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Abstract
Background 
Maturity-onset diabetes of the young type 2 (MODY 2) is a specific form of MODY that is distinguished by persistent 
hyperglycemia without any associated vascular complications. The objective of this study was to assess the clinical findings 
of six patients with MODY 2.

Case presentation
We conducted a study involving six caucasian children, consisting of five boys (with disease onset of 7, 9, 5, 15, and 6 years 
old, respectively) and a 2-year-old girl. All of the mutations observed were missense mutations. Among the patients, two 
had the same mutation (c.G1130A). Additionally, we identified a new heterozygous mutation in the GCK gene, specifically 
a G to A transition at nucleotide 1342 (exon 10, c.G1342A). One patient exhibited insulin resistance and tested positive for 
auto-antibodies against ICA and GAD. At the time of diagnosis, three patients presented with symptoms of polydipsia and 
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polyuria, while the others were initially asymptomatic. Three patients were prescribed anti-diabetic medication, while the 
remaining patients were initially managed through dietary interventions.

Conclusion
Hyperglycemic symptoms, the existence of autoantibodies, and insulin resistance, should not discourage us from considering 
a MODY 2 diagnosis. Given the conflicting opinions on patient management, conducting a genetic analysis is beneficial as 
it reduces treatment expenses and allows for distinguishing between MODY 2 and other subtypes of MODY.
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Abbreviations
MODY	 : Maturity-onset diabetes of the young
IFGT 	 : impaired fasting glucose test
IGTT 	 : impaired glucose tolerance test
GCK	 : Glucokinase
HNF-1α	: Hepatocyte nuclear factor-1α 
HNF-4α	: Hepatocyte nuclear factor-4α 
FBS	 : fasting blood sugar 
NL	 : normal
OGTT	 : oral glucose tolerance test
TC	 : total cholesterol
LDL	 : low-density lipoprotein 
HDL	 : high density lipoprotein 
TG	 : triglyceride 
Anti-IAA: anti-insulin autoantibodies 
anti-IA-2: anti-protein tyrosine phosphatase 
anti- ICA: anti-islet cell antibodies

anti- GAD: anti-glutamic acid decarboxylase
UA	 : urine analysis 
U/SG	 : urine/specific gravity
BUN	 : blood urea nitrogen
Cr	 : creatinine 
DM	 : diabetes mellitus
NDD	 : neurological development delay 
BMI	 : body mass index 
PMH	 : past medical history 
GDM	 : gestational diabetes mellitus 
NDM	 : neonatal diabetes mellitus 
SNP	 : single nucleotide polymorphisms 
FPG	 : fasting plasma glucose
HGMD	 : Human Gene Mutation Database
OHA	 : oral hypoglycemic agents 
PNDM	 : permanent neonatal diabetes mellitus

1. Introduction 
A rare form of diabetes known as monogenic diabetes, characterized 
by beta cell dysfunction, is caused by a single gene defect. This 
type of diabetes is categorized into three primary subtypes: 
MODY, syndromic diabetes, and neonatal diabetes, with MODY 
being the most prevalent form [1]. MODYs refers to a group of 
non-ketotic and non-insulin dependent types of diabetes. These 
subtypes are differentiated based on the age at disease onset, the 
pattern of hyperglycemia, and the response to treatment [2]. The 
prevalence of MODY is estimated to be between 0.3% and 2.4% 
among diabetic patients [3]. 

Although the clinical findings of MODY subtypes vary, there are 
common features such as autosomal dominant inheritance, beta 
cell dysfunction, insulin secretion insufficiency, young onset at 
diagnosis, non-insulin regimen for initial management, lack of 
insulin resistance, and autoimmune processes [4]. Currently, 
there are 14 identified subtypes of MODY, with the majority of 
cases being attributed to mutations in the Glucokinase (GCK), 
Hepatocyte nuclear factor-1α (HNF-1α), and Hepatocyte nuclear 
factor-4α (HNF-4α) genes. The GCK gene, which contains 12 
exons and encodes a 465-amino acid protein, plays a role in 
the functioning of gut endocrine cells, the brain, liver, and the 
pancreas. It is also known as hexokinase IV and is responsible for 
regulating the first phase of glycolysis. This isoform of hexokinase 
is distinct from others due to its high affinity for glucose and ATP 

as the first and second substrates.

