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Purpose: Type 1 diabetes mellitus (T1DM) is an autoimmune condition characterised
by the presence of antipancreatic antibodies. The autoimmune process is also
directed against other organs, most frequently against the thyroid gland, intestinal
mucosa, and gastric parietal cells.

Methods: Our investigation included 121 children with TIDM with a mean
agexstandard deviation of 11.99+4.63 years (range, 2.0-20.0 years). We explored
the frequency of associated autoimmunity; the presence of predictive factors such
as current age, sex, and severity at diabetes diagnosis; T1DM duration; and family
history of autoimmunity.

Results: Associated autoimmunity was present in 28.9% of T1DM patients. Children
with associated autoimmunity were older at diabetes diagnosis (P=0.009) and had
a longer diabetes duration compared to children without associated autoimmunity
(P=0.044). Adolescents aged 12-20 years had a statistically significant higher
chance of developing thyroid autoimmunity compared to children aged 1-5
years (P=0.019). Multiple autoimmunity (MA), TIDM, and 2 or more autoimmune
diseases were present in 5.8% of the study population. All children with MA
presented with ketoacidosis at diabetes diagnosis and had a higher percentage
of familial autoimmunity (P=0.042). The familial autoimmunity of these patients
most frequently affected >3 relatives (P=0.026) and was more frequently diagnosed
before 5 years of age (P=not significant).

Conclusion: Associated autoimmunity was present in almost one-third of TIDM
patients. Significant associations with associated autoimmunity were longer
diabetes duration, female sex, older age at diabetes diagnosis, and glutamic acid
decarboxylase positivity. Predictors of MA were age <5 years at T1DM diagnosis, the
presence of diabetic ketoacidosis at diagnosis, and a significant family history of
autoimmunity.

Keywords: Type 1 diabetes mellitus, Child, Associated autoimmunity, Multiple
autoimmunity, Predictors

Highlights

- Approximately one third of children and adolescents with type 1 diabetes mellitus (T1DM)
had associated autoimmunity and 5.8% multiple autoimmunity. Predictors of associated
autoimmunity were older age, longer diabetes duration and female sex.

- Children with multiple autoimmunity are more likely to be diagnosed with TIDM at an age
younger than 5 years, to have DKA at diabetes diagnosis and a significant family history of
autoimmunity.

- It is important to regularly screen TIDM children and adolescents for associated
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autoimmunity, especially those with GADA positivity and
a significant family history of autoimmunity, for the early
identification and management of associated autoimmune
diseases.

Introduction

Type 1 diabetes mellitus (T1DM) is an immune-mediated
destruction of pancreatic beta-cells resulting in the loss
of insulin production.” TIDM often coincides with other
autoimmune diseases such as autoimmune thyroiditis (15%-
30%), celiac disease (CD) (4%-9%), autoimmune gastritis/
pernicious anaemia (0.3%-5%), and Addison disease (0.5%).”
Less frequently TIDM coexists with rheumatoid arthritis,
autoimmune hepatitis, vitiligo, alopecia, and psoriasis. This
coexistence is often present in autoimmune polyendocrine
syndromes I-111.” Various factors have been associated with
multiple autoimmunity, such as genetic background, sex, age,
age at diabetes diagnosis, diabetes duration, and family history
of autoimmunity.*”

The aim of this study was to investigate the frequency of
multiple autoimmunity, defined as the presence of more than
one autoimmune disease in addition to diabetes, in children and
adolescents with TIDM and to identify any predictive factors,
such as the presence of pancreatic autoantibodies, current age,
sex, diabetes duration, age at diabetes diagnosis, and family
history of autoimmunity.

Materials and methods

1. Study population

The study included 121 children. Japanese Diabetes Society
diagnostic criteria for acute onset TIDM were: (1) occurrence
of diabetic ketosis or ketoacidosis approximately 3 months
after the onset of hyperglycaemic symptoms (polydipsia,
polyuria, and weight loss), (2) need for continuous insulin
therapy after diagnosis of T1DM, (3) the presence of positive
ant-islet autoantibodies (islet cell autoantibodies, glutamic acid
decarboxylase autoantibodies, insulinoma-associated antigen
2 autoantibodies, or insulin autoantibodies), and (4) presence
of endogenous insulin deficiency without verifiable anti-
islet autoantibodies. Acute onset T1DM (autoimmune) was
diagnosed with fulfilment of criteria 1, 2, and 3. Acute onset
T1DM was diagnosed with fulfilment of criteria 1,2 and 4.”

