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What is already known on this topic?

Maturity-onset diabetes of the young (MODY) is a monogenic form of diabetes mellitus. To date, 14 different genes associated with MODY
have been reported: hepatocyte nuclear factor-4-alpha; glucokinase; hepatocyte nuclear factor-1-alpha; pancreas-duodenum homeobox
protein-1; hepatocyte nuclear factor-1 beta; neuronal differentiation-1; Kruppel-like factor 11; carboxyl! ester lipase; paired box-4; insulin
(INS); B lymphocyte kinase; ATP-binding cassette subfamily C member 8; potassium channel, inwardly rectifying, subfamily ] member
11; and adaptor protein, phosphotyrosine interaction, pH domain, and leucine zipper containing 1. The diagnosis of MODY includes
dominant inheritance with at least two (preferably three) consecutive affected generations; onset of diabetes is typically before the
age of 25-30 years, there is evidence of significant but impaired residual insulin secretion reflected in c-peptide levels, and tests for
autoantibodies associated with type 1 diabetes mellitus are negative in most cases (very rare exceptions have been reported). Stable,
mild, non-progressive hyperglycemia is suggestive of glucokinase (GCK)-MODY in asymptomatic individuals.

What this study adds?

As in various studies conducted in children from Turkiye, the most frequently detected MODY type in our cohort was GCK-MODY.
Although MODY is generally known as an autoantibody-negative type of diabetes, with islet cell antibody being particularly unusual,
autoantibody positivity was detected in approximately one-quarter of the cases in our study and more than half of these were anti-islet
cell antibodies.

Abstract

Objective: Maturity-onset diabetes of the young (MODY) is a monogenic form of diabetes characterised by early-onset diabetes and
inherited in an autosomal dominant manner. MODY results from heterozygous mutations in genes important for pancreatic p-cell
development or function. The objective was to identify the most common and rarest types of MODY amongst our cases with genetically
confirmed MODY diagnosis, to evaluate clinical and laboratory features and treatment regimens.

Methods: The epidemiological, auxological, and laboratory data, genetic analysis results and treatment regimens of patients diagnosed
with MODY were retrospectively evaluated.
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Results: Of the 44 cases included, 27 (61.4 %) were male and the median age at diagnosis was 10.07 (1-16.8) years. There was a family
history of diabetes in 42 (95.5%) cases. The distribution of gene variants was: 25 (55.8 %) glucokinase (GCK), 4 (9.1 %) hepatocyte
nuclear factor-4-alpha, 4 (9.1 %) carboxyl ester lipase, 2 (4.5 %) B lymphocyte kinase, 4 (9.1 %) ATP-binding cassette subfamily C member
8, 2 (4.5%) Kruppel-like factor 11, 1 (2.3 %) insulin (INS), 1 (2.3 %) potassium channel, inwardly rectifying, subfamily ] member 11, and
1 (2.3 %) adaptor protein, phosphotyrosine interaction, pH domain, and leucine zipper containing 1. At presentation, 23 (52.3 %) of the
cases had incidental hyperglycemia while 14 (31.8 %) had polyuria and polydipsia. Diabetic ketoacidosis was detected in 4 (9.1 %) and
ketonemia in 3 (6.9%). At least one of the diabetes autoantibodies (anti-glutamate acid decarboxylase, anti-islet cell antibodies, anti-
insulin autoantibodies) was detected in 11 (25 %) cases, of which 7/11 were islet antibodies, and 5 patients (11 %) had two autoantibodies
positive simultaneously. In terms of treatment, 26 (59 %) received diet and lifestyle changes only, 18 (41 %) received oral antidiabetic
agents and/or insulin, and 6 (13.6 %) received both oral antidiabetic agents and insulin.

Conclusion: The most common type of MODY in our cohort was GCK-MODY. Although MODY is generally known as an autoantibody-

negative type of diabetes, autoantibody positivity was detected in 11 of 44 cases (25%) in the present study.

Keywords: MODY, diabetes autoantibodies, childhood

Introduction

Maturity-onset diabetes of the young (MODY) represents the
most prevalent form of monogenic diabetes, resulting from
defects in a single gene or chromosomal locus. All currently
identified MODY subtypes are attributed to dominant
heterozygous mutations in genes that are pivotal for the
development or function of pancreatic p-cells (1).

