
T he incidence of diabetes is increasing in Australia, and diabetes 
is increasingly being detected in a younger population. Patients 
are typically classified as having type 1 or type 2 diabetes and 

the potential diagnosis of monogenic diabetes is often missed. 
Monogenic diabetes, often referred to as maturity onset diabetes of 
the young or MODY, is diabetes due to a single genetic mutation, 
mostly caused by heterozygous mutations. This is thought to account 
for 2 to 5% of all cases of diabetes. 

Making the correct diagnosis of monogenic diabetes is important 
as it allows patients to be informed about the likely progression of 
their diabetes and to discuss risks for their children. Importantly, 
there are significant differences in treatment needs and responses 
for patients with different types of monogenic diabetes. Patients with 
monogenic diabetes who had been misdiagnosed as having type 1 
diabetes (T1D) may sometimes be able to cease insulin therapy and 
their diabetes be successfully managed with oral hypoglycaemic 
agents alone. 

Clues to monogenic diabetes
Monogenic diabetes occurs due to different genetic mutations 
(Table).1-4 Patients with monogenic diabetes are usually, but not 
always, diagnosed with diabetes at a young age (i.e. under 25 years). 
They lack autoantibodies and may not require insulin until later in 
life.5 Depending on the affected gene, patients may: 
•	 have mild disease (e.g. glucokinase [GCK] gene mutation)
•	 have increased risk of microvascular and macrovascular 

complications (e.g. hepatocyte nuclear factor [HNF] 1-alpha 
gene [HNF1A] or HNF 4-alpha [HNF4A] mutations), or 

•	 be at particular risk of renal problems (e.g. HNF 1-beta 
[HNF1B] mutation). 
The six classic MODY genes all have autosomal dominant 

inheritance but incomplete penetrance, meaning that fewer than 
100% of people who inherit the mutation display diabetes. 

Features that suggest monogenic diabetes in patients misdiag-
nosed with T1D include:
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Monogenic diabetes – diabetes due to a single gene 
mutation – is often misdiagnosed as type 1 or type 2 
diabetes. The significant differences in treatment needs and 
responses in patients with the various types of monogenic 
diabetes emphasise the need for an accurate diagnosis.
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PERSPECTIVE  PEER REVIEWED

Key points

•	Monogenic diabetes (maturity onset diabetes in the young; 
MODY) should be considered as a diagnosis in the young 
person diagnosed with ‘atypical’ type 1 or type 2 diabetes.

•	 Insulin may be ceased in patients with certain types of MODY 
and be replaced by sulfonylurea monotherapy, often to the 
great relief of patients.

•	Monogenic diabetes due to glucokinase (GCK) gene mutation 
usually remains mild and nonprogressive and, unless more 
significant glucose elevation develops (e.g. glucose levels 
greater than 11 mmol/L postprandially), may be controlled  
by lifestyle measures alone. 

•	Patients with gestational diabetes should be referred for 
specialist review as treatment of patients with diabetes due  
to GCK mutation may adversely affect the fetus if the fetus 
has inherited this mutation.
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•	 diabetes presenting before the age of 6 months; most people 
with onset before this age do not have T1D 

•	 lack of islet cell autoantibodies (although this is more common 
in Asian ethnic groups with true T1D)

•	 	continuing low insulin requirements and C-peptide positivity 
for many years after diagnosis

•	 a strong family history of diabetes across generations on one 
side of the family.
Features that suggest monogenic diabetes in patients misdiag-

nosed with type 2 diabetes (T2D) include: 
•	 lack of obesity (presence of obesity does not exclude the 

diagnosis)
•	 lack of features of insulin resistance in the setting of high 

insulin doses
•	 	a strong family history of diabetes across generations of the 

family, especially with early onset in some members
•	 	high fasting glucose level with a small increment after a 

glucose/carbohydrate load (GCK mutation)
•	 	diabetes diagnosed before 6 months of age (GCK mutation)
•	 	inappropriate glycosuria when blood glucose has been well 

controlled over the same period (HNF1A mutation)
•	 renal cysts or renal or genital malformations (HNF1B 

mutation)
•	 persistent hypomagnesaemia (HNF1B mutation)
•	 history of neonatal hypoglycaemia (HNF4A mutation).