2. Study design

This retrospective study was performed between 2015-2020
at the Diabetes Clinic of the University Hospital of Athens (P &
A Kyriakou). Ethical approval was obtained from the University
Committee of Research Ethics. The IRB Number was 293/12-
01-2015. Informed consent was obtained from patients/parents.
We studied basic parameters that are associated with multiple
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autoimmunity.

1) Present age

Patients were categorized in 3 groups based on age (children
<5 years, children older than 5 but younger than 10 years, and
children >10 years). Our main aim was to compare these groups
according to severity of TIDM clinical presentation, number
and titre of pancreatic autoantibodies at diabetes diagnosis
(glutamic acid decarboxylase antibodies [GADA] and islet
antigen 2 [IA2]), fasting C-peptide level, and the presence of
familial autoimmunity. For study of multiple autoimmunity, the
age categories were children <5 years, children older than 5 but
younger than 12 years, and children >12 years.

2) Severity of clinical and laboratory parameters at diagnosis

Diabetic ketoacidosis (DKA) severity was classified according
to International Society for Pediatric and Adolescent Diabetes
(ISPAD) criteria as mild (pH venous blood <7.3 or HCO;
<15 mmol/L), moderate (pH venous blood <7.2 or HCO;
<10 mmol/L), and severe (pH venous blood <7.1 or HCOs <5
mmol/L).”

3) Associated autoimmunity-multiple autoimmunity

We studied any associated autoimmune diseases diagnosed
before or simultaneously with TIDM diagnosis or diagnosed
during the follow-up periods. The diagnosis was made by
consideration of the symptoms, treatment was instituted, and
the presence of autoantibodies was assessed. These assessed
autoantibodies included anti-thyroid (anti-TPO/anti-TG),
celiac disease (anti-tTG-IgA/anti-EMA-IgA), and antiparietal
cell antibodies (APCA).

Associated autoimmunity was defined as the presence of
one or more autoimmune diseases in addition to TIDM. An
additional autoimmune condition diagnosis was defined as
double autoimmunity, 2 additional diagnoses were defined as
triple autoimmunity, and 3 or more autoimmunity diagnoses
resulted in quadruple autoimmunity. Triple and quadruple
autoimmunity were defined as multiple autoimmunity.

Thyroid autoimmunity was diagnosed when thyroid
autoantibodies (anti-TPO and/or anti-TG) were present
and thyroid-stimulating hormone (TSH) and free T4 (FT4)
levels were within the normal range. Subclinical autoimmune
thyroiditis was diagnosed when one thyroid autoantibody
was present on 2 or more consecutive measurements and/or
thyroiditis was identified on ultrasound in conjunction with
high TSH level, 6-9 pIU/L; normal free T3 and FT4 levels; and
absence of symptoms. Clinical hypothyroidism was defined
as the presence of thyroid autoantibodies in conjunction with
high TSH, 210 ulU/L; abnormal FT4 level and/or pathological
tindings on thyroid ultrasound; and presence of clinical
symptoms.

The presence of autoantibodies against parietal cells of the
stomach (APCA) was defined as gastric autoimmunity; however,
the diagnosis of autoimmune gastritis required abnormal gastric
biopsy findings.
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All patients at diagnosis and during yearly follow-up were
tested for parathyroid hormone, serum calcium/ phosphate,
and 25-hydroxyvitamin D3 levels. Moreover, the growth
and pubertal maturation of patients were monitored during
follow-up. In cases of pubertal delay, assessment of gonadal
autoimmunity was indicated. We did not routinely investigate
autoimmunity against adrenal glands and gonads as previous
studies®” had shown that adrenal and gonadal autoimmunity
are not present in childhood and adolescent T1DM.

However, patients who presented with unexplained
hypoglycemia were investigated for Addison disease and CD
according to ISPAD guidelines.'” Patients were assessed for
Addison disease if they presented with fatigue, weakness,
gastrointestinal discomfort, salt craving, and hyperpigmentation
or electrolyte abnormalities. A family history of Addison disease
was another indication for this assessment.