A total of 14 different genes have been identified as being
associated with mutations that are linked to MODY. Of
these, six encode key factors. The genes in question are:
hepatocyte nuclear factor-4-alpha (HNF4a); glucokinase
(GCK); hepatocyte nuclear factor-1-alpha (HNFIa); pancreas-
duodenum homeobox protein-1 (PDX1); hepatocyte nuclear
factor-1 beta (HNFI1P); and neuronal differentiation-1
(NEURODI). The following genes have been identified as
being associated with MODY: Kruppel-like factor 11 (KLF11);
carboxyl ester lipase (CEL); paired box-4 (PAX4); insulin
(INS); B lymphocyte kinase (BLK); adenosine triphosphate
(ATP)-binding cassette subfamily C member 8 (ABCCS);
potassium channel, inwardly rectifying, subfamily ]
member 11 (KCNJI1); and adaptor protein, phosphotyrosine
interaction, pH domain, and leucine zipper containing 1
(APPLI) (2).

The classic MODY phenotype is characterized by the absence
of ketosis and the absence of insulin dependence, with a
diagnosis of diabetes occurring before the age of 25 years.
In addition, there must be a family history of at least one
affected individual. These criteria are employed to define
the MODY phenotype and to identify patients who may be
suitable candidates for genetic testing (3,4).

The objective of this study was to describe the most common
and rarer types of MODY in cases with genetically confirmed
diagnoses in a single center cohort, and to evaluate the
clinical diagnostic characteristics, genetic analysis results,
follow-up, and treatment features of these patients.

Methods

Cases

The study was conducted retrospectively, analyzing the
epidemiological, auxological,laboratory, genetic, and treatment
data of 44 patients diagnosed with MODY and followed in
two  pediatric endocrinology clinics in Malatya between
January 2013 and December 2020. The epidemiological data
included age, gender, parental consanguinity, and family
history of diabetes. Auxological data consisted of height (cm),
weight (kg), and body mass index (BMI; kg/m?). Laboratory
data included glucose, insulin, C-peptide, hemoglobin Alc
(HbA1c), lipid profile (total cholesterol, total triglycerides,
high-density lipoprotein, low-density lipoprotein, urine
ketones, and diabetes autoantibodies. Genetic analysis results
and treatment regimens were also retrospectively evaluated
from patient follow-up records.

The auxological evaluations of the patients, conducted using
standard measurement tools with a precision of 0.1 kg for
weight and 0.1 cm for height, were performed using the
auxology section of the CEDD-NET calculation system. This
system was developed by the Turkish Society of Pediatric
Endocrinology and Diabetes for use by pediatricians and
pediatric endocrinology physicians (5).

For a classic MODY diagnosis, the following criteria were
used: dominant inheritance with at least two (preferably
three) consecutively affected generations (though de novo
mutations have been reported); onset of diabetes typically
before the age of 25 to 30 years; evidence of significant but
impaired residual insulin secretion, reflected in C-peptide
levels, regardless of whether the patient is treated with
insulin; negative tests for antibodies associated with type
1 diabetes mellitus (T1DM), although again, very rare
exceptions have been reported; and stable, mild, non-
progressive hyperglycemia in asymptomatic individuals,
suggesting GCK-MODY (3,4).
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Genetic Analysis

At least three generation pedigrees of the cases were formed.
Genomic DNA was extracted from peripheral blood with
QiAamp DNA Blood Mini Kit (cat. no. 51106, Qiagen, Hilden,
Germany). Next generation sequencing was performed by
capture of the all exons and 10 bp exon-intron junctions of
the 14 target MODY genes (ABCCS8, APPLI, BLK, CEL, GCK,
HNFIA, HNF1B, HNF4A, INS, KCNJ11, KLF1l, NEURODI,
PAX4, and PDX1). Prior to library preparation, each sample
was diluted to a fixed concentration of 20 ng using nuclease-
free water, as required by the kit. Sequencing libraries were
prepared according to the manufacturer’s instructions. After
library enrichment and quality control, the samples were
sequenced using the lllumina MiSeq platform (Illlumina, San
Diego, CA, USA) with 100 bp paired-end reads at an average
sequencing depth of 100x. Demultiplexed FASTQ files
were processed individually using Qiagen Bioinformatics
solutions. The sequencing reads were aligned to the human
genome reference, GRCh37 (Genome Reference Consortium
human build 37). Annotation of detected variants was
performed using InterVar, Franklin, VarSome, Clinvar, OMIM,
and Pubmed. Variants with a frequency higher than 0.5%
were filtered out. dbNSFP (contains SIFT, PolyPhen-2, LRT,
and Mutation Taster) was used to predict the pathogenicity
of variants. Rare variants were classified according to the
American College of Medical Genetics and Genomics/the
Association for Molecular Pathology variant interpretation
framework (6). Segregation analyzes were performed on
family members who consented to be included in this study.

