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A B S T R A C T

Overt polyautoimmunity (PolyA) corresponds to the presence of more than one well-defined autoimmune dis-
ease (AD) manifested clinically in a single patient. The current study aimed to describe the main characteristics
of juvenile PolyA in a pediatric rheumatology setting and analyze the chronological aspects, index cases, familial
autoimmunity, and clustering pattern. This was a cross-sectional and multicenter study in which 313 children
with overt PolyA were included. Patients were systematically interviewed and their medical records reviewed
using a questionnaire that sought information about demographic, clinical, immunological, and familial char-
acteristics. A hierarchical cluster analysis was done to determine similarities between autoimmune diseases
based on PolyA. PolyA occurred simultaneously in 138 (44%) patients. Multiple autoimmune syndrome was
observed in 62 (19.8%) patients. There were 25 index diseases of which, systemic lupus erythematosus (SLE,
n= 134, 42.8%), juvenile idiopathic arthritis (JIA, n= 40, 12.7%), Hashimoto's thyroiditis (HT, n= 24,
7.66%), immune thrombocytopenic purpura (ITP n=20, 6.39%), antiphospholipid syndrome (APS, n= 15,
4.79%), and vitiligo (VIT, n=15, 4.79%) were the most frequent and represented 79.23% of the total number of
patients. Familial autoimmunity influenced PolyA. A high aggregation of autoimmunity was observed
(λr = 3.5). Three main clusters were identified, of which SLE and APS were the most similar pair of diseases
(based on the Jaccard index) followed by HT and JIA, which were related to ITP and Sjögren's syndrome. The
third cluster was composed of localized scleroderma and VIT. Our findings may assist physicians to make an
early diagnosis of this frequent condition. Pediatric patients with ADs should be systematically assessed for
PolyA.
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1. Introduction

Autoimmune diseases (ADs) include a wide range of organ specific
and systemic conditions that share several clinical signs and symptoms
as well as pathogenic mechanisms (i.e., the autoimmune tautology)
[1,2]. Characteristically, ADs tend to cluster within patients (i.e.,
polyautoimmunity, PolyA) and families. Two types of PolyA have been
described: overt PolyA, which corresponds to the presence of more than
one well-defined AD manifested clinically in a single patient, and latent
PolyA which corresponds to the presence of autoantibodies not directly
related to the underlying AD but with predictive value for an additional
AD (e.g., the presence of anti-citrullinated protein antibodies in Sjö-
gren's syndrome (SS), or the presence of anti-thyroperoxidase anti-
bodies in euthyroid patients with ADs) [3–5].

There are differences in the epidemiology and clinical course of ADs
among pediatric, adult, and senile groups [6–21]. The most prevalent
ADs in adults are rheumatoid arthritis (RA), Hashimoto's thyroiditis
(HT), systemic lupus erythematosus (SLE), and SS while in pediatric
populations, the most frequent ADs are juvenile idiopathic arthritis
(JIA), SLE, autoimmune myopathies, and scleroderma [7,14,15]. For
instance, juvenile SLE corresponds to about 20% of SLE cases. The sex
ratio is different from what is observed in adults and senile patients.
Systemic manifestations including nephritis, neuro-psychiatric disease,
and cytopenias are more common in juvenile SLE at presentation than
in adults. Despite the fact that the immunosuppressive treatment has
improved the survival rate, the organ damage index is higher for ju-
venile patients compared to adults. Ethnicity can also differentially
influence adults and children. Juvenile SLE may have a more severe
course in African-American, Hispanics, and Asian patients than in
Caucasians [16,17]. Juvenile HT may frequently be asymptomatic or
transient. The prevalence of Grave's disease (GD) in children is much
lower than HT just as is the case in the adult population [18]. Auto-
immune cytopenias are common in children [19]. As the first cause of
chronic arthritis in children, JIA is a very heterogeneous disease and
may precede or be followed by another AD [20].

The most common organ specific ADs that affect endocrine glands
and the most common endocrinopathies in children are HT and Type 1
diabetes mellitus (T1D). Both are reported in association with systemic
and organ-specific ADs [9].

Localized scleroderma (LoS) is 5–7 times more common than sys-
temic sclerosis (SSc) in children [10]. Antiphospholipid syndrome
(APS) has been reported in juvenile patients with an increasing fre-
quency and also as part of different patterns of PolyA [11]. In contrast,
SS, multiple sclerosis, and some organ specific ADs are more frequent in
adults than in children [12,13].

The natural history of ADs also shows differences between adult and
juvenile patients. For instance, autoimmune thrombocytopenia (AIT)
may be a transient and benign entity in pediatric patients while, in
adults, the course tends to be chronic and frequently evolves towards
SLE [22].

Most of the research on overt PolyA has been done on adults while
the same research in the juvenile population mainly corresponds to case
reports and some series of patients [11,23–42]. Nevertheless, and as
mentioned above, the coexistence of some ADs in juvenile patients in-
cluding SLE and APS [43], vitiligo (VIT) and HT [8], and T1D and HT
[9,30,44] is well-known. However, since the analysis of the general
characteristics, chronologic aspects, and clustering patterns of juvenile
PolyA have been not fully evaluated, a study of a large series of juvenile
patients with overt PolyA was undertaken in an attempt to address such
topics.

2. Patients and methods

2.1. Patients

This was a cross-sectional and multicenter study in which 313

children with PolyA were included. Patients were assessed at 15 pe-
diatric rheumatology clinics in five different Colombian cities by re-
searchers/pediatric rheumatologists belonging to the “Grupo de
Reumatología e Inmunología Pediátrica” (GRIP). The period of the
study was from June 2015 to June 2018. Juvenile patients (i.e., under
18 years) with juvenile onset ADs (i.e., before the 16th birthday)
meeting international criteria for ADs were included. Patients with
undifferentiated conditions were excluded. Each patient was evaluated
by a pediatric rheumatologist at each participating center. The in-
formation on patient demographics and cumulative clinical and la-
boratory data was obtained by physical examination, interview, and
chart review.