The first subtype of MODY, MODY 2, was diagnosed in France 
and the United Kingdom in 1992. MODY 2 is a unique form of 
diabetes characterized by mild hyperglycemia, a non-progressive 
course, rare vascular complications, and HbA1c levels seldom 
exceeding 7.5%. Differentiating between MODY and type 1 or 
type 2 diabetes mellitus can be challenging, but clinical findings 
play a significant role in the diagnosis. Gene screening can 
also be helpful in determining MODY subtypes and selecting 
appropriate management strategies [2, 4, 5]. This study evaluates 
six cases of MODY 2 findings, including their mutations, clinical 
manifestations, and management approaches.

2. Case Presentation
We presented a study involving six patients from six families who 
were referred to our pediatric endocrinology and metabolism clinic. 
These patients were diagnosed with MODY2 based on their clinical 
findings and genetic analysis. All of the GCK mutations identified 
were missense and pathogenic, with one mutation being a novel 
discovery (c.G1342A). A detailed summary of the genetic analysis 
for the MODY2 patients can be found in Table 1. Additionally, 
we discribe the demographic, clinical, and paraclinical findings 
of these six patients. A comprehensive overview of the MODY 2 
patients are detailed in the Table 2.
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No. Gene Exon number c DNA variants Type of mutation Amino acid change Described
Patient 1 GCK 9 c.G1130A Missense p.R377H Previously reported
Patient 2 GCK 10 c.G1342A Missense p.G448S Novel
Patient 3 GCK 9 c.C1163T Missense p.A388V Previously reported
Patient 4 GCK 9 c.G1130A Missense p.R377H Previously reported
Patient 5 GCK 7 c.C823T Missense p.R275C Previously reported
Patient 6 GCK 7 c.G680A Missense p.G227D Previously reported

Features Patient1 Patient2 Patient3 Patient4 Patient5 Patient6
Age at disease onset (year) 7 9 5 6 6 2
Sex male male male male male female
Weight 31 34 21 33 35 11
Height (cm) 133 140 112 124 138 92
BMI (Kg/m2) 17.9 17.3 16.5 21.5 18.4 13
Blood group - O⁺ O⁺ A⁺ B⁺ B⁺
Family history of diabetes Positive unclear Positive Positive Positive Positive
Initial presentation Asymptomatic Polydipsia, 

polyuria, 
nocturia

Polydipsia, 
polyuria, 
polyphagia, 
nocturia

Abdominal 
pain, 
polydipsia, 
polyuria

Asymptomatic Asymptomatic

DKA or Siezure during follow-up Negative Negative Negative Negative Negative Negative
Pancreatic auto-antibodies Negative Negative Negative Negative Positive/Negative Negative
Thyroid auto-antibodies Negative Negative Negative Negative Negative Negative
C-peptide at diagnosis (ng/ml) - 0.9 2.6 0.9 1.5 4.1
Insulin at diagnosis (mIU/L) 2 3.3 20 7 13 4
FBS at diagnosis (mg/dl) 124 122 142 114 112 121
OGTT at diagnosis (mg/dl) 144 126 141 160 106 170
HbA1c at diagnosis (%) 7.8 6.2 6.4 5.8 5.7 4.9
Cholesterol (mg/dl) 226 107 173 170 146 161
HDL-cholesterol (mg/dl) 61 36 65 38 59 55
LDL-cholesterol (mg/dl) 131 60 87 83 72 81
Triglyceride (mg/dl) 89 50 105 66 76 81
Urinanalysis (microalbuminuria, 
glcosuria, ketonuria)

Negative Negative Negative Negative` Negative Negative

Follow up duration 5 years 8 years 7 years 10 years 9 years 6 years
Range of FBS during follow up (mg/dl) 120-145 113-128 112-145 112-138 90-125 120-131
Range of OGTT during follow up (mg/dl) 90-197 126-159 134-161 125-160 101-138 126-170
Range of HbA1c during follow up (%) 5.4-7.8 6.1-10.7 5.1-7.1 5.7-6.1 5.3-6.3 4.9-5.4
Initial intervention Glibenclamide Metformin Diet Glibenclamide 

+ Metformin
Diet Diet

Renal function Normal Normal Normal Normal Normal Normal
Fundoscopy Normal Normal Normal Normal Normal Abnormal
Dental examination Normal Normal Abnormal Normal Normal Abnormal
Physical activity regular regular regular regular regular Regular

