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Abstract: Maturity-onset diabetes of the young (MODY) is characterized by autosomal
dominant inheritance, onset before 25 years of age, absence of β-cell autoimmunity, and
sustained pancreatic β-cell function. To date, mutations have been identiﬁed in at least 14
different genes, including six genes encoding proteins that, respectively, correspond to
MODY subtypes 1–6: hepatocyte nuclear factor (HNF) 4α (HNF4α), glucokinase (GCK),
HNF1α (HNF1α), pancreatic and duodenal homeobox 1 (PDX1), HNF1β (HNF1β), and
neurogenic differentiation 1 (NEUROD1). Diagnostic tools based on currently available
genetic tests can facilitate the correct diagnosis and appropriate treatment of patients with
MODY. Candidates for genetic testing include nonobese subjects with hyperglycemia, no
evidence of β-cell autoimmunity, sustained β-cell function, and a strong family history of
similar-type diabetes among ﬁrst-degree relatives. Moreover, identiﬁcation of the MODY
subtype is important, given the subtype-related differences in the age of onset, clinical course
and progression, type of hyperglycemia, and response to treatment. This review discusses the
current perspectives on the diagnosis and treatment of MODY, particularly with regard to the
six major subtypes (MODY 1–6).
Keywords: MODY, molecular diagnosis, genetic testing, pharmacological treatment

Introduction

Correspondence: Tatsuhiko Urakami
Department of Pediatrics, Nihon
University School of Medicine, 1-6
Kandasurugadai, Chiyoda-ku, Tokyo, Japan
Tel +8 133 293 1711
Fax +8 133 292 1880
Email urakami.tatsuhiko@nihon-u.ac.jp

Maturity-onset diabetes of the young (MODY) was ﬁrst reported in 1974 as mild
familial diabetes with dominant inheritance.1 Classically, MODY was characterized
by autosomal dominant inheritance, onset before 45 years of age, the absence of βcell autoimmunity,2 absence of insulin resistance,3 and sustained β-cell function.
However, the new diagnostic criteria set forth in the Practice Guideline for MODY
in 20084 include onset before 25 years of age in one family member, presence of
diabetes in two consecutive generations, absence of β-cell autoantibodies, and
sustained endogenous insulin secretion. Preserved β-cell function is indicated by
the lack of need for insulin treatment or a serum C-peptide level of >200 pmol/L
even after 3 years of insulin treatment.4
Molecular methods for the diagnosis of MODY were ﬁrst introduced after the
1990s. To date, mutations associated with MODY have been reported in least 14
different genes,5–14 including the following six genes encoding major factors: hepatocyte nuclear factor (HNF) 4α (HNF4α), glucokinase (GCK), HNF1α (HNF1α), pancreatic and duodenal homeobox 1 (PDX1), HNF1β (HNF1β), and neurogenic
differentiation 1 (NEUROD1), which correspond to MODY subtypes 1–6, respectively. The following eight genes have been identiﬁed as possibly causative in MODY
subtypes 7–14, respectively: Kruppel-like factor 11 (KLF11); carboxyl ester lipase;
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paired-box-containing gene 4 (PAX4); insulin (INS);
B-lymphocyte kinase; adenosine triphosphate (ATP)binding cassette, sub-family C (CFTR/MRP) member 8
(ABCC8); potassium channel, inwardly rectifying subfamily
J, member 11 (KCNJ11); and adaptor protein, phosphotyrosine interaction, PH domain, and leucine zipper containing
1 (APPL1).11,12 The causative genes for MODY and their
medical conditions are shown in Table 1.
MODY is a rare condition, accounting for 1–5% of all
cases of diabetes12,13 and 1–6% of pediatric cases of
diabetes.14 Mutations in GCK, HNF1α, HNF4α, and
HNF1β are the most frequently identiﬁed etiologies of
MODY and, respectively, account for 32%, 52%, 10%, and
6% of all affected patients in the United Kingdom.11
However, the frequencies of these etiologies may differ
among Asian and Caucasian populations. In Japan, 48.1%
of pediatric cases of clinical MODY harbored already known
MODY-related gene defects (GCK, 22.8%; HNF1A, 13.9%;
HNF4A, 3.8%, and HNF1B, 7.6%), whereas in 51.9% cases,
the causative mutations were not identiﬁed15 In Korea, only
10% of clinical MODY or childhood-onset type 2 diabetes
cases harbored known MODY-related gene defects (GCK,
2.5%; HNF1A, 5%, and HNF1B, 2.5%)16 These data suggest
that currently unidentiﬁed genes may cause MODY in Asian

