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Maturity-onset diabetes of the young (MODY) is part of the
differential diagnosis of diabetes in the paediatric popula-
tion and becomes relevant in those patients with a family
history of diabetes in more than two consecutive genera-
tions (including gestational diabetes), an initial finding of
hyperglycaemia without ketoacidosis and in those with a
negative autoimmune pancreatitis study. It requires a con-
firmatory genetic study.”? Of the 14 subtypes described to
date, mutations in the NEUROD1 gene make up the MODY-
6 subtype. It accounts for a very small percentage (<1%)
within the 1-6% that MODY diabetes represents in all paedi-
atric patients with diabetes.>* However, it is estimated that
both MODY-6 and the MODY diabetes group are underdiag-
nosed, with the alterations being attributed to type 1 or 2
diabetes.'

NEUROD1 mutations were initially linked to the onset of
type 2 diabetes.’ It is now known that homozygous mutations
in the NEUROD1 gene are associated with severe manifesta-
tions (such as neonatal diabetes and neurodevelopmental
disorders) due to expression of this gene in the central ner-
vous system.® It is the heterozygous mutations that cause
the onset of diabetes in childhood or youth and, more rarely,
have been associated with neurodevelopmental disorders.”
NEUROD1 is involved in the maturation of beta cells, in the
pancreatic transcription of insulin by binding to its promoter,
in addition to playing a role in glucose homeostasis by bind-
ing to and activating the promoter of sulfonylurea receptor 1
(SUR1), glucokinase (GCK), glucose 6-phosphatase catalytic
subunit and PAX6.%

We present two clinical cases of MODY-6 diabetes with
onset in the paediatric age.

The first case was a five-year-old Caucasian girl with
no history of interest (physical examination without
dysmorphism and normal psychomotor development and
weight-to-height ratio) with a finding of hyperglycaemia in
tests carried out according to preoperative protocol. She
had no cardinal symptoms. A blood glucose profile was per-
formed with basal glucose levels between 100 and 160 mg/dl
and postprandial levels between 140 and 200 mg/dl. Her lab-
oratory tests showed glycosylated haemoglobin (HbA1c) of
7%, C-peptide 1.26 ng/ml and negative anti-insulin, anti-
GAD and anti-IA2 antibodies. HLA was determined, with

no predisposition to developing type 1 diabetes mellitus.
A molecular study of monogenic diabetes was performed,
revealing a missense mutation (p.Arg158Cys c.472 G>A)
in the NEUROD1 gene not previously described and also
present in the father. She had a long history of diabetes
on the father’s side, although the father had not been diag-
nosed. The patient suffered a worsening of her blood glucose
control and the appearance of cardinal symptoms during
follow-up, as well as an increase in HbA1c (8.5%), so it
was decided to start sulfonylureas (gliclazide 30 mg a day),
despite which good control was not achieved. Therefore,
insulin therapy was started with a basal-bolus regimen and
a low-carbohydrate diet, with control improving since then.
No complications have been observed since diagnosis (less
than one year).

The second case was a seven-year-old girl, also Cau-
casian, who presented with hyperglycaemia in lab tests
carried out in the gastroenterology department (follow-up
for necrotising enterocolitis with intestinal resection in the
neonatal period) and adequate weight-to-height ratio and
psychomotor development. She had a 3-week history of
cardinal symptoms (polyuria and polydipsia) and vaginal can-
didiasis on physical examination. Laboratory tests revealed
HbA1c of 7.3% and negative anti-insulin, anti-GAD and anti-
IA2 antibodies. Given the suspicion of monogenic diabetes
due to significant family history of diabetes with negative
antibodies (her mother was diagnosed with diabetes at 11
years of age, initial control with oral antidiabetics and start
of insulin therapy from the age of 15 along with a history of
diabetes in the maternal line), HLA was determined, which
was not predisposing for type 1 diabetes mellitus, and a
molecular study of monogenic diabetes was performed, with
a mutation in NEUROD1 observed (p.Met114Lys c.341T>A),
also not previously described and present in the mother.
Following that, treatment was started with glibenclamide
10mg daily with good control. There have been no associ-
ated complications since diagnosis (six years).

