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Abstract

Neonatal diabetes mellitus (NDM) results from impaired insulin secretion, occurring within the first 6 months of
life. NDM is classified as transient NDM (TNDM) or permanent NDM. To date there are no universal
guidelines regarding its management. Intravenous insulin infusion represents the first and most adequate
therapeutic approach for sustained hyperglycemia, but this can provide only a short-term solution. Several
factors should be taken into account in the choice of the long-term treatment. We describe our experience with
two infants affected by TNDM. The first child was treated with continuous subcutaneous insulin infusion,
whereas the second infant was treated with subcutaneous insulin glargine injections. Our experience shows that
the two different therapeutic approaches, if properly managed, are equally effective.

Introduction

Neonatal diabetes mellitus (NDM) is a rare genetic
disease characterized by persisting hyperglycemia, re-

quiring insulin treatment, and occurring within the first 6
months of life.1 In Italy, NDM has an estimated incidence
of 1:90,000 live births.2 Study of human leukocyte anti-
gens does not show a haplotype predisposing to type 1 dia-
betes mellitus, but occasionally there is a protective one
(DQA1, DQB1); islet cell antibodies and other type 1 dia-
betes mellitus–specific antibodies are absent.3 There are two
forms of NDM: transient (TNDM) and permanent (PNDM),
which are characterized by different pathogenesis and clini-
cal evolution.1,4

The genetic causes of NDM have been identified in 90% of
TNDM and 70% of PNDM cases.5 The most frequent cause
of TNDM is overexpression of the PLAG/ZAC and HYMAI
imprinted genes, which are located within region 6q24. Three
different genetic mechanisms result in the overexpression of
these genes: paternal uniparental disomy of chromosome 6,
paternal duplication of the critical region 6q24, or loss of
methylation on the maternally derived allele. In addition,
mutations in the KCNJ11 and ABCC8 genes coding for the
Kir 6.2 and SUR1 subunits, respectively, of K + channels
have been associated with TNDM.6 Genetic bases of PNDM

are more heterogeneous; the most frequent causes of PNDM
are KCNJ11-activating mutations, accounting for 30% of
cases, followed by ABCC8 mutations, but other genetic
causes have been identified involving FOXP3, CD25,
EIF2AK3, IPF1, GLIS3, PTF1A, HNF1b, and GCK.7

TNDM is characterized by dehydration and low birth
weight. Macroglossia and hiatal hernia are often present.6

The disease begins in the first days of life, in the absence of
ketoacidosis, and requires the administration of exogenous
insulin in order to correct hyperglycemia and allow catch-up
growth.1,8 Insulin treatment is required for a variable period,
and usually TNDM resolves within 3 months; however, re-
currence later in life, more often during adolescence, occurs
in a significant number of cases.9,10

Treatment of TNDM is complex because of the paucity of
subcutaneous fat (especially in low-birth-weight infants), the
minute doses of insulin required, the different sensibility to
exogenous insulin, and, in particular, the high risk of hypo-
glycemia with the potential for neuronal damage.11

We describe our experience with two infants affected by
TNDM. The first child was treated with continuous subcu-
taneous insulin infusion (CSII), and the second was treated
with subcutaneous insulin glargine injections. Our experi-
ence shows that the two different therapeutic approaches, if
properly managed, are equally effective.
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Case Reports

Infant 1

S.K., the second child born of healthy consanguineous
Indian parents, was born by spontaneous delivery, at 37
weeks 6 days of gestational age. The pregnancy was com-
plicated by threatened abortion and intrauterine growth re-
tardation. The birth weight was 2,000 g. The family history
was negative for both type 1 and type 2 diabetes.

She was referred to our department at the age of 15 days for
hyperglycemia without ketosis, macroglossia, and cutaneous
xerosis. Laboratory evaluation showed normal thyroid, renal,
and liver function; insulin (2.0 IU/mL; normal range, 2.6–
24.9 IU/mL) and C-peptide (0.8 ng/mL; normal range, 0.8–
4.2 ng/mL) levels were at the lower limits of the reference
range. Islet cell autoantibodies and glutamic acid decarbox-
ylase autoantibodies were negative. The patient underwent
ophthalmology and cardiology evaluation, abdominal ultra-
sound, and cerebral ultrasound, which revealed no abnor-
malities. Dermatological examination confirmed the presence
of diffuse cutaneous xerosis detected at birth (the father and
sister also suffered the same condition).

Molecular typing alleles revealed the presence of the fol-
lowing human leukocyte antigen haplotype: DR3/DQ2
(DRB1 *03,*03; DQA1 *0501,*0501; DQB1 *0201,*0201),
which predisposes to type 1 diabetes mellitus. Genetic anal-
ysis of region 6q24 was performed in the patient and the
parents. A methylation-specific polymerase chain reaction
using two primers, each specific for the maternal or the pa-
ternal allele, after DNA treatment with thiosulfite, was per-
formed. The methylation-specific polymerase chain reaction
showed only one peak of amplification for nonmethylated
microsatellite analysis, ruling out a paternal uniparental
disomy and suggesting a defective methylation in the ma-
ternal allele determining the overexpression of PLAG1/ZAC
genes. This defect resulted from an isolated imprinting mu-
tation of the differentially methylated region because no
mutations of ZFP57 were found. Genetic testing was per-

formed in the Molecular Genetic Laboratory, Bianchi Mel-
acrino Morelli Hospital, Reggio Calabria, Italy.