Table 1: Genetic Analysis of Mody 2 Patients 

Table 2: Description of Clinical Findings and Laboratory Parameters of Six Mody 2 Patients 

BMI: body mass index; FBS: fasting blood sugar; OGTT: oral glucose tolerance test; HDL: high density lipoprotein; LDL: low-density 
lipoprotein; DKA: diabetic ketoacidosis
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2.1 Patient 1:
A caucasian 7-year-old boy, currently 11 years old, was referred 
to our pediatric clinic due to recurrent hyperglycemia without 
ketoacidosis. His laboratory results showed elevated blood sugar 
levels, including a fasting blood sugar (FBS) of 124 mg/dl (normal 
range: 70-126 mg/dl), oral glucose tolerance test (OGTT) of 
144 mg/dl (normal range: 140-200 mg/dl), and HbA1c of 7.8% 
(normal range: <5.7%). It is important to note that his grandmother 
had a family history of diabetes mellitus and his father had 
hyperglycemia. The patient's birth weight was 3.1 kg, and he 
was delivered term via cesarean section. There was no history 
of neurological development delay (NDD), drug consumption, 
hospitalization, or underlying diseases.

His physical examination was normal. His appetite was normal, also 
he did not experience hyperglycemic manifestations encompass 
frequency, noctury, and weight loss recently. Additionally, the 
patient's lipid profile was abnormal, with total cholesterol (TC) 
of 226 mg/dl (normal range: <200 mg/dl), low-density lipoprotein 
(LDL) of 131 mg/dl (normal range: <130 mg/dl), high-density 
lipoprotein (HDL) of 61 mg/dl (normal range: 35-70 mg/dl), 
and triglyceride (TG) of 89 mg/dl (normal range: <150 mg/dl). 
Initial insulin level was measured at 2 mIU/L. The analysis of 
auto-antibodies, including anti-insulin autoantibodies (IAA), anti-
protein tyrosine phosphatase IA-2 (IA2), anti-islet cell antibodies 
(ICA), and anti-glutamic acid decarboxylase (GAD), all came 
back negative. Additionally, thyroid auto-antibodies were also 
negative. Renal function was found to be within normal range, as 
indicated by normal blood urea nitrogen (BUN) levels of 13.2 mg/
dl (NL range: 7-23 mg/dl) and creatinine (Cr) levels of 0.68 mg/dl 
(NL range: 0.5-1.4 mg/dl). Urine analysis (UA) did not reveal any 
evidence of microalbuminuria, ketonuria, or glycosuria. The urine 
specific gravity (U/SG) was measured at 1023. Given the elevated 
FBS and HbA1c levels, the patient was started on Glibenclamide 
to manage his blood sugar levels. 

Based on the patient's clinical findings, positive family history of 
diabetes, laboratory parameters, normal body mass index (BMI) 
of 17.9 kg/m2, and the absence of acanthosis nigricans, the 
possibility of MODY was suspected. Genetic analysis confirmed 
the diagnosis of MODY 2, with a heterozygous mutation of GCK 
G to A transition at nucleotide 1130 (exon 9). No other coding 
transitions were observed. The patient maintained regular physical 
activity and had normal fundoscopy and dental examinations. 
Further detail on the patient's genealogy is described in figure 1.

Figure 1: Patient's Genealogy No.1

2.2 Patient 2:
A caucasian 9-year-old boy (currently a 16-year-old boy) 
presented to our clinic with intermittent episodes of polydipsia, 
polyuria, and nocturia without increased appetite or weight loss. 
Upon initial examination, there were no abnormalities detected. 
He was born term by cesarean section, weighing 3.6 kg at birth. 
There is no history of underlying disease, hospitalization, or drug 
consumption. Due to being an adopted son, the family history of 
diabetes is unclear. However, there is no history of developmental 
delay according to the patient's medical record. Additionally, there 
are no signs of acanthosis nigricans.

