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Summary

We report a case of an 11-year-old girl presenting with a new diagnosis of diabetes associated with a heterozygous 
missense mutation in the insulin receptor (INSR) gene. This case highlights that INSR gene variants can be a cause for 
monogenic diabetes in children and adolescents and the need for genetic evaluation in atypical presentations of diabetes. 
We also describe the possible role of metformin in treating individuals with type A insulin resistance syndrome due to 
INSR gene variants.
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Learning points:

•• Insulin receptor (INSR) gene variants can be a cause of monogenic diabetes in children and adolescents.
•• Genetic evaluation should be considered in children and adolescents with type 2 diabetes (T2D), particularly where 

there is an atypical presentation and/or positive family history.
•• Metformin may have a role in the treatment of type A insulin resistance syndrome due to heterozygous mutation 

of the INSR gene.

Background

Monogenic diabetes is an autosomal, dominantly inherited 
condition and is increasingly being identified as a cause for 
diabetes in children and adolescents (1). While prevalence 
varies between populations, it is estimated that monogenic 
diabetes contributes to 1–2% of diagnosed diabetes cases 
in children and adolescents (1). At least 30 genes have 
been implicated in monogenic diabetes, and the most 
commonly seen genetic mutations being those associated 
with maturity-onset diabetes of the young and occurring 
in hepatocyte nuclear factor (HNF1A), glucokinase (GCK) 
or HNF4A (1, 2, 3).

Mutations in the INSR gene resulting in severe insulin 
resistance and hyperglycaemia are a less common cause 
of monogenic diabetes in children and adolescents (4, 5).  
Over 150 INSR genetic variants have been identified 

resulting in a spectrum of insulin resistance syndromes of 
varying severity, including Donohue syndrome, Rabson–
Mendenhall syndrome and type A insulin resistance 
syndrome; a syndromic form of diabetes that can present 
in childhood or early adulthood (1, 6).

Genetic testing for monogenic causes of diabetes has 
become increasingly available for patients with diabetes 
(2, 7) and should be considered in patients presenting 
with hyperglycaemia who have at least two generations of 
family members diagnosed with diabetes before 25 years of 
age and negative islet-cell antibodies (8, 9).

We report a case of an 11-year-old girl presenting with 
severe insulin resistance and hyperglycaemia meeting 
criteria for diabetes, associated with a heterozygous 
missense mutation, His1157Arg, in the INSR gene.
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Case presentation

An 11-year-old Caucasian girl was referred to outpatient 
paediatric endocrinology for evaluation of severe 
acanthosis nigricans and hyperinsulinaemia. She was born 
via vaginal delivery at term, following an uncomplicated 
pregnancy, with a weight of 2.268 kg (5.0 pounds; <5th 
centile). Her past medical history included a presumed 
urinary tract infection at 5 weeks of age, tonsillectomy at  
4 years of age and possible Kawasaki disease.

The patient’s mother had been concerned regarding 
acceleration in weight, particularly of the abdominal 
region in the 2 years preceding her initial endocrinology 
consultation. For the same period of time, her mother had 
noted an ‘axillary rash’ confirmed as acanthosis nigricans 
on examination. Family history was significant for T2D in 
a number of second-degree relatives on both sides of the 
family including her paternal grandmother.

Her height was 146.8 cm (50th centile; consistent with 
mid-parental height 25th–50th centile) and weight 69 kg 
(>97th centile) with BMI 32 kg/m2 (>97th centile). Her 
blood pressure was 118/71 (95th–97th centile). She was 
Tanner stage 2 for pubic hair and breast development with 
mild clitoromegaly. There was marked acanthosis in the 
axillary and inguinal regions. Hirsutism and acne, other 
clinical signs of hyperandrogenism, were not evident on 
examination.

Investigation

The following investigations were organised; glycated 
haemoglobin (HbA1c), fasting insulin, full blood count, 
iron studies, 24 h urinary cortisol, follicle-stimulating 
hormone (FSH), luteinising hormone (LH), thyroid 
function test, liver function test, fasting lipids and  
bone age.

Her HbA1c was markedly elevated at 9.2% consistent 
with a diagnosis of diabetes (HbA1c > 6.5%) despite 
two previously normal fasting blood glucose levels in 
the prior months. In addition, her fasting insulin was 
markedly elevated at 220 mU/L (<12) and C peptide 2.10 
nmol/L (0.2–0.9) with concomitant fasting glucose of 
4.8 mmol/L. Alanine aminotransferase (ALT) and FSH 
were both mildly elevated at 34 U/L (<30) and 7 U/L 
(<6), respectively. Other results were normal, and there 
was no evidence of haemoglobinopathy. Her bone age 
was concordant with her chronological age, and she 
had normal urinary cortisol levels that made a diagnosis 
of simple virilising congenital adrenal hyperplasia  
less likely.

