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Abstract

Background The prevalence of Celiac Disease (CD) in Juvenile Idiopathic Arthritis (JIA) has been reported to be
0.1-7% in various small studies. As a result of the limited number of research and their inconclusive results there are
no clear recommendations for routine CD screening in asymptomatic patients with JIA. Our aim is to estimate the
prevalence of IgA deficiency and tissue transglutaminase (tTG) IgA in a cohort of JIA followed in two large academic
medical centers.

Methods Serum was collected and stored from all subjects and analyzed in a reference laboratory for total IgA
(Quantitative Nephelometry) and tTG IgA antibody levels (Semi-Quantitative Enzyme-Linked Immunosorbent Assay).
Fisher's exact tests were performed for statistical significance. Risk estimates (odds ratios) with 95% confidence
intervals were calculated.

Results 808 JIA cases and 140 controls were analyzed. Majority were non-Hispanic whites (72% vs. 68% p=0.309). A
total of 1.2% of cases were IgA deficient compared to none of the controls (p=0.373). After excluding IgA deficient
subjects, 2% of cases had tTG IgA >4u/mL compared to 3.6% of controls (p=0.216) (OR=0.5; 95% C.|=0.1-14); and
0.8% of cases had tTG IgA > 10u/mL compared to 1.4% of controls (p=0.627) (OR=0.5; 95%C.|=0.1-2.9).

Conclusions Using the largest JIA cohort to date to investigate prevalence of celiac antibodies, the prevalence of
positive tTG IgA was 0.8% and of IgA deficiency was 1.2%. The results did not demonstrate a higher prevalence of
abnormal tTG IgA in JIA. The study did not support the routine screening of asymptomatic JIA patients for CD.
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Background

Juvenile idiopathic arthritis (JIA) is a heterogeneous col-
lection of chronic autoimmune arthropathies of child-
hood with a prevalence of about 1 in 1000 children under
age 16 [1]. Investigation of the co-occurrence of autoim-
mune phenotypes have shown that JIA patients have an
increased prevalence of type 1 diabetes [2, 3]. Relatives
of children with JIA also have higher rates of autoim-
munity [4]. The prevalence of Celiac Disease (CD) in JIA
has been reported to be 0.1-7% in several small studies
[5—-12]. The detection of CD -specific IgA autoantibodies
against the enzyme tissue transglutaminase (tTG IgA) is
an accurate screening tool to diagnose or identify patients
at risk for CD [13]. Given the relatively high prevalence of
IgA deficiency in relation to other autoimmune diseases
in patients with CD, evaluation of this deficiency and use
of CD -specific IgA autoantibodies against the enzyme
tissue transglutaminase (tTG IgA) is recommended by
current North American Society for Pediatric Gastroen-
terology, Hepatology and Nutrition guidelines [14].

Celiac disease, defined as a sensitivity to gluten in
wheat and related proteins found in barley and rye,
occurs in genetically susceptible individuals and mani-
fests as an immune-mediated enteropathy as defined
by changes seen on intestinal histology [14]. The preva-
lence of CD in persons older than 6 years of age and
younger than 20 years has been estimated to be 1.2% for
non-Hispanic whites, 0.2% for Hispanics, and 0.1% for
non-Hispanic blacks [15]. CD can remain asymptomatic
for years, it might be undiagnosed, or be misdiagnosed
as a different disorder. Treatment consists of lifelong
exclusion of gluten from the diet. Since asymptomatic
individuals with some autoimmune disorders and chro-
mosomal abnormalities can have a higher prevalence of
CD, screening is recommended for specific populations
[14, 16].

Celiac disease frequently coexists with other condi-
tions which can delay its diagnosis and the introduction
of a gluten-free diet. JIA patients are reported to have
an increased risk for co-existing CD, but data is mixed
and inconclusive. Some children thought to have JIA
may have occult CD with extra intestinal manifestations.
A gluten-free diet might help alleviate joint symptoms
in patients with CD [17]. It has also been reported that
enthesopathy is more frequent in untreated CD sub-
jects with positive tTG antibodies, as compared to those
treated with gluten free diet who have cleared the tTG
titer [18].