4) Familial autoimmunity

Familial autoimmunity is the presence of at least one autoim-
mune disease within either the nuclear or extended, defined as
second- and third-degree relatives, family.

3. Measurements

GADA and antibodies against tyrosine phosphatase (IA2)
were measured with the radioimmunoassay method; the highest
normal limit for these measurements was 0.9 U/mL and 0.75 U/
mlL, respectively. The normal range for fasting C-peptide was
1.77-4.68 ng/mL.

Antibodies against anti-TG and anti-TPO were determined
using the luminescence method (ILMA, Nichols, Germany) and
Advantage analyzer. Positive titres were considered >100 IU/mL
for anti-TG and >16 IU/mL for anti-TPO.

Diagnosis of CD was based on antibodies against tissue
transglutaminase (tTG-IgA) or against gliadin (AGA IgA); in
cases of IgA deficiency, determination of IgG antibodies was
performed. In all cases, diagnosis was confirmed by jejunal
biopsy, typical findings on which included lymphocytic
infiltration and hypertrophy of the crypts and villous atrophy
(Marsh IT classification). Anti-tTG-IgA class antibodies were
detected by the enzyme-linked immunosorbent assay method,
and normal levels were considered to be 20 units. Weak
positivity was diagnosed when levels were 20-30 units.

The presence of gastric autoimmunity was based on positive
APCA. The determination of APCA was performed using the
indirect immunofluorescent assay on a LEICA fluorescent
microscope (DM LB2 Germany). Titres > 1:40 for APCA were
positive.

The mean value of glycated hemoglobin (HbAlc) was
deducted from all measurements performed during the last year
of follow-up. The normal range was 4.6%-6.2%.
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4. Statistical analysis

All continuous variables are presented as mean valuex
standard deviation (SD) when normally distributed and as
median value (interquartile range, IQR) when not. Normal
distribution was assessed by Kolmogorov-Smirnov test. Chi-
square test and Fisher exact test were used for categorical
variables. Student f-test was used for variables normally distri-
buted, and nonparametric Mann-Whitney U-test was used for
variables not following normal distribution. Kruskal-Wallis test
was used to compare quantitative and qualitative variables in
more than 2 groups. For linear correlation, Spearman RHO test
was performed. To assess the overall effect of the factors related
to DKA probability, univariate logistic regression analysis was
initially carried out. This was followed by multifactorial logistic
regression analysis to evaluate adjusted odds ratio. Analysis was
also performed by age group and categorized in 2 models: (1)
<5 years old, older than 5 years but younger than 10 years, >10
years old and (2) <2 years old, older than 2 but younger than 12
old, and >12 years old. The data analysis was performed with
the use of IBM SPSS Statistics ver. 21.0 (IBM Co., Armonk, NY,
USA).

Results

1. Demographic and laboratory characteristics

From the 121 children included in the study, 63 were male
(52.1%). Mean age+SD was 11.99+4.63 years (range, 2.0-20.0
years), age at T1DM diagnosis was 7.62+3.67 years (range, 1.0-
15.0 years), and median disease duration was 3.5 years (range, 2
months to 14.5 years). At TIDM diagnosis, mean pH+SD was
7.21+0.15 (range, 6.83-7.46), and median HCOs was 9 mmol/
L (range, 0.90-29.0 mmol/L). GADA median value at diagnosis
was 4.57 U/mL and TA2 median value was 4.00 U/mL. GADA
was present in 73.5% of children, while TA2 was present in
71.4%. Mean+SD HbA 1c¢ level during the last year of follow-up
was 7.66%=1.16%. Median C-peptide at TIDM diagnosis was
0.59 ng/mL (IQR, 0.45-0.86 ng/mL).

2. Associated autoimmunity

Associated autoimmunity was present in 28.9% of the
patients, while familial autoimmunity within the nuclear and/
or the extended family occurred in 62.8%. At diabetes diagnosis,
15 children (12.4%) manifested associated autoimmunity,
14 (11.6%) had double autoimmunity, and one had triple
autoimmunity. During the follow-up period, 34 children
(28.1%) developed associated autoimmunity, 27 (22.3%) of
whom manifested double autoimmunity, 6 (5%) of whom
demonstrated triple autoimmunity, and 1 (0.8%) had quadruple
autoimmunity.

