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Abstract

Context—Mutations in the KCNJ11 and ABCC8 genes encoding the pancreatic β-cell KATP 

channel have recently been shown to be the most common cause of permanent neonatal diabetes 

mellitus (PNDM). Information regarding the frequency of PNDM has been based mainly on 

nonpopulation or short-term collections only. Thus, the aim of this study was to identify the 

incidence of PNDM in Slovakia and to switch patients to sulfonylurea (SU) where applicable.

Design—We searched for PNDM patients in the Slovak Children Diabetes Registry. In insulin­

treated patients who matched the clinical criteria for PNDM, the KCNJ11 or ABCC8 genes were 

sequenced, and mutation carriers were invited for replacement of insulin with SU.

Results—Eight patients with diabetes onset before the sixth month of life without remission 

were identified since 1981, which corresponds to the PNDM incidence in Slovakia of one case in 

215,417 live births. In four patients, three different KCNJ11 mutations were found (R201H, H46Y, 

and L164P). Three patients with the KCNJ11 mutations (R201H and H46Y) were switched from 

insulin to SU, decreasing their glycosylated hemoglobin from 9.3–11.0% on insulin to 5.7–6.6% 

on SU treatment. One patient has a novel V86A mutation in the ABCC8 gene and was also 

substituted with SU.

Conclusions—PNDM frequency in Slovakia is much higher (one in 215,417 live births) than 

previously suggested from international estimates (about one in 800,000). We identified one 

ABCC8 and four KCNJ11 mutation carriers, of whom four were successfully transferred to SU, 

dramatically improving their diabetes control and quality of life. (J Clin Endocrinol Metab 92: 
1276–1282, 2007)

PERMANENT NEONATAL DIABETES mellitus (PNDM) is a heterogeneous group of 

disorders with diabetes manifestation before 6 months of age with no remission (1, 2). 

The incidence of PNDM has not been precisely defined. It includes 40–50% of cases with 

neonatal diabetes mellitus, the frequency of which has been estimated at 1:400,000 to 

1:500,000 live births (3–5).
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The etiology of PNDM is different from that of type 1 diabetes, which is of autoimmune 

origin. PNDM, with the exception of IPEX syndrome, does not have an autoimmune 

background and results from genetic abnormalities of the pancreas and its β-cells in the 

islets of Langerhans (6). The minority of PNDM cases arise from mutations of both 

alleles of the glucokinase gene (7), insulin promoter factor 1 (8), EIF2AK3 (syndrome 

Wolcott–Rallison) (9), forkhead box-P3 (IPEX syndrome, i.e. immunodysregulation, 

polyendocrinopathy, enteropathy, X-linked) (10), mutations of the pancreatic transcription 

factor 1 α (11), or GLIS3 (neonatal diabetes with congenital hypothyroidism) (12).

It has been shown recently that the majority of PNDM cases are caused by activating 

mutations of genes coding subunits of the ATP-dependent potassium (KATP) channel (13). 

The pancreatic KATP channel is an important regulator of the β-cell membrane polarity, 

with influence on insulin secretion (14). The channel is composed of four Kir6.2 and four 

sulfonylurea (SU) receptor 1 (SUR1) subunits. Activating mutations of the KCNJ11 gene 

coding Kir6.2 and ABCC8 coding the SUR1 subunit can lead to neonatal diabetes (13, 15, 

16).

KCNJ11 mutations are responsible for 26–64% of permanent diabetes diagnosed before the 

sixth month of age as reported in several large, but nonpopulation-based studies (1, 2, 13, 

17–19). The majority of patients with a KCNJ11 mutation develop diabetes in the first 3 

months (19), but no KCNJ11 mutations were detected in patients with diabetes onset after 

the sixth month of age (2, 19).

The clinical manifestation and prognosis of KCNJ11 mutation carriers depends on the 

location of the mutation. Mutations of the Kir6.2 region responsible for ATP binding (e.g. 
R201H) cause decreased sensitivity for ATP and manifest usually with diabetes only (13, 

19). Mutations activating the KATP channel by altering channel gating are responsible 

for diabetes and additional neurological features including seizures, developmental delay, 

and facial dysmorphism. The most severe form is called DEND syndrome (developmental 

delay, epilepsy, and neonatal diabetes) (20). The V59M mutation is associated with an 

intermediate phenotype with diabetes and developmental delay (described as intermediate 

DEND syndrome) (19). Milder activating KCNJ11 mutations can also cause transient NDM 

with diabetes relapsing after some years (21).

