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DEFINITION, FORMS AND EPIDEMIOLOGY

Neonatal diabetes mellitus (NDM), a subset of monogenic diabetes
mellitus, is a rare but possibly overwhelming metabolic disorder
characterized by hyperglycaemia and low levels of insulin.
Documented incidence is 1 in 300,000-400,000'live births, although
values as high as 1:89,000° have been reported. Neonatal diabetes is
insulin-requiring diabetes which is usually diagnosed in the first three
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months of life’. Based on clinical presentations, transient NDM
(TNDM) and permanent NDM (PNDM) have been recognised as the
two subgroups and they differ in the duration of insulin dependence
earlyin the disease'.

The characteristics of several identified causes of NDM are outlined
below.
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Table 1: Neonatal diabetes: characteristics of diabetes presenting in the first 6 months of life’.

Gene/Clinical PNDM/ TNDM Age of diagnosis in weeks. | Pancreatic appearance Other features

Syndrome Inheritance Mean (range)

ZAC/HYMAL imprinting TNDM 0.5 (0-4) Normal Macroglossia (23%)

defecton 6¢24

Kir6.2 (KCNJ1I) PNDM 6 (0-260) Normal Developmental delay (20%)

TNDM (10%) Epilepsy (6%) DKA (30%)
SURI1 (ABCCS8) PNDM 6 (0-17) Normal Developmental delay
TNDM (78%)

EIF2AK3 Wolcott-Rallison PNDM 13 (6-65) Exocrine dysfunction | Epiphyseal dysplasia (90%), Osteopenia (50%)

syndrome recessive (25%) Acute liver failure (75%), Developmental delay (809%)
Hypothyroidism (25%)

FOXP3 IPEX syndrome PNDM 6 (0-30) Normal Only boys affected

Xlinked Chronic diarrhoea with villous atrophy (95%)
Pancreatic and thyroid autoantibodies (75%)
Thyroiditis (20%), Eczema (50%), Anaemia (30%)
Oftendie young

GCK (Glucokinase) PNDM _ Normal Parents have fasting hyperglycaemia as

Recessive heterozygotes

IPF-1 PNDM . Absent Parents may have early-onset diabetes as

Recessive heterozygotes

HNF-1B dominant (60%) TNDM . Atrophy Renal developmental disorders

Spontaneous PTE-1A PNDM . Absent Severe neurological dysfunction and cerebellar
hypoplasia

Adapted from Global IDF/ISPAD Guidelines for Diabetes in Childrenand Adolescence 2011
DKA-Diabetic Ketoacidosis, GCK-Glucokinase, HNF-1(3 - Hepatocyte nuclear factor 1beta, IPF-1-Insulin Promoter Factor-1, PNDM-Permanent Neonatal Diabetes

Mellitus, TNDM-Transient Neonatal Diabetes Mellitus

TYPES OF NDM

There are basically two types; Transient Neonatal Diabetes Mellitus
(TNDM) and Permanent Neonatal Diabetes Mellitus (PNDM). The
clinical presentations are the same but the only difference being that
TNDM usually resolves by 3 months of age while PNDM persists for
longer.

CLINICAL DESCRIPTION

Neonatal diabetes mellitus presents with hyperglycaemia, failure to
thrive and, in some cases, dehydration and ketoacidosis within the
first months of life. All forms of NDM are due to failure of the pancreas
to release insulin in sufficient amounts to respond to high blood
glucose levels thereby requiring exogenous insulin therapy. NDM
can be mistaken for the commoner Type 1 Diabetes Mellitus but this
usually occur later and as found by lafusco et al* in a study conducted
in all infants developing diabetes before the age of one year that aclear
difference was demonstrated between those infants developing
diabetes before the age of 180 days and those after.