The frequency of associated autoimmunity was: thyroid
autoimmunity/autoimmune Hashimoto thyroiditis (25.2%),
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CD (7.1%), and gastric autoimmunity (5.2%). One child (3.4%)
had been diagnosed with autoimmune thyroiditis before T1IDM
diagnosis, 11 children (36.6%) were simultaneously diagnosed
with T1DM and thyroid autoimmunity, and 18 children (60.0%)
were diagnosed with autoimmune thyroiditis after T1IDM
diagnosis. Three children were simultaneously diagnosed with
T1DM and CD (37.5%), and 5 children (62.5%) developed
CD during diabetes follow-up. Only 1 child presented with
autoimmune gastritis at the time of diabetes diagnosis (20%)
and 4 (80%) were diagnosed later. Three children (2.5%)
presented with positive celiac antibodies (tTG-IgA/EMA-IgA)
without histological confirmation of the disease.

3. Associated autoimmunity—clinical and laboratory
characteristics

Of children with associated autoimmunity, 42.9% were males
and 57.1% were females. At T1DM diagnosis, 33.3% of male
and 66.7% of female patients were diagnosed with associated
autoimmunity. Female sex was associated with higher frequency
of associated autoimmunity (no statistical significance).

Children who presented with associated autoimmunity at
diabetes diagnosis were older compared to those without (mean
9.90+3.85 years vs. 7.29+3.55 years, P=0.009). The presence of
associated autoimmunity during diabetes follow-up was not
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affected by the age at TIDM diagnosis.

Children with associated autoimmunity were older than
those without at the time of the study (mean of present age
13.59+3.93 years and 11.47+4.77 years, respectively, P=0.014),
and had longer diabetes duration (median 4.50 years vs. 3.00
years, respectively, P=0.044) (Table 1).

Subsequently, TIDM children were divided into 3 age
groups based on the age at diabetes diagnosis (1 to 5, more
than 5 through 12, and >12 years) and the present age (Table
2). Patients who were older at diabetes diagnosis had higher
prevalence of associated autoimmunity (P=0.059). Adolescents
who belonged to the 12-15 years age group had a 7-fold higher
chance of developing associated autoimmunity compared to
children between 1 and 5 (odds ratio [OR], 6.85; 95% confidence
interval [CI], 1.25-37.60; P=0.027). At the time of this study,
older children (>12 years) were also more prone to develop
associated autoimmunity (P=0.015). Both at diagnosis and at
the time of study, children >12 years were more likely to develop
associated autoimmunity.

4, Associated autoimmunity

1) Thyroid autoimmunity
Thirty children developed thyroid autoimmunity during the
follow-up period, of whom 14 were male (46.7%) and 16 female

Table 1. Association between the present age and diabetes duration with the presence of associated autoimmunity during the follow-up

Present age (yr) P-value Diabetes duration (yr) P-value
Associated autoimmunity during follow-up 0.014 0.044
Yes 13.59+3.93 4.50 (2.50-8.0)
No 11.47+4.77 3.00 (1.00-6.0)
Values are presented as mean+standard deviation or median (interquartile range).
Table 2. Associated autoimmunity at T1DM diagnosis and at the present age based on age category
T1DM diagnosis age category 1-5 Years 5.1-12 Years 12.1-15 Years 12.1-20 years P-value
AA at diabetes diagnosis 0.059
Yes 3(7.7) 8(11.3) 4(364) -
No 36(92.3) 63 (88.7) 7(63.6) -
AA at present age category 0.015
Yes 109.7) 9(18.8) = 25 (40.3)
No 10 (90.9) 39(81.3) = 37 (59.7)

Values are presented as number (%).
TIDM, type 1 diabetes mellitus; AA, associated autoimmunity.

Table 3. Correlations of different types of associated autoimmunity in T1DM children with various parameters.