Physiological studies showed that SU, after binding to the SUR1 subunit, closes the KATP 

channel and initiates the insulin secretion (14). In an international series of 49 patients 

with KCNJ11 mutations, 90% were switched from insulin to SU with an improvement in 

glycemia in all cases where glycosylated hemoglobin (HbA1c) was measured (22). Patients 

with mutations causing DEND syndrome or affecting KATP channel gating usually fail to 

respond (1, 23). Thus, the likelihood of success may be determined by the type of KCNJ11 
mutation (14).

However, it has also recently been shown that mutations of the ABCC8 gene coding the 

SUR1 subunit are responsible for some cases of PNDM, with a clinical picture similar to 

that of the KCNJ11 mutations (15, 16). Some of these patients also respond to SU therapy 
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(16). Interestingly, ABCC8 mutations also cause transient NDM and more frequently than 

KCNJ11 mutations (24).

The aim of this study was to identify the genetic etiology of PNDM cases in Slovakia, to 

establish their population-based incidence, and to initiate the SU therapy where applicable.

Patients and Methods

Patients with diabetes onset before 6 months of age were identified based on information 

from the Slovak National Children Diabetes Registry. This registry was established in 1981 

at the First Department of Pediatric Medicine, Comenius University, with cooperation of the 

National Health Information Center. It contains information on all children with diabetes 

since 1981, i.e. data on 2812 patients encompassing date of birth, diabetes onset, symptoms 

at diabetes onset, and treatment at discharge (25).

PNDM patients were contacted via their diabetologists, invited for a health check-up, and 

given information on genetic testing, and blood was withdrawn for DNA isolation. Samples 

of 8 ml venous blood were collected into PAXgene Blood DNA tubes (QIAGEN, Sussex, 

UK) for DNA analysis, and 5 ml were collected into EDTA tubes (Nümbrecht, Sarstedt, 

Germany) for autoantibodies measurement. DNA was isolated from peripheral lymphocytes 

using the Flexigene DNA Kit (QIAGEN) and divided into two aliquots containing 100 μg of 

DNA each. EDTA tubes were centrifuged 10 min at 2000 × g and 4 C. Plasma was stored at 

–30 C until assayed.

Autoantibodies against insulin, thyrosin phosphatase, and glutamate decarboxylase were 

determined using a RIA (DRG Diagnostics, London, UK) to proof the nonautoimmune 

nature of the diabetes.

Genetic analysis of the KCNJ11 gene

The single exon of KCNJ11 was amplified in three overlapping fragments by PCR using 

previously described primers (19). Sequencing was performed in both directions using 

M13 universal primers and a BigDye Terminator Cycler Sequencing Kit v1.1 (Applied 

Biosystems, Warrington, UK). Reactions were analyzed using an ABI 3100 capillary 

sequencer (Applied Biosystems). Sequences were compared with the published sequence 

(NM_000525.3) using Mutation Surveyor software (Softgenetics, State College, PA).

Genetic analysis of the ABCC8 gene

Analysis of the ABCC8 gene was undertaken in all patients who did not carry a KCNJ11 
mutation. The full 39 exons were amplified in 38 fragments using previously described 

primers (15). Sequencing was performed in a single direction using M13 universal 

primers and a BigDye Terminator Cycler Sequencing Kit v3.1 (Applied Biosystems). 

Sequences were analyzed using an ABI 3730 capillary sequencer (Applied Biosystems) and 

compared with the published sequence (NM_000352.2) using Mutation Surveyor software 

(Softgenetics) (15).
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Family studies

All mutations were tested for cosegregation with diabetes in other family members, 

and family relationships were confirmed using a panel of six microsatellite markers on 

chromosome 11 (19).

Clinical studies

Patients with KCNJ11 or ABCC8 mutations were invited for hospitalization to be switched 

from insulin to SUs. Before therapy change, patients underwent a clinical examination and 

developmental assessment carried out by a specialized pediatric endocrinologist. A pediatric 

neurologist evaluated the neurological status and psychomotor development. The pretransfer 

value of HbA1c was also measured.