His glycemic profile showed a FBS level of 122 mg/dl, HbA1c 
level of 6.2%, and OGTT result of 126 mg/dl, all without signs 
of ketoacidosis. His lipid profile revealed TC of 107 mg/dl, LDL 
cholesterol of 60 mg/dl, HDL of 36 mg/dl, and TG level of 50 
mg/dl. The pancreatic auto-antibodies profile indicated anti-IA2 
(0.2 IU/mL), anti-ICA (0.3 IU/mL), anti-IAA (0.4 nU/mL), and 
anti-GAD (1 IU/mL). Initial insulin and c-peptide levels were 3.3 
mIU/L and 0.9 ng/ml, respectively. Thyroid auto-antibodies were 
negative. UA did not show any signs of ketonuria, glucosuria, or 
microalbuminuria. The U/SG of the urine was 1009, indicating 
normal kidney function. BUN and Cr levels were 14 mg/dl and 
0.7 mg/dl, respectively. Metformin was considered as the initial 
treatment option. The patient had a normal BMI of 17.3 kg/m2 
and normal c-peptide levels. Despite lacking information about the 
family history of diabetes, we decided to rule out MODY diagnosis. 
Genetic testing revealed a heterozygous mutation of GCK G to A 
transition at nucleotide 1342 (exon 10). Once MODY2 diagnosis 
was confirmed, Metformin was discontinued, and hyperglycemia 
was controlled through diet. The patient maintains regular physical 
activity and has normal findings in both fundoscopy and dental 
examination. The patient's genealogy can be found in figure 2.

Figure 2: Patient's Genealogy No.2

2.3 Patient 3:
A caucasian 5-year-old boy, currently 11 years old, presented 
to our pediatric clinic with symptoms of polydipsia, polyuria, 
polyphagia, and nocturia. He did not experience recent weight 
loss. He was the first child of the family, born term by cesarean 
section with birth weight of 3.4kg. His family history of diabetes 
included his father, uncle, grandfathers, and grandmothers. There 
was no history of drug consumption, underlying disease, or 
hospitalization. The medical record did not report any NDD. The 
patient's clinical examination was normal, and there were no signs 
of acanthosis nigricans or organomegaly. 
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The glycemic profile did not indicate ketoacidosis and included 
FBS level of 142 mg/dl, OGTT level of 141 mg/dl, and HbA1c 
level of 6.4%. The lipid profile showed TC of 173 mg/dl, LDL of 
87 mg/dl, HDL of 65 mg/dl, and TG of 105 mg/dl. The patient's 
pancreas auto-antibodies profile was negative, including anti-IA2 
of 0.1 IU/mL, anti-ICA of 0.2 IU/mL, anti-IAA of 0.5 nU/mL, and 
anti-GAD of 2 IU/mL. Initial insulin and c-peptide levels were 20 
mIU/L and 2.6 ng/ml, respectively. Thyroid auto-antibodies were 
also negative. BUN and Cr levels were 14 mg/dl and 0.7 mg/dl, 
respectively. U/A did not indicate evidence of glucose, ketones, 
or microalbumin, and the U/SG was 1025. MODY was ruled out 
based on a negative auto-antibodies profile, normal c-peptide level, 
normal BMI (16.5kg/m2), positive family history of diabetes, 
impaired fasting glucose tolerance (IFGT), and impaired glucose 
tolerance test (IGTT). Genetic evaluation confirmed MODY2 
diagnosis, which was determined to be a heterozygous mutation 
of GCK with a C to T transition at nucleotide 1163 (exon 9). The 
patient had an abnormal dental examination, including 2 extracted 
teeth, 3 filled teeth, and 2 decayed teeth. Renal evaluation and 
fundoscopy showed no abnormalities. The patient regularly 
engaged in physical activity. The patient's genealogy is described 
in figure 3.

Figure 3: Patient's Genealogy No.3

2.4 Patient 4:
A caucasian 15-year-old boy was referred with complaints of 
abdominal pain. He has been experiencing polyuria and polydipsia 
recently. Upon physical examination, the patient was found to have 
an undescended testes, but all other examinations were normal. 
There were no signs of acanthosis nigricans. He was born term via 
cesarean section with a birth weight of 3.5kg. The patient has never 
been hospitalized, but he had history of urticaria and migratory 
arthritis. When reviewing his family history, his grandmother had 
hyperthyroidism and his mother had gestational diabetes mellitus 
(GDM). Additionally, his father, father's cousins, father's aunt, and 
mother's grandfather had a positive history of diabetes.