Statistical Analysis

Statistical calculations were performed using the Statistical
Package for Social Sciences, version 29.0 (IBM Corp.,
Armonk, NY, USA). Quantitative variables that followed a
normal distribution are expressed as mean and standard
deviation (SD), while those that did not confirm to normal
distribution were reported as median (minimum-maximum).
Qualitative variables were expressed as frequency and
percentage.

Results

In the 44 patients included in the study, the male-to-
female ratio was 1.58:1. The mean birth weight (n=40)
was 3078 +514.8 g. Ten patients (22.7 %) had additional
(extrapancreatic) diseases/findings. The extrapancreatic
findings included attention deficit hyperactivity disorder
(two patients), epilepsy (two patients), intellectual disability
(one patient), hepatosteatosis (one patient), asthma (one

patient), ectopic kidney (one patient), increased echogenicity
of the renal parenchyma (one patient), hypertension (one
patient), juvenile idiopathic arthritis (one patient), primary
ovarian insufficiency (one patient), arhythmia (one patient),
and precocious puberty (one patient). Imaging studies
(abdominal ultrasound/magnetic resonance imaging) were
performed in 31 (70.4%) patients, with no pathological
findings reported. The other clinical and laboratory findings
of the patients are presented in Table 1.

As a presenting complaint, incidental hyperglycemia was
significantly more common in patients diagnosed with GCK-
MODY, while polyuria and polydipsia were more prevalent
in other MODY types (p<0.05). Diabetic ketoacidosis
was detected only in MODY cases other than GCK-MODY
(p<0.05). The HbAlc levels were significantly higher
in non-GCK-MODY cases (p<0.05). While the majority
of GCK-MODY cases were treated with lifestyle changes
alone, the use of pharmacotherapy in addition to lifestyle
modifications was significantly more common in non-GCK-
MODY (p <0.05). The simultaneous positivity of two tested
diabetes autoantibodies was observed only in non-GCK-
MODY. The genes and mutations identified in the cases are
shown in Table 2.

Characteristics of GCK-MODY Patients

In the 25 patients diagnosed with GCK-MODY, the male-to-
female ratio was 1.5. Four patients (16%) had additional
(extrapancreatic) diseases/findings. The additional findings
included one patient with a combination of intellectual
disability, primary ovarian insufficiency, and arrhythmia,
while the other three patients presented with precocious
puberty, epilepsy, and juvenile idiopathic arthritis,
respectively. Ketonemia was detected in one patient
diagnosed with GCK-MODY (Patient 3 in Table 3). This
patient’s fasting blood glucose at presentation was 950 mg/
dL, with a C-peptide level of 0.43 ng/mL, fasting insulin of
1.99 pU/mL, and an HbAlc of 11.6%. Anti-GAD positivity
was also identified in this patient, who was subsequently
treated with insulin. During follow-up, the HbAlc value
decreased to 7.4%. All patients were provided with an
appropriate dietary program. Only two patients received
metformin therapy. These patients had a BMI greater than
the 95" percentile, with one showing impaired glucose
tolerance (IGT) on oral glucose tolerance test (OGTT), while
the other had a postprandial glucose level in the diabetic
range. Except for the patient who started insulin therapy,
all other patients maintained an HbAlc level below 7%
during their initial assessment and follow-up. The mutations
detected in the GCK gene and the clinical characteristics of
the patients are shown in Table 3.
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Characteristics of non-GCK-MODY Cases

Among the four patients diagnosed with HNFIA-MODY,
three were related. The average age at presentation was
11.2 years. All patients had BMI SD score values within the
normal range. Three diabetes autoantibodies [anti-glutamic
acid decarboxylase (anti-GAD), islet cell antibodies (ICA),
insulin autoantibodies (IAA)] were assessed in these cases.
Only one patient (Patient 2 in Table 4) tested positive for two
diabetes autoantibodies (anti-GAD and ICA). This patient

presented with fasting hyperglycemia and an HbA1c level
in the prediabetic range, with a normal OGTT result. The
patient treated with diet alone maintained an HbA1c level
within the normal range. One of the other three patients
(Patient 4 in Table 4) had normal fasting glucose and HbAlc
levels at presentation and continued to remain within the
normal range with dietary management. The remaining two
patients had fasting glucose and HbA1c values at diabetic
levels. Ketonemia was detected in one of these patients at

