Journal of Pediatrics Review April 2024, Volume 12, Issue 2, Number 35

Research Paper

Investigating Diabetes-associated Autoantibodies and ™
Their Relationship to Clinical Characteristics in Children
Diagnosed With Type 1 Diabetes

Niloofaralsadat Motamedi' (5, Daniel Zamanfar? (), Fatemeh Rostamian Motlagh?® (©, Jamshid Yazdani Charati*

1. Department of Pediatrics, Faculty of Medicine, Mazandaran University of Medical Sciences, Sari, Iran.

2. Diabetes Research Center, Mazandaran University of Medical Sciences, Sari, Iran.

3. Department of Medicine, Faculty of Medlical Sciences, Sari Branch, Islamic Azad University, Sari, Iran.

4. Department of Biostatistics, Health Sciences Research Center, Addiction Institute, Mazandaran University of Medical Sciences, Sari, Iran.

Use your device to scan

andread the artice orne [9{ZTiT1 Motamedi N, Zamanfar D, Rostamian Motlagh F, Yazdani Charati J. Investigating Diabetes-associated Autoantibodies
v and Their Relationship to Clinical Characteristics in Children Diagnosed With Type 1 Diabetes. Journal of Pediatrics Review. 2024;
12(2):191-198. http://dx.doi.org/10.32598/jpr.12.2.1145.1

http://dx.doi.org/10.32598/jpr.12.2.1145.1

Article info: : ABSTRACT

Received: 17 Oct 2023 :

First Revision: 13 Jan 2024 *  Background: Type 1 diabetes mellitus (T1DM) is an autoimmune disorder characterized by the
Accepted: 17 Apr 2024 ¢ destruction of insulin-producing beta cells in the pancreas, leading to insulin deficiency.

Publishec: 01 Apr 2024 Objectives: This study determines the frequency of T1IDM-specific auto-antibodies, namely

glutamic acid decarboxylase, islet cell cytoplasmic, insulinoma-associated-2/tyrosine
phosphatase, and insulin autoantibody.

Methods: This prospective cross-sectional study was conducted from March 2019 to December
2020. Registered T1DM patients under 18 years of age who visited the Diabetes Clinic of Bu Ali
Sina Hospital in Sari City, Iran, were included. The autoantibody, clinical, and biochemistries profile
of each participant was recorded.

Results: A total of 190 children diagnosed with TIDM were included in the study. The mean
age of the patients was 13.14+0.36 years. Based on the mono test, the highest prevalence
was seen in islet cell cytoplasmic (104 [66.67%)]). Also, based on multiple tests, islet cell
cytoplasmic+glutamic acid decarboxylase had the highest prevalence (135 [49.63%]). Patients
with positive insulinoma-associated-2/tyrosine phosphatase and islet cell cytoplasmic
compared to negative insulinoma-associated-2/tyrosine phosphatase and islet cell cytoplasmic
had higher age at diabetes onset (8.93+4.11 vs 7.73+4.33, P=0.02; 8.8+4.22 vs 6.81+4.1, P=0.01),
receptively. The HbAlc level at TIDM onset in patients with positive insulin autoantibody was
lower than negative insulin autoantibody (7.84+1.82 vs 9.41+2.35, P=0.0009). There was a
significant difference in hyperglycemia with positive and negative insulinoma-associated-2/
tyrosine phosphatase, in which the chance of positive insulinoma-associated-2/tyrosine
phosphatase was 54% lower in hyperglycemia than in euglycemia (odd ratio=0.46 [0.22-0.96],
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Introduction