Variable Thyroid autoimmunity Celiac disease Gastric autoimmunity
Autoimmunity presence Yes No Yes No Yes No
Sex, male:female 14:16 4841 2:6 56:49 2:3 47:44
Present age (yr) 13.62+4.17 11.66+4.65 12.75£3.06 11.97+4.74 13.90+2.90 12.40+4.70
Age at T1DM diagnosis (yr) 7.68+3.90 7.64+3.58 7.63£4.53 7.61+£3.65 10.20+3.09 7.53%£3.70
Age at disease diagnosis (yr) 9.70+3.83 = 9.31+3.75 = 11.60+2.63 =
Symptomatic disease 7/30(23.3) - 3/8(37.5) - - -

Values are presented as number (%).
T1DM, type 1 diabetes mellitus.
P<0.05, statistically significant differences.
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(53.3%). The mean+SD age of thyroid autoimmunity diagnosis
was 9.70+3.83 years, and mean age at diabetes diagnosis in
children who developed thyroid autoimmunity was 7.68+3.90
years. This was not significantly different from that of children
without thyroid autoimmunity (7.64+3.58 years). T1DM
children with thyroid autoimmunity were older compared to
their counterparts without (mean age: 13.62+4.17 years and
11.66+4.65 years, P=0.043) (Table 3). Among children with
thyroid autoimmunity, seven of 30 (23.3% or 5.8% of the total
study population) eventually developed clinical disease and
were treated with thyroxin. No association was found between
clinical disease and sex or presence of positive GADA at
diabetes diagnosis.

2) Celiac disease

Of the 8 children who developed celiac disase, 2 were male
(25.0%) and 6 female (75.0%). Mean age at CD diagnosis
was 9.31£3.75 years. The mean age at TIDM diagnosis for
children with CD was 7.63+4.53 years, and the mean+SD
present age was 12.75+3.06 years. The mean+SD age at diabetes
diagnosis for children without CD was 7.61+3.65 years, and
mean=SD current age was 11.97+4.74 years. These were not
statistically significantly different. From children with CD,
5 (62.5%) were asymptomatic and diagnosis was confirmed

Table 4. The prevalence of associated autoimmune diseases
according to different age groups
Present age group 1-5years 5.1-12 years 12.1-20 years P-value

Thyroid autoimmunity 0.019
Yes 11000 7(146) 22(36.1)
No 9(90.0)  41(854) 39 (63.9)

Celiac disease 0.763
Yes 0(0) 4(8.9) 4(7.0)
No 11(1000  41(91.1) 53(93.0)

Gastric autoimmunity 0.786
Yes 0(0) 1(3.0) 4(74)
No 9(100)  32(97.0) 50 (92.6)

Values are presented as number (%).

apem

with presymptomatic screening; 3 (37.5%) developed clinical
manifestations such as bloating, abdominal pain and iron-
deficiency anaemia (Table 3).

3) Gastric autoimmunity

Gastric autoimmunity prevalence during T1DM follow-
up was 40.0% for male and 60.0% for female patients. The
mean+SD age at diagnosis was 11.60+2.63 years. Children
who developed gastric autoimmunity were older at diabetes
diagnosis (mean age, 10.20+3.09 years) compared to those
without (mean age, 7.53+3.70 years). This difference was
not statistically significant. Four were asymptomatic, and 1
manifested symptoms attributed to Helicobacter pylori infection
(Table 3). None of our patients developed clinical symptoms or
laboratory findings of hypoparathyroidism, hypogonadism or
Addison's disease.

5. Age and autoimmunity

The majority of children with thyroid autoimmunity was
diagnosed at the age of 5-12 years (53.3%) and 12-15 years
(30%); only 16.7% of those 5 years or below developed the
disease (Table 4). Gastric autoimmunity presented at older ages
(5 children were >5 years and none were younger). Two children
with CD were diagnosed at age less than 5 years, 5 children at
age between 5 through 12 years, and 1 child older than 12 years.

Children between 12 and 20 years had a statistically
significantly higher chance of developing thyroid autoimmunity
compared to those 1 through 5 years old (P=0.019). Despite
not being statistically significant, the frequency of gastric
autoimmunity increased in parallel with increasing present
age, but the frequency of CD decreased after the age of 12 years
(Table 4).

