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Abstract

Diabetes mellitus (DM) encompasses a spectrum of metabolic disorders characterized by hyperglycemia

due to defects in insulin secretion, action, or both. Type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus

(T2DM) are the most prevalent forms, whereas Maturity-Onset Diabetes of the Young (MODY) represents a

monogenic subtype, often misdiagnosed due to its phenotypic overlap. This case study highlights a 26-year-old

male initially diagnosed with T1DM at age 12, managed with insulin therapy. Upon admission, despite stable

glycemic control and preserved C-peptide secretion, genetic testing revealed MODY 2 due to a variant in the

GCK gene. Unlike T1DM and T2DM, MODY 2 is characterized by mild, persistent hyperglycemia with a low

risk of complications, emphasizing the importance of genetic diagnosis for tailored management and family

counseling. This case underscores the critical role of genetic evaluation in accurately diagnosing and managing

atypical diabetes presentations.
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Introduction

Diabetes mellitus (DM) is a chronic metabolic disorder that is characterized by hyperglycemia, which

results from defects in insulin secretion, insulin action, or both. The global prevalence of diabetes has been rising

steadily, with an estimated 537 million adults living with the condition as of 2021 [1]. Type 1 diabetes mellitus

(T1DM), typically diagnosed in childhood or adolescence, constitutes approximately 5-10% of all diabetes cases.

It is an autoimmune disorder in which the immune system attacks and destroys the beta cells in the pancreas that

produce insulin, necessitating lifelong insulin therapy [2].

In contrast, type 2 diabetes mellitus (T2DM), which accounts for 90-95% of diabetes cases, typically

manifests in adults and is associated with insulin resistance and relative insulin deficiency [3]. Both forms of

diabetes are associated with a considerable increase in morbidity and mortality due to complications such as

cardiovascular disease, neuropathy, retinopathy, and nephropathy [4].

Maturity-Onset Diabetes of the Young (MODY) is a monogenic form of diabetes that presents in

adolescence or early adulthood and presents with clinical features that are similar to those of Type 1 or Type 2

diabetes. MODY accounts for approximately 1-2% of all diabetes cases and is frequently misdiagnosed due to its

phenotypic overlap with other forms of diabetes [5]. It is inherited in an autosomal dominant pattern and is

characterized by non-insulin-dependent diabetes with a significant family history of the disease. There are

several subtypes of MODY, each caused by mutations in different genes affecting pancreatic beta-cell function.

MODY 2, caused by mutations in the glucokinase (GCK) gene, results in mild, stable fasting hyperglycemia due

to a higher glucose threshold for insulin secretion.

This case study presents the case of a young male who was initially diagnosed with T1DM at age 12. In

accordance with the established diagnostic protocols for T1DM, the patient was initiated on an insulin therapy

regimen, which he has continued for 14 years. Despite consistent adherence to the insulin regimen, glycemic

control remained stable with relatively modest insulin requirements, and there were no episodes of diabetic

ketoacidosis, indicating that the insulin regimen was effective.

Case description

A 26-year-old man was admitted to the Clinic of Diabetology and Internal Diseases for the diagnosis

and modification of diabetes treatment. In his history, he had type 1 diabetes for 12 years, but he did not have

documentation from the time of diagnosis. Additionally, the C-peptide level was unknown, and there were no

tests for the autoimmune background of diabetes. The patient was treated with prandial insulin but did not count

carbohydrate exchanges and only measured glucose levels using a glucometer.
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The patient's family history was burdened with diabetes—his father and sister were diagnosed with diabetes of

an unknown type. According to the patient, his sister was diagnosed a year ago and is treated with insulin.

Upon admission, the patient was in good general condition. The physical examination revealed a slight increase

in blood pressure. In the laboratory tests [see Table 1.], random blood glucose was 137 mg/dl, lipid metabolism

was well-controlled, C-peptide secretion was preserved, and the glycated hemoglobin percentage was 6%.

The mild, long-term course of diabetes, fasting glucose levels up to 130 mg/dl despite the absence of basal

insulin use, preserved endogenous insulin secretion after 14 years of the disease, and positive family history led

to the re-diagnosis of previously diagnosed insulin-dependent diabetes. MODY diabetes was suspected, and

material was collected for the determination of HNF4 + GCK + CEL + INS genes. Insulin therapy was

maintained until the diagnosis was verified. After three months, results confirmed the molecular diagnosis of

MODY diabetes—variant c.214G>C in one allele of the GCK gene.

