
https://academic.oup.com/jes      1

Journal of the Endocrine Society, 2021, Vol. 5, No. 10, 1–7
https://doi.org/10.1210/jendso/bvab131

Clinical Research Article

ISSN 2472-1972

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-
NoDerivs licence (http://creativecommons.org/licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and 
distribution of the work, in any medium, provided the original work is not altered or transformed in any way, and that the 
work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

© The Author(s) 2021. Published by Oxford University Press on behalf of the Endocrine Society.

Clinical Research Article

The Epidemiology and Genetic Analysis of 
Children With Idiopathic Type 1 Diabetes in the 
State of Qatar
Tasneem  Abdel-Karim,1,* Basma  Haris,1,* Houda  Afyouni,1 
Shayma  Mohammed,1 Amel  Khalifa,1 Maryam  Al-Maadheed,1 
Mahmoud Zyoud,1 Ahmed Elawwa,1 Fawziya Al-Khalaf,1 Goran Petrovski,1 
and Khalid Hussain1

1Division of Endocrinology, Department of Pediatrics, Sidra Medicine, Doha, Qatar.

ORCiD numbers: 0000-0002-5480-7112 (K. Hussain).

*Joint first authors

Abbreviations: BMI, body mass index; DKA, diabetic ketoacidosis; DM, diabetes mellitus; GAD65, glutamic acid 
decarboxylase (65 kDa); HbA1c, glycated hemoglobin A1c; IA2, islet cell autoantibodies; IAA, insulin autoantibodies; MODY, 
maturity onset diabetes of the young; TPO, thyroid peroxidase; ZnT8, zinc transporter 8.

Received: 16 May 2021; Editorial Decision: 23 July 2021; First Published Online: 29 July 2021; Corrected and Typeset: 
26 August 2021. 

Abstract

Context:  Idiopathic type 1 diabetes is characterized by the absence of autoantibodies 
and the underlying mechanisms are not clear.
Objective: We aimed to study the epidemiology, describe the clinical characteristics, and 
report results of genetic studies in pediatric patients with idiopathic type 1 diabetes.
Methods: This was a prospective study of type 1 diabetes patients attending Sidra 
Medicine from 2018 to 2020. Autoantibodies (GAD65, IAA, IA-2A, and ZnT8) were meas-
ured and genetic testing was undertaken in patients negative for autoantibodies to rule 
out monogenic diabetes. Demographic and clinical data of patients with idiopathic type 
1 diabetes were compared with patients with autoimmune type 1 diabetes.
Results:  Of 1157 patients with type 1 diabetes, 63 were antibody-negative. Upon genome 
sequencing, 4 had maturity onset diabetes of the young (MODY), 2 had Wolfram syn-
drome, 1 had H syndrome, and 3 had variants of uncertain significance in MODY genes; 
53 patients had idiopathic type 1 diabetes. The most common age of diagnosis was 10 to 
14 years. C-peptide level was low but detectable in 30 patients (56.6%) and normal in 23 
patients (43.4%) The average body mass index was in the normal range and 33% of the 
patients had a history of diabetic ketoacidosis (DKA).
Conclusion:  Four percent of the children had idiopathic type 1 diabetes. There were stat-
istically significant differences in the C-peptide level and insulin requirement between 
the 2 groups. DKA was less common in the idiopathic group. Mutations in MODY genes 
suggest the importance of autoantibody testing and genetic screening for known causes 

https://doi.org/10.1210/jendso/bvab131
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://orcid.org/0000-0002-5480-7112
https://orcid.org/0000-0002-5480-7112


2 � Journal of the Endocrine Society, 2021, Vol. 5, No. 10

of monogenic diabetes in idiopathic type 1 diabetes. The mechanism of idiopathic type 1 
diabetes is unknown but could be due to defects in antibody production or due to auto-
antibodies that are not yet detectable or discovered.
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Type 1 diabetes is one of the most common chronic diseases 
of childhood, affecting millions of people worldwide and 
it is increasing in prevalence and incidence. In 1997, the 
American Diabetes Association proposed 2 subcategories 
for type 1 diabetes mellitus: type 1A or immune-mediated 
diabetes and idiopathic type 1 or idiopathic diabetes [1]. 
Immune-mediated diabetes accounts for 70% to 90% of 
type 1 diabetes and it results from cellular autoimmune 
destruction of the β-cells of the pancreas, mediated by T 
cells [2]. Markers of the immune destruction of the β-cell 
include islet cell autoantibodies (IA2), insulin autoanti-
bodies (IAA), glutamic acid decarboxylase, 65 kDa isoform 
(GAD65) autoantibodies, and Zinc transporter 8 (ZnT8) 
autoantibodies. There is little or no insulin secretion with 
low or undetectable levels of plasma C-peptide and ex-
ogenous insulin is necessary to preserve life [3]. Idiopathic 
diabetes is characterized by the absence of β-cell auto-
immune markers, with permanent insulinopenia, and it is 
prone to ketoacidosis.