Subsequently, multivariate analysis was performed with sex
added as a confounding factor. Children older than 12 years
had 3-fold higher chance of developing thyroid autoimmunity,
irrespective of sex (OR, 3.23; 95% CI, 1.25-8.32; P=0.015). No
statistically significant difference was found for CD and gastric

Table 5. Association between antipancreatic (GADA and 1A2) antibodies and the presence of associated autoantibodies (thyroid, coeliac,

APCA) in children with newly diagnosed TIDM

Variable GADA (U/mL) P-value IA2 (U/mL) P-value
Anti-TPO/anti-TG 0.026 0414
Positive 10.26 (1.45-38.59) 3.00 (0.60-10.79)
Negative 3.88(0.56-10.93) 5.00(0.74-12.99)
tTGIgA/EMA-IgA 0.377 0.528
Positive 0.90 (0.40-27.00) 2.03 (0.50-11.00)
Negative 4.87 (1.00-2147) 4.60 (0.70-12.46)
APCA 0.030 0.946
Positive 29.94 (24.18-35.73) 11.00 (0.10-15.00)
Negative 4.16 (0.80-10.26) 4.30(0.74-12.99)

Values are presented as median (interquartile range).

GADA, glutamic acid decarboxylase autoantibodies; A2, protein tyrosine phosphatase-like protein 1A2; APCA, antibodies against
parietal cells; anti-TPO/anti-TG, antibodies against thyroid peroxidase/thyroglobulin; tTG-IgA/EMA-IgA, IgA antibodies against tissue

transglutaminase/endomysial.
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Table 6. Characteristics of children with TIDM and multiple autoimmunity compared to their counterparts with one or no additional

autoimmune disease

Characteristic TIDMand>2  T1DM+ 1 autoimmune No autoimmune disease  P-value’  P-value*
Present age (yr) 13.36%3.20 13.64+4.14 1147477 0093 0309
Sex, male:female 3:4(42.9:57.1) 12:16 (42.9:57.1) 48:38 (55.8:44.2) 0435 0.697
Age at diabetes diagnosis (yr) 7574473 8.05+3.70 7484361 1.000 0948
Age at diabetes diagnosis <5 years, yes:no 3/4(42.9/57.1) 8/20(28.6/71.4) 28/58 (32.6/67.4) 0.789 0.682
T1DM duration (age) 40(1.5-11.0) 4.75 (2.5-7.5) 3.0 (1.0-6.0) 0.132 0.277
Mean HbA1c (last year) 741+0.79 7.82+1.35 7631113 1.000 0.605
2 Antipancreatic antibodies, yes:no 1:3(20.0:80.0) 12:2(85.7:14.3) 37:7 (84.1:15.9) 1.000 1.000
DKA at diagnosis, present:absent 6:0 (100:0) 15:10 (60.0:40.0) 57:28 (67.1:32.7) 0.190 0.172
Moderate/severe DKA at diagnosis, present:absent 42 (66.7:33.3) 8:17(32.0:68.0) 47:38 (55.3:44.7) 0.085 0.691
Familial autoimmunity, yes:no 7:0 (100:0.0) 18:10 (64.3:35.7) 51:35(59.3:40.7) 0.080 0.042
No. of relatives with familial autoimmunity > 3, yes:no 2:5(286:71.4) 820 (28.6:71.4) 8:78(9.3:90.7) 0026 0.163

Values are presented as mean+standard deviation, number (%), or median (interquartile range).
T1DM, type 1 diabetes mellitus; HbA1c, hemoglobin Alc; DKA, diabetic ketoacidosis.
‘Comparison of all 3 groups. ‘Comparison of TIDM group and group with =2 autoimmune diseases versus group with no associated

autoimmune diseases.

autoimmunity.

Children who developed thyroid autoimmunity, CD, or
gastric autoimmunity did not have statistically significantly
higher frequency or severity of DKA at diabetes diagnosis
compared to children without autoimmunity.

6. Associated autoimmunity and pancreatic autoimmunity

GADA titre at diabetes diagnosis was significantly higher
in children with positive thyroid autoantibodies and APCA
(P=0.026, kat 0.030, respectively, Mann-Whitney Test). There
was no association between GADA or IA2 and coeliac antibody
presence (Table 5).

7. Characteristics of patients with multiple autoimmunity

Multiple autoimmunity was present in 5.8% of the study
population. Children with multiple autoimmunity manifested
moderate to severe DKA more frequently at TIDM diagnosis
(not statistically significant). Nevertheless, all children with
multiple autoimmunity had developed DKA at TIDM
diagnosis. Children who had >2 autoimmune diseases were
older (P=0.093) and were diagnosed at an age younger than
5 years compared to their counterparts with no associated
autoimmunity (Table 6).

