoimmune diseases and 
other associated conditions in children and young adults 
with JIA with those of a general paediatric (GP) patient 
population.

METHODS
Study design
This was a retrospective cohort study conducted using 
electronic medical registry data from the Cincinnati 
Children’s Hospital Medical Center (CCHMC; Cincin-
nati, Ohio, USA) from 1 January 2010 to 1 October 2018. 
CCHMC is a 600- bed paediatric hospital that handles 
more than 1.3 million patient encounters annually.

Patients
Children and young adults aged <21 years who had at 
least one clinic visit at CCHMC were included. The JIA 
cohort consisted of patients who had at least two occur-
rences of International Classification of Diseases, Ninth 
or Tenth Revision, Clinical Modification (ICD-9- CM and 
ICD-10- CM) diagnosis codes for JIA. The JIA diagnosis 
date was recorded as in the patient encounter or discharge 
diagnosis date. If multiple dates were present, the earliest 
one was used. The GP cohort included all children seen 
at the CCHMC. To confirm a coexisting autoimmune 
disease or associated condition, the diagnosis code for 
1 of the 26 predefined coexisting autoimmune diseases 
and associated conditions under investigation (online 
supplemental table S1) was noted. Autoimmune diseases 
included in the definitions for JIA subtypes (eg, psoriasis, 
spondyloarthritis), and those that could be misdiagnosed 
as JIA (eg, systemic lupus erythematosus) or are known 
complications of JIA (eg, uveitis) were not included in 
the list of associated autoimmune diseases. In patients 
with JIA with one of the following conditions, which are 
commonly present in other rheumatic diseases and may 
have led to an initial misdiagnosis of JIA, all subsequent 
visit diagnoses were reviewed for a diagnosis of another 
rheumatic disease: chronic glomerulonephritis, myositis, 
pulmonary fibrosis, interstitial lung disease and Sjögren’s 
syndrome/sicca syndrome. As a result of this more 

intense review of these diagnoses, one patient diagnosed 
with JIA was excluded, as the arthritis was determined to 
be part of the known manifestations of a subsequently 
diagnosed genetic syndrome. The GP cohort excluded 
patients with diagnosis codes for JIA. No other exclusion 
criteria were applied.

Outcomes
The crude prevalence (reported as X cases per patient- 
year) of each of the 26 autoimmune diseases and asso-
ciated conditions were compared in the JIA and the GP 
cohorts during the last year of the study period.

Statistical analysis
Descriptive statistics were used to analyse baseline demo-
graphic information, coexisting conditions and medica-
tion use for the patients with JIA.

Bayesian Poisson regression modelling27 was used for 
estimating and comparing prevalence rates for each of 
the autoimmune diseases and associated conditions in 
the JIA and GP cohorts at the end of the study period. 
The prevalence rates and corresponding 95% confidence 
limits for the autoimmune diseases in the two cohorts are 
reported.

The study was conducted in accordance with the Inter-
national Society for Pharmacoepidemiology guidelines 
for good pharmacoepidemiology practices,28 applicable 
regulatory requirements and the principles of the Decla-
ration of Helsinki. This article does not contain any 
new studies with human or animal subjects performed 
by any of the authors. The study protocol was reviewed 
and approved by the Institutional Review Board (IRB) 
of the Cincinnati Children’s Hospital (IRB #20180346) 
and a waiver was provided stating that patient informed 
consent was not required for this study.

RESULTS
Patient disposition and baseline characteristics
Of the children and young adults with at least one clinic 
visit (n=253 554), a total of 2026 patients with JIA and 
41 572 patients with at least one prespecified autoim-
mune disease or associated condition were identified 
from January 2010 to October 2018. Of the 2026 patients 
included in the JIA cohort, 1333 patients were included 
in this analysis. Reasons for exclusion were: missing diag-
nosis date (n=163) and ≥21 years of age during the last 
year (n=678) (patients could have more than one reason 
for exclusion). Baseline demographic and disease char-
acteristics of patients with JIA included in the study are 
presented in table 1. In this table is a comparison of 
patients with JIA with and without an additional auto-
immune disease or associated condition; the patients 
with JIA with an additional autoimmune disease or asso-
ciated condition were significantly older at JIA onset 
and diagnosis when compared with those without an 
additional autoimmune disease or associated condition. 
Furthermore, patients with JIA with an additional auto-
immune disease or associated condition were prescribed 
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significantly more non- biological and biological disease- 
modifying antirheumatic drugs (DMARDs), corticoster-
oids and non- steroidal anti- inflammatory drugs, which 
may indicate more severe disease. In addition, there was 
a significant difference in the JIA subtypes between the 
two groups.