Initial laboratory tests revealed the following values: FBS of 114 
mg/dl, OGTT of 160 mg/dl, and HbA1c level of 5.8%. The lipid 
profile included TC of 170 mg/dl, LDL of 83 mg/dl, HDL of 38 
mg/dl, and TG of 66 mg/dl. Pancreatic auto-antibodies such as 
anti-IA2, anti-ICA, anti-IAA, and anti-GAD were all negative. 
Initial insulin level was 7 mIU/L and c-peptide level was 0.9 ng/
ml. Thyroid auto-antibodies were also negative. BUN and Cr were 
33 mg/dl and 0.9 mg/dl, respectively. UA did not show any signs 

of albuminuria, glycosuria, or ketonuria, and the U/SG was 1013. 
Based on IFGT, IGTT, normal c-peptide level, normal BMI of 
21.5 kg/m2, and positive family history of diabetes, the patient 
was recommended for genetic evaluation of MODY. Genetic 
testing revealed a heterozygous GCK G to A transition mutation 
at nucleotide 1130 (exon 9), with no other coding abnormalities 
observed. Renal evaluation did not show any abnormal findings. 
Dental examination and fundoscopy were normal. The patient's 
blood sugar is currently being controlled with the use of metformin 
and glibenclamide. The patient's genealogy can be found in figure 
4.

Figure 4: Patient's Genealogy No.4

2.5 Patient 5:
A caucasian 6-year-old boy, currently 14 years old, was referred 
to the hospital due to hyperglycemia. He did not experience the 
typical symptoms associated with hyperglycemia, such as polyuria, 
polydipsia, nocturia, and ketoacidosis. Upon physical examination, 
no abnormalities were found. The patient was born term through 
a normal vaginal delivery with a birth weight of 3.4 kg. He has 
never had a history of drug use, hospitalization, or any underlying 
medical conditions. His father, his mother's grandfather, and his 
mother's grandmother had a positive family history of diabetes.

The patient's glycemic profile revealed FBS level of 112 mg/dl, 
OGTT level of 106 mg/dl, and HbA1c level of 5.7%. In terms of 
lipid profile, TC was 146 mg/dl, LDL was 72 mg/dl, HDL was 
59 mg/dl, and TG was 76 mg/dl. The pancreatic auto-antibodies 
profile showed negativity for anti-IA2 and anti-IAA, and positivity 
for anti-ICA (1.5 IU/mL) and anti-GAD (12 IU/mL). Initial 
levels of insulin and c-peptide were 13 mIU/L and 1.5 ng/ml, 
respectively. Thyroid auto-antibodies were negative and there 
were no reports of aminoaciduria or glycosuria. U/SG value was 
1028. Renal evaluation showed normal results, with BUN of 15 
mg/dl and Cr of 0.9 mg/dl. Genetic testing was conducted due 
to inconsistent clinical symptoms, laboratory findings (such as 
IFGT and IGTT), auto-antibodies profile, absence of acanthosis 
nigricans, normal BMI of 18.4 kg/m2, normal c-peptide level, and 
positive family history of diabetes mellitus. The genetic analysis 
revealed a heterozygous mutation of GCK with a C to T transition 
at nucleotide 823 (exon 7). The patient maintained regular physical 
activity and the dental examination and fundoscopy yielded normal 
results. Further detail on the patient's genealogy is described in 
figure 5.
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Figure 5: Patient's Genealogy No.5

2.6 Patient 6:
A caucasian 2-year-old girl, who is currently 6 years old, was 
referred to our pediatric clinic for regular follow-up due to 
growth delay. During her physical examinations, we found that 
her genital, heart, and thyroid were normal, and there was no 
evidence of acanthosis nigricans or organomegaly. However, she 
recently experienced symptoms such as polyuria and intermittent 
constipation. The patient is the first child in her family and was 
born via cesarean section. She suffered from intrauterine growth 
restriction (IUGR) and had a birth weight was 2kg. There is no 
history of underlying diseases or drug consumption in her medical 
records. However, she had a history of developmental delay since 
birth and throughout her childhood. She started walking at the age 
of 15 months. It is important to note that there is a positive family 
history of diabetes, including her aunt, uncle, mother (whose blood 
glucose is controlled by metformin), her mother's sister, and her 
mother's grandfather.