Parameter Reference Admission

Glucose (mg/dl) 70-99 137

HbA1c (%) 4-6 6

EGFR (ml/min/1.73m2) >90 112

Sodium (mmol/L) 136-145 139

Potassium (mmol/L) 3.4-4.5 4.4

C-peptide (ng/ml) 0.78-5.19 1.32

Creatinine (mg/dl) 0.73-1.18 0,87

Total cholesterol (mg/dl) 130-200 156

HDL cholesterol (mg/dl) >40 79

LDL cholesterol (mg/dl) 0-135 57

Triglycerides (mg/dl) 0-150 99

Table 1. Initial laboratory investigations

Discussion

Maturity-onset diabetes of the young (MODY) is a form of monogenic diabetes characterized by an

autosomal dominant inheritance pattern and typically presents before the age of 25. Unlike the more common

types of diabetes (type 1 and type 2), MODY results from mutations in a single gene that affects insulin

production [6]. It is often misdiagnosed as either type 1 or type 2 diabetes, leading to inappropriate treatment

strategies, as seen in the patient described.

MODY diabetes currently includes 14 subtypes, each caused by mutations in different genes. The most

commonly reported MODY subtypes, HNF1A-(MODY3), GCK-(MODY2), HNF4A-(MODY3), and HNF1B-

(MODY5), together account for over 80% of all MODY cases, while other subtypes (7-14) include mutations in

various genes such as KLF11, CEL, PAX4, INS, BLK, ABCC8, KCNJ11, and APPL1 and are extremely rare.
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MODY 2, caused by mutations in the glucokinase (GCK) gene, is the second most common subtype and is

recognized as the cause of 30% to 60% of disease cases [7,8].

MODY 2 results from mutations in the GCK gene, which encodes glucokinase, an enzyme that acts as a

glucose sensor in pancreatic β-cells. Glucokinase catalyzes the first step in glucose metabolism, which affects

insulin secretion. Mutations lead to a higher glucose threshold for insulin release, resulting in mild, persistent

hyperglycemia. This pathophysiology explains the typically mild clinical presentation of MODY 2, with stable

blood glucose levels and a low risk of complications [9,10]. It also explains the good general condition,

relatively low glycated hemoglobin percentage (indicating good glycemic control) and preserved C-peptide

secretion in the described patient.

Because MODY diabetes, especially MODY 2, is a distinct clinical entity with unique genetic and

pathophysiologic features, proper diagnosis and differentiation from type 1 and type 2 diabetes are critical for

optimal management and family counseling. Differentiation can be based on clinical symptoms, blood glucose

levels, HbA1c, and the presence of characteristic autoantibodies and low C-peptide levels (T1DM) or the

presence of insulin resistance markers (T2DM). In terms of clinical presentation, T1DM is characterized by

autoimmune destruction of pancreatic β-cells resulting in absolute insulin deficiency. It typically presents with

acute symptoms of polyuria, polydipsia and weight loss, often in children and adolescents. TD2M is

characterized by insulin resistance and relative insulin deficiency. It is more common in adults, often associated

with obesity, and develops gradually. In contrast, MODY 2 diabetes usually presents with mild, asymptomatic

hyperglycemia detectable from birth. Patients often have stable blood glucose levels without the risk of acute

metabolic decompensation [11]. Another clue to consider MODY 2 as a potential diagnosis is a strong family

history of diabetes, especially if diagnosed before the age of 25 [12].

The diagnosis of MODY involves a detailed clinical evaluation followed by genetic testing. First, the

patient's family history and clinical features are evaluated to distinguish MODY from T1- and T2DM, as

described above. Genetic testing is then performed to identify specific mutations in MODY-related genes. For

MODY 2, sequencing of the GCK gene is performed. Commonly used methods include polymerase chain

reaction (PCR) and Sanger sequencing. Next-generation sequencing (NGS) provides a more comprehensive

analysis by sequencing the entire coding region of the GCK gene. In addition, multiplex ligation-dependent

probe amplification (MLPA) has the ability to detect large deletions or duplications that may go undetected by

other methods [7,12,13]. In the case of the described patients, the NGS method was used, which revealed the

variant c.214G>C in one allele of the GCK gene (heterozygous state). This genetic confirmation is crucial as it

not only solidifies the diagnosis, but also informs clinical management and allows screening of at-risk family

members.

In summary, MODY 2 is a unique and distinct form of diabetes with specific genetic and clinical characteristics.

Understanding these differences is essential for accurate diagnosis and management to ensure that patients

receive appropriate care and genetic counseling. The patient's story and the initial misdiagnosis illustrate the

importance of considering MODY 2 as a potential diagnosis in patients with hyperglycemia.

Conclusions

This case serves to illustrate the pivotal role of genetic evaluation in young patients presenting with a

diabetes phenotype that does not fully align with either Type 1 or Type 2 diabetes. This case study shows the
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potential for prolonged misdiagnosis, which can have significant implications for treatment and the quality of

life of the patient. A correct diagnosis of MODY 2 can lead to more appropriate management strategies, often

reducing or eliminating the need for insulin therapy, thus improving patient outcomes.
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