populations. The causative genes for MODY and their medical conditions are shown in Table 1.
To improve the prognosis of MODY, it is important to
identify the affected subjects as early as possible. To this
end, speciﬁc molecular analyses are available to predict
the clinical disease course and offer the most appropriate
treatment.14 However, approximately 80% of patients with
MODY may be misdiagnosed with type 1 or type 2 diabetes mellitus at diagnosis,17 and current calculations indicate a delay of approximately 15 years from the diagnosis
of diabetes to the genetic diagnosis of MODY.17
This review discusses the current perspectives on the
diagnosis and treatment of MODY, in particular, the six
major subtypes (MODY 1–6).

Diagnosis of MODY
At diagnosis, MODY cannot be distinguished easily from
type 1 and type 2 diabetes mellitus based on clinical
characteristics.13,14 Rather, type 1 diabetes mostly differs
from MODY in terms of disease etiology, as the pathogenesis of the latter does not involve pancreatic β-cell autoimmunity. Patients with MODY usually maintain β-cell
function, exhibit a stimulated serum C-peptide level exceeding 200 pmol/L, and their diabetes is well-controlled with

Table 1 The causative genes for maturity-onset diabetes of the young (MODY) and medical conditions associated with each MODY
subtype
MODY
gene

Frequency (%
in MODYs)

Pathophysiology

HNF4α

5

β-Cell dysfunction

Other features

Possible treatment

Neonatal diabetes, hyperinsulinemic hypoglycemia

Sensitive to sulfonylurea

during infancy, low triglycerides
GCK
HNF1α

15–20
30–50

Glucose sensing defect
β-Cell dysfunction

PDX1

<1

HNF1β

5

Stable mild fasting glucose
Glucosuria

No medication, or Diet
Sensitive to sulfonylurea

β-Cell dysfunction

Homozygote: permanent neonatal diabetes, pancreas

Diet or OAD or insulin

β-Cell dysfunction

agenesis
Renal malformations, genito-urinary tract anomalies,

Insulin

pancreatic hypoplasia, low birth weight
NEUROD1

<1

β-Cell dysfunction

KLF11

<1

CEL

<1

PAX4

<1

β-Cell dysfunction

Ketoacidosis-prone

Diet or OAD or insulin

INS
BLK

<1
<1

Insulin gene mutation
Insulin secretion defect

Neonatal diabetes, child or adult-onset diabetes
Overweight, relative insulin secretion failure

OAD or insulin
Diet or OAD or insulin

ABCC8

<1

ATP-sensitive potassium

Homozygote: permanent neonatal diabetes,

OAD (sulfonylurea)

<1

channel dysfunction
ATP-sensitive potassium

Heterozygote: transient neonatal diabetes
Homozygote: neonatal diabetes

OAD or insulin

Child or adult-onset diabetes

Diet or OAD or insulin

KCNJ11

Neonatal diabetes, child or adult-onset diabetes neurological abnormalities.

