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Abstract:  We report the case of a 12-year-old boy with a glucokinase (GCK) mutation, and 

diabetes with hyperinsulinemia and insulin resistance. For 4 years, the patient intermittently 

received insulin medications Actrapid HM and Protaphane HM (total dose 5 U/day), with 

glycated hemoglobin (HbA
1c

)  levels of 6.6%–7.0%. After extensive screening the patient was 

found to carry a heterozygous mutation (p.E256K) in GCK (MIM #138079, reference sequence 

NM_000162.3). Insulin therapy was replaced by metformin at 1,700 mg/day. One year later, 

his HbA
1c

 level was 6.9%, postprandial glycemia at 120 min of oral glucose tolerance test 

was 15.4 mmol/L, hyperinsulinemia had increased to 508.9 mU/L, homeostasis model assess-

ment index was 114.2 and the Matsuda index was 0.15. Insulin resistance was confirmed by a 

hyperinsulinemic euglycemic clamp test – M-index was 2.85 mg/kg/min. This observation is 

a rare case of one of the clinical variants of diabetes, which should be taken into account by a 

vigilant endocrinologist due to the need for nonstandard diagnostic and therapeutic approaches.
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Introduction
Maturity-onset diabetes of the young (MODY) is a group of monogenic heterozygous 

diseases caused by mutations in more than 13 different genes, resulting in disruption 

of insulin secretion.1 Specifically, heterozygous mutations in the glucokinase gene 

(GCK) may lead to MODY type 2 (MODY2), which is one of the most common forms 

of MODY in a number of countries in Europe and Russia,2–4 and presents diverse phe-

notypes.5 Previously, it was believed that insulin resistance (IR) is characteristic only 

for diabetes mellitus type 2 (DM2), but recently, there have been reports of possible 

IR in patients with MODY.6,7

In this paper, we present a clinical case of a patient with DM with a glucokinase 

(GCK) mutation and significant IR.

Case report
A 12-year-old Caucasian male patient presented with a diagnosis of unspecified DM. 

At the age of 8, it was incidentally discovered that the patient had fasting hyperglyce-

mia (7.7 mmol/L) without clinical symptoms. The oral glucose tolerance test (OGTT) 

showed glucose levels at baseline and 120 min of 6.6 and 12.1 mmol/L, respectively. 

Other findings included the absence of glycosuria and glycated hemoglobin (HbA
1c

) 

level of 6.4%. The patient was diagnosed with DM type 1 (DM1) and prescribed 

Actrapid HM (3 U/day; NovoNordisk A/S, Bagsværd, Denmark) and Protaphane 
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HM (2 U/day;  NovoNordisk A/S). The daily glucose levels 

were 4.0−8.6 mmol/L and his HbA
1c

 levels ranged between 

6.6%–7.7% for 4 years.

At the time of admission (12-years-old), the body mass 

index and height both expressed with standard deviation (SD) 

were 17.3±0.21 kg/m2 and 148.6±0.28 cm, respectively. No 

signs of acanthosis were observed. The daily insulin dose 

was 5 U (0.13 U/kg), blood glucose fluctuated from 4.1 to 

8.2 mmol/L, and glycated hemoglobin was 7.0%. There were 

no signs of dyslipidemia. The OGTT demonstrated impaired 

glucose tolerance (6.5 mmol/L at baseline, 8.9 mmol/L on 

120 min), pronounced hyperinsulinemia (immunoreactive 

insulin [IRI] from 321.3 mU/L up to 442.1 mU/L), and IR 

(Caro index 0.02 [normal >0.2], homeostasis model assess-

ment [HOMA] 92.82 [normal <3.4]). 

Glutamic acid decarboxylase, islet cell, insulin, and 

tyrosine phosphatase antibodies were negative. Typing for 

HLA-protective haplotypes revealed the presence of DM1 

protective haplotypes DRB1*1313, DQA1*0103, and 

DQB1*0602-8. The patient had no family history of glucose 

metabolism disorders (Figure 1).