Babies with NDM, especially TNDM, are usually low birth weights
secondary to intrauterine growth retardation (IUGR) which is
usually present and is in concord with the role of insulin in fetal
growth, especially during the last trimester of pregnancy'

A.Clinical description of TNDM

TNDM is a temporary developmental disorder of insulin production
that usually resolves at a median of 12 weeks although as many as 50%
of cases will eventually relapse3. TNDM represents 50% to 60% of
cases of neonatal diabetes™,

Patients could present with hyperglycaemia, failure to thrive, osmotic
polyuria and, sometimes, dehydration. Insulin production is
inadequate thus requiring exogenous insulin therapy. Tests are
negative for anti-islet antibodies and for HLA class II haplotypes
conferring susceptibility to type 1 diabetes’. Exocrine pancreatic
insufficiency is present in only a few patients’. Most of the recurrences
are consistent with non-autoimmune type 1 diabetes, although the
mechanism remains unclear ™ **. A permanent insulin requiring
hyperglycaemia has been noticed leading to thoughts that TNDM is
probably a permanent R-cell defect with variable expression during
growth and development. A major factor in the recurrence of diabetes
is probably puberty, which is associated with significant insulin
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resistance’.

Shield et al examined the indices of pancreatic f-cell function,
peripheral insulin sensitivity and the pancreatic response to
intravenous glucose loading in children with a previous history of
transient neonatal diabetes currently in remission repeated after a
period of two years’ and concluded that the majority of children with
TNDM in remission have no evidence of f-cell dysfunction or insulin
resistance in the fasting state. Measures of insulin response to
intravenous glucose loading are often normal but could be suggestive
of future recurrence if profoundly abnormal”

B. Clinical description of PNDM

Permanent neonatal diabetes mellitus is the less common form of the
condition. Here, diabetes develops in the neonatal period and does not
go into remissionl. There are no certain clinical features that can
predict whether a neonate with diabetes but no other dysmorphic
features will eventually have permanent or transient disease, although
IUGR isless common™"

MECHANISMS OF NDM

The clinical differences between transient and permanent neonatal
diabetes is not always accounted for by a different molecular
mechanism. The chromosome 6q anomalies have not so far been found
to be associated with permanent neonatal diabetes although
mutations in the SURI and Kir6.2 subunit have been found in
association with both transient and permanent neonatal diabetes™"”
A.Molecular mechanisms of TNDM

TNDM is usually sporadic, but paternal transmission has been
documented in about one-third of reported patients, some of whom
had non-diabetic fathers’. It is associated with an abnormality of
imprinting of the ZAC and HYMALI genes on chromosome 6¢ in the
majority of patientsll including paternal uniparental disomy of
chromosome 6, complete or incomplete”, paternally inherited
duplications of 6¢24, and a methylation defect in this region”. These
abnormalities strongly suggest that TNDM may result from over-
expression of a paternally expressed gene located on chromosome
6q24. The two paternally expressed genes located in the region are
therefore considered candidate genes for the disease: these are ZAC
gene (LOTL, PLAGL-1) a gene encoding transcription factor that
regulates both cell cycle arrest and apoptosis and the Pituitary




Adenylate Cyclase Activating Polypeptide Receptor 1 (PACAPI)
being a potent insulin secretagogue, and the HYMAI gene, whose
functionisunknown”.

B. Molecular mechanisms of PNDM

Heterozygous activating mutations in KCN]J11 encoding the Kir6.2
subunit of the pancreatic B-cell ATP-sensitive potassium channels
(KATP) is the most common cause of PNDM. Mutations in the
ABCCS8 gene which encode the SURI subunit of the channel have also
been identified. These channels couple cell metabolism to electrical
activity by regulating trans-membrane movement of potassium. These
channels are made up of an octameric complex with an equal number
of both regulatory sulfonylurea receptors (SUR) and inwardly
rectifying potassium channels (Kir) "

Other causes of PNDM include syndromic occurrences.