Insulin treatment was immediately begun intravenously at
the dose of 0.01 unit/kg/h. After a good glycemic control was
obtained, the subcutaneous insulin pump was started at a
basal rate of 0.05 IU/h. The feeding pattern of the infant was
based on seven formula bottles per day, at 3-h intervals, from
6:00 to 24:00. Blood glucose determinations were performed
seven times a day. No premeal boluses were required be-
cause, as shown in Figure 1, there were moderate changes in
blood glucose levels across daytime.

The baby was discharged at 36 days of life after the parents
had been educated to manage the insulin pump. Insulin re-
quirement rapidly decreased until discontinuation at 56 days
of life, after 40 days of therapy. All further periodically
performed blood glucose tests and hemoglobin A1c levels
were normal.

At 5 years of age, auxological and neuropsychologi-
cal development was appropriate, and she had no medical
problems, except persistent xerosis treated with emollients.

Infant 2

This female infant was born at 37 weeks of gestation by
cesarean section, weighing 1,600 g. Intrauterine growth re-
tardation had been diagnosed antenatally. The family history
was negative for any form of diabetes. Persistent hypergly-
cemia was noted from 12 h of age. Glycosuria was present,
but ketonuria and ketosis were absent. Clinically, she showed
mild dehydration, and subcutaneous tissue was scarce.

Results of laboratory and ultrasound exams were normal,
except insulin levels, which were at the lower limits of the
reference range. Islet cell autoantibodies and glutamic acid
decarboxylase autoantibodies were negative.

Intravenous insulin infusion was started at the dose of
0.01 U/kg/h, achieving a good glycemic control in a few
days. The minimal subcutaneous tissue prompted us not to
use pump therapy, and, on Day 5, an attempt was made to

FIG. 1. Case 1: weekly blood glucose profiles during the last week of hospitalization with continuous subcutaneous
insulin infusion. Data are mean – SD values.

TREATMENT OF NEONATAL DIABETES MELLITUS 881



introduce subcutaneous neutral protamine Hagedorn (NPH),
administered twice daily at the dose of 0.6 unit/kg/day (0.55
unit/dose) into the buttock. Because of the minute dose to be
administered, a 1:10 dilution of insulin NPH in 0.9% NaCl
was prepared. The patient did not tolerate this regimen, which
resulted in severe hypoglycemia within a few hours post-
dosing (<50 mg/dL), as well as hyperglycemia afterward
(>250 mg/dL).

Therefore, we started insulin glargine, once every 24 h at
the initial dose of 0.45 unit/kg/day, also diluted 1:10, and
administered into the buttock. The daily insulin dose was
slightly lowered compared with the NPH dose in order to
reduce the risk of hypoglycemic episodes. After 2 weeks, as
blood glucose measurements still showed occasional hypo-
glycemia, we started to further reduce the daily dose of in-
sulin glargine, which was progressively lowered to 0.2 IU/kg/
day. We also split the dose twice daily (every 12 h) to facil-
itate dose adjustments, if necessary. Because of the very
small volume to be administered, we preferred to use a 1:100
dilution, which makes the drug more manageable and reduces
risk of mistakes by the parents. This regimen allowed a sat-
isfactory blood glucose control, as shown in Figure 2.

The feeding pattern of the infant was based on eight for-
mula bottles a day, at 3-h intervals, during the first 2 weeks of
life and seven formula bottles a day, at 3-h intervals, from
6:00 to 24:00 h afterward. Blood glucose determinations
were performed eight times a day.

The baby was discharged at 1 month of age. After 4
months, persistent euglycemia prompted discontinuation of
insulin glargine.

To date, the patient is 3 years old, and she is in optimal
general health and shows normal glucose and hemoglobin
A1c levels. Genetic tests excluded abnormalities of chro-
mosome 6q24 and mutations of Kir 6.2. Further investiga-
tions are in progress to establish the cause of TNDM in this
patient.

Discussion

NDM (TNDM or PNDM) has increasingly been identified
and described over the last decade because of evolution and
expansion of genetic investigations.1 However, to date, there
has been no universal guidelines regarding its management.
Intravenous insulin infusion remains the first and most ade-
quate therapeutic approach for sustained hyperglycemia, in
order to obtain satisfactory blood glucose control in a titrat-
able manner.12 In addition, infants with NDM are often de-
hydrated at presentation, and this would limit absorption of
subcutaneous insulin. For this reason, both our infants were
initially managed with intravenous short-acting insulin in-
fusions. However, this can provide only a short-term solution
because long-term intravenous infusions may be hazardous in
small infants.13 Few data are available on the best mode of
insulin delivery in the treatment of NDM.