All data were collected in an electronic and secure database.
Patients having two ADs were classified as having overt PolyA. When
three or more ADs coexisted, patients were classified as having multiple
autoimmune syndrome (MAS) [45]. The first identified AD was con-
sidered the index disease [46]. Concerning the sequence in which ADs
appeared, those diagnosed at the same time or within a lag period of
6months were considered “simultaneous” (i.e., synchronous). When
this interval was longer than 6months, diseases were classified as
“sequential”. The additional ADs were nominated as second, third, and
even fourth disease.

The following ADs were studied and patients were classified based
on internationally validated criteria for diseases including SLE [47], JIA
[48,49], HT [50], GD [51], idiopathic thrombocytopenic purpura (ITP)
[52], APS [53,54], VIT [55], juvenile dermatomyositis (JDM) [56], LoS
[57], glomerulonephritis (GN) other than lupus nephritis (e.g., IgA GN,
membranoproliferative GN, mesangial GN) [58–60], autoimmune leu-
kopenia (AIL) [61,62], discoid lupus (DL) [63], SS [64] (although these
criteria are for adult patients, they were also considered in this study);
urticarial vasculitis (UV) [65], T1D [66], uveitis (U) [67], autoimmune
hemolytic anemia (AIHA) [68], alopecia universalis (AU) [69], psor-
iasis (PSO) [70], Raynaud's phenomenon (RP) [71], inflammatory
bowel disease (IBD) [72], autoimmune encephalitis (AE) [73], scleritis
(SCL) [74], autoimmune hepatitis (AIH) [75], autoimmune hypopar-
athyroidism (AHP) [76], SSc [77], autoimmune Addison's disease
(AAD) [78], Kikuchi-Fujimoto disease (KFD) [79], myasthenia gravis
(MG) [80], and autoimmune pancreatitis (AIP) [81].

The presence of familial autoimmunity and familial autoimmune
disease [82] was assessed by interviewing the patients and, in most of
the cases, by clinical evaluation of the affected family members as
previously reported [83]. First-degree relatives (FDR) included parents
and siblings. Extended family included grandparents, aunts, uncles and
cousins.

2.2. Statistical methods

Categorical variables are described with absolute and relative fre-
quencies while continuous variables are described with mean and
standard deviations. Bivariate analysis was done to evaluate associa-
tions between pairs of variables. Chi Square test and Kruskall-Wallis test
were used accordingly.

In order to determine similarities between diseases based on their
co-occurrence (i.e., PolyA), a hierarchical cluster analysis was done
using the ward agglomeration method and the Jaccard index as the
similarity measure. This is an asymmetric distance that takes into ac-
count the co-occurrence of diseases regardless of the time of appearance
while omitting simultaneous absences in patients in order to calculate
the index [84]. Statistical analysis was done in R version 3.4.4 [85].

3. Results

3.1. General characteristics

A total of 313 patients were included. The general characteristics of
the patients are presented in Table 1.
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Of the 313 patients, 138 (44%) developed two ADs simultaneously.
With respect to the rest, the mean interval period for the second AD was
23.45 ± 32.88months, and the mean age at onset of the second AD
was 12.41 ± 3.37 years. MAS was documented in 62 (19.8%) patients
of whom 55 developed three ADs and seven developed four ADs. The
male-female ratio of MAS was 1:7.8 (Fig. 1).

Out of 62 patients with MAS, six presented with autoimmune
polyendocrine syndrome (abbreviated APES, instead of APS). In six
patients, the index disease was JIA. For five of the six patients, the onset
of the index disease occurred during the first decade of life. Three pa-
tients developed HT and T1D; two patients had HT and AAD, one
presented with hypoparathyroidism and T1D. Three of them had a non-
endocrine AD as the index disease (JIA (n=1), RP (n=1), and AIL
(n=1)). A patient with VIT, HT, and recurrent candida infections
carried the P326L mutation at AIRE. However, no additional endocrine
involvement was observed as seen in “autoimmune polyendocrinopathy
candidiasis ectodermal dystrophy” (APECED, also known as APES1)
patients.

A family history of AD in the nuclear or extended families was re-
ported in 107 (34.18%) patients of whom 55 (17.57%) had familial
autoimmunity (i.e., diverse ADs in the nuclear family). The most
common ADs reported for parents were HT, SLE, and RA and the most
common ADs in siblings were HT, SLE, and T1D.

Familial autoimmunity was more common in boys than in girls
(Fig. 2). Patients in whom PolyA was diagnosed simultaneously were
older than patients in whom PolyA was diagnosed sequentially (Fig. 3).
In addition, patients who had siblings with autoimmunity had an earlier

age at onset of the index AD than those whose siblings did not have
autoimmunity (Fig. 4A). Moreover, patients who had siblings with ADs
had a longer time span between the first and the second AD (Fig. 4B).

3.2. Index autoimmune diseases

There were 25 index diseases. Their number, percentage, and sex
ratio are described in Table 2. Although the sex ratio showed variations
among diseases, a female predominance was observed in all of them.
Some ADs such as ITP, GD, JDM, and SS were documented exclusively
in girls.

A total of 37 diseases coexisted with the 25 index diseases thus
generating the PolyA phenomenon. The most common index diseases
and their respective PolyA are shown in Fig. 5. SLE (n=134), JIA

Table 1
General characteristics of 313 pediatric patients with polyautoimmunity.