Table 1. Clinical and laboratory features of patients diagnosed with MODY

Male/female

Age at diagnosis, (years)

Positive family history, n (%)

Consanguineous marriage, n (%)

Mean BMI-SDS
BMI >95" p, n (%)
BMI <5™p, n (%)

Incidental hyperglycemia, n (%)
Polyuria-polydipsia, n (%)

DKA, n (%)

Diabetic ketonemia, n (%)

Triglyceride, (mg/dL)
Total cholesterol, (mg/dL)
HDL-cholesterol, (mg/dL)
LDL-cholesterol, (mg/dL)
HbAlc, (%)

Fasting insulin (IU/L)
C-peptide, (ng/mL)
Fasting glucose, (mg/dL)
Anti-GAD (+), n (%)
Anti-ICA (+), n (%)
Anti-IAA (+), n (%)

Anti-GAD + anti-ICA (+), n (%)
Anti-ICA + anti-IAA (+), n (%)
Only diet and lifestyle changes, n (%)

Diet and lifestyle changes + oral antidiabetic drugs and/or

insulin, n (%)

Diet and lifestyle changes and oral antidiabetic drugs and insulin

n (%)

MODYs (n = 44)

GCK-MODY (n = 25)

Non-GCK MODYs

(n=19)
1.58 1.5 1.71
10 (£4.19) 9.85(+4.19) 10.36 (£ 4.29)
42 (95.45) 24 (96) 18 (94.73)
10 (22.72) 7 (28) 3 (15.78)
-0.45 (+1.45) -0.28 (£1.26) -0.68 (+1.66)
49.1) 3(12) 1(5.26)
10 (22.72) 3(12) 7 (36.84)
23 (52.27) 19 (76) 4 (21)
14 (31.81) 2(8) 12 (63.15)
4(9.1) 0 4 (21.05)
3 (6.8) 1(4) 2 (10.52)
91.05 (+£46.79) 85.33 (£ 45.63) 99 (+48.80)
158.88 (+34.54) 152.90 (+£26.22) 167.26 (+£43.25)
49.41 (+15.11) 49.77 (£ 13.13) 48.92 (+£18)
90.83 (+28.51) 86 (+£23.29) 97.58 (+34.25)
7.78 (+2.98) 6.49 (+1.17) 9.48 (+3.75)
6.68 (+7.06) 6.24 (£ 4.57) 7.29 (+£9.64)
1.24 (£ 0.95) 1.21 (£0.62) 1.27 (£1.29)
210.5 (+£202.7) 159.3 (£ 169.4) 277.9 (+£226.9)
7 (15.9) 3(12) 4 (21)
7 (15.9) 2 (8) 5(26.3)
2 (4.5) 1(4) 1(5.2)
4 (9) 0 4 (21)
1(2.3) 0 1(5.2)
26 (59) 22 (88) 4 (21)
18 (41) 3(12) 15 (78.9)
6 (13.6) 0 6 (31.5)

BMI: body mass index, DKA: diabetic ketoasidosis, HDL: high density lipoprotein, LDL: low density lipoprotein GAD: glutamic acid decarboxylase, ICA: islet cell antibodies,
IAA: insulin autoantibodies, MODY: maturity-onset diabetes of the young, GCK: glucokinase, SDS: standard deviation score, HbA1c: hemoglobin Alc

Table 2. Genes with variation detected in MODY cases and patient numbers

Gene GCK HNFla CEL BLK ABCC8 KLF11 INS KCNJ11 APPL1
n=44 25 4 4 2 4 2 1 1 1
% 56.8 9.1 9.1 4.5 9.1 4.5 2.3 2.3 2.3

GCK: glucokinase, HNF1a: hepatocyte nuclear factor-1-alpha, CEL: carboxyl ester lipase, BLK: B lymphocyte kinase, ABCC8: ATP-binding cassette subfamily C member 8,
KLF11: Kruppel-like factor 11, INS: insulin, KCNJ11: potassium channel, inwardly rectifying, subfamily ] member 11, APPLI: adaptor protein, phosphotyrosine interaction,
pH domain, and leucine zipper containing 1
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presentation, who was treated with insulin, while the other
patient was managed with oral antidiabetic agents.