Glycemic profile was indicated FBS of 121 mg/dl, OGTT of 170 
mg/dl and HbA1c of 4.9%. Lipid profile included TC of 161mg/
dl, LDL of 81 mg/dl, HDL of 55 mg/dl, and TG of 81 mg/dl. The 
pancreas auto-antibodies were negative such as anti-IA2 of 0.1 IU/
mL, anti-ICA 0.2 IU/mL, anti-IAA of 0.3 nU/mL and anti-GAD 
of 2.5 IU/mL. Initial insulin (mIU/L) and c-peptide (ng/ml) levels 
were 4 and 4.1, respectively. Thyroid auto-antibodies were also 
negative. Renal evaluation was normal. BUN and Cr were 10 mg/
dl and 0.5 mg/dl, respectively. No evidence of microalbuminuria, 
ketonuria and glycosuria was seen in U/A study and U/SG was 1010. 
Based on her findings; her family history of diabetes and medical 
history, normal c-peptide level, and normal BMI (13kg/m2) genetic 
analysis was performed to ruled out MODY. Gene sequencing was 
identified a heterozygous mutation of GCK G to A transition at 
nucleotide 680 (exon 7) and MODY 2 diagnosis was confirmed. 
She had regular physical activity. She had 2 decayed teeth in her 
dental examination. Her eye examination was abnormal. She wore 
glasses due to her eye deviation and hyperopia at the age of 10 
months. Patient's Genealogy is available in figure 6.

Figure 6: Patient's Genealogy No.6

3. Discussion:
Monogenic forms of diabetes encompass mitochondrial diabetes, 
insulin receptor mutations, neonatal diabetes mellitus (NDM), 
MODY, and syndromes of diabetes. In MODY and NDM forms of 
diabetes, beta cell function is impaired. MODY is a heterogeneous 
disorder characterized by insulin secretion insufficiency, young 
age of onset, and a positive family history of diabetes. Different 
MODY subtypes exhibit progressive or persistent hyperglycemia, 
extra-pancreatic findings, vascular complications, and even 
phenotypic variations [6, 7]. The likelihood of MODY 2 inheritance 
in a newborn is typically 50%, unless the mutation is de novo. 
However, if both the mother and father have the GCK mutation, 
the probability significantly rises to 75% [8]. The prevalence of 
MODY2 varies from country to country, with approximately 
40 to 50 percent in countries with a school-based blood glucose 
screening program [9]. GCK mutations devote 15% of incidental 
hyperglycemia of patients below 18 years old [10]. Unlike other 
forms of diabetes, MODY 2 patients are hyperglycemic from birth, 
but their insulin secretion remains stable throughout the course 
of the disease. As a result, they do not experience a progressive 
reduction in insulin secretion and are not prone to vascular 
complications [11]. Unlike blood glucose levels, HbA1c ranges 
are consistently below 10% in these patients [12]. It is important 
to note that pharmacological treatments have no effect on reducing 
HbA1c levels [2].

The clinical presentation of MODY 2 patients closely resembles 
that of both type 1 and type 2 diabetes at disease onset. More than 
80% of individuals with MODY are initially misdiagnosed [4, 
13]. While the progression of type 1 diabetes is more aggressive 
than that of MODY and requires insulin treatment, it is crucial 
to differentiate between the two conditions, especially in children 
experiencing chronic hyperglycemia. Unlike type 1 diabetes, 
patients with MODY 2 do not require insulin therapy within the 
first five years of diagnosis. Additionally, the stimulated c-peptide 
levels are typically higher than 200 pmol/L, auto-antibodies are 
often absent, and hyperglycemia tends to be mild. In children 
younger than six months, hyperglycemia without an autoimmune 
cause should prompt genetic analysis [14, 15]. It is noteworthy that 
obesity and acanthosis nigricans, which are typical features of type 
2 diabetes, may also be observed in MODY 2 patients. MODY 2 
is one of the MODY subtypes that predispose patients to type 2 
diabetes [16]. When evaluating children with hyperglycemia, the 
general approach should involve ruling out initial causes such as 
stress and illnesses [17]. If hyperglycemia persists in subsequent 
evaluations, consideration should be given to type 1 or type 2 
diabetes, and in rare cases, MODY [18]. 