Monogenic diabetes is uncommon, accounting for ap-
proximately 1% to 6% of pediatric patients with diabetes 
[4]. It results from one or more defects in a single gene im-
portant for the development or function of β-cells [5]. The 
disease may be inherited within families as a dominant or 
recessive trait or may present as a spontaneous case due 
to de novo mutations. In such cases, family history sug-
gesting a monogenic condition is lacking. Maturity onset 
diabetes of the young (MODY) is the most common type 
of monogenic diabetes [4]. The majority of these patients 
are initially misdiagnosed as having type 1 or type 2 dia-
betes which leads to suboptimal management of the pa-
tients and their families. Hence the International Society 
of Pediatric and Adolescent Diabetes (ISPAD) recommends 
genetic testing to rule out causes of monogenic diabetes in 
type 1 diabetes patients who tested negative for islet cell 
autoantibodies [4].

In 2000, Imagawa et  al described a novel subtype of 
idiopathic type 1 diabetes which is a nonautoimmune, ful-
minant type 1 diabetes characterized by a rapid onset and 
absence of diabetes-related antibodies [6]. The study by 
Imagawa et  al analyzed 56 patients with type 1 diabetes 
recruited within 1 year after receiving the diagnosis. Eleven 
patients were negative for GAD, IA2, and IAA antibodies; 
ZnT8 was not tested then. Pancreatic biopsies revealed 
neither insulitis nor hyperexpression of major histocom-
patibility (MHC) class  I molecules in islets. The onset of 

overt diabetes in these 11 patients was rapid, with a short 
duration of symptoms before the diagnosis and diabetic 
ketoacidosis (DKA) occurred soon after the onset of hyper-
glycemic symptoms. Moreover, the patients had markedly 
elevated serum pancreatic enzyme concentrations, a finding 
in accordance with the lymphocytic infiltration of the exo-
crine pancreas seen in the biopsy specimens.

Despite ongoing research, the pathogenesis of diabetes 
is still unclear. Hameed et  al [7] measured the autoanti-
bodies (GAD, IA2, and IAA antibody) at diagnosis for chil-
dren with newly diagnosed diabetes mellitus (DM). Those 
who were autoantibody-negative were tested again later 
for (ZnT8, IA2, and GAD). Data analysis showed that 
persistently autoantibody-negative patients could not be 
distinguished from autoantibody-positive patients by clin-
ical characteristics (age at diagnosis, duration of diabetes, 
insulin dose/kg/d, pH at diagnosis, glycated hemoglobin 
A1c [HbA1c], body mass index [BMI], or family history 
of type 1 diabetes or autoimmune disorders) [7]. A study 
from India reported that nearly 30% of the patients in their 
cohort of patients with type 1 diabetes had all islet auto-
antibodies negative [8]

In this study, we describe the demographics, epidemi-
ology, clinical features, and genetic findings of a cohort of 
patients with idiopathic type 1 diabetes attending our pedi-
atric diabetes clinic in Qatar. We also aimed to compare the 
demographic and clinical characteristics of autoimmune 
and nonautoimmune type 1 diabetic patients.

Methods

Ethics Approval

This study was approved by the Institutional Review 
Board (IRB) for the protection of human subjects in Sidra 
Medicine, Qatar (IRB reference number 1702007592). 
Informed consent was taken from the parents as required.

Subject Recruitment

We conducted a prospective study of children and adolescents 
with type 1 diabetes attending the pediatric endocrinology 
clinic in Sidra Medicine from 2018 to 2020. Sidra Medicine 
is the only childhood diabetes center in the state of Qatar and 
all children with DM are referred here, thus allowing us to 
capture all children diagnosed with DM for this study. The 
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diagnosis of DM was made as per the American Diabetes 
Association (ADA) Guidelines and was further classified into 
different types of diabetes with the help of clinical history 
and examination as well as autoantibody assays, biochemical 
tests, and genetic testing. All patients had an onset of DM 
at ≤18 years of age. Patients diagnosed as type 1 diabetes 
were classified as autoantibody-positive and autoantibody-
negative diabetes, based on their autoantibody status.