Among the four patients diagnosed with CEL-MODY,
one presented with an increase in renal parenchyma
echogenicity as an additional condition, while another had
an ectopic kidney. Renal function was found to be normal
in both cases. One patient (Patient 7 in Table 4) presented
with intermittent abdominal pain related to meals, and the
fecal elastase value was measured at 117 pg/mL (hormal:
> 200 pg/mL; mild exocrine pancreatic insufficiency: 100-
200 pg/mL; exocrine pancreatic insufficiency: <100 g/
mL), indicating mild exocrine pancreatic insufficiency, and
was referred to the pediatric gastroenterology department
for dietary management. Although the c.1454T > C variant
detected in this patient was classified as benign by some
databases, the detection of exocrine pancreatic insufficiency
seen in CEL-MODY led us to classify this variant as a variant
of uncertain clinical significance (VUS). Fecal elastase levels
could not be evaluated in other cases. At presentation,
all patients had normal c-peptide levels. Two patients
(Patients 5 and 8 in Table 4) tested positive for two diabetes
autoantibodies (anti-GAD and ICA) simultaneously. One
(Patient 6 in Table 4) presented with failure to gain weight
and was normoglycemic but had an HbAlc value in the
prediabetic range. This patient’s OGTT was normal, and
during follow-up, the HbA1c value normalized with dietary
management. The other three patients had HbA1c values at
diabetic levels and were treated with insulin.

Of the two patients diagnosed with BLK-MODY, one was
overweight while the otherhad anormal BMI. At presentation,
the overweight patient had fasting hyperglycemia and
prediabetic HbA1c, while the other patient (Patient 9 in
Table 4) had fasting hyperglycemia, low C-peptide and
normal HbAlc. The overweight patient was treated with
metformin, while the other patient was monitored with diet
modification alone. During follow-up, their HbAlc levels
remained below 6 %.

Of the four patients diagnosed with ABCCS8-MODY, one was
obese, one was overweight, and two were malnourished,
based on their BMIs. Three patients had diabetic fasting
glucose and HbAlc levels, while one patient had only
prediabetic HbA1c levels (6.2 %) (Patient 14 in Table 4). One
of the patients with malnutrition had ketoacidosis (Patient
11 in Table 4), and the other had ketosis (Patient 12 in Table
4). All three diabetes autoantibodies (anti-GAD, ICA, 1AA)
were found to be negative. Two patients with ketosis and
ketoacidosis were treated with insulin, while the patient
with obesity was treated with insulin after a short period
of metformin use. The patient who was overweight and
had a prediabetic HbAlc level was followed up with oral

antidiabetics. The patient, whose treatment compliance
was poor, had a final HbAlc level of 7%.

Two patients were diagnosed with KLF11-MODY; one was
overweight and had diabetic levels of glucose and HbAlc
and was treated with insulin. The other patient had
malnutrition, presenting with fasting hyperglycemia and a
diabetic HbAlc level of 6.8%. This patient showed IGT on
the OGTT, and two diabetes autoantibodies (ICA and IAA)
were positive. Initially treated with metformin, this patient’s
treatment was later supplemented with insulin. This patient
also had attention deficit hyperactivity disorder as an
additional condition.

The genetic and clinical characteristics of non-GCK-MODY
cases are summarized in Table 4.

Discussion

Approximately 80% of MODY cases are misdiagnosed as
type 1 or type 2 diabetes, which complicates prevalence
and incidence estimates (7). MODY is considered the most
common form of monogenic diabetes, accounting for
approximately 1-6.3% of diabetes cases reported in the
literature (2,8,9,10,11,12).

Genes causing MODY affect insulin secretion by disrupting
insulin release, glucose metabolism in pancreatic beta cells,
or activating ATP-dependent potassium channels. Patients
typically have heterozygous mutations. Penetrance and
expressivity can vary significantly among family members
(13). In our cohort, most patients (90.9 %) had heterozygous
mutations, while only four patients had homozygous
mutations. Among the homozygous patients, three had a
history of parental consanguinity.

GCK-MODY is one of the most common types of MODY
among European Caucasians (14). In Turkiye, various studies
conducted in children have also identified GCK-MODY as the
most frequently detected type of MODY (15,16,17,18,19).
One study found that approximately one in four children
diagnosed with MODY had GCK-MODY (19). In the present
study, GCK-MODY was the most prevalent type, accounting for
well over half (56.8 %) of cases. The mutations most frequently
identified in the GCK gene, p.M393T and p.1189V, which are
classified as potentially pathogenic, have also been detected
in two previous studies conducted in Turkiye (20,21).