Treatment guidelines recommend oral antidiabetics or
insulin therapy."® The factors that influence the need for
one treatment or another in each patient are not defined.
This is because evidence is scarce as a result of its low
prevalence. Disparate response to treatment with oral
antidiabetics has been observed in patients from the same
family (with the same mutation) and similar clinical charac-
teristics, with insulin therapy required only in some cases.
The reasons for disparate response to the same treatments
are not fully clear. Various factors have been suggested,
such as incomplete penetrance, increased insulin secretion
in obese patients, or race or ethnicity with their different
capacity for insulin secretion.’® It has been observed that
maternal inheritance of the mutation could predispose a
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patient to the earlier development of diabetes due to factors
such as the intrauterine environment of hyperglycaemia.’
However, none of the factors stated allows us to pre-
dict which treatment will be suited to each patient, and
this should be based on blood glucose controls and the
appearance of complications such as diabetic ketoacido-
sis.

Nor has it been established what control should be per-
formed in terms of the possibility of the onset of vascular
complications. Cases of patients with MODY 6 diabetes and
diabetic nephropathy with advanced-stage chronic kidney
disease at early ages have been reported, although the
greatest severity has been reported in patients with intel-
lectual disabilities, which makes it difficult to establish
how their self-care impacted on the development of their
condition.”

More studies are needed in order to define how diabetes
behaves in these patients and the benefits according to the
therapies used. The low prevalence and the need for genetic
confirmation for its diagnosis make it difficult to gather
enough samples to achieve significant results.

References

1. Nkonge KM, Nkonge DK, Nkonge TN. The epidemiology, molec-
ular pathogenesis, diagnosis, and treatment of maturity-onset
diabetes of the young (MODY). Clin Diabetes Endocrinol.
2020;6(1):20, http://dx.doi.org/10.1186/s40842-020-
00112 -5.

2. Shields BM, McDonald TJ, Ellard S, Campbell MJ, Hyde C,
Hattersley AT. The development and validation of a clinical pre-
diction model to determine the probability of MODY in patients
with young-onset diabetes. Diabetologia. 2012;55(5):1265-72,
http://dx.doi.org/10.1007/s00125-011-2418-8.

3. Hattersley AT, Greeley SAW, Polak M, Rubio-Cabezas O, Njelstad
PR, Mlynarski W, et al. ISPAD Clinical Practice Consensus
Guidelines 2018: The diagnosis and management of monogenic
diabetes in children and adolescents. Pediatr Diabetes. 2018;19
Suppl 27:47-63, http://dx.doi.org/10.1111/pedi.12772.

4. Kim S-H. Maturity-onset diabetes of the young: what do clin-
icians need to know? Diabetes Metab J. 2015;39(6):468-77,
http://dx.doi.org/10.4093/dmj.2015.39.6.468.

5. Malecki MT, Jhala US, Antonellis A, Fields L, Doria A, Orban T,
et al. Mutations in NEUROD1 are associated with the develop-
ment of type 2 diabetes mellitus. Nat Genet. 1999;23(3):323-8,
http://dx.doi.org/10.1038/15500.

6. Demirbilek H, Hatipoglu N, Gul U, Tatli ZU, Ellard S, Flanagan
SE, et al. Permanent neonatal diabetes mellitus and neuro-
logical abnormalities due to a novel homozygous missense
mutation in NEUROD1. Pediatr Diabetes. 2018;19(5):898-904,
http://dx.doi.org/10.1111/pedi.12669.

7. Horikawa Y, Enya M, Mabe H. NEUROD1-deficient diabetes
(MODY®6): identification of the first cases in Japanese and
the clinical features. Pediatr Diabetes. 2018;19(2):236-42,
http://dx.doi.org/10.1111/pedi.12553.

