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Abstract
Congenital hyperinsulinism is a rare disorder of insulin-producingbeta-cells affecting 1 in 50,000 

newborns. Individuals with congenital hyperinsulinism have frequent episodes of hypoglycemia due to 
inappropritate plasma insulin levels for the blood glucose level. Some forms of congenital hyperinsulinism-
resolve spontaneously and are transient, whereas others persist for longer and are considered permanent. 
The main risk groups for developing transienthyperinsulinaemic hypoglycemia aresmall for gestational 
age newborns, those subjected to hypoxic fetal distress and those born to mothers with diabetes mellitus.

At least 14 further genes have to harbor causative mutations in individuals with congenital hyperinsulinism, 
including the Glucokinase gene which encodes the “glucose sensor” for the beta cells. These dominantly 
acting mutations increase the enzymatic activity of Glucokinase gene and often arise spontaneously.

The clinical severity of congenital hyperinsulinism varies widely among patients, even among the 
individuals with the same genetic aetiology. Not all children with congenital hyperinsulinism experience 
hypoglycemia right after birth or during the first month of life (60-65%). Almost 30% of affected individuals 
develop hypoglycemic episodes during infancy. The main clinical symptoms are irritability, sleepiness, 
lethargy, hunger and tachycardia, as wellas weakness, tiredness, confusion, tachycardia and aggressive 
behaviours. More severe symptoms, such as seizure and coma, occur after prolonged hypoglycemia or due 
to a rapid drop of blood glucose level. Recurrent moderate hypoglycaemias, as well as severe hypoglycemic 
episodes may cause brain injury and cognitive impairment in the longterm.With early treatment and careful 
prevention of hypoglycemic episodes the brain damage can be prevented.

There are no previous reports of congenital hyperinsulinism from Armenia.In this manuscript we describe 
3 cases of congenital hyperinsulinism from Armenia who presented with different clinical phenotypes and 
report the results of genetic testing. Current cases are the first reports from Armenia, and can serve as a 
base for increase awareness of congenital hyperinsulinism in the relevant country.
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Hospital with a diagnosis of epilepsy and underwent 
an EEG and a brain MRI scan and started on anti-
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epileptic therapy.However, further investigations 
confirmed that the seizures were due tosevere hypo-
glycemic episodes (blood glucose level ranged 
0.2-0.9mmol/l). At the admission the blood glucose 
level was 1.1mmol/l and the simultaneous serum in-
sulin was 7.4mU/l, confirming the biochemical diag-
nosis of hyperinsulinemic hypoglycemia (with nega-
tive ketone bodies in the urine). There wasno any 
syndromic and dysmorphic features.The family his-
tory was unremarkable. She was commenced on di-
azoxide (maximum dose of 13.5 mg/kg/day) and her 
intravenous glucose infusion was weaned off. On the 
diazoxide she was able to maintain her blood glucose 
levels between 3.3-4.9mmol/l. Feeding plan of low-
carb diet was performed with fasting intervals not 
longer than 4 hours and included overnight boluses. 
Molecular genetic analysis of KCNJ11, ABCC8, 
GLUD1, GCK, HADH, HNF4A, INSR, KDM6A, 
KMT2D, SLC16A1, CACNA1D, PMM2, TRMT10A 
and HNF1A (CHI known genetic panel)was per-
formed by targeted next generation sequencing, how-
ever no mutations were identified. The patient is cur-
rently2 years old with clinical features of marked 
hirsutism as a side effect of diazoxide and develop-
ment delay with delay in gross motor skills.

Case 2. The male Caucasian child was admitted 
to the Endocrinology Department of “Muratsan” 
University Hospital at the age of 2 yearswith hypo-
glycemia (blood glucose level of 2.5mmol/l). In the 
past history he had two episodes of remarkable gen-
eral weakness and fatigue, which were transient and 
did not require hospitalization.The patient was 
started on diazoxide,and the lowest-effective dose 
was titrated as 13mg/kg/day.Molecular genetic anal-
ysis of 14 known hyperinsulinism genes was per-
formed which identified anovel mosaic likely dis-
ease-causing variantin GCK. The found mutation of 
GCKis described as NM_000162.4:c.1340G>T p.
(Arg447Leu) located Chr7:g.44184793. The muta-
tion was present at approximately 30% in the child’s 
leukocyte DNA. Testing of the unaffected parents 
did not detect the mutation, confirming that the mu-
tation had arisen de novo in the child.The child is 3 
years old now and is currently on diazoxide (11mg/
kg/day) and has severehirsutism. Despite being on 
this dose of diazoxide he still has occasional  epi-
sodes of hypoglycemia due to family incompliance 
to the prescribed treatment. Developmentally he 
seems appropriate. 