n type 1 diabetes mellitus (T1DM), genetic

predisposition and environmental factors

cause pancreatic Bcell autoimmunity, ulti-

mately leading to loss of function and de-

struction [1]. TIDM is characterized as either

autoimmune of autoantibody-positive (iAb+)
or idiopathic (iAb-). Autoantibody-positive diabetes is
the most common T1DM, in which islet autoantibodies
(iAb) destroy pancreatic cells [2]. The cause of B cell au-
toimmunity is unknown. Once f cell autoimmune is de-
veloped, the path to clinical TLDM may be divided into
three stages: 1) Asymptomatic B cell autoimmunity with
normoglycemia; 2) Asymptomatic B cell autoimmunity
with dysglycemia; and 3) symptomatic TIDM [3]. Glu-
tamic acid decarboxylase (GADA), islet cell cytoplasmic
(ICA), insulinoma-associated-2/tyrosine phosphatase
(IA-2A), insulin autoantibody (IAA), and zinc transport-
er-8 autoantibodies are the five types of TIDM iAb [4].
The number of identified autoantibodies is connected
to the likelihood of clinical onset, with the presence of
two or more autoantibodies associated with the great-
est increase in risk [5]. As a result, the disease process
begins with a single autoantibody, followed by intermo-
lecular epitope spreading to multiple autoantibodies,
loss of insulin secretory capability due to a combina-
tion of beta cell destruction, and function inhibition,
leading to metabolic changes, and finally diabetes [6].
The detection of islet autoantibodies in young children
peaks between 9 months and 2 years of age, with no
seroconversion occurring at 3 or 6 months of age in
children born to a mother or father with TIDM [7]. The
incidence rate of TIDM is 15 per 100000 individuals,
and its prevalence is 5.9 per 10000 people worldwide
[1]. InIran, the incidence rate is 11 per 100000 individu-
als, and its prevalence is 388.9 per 100000 people [2].
T1DM is often identified at stage 3 when the disease
has advanced to diabetic ketoacidosis, a potentially
fatal condition. As a result, it is critical to employ early
screening and diagnostic methods to detect autoim-
munity already present in the earliest years of life and
limit the risk of catastrophic problems [1]. Determin-
ing the patterns and trends of iAb incidence in TIDM
could advance knowledge of the population of children
worldwide at risk of developing the disease and help ex-
plain observed variations in incidence, prevalence, and
health outcomes of TIDM in children and adolescents
between and within countries. Also, deeper compre-
hension of the prevalence of iAbs worldwide could aid
in the early diagnosis and treatment of TIDM and lay
the groundwork for future research into the severity of
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the corresponding autoantibody profiles, which would
lower preventable morbidity and mortality among chil-
dren and adolescents [8]. Accordingly, this study deter-
mines the frequency of GADA ICA, IA-2A, and IAA in the
North of Iran.

Methods

This cross-sectional study was conducted from March
2019 to December 2020 at Bu Ali Sina Hospital in Sari
City, Iran.

Inclusion and exclusion criteria

The inclusion criteria were as follows: Children be-
tween 3 months to 18 years of age; diagnosis of TIDM
by pediatric endocrinologist based on American Diabe-
tes Association (ADA) criteria [9]; consent to participate
in the study. Meanwhile, the exclusion criteria were syn-
dromic disease, familial dyslipidemia, chronic cardiac,
brain, liver, renal, or co-infectious disorders, non-type
one diabetes mellitus, or lack of informed consent.

Four types of typical autoantibodies (GADA, ICA, I1AA,
and IA-2A) were examined to confirm the autoimmune
diabetes etiology. We used a commercially available
enzyme-linked immunosorbent assay to evaluate dia-
betes-related autoantibodies. The GADA, 1A-2A, 1AA,
and ICA levels were evaluated using a DiaMetra ELISA
kit (DiaMetra Co, Milan, Italy) based on the internation-
al standard substance National Institute for Biological
Standards and Control (NIBSC), which passed the 2015
international diabetes-related antibody standardized
test verification (IASP 2015). The upper limit of the nor-
mal range was 5 IU/mL for GADA, 2.4 IU/mL for I1AA, 1
IU/mL for ICA, and 7.5 IU/mL for IA-2A autoantibodies.
Values greater than this cutoff value were considered
positive. Also, the HbA1c level was measured using bo-
ronate affinity chromatography with the NYCOCARD
HbA1c kit and NYCOCARD Reader II, both made by the
Norwegian Company Axis-Shield.