Although GCKR-MODY is known as an untreated form of
MODY characterized by mild, non-progressive fasting
hyperglycemia in childhood, and no complications (1), one
of our GCK-MODY patients (Patient 3 in Table 3) received
insulin therapy. As in this patient, a case report from Italy
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presented cases of siblings who were both positivefor
diabetes autoantibody (1 or 2 of them) and had the same
GCK gene variant, and treated with intermittent insulin
and continuous insulin (22). Although a single diabetes
autoantibody positivity has a poor predictive value for the
diagnosis of TI1DM, considering that only three diabetes
autoantibodies were measured in our patient. It is possible
that this patient may have been positive for other diabetes
antibodies that were not evaluated. Thus, we believe this
case may be a rare case of GCK-MODY and type 1 diabetes
coexisting.

Mutations in the HNF1A and GCK genes have been identified
as the most common causes of MODY in many studies
conducted in Europe, North America, and some Asian
countries (2,23). In the present study, HNFIA-MODY was
detected in less than 10% of the cohort, which was the
same rate as for CEL-MODY and ABCC8-MODY (all n=4).
This finding is unusual and suggests that the observed rate
of CEL-MODY in our cohort was higher than that reported
in many studies conducted both in our country and in the
world. However, as the cohort size was modest, then this
may simply be an effect of the smaller numbers.

Diabetes autoantibody positivity (anti-GAD, anti-ICA, anti-
IAA) was detected in a quarter of the patients. This rate
is higher than the diabetes autoantibody positivity rate of
11.2% found in the largest multicenter study conducted
in our country, which presented 224 patients with MODY
(19). Among these, five patients exhibited positivity for
two autoantibodies simultaneously. Anti-ICA positivity
was present in a total of 7/11 cases, and in addition to this
antibody, four patients were positive for anti-GAD (CEL,
HNFIA, KCNJ11, KLFI1I), while one case demonstrated
positivity for anti-IAA (KLF11). Variants detected with
diabetes autoantibody positivity are shown in Table 3 and
Table 4 and five of these variants are classified as likely
pathogenic, four as pathogenic, and two as VUS.

Twenty-six (59%) of the cases were treated with lifestyle
changes and diet alone and of these 22 were GCK-MODY,
which was also 88 % of all GCK-MODY cases. Eighteen (41 %)
of the cases were treated with oral antidiabetics and/or insulin.
Six cases used both oral antidiabetics and insulin during the
treatment process. These cases are shown in Table 4.

Study Limitations

The retrospective nature of the study, the small number of
cases, the detection of many variants of unknown clinical
significance in genes associated with MODY, especially in the
CEL gene, as a result of genetic analysis, and the inability to
perform segregation analysis and functional studies in these
cases are the factors limiting this study. Another limitation

of the study was that the diabetes autoantibodies (anti-GAD,
ICA, 1AA) tests were performed in external laboratories,
so detailed information about the method used (ELISA or
immunofluorescence) was not available. Furthermore, since
quantitative values were not available for all cases, these
data are presented only as ‘positive’ and ‘negative’.

Conclusion

To date, many different genes have been identified as causes
of MODY, each with distinct clinical characteristics and
most requiring different treatments. Therefore, the impact
of accurate biomolecular genetic diagnosis is significant for
many patients, as it can lead to the cessation of inappropriate
treatment, for example, insulin injections, after several years
of therapy. However, many patients remain undiagnosed
or experience long delays between the initial diabetes
diagnosis and the correct genetic diagnosis. Thus, in cases
where the type of diabetes is uncertain, biomarkers used in
differential diagnosis (clinical, metabolic, immune, genetic)
should be carefully evaluated and, if necessary, reassessed
during follow-up.

In addition, clarifying the genetic etiology is important for
identifying individuals at risk. Genetic studies, functional
studies, and larger case series are needed to identify new
MODY-related loci and to elucidate genotype-phenotype
correlations. In coming years, the introduction of gene-
targeted therapies will likely contribute to the management
of these cases.

Ethics

Ethics Committee Approval: The study received approval
from the Clinicial Research Ethics Committee of Malatya
Training and Research Hospital (approval number:
23536505-604.02, date: 17.08.2020).

Informed Consent: Segregation analyzes were performed
on family members who consented to be included in this
study.

Acknowledgements

The authors thank the children and parents for their
participation in the study.