Considering the mild course of the disease during the 

previous 4 years, despite pronounced IR, the GCK nucleo-

tide sequence was analyzed using polymerase chain reaction 

followed by direct sequencing. A heterozygous mutation 

(p.E256K) was identified in GCK (MIM #138079, reference 

sequence NM_000162.3). After the genetic testing, insulin 

therapy was cancelled and metformin (1,000 mg/day) was 

prescribed.

The patient’s parents also had molecular genetic testing 

done. The nucleotide sequence of exon 7 of GCK (Gene ID 

2645) was analyzed using polymerase chain reaction followed 

by direct sequencing. There were no mutations in the nucleo-

tide sequence of exon 7. Because of ethical considerations, 

genetic paternity test was not performed.

A year later, patient parameters were assessed: 1) height 

(SD), 155.4 cm (0.05); 2) body weight, 44 kg; 3) body mass 

index (SD), 18.22 kg/m2 (0.0); and 4) Tanner development, 

stage 4. The blood glucose ranged from 6.4 to 10.1 mmol/L. 

HbA
1c

 level was 6.9%. According to his OGTT results, there 

was deterioration of glucose metabolism (glycemia after 

2 h was 15.4 mmol/L), hyperinsulinemia increased (up to 

508.9 mU/L) and IR (HOMA index 114.26, Matsuda index 

0.15) (Table 1). During a mixed-meal glucose tolerance test, 

the glycemic rate was high. However, daily fluctuations of 

the blood glucose were between 6.4 and 10.1 mmol/L, which 

corresponded with an HbA
1c

 of <7%. 

A hyperinsulinemic euglycemic clamp test, the gold 

standard for the study of IR, was performed for the patient.

The rate of insulin infusion in this patient was 1.0 mU/kg/min, 

and the M-index (glucose disposal rate) was 2.85 mg/kg/min. 

For adults, a normal M-index is >6.0 mg/kg/min, and a value 

<2 mg/kg/min indicates a moderate IR. There is no established 

normal range for adolescents. Even taking into account the 

physiological IR of adolescence, we considered these results 

Table 1 the results of oGtt 1 year after the initial survey

time, min 0 30 60 90 120
Glucose, mmol/L 6.4 11.0 13.1 14.6 15.4
IRI, mU/L 401.7 475.0 481.7 508.9 487.4

Abbreviations: IRI, immunoreactive insulin; oGtt, oral glucose tolerance test.

Figure 1 Genealogical analysis.
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to confirm IR in our patient. A  hyperinsulinemic–euglycemic 

clamp test confirmed the presence of IR in this patient.

Owing to the increased IR, metformin dose was increased 

to 1,700 mg/day. After 6 months from increasing the dose, 

the glycemic profile showed no significant improvement of 

glycemic control. The HbA
1c

 level was 6.6% and an OGTT 

demonstrated increased glycemia and IRI after 60 and 120 

min without significant changes in IR (HOMA index was 

112.86, Matsuda index 0.12) (Table 2).

The following genes were analyzed on an Ion Torrent 

sequencing system with a custom DM-HI (monogenic 

forms of diabetes, hyperinsulinism) AmpliSeq panel: GCG, 

GLUD1, WFS1, HNF1A, GCK, INS, HNF1B, ABCC8, 

HNF4A, RFX6, PTF1A, NEUROD1, AKT2, ZFP57, 

INSR, EIF2AK3, PPARG, PAX4, PDX1, GLIS3, KCNJ11, 

SLC16A1, FOXP3, BLK, CEL, KLF11, SCHAD and GCGR 

(total coverage 96.5%). The analysis showed the presence of 

the same p.E256K mutation in GCK gene. Thus, the diagno-

sis of MODY2 can be confirmed by performing molecular 

genetic testing twice. There were no mutations in other 

tested genes, including INSR and PPARG. We did not test 

for mutations in other genes such as those responsible for 

lipodystrophy-associated insulin resistant diabetes mellitus, 

including gene LMNA, because there were no clinical signs 

of lipodystrophy.

Discussion
The presented case of diabetes in a young boy with a GCK 

mutation, with increasing hyperinsulinemia and IR results 

recorded during 18 months of observation is a vivid clinical 

illustration of mutation-associated IR confirmed by hyper-

insulinemic euglycemic test. The course of diabetes was 

mild, with no need for insulin injections and no effect of 

biguanide drugs. 