OAD or insulin

β-Cell dysfunction

Similar to type 2 diabetes

OAD or insulin

Pancreas endocrine and
exocrine dysfunction

Exocrine dysfunction, lipomatosis

OAD or insulin

channel dysfunction
APPL1
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no or low-dose insulin for at least 5 years after diagnosis.14
Although the clinical manifestations of youth-onset type 2
diabetes substantially resemble those of MODY, patients
with the former condition are generally obese, whereas the
latter condition is not associated with overweight. Still,
approximately 10–15% of Japanese school children with
type 2 diabetes are non-obese.18,19 Additionally, some
patients with MODY, particularly those belonging to ethnic
groups with a higher prevalence of obesity (eg, Hispanic),
may become overweight or obese due to poor dietary habits
and sedentary lifestyles. Furthermore, both MODY and type
2 diabetes are associated with a strong family history of
diabetes. For example, studies revealed that approximately
70% of Japanese school children with type 2 diabetes had
a family history of type 2 diabetes among ﬁrst- and seconddegree relatives. Those with nonobese type 2 diabetes had
a particularly strong family background of the disease.18,19
Therefore, the correct diagnosis of MODY and determination of subtype should be based on genetic testing.
Candidates for genetic testing include nonobese subjects
with hyperglycemia, no evidence of β-cell autoimmunity,
preserved β-cell function, and a strong family history of
a similar type of diabetes among the ﬁrst-degree relatives.14
Currently, genetic testing is performed worldwide to
facilitate predictions of the clinical course and prognosis
of MODY. Known MODY-related genes can be identiﬁed
by direct sequencing with sensitivity rates as high as
100%,14 and next-generation sequencing methods (eg,
gene-targeted and whole-exome sequencing) have been
successfully used to identify mutations in MODY
genes.16 However, genetic testing remains expensive and
is necessarily limited to cases of strongly suspected
MODY. These patients should be offered the most suitable
treatment from among various pharmacological therapies,
including oral antidiabetic drugs (OADs) and insulin.

Diagnosis of the subtypes of MODY
sAs shown in Table 1, at least 14 MODY subtypes have
been reported, of which 1–6 are the major subtypes. As
noted above, eight other subtypes have been identiﬁed,
including MODY 14, which was recently associated with
the causative gene APPL1 in large families.20 Most
MODY-causative genes, except GCK, encode transcription
factors expressed in pancreatic β-cells (Figure 1). MODY
subtype determination is important, as the subtypes differ
in terms of the age of onset, clinical course and progression, type of hyperglycemia, and response to treatment.14
Most patients with MODY exhibit the clinical
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characteristics of isolated diabetes or mild fasting hyperglycemia. However, some MODY subtypes are associated
with additional manifestations, such as renal abnormalities
(MODY5) or pancreatic exocrine dysfunction (MODY8).
This review mainly describes the clinical characteristics of
the six major subtypes of MODY.