Characteristic N Mean SD

Sex (Female) 269 (86%)

Age at onset AD1 (years) 313 10.45 3.67
Follow-up (months) 312a 55.90 43.73
Simultaneityb 138 (44)
ANAs (%) 248/307 (80.7)
ENAs (%)c 171/255 (67.05)
ACA (%) 125/211 (59.24)
LAC (%) 103/204 (50.04)
Anti-thyroid antibodies (%)d 118/234 (50.42)
Rheumatoid factor (%) 21/85 (24.70)
Anti-DNA antibodies (%) 157/220 (71.36)

Abbreviations: AD: autoimmune disease; ANAs: antinuclear antibodies; ENAs;
anti-extractable nuclear antigen antibodies; ACA: anti-cardiolipin antibodies;
LAC: lupus anticoagulant.

a One patient died soon thereafter the diagnosis.
b Corresponds to ADs diagnosed at the same time (i.e., synchronous), or

during a period no longer than 6months.
c At least one of the following: anti-Ro, anti-La, anti-Sm, anti-RNP.
d At least one of the following: anti-TPO or anti-Tg antibodies. Since “in early

stages of HT, TSH may be normal and anti-thyroid antibodies may be positive
with or without goiter” [18], HT as PolyA, not as index disease, was considered
in the presence of such autoantibodies. Thyroid ultrasound was not routinely
done.

Fig. 1. Chronologic aspects of 313 patients with juvenile PolyA. The mean follow-up of patients was 55.90 ± 43.73months. There were 138 patients who developed
PolyA simultaneously (AD1/AD2’). AD: autoimmune disease.

Fig. 2. Familial autoimmunity and gender. Mosaic plot showing conditional
distribution of familial autoimmunity in parents for each gender. The area of
the tiles (i.e., the bin size), corresponds to the number of observations within
each category (i.e., there were 44 boys and 269 girls). Boys disclosed a higher
familial autoimmunity (14/44; 31.82%) than girls (31/269; 11.52%), OR: 3.58;
95% CI: 1.71–7.48; p= .001 (by Fisher's exact test).

Fig. 3. Age at onset and diagnosis of PolyA. Boxplot of age at onset and status of
simultaneity. Patients in whom PolyA was diagnosed simultaneously were older
than patients in whom PolyA was diagnosed sequentially (11.94 ± 2.91 vs.
9.29 ± 3.8 years, p= 5.35e−10).
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(n= 40), HT (n= 24), ITP (n= 20), APS (n=15), and VIT (n= 15)
represented 79.23% of the total number of patients (Fig. 5). The index
AD appeared before the eleventh birthday in 47.9% of the cases. The
most prevalent index diseases that appeared during the first decade of
life were JIA, ITP, JDM, and VIT while during the second decade of life,
SLE and APS were the most frequent (Fig. 6).

SLE was the index disease for 134 patients in whom 16 different ADs
coexisted. In 110 (82%) patients, the second AD occurred simulta-
neously with SLE. The most common coexistent ADs with SLE were APS
(59.7%), HT (14.9%), and SS (7.5%) (Fig. 5). Sequential PolyA was seen
with VIT and LoS. MAS was seen in 18 (13.4%) patients for whom SLE
was the index disease. Three of them developed a fourth AD: SS in two
cases and SSc in one case. Familial autoimmunity was registered in
8.9% of the patients with SLE as the index disease.

For patients with JIA as the index disease, 14 additional ADs were
registered (Fig. 5). The most common were HT (30%), SS (20%), VIT

(10%), and LoS (10%). MAS was observed in 7 (17.5%), and one of
them developed JDM as a fourth AD. Familial autoimmunity was re-
gistered for 20% of these patients.

HT, the third most common index disease, was observed in 24 pa-
tients in whom 10 different ADs coexisted, mainly SLE (25%), JIA
(25%), and VIT (12.5%). MAS was registered in 25% of those cases, and
familial autoimmunity in 8.3%.

ITP was an index disease for 20 patients. The diseases most fre-
quently coexisting with ITP as the index disease were SLE, HT, and APS.
MAS was documented in 8 (40%) patients (Fig. 5) and familial auto-
immunity in 25%. All patients with ITP were female.

APS was an index disease for 15 patients. The most common coex-
istent ADs were SLE (73.3%) and HT (6.66%). MAS was documented in
3 (20%) patients, and just one patient had familial autoimmunity.

For patients with VIT as the index AD, the most frequent coexistent
diseases were HT (40%), U (13.3%), and JIA (13.3%) (Fig. 5). MAS was
documented in two patients (13.3%). None of them had a familial au-
toimmunity.

JDM was the index disease for 10 patients in whom seven different
ADs coexisted. All patients were female. Two patients had familial
autoimmunity. The most common ADs coexistent with JDM were HT
(30%) and SS (20%). One JDM patient developed MAS.

LoS was the index disease for 9 patients with VIT, SS, psoriasis
(PSO), and HT as coexistent diseases. Familial autoimmunity was ob-
served in 20% of these patients. As second AD, LoS coexisted with JIA
(n= 4) and SLE (n= 2). Two patients developed LoS as the third AD.

Some peculiarities in our patients were documented. SS was con-
firmed by minor salivary gland biopsy in 36 (11.5%) patients with sicca
symptoms (i.e., xerophthalmia and/or xerostomia) and enlarged sali-
vary glands. Out of 4 patients for whom SS was the index AD, three
developed SLE after a mean interval of 17.5months.

In addition to VIT, other dermatologic ADs that are part of PolyA
were UV, PSO, DL, and alopecia universalis (AU). One girl developed
discoid lupus and facial lupus panniculitis. Two years later, she devel-
oped primary central nervous system vasculitis. She did not develop
SLE during follow up and recovered after high dose pulse intravenous
steroids.

There were only four patients with GD as the index AD (Table 2).
Two patients developed GD as a third AD following APS (Fig. 5). One
girl with GD treated with tapazole developed drug-induced SLE.

AIH was the index disease for a girl who developed primary biliary
cholangitis years later. Another girl developed JDM and AIH simulta-
neously, the latter having been confirmed by liver biopsy. AIH was also
documented in two cases of SLE.