Footnotes

Authorship Contributions

Surgical and Medical Practices: Leman Kayas, Aysehan
Akinci, Ismail Diindar, Nurdan Cift¢i, Zeynep Esener,
ibrahim Tekedereli, Mustafa Dogan, Concept: Leman Kayas,
Aysehan Akinci, Emine Camtosun, [smail Diindar, Mustafa



Kayas L et al.
MODY in Childhood

] Clin Res Pediatr Endocrinol

Dogan, Design: Leman Kayas, Aysehan Akinci, Emine
Camtosun, Ismail Dundar, Nurdan Ciftci, Zeynep Esener,
ibrahim Tekedereli, Mustafa Dogan, Data Collection or
Processing: Leman Kayas, [smail Diindar, Mustafa Dogan,
Analysis or Interpretation: Leman Kayas, Aysehan Akinci,
Emine Camtosun, ismail Diindar, Nurdan Ciftci, Mustafa
Dogan, Literature Search: Leman Kayas, Aysehan AKinci,
Emine Camtosun, ismail Dundar, Nurdan Ciftci, Zeynep
Esener, ibrahim Tekedereli, Mustafa Dogan, Writing: Leman
Kayas, Aysehan Akinci, Emine Camtosun, Ismail Dundar,
Nurdan Ciftci, Zeynep Esener, Ibrahim Tekedereli, Mustafa
Dogan.

Financial Disclosure: No grants or fellowships were
provided to support the writing of this paper.

References

1. Greeley SAW, Polak M, Njelstad PR, Barbetti F, Williams R, Castano
L, Raile K, Chi DV, Habeb A, Hattersley AT, Codner E. ISPAD Clinical
Practice Consensus Guidelines 2022: the diagnosis and management
of monogenic diabetes in children and adolescents. Pediatr Diabetes.
2022;23:1188-1211.

2. Urakami T. Maturity-onset diabetes of the young (MODY): current
perspectives on diagnosis and treatment. Diabetes Metab Syndr Obes.
2019;12:1047-1056.

3. Sperling MA. Diabetes Mellitus. In: Sperling MA, ed. Sperling Pediatric
Endocrinology. 5th ed. Philadelphia, PA: Elsevier/Saunders; 2021;814-
867.

4. Genuth SM, Palmer JP, Nathan DM. Classification and diagnosis of
diabetes. 2021 .

5. Neyzi O, Bundak R, Gokcay G, Gunéz H, Furman A, Darendeliler E
Bas E Reference values for weight, height, head circumference, and
body mass index in Turkish children. ] Clin Res Pediatr Endocrinol.
2015;7:280-293.

6. Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, Grody
WW, Hegde M, Lyon E, Spector E, Voelkerding K, Rehm HL; ACMG
Laboratory Quality Assurance Committee. Standards and guidelines
for the interpretation of sequence variants: a joint consensus
recommendation of the American College of Medical Genetics and
Genomics and the Association for Molecular Pathology. Genet Med.
2015;17:405-424. Epub 2015 Mar 5

7. Anik A, Cath G, Abact A, Béber E. Maturity-onset diabetes of the young
(MODY): an update. ] Pediatr Endocrinol Metab. 2015;28:251-263.

8. Sanyoura M, Philipson LH, Naylor R. Monogenic diabetes in children
and adolescents: recognition and treatment options. Curr Diab Rep.
2018;18:58.

9. Naylor R, Knight Johnson A, del Gaudio D. Maturity onset diabetes of
the young overview. In: Adam MP, Mirzaa GM, Pagon RA, Wallace SE,
Bean LJH, Gripp KW, Amemiya A, editors. GeneReviews® [Internet].
Seattle (WA): University of Washington, Seattle; 1993-2023.

10. Pihoker C, Gilliam LK, Ellard S, Dabelea D, Davis C, Dolan LM,
Greenbaum CJ, Imperatore G, Lawrence |M, Marcovina SM, Mayer-
Davis E, Rodriguez BL, Steck AK, Williams DE, Hattersley AT, SEARCH
for Diabetes in Youth Study Group. Prevalence, characteristics and
clinical diagnosis of maturity onset diabetes of the young due to
mutations in HNF1A, HNF4A, and glucokinase: results from the

20.

21.

22.

23.

SEARCH for Diabetes in Youth. ] Clin Endocrinol Metab. 2013;98:4055-
4062. Epub 2013 Jun 14

. Delvecchio M, Mozzillo E, Salzano G, lafusco D, Frontino G, Patera PI,

Rabbone I, Cherubini V, Grasso V, Tinto N, Giglio S, Contreas G, Di Paola
R, Salina A, Cauvin V, Tumini S, d’Annunzio G, lughetti L, Mantovani
V, Maltoni G, Toni S, Marigliano M, Barbetti F; Diabetes Study Group
of the Italian Society of Pediatric Endocrinology and Diabetes (ISPED).
Monogenic diabetes accounts for 6.3 % of cases referred to 15 Italian
pediatric diabetes centers during 2007 to 2012. | Clin Endocrinol
Metab. 2017;102:1826-1834.