MODY2 (GCK-MODY)
GCK, a glucose sensor expressed in pancreatic β-cells, is
a key enzyme in glucose metabolism that catalyzes the
conversion of glucose to glucose-6-phosphate and thus
controls glucose-mediated insulin secretion. More than
600 mutations in GCK have been identiﬁed in >1,000
families, and these alterations lead to both hyperglycemia
and hypoglycemia.21 Heterozygous inactive mutations are
associated with mild and often subclinical hyperglycemia
from birth, and this condition gradually deteriorates with
age11 Essentially, these mutations elevate the glucose
threshold for insulin secretion, resulting in an elevated
fasting plasma glucose level (5.5–8 mmol/L). Such
patients exhibit a slight increase in the 2-hr plasma glucose
level during oral glucose tolerance testing (OGTT;
increase in 4.5 mmol/L = 90th percentile).4,22 These
patients usually have a HbA1c level of <64 mmol/mol.23
Patients with MODY2 are usually asymptomatic. The
majority are discovered through routine examinations during pregnancy or school-based urine glucose screening
tests. MODY2 presents in approximately 2–6% of patients
with gestational diabetes and can be distinguished based
on clinical manifestations and the fasting glucose
level.24,25 The birth weights of babies in MODY2 families
depend on the mutation statuses of both the fetus and
mother. If both harbor a GCK mutation, a maternal
increase in plasma glucose will induce an appropriate
insulin release in the fetus and a normal birth weight.
However, if only the mother harbors the GCK mutation,
maternal hyperglycemia will elicit increased fetal insulin
secretion and a birth weight approximately 500 g higher
than that of a baby who harbors the mutation.26 In Japan,
Yorifuji et al reported that 22.8% of patients in whom
MODY was detected through school urine glucose screening programs were ﬁnally diagnosed with MODY2
through genetic testing. Accordingly, MODY2 is most
frequent subtype in Japanese children.15 The clinical
course of this subtype may be mild and nonprogressive,
and microvascular and macrovascular complications rarely
occur
despite
long-term
exposure
to
mild
hyperglycemia.26,27
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Figure 1 Expression of maturity-onset diabetes of the young (MODY)-causative genes in pancreatic β-cells and mechanism of insulin secretion.
Abbreviations: ATP, adenosine triphosphate; cAMP, cyclic adenosine 3ʹ,5ʹ-monophosphate; PKA, protein kinase A; Epac, exchange protein directly activated by cAMP; KATP
channel, ATP-sensitive potassium channel; VDCC, voltage-dependent calcium channel; GCK, glucokinase; HNF4α, hepatocyte nuclear factor 4α; HNF1α, hepatocyte nuclear
factor 1α; PDX1, pancreatic and duodenal homeobox 1; HNF1β, hepatocyte nuclear factor 1β; NEUROD1, neurogenic differentiation 1.

MODY 3 (HNF1α-MODY)
The transcription factor HNF1α is expressed in the liver,
kidney, intestine and pancreatic β-cells. HNF1a knockout
mice develop diabetes consequent to defective glucoseinduced insulin secretion.28,29 Mutations in HNF1a are the
most frequent causes of MODY in Europe, North America,
and some Asian countries.11,14,16 In Japan, mutations in
HNF1 a were detected in 13.9% of patients with clinical
MODY.15 Studies of approximately 1200 families have identiﬁed >400 different HNF1a mutations,30 of which
a mutation (P291fsinsC) in exon 4 is most common.31
Heterozygous mutations of HNF1a cause a progressive insulin deﬁciency that manifests as mild hyperglycemia in childhood and as diabetes during early adulthood.15,32 MODY3 is
rarely discovered in children younger than 8 years of age.15
Hyperglycemia associated with MODY3 may be progressive and deteriorating. In these patients, the risks of
microvascular and macrovascular complications are similar
to those observed in patients with type 1 and type 2
diabetes.33 Interestingly, HNF1a mutation carriers develop
postprandial glycosuria before the onset of diabetes due to
renal tubular dysfunction and a consequently low renal
threshold for glucose absorption.34 In the fetus, HNF1a
mutational heterozygosity does not inﬂuence the birth
weight because insulin secretion in utero remains normal.35

MODY1 (HNF4α-MODY)
The transcription factor HNF4α is expressed primarily in
the liver but also in the pancreas and kidney,36 where it

1050

Powered by TCPDF (www.tcpdf.org)

Ca 2+

Mitochondria

submit your manuscript | www.dovepress.com

DovePress

regulates the expression of genes required for glucose
transport and metabolism. Mutations in HNF4α are relatively uncommon, accounting for approximately 5% of all
MODY cases. Phenotypically, MODY1 due to heterozygous HNF4α mutation manifests as progressive insulin
deﬁciency, similar to that observed in MODY3. Fetal
HNF4α heterozygosity results in macrosomia due to
hyperinsulinemia in utero and subsequent neonatal transient or persistent hypoglycemia, which is responsive to
diazoxide.37 Glycosuria is not observed in MODY1, in
contrast to MODY3. Hyperinsulinism associated with
MODY1 generally remits during infancy, followed by
a gradual decrease in endogenous insulin production and
the emergence of diabetes in adolescence.14 Moreover,
HNF4α has been associated with triglyceride metabolism,
and mutation carriers may exhibit reduced levels of apolipoproteins (apoAII, apoCIII, and apoB).38