Replacement of insulin with SU therapy

The oral SU glibenclamide (Maninil, Berlin Chemie, Germany) in standard 3.5- and 5-mg 

tablets was introduced according to a previously published protocol (19, 22) (Fig. 1). The 

initial dose of glibenclamide was 0.1 mg/kg (administered twice a day), which was increased 

by 0.1–0.2 mg/kg per day in a stepwise manner (17). The SU was increased simultaneously 

with the decrease of insulin. After glycemia stabilization, the insulin was stopped.

Before and after the replacement tests—Before the therapy change and 1 month after 

the switch to SU, patients underwent continuous glucose monitoring (CGMS, Medtronic, 

Minneapolis, MN) for at least 48 h. The monitoring data were evaluated using the MiniMed 

Solutions software. In two patients (SK-4 and SK-6), oral glucose tolerance tests were 

carried out before and 1 month after SU introduction. After overnight fasting, 1.75 g of 

glucose per kg was given in 2 dl of water over 2 min. Blood samples were collected at 15, 

30, 45, 60, 90, and 120 min for glucose, insulin, and C-peptide assays.

After replacement follow-up—The patients were invited to the diabetes outpatient clinic 

every 14 d. Weight and height were measured; results of the home self-monitoring were 

checked. HbA1c was evaluated in the first and sixth months after the therapy change. The 

glibenclamide dose was modified based upon the actual glycemia readings.

Hormonal and other analyses

Venous blood samples for glucose levels were taken into fluoride tubes (Nümbrecht) and 

C-peptide into the EDTA tubes (Nümbrecht). After centrifugation, the supernatant was 

taken and stored at –30 C. Plasma glucose concentrations were measured with the glucose 

oxidase method (Hitachi 911; Hitachi, Hitachinaka, Japan). C-peptide was determined 

using the Elecsys (Roche, Basel, Switzerland) automatic analyzer. HbA1c was evaluated 

by HPLC analyzer (Bio-Rad, Hercules, CA) in the SK-4 and SK-6 patients, by LPLC 

DiaSTAT analyzer (Bio-Rad) in the SK-1, and by Olympus AU640 (Olympus, Center Valley, 

PA) in the SK-2 and SK-5. All the values were transferred to the Diabetes Control and 

Complications Trial values using the National Glycohemoglobin Standardization Program 

equation (26, 27).

Stanik et al. Page 5

J Clin Endocrinol Metab. Author manuscript; available in PMC 2021 October 19.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



PNDM frequency data

The data on live births rates during the years 1981 to 2004 in Slovakia were taken from the 

annual reports of the National Health Information Center (28). These numbers were used to 

compare the numbers of children with diabetes before 3 and 6 months and the number of the 

KCNJ11 or ABCC8 mutation carriers.

Ethics committee approval

All steps of this study (DNA analysis, oral glucose tolerance tests, and switching from 

insulin to SU) were approved by the Faculty Hospital Ethics Committees in Bratislava and 

Kosice. They comply with the ethical guidelines of the Helsinki Declaration as revised in 

2000. All patients and/or their parents had signed the informed consent.

Results

Based on information from the Slovak National Children Diabetes Registry, from 1981 to 

2004 eight patients with diabetes manifestation under 6 months [the recently accepted cutoff 

point for neonatal diabetes (1, 2, 22)] of age without remission were identified (Table 1). 

Six of them were diagnosed at less than 3 months of age and also met the previous criteria 

for PNDM (6). Newly diagnosed patients in the years 2005 and 2006 were excluded to get 

patients with diabetes duration of at least 18 months, assuring the permanent character of the 

neonatal diabetes.

One of the eight patients, subject SK-7, developed diabetes at the age of 2 d with additional 

symptoms (i.e. facial and cranial dysmorphy, ear deformities, developmental delay, central 

tonus disorder with acral hypertonus, agenesis of corpus callosum) and died 18 months after 

delivery due to severe hypoglycemia (Table 1).

Patient SK-5 is mentally retarded and has deformities of the bones due to epiphyseal 

dysplasia. In 2002, he was diagnosed with the Wolcott-Rallison syndrome with mutations 

in the EIF2AK3 gene (compound heterozygous for W898C and L1057P mutations) (29). In 

five of the remaining six patients, mutations in the KCNJ11 gene (n = 4) or ABCC8 gene (n 

= 1) were found. The SK-3 patient who also has a diabetic father (with diabetes onset in the 

seventh year of life, treated with insulin) was negative for mutations in KCNJ11, ABCC8, 
IPF1, and NEUROD1 genes.