. Pancreas agenesis and the Insulin Promoter Factor-1 (IPF1) gene:
The first patient had pancreatic agenesis and marked endocrine and
exocrine failure and was homozygous for a single nucleotide deletion
within codon 63 of IPF-1 (Pro63fsdelC) *. The role of IPF-1 is in the
control of exocrine and endocrine pancreatic development” and later,
as a regulator of insulin and somatostatin gene expression. Cases of
pancreas agenesis without IPF-1 mutation have also been described”.
The heterozygous form causes Maturity Onset Diabetes of the Young
(MODY) 4

II. Anomalies at the homozygous state in the Glucokinase gene :
Glucokinase is a key regulator of glucose metabolism in islet cells,
controlling the levels of insulin secretion. Reported cases include
homozygosity for missense mutations within the glucokinase gene
that rendered them completely deficient in glycolytic activity, while
the heterozygous parents had mild to moderate glucose intolerance20.
111 IPEX syndrome and FOXP3 gene: This condition affects only males
and present with a combination of exfoliative dermatitis, intractable
diarrhea with villous atrophy, haemolytic anaemia, autoimmune
thyroid disease and neonatal onset diabetes. Most children die in the
first year of life due to overwhelming sepsis **. The mutation in this
condition lies in the FOXP3 gene that encodes a forkhead domain-
containing protein® 'scurfin’ which is essential for normal immune
homeostasis.

IV. Wolcott-Rallison and EIF2AK3 gene: Wolcott-Rallison syndrome
is an autosomal recessive disorder characterized by infancy onset
(often within the neonatal period) diabetes associated with a
spondyloepiphyseal dysplasia. There is also a syndrome of
hepatomegaly, mental retardation, renal failure and early death”. In
2000, the condition was mapped to the locus 2p12* within which lays
the gene ETF2AK3 that is highly expressed in islet cells and acts as a
regulator of protein synthesis.

Other reported syndromes includes the cases of two boys with X-
linked phosphoribosyl-ATP pyrophosphatase hyperactivity who
became diabetic on day one of life has been described. Glucose
intolerance persisted throughout life but improved as the children
grew older. Both boys had other problems including mental
retardation, ataxia and progressive axonal neuropathy”.

Yorifuji et al. described a condition of neonatal diabetes associated
with severe hypoplasia of the pancreas (only head and uncus present)
and congenital cyanotic heart disease with apparent autosomal
dominant inheritance. Not all the cases developed diabetes as a
neonate, the timing is probably related to the size of remaining
pancreatic tissue™.

A syndrome was found to be linked to mutations in the PTFIA
transcription factor, a major gene involved in pancreatic development
and also expressed in the cerebellum which involved neonatal
diabetes and cerebellar hypoplasia. Early mortality occurs from a
combination of metabolic dysfunction, respiratory compromise and
sepsis”

Mutations in Glis3 (another transcription factor) can explain
syndromic neonatal diabetes, hypothyroidism, congenital glaucoma,
kidney cysts and hepatic fibrosis™.

DIAGNOSIS

Some accepted conclusions from current knowledge on neonatal
diabetes mellitus includes that patients with TNDM are more likely to
have intrauterine growth retardation and less likely to develop
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ketoacidosis, are younger at the age of diagnosis of diabetes and have
lower initial insulin requirements than patients with PNDM. Also,
very early onset diabetes mellitus seems to be unrelated to
autoimmunity in most instances, recurrent diabetes is common in
patients with ‘transient’ neonatal diabetes mellitus and,
consequently, prolong follow-up is imperative.

However, a considerable overlap occurs between the two groups, so
that TNDM cannot be distinguished from PNDM based on clinical
features and therefore, molecular analysis of chromosome 6 anomalies
and the KCNJII and ABCC8 genes (encoding Kir6.2 and SURI
respectively) provide a tool for identifying transient from permanent
neonatal diabetes mellitus in the neonatal periodl.

The uniparental disomy of the chromosome 6 can be shown by the
analysis of polymorphic markers on chromosome 6; meiotic
segregation of the chromosomes can be determined by comparing the
allelic profiles of polymorphic markers close to 624 in the child and
his parents.