MODY5 (HNF1β-MODY)
The transcription factor HNF1β is involved in the organogenesis of the kidney, genito-urinary tract, liver,
lungs, gut, and pancreas.39 Accordingly, renal malformations, including renal cysts, renal dysplasia, urinary tract
malformation, and hypoplastic glomerulonephritic kidney disease,40 are seen in the majority of HNF1β mutation carriers and constitute the main presentation of
MODY5 in children, regardless of the hyperglycemia
status14 HNF1β mutation also causes renal cysts and
diabetes syndrome, and these renal abnormalities are
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evident from the 17th week of gestation.41 Affected
patients will develop renal dysfunction by 45 years of
age, and half of these patients will progress to end-stage
renal disease without developing diabetic kidney
disease.42 Accordingly, MODY5 should be suspected
in patients with diabetes and nondiabetic renal disease.
Genito-urinary tract malformations (especially uterine
abnormalities), liver dysfunction, and pancreatic hypoplasia have also been reported.43 Although diabetes
associated with MODY5 develops in early adulthood,
carriers of HNF1β mutations have signiﬁcantly reduced
birth weights.44 Phenotypically, MODY5 differs from
MODY3. Patients with MODY5 present with dyslipidemia, including a low high-density lipoprotein level and
elevated triglyceride level. Diabetes develops during
adolescence or early adulthood and usually progresses
to an insulin-dependent state due to pancreatic hypoplasia, with hepatic insulin resistance, relatively earlier
period of the disease.11,14 Patients harboring HNF1β
mutations exhibit highly variable phenotype and clinical
manifestations
even
within
affected
families.
Accordingly, the diagnosis of MODY5 should be made
in consultation with not only diabetes specialists but
also other specialists, such as nephrologists, gynecologists, and urologists.14

MODY4 (PDX1-MODY)
PDX1 is a homeodomain-containing transcription factor
that acts in both the exocrine and endocrine pancreatic
developmental programs and affects pancreatic development and INS expression.45 Homozygous mutations in
PDX1 cause pancreas agenesis and hypoplasia and permanent neonatal diabetes,46 whereas heterozygous mutations
lead to β-cell impairment and hyperglycemia, including
permanent neonatal diabetes. MODY4 is a very rare
subtype.

MODY6 (NEUROD1-MODY)
NEUROD1 is a basic-loop-helix transcription factor
involved in pancreatic and neuronal development. It
plays an important role in pancreatic β-cell maturation
and maintenance. Islets lacking NEUROD1 respond
poorly to glucose and show a glucose metabolic proﬁle
similar to immature β-cells. Heterozygous mutations in
NEUROD1 induce childhood- or adult-onset diabetes,
while homozygous mutations can cause neonatal diabetes, neurological abnormalities, and learning
difﬁculties.47–49
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The ages of onset, degrees of hyperglycemia, involvement of special tissues, and clinical features of other subtypes of MODY are shown in Table 1.