The incidence of permanent diabetes as diagnosed before the sixth month of life in Slovakia 

between the years 1981 to 2004 was one in 215,417 live births. Using the more strict criteria 

for PNDM definition (6) (i.e. diabetes manifestation until 3 months of age), the incidence 

was one in 287,223.

The most common cause was mutations in the KCNJ11 gene coding Kir6.2 subunit, with 

57% of all living diabetes cases. The incidence of KCNJ11 mutation in children with 

diabetes onset up until 6 months of age was one in 430,834 live births. The KCNJ11 
mutation carriers developed diabetes at a median of 2.5 months, with only 50% diagnosed 

before 3 months of age. This number is lower than reported in other studies (1, 19).
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Characteristics of KCNJ11 and ABCC8 gene mutations

We found three different heterozygous de novo KCNJ11 mutations in four patients; two 

had R201H, one H46Y, and one L164P [previously reported by Flanagan et al. (19)]. V86A 

(c.257T>C) is a novel mutation in exon 2 of the ABCC8 gene that results in the substitution 

of alanine for valine at codon 86 (p.Val86Ala). It arose de novo in patient SK-8 and is 

located in the second transmembrane helix of the transmembrane domain TMD0. This 

residue is conserved from human to mouse and rat (30) and has not been found in 100 

normal chromosomes.

Clinical characteristics of the KCNJ11 mutation carriers

Selected clinical features of the KCNJ11 mutation carriers (SK-1, SK-2, SK-4, and SK-6) 

are summarized in Table 1. The mutation carriers were born in the 40th gestational week 

(39–40 confidence limits) with a median birth weight of 2800 g (2480–3500). Diabetes 

started in 2.5 months (range, 1–4 months) with symptoms of polyuria, polydipsia, and 

failure to thrive. All of them were treated with multiple injections of insulin.

Clinical characteristics of the ABCC8 mutation carrier

Patient SK-8 with the V86A mutation was born in the 40th gestational week with birth 

weight of 2800 g and developed diabetes in his second month of life as manifested with 

polyuria, polydipsia, and failure to thrive during a respiratory tract infection. Hyperglycemia 

reached 28 mmol/liter, yet without changes in acidobasic balance. Axial hypotonus required 

rehabilitation lasting for 36 months. Other laboratory test results are shown in Table 1.

Switching of the KCNJ11 mutation carriers to SU

Three of our patients (SK-1, SK-4, and SK-6) changed treatment from insulin to 

glibenclamide (nonselective SU) using an inpatient-based short transfer protocol (17), 

www.diabetesgenes.org. Before therapy change, the subjects had an insulin requirement 

of 0.66, 1.00, and 0.6 U/kg·d, respectively. The maximal glibenclamide dose reached 0.5 in 

SK-1 and 0.8 mg/kg·d in SK-4 and SK-6 at the end of the first week. After this, the SU 

dose was reduced to 0.3 mg/kg·d in response to capillary blood glucose values. Insulin was 

reduced during the first day of SU substitution to less than 20% of its pretransfer dose and 

then used only as a bolus for hyperglycemia correction (Fig. 1). Patients came off insulin 

completely within 3–7 d.

Glycemia decreased after the first glibenclamide dose (Fig. 2) but was not stable until the 

end of the first week. With lowering of the SU dose, the glycemic fluctuations reduced, and 

after another week the patients reached normoglycemia. Evening hypoglycemia resulted in 

patients SK-1 and SK-6, omitting the lunch dose of glibenclamide after the second month of 

treatment.

The CGMS monitoring was used to evaluate the glycemic trends before and 1 month after 

the therapy change. During insulin treatment, glycemia exceeded 10 mmol/liter threshold 

in 51, 67, and 77% (SK-1, SK-4, and SK-6) of the monitoring time; decreased to less than 

3.3 mmol/liter in 2, 0, and 2% and between 3.3 and 10 mmol/liter only in 47, 33, and 21% 

of the monitoring time. After 1 month on glibenclamide, the times with glycemia above 10 
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mmol/liter decreased to 10, 17, and 17%, less than 3.3 mmol/liter reached glycemia 8, 2 and 

0%. The times in which glycemia was ranging between 3.3 and 10 mmol/liter increased to 

83, 81, and 83%.

Long-term glycemia was evaluated by measurements of HbA1c, which ranged in the 

presubstitution stage between 9.3 and 11.0%. After 1 month off insulin, HbA1c decreased to 

7.3% in SK-1, 5.9% in SK-4, and 6.9% in SK-6, respectively. This trend also continued in 

the further follow-up (Fig. 3).