Children with multiple autoimmunity had a higher
percentage of positive familial history of autoimmunity
compared to children without (P=0.042). Children with
multiple autoimmunity more frequently had >3 relatives with
autoimmunity compared to those without (P=0.026) (Table
6). There was no statistically significant difference between
children with or without multiple autoimmunity in terms of sex,
age at diabetes diagnosis, T1DM duration or the presence of 2
antipancreatic autoantibodies.

1) Multiple logistic regression analysis

The presence and number of associated autoimmune diseases
were not related to the age at diabetes diagnosis (P=0.948) or to
the presence of DKA at diabetes diagnosis (P=0.152) (Table 6).

Multiple logistic regression analysis was performed
(Supplementary Table 1) to investigate the effect of current
age and T1DM duration on associated autoimmunity. In
this analysis, the presence of associated autoimmunity was
the dependent variable and current age, age at diabetes
diagnosis, diabetes duration, sex, and familial history of
autoimmunity were independent variables. When diabetes
duration was excluded from the equation, current age was the
most significant variable affecting associated autoimmunity
development (P=0.010). When excluding current age, diabetes
duration was the most significant variable (P=0.011). However,
when including both current age and diabetes duration, none
of the remaining variables significantly affected associated
autoimmunity. Therefore, current age and T1DM duration
equally affect associated autoimmunity development in children
and adolescents with T1DM.

Discussion

The present study reports on the prevalence of associated and
multiple autoimmunity in children and adolescents with TIDM.
Among the novel findings of our study are the identification
of multiple autoimmunity risk factors and their association
with familial autoimmunity. To our knowledge previous similar
studies are rare.

Associated autoimmunity was detected in 28.9% of the study
population, with 23.1% having double autoimmunity, 5% triple,
and 0.8% quadruple autoimmunity. Multiple autoimmunity
(=2 autoimmune diseases) was found in 5.8% of our study
population. Previous studies have reported that the prevalence
of associated autoimmunity in children and adolescents
with TIDM fluctuates between 27%-34%."""? Multiple
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autoimmunity was not investigated in any previous studies.

The most frequently encountered associated autoimmune
disease in this study was thyroid autoimmunity, which
presented in 25.2% children and adolescents. Thyroid
autoimmunity prevalence in children with T1DM has been
reported to be between 12.1% and 23.4%.""* In our study,
thyroid autoimmunity was positively associated with older age
and longer diabetes duration. This finding agrees with those of
previous studies."”"”'” However, when comparing the effects of
older age and diabetes duration on associated autoimmunity
development, multiple logistic regression analysis demonstrated
that both variables were equally significant factors when
excluding the effects of the other in the equation. We have
also shown that the highest prevalence of thyroid antibody
positivity was observed around puberty (1415 years) and after
3.5-4 years of diabetes duration. The increased prevalence
of thyroid autoimmunity in adolescence is possibly related
to the effect of oestrogens."” In animal models, oestrogens
accelerate the evolution of autoimmune diseases."” Clinical or
subclinical hypothyroidism treated with levothyroxine was seen
in 58% of the total study population. There was no association
between clinical or subclinical hypothyroidism treated with
levothyroxine and GADA antibody positivity. Prognostic
factors for thyroxine administration among children diagnosed
with T1DM before 5 years of age were female and positive for
GADA. Older children were anti-TPO positive with abnormal
TSH level."”

In this study 7.1% of TIDM patients were diagnosed with
CD. The prevalence of CD in children with TIDM fluctuates
between 1%-16%."*” In our study, only 62.5% of children with
autoantibodies against CD were symptomatic, which agrees
with other studies.”* The presence of autoantibodies against
CD has been previously associated with younger age at diabetes
diagnosis, shorter diabetes duration, and female sex.”*" In
the present study, no significant association with the above
parameters was found, possibly due to the small number of
patients.

Gastric autoimmunity was found in 5.2% of the study
population. Kakleas et al.”” have reported positive APCA
at diagnosis in 7.2% of children. The prevalence of gastric
autoimmunity among T1DM children and adolescents in the
literature has been reported to be 5.3%-5.6%"" with higher
prevalence in young adults (18%-20%).”” Only one patient in
our study had gastritis associated with Helicobacter pylori (HP)
presence. The presence of HP is associated with autoimmune
gastritis and is a marker of gastric atrophy.” In the present
study, gastric autoimmunity prevalence increased with age.
Though most studies report that APCA positivity is associated
with older age, longer diabetes duration,” and female sex,”
others demonstrated no association. This can be attributed to
population or research methodology differences.