Prevalence of autoimmune diseases and associated 
conditions
The prevalences (over the last year) of the 26 autoim-
mune diseases and associated conditions in both cohorts 
are shown in table 2. Out of 26 evaluated, 14 (53.8%) 
had a significantly higher prevalence in the JIA cohort 
compared with the GP cohort (figure 1). These 14 
diseases in order of increasing fold difference were: 
chronic urticaria, type 1 diabetes mellitus, Addison 
disease, vitiligo, autoimmune/Hashimoto’s thyroiditis, 
myositis, autoimmune disease not elsewhere classified, 

morphoea, episcleritis/scleritis, Raynaud’s syndrome, 
pulmonary fibrosis/interstitial lung disease, vasculitis, 
Sjögren’s syndrome/sicca syndrome and leukocytoclastic 
vasculitis. There were seven autoimmune diseases or asso-
ciated conditions (26.9%) that had a >20- fold increased 
prevalence in the JIA cohort compared with the GP 
cohort. These seven diseases in order of increasing 
fold difference were: morphoea, episcleritis/scleritis, 
Raynaud’s syndrome, pulmonary fibrosis/interstitial 
lung disease, vasculitis, leukocytoclastic vasculitis and 
Sjögren’s syndrome/sicca syndrome.

Overall, 19% of the patients with JIA and 5% of the 
GP population had at least one autoimmune disease 
or associated condition. In patients with JIA, 16% had 
one, 2% had two and <1% had three or more auto-
immune diseases or associated conditions. The auto-
immune disease and associated conditions according 

Table 1 Baseline demographics and clinical characteristics of the overall population with JIA, the population with JIA with 
at least one additional autoimmune disease or associated condition (JIA+) and the population with JIA without an additional 
autoimmune disease or associated condition (JIA–)

Characteristic
Overall population with 
JIA (n=1332) JIA+ (n=247) JIA– (n=1085) P value

Sex, female, n (%) 867 (65.1) 168 (68.0) 699 (64.4) 0.29

Age at JIA onset, years, mean (SD) 6.6 (4.5) 7.4 (4.5) 6.4 (4.5) 0.02

Age at diagnosis, years, mean (SD) 8.0 (4.8) 9.0 (4.9) 7.8 (4.7) 0.001

JIA subtype, n (%) <0.001

  Oligoarticular 360 (27.0) 59 (23.9) 301 (27.7)

  Polyarticular RF- negative 320 (24.0) 50 (20.2) 270 (24.9)

  Missing* 303 (22.7) 45 (18.2) 258 (23.8)

  Systemic 90 (6.8) 37 (15.0) 53 (4.9)

  Enthesitis- related 88 (6.6) 25 (10.1) 63 (5.8)

  Psoriatic 72 (5.4) 10 (4.0) 62 (5.7)

  Undifferentiated 65 (4.9) 15 (6.1) 50 (4.6)

  Polyarticular RF- positive 30 (2.3) 4 (1.6) 26 (2.4)

  Unclassified† 4 (0.3) 2 (0.8) 2 (0.2)

Autoimmune diseases ever, n (%) <0.001

  0 1085 (81.5) 0 (0) 1085 (100.0)

  1 214 (16.1) 214 (86.6) 0 (0)

  2 30 (2.3) 30 (12.1) 0 (0)

  3 2 (0.2) 2 (0.8) 0 (0)

  >3 1 (0.1) 1 (0.4) 0 (0)

Medication ever, n (%)

  Biological DMARDs 800 (60.1) 181 (73.3) 619 (57.1) <0.001

  Non- biological DMARDs 862 (64.7) 177 (71.7) 685 (63.1) 0.01

  Methotrexate 797 (59.8) 158 (64.0) 639 (58.9) 0.14

  Corticosteroids 768 (57.7) 175 (70.9) 593 (54.7) <0.001

  NSAIDs 1201 (90.2) 234 (94.7) 967 (89.1) 0.01

*The JIA subtype was not indicated in the electronic health records.
†Patient received only one ICD code for JIA.
DMARDs, disease- modifying antirheumatic drugs; ICD, International Classification of Diseases; JIA, juvenile idiopathic arthritis; NSAIDs, 
non- steroidal anti- inflammatory drugs; RF, rheumatoid factor; SD, standard deviation.
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Table 2 Prevalence over the last year and relative risk for the entire study duration for all 26 autoimmune diseases and 
associated conditions investigated in patients with JIA compared with the GP population

Disease

Prevalence over the last year
Log risk ratio
(95% CI)JIA n=1332 GP n=692 444*

Autoimmune diseases     

  Addison disease 0.83
n=11

0.15
n=1058

1.65 (1.02 to 2.21)