Juvenile IBD includes CRD, UC, and unclassified IBD. One boy

Fig. 4. Associations of familial autoimmunity in siblings. A. Boxplot of age at onset and familial autoimmunity in siblings. Patients with polyautoimmunity having
siblings with autoimmunity (1) had an earlier age at onset of the first AD than those with no autoimmunity in siblings (0) (8 ± 3.1 vs. 10.54 ± 3.67 years,
p= .019). B. Boxplot of time span between the first and the second AD and familial autoimmunity in siblings. The time span between the first and the second AD was
longer in those patients presenting with familial autoimmunity in siblings (1) as compared with those negative for familial autoimmunity (0) (37.3 ± 29.47 vs.
23 ± 32.93months, p= .031).

Table 2
Index autoimmune diseases in 313 pediatric patients with polyautoimmunity.

Autoimmune disease Abbreviation N % Sex ratio (F/
M)

Systemic lupus erythematosus SLE 134 42.8 7.9:1
Juvenile idiopathic arthritis JIA 40 12.8 4.7:1
Hashimoto's thyroiditis HT 24 7.7 23: 1
Idiopathic thrombocytopenic

purpura
ITP 20 6.4 20:0

Antiphospholipid syndrome APS 15 4.8 14:1
Vitiligo VIT 15 4.8 1.1:1
Juvenile dermatomyositis JDM 10 3.2 10:0
Localized scleroderma LoS 9 2.8 3.5:1
Glomerulonephritis GN 6 1.9 6:0
Graves' disease GD 4 1.3 4:0
Autoimmune leukopenia AIL 4 1.3 1:1
Discoid lupus DL 4 1.3 1:1
Sjögren's syndrome SS 4 1.3 4:0
Urticarial vasculitis UV 4 1.3 3:1
Type 1 diabetes T1D 3 0.9 2:1
Uveitis U 3 0.9 2:1
Autoimmune hemolytic anemia AIHA 2 0.6 2:0
Alopecia universalis AU 2 0.6 1:1
Psoriasis PSO 2 0.6 2:0
Raynaud's phenomenon RP 2 0.6 1.1
Inflammatory bowel disease IBD 1 0.3 1:0
Autoimmune encephalitis AE 1 0.3 0:1
Scleritis SCL 1 0.3 1:0
Autoimmune hepatitis AIH 1 0.3 1:0
Autoimmune hypoparathyroidism AHP 1 0.3 0:1
Systemic sclerosis SSc 1 0.3 1:0
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developed autoimmune hypoparathyroidism (AHP), diabetes insipidus,
and chronic colitis. Another patient with UC presented with HT. A
teenager who had chronic uveitis developed UC and central venous
thrombosis secondary to APS one year later.

PolyA in CD has been reported frequently (Table 3). However, CD
was not observed as an index AD in this study. Although three patients
with APES had symptoms suggesting CD, all were negative for specific
CD autoantibodies. However, there was an improvement in gastro-
intestinal symptoms for two of them when a gluten-free diet was
started.

Although uncommon, a patient presenting SLE and KFD was iden-
tified (Fig. 5). Of the four patients with UV as the index disease three
developed SLE and one developed JIA. Another peculiarity of this series
was one patient with autoimmune encephalitis who simultaneously
developed T1D.

3.3. PolyA clustering

Three clusters of PolyA were obtained (Fig. 7). Nodes of the tree are
present at different heights thus representing the dissimilarity index
values at which each branch merges with others. The Jaccard index

Fig. 5. Polyautoimmunity in the six most frequent index autoimmune diseases. SLE: Systemic lupus erythematosus, JIA: Juvenile idiopathic arthritis, HT:
Hashimoto's thyroiditis, ITP: Immune thrombocytopenic purpura, APS: Antiphospholipid syndrome, VIT: Vitiligo. HT as PolyA, not as index disease, was considered
in the presence of anti-thyroid antibodies (i.e., latent PolyA). Bars represent the number of patients (i.e., count).

Fig. 6. Age at onset of index ADs. Boxplot of the most frequent index diseases in
a series of 313 juvenile patients with PolyA (p= 1.27e−10). JIA: juvenile
idiopathic arthritis; HT: Hashimoto's thyroiditis; SLE: systemic lupus er-
ythematosus; ITP: immune thrombocytopenic purpura; APS: antiphospholipid
syndrome; VIT: vitiligo.
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Table 3
Polyautoimmunity in children (review of literature).

Index AD N Sex Agea Reported PolyA (number of cases) Intervals(months) Ref.

SLE 1 F 16 SS AD1-AD2 (0) Sobel JD et al. [92]
SLE 1 F 16 TA AD1-AD2 (48) Saxe PA et al. [93]
SLE 1 F 12 HT, UV AD1-AD2 (3) DeAmicis T et al. [94]
SLE 1 M 11 WG AD1-AD2 (1.7) Erdogan O et al. [95]
SLE 1 F 12 AIH AD1-AD2 (0) Usta Y et al. [96]
SLE 1 F 11 AIH AD1-AD2 (0) Deen MEJ et al. [97]
SLE 1 M 13 APS AD1-AD2 (0) Patel A et al. [98]
SLE 1 M 6 CD AD1-AD2 (0) Criscov GI et al. [99]
SLE 1 F 16 APS AD1-AD2 (0) Hirakawa E et al. [100]
SLE 1 F 11 APS AD1-AD2 (0) Patra S et al. [101]
SLE 49 F 5:M1 Mean 11.5 AIHA AD1-AD2 (0) Gormezano NWS et al. [28]
SLE 11 F10:M1 ND ES AD1-AD2 (0) 9/11 Lube GE et al. [102]

AD1-AD2 (3) AIHA – ITP
AD1-AD2 (30) ITP-AIHA

SLE 1 F 12 CRD AD1-AD2 (36) Nagata M et al. [103]
SLE 8 F 3:M 1 Mean 10.2 APS AD1-AD2 (37.7) Campos LMA et al. [104]
SLE 144 F 6.5:M1 Mean 13 HT (42),APS (42), AIHA(26), T1D (23), VIT (4), CD (3), SS