How can be MODY diagnosed correctly?
Cases of MODY are often misdiagnosed as type 1 or type
2 diabetes at presentation.13,14,19 Accordingly, an improvement in diagnostic signiﬁcance will require targeted selection of subjects for genetic testing, particularly in scenarios
with limited resources. Various algorithms have been proposed to select candidates for genetic testing.13,50
According to a recent diagnostic criteria,4 MODY is characterized by onset before 25 years of age, presence of
diabetes in two consecutive family generations, absence
of β-cell autoantibodies, and preserved endogenous insulin
secretion with a serum C-peptide level of >200 pmol/L.
These diagnostic criteria have been well accepted for
distinguishing MODY from type 1 and type 2 diabetes.
Shields et al.50 further proposed a model in which an age
younger than 30 years at diagnosis was the most useful
discriminator between MODY and type 2 diabetes. In that
model, a family background of diabetes increased the
probability of diagnosis of MODY by 23 times among
patients who were ﬁrst diagnosed with type 1 diabetes.51
The costs and limitations of genetic testing have encouraged the discovery of nongenetic biomarkers that might be
used to identify appropriate subjects for molecular diagnosis.
For example, high-sensitivity C-reactive protein (hs-CRP)
may be a useful biomarker in the differential diagnosis of
MODY3, as affected patients have a signiﬁcantly lower level
of hs-CRP than those with type 1 or type 2 diabetes or
MODY2.52–54 A recent study suggested that microRNAs
may be useful biomarkers in carriers of MODY3-related
gene mutations.55 However, some causative genes for
MODY subtypes have also been associated with other
forms of diabetes. KCNJ11, ABCC8, PDX1, PAX4, and
NEUROD1 have been associated with permanent neonatal
diabetes and type 2 diabetes, while INS is associated with
both type 1 and type 2 diabetes.56,57 Moreover, variants of
HNF1α, HNF4α, HNF1β, and GCK might be associated with
an increased risk of type 2 diabetes.57 It is often difﬁcult to
differentiate between an incompletely penetrant MODY
mutation and a rare variant of type 2 diabetes, and such
distinction may be a matter of semantics.58,59 Therefore,
genetic testing is not sufﬁcient to conﬁrm a diagnosis of
MODY, which should also include clinical observation,
laboratory testing (serum C-peptide, β-cell autoantibodies,
and speciﬁc biomarkers). Figure 2 presents a diagnostic
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Patients with diabetes diagnosed before 25 years of age

Diagnosed
before 6 months
Yes

Yes
Genetic test for
neonatal diabetes

Possible
neonatal diabetes

No

Positive β-cell autoantibodies
Yes

No

Possible
type 1 diabetes

Yes

Possible
* Negative β-cell
type 2 diabetes
autoantibodies
* Yong-onset
diabetes in at least
2 generation

Yes
*N ongenetic biomarkers
hs-CRP, microRNAs

Possible
MODY

Genetic testing
for MODY

Figure 2 Diagnostic algorithm for maturity-onset diabetes of the young (MODY).

algorithm used to identify candidates with diabetes who
should undergo genetic testing to conﬁrm the diagnosis of
MODY.

Treatment of MODY
Correct determination of the MODY subtype is important,
as this informs decisions regarding appropriate treatment
and prognosis. Children and adolescents diagnosed with
diabetes may initially be treated with insulin, and this
regimen often continues even after the stabilization of
glycemia. However, in some patients with MODY, hyperglycemia can be controlled by prescribing OADs (eg,
sulfonylureas, without using insulin. Additionally, the
selection of appropriate treatments for these patients is
important to improve their quality of life.

MODY2 (GCK-MODY)
The majority of patients with MODY2 exhibit mildly
elevated fasting plasma glucose levels but do not exhibit
postprandial hyperglycemia; in other words, they secrete
sufﬁcient insulin in response to an increase in plasma
glucose after consuming a meal. Therefore, dietary intervention alone is usually advised for these patients, as
pharmacological intervention is not required to control
hyperglycemia and prevent diabetic complications.11,14
However, some Japanese patients with MODY2 eventually
require pharmacological treatment. In a study of 55
patients, Kawakita et al.60 reported that seven were treated
with OADs, two with sulfonylureas, one with metformin,
and two with α-glucosidase inhibitors. Asians face a risk
of insulin resistance, characterized by a higher

1052

Powered by TCPDF (www.tcpdf.org)

* Obesity
* Insulin resistance
* Negative β-cell autoantibodies

* Abrupt-onset/ketosis
* Non-obesity
* Insulin deficiency

submit your manuscript | www.dovepress.com

DovePress

Homeostatic Model Assessment (HOMA-IR) at
a relatively low body mass index (BMI),18,61 possibly
due to a greater amount of visceral fat than that observed
in Caucasians.62,63 Accordingly, some Japanese patients
who consume carbohydrate-rich foods and have sedentary
lifestyles require OADs. Asians also exhibit a relatively
lower level of insulin release in response to an increase in
glucose, as well as a lower homeostasis model assessment
for β-cell function (HOMA-β).62,63 This pattern may also
lead to an increased requirement for OADs. During pregnancy, insulin might be offered to patients with MODY2
to prevent fetal overweight.