. Fendler W, Borowiec M, Baranowska-Jazwiecka A, Szadkowska A, Skala-

Zamorowska E, Deja G, Jarosz-Chobot P, Techmanska I, Bautembach-
Minkowska ], Mysliwiec M, Zmyslowska A, Pietrzak I, Malecki MT,
Mlynarski W. Prevalence of monogenic diabetes amongst Polish
children after a nationwide genetic screening campaign. Diabetologia.
2012;55:2631-2635. Epub 2012 Jul 11

. Hoffman LS, Fox TJ, Anastasopoulou C, Jialal I. Maturity Onset Diabetes

in the Young. 2022 Aug 20. In: StatPearls [Internet]. Treasure Island
(FL): StatPearls Publishing; 2023.

. Ma Y, Han X, Zhou X, Li Y, Gong S, Zhang S, Cai X, Zhou L, Luo Y, Li

M, Liu W, Zhang X, Ren Q, Ji L. A new clinical screening strategy and
prevalence estimation for glucokinase variant-induced diabetes in an
adult Chinese population. Genet Med. 2019;21:939-947. Epub 2018
Sep 24

. Anik A, Cath G, Abact A, Sari E, Yesilkaya E, Korkmaz HA, Demir

K, Altuncik A, Tuhan HU, Kizildag S, Ozkan B, Ceylaner S, Béber E.
Molecular diagnosis of maturity-onset diabetes of the young (MODY)
in Turkish children by using targeted next-generation sequencing. |
Pediatr Endocrinol Metab. 2015;28:1265-1271.

. Agladioglu SY, Aycan Z, Cetinkaya S, Bas VN, Onder A, Peltek Kendirci

HN, Dogan H, Ceylaner S. Maturity onset diabetes of youth (MODY)
in Turkish children: sequence analysis of 11 causative genes by next
generation sequencing. | Pediatr Endocrinol Metab. 2016;29:487-496.

. Isleyen E Bolu S. The epidemiological characteristics of diabetic

children in the province of Adiyaman. ] Curr Pediatr. 2019;17:1-16.

. Goksen D, Yesilkaya E, Ozen S, Kor Y, Eren E, Korkmaz O, Berberoglu

M, Karagiizel G, Er E, Abaci A, Evliyaoglu O, Akbas ED, Unal E, Bolu S,
Nalbantoglu O, Anik A, Tayfun M, Bilytkinan M, Abali S, Can Yilmaz
G, Kor D, S6bu E, Siklar Z, Polat R, Darcan S. Molecular diagnosis of
monogenic diabetes and their clinical/laboratory features in Turkish
children. J Clin Res Pediatr Endocrinol. 2021;13:433-438. Epub 2021
Jul 8

. OzsuE, Cetinkaya S, Bolu S, et al. Clinical and Laboratory Characteristics

of MODY Cases, Genetic Mutation Spectrum and Phenotype-genotype
Relationship. ] Clin Res Pediatr Endocrinol. 2024;16:297-305

Haliloglu B, Hysenaj G, Atay Z, Guran T, Abali S, Turan S, Bereket A,
Ellard S. GCK gene mutations are a common cause of childhood-
onset MODY (maturity-onset diabetes of the young) in Turkey. Clin
Endocrinol (Oxf). 2016:85:393-399. Epub 2016 Jul 5

Bolu S, Eroz R, Dogan M, Arslanoglu I, Dundar I. Genotype-phenotype
characteristics of Turkish children with glucokinase mutations
associated maturity-onset diabetes of the young. Indian Pediatr.
2020;57:1037-1039. Epub 2020 Jun 12

Maltoni G, Zucchini S, Martini AL, Marasco E, Mantovani V, Pession A.
Clinical heterogeneity in the same generation of siblings with GCK/
MODY 2. Diabetes Res Clin Pract. 2015 Jan;107:e1-3.

Firdous P, Nissar K, Ali S, Ganai BA, Shabir U, Hassan T, Masoodi SR.
Genetic testing of maturity-onset diabetes of the young current status
and future perspectives. Front Endocrinol (Lausanne). 2018;9:253.