The data collection tool was a checklist completed by
the project implementers while reviewing the patients’
files. Data extracted from patients’ files included demo-
graphic information (age and sex), history profile, and
clinical examination (age of onset and initial disease on-
set, positive family history of TAIDM, the simultaneous
presence of other autoimmune diseases, weight, and
height of patients according to age and sex percentages
at the time of diagnosis, etc. and laboratory information
of patients (HbAlc, GADA, ICA, IA-2A, IAA) at the time of
diagnosis. Ocular complications and microalbuminuria
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(increased urinary albumin secretion up to 30-300 mg
in 24 h or 20-200 mg/min) were evaluated at the five-
year mark after the onset of the disease or earlier if the
patient had reached the age of 10 or puberty. Also, gly-
cemic control was categorized as HbAlc < 58 mmol/mol
(<7.5%), 58-74 mmol/mol (7.5-8.9%), and =75 mmol/
mol (29%) [10]. Hyperglycemia was defined as BS >180
mg/dL [11].

Statistical analysis

The statistical analyses were performed using the SPSS
software, version 24. Relationships between variables
were tested using the chi-squared test and student t-
test. To evaluate the correlation, the Spearman test was
used.

The data were described using MeanSD, and a con-
fidence interval of 95% for numerical variables. Using
correlation analysis and linear regression, the effects of
each population variable and the identified categories
on HbA1lc, which indicates long-term blood sugar, were
measured.
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Results

Overall, 190 patients with TIDM (80 males and 110
females) with a mean age of 13.14+0.36 years were
included. There were no significant differences regard-
ing gender between the presence of autoantibodies
type (P>0.05). Patients with ICA were significantly older
(mean difference=2.02 [95% confidence interval (Cl),
0.38%, 3.65%]) than ICA-negative cases (13.80+0.48
vs 11.7940.67; P=0.01). However, other autoantibod-
ies had similar age distribution in positive and negative
cases (P>0.05).

Based on the mono test, the highest prevalence was
seen in ICA (104 [66.67%]), and the lowest prevalence
was in IAA (30 [25.64%)]). Also, based on multiple tests,
ICA + GADA, and GADA + ICA + IA-A2 + IAA had the
highest and lowest prevalence (135 [49.63%] and 151
[5.96%], respectively) (Table 1).

Table 1. Prevalence of positive cases of specific antibodies specific for TIDM (mono test and multiple test) in children with type 1 diabetes mellitus

No. (%)
Type of Antibody 95% CI
Positive Cases

GADA (n=154) 91(59.09) 51.07-66.65
ICA (n=156) 104(66.67) 58.82-73.69

IAA (n=147) 30(25.64) 15.45-29.29
IA-A2 (n=150) 67(44.67) 33.72-50.18
GADA+ICA 135(49.63) 41.17-58.10
GADA+IAA 129(10.58) 06.48-17.60
GADA+IA-A2 132(28.78) 21.62-37.19
ICA+IAA 143(14.68) 9.72-21.57
ICA+IA-A2 144(37.5) 29.89-45.77
IAA+A-A2 139(13.66) 8.84-20.53
GADA+ICA+IAA 143(9.79) 5.84-15.94
GADA+IA-A2+IAA 135(6.66) 3.47-12.41
ICA+IA-A2+IAA 147(10.88) 6.73-17.11
GADA+ICA+IA-A2+IAA 151(5.96) 3.10-11.13
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Abbreviations: GADA: Glutamic acid decarboxylase; ICA: Islet cell cytoplasmic; IA-A2: Insulinoma-associated-2/tyrosine phosphatase; IAA:

Insulin autoantibody.
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Table 2. Frequency of clinical and biochemical characteristics of type 1 diabetes in cases who were positive for GADA, ICA, I1AA, IA-A2