GCK plays a vital physiological role in ATP production, energy 
supply, insulin secretion, and glycolysis. Mutations in this 
enzyme result in higher basal plasma glucose levels in order to 
compensate for its impaired function [19]. Impaired glycemic 
levels are typically observed in the form of IGTT and IFGT [5]. In 
MODY 2, sustained hyperglycemia is caused by an average 60% 
reduction in insulin secretion compared to individuals without the 
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mutation. Beta cell compatibility helps to cover this deficit. The 
moderate hyperglycemia experienced by MODY 2 patients after 
meals can be attributed to alterations in hepatic gluconeogenesis. 
Around 95% of MODY 2 cases show an OGTT reading of 83 
mg/dl at 120 minutes. While the first phase of insulin secretion is 
often preserved, plasma insulin fails to properly inhibit glycogen 
synthesis [20-22]. Overall, there is no clear correlation between 
GCK mutations and blood sugar or insulin secretion. The level of 
insulin and plasma glucose is determined by factors such as insulin 
sensitivity, patient activity, and diet [23]. The decreased activity 
of GCK leads to a reduction in the turnover of glycogen and 
malonyl-CoA. This, in turn, affects the production of fatty acids 
by influencing carnitine palmityl transferase 1. As a result, the 
synthesis of triglycerides and fatty acids is lower than normal [24]. 
Research has shown that single nucleotide polymorphisms (SNPs) 
are linked to changes in HDL levels [25]. Fendler et al. reported 
that MODY 2 patients have high levels of HDL, which contributes 
to a lower risk of cardiovascular accidents due to changes in their 
lipid profiles [26]. 

Most GCK mutations result from the inactivation of the coding 
region, while some polymorphisms can cause hypoglycemia 
without affecting the coding region. GCK mutations can occur in the 
promoter region, as well as through deletions (partial or complete), 
frame shifts, splice sites, nonsense mutations, and missense 
mutations. Missense mutations account for approximately 65% of 
all GCK mutations [27, 28]. In a study by Zhou Y et al., GCK 
mutations and clinical features of MODY 2 patients in Asia were 
analyzed [29]. The researchers reviewed the findings, including the 
mutations and the glycemic and lipid profiles of 110 probands. It 
was found that 81.4% of the probands had a positive family history 
of diabetes mellitus. Additionally, 93% of the patients had FPG 
levels ranging from 5.4 to 8.3 mmol/L and HbA1c levels ranging 
from 5.6 to 7.6. Exons 5 and 7 were the most commonly affected, 
and missense mutations were the most prevalent type of mutation. 
In the current study, patient 1 and 4 both had a heterozygous 
mutation of c.G1130A on exon 9, resulting in a substitution of 
Arg377His. This mutation was previously reported by N.A. 
Zubkova et al. [30]. They identified 99 GCK mutations in probands 
and their relatives among 312 MODY patients, which only MODY 
2 cases showed compatibility between genotype and phenotype. 
Out of the probands, 8 presented with osmotic symptoms, but 
none of them experienced ketoacidosis. 85.3% of the probands 
had a positive family history of diabetes in either their maternal or 
paternal families, while 15.5% had no family history of diabetes. 
At diagnosis, the mean FBS, HbA1c, and OGTT were 6.9 mmol/L, 
<6.0%, and 8.5 mmol/L at 120 min, respectively. Patient 2 had a 
heterozygous mutation of c.G1342A on exon 10, which has not 
been previously reported in ClinVar or the Human Gene Mutation 
Database (HGMD®). The GCK analysis of Patient 3 revealed a 
heterozygous mutation of c.C1163T on exon 9, which has been 
reported previously in ClinVar and HGMD®. Patients 2, 3, and 4 
presented with polydipsia and polyuria, which are rare symptoms 
in MODY 2 patients [27]. Anık A et al. conducted a molecular 
analysis of Turkish children and reported that a quarter of the 

patients had polydipsia and polyuria in their first presentation [31].

Genetic sequencing of Patient 5 revealed a missense mutation in 
the GCK gene on exon 7, specifically an Arg275Cys substitution. 
This mutation has been previously reported by Walter Bonfig et 
al., Belma Haliloglu et al. and L. Guazzarotti et al. [32-34]. During 
the evaluation, positive islet auto-antibody profiles were observed, 
including anti-ICA of 1.5 and anti-GAD of 12. Additionally, insulin 
resistance was reported. However, the presence of positive auto-
antibodies makes a MODY 2 diagnosis unlikely. It is important 
to note that positive auto-antibody profiles can be transient and 
may be influenced by factors such as obesity and medication 
use. Furthermore, these profiles may be associated with diabetes 
duration and poor glycemic control, but they do not necessarily 
indicate a progressive course of the disease [35, 36]. In a study by 
Schober et al., 17% of MODY cases had at least one positive islet 
cell antibody [37]. However, in a case-control study conducted 
by McDonald TJ et al., less than 1% of patients with a definitive 
MODY diagnosis had positive auto-antibodies [35]. These atypical 
MODY cases can be identified through an assessment of auto-
antibody profiles, including GAD and IA2 auto-antibodies, which 
should be followed by genetic analysis [38]. Insulin resistance is a 
characteristic feature of type 2 diabetes and can also be observed 
in MODY patients. Asian MODY 2 patients with higher visceral 
fat tend to exhibit higher insulin resistance, as indicated by the 
Homeostatic Model Assessment (HOMA-IR). This is attributed 
to lower insulin secretion and a BMI [39, 40]. Insulin resistance 
has been reported by Clément K et al. and Guenat E et al. in 
MODY 2 patients [22, 41]. Clément K et al. demonstrated higher 
insulin resistance in MODY 2 patients compared to control group 
[22]. Guenat E et al. discussed the role of glucagon in hepatic 
gluconeogenesis as a potential cause of insulin resistance in a 
hyperglycemic condition [41].