The diagnosis of MODY2 was confirmed twice by 

molecular genetic testing. The absence of a family history 

of this gene indicated a de novo mutation in the child. The 

proband mutation, p.E256K, in the gene GCK was described 

in 1993 by Gidh-Jain et al and was shown to cause non-

insulin dependent DM.8 This mutation, p.E256K, is rare in a 

population (8.29×10−6).9 However, the p.E256K mutation has 

been described in several cases: two families in Spain;10 three 

families in Sweden;3 and five families in the Netherlands3.

The high IRI level, in combination with IR, are unusual 

in the known MODY subtypes. In a small study, Guenat 

et al demonstrated that IR may be present in MODY2 and 

may be caused by counter-regulatory responses to hyper-

glycemia because of an increase in glucagon secretion and 

activation of gluconeogenesis in the liver.11 Clément et al 

showed lower insulin sensitivity in MODY2 compared with 

a healthy control group (glucose infusion rate 3.38+3.10 vs 

8.08+3.79 mg×kg bw-1×min-1 [P=0.005]).12

Usually in children and adolescents without glucose 

metabolism impairment and with MODY2 a pubertal 

increase in insulin secretion is observed, but it is lower than 

that in the described case.13,14 Despite a high insulin level, a 

discrepancy between high HOMA index of IR and mild IR 

levels according to the hyperinsulinemic–euglycemic clamp 

test was evident. 

Measured IRI levels were significantly higher than those 

seen in DM2. At the onset of DM2 in adolescents, insulin 

levels (median [Q25; Q75]) were 19.3 mcU/mL (12.0, 33.7), 

105.6 mcU/mL (67.2, 176.9), and 154.3 mcU/mL (70.6, 

236.2) at 0, 60, and 120 min during OGTT, respectively.15

Simultaneous presence of a GCK mutation and IR in a 

patient with DM is extremely intriguing, and a nosological 

interpretation of the case remains unclear. The development 

of MODY2 in combination with DM2, or a direct connection 

between the mutation and development of DM2, cannot be 

excluded. The absence of obesity does not contradict the diag-

nosis of DM2 because 10%–50% of both children and ado-

lescents with DM2 are not obese in different populations.15 

It is unclear how the defective β-cells could respond by 

production of such high insulin levels under IR conditions. 

This case study and analysis of published data demon-

strates the heterogeneity of clinical manifestations in some 

cases of GCK-MODY. Such rare observations generate even 

more interest in solving the puzzle of what appears to be 

the mildest form of MODY. For the practitioner, observa-

tions presented in this paper indicate the need for attention 

and in-depth clinical examination of each case for a mild, 

insulin-independent course of diabetes in children and 

adolescents.

Conclusion
Non-typical cases of diabetes in children require nonstan-

dard diagnostic and treatment approaches. The combination 

of different causes of impaired glucose metabolism may 

manifest in non-typical forms of diabetes. Further studies 

Table 2 oGtt results 18 months after beginning metformin 
treatment

time, min 0 60 120
plasma glucose, mmol/L 5.9 16.2 16.2
IRI, mU/L 430.4 501 508.4

Abbreviations: IRI, immunoreactive insulin; oGtt, oral glucose tolerance test.
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are required to study the potential genetic link of DM2 and 

MODY.

Acknowledgments
This study was supported by grant number 14-25-00181 of 

the Russian Science Foundation.

Written informed consent was obtained from the patient 

and patient’s family for this case presentation.

Disclosure
The authors report no conflicts of interest in this work.

References 
 1.  Murphy R, Ellard S, Hattersley AT. Clinical implications of a molecu-

lar genetic classification of monogenic β-cell diabetes. Nat Clin Pract 
Endocrinol Metab. 2008;4(4):200–213.

 2.  Pihoker C, Gilliam LK, Ellard S, et al. Prevalence, characteristics and 
clinical diagnosis of maturity onset diabetes of the young due to muta-
tions in HNF1A, HNF4A, and glucokinase: results from the SEARCH 
for Diabetes in Youth. J Clin Endocrinol Metab. 2013;98(10):4055–4062.