(1), AG (1), PSC (1), MG (1)
Evaluation made at onset Setoue DN et al. [31]

SLE 1 M 9 UC AD1-AD2 (12) Stevens HP et al. [105]
SLE 1 F 10 SS AD1-AD2 (24) Fraga A et al. [106]
SLE 1 F 14 APS AD1-AD2 (0) Paudyal B et al. [107]
SLE 2 F2:M0 2.7 HT AD1-AD2 (0)1/2 Álvarez Madrid C et al. [108]

13 HT AD1-AD2 (171)1/2
SLE 1 F M CAPS ND Falcini F et al. [109]
SLE 1 M 10 DMP AD1-AD2 (0) Wollina U et al. [110]
JIA 41 F:3.2:M1 Mean 7.4 HT (31), CD (10) ND Stagi S et al. [24]

F9: M1 Mean 9.1
JIA 1 F 20months T1D, CD and AIHA AD1-AD2 (2) Mroczkowska-Juchkiewicz A

et al. [111]AD2-AD3 (3)
AD3-AD4 (5)

JIA 1 F 12 SLE AD1-AD2 (120) Bazso A et al. [112]
JIA 1 F 8 HT AD1-AD2 (24) Álvarez Madrid C et al. [108]

1 F 2.5 GD AD2-AD3 (178)
JIA 15 F2:M 1 Mean 10.7 AITD (7), GD (1), CD (3), PSO(3),T1D (1) ND Tronconi E et al. [113]
JIA 2 F/M ND SLE ND Saulsbury FT et al. [114]
JIA 2 F Mean 6 T1D AD1-AD2 (Mean 36) Rudolf MC et al. [115]
JIA 4 F 3:M 1 Mean 9 CD ND Lepore L et al. [116]
JIA 1 F 5 SLE AD1-AD2 (60) Martini A et al. [117]
JIA 5 F/M Mean 7 T1D (3), CD (1),HT (1) ND Pohjankoski H et al. [118]
JIA 20 F/M Mean 7.3 T1D AD1-AD2 (Mean 40) Schenck S et al. [119]
SoJIA 1 F 10 CD AD1-AD2 (0) Michelin CM et al. [120]
HT 16 F/M Mean 9.7 CD (6) AA (4), VIT (2), JIA (2), APS (1) and DL (1). ND Larizza D et al. [121]
HT 28 F/M Mean 8.5 CD ND Ansaldi N et al. [34]
HT 1 M 12 VIT AD1-AD2 (1) Kuzmanovska DB et al. [122]
HT 1 F 5 PA AD1-AD2 (48) Suzuki N et al. [123]
HT 1 F 11 CD SLE AD1-AD2 (1.2) AD2-AD3 (0) Latif S et al. [124]
HT 1 F 2 ITP,CD AD1-AD2 (0) Dogan M et al. [125]
HT 1 F 5 T1D AD1-AD2 (0) Maschio M et al. [126]
HT 1 M 18months MG AD1-AD2 (0) Tsao CY et al. [127]
HT 1 M 14 VIT,AIH AD1-AD2 (0) Keskin M et al. [128]
HT 2 F/M Mean 7 JIA ND Pohjankoski H et al. [118]
HT 2 F Mean 10 SLE AD1-AD2 (18) Alves C et al. [129]
HT 1 F 8 SLE AD1-AD2 (36) Álvarez Madrid C et al. [108]
HT 1 F 15 CD AD1-AD2 (0) Bank I et al. [130]
HT 2 F/M Mean 14.6 CD ND Sahin Y et al. [131]
HT 55 F/M Mean 9.3 T1D AD1-AD2 (0) Piatkowska E et al. [132]
HT 5 F:2 Mean 13.5 VIT ND Prindaville B et al. [133]

M:3
HT 12 F2:M1 Mean 14.2 CD ND Sattar N et al. [134]
GD 2 M 11 AAD AD1-AD2 (0) Russell GA et al. [135]
GD 1 F 13 AIHA,MG AD1-AD2-AD3 (0) Sarkhy A et al. [136]
GD 1 F 3 JIA AD1-AD2 (48) Marques VLS et al. [137]
GD 1 F 8 CD AD1-AD2 (2) Gora-Gebka M et al. [138]
GD 1 F 8 ITP AD1-AD2 (0) Chintu C et al. [139]
GD 1 M 13 AIHA AD1-AD2 (0) O'Brien D et al. [140]
GD 1 F 17 CD,T1D AD1-AD2 (0) AD2-AD3 (6) Ruch W et al. [141]
GD 4 F/M Mean 8.5 CD ND Ansaldi N et al. [34]
GD 1 F/M 9.7 CD ND Larizza D et al. [121]
GD 1 M 4 VIT AD1-AD2 (6) Prindaville B et al. [133]
GD 2 F 13.9 CD ND Sattar N et al. [134]
ITP 1 F 12 GD AD1-AD2 (108) Chintu C et al. [139]
ITP 1 F 10 GD AD1-AD2 (6) Lee ACW et al. [142]
ITP 1 F 5 SLE AD1-AD2 (228) Jayabose et al. [143]
ITP 2 F/M ND SLE AD1-AD2 (22) Caggiani et al. [144]
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Table 3 (continued)

Index AD N Sex Agea Reported PolyA (number of cases) Intervals(months) Ref.