As a result of the limited number of studies and their
inconclusive results there are no clear recommendations
for routine CD screening in asymptomatic patients with
JIA [19].

The objective of the present study was to investigate the
prevalence of IgA deficiency and tTG IgA antibodies in a
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large JIA cohort compared to healthy autoimmunity free
controls.

Methods

A case control design was utilized which included sub-
jects from two large academic medical centers from
Atlanta/GA and Salt Lake City/UT. Informed consent
was obtained from all cases and controls under protocols
approved by institutional review boards at Emory Uni-
versity and University of Utah.

Clinical and demographic data collected included dis-
ease status, gender, race, ethnicity, ILAR category, age
at the time of sample collection and age of onset of JIA
for cases. For cases with positive tTG antibodies, medi-
cal records were reviewed for gastrointestinal symptoms
and results of gastroenterology evaluation if applicable.
Serum was collected and stored from all subjects and
analyzed at a single time in a reference laboratory for
total IgA (Quantitative Nephelometry) and tTG IgA anti-
body levels (Semi-Quantitative Enzyme-Linked Immu-
nosorbent Assay). Standard reference levels of IgA at
<7 mg/dl for IgA deficiency and tTG IgA 0-3 U/mL as
negative, and =24 U/mL as positive were applied as per
the manufacturer’s recommendations. For calculations,
one case and control who had tTG levels>100 U/mL
were designated as 100 u/mL, and the 9 JIA cases with
undetectable levels of IgA were designated as 0 mg/dL.
Chi-Square tests or Fisher’s exact tests were performed
for statistical significance. Only healthy controls (ages
3 to 30 at the time of collection) were included. Those
with unknown age of collection and IgA deficiency were
excluded from the tTG IgA analysis. All controls com-
pleted a questionnaire for the presence of autoimmune
disorders at the time of enrollment and were enrolled
only if they reported no autoimmunity.

Results

There were 140 healthy controls and 808 cases with JIA
for analysis. JIA ILAR category information and demo-
graphic features of cases and controls is included in
Tables 1 and 3 respectively, and the distribution of IgA
and tTG values among the controls and JIA categories
are shown in Fig. 1.

Cases were 808 children and adolescents (65.8% female)
aged 3 to 21 years at the time of enrollment who met the
classification criteria established by International League
of Associations for Rheumatology (ILAR) [20] and had
no other autoimmune diseases. The mean age of onset
of JIA was 7.4 years. The mean age at the time of collec-
tion of serum was 10.9 years. Most of the JIA cases were
non-Hispanic whites (78%). Controls were 140 healthy
individuals, (54.3% female) aged 3 to 30 years of age at
enrollment, without a history of autoimmunity. Controls
completed a questionnaire for presence of autoimmune
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Table 1 Characteristics of the subjects included in the study
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Table 3 Demographic features of cases and controls

JIA Category Number Mean age* Fe- Posi- IGA Category Cases TTGIgA IgA  Controls TTG
(range*)+-SD* male tive defi- (N=808) Positive defi- (N=140) IgA
% TTG ciency (N) cient positive
N (%) N(%) (N) (N)
Healthy 140 20.7(3-30) 543 5(36) O Sex
Controls +4.2 Female 532(658) 9 65 (53.6)
AllJIA 808 109 (3-21) 658 15(1.9) 9(1.1) Male 276 (342) 6 65 (464) 2
+4.5 Race / Ethnicity
Oligoarthritis, 237 92(3-21)+46 645 5(2.1) 2(08) Hispanic n (%) 44(54) 1 1 11(7.9)
persistent Non-Hispanic 636 (787) 12 8 95(67.9)
Oligoarthritis, 76 94(3-18)+46 773 0 2(2.6) White n (%)
extended Blacks n (%) 66(81) 0 0 9(64) 0
Polyarthritis, 213 11.2(3-21) 765 4(1.9 2(09) Asian 1437) 0 0 13(93) 0
RF negative +-4.3 ) ’
Pol argthriﬁs 82 137(4-18) 853 4(50) 2(24) Other/NR 869 2 0 1285 0
RF yositive ' 136 ’ ’ ’ ’ N: There were no differences in tTG positivity between cases and controls after
P ’ stratification by sex or race/ethnicity
Enthesitis re- 91 13.2(3-21) 340 1(1.1) 1(1.1)
lated arthritis +-33
Systemic 68 98(3-19)+44 426 115 0 The mean level of IgA was 252 mg/dL among the 140
arthritis controls (Range 9-695 mg/dL and 186 mg/dL among the
Pstohnit.m 20 27]2'9 (0-17) 350 0 0 JIA cases (Range 0-754 mg/dL). There were 9 cases with
+-2.
o r' s , JIA (1.2%) that had levels of IgA below the range for nor-
Undifferenti- 21 11.1(4-15 666 1(15 0 1 dt f th trol
Sted arthritis +39 mal compared to none of the controls.