No. (%) No. (%) No. (%) No. (%)
Variables ————7-—— P P P P
GADA+ (n=91) ICA+ (n=104) IAA+ (n=30) 1A-A2+ (n=67)
Male: 35(38.46) Male: 37(35.58) Male: 8(26.67) Male: 22(32.84)
Gender 0.18 Female: 0.29 Female: 0.13 0.08
Female: 56(65.54) 67(64.42) 22(73.33) Female: 45(67.16)
1% child: 52(59) 1% child: 4(53.47) 1% child: 3(43.33) 1% child: 40(60.61)
A 2" child: A A
2" child: 2(36.36) 2" child: 15(50) 2" child: 23(34.85)
X 41(40.59)
Child order 0.55 0.32 0.17 0.53
3 child: 3(3.41) 3" child: 6(5.94) 3" child: (1(3.33) 3 child: 3(4.55)
4t child: 1(1.14) - 6% child: 1(3.33) -
Yes: 8(9.3) Yes: 9(8.91) Yes: 3(10) Yes: 4(6.15)
Twins 0.17 0.13 0.37 0.7
No: 78(90.7) No: 92(91.09) No: 27(90) No: 61(93.85)
c - Yes: 14(15.38) Yes: 20(19.42) Yes: 4(13.33) Yes: 12(18.18)
°"m5:r“riga“g'2' ¥ 0.22 0.61 034 0.73
No: 77(84.62) No: 83(80.58) No: 26(86.67) No: 54(81.82)
Yes: 6(6.67) Yes: 7(6.86) Yes: 3(10.34) Yes: 6(9.23)
Pre-term birth 0.72 0.82 0.42 0.47
No: 84(93.33) No: 95(93.14) No: 56(89.66) No: 59(90.77)
Yes: 23(25.27) Yes: 24(23.3) Yes: 7(23.33) Yes: 15(22.39)
Comorbidity 0.18 0.16 0.59 0.43
No: 68(74.73) No: 79(76.7) No: 23(76.67) No: 52(77.61)
Mi lbumi Yes: 4(4.4) Yes: 4(3.88) Yes: 1(3.33) Yes: 2(2.99)
'ijria“m'“' 07 051 0.98 0.82
No: 87(95.6) No:99(96.12) No: 29(96.67) No: 65(97.01)
Hashiore: Yes: 3(3.30) Yes: 8(7.77) Yes: 3(10) Yes: 5(7.46)
ashimoto's 0.16 0.14 032 051
thyroiditis
No: 88(96.7) No: 95(92.23) No: 27(90) No: 62(92.54)
Yes: 1(1.1) Yes: 0(0) Yes: 1(3.33) Yes: 0(0)
Celiac disease 0.8 0.04 0.29 0.2
No: 90(98.9) No: 103(100) No: 29(96.67) No: 67(100)
HbAlc <7.5%: HbAlc <7.5 %: HbAlc <7.5%: HbAlc <7.5%:
26(28.57) 28(28.57) 13(43.33) 29(43.94)
. 7.5%< HbA1lc 7.5%< HbA1 7.5%< HbAlc 7.5%< HbAlc
Glycemic control g g0,. 40(43.96) 008 _go%-4s4388) ¥ <8o%:103333) % <gow223333 0%
HbA1lc >9%: HbA1lc >9%: HbA1lc >9%: HbA1c >9%:
25(27.47) 27(27.55) 7(23.33) 15(22.73)
Yes: 25(27.47) Yes: 29(28.43) Yes: 7(23.33) Yes: 15(22.73)
Hyperglycemia 0.48 0.15 0.25 0.04
No: 66(72.53) No: 73(51.57) No: 23(76.67) No: 51(77.27)
Blood Yes: 23(26.44) Yes: 23(25.56) Yes: 8(18.52) Yes: 11(19.3)
‘:spegi\iup 0.09 0.77 0.33 021
No: 64(73.56) No: 67(74.44) No: 22(81.48) No: 46(80.7)
Blood Yes: 20(22.99) Yes: 23(25.56) Yes: 7(25.93) Yes: 15(26.32)
ood group 0.49 0.13 0.56 0.24
type B+

No: 67(77.01)

No: 67(74.44)

No: 20(74.07)