GADA titre was associated in a marginally nonstatistically
significant manner with the presence of associated auto-
immunity at diabetes diagnosis but not during the follow-up.
Patients with positive thyroid autoantibodies and APCA were
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more likely to have high GADA titre. Previous studies have
reported that GADA positivity persistence after 5 years from
T1DM diagnosis and predisposes the individual to development
of autoimmune thyroiditis and gastritis.” The relationship
between GADA positivity and thyro-gastric antibody positivity
in patients with TIDM can be explained by the common
antigens of the pancreas, thyroid gland, and stomach.™ As
a result, once a T-cell response to GAD has been primed in
the pancreas, the resulting activated T cells can then initiate
damage of other tissues containing similar enzyme(s). Thus,
T1DM patients with high GADA titre at diabetes diagnosis or
with persistence of GADA should be closely monitored for the
development of thyroid and/or gastric autoimmunity.

Children with multiple autoimmunity all presented with
DKA at T1DM diagnosis, were diagnosed at a younger age (<5
years), and had higher prevalence of familial autoimmunity
in multiple relatives (=3 relatives). The association of DKA
at TIDM diagnosis and future development of multiple
autoimmunity has been attributed to either a more aggressive
T1DM endotype or the effect of DKA on the immune
system.” In agreement with our results, previous studies have
shown that multiple autoimmunity is associated with younger
age at diabetes diagnosis,”” higher frequency of DKA,”"
and increased frequency of complications and mortality.”
Hence, TIDM diagnosis at a young age with a severe clinical
presentation and the presence of a significant family history
of autoimmunity could be used as predictors for multiple
autoimmunity development.

None of our patients developed autoimmune hypopara-
thyroidism, hypogonadism, or Addison disease as part of
autoimmune polyglandular syndromes types 1-3.”” We
recommend that all children and adolescents with TIDM be
investigated at diagnosis for the presence of thyroid and gastric
autoimmunity and CD. These children should be screened
yearly thereafter for thyroid autoimmunity. Cases of GADA
positivity persistence or symptoms of gastritis should also be
screened for gastric autoimmunity. As the frequency of CD
decreased after the age of 12 years, we suggest that patients
should be screened annually for CD until the age of 12 years and
biannually thereafter. Adrenal autoimmunity should be screened
in TIDM patients aged at least 18 years, especially those in
those with a family history of Addison disease.” However, with
symptoms and signs of CD, autoimmune gastritis, Addison
disease, or other autoimmune diseases as part of APS types 1-3,
patients should be screened, regardless of negative previous
screening, especially in the presence of a family history.

Limitations of this study are the relatively small number of
participants and the higher percentage of recently diagnosed
T1DM patients with shorter disease duration. This could
prevent the development of statistically significant associations
for specitic parameters. Another limitation is the study’s
retrospective design. Nevertheless, the study participants, by
originating at a tertiary hospital centre, are representative of the
Greek population.

The present study is one of a few to investigate the effect of
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multiple autoimmunity on diabetes phenotype and clinical
presentation. Furthermore, this study sought associations
between the most basic autoimmunity-associated parameters
and clinical and laboratory manifestations at diabetes diagnosis.
These have not been extensively studied in children. Through
the recognition of these potential risk factors, follow-up of
patients with T1DM can be more focused. Another advantage
of this study is the repeated annual testing of organ-specific
autoantibodies as a part of the presymptomatic control.
Therefore, diagnosis of the associated autoimmune diseases was
performed both during the asymptomatic and clinical stages.

In conclusion, approximately one-third of children and
adolescents with TIDM had associated autoimmunity and
5.8% had multiple autoimmunity. Predictors of associated
autoimmunity were older age, longer diabetes duration,
and female sex. Children with multiple autoimmunity were
diagnosed with T1DM at an age younger than 5 years, and
all had DKA at diabetes diagnosis and a significant family
history of autoimmunity. As delayed diagnosis of associated
and multiple autoimmunity is related to significant morbidity
and mortality, regular screening of children and adolescents
with T1DM for associated autoimmunity, especially those
with GADA positivity and a significant family history of
autoimmunity, is important for early identification and
management of associated autoimmune diseases.
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