Case 3. An8.5-months oldmale was admitted to 
the ICU department of “Arabkir” Medical Center 
with severe weakness and a blood glucose level of 
1.33mmol/l.In his previous history he had seizures 
(no blood glucose level was measured)but did not 
require hospitalization.An intravenous glucose in-
fusionwas started immediately: the averagerate was 
15-17mg/kg/min.Molecular genetic analysis of the 
CHI known genetic panel  was performed by tar-
geted next generation sequencing, however no mu-
tations were identified. The child is 1 years old now 
and takes diazoxide (7.5-8mg/kg/day) with positive 
response and appropriate glycaemic control.

The summary of phenotype-genotype peculiari-
ties of presented cases are described in the Table 1.

Informed consent was obtained from the  par-
ents for the discription of case reports.

Discussion.

There is a great variability in clinical findings 
and severity in patients presenting with CHI. Dif-
ferences are found between age of clinical presen-

Table 1. 
Clinical findings, medication dosage and labora-

tory results of currently reported patients with hy-
perinsulinemic hypoglycemia.

Variables Patient
1 2 3

Birth weight (kg) 3.1 4.7 3.690
Gestation (weeks) 39 40 40
Age at presentation 5 months 2 years 9 months
Seizure + - +
BMI (kg/m2) 13.5 21 18.4
Glucose at admission 
(mmol/l)

1.1 2.5 1.33

HbA1c (%) at 
presentation

2.9 3.1 3.0

HbA1c %) second 
measurement

3.5 4.1 4.2

Insulin level at the 
admission 
(NR=2.6-24.9mU/ml)

7.74 121.3 13.2

Diazoxide dose at the 
diagnosis (mg/kg/day)

13.5 13.3 10.5

Diazoxide-sensitive + + +
Genetic testing No 

known 
mutation

Mosaic 
mutation 
in GCK

No known 
mutation
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variation, which is evidenced by a significant 
ExAC constraint score (PP2_Supporting). It is 
given, that the p.Arg447 residue is conserved 
across 20 species and has a consurf scoreof 9. The 
p.(Arg447Leu) variant is predicted by SIFT, Poly-
Phen and AlignGVGD to have adeleterious effect 
on protein function (PP3_Supporting). Summariz-
ing the above mentioned the found mutation is 
likely pathogenic for the currently described child.
The probability of future risk of having an affected 
child in this patient depends on the level of mosa-
icism in germ cells butcould be up to 50%.

What is new? 

•	 We introduce first case reports of congenital hy-
perinsulinism from the Republic of Armenia.

•	 We report clinically milder and later-onset clini-
cal manifestationsin a patient with a GCK mis-
sense mutation, compared with the patients 
without a known mutation. The patient without 
known genetic mutation developed hypoglyce-
mia earlier  (at the age of 5 months) and more 
severe (with seizures and glucose =1.1mmol/l) 
than the the child with GCK mutation, who pre-
sented with hypoglycemic clinical symptoms at 
the age of 2 years with less severity, without sei-
zures. 

•	 The first child required almost the same or even 
higher starting dose of diazoxide and now has 
significant developmental delay, comparing to 
the second  and third children.

tation, severity of hypoglycemia and clinical 
symptoms, and the dose of diazoxide required for 
the management of the disease in both thosewith 
and without known genetic mutations.There is no 
strong genotype-phenotype correlation in many 
patients with CHI. Common specific symptoms for 
genetically “negative” but diazoxide-sensitive pa-
tients are not described, that could be pathogno-
monic for differential diagnosis and prognosis.As 
shown in theTable 1we present a case with mild 
clinical symptoms ina child with a confirmed GCK 
mutation, as well as two cases of CHI, having no 
known genetic mutations.Further research is 
needed to identify new molecular mechanisms of 
diazoxide responsive CHI.

The 2ndchild is mosaic for a novel GCK mis-
sense variant, p.(Arg447Leu), the level of mosa-
icism in leukocyte DNA was at least 30%, consis-
tent with a post-zygotic variant. This activating 
variant of GCK mutation is likely to be disease-
causing according tothe American College of Med-
ical Genetics and Genomics (ACMG) and the As-
sociation for Molecular Pathology (AMP) guide-
lines (Evidence code-level), published by Richard 
et al, 2015[Richards S et al., 2011]. Based on up-
dated ACGS Practice Guideline, 2020 the found 
p.(Arg447Leu)variant has not been reported in the 
gnomAD database (PM2_Moderate), is not present 
in either parent and is characterized as de novo 
variant(PM6_Moderate) [Ellard S et al., 2020].
The GCK gene has a low rate of benign missense 
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