MODY3 (HNF1α-MODY) and MODY1 (HNF4αMODY)
Patients with MODY3 and MODY1 can initially control
glycemia with diet alone, although both tend to exhibit
elevated postprandial glucose levels after consuming carbohydrate-rich foods.22 Over time, however, most patients
will experience deteriorating β-cell function and require
pharmacological treatment. Patients with MODY3 and
MODY1 are sensitive to sulfonylureas and can maintain
optimal glycemic control with these drugs rather than
insulin. One randomized clinical trial of gliclazide therapy
demonstrated a 3.9-fold improvement in the fasting glucose levels of patients with MODY3 relative to BMImatched patients with type 2 diabetes; this effect was
particularly pronounced in children and young adults.
That study also demonstrated the safety and efﬁcacy of
a switch from insulin to gliclazide despite using the former

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy downloaded from https://www.dovepress.com/ by 35.171.45.91 on 13-Nov-2019
For personal use only.

Dovepress

for a long duration.64 The initial sulfonylurea dose should
be low to avoid hypoglycemia. Reports suggest that optimal glycemic control without problematic hypoglycemia
can be maintained for decades at gliclazide doses of
20–40 mg.65,66 If hypoglycemia occurs despite dose titration, a short-acting agent (eg, meglitinide) may be
considered.67 Another sulfonylurea, glimepiride, might
offer a similar glucose-reducing effect with fewer episodes
of hypoglycemia. It also exerts extrapancreatic effects
such as decreased glucose output from the liver and
enhanced sensitivity of peripheral tissues to insulin.68
Another therapeutic option involving a glucagon-like
peptide (GLP-1) agonist with a similar glucose-lowering
effect as sulfonylureas and a low frequency of hypoglycemia has been proposed for patients with MODY3.69,70
A double-blind, randomized crossover trial that compared
a GLP-1 agonist (liraglutide) with a sulfonylurea (glimepiride) found no difference between the two drugs in terms
of controlling the fasting plasma glucose and responsive
postprandial plasma glucose relative to baseline. However,
glimepiride was clearly associated with a higher incidence
of hypoglycemia.70 We experienced similarly good glucose-reducing effects and a lack of hypoglycemia in children with MODY3 who were treated with liraglutide.71
Moreover, we previously reported that a switch from glimepiride to a dipeptidyl-peptidase-4 (DPP-4) inhibitor,
alogliptin, yielded similar glycemic control without hypoglycemia in a girl with MODY1.72
During treatment, patients with MODY3 and
MODY1 maintain substantial β-cell function for at
least 2–4 years after diagnosis. As noted above, sulfonylureas are generally the ﬁrst-line of treatment for
patients with MODY3 and MODY1, despite the risk of
hypoglycemia. Long-term treatment with sulfonylureas
is also associated with body weight gain and the deterioration of endogenous insulin, which eventually
induces insulin dependency in some patients with type
2 diabetes. In contrast, GLP-1 receptor agonists and
DPP-4 inhibitors lower glucose levels and increase endogenous insulin secretion in a glucose-dependent manner.
This effect occurs via a subpathway of insulin secretion
in response to increased cyclic adenosine 3ʹ, 5ʹmonophosphate (c-AMP) production, rather than by
ATP production, which thus overcomes the impaired
mitochondrial ATP production in response to glucose in
patients with MODY3 and MODY1.28 Therefore, the
mode of insulin secretion induced by GLP-1 receptor
agonists and DPP-4 inhibitors may more effectively
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increase
insulin
secretion
in
these
patients.
Additionally, GLP-1 receptor agonists and DPP-4 inhibitors might prevent β-cell apoptosis and promote β-cell
generation to counter the progressive impairment of βcell function during the courses of MODY3 and
MODY1.73–75 These ﬁndings suggest that GLP-1 receptor agonists and DPP-4 inhibitors may be suitable alternatives to sulfonylureas.