No: 42(73.68)
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No. (%) No. (%) No. (%) No. (%)
Variables ————7— P P P P
GADA+ (n=91) ICA+ (n=104) IAA+ (n=30) IA-A2+ (n=67)
Blood Yes: 27(31.03) Yes: 31(34.44) Yes: 10(37.04) Yes: 24(42.11)
‘t’\‘/’peggl”p 0.05 0.56 0.89 035
No: 60(68.97) No: 59(65.56) No: 17(62.96) No: 33(57.89)
Blood Yes: 7(8.05) Yes: 23(25.56) Yes: 3(11.11) Yes: 0(0)
&‘;eirgfp 0.82 0.13 0.24 0.01
No: 80(91.95) No: 67(74.44) No: 24(88.89) No: 57(100)
Blood Yes: 1(1.15) Yes: 1(1.11) Yes: 1(3.7) Yes: 2(3.51)
coc group 031 0.19 0.59 0.42
type A- . . . .
No: 86(98.85) No: 89(98.89) No: 26(96.3) No: 55(96.49)
Blood Yes: 9(10.34) Yes: 7(7.78) Yes: 1(3.7) Yes: 5(8.77)
‘;"pegg’_“p 0.53 0.76 037 0.68
g No: 78(89.66) No: 83(92.22) No: 26(96.3) No: 52(91.23)
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Abbreviations: GADA: Glutamic acid decarboxylase; ICA: Islet cell cytoplasmic; IA-A2: Insulinoma-associated-2/tyrosine phosphatase; IAA:

Insulin autoantibody.

There was no significant difference between the fre-
quency of the child’s rank, Hashimoto’s hypothyroid-
ism and Celiac autoimmune disorders (CD), twinning,
consanguineous marriage, birth weight, term or pre-
term birth, comorbidities, blood group, the presence
of microalbuminuria, and last average of HbA1C with
the positive or negative GADA, ICA, |IA-2A, IAA (P>0.05)
(Table 2).

Patients with positive IA-A2 and ICA compared to
negative IA-A2 and ICA had higher age at diabetes onset
(8.934.11 vs 7.73+4.33, P=0.02; 8.8+4.22 vs 6.8114.1,
P=0.01), receptively. There was no significant differ-
ence between the presence of GADA and IAA and age
at diabetes onset (P>0.05). Moreover, the HbAlc level
at TIDM onset in patients with positive IAA was lower
than negative IAA (7.84+1.82 vs 9.41+2.35, P=0.0009).
Still, the HbAlc level had a similar distribution in pa-
tients with positive and negative GADA, I1A-A2, and ICA
(P>0.05). There was a significant difference in hypergly-
cemia with positive and negative 1A-A2, in which the
chance of positive I1A-A2 was 54% lower in hyperglyce-
mia than in euglycemia (odd ratio [OR]=0.46 [95% ClI,
0.22%, 0.96%)], P=0.04). However, there were no signifi-
cant differences between unfavorable blood sugar (BS)
and positive autoantibodies (P>0.05) (Table 3).

Discussion

According to the results, the highest prevalence of
T1DM autoantibodies was seen in ICA. Patients with
positive 1A-A2 and ICA compared to negative I1A-A2
and ICA had higher age at the T1DM diagnosing time,

the HbAlc level at TIDM diagnosing time in patients
with positive IAA was lower than negative IAA, and the
chance of positive IA-A2 was 54% lower in unfavorable
BS compared to favorable BS. Also, this study found no
significant association between positive GADA, ICA, IA-
2A, IAA, and the presence of Hashimoto hypothyroid-
ism and CD.