APS 2 F/M 5.3 SLE AD1-AD2 (9) AD2-AD3 (14) Gattorno M et al. [145]
APS 40 F/M ND SLE ND Avcin T et al. [11]
APS 4 F/M Mean 11.5 SLE ND Zamora-Ustaran A et al. [146]
APS 1 F 10 SLE AD1-AD2 (0) Bhadauria D et al. [147]
VIT 13 F1.6:M1 Mean 10.2 HT AD1-AD2 (57) Kakourou T et al. [36]
VIT 11 F1.7:M1 Mean 8.46 HT AD1-AD2 (0) 5/11 Prcic S et al. [148]

AD1-AD2 (49,5) 6/11
VIT 28 F/M Mean 9.5 HT(21) AA(3) T1D(3) and PSO (1) ND Yang Y et al. [25]
VIT 1 M 8 PA,HT AD1-AD2 (48) AD2-AD3 (48) Stagi S et al. [24]
VIT 1 M 5 HT AD1-AD2 (108) Madden BP et al. [149]
VIT 4 F Mean 7.5 HT AD1-AD2 (72) Uncu S et al. [150]
VIT 3 F3:M0 Mean 8.6 PSO AD1-AD2 (mean 6.6) Bakar-Dertlioǧlu S et al. [151]
VIT 1 M 9 ITP,AIHA AD1-AD2 (12) AD2-AD3 (24) Walters TR et al. [152]
VIT 6 F/M Mean 12.1 HT (4) AD1-AD2 (0) Cho SB et al. [153]

GD (2) AD1-AD2 (Mean 21.6)
VIT 16 F/M Mean 7 HT ND Kroon MW et al. [37]
VIT 9 F/M Mean 9.5 HT (6),GD(1),AA(1) and T1D(1) AD1-AD2 (5.5) Iacovelli P et al. [154]
VIT 3 F2:M1 Mean 4 GD ND Prindaville B et al. [133]
DPM 1 F 12 HT AD1-AD2 (0) Go T et al. [155]
DPM1 1 F 14 MG AD1-AD2 (24) Tsao CY et al. [127]
DPM 1 M 15 SS AD1-AD2 (0) Holmes M.V et al. [156]
LoS 11 F/M Mean 7.1 JIA (4), HT(2),VIT(1), PSO (1), SS (1), T1D (1) and SLE(1). ND Arango C et al. [33]
MG 1 F 14 GD AD1-AD2 (72) Kobayashi T et al. [157]

DPM AD1-AD2 (348)
MG 1 M 10 GD AD1-AD2 (0) Koves IH et al. [158]
MG 1 F 7 HT AD1-AD2 (0) Kitthaweesin K et al. [159]
SS 1 F 9 SLE AD1-AD2 (24) Palcoux JB et al. [160]
SS 1 F 13 JIA AD1-AD2 (24) Franklin D et al. [161]

1 F 12 SLE AD1-AD2 (ND)
SS 1 F 16 SLE AD1-AD2 (72) Tasdemir M et al. [162]
CD 1 F Mean 7 JIA ND Pohjankoski H et al. [118]
CD 1 M 12 AAD AD1-AD2 (0) Miconi F et al. [163]
CD 1 F 1 SLE AD1:AD2 ND Mukamel M et al. [164]
T1D 1 F 6 SLE, SSc and CD AD1:AD2 (108) Zeglaoui H et al. [165]
T1D 106 F: 70 Mean 8.3 AIJ AD1:AD2 (Mean 57.6) Hermann G et al. [29]

AD1:AD2 (Mean 50.4)M: 36
T1D 1 F 6 HT AD1:AD2 (36) Fisher et al. [166]

JIA AD1:AD2 (36)
T1D 5 M1,5:F1 Mean 9.4 JIA AD1:AD2 (Mean 83) Rudolf MC et al. [115]
T1D 5 F:4 Mean 12.8 AITD AD1:AD2 (ND) Hansen D et al. [167]

M:1
T1D 1 F 5 SLE AD1:AD2 (48) Tulpar S et al. [168]
T1D 3 F Mean 9.4 CD AD1:AD2 (ND) Ergur AT et al. [27]

HT20 F/M
T1D 1 F2: M0 2 HT AD1:AD2 (108); AD1:AD2 (48) Nagy KH et al. [169]

JIA
T1D 55 F4.5:M:1 Mean 9.6 HT AD1:AD2 (Mean 44.4) Radetti G et al. [170]
T1D 26 F1.9: M 1 Mean 11.5 CD AD1:AD2 (Mean 84). Nasir AM et al. [171]

65 HT AD1:AD2 (ND)
T1D 7 F1,1:M 1 Mean 8.5 GD AD1:AD2 (0) 1/7 Lombardo F et al. [39]

AD1:AD2(Mean 75) 6/7
T1D 49 F2.5:M1 Mean 7.7 HT AD1:AD2 (Mean 44.4). Riquetto ADC et al. [40]
T1D 21 M2:F1 Mean 11.3 HT AD1:AD2 (27.6) Joseph J et al. [172]

GD AD1:AD2 (ND)
T1D 17 F/M Mean 8.1 CD AD1:AD2 (24) Singh P et al. [42]

CD and HT AD1:AD2 (24)
T1D 19 F/M Mean 8.3 HT AD1:AD2 (ND) Jung ES et al. [173]
T1D 6 F/M Mean 9.18 HT AD1:AD2 (ND) Nowier SR et al. [174]
T1D 7 F/M Mean 7 JIA AD1:AD2 (ND) Pohjankoski H et al. [118]
T1D 1 F 14 JIA AD1:AD2 (6) Agrawal S et al. [175]
T1D 17 F/M ND HT 14 AD1:AD2 (ND) Burek CL et al. [26]

GD 3
T1D 34 F/M Mean 6.7 JIA AD1:AD2 (56.4) Schenck S et al. [119]
T1D2 3287 F/M ND HT,GD,VIT,PSO,AAD AD1:AD2 (ND) Hughes JW et al. [9]
AIH 2 F 12 SLE AD1:AD2 (Mean 55) Deen MEJ et al. [97]
AA 22 M1.2: F 1 Mean 6,7 HT AD1:AD2 (0) 3/22. Kurtev A et al. [38]