 3.  Osbak KK, Colclough K, Saint-Martin C, et al. Update on mutations in 
glucokinase ( GCK ), which cause maturity-onset diabetes of the young, 
permanent neonatal diabetes, and hyperinsulinemic hypoglycemia. Hum 
Mutat. 2009;30(11):1512–1526.

 4.  Zilberman L, Sechko E, Peterkova V, Kuraeva T, Ivanova O. Abstracts 
of the 50th EASD Annual Meeting. Clinical features of MODY2 in  
children and adolescents in Russian Federation. Diabetologia. 2014; 
57(S1):159. Available from: http://link.springer.com/article/10.1007%
2Fs00125-014-3355-0.

 5.  Borowiec M, Mysliwiec M, Fendler W, et al. Phenotype variability and 
neonatal diabetes in a large family with heterozygous mutation of the 
glucokinase gene. Acta Diabetol. 2011;48(3):203–208.

 6.  Umpaichitra V, Banerji MA, Castells S. Autoantibodies in children with 
type 2 diabetes mellitus. J Pediatr Endocrinol Metab. 2002;15(Suppl1): 
525–530.

 7.  Wilkin TJ. The accelerator hypothesis: weight gain as the missing 
link between Type I and Type II diabetes. Diabetologia. 2001;44(7): 
914–922.

 8.  Gidh-Jain M, Takeda J, Xu LZ, et al. Glucokinase mutations associated 
with non-insulin-dependent (type 2) diabetes mellitus have decreased 
enzymatic activity: implications for structure/function relationships. 
Proc Natl Acad Sci U S A. 1993;90(5):1932–1936.

 9.  exac.broadinstitute.org [Internet]. ExAC Browser (Beta) | Exome 
Aggregation Consortium. Available from: http://exac.broadinstitute.
org/variant/7-44187347-G-A. Accessed October 10, 2016. 

10.  Estalella I, Rica I, Perez de Nanclares G, et al. 2007. Mutations in GCK 
and HNF-1alpha explain the majority of cases with clinical diagnosis 
of MODY in Spain. Clin Endocrinol (Oxf). 67(4):538–546.

11.  Guenat E, Seematter G, Philippe J, Temler E, Jequier E, Tappy L. Coun-
terregulatory responses to hypoglycemia in patients with glucokinase 
gene mutations. Diabetes Metab. 2000;26(5):377–384.

12.  Clément K, Pueyo ME, Vaxillaire M, et al. Assessment of insulin sen-
sitivity in glucokinase-deficient subjects. Diabetologia. 1996;39(1): 
82–90.

13.  Calcaterra V, Martinetti M, Salina A, Aloi C, Larizza D. The coexistence 
of type 1 diabetes, MODY2 and metabolic syndrome in a young girl. 
Acta Diabetol. 2012;49(5):401–404.

14.  Gungor N, Saad R, Janosky J, Arslanian S. Validation of surrogate 
estimates of insulin sensitivity and insulin secretion in children and 
adolescents. J Pediatr. 2004;144(1):47–55.

15.  Eremina IA, Kuraeva TL, Zilberman LI, Mayorov AY, Koksharova EO. 
Clinical polymorphism of type 2 diabetes in children — the first study 
in Russia. Probl Endocrinol. 2015;61(6):10–16.

 
In

te
rn

at
io

na
l M

ed
ic

al
 C

as
e 

R
ep

or
ts

 J
ou

rn
al

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/ b

y 
54

.7
0.

40
.1

1 
on

 1
1-

D
ec

-2
01

8
F

or
 p

er
so

na
l u

se
 o

nl
y.

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

www.dovepress.com
www.dovepress.com
www.dovepress.com
http://link.springer.com/article/10.1007%2Fs00125-014-3355-0
http://link.springer.com/article/10.1007%2Fs00125-014-3355-0

	OLE_LINK11
	OLE_LINK16
	OLE_LINK15
	OLE_LINK12
	OLE_LINK13
	OLE_LINK14
	_GoBack
	OLE_LINK24
	OLE_LINK1
	OLE_LINK32
	OLE_LINK33
	OLE_LINK43
	OLE_LINK44
	OLE_LINK9
	OLE_LINK10
	OLE_LINK26
	OLE_LINK17

	Publication Info 4: 
	Nimber of times reviewed 4: 