Laboratory Investigations

Peripheral blood samples were collected from subjects 
and type 1 diabetes autoantibodies (GAD65, IAA, IA-2A, 
ZnT8) were measured and titers recorded. C-peptide, thy-
roid peroxidase (TPO), and celiac disease antibodies were 
also measured.

Genetic Testing

DNA samples were extracted from blood specimens as 
per the standard method. Samples were sent to Prevention 
Genetics laboratories for genetic testing to rule out a panel of 
monogenic diabetes causative genes for all patients who had 
4 autoantibodies negative. The genes analyzed were ABCC8, 
APPL1, BLK, GCK, HNF1A, HNF1B, HNF4A, KCNJ11, 
KLF11, NEUROD1, PAX4, PDX1, WFS1, INS, and CEL.

Antibody Assay Methodology

Complete autoantibody profiling was performed at the 
time of recruitment for all known patients with DM at 
Mayo Clinic Laboratories. Newly diagnosed cases were 
tested at the time of first presentation before starting in-
sulin treatment.

GAD65 radioimmunoassay
(125)I-labeled recombinant human glutamic acid decarb-
oxylase (GAD65) was incubated with the patient’s diluted 
serum. Antihuman IgG and IgM were then added to form 
an immunoprecipitate. After washing the precipitated im-
mune complexes, the specific antibodies were detected by 
counting gamma emission from the pellet’s bound (125)
I-GAD65 [9].

Insulin autoantibody radioimmunoassay
For the insulin autoantibody radioimmunoassay, (125)
I-labeled recombinant human insulin is added to the test 
serum; if antibody is present in the sample, it forms a sol-
uble complex with the labeled insulin. Subsequent addition 
of goat antihuman IgG and IgM precipitates the complex. 
The amount of radioactivity in the precipitate is propor-
tional to the level of antibody in the serum.

IA-2 autoantibody radioimmunoassay
For the IA-2 autoantibody radioimmunoassay, (125) 
I-labeled recombinant human IA-2 is added to the test 
serum; if antibody is present, it forms a soluble complex 
with the (125) I-labeled IA-2. Subsequent addition of goat 
antihuman IgG and IgM precipitates the complex. The 
amount of radioactivity in the precipitate is proportional 
to the level of antibody in the serum [10].

Zinc Transporter 8 autoantibody enzyme immunoassay
ZnT8 antibodies are principally directed against the C ter-
minal domain of ZnT8. The ZnT8 autoantibody enzyme-
linked immunosorbent assay (ELISA) is based on the 
bridging principle that employs the ability of divalent ZnT8 
autoantibodies to bind to ZnT8 coated on to the plate well 
with 1 arm and to liquid ZnT8-biotin with the other arm. 
Calibrators or undiluted serum samples in duplicate were 
added to ZnT8-coated plate wells and incubated over-
night. ZnT8-biotin was added to each well and plate. After 
another incubation, aspiration, and wash, streptavidin-
peroxidase was added to each well. Another incubation, 
aspiration, and wash were performed and peroxidase sub-
strate was added. After a final incubation, 0.5 mol/L H

2SO4 
stop solution was added to each well. Absorbance was 
measured at 450 nm, blanked against wells containing per-
oxidase substrate and H2SO4 only.

Statistical Analysis

The means ± SD were calculated and compared for the 
autoimmune and idiopathic type 1 diabetic patient groups. 
The Student t test and Chi-square test were performed as 
required to assess the significance of some of the clinical 
and biochemical variables. A P value of 0.05 was used as 
a cutoff to accept or reject the null hypothesis and assess 
significance.

Results

We identified 1325 patients younger than 18  years with 
diabetes mellitus who received care in our clinics. Of these, 
1157 were thought to be type 1 diabetes; however, upon 
measurement of autoantibodies, 63 were negative. Genetic 
screening to rule out MODY was conducted in all of these 
autoantibody-negative patients and 4 patients were found 
to have MODY; we identified an INS mutation in 1 pa-
tient and HNF1A mutations in 3 patients. Additionally, 2 
patients were found to have a mutation in the WFS1 gene 
causing Wolfram syndrome while 1 patient was found to 
have a mutation in the SLC29A3 gene causing H syndrome. 
Three patients also had mutations of uncertain significance 
in HNF1B, KLF11, PDX1 genes.
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The total number of children with idiopathic type 1 dia-
betes was found to be 53, which constitutes 4% of total 
cohort of children with DM in Qatar.