AD1:AD2 (Mean 46,5)
UC 1 M 23months AIH,T1D,HT AD1:AD2:AD3 (0) Najafi M et al. [176]
UC 4 F 2 AIH AD1:AD2 (0) Giraldo Escobar LM et al. [178]
IBD 28 M1.1:F1 11.5 PSC,AIH,CD AD1:AD2,AD2:AD3,AD3:AD4 (ND) Ordonez F et al. [177]
SSc 1 M 12 SLE AD1:AD2 (36) Lin H–K et al. [179]
ES 1 F 2 AIH AD1:AD2 (12) Jarasvaraparn C et al. [180]
KFD 1 M 16 SLE AD1:AD2 (0) Kinouchi R et al. [181]
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takes simultaneous appearance (rather than simultaneous absence) into
account as a criterion for similarity. Values near zero represent high
similarity (i.e., low dissimilarity). For example, SLE and APS merged in
the lowest node which implies that they were the most similar pair of
diseases (i.e. coexisted most frequently). The next most similar pair of
diseases were HT and JIA. SS was observed frequently in patients with
HT and/or JIA. ITP was related to patients presenting with HT, JIA,
and/or SS. The last branch of the tree indicated that LoS and VIT were
similar. However, these diseases were more related to the HT-JIA-SS-
ITP group than to the SLE-APS cluster (Fig. 7).

4. Discussion

We describe an extensive series of patients with juvenile PolyA from
a rheumatology setting, and report novel findings concerning the

clinical characteristics, chronology, familial autoimmunity, index cases,
and grouping patterns. Preliminary reports on the current registry have
been published [35].

PolyA presented simultaneously in 44% of the cases with the rest
appearing over a span of 2 years on average between the index and the
following AD (Fig. 1). The importance of PolyA relies on the relation-
ship of diverse phenotypes with a single genotype and similar en-
vironmental exposures which supports the autoimmune tautology hy-
pothesis (i.e., the common mechanisms of ADs) [2,45].

At the time of writing, 62 (19.8%) patients have developed MAS. Of
these, 6 (9.6%) had APES2, universally known as “Schmidt's syndrome”
owing to a case reported by Schmidt in 1926 of two patients that pre-
sented AAD and chronic lymphocytic thyroiditis [86]. Afterward in
1964, Carpenter included the presence of T1D to the syndrome thus
defining the classic triad for APES2 [87]. APES2 is diagnosed by the
presence of at least two of the previously described conditions in one
patient. Another polygenic form of APES is APES type 3, defined as the
presence of AITD and another AD including T1D, but does not typically
include adrenal gland malfunction. Other diseases such as pernicious
anemia or CD may also be observed. Finally, APES type 4 has been
described as the association of two or more organ-specific ADs coex-
isting with autoimmune endocrinopathies. There is, nevertheless, some
controversy around this topic, and some authors argue that APES2,
APES3, and APES4 are different manifestations of the same syndrome
[88]. This disagreement has strong foundations since, as is documented
herein (Fig. 5), there are several patients with organ-specific ADs, both
endocrine and non-endocrine, that coexist with a systemic AD. As
mentioned by Kahaly and Frommer, “early detection of specific auto-
antibodies and latent organ-specific dysfunction is advocated to alert
physicians to take appropriate action in order to prevent full-blown
APES disease” [88]. APES represents a florid type of PolyA.

Some familial characteristics influenced juvenile PolyA. First, fa-
milial autoimmunity was not rare among patients with PolyA (17.57%).
Considering an AD prevalence of 5% [1], a high aggregation of auto-
immunity was evident (λr = 3.5). Second, familial autoimmunity in
parents was more frequent in the case of boys than in that of girls, and
familial autoimmunity in siblings influences both the age at onset and
the time span for the appearance of the second AD (Fig. 4). Our findings
confirm previous reports in which the influence of familial auto-
immunity on PolyA has been reported [89–91].

The most frequent AD encountered was SLE, followed by JIA, HT,
ITP, APS, and VIT. Table 3 summarizes a review of literature on PolyA
in children [11,24,25,27–29,31,33,34,36–38,40,42,92–182].

As previously reported and confirmed by this study, PolyA in pa-
tients with SLE is a common finding [183]. SLE may be the index,
second, third and even fourth AD. These multiple associations may be
documented at the onset of the index AD or during the follow up after a
variable period of time.

A recent multicentric study of juvenile SLE determined the pre-
valence of PolyA at onset of the disease, and found APS, HT, AIH, and
T1D in 29%, 29%, 18%, and 15% of patients respectively [31].

Table 3 (continued)

Index AD N Sex Agea Reported PolyA (number of cases) Intervals(months) Ref.

KFD 1 F 12 SLE AD1:AD2 (0) Martins S et al. [182]

Abbreviations: AA: alopecia areata; AAD: Addison's disease; AG: autoimmune gastritis; AIH: autoimmune hepatitis; AIHA: autoimmune hemolytic anemia; APS:
antiphospholipid syndrome; CAPS: catastrophic antiphospholipid syndrome; CD: celiac disease; CRD: crohn's disease, DL: discoid lupus; DPM: dermatopolymyositis;
ES: evans syndrome, GD: Graves' disease, HT: Hashimoto's thyroiditis; IBD: inflammatory bowel disease; ITP: immune thrombocytopenic purpura; JIA: juvenile
idiopathic arthritis, KFD: kikuchi-Fujimoto disease; LoS: localized scleroderma, MG: myasthenia gravis; ND: No data, PA: pernicious anemia; PSC: primary sclerosing
cholangitis; PSO: psoriasis, SLE: systemic lupus erythematosus; SS: sjögren's syndrome; SoJIA: systemic-onset juvenile idiopathic arthritis; SSc: systemic sclerosis; TA:
Takayasu's arteritis; T1D: type 1 diabetes; UC: ulcerative colitis; UV: urticarial vasculitis; VIT: vitiligo; WG: wegener granulomatosis.

a Age at onset of the first AD. Otherwise, signaled data correspond to years.
1 This patient presented polymyositis without dermatological manifestations.
2 This was a multiethnic registry of juvenile patients with T1D followed until adulthood.