A total uniparental disomy of the chromosome 6, a partial one or
duplications can be found”. Methylation sensitive enzyme used with
Polymerase Chain Reaction (PCR) can detect methylation defects™
The presence of a chromosome 6q anomaly suggests but is not
pathognomonic of TNDML.

TREATMENT

Insulin therapy and high caloric intake are the basis of the treatment.
Insulin therapy helps to obtain adequate growth in newborns and it is
recommended that this is adjoined with a high caloric intake in these
newborns. Management of insulin therapy in the newborn period is a
difficult call as few data are available on the methods of insulin
delivery in neonatal diabetes.

Mitamura R. et al recommended subcutaneous injection of ultralente
insulin, rather than lente or isophane insulin, to avoid hypoglycaemia™.
Polak et al also opined that multiple injections of regular insulin are
sometimes difficult to manage and short acting insulins, both human
and analogue, are best avoided except when using intravenous insulin
infusions to initially stabilize the infant. In the UK, isophane insulin
once daily has achieved reasonable control. The insulin analogue
(insulin glargine) is a hopeful therapeutic candidate with its very
steady pharmacokinetic profile’,

Theadvancesin the comprehension of the Kir6.2 and SUR1 subunits of
the KATP channels has found a major clinical application for patients
having permanent neonatal diabetes due to mutations of KCNJ1L or
ABCCS. The transfer from insulin injections to oral sulfonylurea,
particularly glibenclamide, therapy seems highly effective and safe for
most patients””. Oral sulphonylurea therapy, unlike insulin alone, can
improve both the glycaemic control and neurological status in some
patients”. Transfer of the patients from insulin to sulfonylureas should
be made within the legal rules of the country, as the use of
sulfonylureas in children is not licensed in some countries because of
the potential side effects'.

When available, paediatric endocrinologists or specialized centers are
the standard care givers.

GENETIC COUNSELLING

The chance of occurrence differs according to the form of the disease
and to the particular molecular mechanismsinvolved.

Of the 6q anomalies, recurrence is theoretically absent in the case of
uniparental disomy because none of the mother's allele is found in the
proband and there is no transmission by the child. The recurrence risk
in partial uniparental disomy is probably weak or close to zero, as the
anomaly is post-zygotic. If partial duplication, there is a risk of disease
recurrence in the family and parents have to be tested. Carriers of the
duplication have a 509 risk of transmitting the defect.

Fathers will transmit both the disease and the genetic defect. Half of
the children will have the disease with no sexual predilection. If the
mother has the anomaly, her children will not have the disease but the
male offspring will eventually pass on the disease but so far no familial
case is known and the risk of transmission is unknown'.

Most of the other mechanisms have a Mendelian inheritance.
Recurrence risk is 25% in the autosomal recessive disorders (EIF2AK,
Glis3, PTFIA, and PDXI1 genes). IPEX syndrome is an X linked
disorder.




Mutations in the KCNJ11 and ABCC8 genes are transmitted in the
heterozygous state in adominant way.

PROGNOSIS

Acutely, the prognosis is determined by the severity, early diagnosis
and treatment of the disease and also the degree of dehydration and
acidosis. The follow-up metabolic control or otherwise and associated
conditions also play essential parts in prognosticating'.
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CONCLUSIONS

Neonatal diabetes is a rare condition but of great importance because
ofits associations with certain forms of the commoner Maturity Onset
Disease of the Young (MODY) and type 2 diabetes, both of early onset
and in young adults. Additionally, understanding neonatal diabetes
will furnish information on normal pancreatic development and the
basis of the pathology underlying pancreatic dysfunction'. The
possibility of hyperglycaemia should therefore be an important reason
forrandom blood glucose determination at admission for children.

Abbreviations

NDM- Neonatal Diabetes Mellitus

TNDM- Transient Neonatal Diabetes Mellitus
PNDM- Permanent Neonatal Diabetes Mellitus
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