*Years

Prevalence of IGA Def and TTG positivity were not significantly different
between JIA cases and HC by Fisher’s Exact test. Prevalence of TTG positivity
was also not significantly different between healthy controls and JIA categories

disorders at the time of enrollment and were enrolled
only if they reported no autoimmunity among the con-
trols or their first-degree relatives. Controls have been
previously described [21]. The mean age of the controls
at the time of collection of serum was 20.7 years. Most
of the healthy controls were non-Hispanic whites (68%).
Further demographic information is available in Table 1.

Table 2 Studies of prevalence of tTG in cohorts of children with JIA

(p=0.373). The mean (median) level of tTG was 1.76
(1.0) U/mL among the 140 controls (Range 0->100 U/
mL). The mean (median) level of tTG among the JIA
cases was 0.97 (0.0) U/mL (Range 0->100 U/mL). After
excluding the 9 IgA deficient subjects, 15 cases (1.9%)
had tTG IgA>4.0 u/mL compared to 5 controls (3.6%), a
difference which was not significant (p=0.20). There was
also no difference in the proportion of subjects with a
tTG IgA>10.0 u/mL (0.88% of cases vs. 1.4% of controls;
p 0.29). There were also no significant differences in the
prevalence of abnormal tTG between the control cohort
and any of the JIA categories (Table 1). Since our controls

Year Country Author Controls JIA Biopsy TTG TTG Comments
N N confirmed Prevalence Preva-
controls lence in
JIA
2005 [taly Stagi 158 151 10/10 0% 6.7% tTG IgA tested in 10/158
2008 Italy Alpigiani 0 108 2/2 - 0.9% tTG IgA=1/108; IgA def=0;
2010 Brazil Koehne 0 32 ND - 0% 11 EMA positive children were
tested for tTG. All negative
2012 Egypt Gheita 30 42 ND 20% 53% tTG IgA jSPA (50%), JRA (53%),
control (20%)
2012 USA Stoll 10 42 0/1 20% 14% tTGHC 2/10,JIA3/31,ERA 3/11
2013 Brazil Robazzi 40 53 11 0% 1.9% tTGIgA (N=1/53)
2016 Turkey Moghtaderi 0 53 0/1 - 1.8% tTG IgA 1/53 (1.88%)
2018 Sweden Oman 0 216 3/4 - 2.8% tTG IgA (3/213; 1.4%), IgA def
(2/211); 3 prior CD
2019 Turkey Sahin 0 96 ND - 0% tTG IgA (0/96), IgA def (0/96)
2023 USA Taneja 140 808 2 3.6% 1.9%

N=Number, JIA: ND: not determined, TTG, Def: deficiency, JRA:, HC, CD, ERA:. jSPA: 9 prior studies have reported results of TTG antibody prevalence in JIA. Five of
these had no healthy controls. Three of the studies reported the prevalence of IgA deficiency in their JIA cohorts
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Fig. 1 Serum IgA and IgA- anti tTG levels in the healthy controls and subjects with JIA
Abbreviations: HC: Healthy Control, SYS: Systemic JIA, RFP: RF Positive Polyarticular JIA, RFN: RF Negative Polyarticular JIA, OLIP: Oligoarticular JIA Persistent,
ERA: Enthesitis-related JIA, PSO: Psoriatic JIA, UND: Undifferentiated JIA, OLIE, Oligoarticular JIA Extended