Common types of monogenic diabetes and 
implications for diagnosis and treatment
HNF1A mutation (MODY 3)
Overall, the most common cause of MODY is mutation in the HNF1A 
gene. HNF1A is a transactivator of the insulin gene in β-cells. In 
MODY 3, insulin secretion is reduced in response to a glucose  
load. The two-hour glucose level during a glucose tolerance test 
(GTT) is usually greater than 6 mmol/L higher than the fasting level. 
Patients with MODY 3 are at increased risk of microvascular and 

macrovascular complications of diabetes. 
HNF1A mutations also cause a lower renal threshold for glucose 

loss. As a result, carriers of HNF1A mutations have detectable glyco-
suria in the setting of reasonable blood glucose levels (BGLs) or even 
before diabetes onset. Sodium glucose cotransporter 2 (SGLT2) treat-
ment also induces glycosuria, so screening for glycosuria needs to be 
performed at least 48 hours after the patient’s last medication dose.

Stopping insulin therapy
Interestingly, patients with MODY 3 are usually insulin sensitive 
and have a marked sensitivity to sulfonylureas. Sulfonylureas can 
augment the secretion of insulin in response to glucose, returning 
fasting and postprandial glucose levels to normal. A randomised 
crossover trial involving patients with T2D and HNF1A mutations 
compared the effects of metformin and gliclazide. Patients with 
HNF1A mutations were found to have a fivefold greater response to 
gliclazide than to metformin, whereas patients with T2D had no 
difference in response.6

Once the HNF1A mutation has been diagnosed, most patients 
who have been on insulin in the short to medium term can be 
switched from insulin to sulfonylurea monotherapy. Glycaemic 
control has been achieved with sulfonylurea monotherapy for as 
long as three decades in some patients;7,8 however, most patients will 
eventually require insulin therapy.

HNF4A mutation (MODY 1)
HNF4A mutation also leads to decreased insulin secretion in response 
to a glucose load. HNF4A positively regulates HNF1A action. Unique 
to this mutation, patients may paradoxically present with neonatal 
hyperinsulinism. This is associated with macrosomia and neonatal 
hypoglycaemia.9 During infancy, insulin levels normalise. Later, 
patients progress to diabetes, with onset during adolescence being 
common.

Elevated postprandial or two-hour glucose levels on a GTT are the 
common early defects. The secretory defect is progressive and patients 
have increased risk for microvascular and macrovascular complica-
tions. As for MODY 3, patients with MODY 1 are often responsive 
to sulfonylureas; however, insulin is more often needed over time. 

HNF1B mutation (MODY 5)
Similarly, diabetes due to HNF1B mutations features a secretory 
defect, leading to postprandial hyperglycaemia with the risk of 
disease complications. As HNF1B also regulates gene expression in 
the kidney and genitourinary tract, patients may present with renal 
cysts, renal dysplasia, glomerulocystic disease, epididymal cysts, 
bicornuate uterus or atresia of the vas deferens. HNF1B mutations 
cause renal cysts and diabetes (RCAD) syndrome. Patients often 
have hyperuricaemia and may develop early-onset gout. There is 
increased renal loss of magnesium. The presence of renal cysts or 
anomalies and diabetes, especially in patients who also have high 
serum urate or low serum magnesium levels, should prompt 
consideration of genetic testing. 
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GCK mutation (MODY 2)
The second most common cause of monogenic diabetes is GCK gene 
mutation (MODY 2). Glucokinase is an enzyme that catalyses glucose 
phosphorylation and enables β-cells of the pancreas to ‘sense’ and 

respond appropriately to the BGL. Mutations (either homozygous 
or heterozygous) result in a higher glucose threshold for insulin 
secretion. Once the threshold is achieved, insulin secretion is normal, 
so the two-hour increments in BGL during an oral GTT are small 

PERSPECTIVE  Monogenic diabetes CONTINUED

Table. Clues to the diagnosis of monogenic diabetes compared with type 1 and type 2 diabetes1-4 

Type of 
diabetes

Gene Frequency Age of 
onset

Features of 
diabetes

Obesity more 
common?

Islet 
autoantibodies

Increased 
complications 
risk?

Other clinical 
features

Monogenic 
diabetes 
(2 to 5%  
of all 
cases of 
diabetes) 

HNF1A 52-65% of 
all cases of 
MODY 

Teenager 
to young 
adult

Postprandial 
hyperglycaemia 
with 
progressive 
disease

No No Yes Increased 
cardiovascular 
mortality 
More common in 
European 
populations

GCK 15-32% of 
all cases of 
MODY 

Birth 
(often 
detected 
later)

Fasting 
hyperglycaemia 
Small increment 
in blood 
glucose after 
oral load

No No Lower risk More common in 
African Americans 
and minority ethnic 
populations but 
also relatively 
common in 
Caucasian groups