SLE

APS

Los

VIT

ITP

SS

JIA

HT

0.00.40.81.2

Jaccard index

Fig. 7. Polyautoimmunity cluster dendogram. Three main clusters were ob-
tained based on the combinations of PolyA registered in the current series (see
colors). The Jaccard index, or dissimilarity coefficient, indicated that APS and
SLE were the more similar, followed by JIA and HT, both of which were close to
SS and/or ITP; and finally between VIT and LoS (see text for details).
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Cumulative reports have indicated that the prevalence of antipho-
spholipid antibodies in children with SLE ranges from 19% to 87% for
anticardiolipin antibodies, and from 10% to 62% for lupus antic-
oagulant [184]. However, not all patients carrying these autoantibodies
develop APS (i.e., thrombotic events). During the past two decades,
numerous case reports and a few cohorts of “secondary APS syndrome”
have been published (Table 3). This pattern of PolyA (i.e., SLE-APS) was
the most common in our study.

As has been reported by others, patients with JIA as the index AD
may develop other ADs. Tronconi et al. [113] screened JIA patients for
an additional AD and determined that they present a high auto-
immunity burden because of PolyA (Table 3). The coexistence of JIA
and AITD has been confirmed by several authors but the prevalence is
variable. Mihailova et al. [185] reported a prevalence of 44.4%. JIA
patients usually present with subclinical hypothyroidism, AITD, and CD
[24]. Alpigiani et al. [186] reported the presence of anti-thyroid anti-
bodies in 14% of JIA patients although all of them were euthyroid. Five
of our patients with JIA (12,5%) developed SLE as second or third AD
and 80% developed MAS.

AITD is often reported in patients with PolyA. The thyroid func-
tional status should be screened in patients with systemic and organ
specific ADs on a regular basis because those patients may be asymp-
tomatic or have euthyroid goiter or clinical hypothyroidism [187].
Patients with antithyroid autoantibodies may develop hypothyroidism
after a highly variable period of time. Our results confirm the presence
of AITD in multiple combinations of PolyA such as JIA, SLE, VIT, and
AA.

Childhood ITP is considered to be a heterogeneous disease, and in
the setting of PolyA, it can be seen coexisting with several ADs (Fig. 5).
In a small cohort of patients with ITP who developed SLE, the following
risk factors were identified: older age at onset, female gender, positive
antinuclear antibodies, and chronic course of ITP [22].

APS was the fifth most frequent index disease in our series.
Thrombotic and non-thrombotic hematological and neurological com-
plications that negatively impact prognosis may appear. While hema-
tologic involvement is the most common non-thrombotic manifestation
in APS PolyA, thrombotic complications are the most common mani-
festations in patients with isolated APS as well as in the absence of SLE
[188,189].

The coexistance of VIT with other ADs is well-known, especially HT,
JIA, T1D, PSO, PA, SLE, and AAD. VIT was the index disease for 15
patients (Table 2, Fig. 5). Several PolyA in VIT has been described
(Table 3) [8,190].

PolyA in T1D is not uncommon and may appear both at onset and
during the course of the disease [30,191]. In a multiethnic registry of
juvenile patients with T1D followed to adulthood, PolyA was docu-
mented in 27% of the cases [9]. The prevalence was higher in females,
non-Hispanic girls, and in older patients. The most common ADs in
PolyA were AITD, CD, AAD, SLE, and SSc [9]. PolyA had a negative
impact on the control of T1D and increase morbidity. Among our pa-
tients, only 8 (2.55%) T1D patients were identified (partially due to
recruitment bias). Of these, three (37.5%) presented T1D as the index
disease (Table 2).

No patients with CD were observed in our series. CD is a rare con-
dition in Colombians [192]. Reported cases of PolyA in CD are sum-
marized in Table 3. In populations where the coexistence of T1D and
CD is recognized, screening for CD (i.e., autoantibody profile) is re-
commended in T1D children at disease onset, annually during the first
4 years of the disease, and every 2 years over the following 6 years
[193].

Three main clusters of PolyA were determined (Fig. 7). The first one
involved SLE and APS. The second one was characterized by HT, JIA,
SS, and ITP, and the third one by VIT and LoS. These clusters represent
the most significant combinations of PolyA in our series, and may serve
to guide the screening of patients for PolyA with any of the ADs present
in the clusters. Those combinations depend upon the prevalence of ADs,

and these may vary from one population to another due to genetic
background, ancestry, and environmental factors.

We acknowledge the shortcomings of this cross-sectional and mul-
ticenter study, including confounding (e.g., other associated factors
may be present that were not measured, heterogeneity in clinical
practice among different centers spite of having a unified study pro-
tocol), personal and recruitment bias, heterogeneity and lack of la-
boratory standardization, and missing data. In most cases, the suspicion
of an additional AD was an atypical clinical course. Biopsies of target
organs helped us to confirm the presence of additional ADs.
Nevertheless, this study gave us the opportunity to analyze the char-
acteristics of juvenile PolyA, and to set up a now ongoing registry that
will serve as a valuable resource for doing controlled prospective
clinical and serological studies to look for PolyA in children.

5. Conclusions

A broad spectrum of PolyA was seen in juvenile patients, from
classical and well known (e.g., SLE and APS, and HT and VIT) to rare
PolyA (e.g., T1D and autoimmune encephalitis, or LoS, VIT, and PSO).
APES should be considered as a classical PolyA in which several non-
endocrine diseases may coexist. Some ADs such as CD and T1D were
rarely observed in this study. As was mentioned, this could be due to
recruitment bias but also to ancestry.

PolyA may be present at onset and also develop during the course of
almost any AD, therefore it should be suspected in every patient with
any AD in whom changes in either the clinical manifestations or au-
toantibody profile appear.
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