Table 4 Phenotypes of the 15 children with high TTG IGA in our study

Number TTG_IGA Gender Race Ethnicity ILAR collec- Onset Comments
tion age
age

1 4 F W NH Oligo 5 35
2 4 F W NH Poly RF N 18 13
3 4 F w NH Poly RF N 17 5
4 6 F W NH Oligo 5 5 TTG IGA negative on repeat testing
5 6 M W H Poly RF P 10 10 Underwent EGD/C - negative

for CD
6 7 M W NH Oligo 15 14
7 7 M W NH Systemic 11 3 Underwent EGD/C - negative

forCD
8 7 M W H Poly RF P 10 2
9 12 M w NH ERA 16 9 Underwent EGD/C - negative

for CD
10 19 F W NH Poly RF N 11 8 TTG IGA negative on repeat testing
11 30 M W NH Poly RF P 15 2 Diagnosed with CD endoscopically
12 55 F W NH Poly RF P 13 12
13 68 F W NH Oligo 13 12
14 79 F W NH Poly RF N 1 10
15 >100 F W NH Oligo 17 Diagnosed with CD as adult.

Abbreviations: TTG IGA: tissue transglutaminase IgA, F: female, M: male, W: white, NH: non-Hispanic, H: Hispanic, Oligo: Oligoarticular, Poly RF N: polyarticular RF
negative, Poly RF positive: polyarticular RF positive, ERA: enthesitis-related JIA, EGD/C: endoscopy/colonoscopy, CD: celiac disease

were older than cases, we also repeated the analysis after
only including the 82 controls aged 3—-21 (mean 18.0 and
SD 2.9). Only 2 out of 82 had tTG IgA >24.0 u/mL, which
was not statistically significant from the prevalence
among the cases (p=0.74).

There were 15 cases with JIA that had a positive tTG
described in Table 4. Five of the cases had been referred
to and had been evaluated by gastroenterology for
abdominal symptoms. Three had normal endoscopy with
biopsies. Two others were diagnosed with CD histologi-
cally. Of the remaining 10 children, 2 had additional tTG
testing done as standard of care after the date of serum
collection and were negative. The remainder of the cases
had no documentation of GI symptoms.

Majority of cases and controls with abnormal tTG IgA
and IgA deficient as described in demographic Table 3
are female and non-Hispanic whites.

Table 4 describes the phenotypes of the 15 children
with high tTG IgA in our study. To our knowledge, only
two were diagnosed with CD; a 15-year-old male with
tTG IgA of 30 with diagnosis of Polyarticular JIA RF
positive and a 17 year old female with Oligoarticular JIA,
both non-Hispanic whites.

Discussion

This is the largest JIA cohort investigated for the presence
of CD antibodies to date. The North American Society
for Pediatric Gastroenterology Hepatology and Nutrition
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(NASPGHAN) has developed an algorithm on the evalu-
ation of the asymptomatic child in at-risk groups [14].
CD is 3 to 10-fold higher in asymptomatic individuals
with other autoimmune diseases or chromosomal abnor-
malities for which screening is recommended.*” It occurs
in children and adolescents with gastrointestinal symp-
toms, dermatitis herpetiformis, dental enamel defects,
osteoporosis, short stature, delayed puberty and persis-
tent iron deficiency anemia; and in asymptomatic indi-
viduals with type 1 Diabetes, Down syndrome, Turner
syndrome, Williams syndrome, selective immunoglobu-
lin IgA deficiency and first degree relatives of individuals
with CD. Notably, JIA is not included as a recommenda-
tion for CD screening. It is recommended that serologi-
cal testing of asymptomatic children for CD who belong
to high-risk groups begin by 3 years of age provided they
have had an adequate gluten-containing diet for at least
one year before testing. It is also recommended that
asymptomatic persons with negative serological tests
who belong to groups at risk be considered for repeat
testing at intervals. Although an intestinal biopsy is still
considered necessary for confirmation of CD, serological
tests are often used to identify individuals in whom the
biopsy is indicated.