The autoantibody test was done at the time of diagnosis 
in 23 patients (42.6%), the remaining patients (57.4%) 
were tested at an average duration of 5.9  years from 
diagnosis. Figure 1 shows a breakdown of the different 
categories studied. Table 1 shows all the mutations found 
in monogenic diabetes causative genes.

Clinical Features

We analyzed the data of the 53 idiopathic type 1 diabetes 
patients followed in our clinic and the results are sum-
marized in Fig. 2. The average current age is 13 years and 
the most common age of onset was 10 to 14 years of age. 
Fourteen patients (25.9%) have fairly good control of their 
diabetes with HbA1c of <8%, almost half have levels of 
8% to 10%, and the rest have levels above 10% in our 
idiopathic type1 cohort. C-peptide was detectable in these 
patients, with a mean level of 0.87 ng/mL.

The average BMI of our patients was 21.8 kg/m2 and 
the average insulin requirement was 0.71 IU/kg/day. Insulin 
was delivered in most of the patients using insulin mul-
tiple daily injection, while 8 patients (14.8%) used insulin 
pumps. While the majority of the patients tested negative 
for celiac disease and TPO antibodies, 3 patients (5.6%) 
tested positive for celiac autoantibodies and 12 patients 
tested positive for TPO antibodies (22.6%).

There were statistically significant differences ob-
served in the C-peptide level and insulin requirement 
between idiopathic type 1 diabetes and type 1 diabetes. 
DKA was less common in the idiopathic group. Refer 
to Table 2 to see a detailed comparison between the 
2 groups.

Discussion

Our study was able to identify all patients with idio-
pathic type 1 DM in Qatar. Despite presenting initially 
with a clinical picture like type 1 diabetes, we found that 
4% of newly diagnosed children and adolescents initially 

Total patients with 
diabetes 
(n=1325)

Type1 diabetes
(n=1157)

Antibody negative
(n=63)

Genetic Negative 
(n=53)

MODY 
(n=4)

Wolfram syndrome 
(n=2)

H syndrome
(n=1)

Variants of uncertain 
significance

(n=3)

Antibody positive
(n=1096)

Other types of 
diabetes 
(n=168)

Figure 1.  Results of autoantibody and genetic testing done in our cohort.

Table 1.  Mutations found in monogenic diabetes causative genes

Gene Variant Clinical Significance 

Patient 1 INS c0.152 C > G MODY10
Patient 2 HNF1A c0.527-6_527-3delCTGC MODY3
Patients 3, 4 HNF1A c0.955 + 1G > A MODY3
Patient 5 WFS1 c0.2643_2646delCTTT Wolfram syndrome
Patient 6 WFS1 c0.1433G > A, Wolfram syndrome
Patient 7 SLC29A3 c0.1228C > T H syndrome
Patient 8 KLF11 c0.1298A > G Variant of uncertain significance
Patient 9 KLF11 c0.1298 A > G Variant of uncertain significance
Patient 10 PDX1 c0.98C > A Variant of uncertain significance 
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diagnosed as type 1 diabetes were negative for all 4 major 
islet antibodies. We found statistically significant dif-
ferences in the insulin requirement and C-peptide levels 
when comparing idiopathic autoimmune type 1 diabetes. 
Higher C-peptide levels and lower insulin doses were re-
quired in our cohort of idiopathic diabetes subjects. 
A study of 303 autoantibody-negative Swedish children re-
vealed MODY in 46 children [11]. They reported a higher 
C-peptide level suggesting slower beta cell destruction, less 