MODY5 (HNF1β-MODY)
Unlike patients with MODY3 and MODY1, those with
MODY5 do not respond adequately to treatment with
sulfonylureas, possibly due to comorbid pancreatic hypoplasia and some degree of hepatic insulin resistance.76
These patients may require intensive insulin treatment to
control hyperglycemia. Additionally, microvascular complications have been described in these subjects,6 and
treatment for renal disease, liver dysfunction, and dyslipidemia is necessary. Renal management is a particularly
important aspect of treatment in patients harboring HNF1β
mutations, as these individuals will develop renal dysfunction by 45 years of age and half will progress to end-stage
renal disease.42
The current treatments of other MODY subtypes
according to the molecular causes and clinical characteristics are listed in Table 1. However, standard treatments
have not been established for most subtypes because of
low numbers of cases and a lack of data conﬁrming treatment efﬁcacy. Furthermore, only metformin and insulin
are approved for use in youth in the majority of countries.
Sulfonylureas are approved for use in adolescents in some
countries. Other OADs are not approved for use in those
<18 years of age.77

Conclusion
Advanced molecular genetic analyses have led to the
identiﬁcation of genes associated with clinically diagnosed
subtypes of MODY. Accordingly, genetic testing is useful
for the correct diagnosis and appropriate treatment of
patients with MODY.14 To conﬁrm a correct diagnosis
and improve prognosis, genetic testing is recommended
at diagnosis or during early-stage disease, despite limitations associated with costs.
Patients with type 1 diabetes require insulin treatment
for survival and metabolic control, whereas those with
MODY do not usually require long-term insulin treatment. Therefore, misdiagnosis can lead to inappropriate
treatment. MODY should be suspected in the presence of
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mild to moderate, nonketosis-prone hyperglycemia in
usually nonobese patients with a strong family history
of diabetes. The importance of genetic testing is emphasized by the effect of a general increase in the prevalence of obesity, which may complicate a differential
diagnosis including both type 2 diabetes and MODY.
Correct diagnosis of MODY is also important with
respect to genetic counseling and the prevention of
developing the disease.78 Rapid advances in the ﬁelds
of molecular analysis and laboratory technology are
expected to improve the correct diagnosis of MODY
and the provision of appropriate treatment based on the
individual medical condition.

Abbreviation list
MODY, maturity-onset diabetes of the young; HNF, hepatocyte nuclear factor; GCK, glucokinase; PDX1, pancreatic
and duodenal homeobox 1; NEUROD1, neurogenic differentiation 1; KLF11, Kruppel-like factor 11; CEL, carboxyl
ester lipase; PAX4, paired-box-containing gene 4; INS,
insulin; BLK, B-lymphocyte kinase; ABCC8, adenosine
triphosphate
(ATP)-binding
cassette,
sub-family
C (CFTR/MRP) member 8; KCNJ 11, potassium channel,
inwardly rectifying subfamily J, member 11; APPL1,
adaptor protein, phosphotyrosine interaction, PH domain,
and leucine zipper containing 1; OAD, oral antidiabetic
drug; OGTT, oral glucose tolerance test; HOMA-IR,
homeostasis model assessment for insulin resistance;
BMI, body mass index; HOMA-β, homeostasis model
assessment for β-cell function; hs-CRP, high-sensitivity
C-reactive protein; GLP-1, glucagon-like peptide; DPP-4,
dipeptidyl-peptidase-4; c-AMP, cyclic adenosine 3ʹ, 5ʹmonophosphate.
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