Recommended serological tests for CD include anti-
deamidated gliadin peptide IgA/IgG (DGP IgA/DGP
IgG), anti-endomysium IgA (EMA) and anti-tTG IgA
antibodies; these laboratory tests are especially useful
in individuals without gastrointestinal symptoms, those
with conditions associated with CD, and for screen-
ing asymptomatic first-degree relatives of known cases
[14]. They have also been used in epidemiologic studies
to determine the prevalence of CD. Due to variable and
inferior accuracy the anti-gliadin antibodies (AGA) IgA/
IgG, testing for these antibodies are no longer recom-
mended [14]. Tissue transglutaminase (tTG) IgA has high
specificity for CD in individuals with normal IgA levels,
and highly correlates with biopsy proven CD. In identi-
fied persons post screening tTG IgA alone has high posi-
tive predictive values (median of 0.937) for biopsy proven
CD [22].

Selective IgA deficiency has a reported frequency of
1 in 39 in populations of both adult and childhood CD,
compared to an estimated frequency of 1 in 600 in the
general population [23]. However, the absence of IgA
anti-tTG antibodies in patients with IgA deficiency
should be interpreted with caution, and IgG anti-tTG
antibody levels or HLA typing should be measured to
screen for CD.

We identified 9 prior reports investigating the preva-
lence of tTG in cohorts of JIA. As described in Table 2,
the number of subjects with JIA ranged from 32 to 216 in
these studies. Only 4 of the studies reported using healthy
controls. While the prevalence of tTG positivity in these
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studies ranged from 0 to 53%, the median prevalence of
1.9% is similar to the results from our large cohort. In
one study from Egypt reported by Gheita et al., [24] the
prevalence of tTG positivity among 42 cases was 53%,
but notably the prevalence among the 30 healthy controls
was also high at 20%. Another study by Stoll et al., from
the US reported tTG positivity of 20% among 10 controls
compared to 14% among 42 children with JIA [25]. The
higher prevalence of tTG in the controls in these studies
suggest these are likely outliers.

Since IgA deficiency can cause a false negative on a
CD antibody test, it is recommended that serum IgA
levels be measured when evaluating for CD. Of the stud-
ies reported in Table 4, only 3 specifically mentioned
the prevalence of IgA deficiency in their cohorts which
ranged from 0 to 0.9%. The prevalence of IgA deficiency
was 0 among 108 Italian children with JIA [6] and 96
Turkish children with JIA [11].

While ours is the largest cohort, the study does have
some limitations. Our controls were older compared to
the cases which might explain in part why the controls
had a higher prevalence of tTG positivity. Cases were
enrolled from two different institutions. The study was
performed on banked serum, so information regarding
the diets of the subject in the year prior to testing was not
recorded in the chart. To avoid false negative tests, we
only included subjects older than 3 years of age. We did
not test the 9 IgA deficient subjects for tTG or DGP IgG
antibodies or for HLA (Human Leukocyte Antigen) anti-
gens, and hence we may have underestimated the preva-
lence of CD slightly. Though 1% of our case subjects were
IgA deficient, it is unlikely that most of them had CD. A
study of 126 IgA deficient children found the prevalence
of anti TTG antibodies was 21%, and prevalence of CD
was 8.7% [26]. A second study found that the prevalence
of anti tTG- IgG was 9.8% among 174 blood donors with
IgA deficiency [27]. Thus, we believe that excluding the
IgA deficient individuals is unlikely to have influenced
our overall findings. We collected tTG IgA from diag-
nosed JIA patients and controls, but we did not look into
those with a diagnosis of CD with extraintestinal mani-
festations. Lastly, as it was a retrospective study, referral
of all subjects to pediatric gastroenterology for complete
evaluation of CD could not be performed.

Conclusions

Using the largest JIA cohort to date to investigate preva-
lence of celiac antibodies, we show that the prevalence
of positive tTG IgA was 1.9% and was not higher than
among healthy controls. Furthermore, the prevalence
of IgA deficiency was 1.2% like what has been reported.
Together, we believe that these results did not demon-
strate a higher prevalence of abnormal tTG IgA in JIA
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and thus do not support routine screening for CD in JIA
patients without symptoms of CD.

List of abbreviations

cD Celiac Disease

JIA Juvenile Idiopathic Arthritis

tTG Tissue transglutaminase
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HLA Human Leukocyte Antigen

NASPGHAN North American Society for Pediatric Gastroenterology

Hepatology and Nutrition
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