severe symptoms, and higher BMI in their cohort of chil-
dren with idiopathic type 1 diabetes [11]. Another study 
from the UK found autoantibody-negative type 1 dia-
betes in 268 subjects of their cohort of 1778 adults with 
type 1 diabetes [12]. They reported higher incidence with 
increasing age and male gender as well as higher BMI in the 
idiopathic group [12]. Aguilera et al also reported higher 
BMI, milder symptoms, lower insulin requirement, as well 
as higher C-peptide (basal and stimulated) in idiopathic 
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Figure 2.  Clinical features observed in idiopathic type 1 diabetes cohort. 2a, Gender distribution. 2b, History of diabetic ketoacidosis (DKA). 2c, 
C-peptide level. 2d, Thyroid peroxidase (TPO) status. 2e, Celiac disease status. 2f, Insulin therapy. 2g, Age of onset.
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type 1 diabetes [1]. However, Hameed et  al did not find 
any significant differences in clinical features in their com-
parison of idiopathic and autoimmune type 1 diabetes [7]. 
Celiac disease and TPO antibodies were found positive in 
only 5.6% and 22.6% of patients. Contrary to previous 
reports we noticed a slight female preponderance in our 
cohort. The mean age of onset was also slightly higher than 
immune-mediated DM.

We examined all 14 MODY genes in our cohort and iden-
tified 4 patients with MODY—3 with HNF1A mutations and 
1 with an INS gene mutation. Two patients with a WFS1 gene 
mutation causing Wolfram syndrome and 1 with SLC29A3 
mutation that causes H syndrome were also identified. There 
have been some previous reports of MODY genes being re-
sponsible for idiopathic diabetes [13, 14]; however, no con-
crete evidence has been reported for these variants. Some 
reports also suggest this idiopathic type 1 diabetes is more 
likely related to type 2 diabetes than type 1 diabetes, which is 
an area that needs to be explored further [1, 15].

The pathophysiological mechanism of idiopathic type 1 
DM is not well understood and data regarding this type 
of DM is scarce especially in children of Arab ethnicity. 
A review by Patel et al [16] suggests immune-mediated de-
struction of pancreatic islet by T cells as a mechanism for 
idiopathic type 1 diabetes. They also suggest that CD20+ 
cells, in particular, were of importance since CD20Hi/hyper-
immune patients were associated with antibody-positive 
diabetes while CD20Lo subjects had autoantibody-negative 
diabetes [17]. Another study proposes defects in antibody 
production as the cause for autoantibody negativity [18].

Currently, the known autoantibodies associated with 
DM are GAD65, IAA, IA-2, and ZNT8; however, there 
could very well be some autoantibodies involved in the 
mechanism that are not yet detectable by existing assays. 
Ethnicity of patients is also suggested to be associated 

with changes in autoimmunity, with Asian and African 
ethnicity having a higher frequency of autoantibody nega-
tivity. They present with episodic DKA and fluctuating 
degree of insulinopenia between episodes [16, 19]. The 
treatment of diabetes in such patients is mainly insulin 
replacement; however, some combination therapies with 
immunomodulators, incretin-based agents, as well proton 
pump inhibitors can be beneficial in β-cell regeneration and 
may lead to better clinical outcomes [20].

One limitation of our study is the relatively small sample 
size which prevents further genetic and human leukocyte 
antigen (HLA) analysis for drawing conclusions. Our re-
sults highlight the importance of routine measurement of 
all 4 autoantibodies at the time of diagnosis of type 1 dia-
betes, and the role of genetic testing of those patients who 
were found to be autoantibody-negative. This type of ac-
curate classification is important for disease management 
and prognosis since some reports also mention these pa-
tients having a higher cardiovascular risk in the long term 
[3]. Additional research needs to be done on idiopathic 
type 1 diabetes to understand the underlying molecular 
mechanisms.
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Table 2.  Comparison of idiopathic type 1 DM with antibody-positive DM

Antibody-negative DM Antibody-positive DM P value

Current age, years 13 (± 4.1 SD) 11 (± 3.6 SD) -
Gender (female:male) 51:49 51:49 -
Age at onset, years 10-14 5-9 0.39
Current HbA1c 9.2% (± 2.5 SD) 9.9% (± 2.2 SD) 0.3
C-peptide, ng/mL 0.87 (± 0.85 SD) 0.16 (± 0.17 SD) <0.001
Insulin requirement, U/kg/day 0.71 (± 0.28 SD) 0.93 (± 0.26 SD) 0.002
BMI Normal Normal -
Family history of DM More common (22%) Less common (9%) 0.06
Ethnicity 53% Qataris 49% Qataris 0.69
TPO-positive 22.6% 19.6% 0.63
Celiac-positive 5.5% 3.7% 0.64
DKA at presentation Less common (33%) More common (62%) <0.003

Abbreviations: BMI, body mass index; DKA, diabetic ketoacidosis; DM, diabetes mellitus; HbA1c, glycated hemoglobin A1c; TPO, thyroid peroxidase.
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