8. Firdous P, Nissar K, Ali S, Ahmad Ganai B, Shabir U, Hassan T,
et al. Genetic testing of maturity-onset diabetes of the young
current status and future perspectives. Front Endocrinol (Lau-
sanne). 2018;9, http://dx.doi.org/10.3389/fendo. 2018.00253.

9. Delvecchio M, Pastore C, Giordano P. Treatment
options for MODY patients: a systematic review
of literature. Diabetes Ther. 2020;11:1667-85,
http://dx.doi.org/10.1007/s13300-020-00864-4.

10. Kuroe A, Fukushima M, Usami M, lkeda M, Nakai M,
Taniguchi A, et al. Impaired beta-cell function and
insulin sensitivity in Japanese subjects with normal glu-
cose tolerance. Diabetes Res Clin Pract. 2003;59(1):71-7,
http://dx.doi.org/10.1016/s0168-8227(02)00177-8.

Ana Isabel Garcia Mufioz*, Maria José Ballester Herrera,
Elena Martin Campagne, Enrique Palomo Atance

Hospital General Universitario de Ciudad Real, Ciudad
Real, Spain

*Corresponding author.
E-mail address: gmanaisabel92@gmail.com
(A.l. Garcia Muhoz).

2530-0180/ © 2022 SEEN and SED. Published by Elsevier Espana,
S.L.U. All rights reserved.

Cystic fibrosis-related diabetes: An m
interdisciplinary diagnosticand
therapeutic challenge

La diabetes relacionada con la fibrosis
quistica: un reto diagnéstico-terapéutico
interdisciplinar

Cystic fibrosis (CF) is the most common autosomal recessive
hereditary disease in Caucasian people, with an incidence
of one in 3000 live births, and is caused by mutations in the
CFTR (cystic fibrosis transmembrane conductance regulator)
gene.

Abnormal lung function is the main factor responsible
for the high mortality rate in patients with CF. However,
advances in respiratory therapy and specialised treatment
of CF over the last few decades have significantly increased

these patients’ life expectancy,’ achieving current mean
survival of more than 30 years. This increase in survival
has led to an increase in extrapulmonary complications,
with cystic fibrosis-related diabetes (CFRD) being the most
common comorbidity. CFRD is a comorbidity caused by
impairment of the endocrine pancreas and constitutes a
determining factor in lung function as well as a marker of
a worse prognosis and a higher mortality rate.?? Its preva-
lence increases with age and its onset is usually preceded
even years ahead by carbohydrate metabolism abnormali-
ties, respiratory worsening and weight loss.* CFRD may be
chronic or intermittent, and it is of multifactorial aetiol-
ogy. CFRD treatment with insulin appears to improve these
patients’ respiratory and nutritional status.’

Lung transplantation is the only treatment available in
end-stage lung disease. The incidence of CFRD in patients
who require lung transplantation is 28.6%.°

The objectives of the study were to assess the diagnos-
tic possibilities that might be offered by continuous glucose

439


dx.doi.org/10.1186/s40842-020-00112{protect 
elax kern .16667em }-5
dx.doi.org/10.1186/s40842-020-00112{protect 
elax kern .16667em }-5
dx.doi.org/10.1007/s00125-011-2418-8
dx.doi.org/10.1111/pedi.12772
dx.doi.org/10.4093/dmj.2015.39.6.468
dx.doi.org/10.1038/15500
dx.doi.org/10.1111/pedi.12669
dx.doi.org/10.1111/pedi.12553
dx.doi.org/10.3389/fendo.{protect 
elax kern .16667em }2018.00253
dx.doi.org/10.1007/s13300-020-00864-4
dx.doi.org/10.1016/s0168-8227(02)00177-8
mailto:gmanaisabel92@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.endien.2022.01.012&domain=pdf

	Alterations in NeuroD1. Infrequent cause of infantile and juvenile diabetes
	References

	Cystic fibrosis-related diabetes: An interdisciplinary diagnostic and therapeutic challenge
	Conflicts of interest
	References

	Mediastinal paraganglioma: Presurgical embolization
	References