HNF4A 3-10% of all 
cases of 
MODY 

Teenager 
to young 
adult

Postprandial 
hyperglycaemia 
with 
progressive 
disease

No No Yes

HNF1B 3% of all 
cases of 
MODY

Teenager 
to young 
adult

Postprandial 
hyperglycaemia 
with 
progressive 
disease

No No Yes Renal cysts and 
diabetes (RCAD) 
syndrome  
Renal and genital 
developmental 
abnormalities 
Pancreatic atrophy 
Liver and biliary 
dysfunction 
Hypomagnesaemia 

Other <1% of all 
cases of 
MODY

Newborn 
to young 
adult 

Severe 
diabetes

No No ? Variable,  
e.g. exocrine 
dysfunction

T1D 5-10% of all 
cases of 
diabetes 

>6 months 
to any age 
Common 
<30 years

Hyperglycaemia 
with diabetic 
ketoacidosis 
risk

No Yes N/A Associated with 
other autoimmune 
conditions 

T2D >90% of all 
cases of 
diabetes

Any age Progressive 
disease 

Yes No N/A None 

Abbreviations: HNF= hepatocyte nuclear factor; GCK= glucokinase; MODY = maturity onset diabetes of the young; T1D = type 1 diabetes; T2D = type 2 diabetes.
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(less than 4.6 mmol/L). As patients have a nonprogressive mild 
hyperglycaemia, development of microvascular or macrovascular 
complications is rare. Unless more significant glucose elevation 
develops (e.g. glucose levels greater than 11 mmol/L postprandially), 
MODY 2 may be controlled by lifestyle measures alone. Abnormal 
glucose levels may be present from birth. Diabetes diagnosed at less 
than 6 months of age is usually a genetic form of diabetes.

Considerations in pregnancy
Women with any form of MODY are often first diagnosed during 
pregnancy. In MODY 2 (GCK mutation), fasting glucose is greater 
than 5.1 mmol/L and the increment in glucose during the GTT is 
usually less than 4.6 mmol/L, and often only 1.5 to 3 mmol/L. 

In MODY 2, if both the fetus and mother have GCK mutations, 
the fetus will only secrete insulin at a higher maternal glucose. Thus, 
if the mother is treated to normal, this decreases the glucose signal 
to fetal β-cells, reducing fetal insulin secretion and increasing the 
risk of a growth retarded/small for gestational age baby.10,11 In an 
unaffected fetus with a mother with MODY 2, tight maternal gly-
caemic control is needed to avoid excess fetal insulin secretion and 
macrosomia. 

As mentioned above, offspring with HNF4A mutations (MODY 1) 
may hypersecrete insulin and be macrosomic. 

Ultrasound in pregnancy showing fetal genitourinary abnor-
malities (e.g. single kidney) and maternal diabetes, especially if the 
mother has renal anomalies, should prompt consideration of HNF1B 
mutation (MODY 5).

In some cases, opportunistic genetic diagnosis during early fetal 
life (when chorionic villus sampling or amniocentesis is performed 
for another indication) has resulted in gestational diabetes mellitus 
treatment being changed.12 However, as genetic testing may be 
invasive, costly and limited in availability, referring patients to an 
experienced endocrinologist and/or genetics team would help them 
in making informed decisions and providing informed consent. 

Other genes with mutations responsible for 
monogenic diabetes
Other genes that are known to cause MODY are:
• 	PDX1 (pancreatic and duodenal homeobox 1, causing

MODY 4)
• TCF2 (hepatic transcription factor 2; MODY 5)
• 	NEUROD1 (neuronal differentiation 1; MODY 6)
• KLF11 (Kruppel-like factor 11; MODY 7)
• CEL (carboxyl ester lipase; MODY 8 or diabetes-pancreatic

exocrine dysfunction syndrome)
• PAX4 (MODY 9)
• INS (the insulin gene; MODY 10)
• BLK (MODY 11)
• KCNJ11 (inwardly rectifying potassium channel; MODY 13).
There is no MODY 12.

A helpful website with a MODY probability calculator is available 
on the UK DiabetesGenes website (http://www.diabetesgenes.org). 

Summary 
Monogenic diabetes is often missed as patients are frequently 
misdiagnosed as having T1D or T2D. It should be considered 
especially in patients diagnosed with T2D who are not obese or who 
have inappropriate glycosuria, and patients diagnosed with T1D 
with no features of autoimmunity. People with renal or genitourinary 
anomalies are more likely to have HNF1B mutations. Making the 
correct diagnosis will help inform patients of their likely prognosis 
and excitingly enable some patients, to their great relief, to stop 
insulin therapy and switch to sulfonylurea monotherapy.

As genetic testing may be costly and is limited in availability, 
referral of patients to an experienced clinician would help them in 
making informed decisions and providing informed consent when 
undergoing genetic testing.� ET
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