Treatment

Following these results, the patient was admitted to the 
hospital for glucose profiling for 24 h with blood glucose 
readings 3.9–8.7 mmol/L. She was commenced on 
metformin 500 mg XR once a day, and both she and her 
family received education regarding lifestyle modifications. 
Within 2 weeks of commencing treatment, her HbA1c had 
improved to 7.9%; there was no evidence to suggest her 
haemoglobin had decreased and may have affected this 
result. Her blood pressure was also normotensive at 100/60.

Outcome and follow-up

This patient did not have a first-degree relative with 
diabetes; however, her young age, normal fasting blood 
glucose in the setting of severe insulin resistance with 
markedly elevated insulin levels, absence of other features 
commonly seen with type 2 diabetes (hyperlipidaemia 
and/or deranged liver function) and strong family history 
of second-degree relatives diagnosed with diabetes at a 
young age, raised the possibility of a monogenic cause 
for diabetes. Genetic testing was performed with consent 
from her father. Massively parallel sequencing using a 
custom cardiometabolic gene panel with targeted analysis 
of monogenic diabetes genes (HNF4A, GCK, HNF1A, PDX1, 
HNF1B, NEUROD1, CEL, INS, ABCC8, KCNJ11, INSR, PLIN1, 
PPARG, LMNA) identified a heterozygous INSR missense 
variant (a variant in one copy of the INSR gene while 
the other was normal) in exon 19, NM_000208.4(INSR): 
c.3470A>G, p.(His1157Arg). The variant was classified as 
‘likely pathogenic’ according to the 2015 American College 
of Medical Genetics and Genomics criteria (10) based 
on the variant’s absence from the gnomAD population 
database; its presence, in other cases, that insulin resistance 
due to INSR gene variants has a specific phenotype and 
is mainly caused by missense variants and that in silico 
algorithms predict an effect of the variant on INSR protein 
function. The patient and her family were referred for 
genetic counselling, though, to date, neither parent has 
had genetic testing performed. However, as neither parent 
has been diagnosed with diabetes or insulin resistance, we 
speculate the variant has occurred de novo.

Three months after her initial diagnosis, the patient’s 
HbA1c had further improved to 6.0% with 500 mg 
metformin XR and lifestyle modifications. Her weight 
remained stable at 68.3 kg (previously 69 kg at initial 
visit). During this appointment, she described symptoms 
suggestive of hypoglycaemia on a number of occasions 
(shakiness and light-headedness) that improved with food 
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intake, an unusual phenomenon on metformin alone. 
Unfortunately, no blood glucose levels were taken at this 
time to provide confirmation of hypoglycaemia; however, 
she has been instructed to perform a blood glucose check 
prior to any oral intake in case of a further event.

Discussion

We report the case of an 11-year-old girl presenting with 
severe insulin resistance and hyperglycaemia due to a 
heterozygous INSR mutation. The His1157Arg missense 
variant in exon 19, while absent from gnomAD population 
database (~250 000 alleles), has been described in the 
literature previously in two sisters who had presented with 
severe insulin resistance at ages 15 and 11 years (11). Due 
to the legacy numbering of amino acids, the variant was 
previously referred to as His1130Arg (11). In an Iranian study 
seeking to identify INSR variants in T2D patients, a similar 
variant affecting the same amino acid, p.His1157Gln, 
was found in two patients, but clinical details were not 
included (12). The INSR gene is located on autosome 19, 
and its product consists of two alpha-subunits and two beta 
subunits (13). Exons 12–22 encode the beta subunit and 
mutations in this result in inhibition or decrease of tyrosine 
kinase activity in the receptor signalling pathway (13).

Mutations in INSR have been implicated in the 
impairment of insulin signalling pathways resulting 
in severe insulin resistance syndromes (13, 14). Most 
INSR mutations have a dominant-negative effect, with 
the defective receptor interfering with normal receptor 
function (9). No strong genotype–phenotype correlation 
is evident (14); however, heterozygous mutations in the 
beta subunit, as seen in our case, are thought to result in 
a milder phenotype as seen in type A insulin resistance 
syndrome (13, 14). Type A insulin resistance syndrome 
has an incidence of 1 in 100 000, and clinical features 
include severe hyperinsulinaemia, hyperandrogenism 
and acanthosis nigricans (13). While our case did not 
have biochemical measurement of androgens performed, 
clinically she had features suggestive of hyperandrogenism 
(mild clitoromegaly) in addition to the other features of type 
A insulin resistance syndrome (severe hyperinsulinaemia 
and acanthosis nigricans). The clinical picture is usually 
more severe in females than males, and features typically 
appear at pubertal age, as occurred in the case patient (9, 13).  
This reflects what is already known regarding insulin 
resistance and its relationship to puberty; the peak age for 
children to be diagnosed with T2D is mid-puberty (15). 
During puberty, there is an increase in growth hormone 
secretion and it is believed this causes insulin resistance 

(15). Further, insulin resistance has been shown to be 
greater in females than males from early childhood to mid-
puberty (16).