  Alopecia areata 0 0.05
n=313

NA

  Autoimmune/Hashimoto’s thyroiditis 1.21
n=16

0.12
n=854

2.25 (1.72 to 2.71)

  Graves’ disease 0.08
n=1

0.03
n=197

0.38 (–2.77 to 2.26)

  Morphoea 0.91
n=12

0.04
n=258

3.15 (2.54 to 3.70)

  Multiple sclerosis 0.08
n=1

0.006
n=44

1.90 (–1.27 to 3.83)

  Myasthenia gravis 0 0.007
n=46

NA

  Pernicious anaemia 0 0.001
n=7

NA

  Primary biliary cirrhosis 0 0.004
n=27

NA

  Takayasu arteritis 0.08
n=1

0.01
n=69

1.45 (–1.71 to 3.35)

  Type 1 diabetes mellitus 1.28
n=17

0.35
n=2451

1.25 (0.75 to 1.70)

  Vitiligo 0.38
n=5

0.06
n=402

1.76 (0.74 to 2.59)

Associated conditions     

  Autoimmune disease NEC 0.61
n=8

0.04
n=307

2.55 (1.78 to 3.21)

  Chronic glomerulonephritis 0.08
n=1

0.02
n=139

0.73 (–2.45 to 2.64)

  Chronic urticaria 3.68
n=49

2.05
n=14 178

0.58 (0.28 to 0.84)

  Episcleritis/scleritis 0.38
n=5

0.01
n=98

3.18 (2.14 to 4.03)

  Erythema nodosum 0.08
n=1

0.01
n=95

1.12 (–2.03 to 3.02)

  Haemolytic anaemia 0.07
n=1

0.06
n=410

–0.36 (–3.49 to 1.54)

  Immune thrombocytopenia purpura 0.15
n=2

0.08
n=540

0.40 (–1.42 to 1.68)

  Leukocytoclastic vasculitis 0.15
n=2

0.002
n=14

4.08 (2.19 to 5.49)

  Myositis 10.14
n=135

0.87
n=6002

2.46 (2.28 to 2.62)

  Pulmonary fibrosis/interstitial lung disease 1.13
n=15

0.04
n=261

3.37 (2.80 to 3.86)

  Raynaud’s syndrome 1.43
n=19

0.05
n=367

3.27 (2.79 to 3.71)

  Sjögren’s syndrome/sicca syndrome 0.23
n=3

0.004
n=28

3.86 (2.40 to 5.01)

  Thrombocytopenia purpura 0.07
n=1

0.02
n=163

0.57 (–2.61 to 2.46)

  Vasculitis 0.60
n=8

0.01
n=97

3.71 (2.90 to 4.37)

Prevalence rate calculated by averaging the patient population at the end of the last calendar year and at the end of the previous year.
Autoimmune diseases that had a significantly higher prevalence in the JIA cohort compared with the GP cohort are shown in bold.
*Denominator is for the whole GP patient population, including those who did not have a protocol- specified autoimmune disease.
CI, confidence interval; GP, general paediatric; JIA, juvenile idiopathic arthritis; NA, not applicable; NEC, not elsewhere classified.
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to JIA subcategory are shown in online supplemental 
table S2.

DISCUSSION
The results from this large US- based study of multiple 
autoimmune diseases demonstrated that of the 26 auto-
immune diseases and associated conditions studied, 
approximately 54% were significantly more common in 
children and young adults with JIA compared with the 
GP patient population.

Currently, there are limited publications quantifying 
the occurrence of other autoimmune diseases in chil-
dren and young adults with JIA, and the majority of those 
published are case reports or studies involving one or a 
small number of selected autoimmune diseases.11 15–26 
Our results are supported by a retrospective review of 
medical records in an Italian hospital that found that 
there was a high incidence of new autoimmune diseases 
in patients (aged 0–21 years; n=79) affected by JIA, with 
autoimmune thyroid disease being the most common 
coexisting autoimmune disease.14 Additionally, a longitu-
dinal population‐based study showed that JIA appeared 
to increase the risks for development of RA, systemic 
lupus erythematosus, ankylosing spondylitis, psoriatic 
arthritis and Sjögren’s syndrome in adulthood.29 Further-
more, some studies involving a small number of patients 
or select autoimmune diseases also support our findings 
with increases in autoimmune thyroid disorders (n=15115; 
n=5316; n=66)19 and type 1 diabetes mellitus (n=12 269)23 
noted in patients with JIA.