A heterozygous mutation of c.G680A on exon 7 was discovered 
in Patient 6, accompanied by a Gly227Asp substitution. The same 
mutation was previously reported by May Sanyoura et al. in the 
US Monogenic Diabetes Registry [42]. Additionally, our patient 
had a history of intrauterine growth restriction (IUGR). It is 
believed that IUGR may be a result of reduced insulin secretion in 
the fetus inheriting the mutation [43]. Hattersley AT et al. analyzed 
the centile and absolute birth weight of the fetus and found a 
correlation between gender, gestational age, and both fetal and 
maternal mutations with birth weight [43]. They also noted that 
isolated or additive GCK mutations can impact insulin secretion 
and the birth weight of the fetus. 

It is important to note that approximately half of MODY patients 
do not meet the diagnostic criteria, therefore genetic screening 
should be performed. Sanger sequencing is considered the gold 
standard for detecting single gene mutations due to its high 
sensitivity (>99%). It is recommended that only patients who meet 
the diagnostic criteria should be evaluated for GCK mutations 
[44]. The use of IFGT and OGTT can help determine the level of 
hyperglycemia and identify suitable candidates for GCK screening. 
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Additionally, FBS and HbA1c levels in the patient's parents can 
be used to increase the accuracy of a MODY 2 diagnosis. It is 
common for families of MODY 2 patients to have impaired fasting 
plasma glucose (FPG) or a history of diabetes [35, 45]. Laboratory 
findings such as OGTT < 3mmol/L, HbA1c levels of 5.8%-
7.6%, and FBS levels of 5.4-8.3mmol/L can further support the 
diagnosis of MODY 2 [44]. Considering the nature of the disease, 
the decision to treat patients with MODY 2 can be a controversial 
one [46]. Various factors come into play, such as age, BMI, patient 
preferences, financial and psychological issues, as well as changes 
in HbA1c and OGTT [47]. In cases where the mutation of GCK 
is heterozygous, MODY 2 patients tend to respond well to diet 
and oral hypoglycemic agents (OHA). However, if the mutation is 
homozygous, it can lead to permanent neonatal diabetes mellitus 
(PNDM), requiring insulin treatment [48]. According to a study 
conducted by Zhou Y et al., out of 110 Asian MODY 2 patients, 
85.5% were successfully managed with diet alone. Only 13% 
required insulin or OHA, and just one patient (1.5%) needed both 
insulin and OHA. It has been reported that diet is sufficient for 
managing MODY 2, however OHA and insulin are generally not 
necessary except in rare cases. Because insulin treatment can 
cause weight gain and increase the risk of insulin resistance [44]. 
The low efficacy of anti-diabetic agents in these patients can be 
attributed to the fact that insulin secretion is directly proportional 
to the amount of glucose sensed by beta cells [49].

4. Conclusion
In conclusion, we have described six cases of MODY 2 and 
discussed their clinical findings and mutations. The current 
approach to evaluating children with incidental hyperglycemia 
using diagnostic criteria is incomplete. It is important to note that 
hyperglycemic symptoms, insulin resistance, and the presence 
of autoantibodies do not rule out MODY 2 diagnosis. Therefore, 
genetic analysis should be considered to confirm MODY 2 
diagnosis. Screening is also recommended as it can help reduce 
treatment costs and complications. Differentiating between MODY 
2 and other types of diabetes is valuable because misdiagnosis can 
significantly impact patient's prognosis and management.
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