Early in the disease process, postprandial hypoglycaemia 
may occur secondary to hyperinsulinaemia (13). Diabetes 
occurs when beta-cell function is unable to compensate for 
severe insulin resistance (17). Time to overt diabetes varies 
and has been reported as early as 9 years of age (18). However, 
in some patients, diabetes has not occurred until decades 
following the identification of an INSR mutation (17).

Due to the rarity of this variant, there are no guidelines 
to suggest optimal treatment. Metformin is an insulin-
sensitising agent that works to increase peripheral 
utilisation of glucose (19). Metformin potentiates the 
phosphatidylinositol-3’ kinase pathway of insulin receptors, 
reducing insulin resistance and providing possible utility in 
the management of INSR mutations (19). However, it has 
been shown to have a variable effect in the treatment of type 
A insulin resistance syndrome due to beta-subunit mutations 
(19). An adolescent female with type A insulin resistance 
syndrome secondary to a missense variant in exon 17, which 
also affects the beta subunit, showed an improvement 
in insulin resistance secondary to metformin treatment 
(19). Both androgen and insulin levels improved after the 
commencement of treatment in that case (19). Two other 
young females with severe insulin resistance secondary to 
insulin receptor mutations have also shown optimisation of 
glycaemic control with the initiation of metformin (20). The 
elder of the above-mentioned sisters with INSR His1157Arg 
was initially treated with GnRH agonist and metformin and 
when reached an appropriate age for puberty, estrogen–
progestin pill and metformin (11). An oral glucose tolerance 
test (OGTT) was performed after the commencement of 
metformin; however, no favourable effect was seen (11). 
The second sister did not receive metformin as her older 
sister had shown insufficient efficacy in therapy (11). Our 
case was managed with metformin and lifestyle changes 
and showed an improvement in glycaemic control (9.2–6%) 
within 3 months of diagnosis. This was in the setting of 
lifestyle modifications with weight maintenance, though no 
significant weight loss. A study investigating the glycaemic 
improvement of T2D children and adolescents treated with 
metformin (mean daily dose of 1798 mg) for 16 weeks showed 
an improvement in HbA1c from 8.2% ± 1.3% to 7.5% ± 0.2% 
(19). Our case showed a much more dramatic improvement 
in HbA1c on a small dose (500 mg XR) in a similar timeframe 
(14 weeks). This suggests that metformin may have a role in 
patients with INSR variants.

The difference in glycaemic outcomes seen with the 
initiation of metformin in patients with INSR variants 
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may be a result of residual beta-cell function at the time of 
commencement. In type 2 diabetes, metformin treatment 
failure is associated with lower beta-cell function (21). 
It is possible that our case patient may have had greater 
residual beta-cell function at metformin commencement 
compared to previous cases where metformin was shown 
to be ineffective. This is supported by the fact that some 
patients with INSR variants require high-dose insulin 
therapy in later stages of the disease process (20).

Despite hypoglycaemia being an uncommon side 
effect of metformin monotherapy, our patient described 
symptoms consistent with this at a follow-up appointment. 
Heterozygous mutations of the INSR gene, including 
those associated with type A insulin resistance syndrome, 
are commonly associated with hypoglycaemia post-
prandially, with multiple cases reported in the literature 
(20, 22). The mechanism behind this is thought to be due 
to decreased hepatic clearance of insulin and thus leading 
to hyperinsulinism (22).

Genetic evaluation for monogenic causes of diabetes 
is becoming more readily available and may enable more 
targeted management in patients and screening of family 
members (5). It has also seen patients’ diagnoses reclassified 
and received a change in management (i.e. from insulin 
to oral hypoglycaemic agents) (5). The atypical features 
in this case (normal lipid profile, only mildly elevated 
ALT, normal fasting blood glucose) in the setting of severe 
insulin resistance prompted referral for genetic testing. 
This was despite most reported cases of monogenic diabetes 
being non-obese (1). The present study, however, found 
that 4.5% of overweight/obese children and adolescents 
with T2D had a monogenic cause for diabetes (23).
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