Similar studies have reported an increased risk of coex-
isting autoimmune conditions in patients with an existing 
autoimmune condition. A cross- sectional study using 
a US administrative healthcare claims database found 
that patients with RA have more coexisting autoimmune 
diseases than patients with osteoarthritis, suggesting 

a relationship between RA and other autoimmune 
diseases.9 Furthermore, a retrospective cohort study that 
investigated the association between psoriasis and 21 
common autoimmune diseases found that patients with 
psoriasis were more likely to have one or more other 
autoimmune diseases compared with the general popu-
lation, with the strongest association being with RA.12 In 
patients with multiple sclerosis, a systematic review and 
meta- analysis of the incidence of autoimmune disease 
found that the most prevalent autoimmune conditions 
were psoriasis (7.74%) and thyroid disease (6.44%).13 In 
addition, a study investigating the association between 
myasthenia gravis and coexisting autoimmune disease 
found that 24% of patients with myasthenia gravis had 
a coexisting autoimmune disease; of these, autoimmune 
thyroid disease was the most common (16%).30

The genetic basis of autoimmune diseases, including 
involvement of common genes, may explain the clustering 
of certain autoimmune diseases.31 A genome- wide asso-
ciation study showed that patients with paediatric auto-
immune disease had higher heritability estimates than 
those with non- immune- mediated disease (paediatric- 
onset epilepsy), and that of the paediatric autoimmune 
diseases, JIA was one of the most highly heritable.31 A 
registry study also found that higher proportions of 
patients with JIA versus other autoimmune diseases had 
first- degree relatives with any autoimmune disease.32 A 
study conducted in Italy found that ~50% of patients with 
JIA had at least one relative with an autoimmune disease 
and that there was a high incidence risk of new autoim-
mune diseases in patients with JIA; however, the study was 
not able to predict which patients would develop auto-
immune diseases, what disease would occur and at what 
time the disease would develop.14

The current study has some limitations. First, as seen 
in studies using electronic health record data, the patient 
population is dynamic. In this analysis, we assumed that 
patients only departed the database due to transition into 
adult care, but they may have also departed as they were 
no longer being cared for at CCHMC. Although the GP 
population was recruited from the same socioeconomic 
groups and geographical location as the JIA cohort, this 
is a single- centre study and findings may not be gener-
alisable to other ethnic populations and geographical 
locations, as the risk for developing an autoimmune 
disease is known to be influenced by both genetic and 
environmental factors.4 6 Autoimmune diseases are char-
acterised by heterogeneous clinical presentations, and 
sometimes complex definitions and multiple ICD-9- CM 
diagnosis codes; as such, classification bias may exist. 
Potential differences in the severity of the autoimmune 
disorders were not evaluable on the basis of the informa-
tion captured in the registry evaluated in this study. Also, 
some of the diseases listed, such as myositis, can have aeti-
ologies other than autoimmune, and this study did not 
include only those thought to be autoimmune in origin.

Children and young adults with JIA have a more 
pronounced prevalence for a large number of other 

0 2 4 6 8 10 12

Rate (%)

JIA cohort

Pulmonary fibrosis/Interstitial lung disease*

Raynaud’s syndrome*

Sjögren’s syndrome/sicca syndrome*

Type 1 diabetes mellitus

Vasculitis*

Vitiligo

GP cohort
Addison disease

Autoimmune/Hashimoto’s thyroiditis

Autoimmune disease NEC

Chronic urticaria

Episcleritis/scleritis*

Leukocytoclastic vasculitis*

Morphoea*

Myositis

Figure 1 Significant results from Bayesian Poisson 
analyses on prevalence comparisons: JIA cohort versus GP 
cohort. Data are prevalence estimates with 95% confidence 
intervals. *>20- fold increased prevalence in the JIA cohort 
compared with the GP cohort. GP, general paediatric; JIA, 
juvenile idiopathic arthritis; NEC, not elsewhere classified.
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autoimmune diseases and associated conditions 
compared with the GP population. Physicians should 
consider the presence of other potential autoimmune 
diseases in the initial work- up and ongoing evaluation 
of patients with JIA. In addition, the design and analyses 
of future studies investigating the development of addi-
tional autoimmune diseases and associated conditions 
following treatment in patients with JIA should incorpo-
rate the inherent increased risk of other autoimmune 
diseases in this population. This inherent increased 
risk for other autoimmune diseases in patients with JIA 
also complicates the assessment of the risk for certain 
treatments to induce one of these autoimmune diseases 
as a complication of treatment. Certainly in this study, 
patients with an additional autoimmune disease or associ-
ated condition were significantly more commonly treated 
with non- biological and biological DMARDs.
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