The following aspects should be considered: the small
amount of insulin to be delivered, insulin absorption, fre-
quency and type of meals, and high risk of hypoglycemia and
brain damage. Several factors should be taken into account in
the choice of the long-term treatment. Absorption of drugs
from subcutaneous injection sites is affected by several var-
iables, such as local blood flow, muscle mass, and amount of
adipose tissue. Absorption may also be affected by physio-
chemical characteristics of drugs, such as pH, ease of diffu-
sion through capillary membranes, and surface area over
which the injection volume spreads.14 Subcutaneous drug
absorption is usually reduced in low-birth-weight infants
because of a lower regional perfusion and reservoir mass.15

Doses of insulin required for these patients are minimal;
therefore, adjustments of the dose require minimal changes
that are not easily feasible. Frequent meals, typical of small
babies, require frequent control of blood glucose levels and
harbor the risk of frequent pre- and postmeal glucose fluc-
tuations, although this did not occur in our two patients.

FIG. 2. Case 2: weekly blood glucose profiles during the last week of hospitalization with insulin glargine. Data are
mean – SD values.
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CSII allows an easy control of insulin delivery and blood
glucose levels.16,17 Short-acting insulin analogs (e.g., insulin
aspart and lispro), which have the advantage of rapid onset,
short duration of action, and predictability, are commonly
used.18 CSII allows delivery of smaller infusion volumes and
more precise dose titration as well as the ability to switch off
insulin delivery quickly. Hence, CSII reduces the risk of
hypoglycemia with ensuing neuronal damage.19 CSII also
allows a better control of hyperglycemia by bolus adminis-
tration. Tubiana-Rufi20 reported experience with the use of
CSII in NDM during 18 years, describing 17 newborns af-
fected by NDM, eight of them with TNDM, and highlighting
how CSII therapy is safe, more physiological and accurate,
and easier to manage than intermittent insulin injections.
Bharucha et al.13 described two infants who attained eu-
glycemia once transitioned to CSII after failing to maintain
glycemic control by subcutaneous insulin injections. Win-
tergerst et al.21 described a premature baby boy with severe
growth retardation who developed diabetes on Day 2 of life.
In this case, glycemic control had been also affected by
medical complications, such as necrotizing enterocolitis,
poor weight gain, and cholestatic jaundice. This required a
continued use of intravenous insulin infusion until Day 108 of
life, when the infant was placed on CSII with success.
Beardsall et al.22 reported the combination of continuous
glucose monitoring and insulin pump therapy in a preterm
infant with neonatal diabetes with satisfactory results, re-
ducing the risk of hypoglycemia.

Despite the obvious benefits, some specific factors should
be considered before starting treatment with an insulin pump.
This treatment requires a dedicated specialized multidisci-
plinary team with experience in managing CSII. Parents need
to be properly educated about the correct use of the pump
before the patient is discharged from the neonatal unit, in
order to be aware of problems associated with insulin de-
livery system, such as checks of line, syringe, and cannula for
kinks and for air bubbles and disconnection, and to be able to
adopt specific corrective measures.13

Insulin glargine, a long-acting recombinant human insulin
analog, is given as a 24-h dosing regimen and has a flat
pharmacokinetics with no peaks. Although this approach
compared with CSII is less physiologic and provides less
control on the amount of insulin administered, dosing insulin
glargine every 12 h allows a short window of time to evaluate
the pharmacokinetics and to better make dose adjustments.
Mitamura et al.23 presented the case of an infant with TNDM
who attained control of blood glucose concentration with
ultralente insulin treatment without any episodes of hypo-
glycemia. Jeha et al.24 described three cases of successful
management of TNDM with insulin glargine, suggesting this
therapeutic approach because of its flat pharmacokinetic
profile, which might prove useful in this condition. Two of
the three cases initially failed transition from intravenously
insulin to subcutaneous NPH insulin, similar to what we have
reported with our second infant. Furthermore, release of in-
sulin glargine depends on the rise in ambient pH upon ad-
ministration, and it is less influenced than other subcutaneous
drugs by the lower regional perfusion and reservoir mass
resulting from minimal subcutaneous tissue. Barone et al.11

reported, for the first time, the successful management of
TNDM in an extremely low-birth-weight neonate with the
long-acting subcutaneous insulin glargine. These authors

believed that the release pattern of glargine, as a truly ‘‘peak-
less’’ insulin, might be ideal for TNDM management during
the neonatal period and early infancy, when patients are
frequently or continuously fed.

Conclusions

The absence of clinical guidelines for the management of
NDM allowed us to practice two different therapeutic ap-
proaches: CSII and long-acting insulin injections. We think
that CSII is the more physiological mode with which to de-
liver insulin, and therefore we prefer it if the patient and the
family do not present contraindications. However, the ex-
perience with our patients indicates that the two different
modes of insulin delivery in the treatment of TNDM are
equally effective and free from complications, particularly
hypoglycemia, if properly managed. Therefore, we believe
that the choice of the best therapeutic approach should take
several factors into account and should be personalized in
order to obtain a fast control of blood glucose levels and
avoid severe complications.
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