Several studies have linked autoimmune thyroid disor-
ders followed by celiac disease to TLDM [12-14]. There-
fore, we examined Hashimoto thyroiditis and CD in our
population. We found no significant difference between
the relative frequency of patients with Hashimoto thy-
roiditis and positive or negative results of autoantibod-
ies. In a previous study, anti-thyroid peroxidase was
positive in 11% of GADA-positive, 16% of ICA-positive,
and 11.6% of IAA-positive TIDM patients [15]. Thyroid
autoimmunity was shown to be more common in TLDM
patients with positive autoantibodies [16]. A study on
the prevalence of gliadin immunoglobulin G/immuno-
globulin A and transglutaminase immunoglobulin A was
significantly higher in recent-onset TLDM patients with
positive GADA, IAA, IA-A2, and ICA [17]. In a study on
the co-occurrence of TLDM and CD. In terms of autoim-
munity, it was found that islet autoantibodies typically
appeared before tissue transglutaminase autoantibod-
ies (tTGAs). Islet autoantibodies preceding tTGAs were
linked with an increased probability of tTGAs (hazard
ratio [HR]: 1.48; 95% Cl, 1.15%, 1.91%) [18]. Also, based
on a systematic review and meta-analysis on screening
for CD in TIDM patients, since the majority of CD are
discovered within five years after T1D diagnosis, screen-
ing should be considered at the time of T1D diagnosis
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Table 3. Clinical and biochemical characteristics of type 1 diabetes mellitus in cases who were positive or negative for GADA, ICA, IAA, IA-A2

Variables GADA+ (n=91) GADA- (n=63) P ICA+ (n=104)  ICA-(n=52) P
Age (y) 14.3£0.50 12.8440.58 0.18 13.80£0.48 11.79£0.67 0.01
Age at diabetes diagnosis (y) 8.74+4.04 7.6814.32 0.12 8.814.22 6.81+4.1 0.01
Birth weight (kg) 3.2440.55 3.340.54 0.26 3.240.54 3.310.56 0.26
Last exogeaaﬁé’)‘su"” o 1.05£1.18 0.8+0.37 0.15 0.99:1.12 0.9:0.47 0.61
Last glycated hemoglobin (SDS) 9.98+10.62 8.4842.30 03 9.86+10.15 8.532.58 038
ezl Ineme el S e ke 8.85£2.23 9.2742.3 0.26 9.0542.36 9.27+2.33 0.57

time (SDS)

Variables IAA+ (n=30) IAA- (n=117) P IA-A2+ (n=67) IA-A2—(n=83) P
Age (y) 14.2740.73 12.70£0.46 0.11 13.71#0.54 12.30£0.54 0.07
Age at diabetes diagnosis (y) 7.4413.66 8.27+4.5 0.35 8.93+4.11 7.7314.33 0.02
Birth weight (kg) 3.1840.43 3.2840.58 0.4 3.230.57 3.2840.53 0.61
L e"°geafj‘;ig)’s“"” e 0.970.22 0.971.08 0.99 1.03£1.33 0.9:0.42 0.42
Last glycated hemoglobin (SDS) 8.28+1.8 9.8149.75 0.39 9.9+12.61 8.9942.5 0.53
elezitel namasl oo 2t R EneE 7.84+1.82 9.412.35 0.0009 8.84+2.57 9.36+2.25 0.19

time (SDS)
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Abbreviations: GADA: Glutamic acid decarboxylase; ICA: Islet cell cytoplasmic; IA-A2: Insulinoma-associated-2/tyrosine phosphatase; IAA:

Insulin autoantibody; SDS: Safety data sheet.

and every 2 to 5 years afterward [19]. Accordingly, the
non-significant association could be due to the late oc-
currence of CD after TIDM.

There are conflicting results regarding the most com-
mon autoantibodies in patients with TLDM. In our study,
the highest prevalence was related to GADA and ICA in
children with TAIDM, and the lowest prevalence was seen
in the combination of GADA+ ICA+ IA-A2+ IAA. In a study
on T1DM autoantibodies in the Finland study group, the
highest prevalence was reported for GADA and IA-A2
[20]. Some studies on Iranian and Saudi patients identi-
fied ICA and anti-IAA as the most prevalent autoantibod-
ies in TIDM patients [21, 22]. These differences could be
due to the effect of geographic regions [23].

Conclusion

Understanding the regional prevalence of iAb in TLDM
children and adolescents could aid in the earlier identi-
fication of those at risk of developing TIDM and inform
clinical practice, health policies, resource allocation, and

targeted healthcare interventions to better screen, di-
agnose, and manage T1DM children and adolescents.
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