Insulin secretion was evaluated by measuring plasma C-peptide levels (Table 1). On insulin 

treatment, C-peptide in the presence of glucose values greater than 8 mmol/liter was less 

than 0.11 ng/ml. After the first glibenclamide dose, postprandial plasma C-peptide increased 

in SK-4 to 3.0 (H46Y mutation carrier) and in SK-6 to 2.4 ng/ml (mutation R201H). After 

1 month off insulin, basal C-peptide concentrations increased to 0.61, 0.79, and 0.79 ng/ml, 

respectively. The insulin secretory response to oral glucose during an oral glucose tolerance 

test was higher on glibenclamide than on the insulin treatment: the AUC for C-peptide 

during oral glucose tolerance test on insulin vs. glibenclamide reached 12.3 vs. 260.8 ng/

ml·min in SK-4 and 21.6 vs. 151.4 ng/ml·min in SK-6, respectively.

Side effects

The only side effects seen were transitory and of gastro-intestinal origin in the SK-1 patient. 

Mild loss of appetite caused transitory weight loss of 4 kg during the first 3 months of 

treatment, and thereafter weight became normalized.

Switching of the ABCC8 mutation carrier to SU

The patient with ABCC8 mutation was recently switched from insulin to glibenclamide, 

following the same short protocol as used in KCNJ11 mutations. Before SU therapy, he 

required 0.45 U/kg·d of insulin with C-peptide plasma level of 0.01 ng/ml. After the first 

glibenclamide dose, postprandial plasma C-peptide increased to 3.6 ng/ml, and insulin was 

discharged. The SU dose at discharge was 0.09 mg/kg·d, and fasting plasma C-peptide was 

0.75 ng/ml. The gliben-clamide treatment achieved normoglycemia.

Discussion

These are the first neonatal diabetes incidence data based on a nationwide collection using a 

national diabetes registry. Previous studies estimated the PNDM incidence be one in 800,000 

live births (5, 31, 32). These studies have not been population based; thus, the number of 

cases may have been underestimated (1). Our study is population based, using a diabetes 

registry with data from more than 23 yr. We found that the incidence of PNDM was one case 

in 215,417 live births, which is much higher than 1 in 800,000 live births (Table 1).

The Slovak National Children Diabetes Registry includes all children diagnosed with 

all forms of diabetes treated continuously with insulin. The data were collected from 

1981 onward. Medical logistics of data collection in that period was already sufficient to 

identify the majority of children with neonatal diabetes. Moreover, our data seem not to be 

influenced by population migration because all of the KCNJ11 or ABCC8 mutations are de 
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novo mutations and are equally distributed throughout Slovakia. This is the first study using 

a diabetes registry to search for PNDM cases. The method has proven to be effective, but 

this has not been reported before even in the few countries that have nation-wide diabetes 

registries for childhood diabetes (i.e. Refs. 25 and 33–38).

There are earlier studies on PNDM incidence in the literature (5). In 1997, Shield et al. (4) 

reported the total neonatal diabetes incidence of 1:400,000 based on a nationwide collection 

covering 1 yr only. This corresponds to estimates of von Muhlendahl and Herkenhoff 

(5) from Germany (1:450,000 live births). Nevertheless, in both of these studies PNDM 

contributed to less than 50% of the total neonatal diabetes. Thus, incidence of PNDM was 

lower than 1:800,000. The shortcoming of the first study (4) was a short period (i.e. 1 

yr) of data collection. The second study (5) did not cover the whole German population. 

Criteria for neonatal diabetes were hyperglycemia occurring within the first 6 (4) or 4 wk 

(5), respectively, that requires insulin treatment and lasts for at least 2 wk. Recent studies 

from both human leukocyte antigen studies and from Kir6.2 both support 6 months as a 

more appropriate cutoff when trying to classify by etiology, i.e. genetic vs. autoimmune (19, 

39).

We have been able to define a monogenic etiology in all except for one (SK-3) of the living 

patients, which corresponds to 87% of monogenic disorders in patients alive. This number 

is much higher than estimated in other recent studies (18, 19). The incidence of KCNJ11 
and/or ABCC8 mutations is high (Table 2) and greater than former estimations for the 

whole PNDM (31). Finally, the etiology also remains uncertain in patient SK-7 (deceased 

at the age of 18 months), who developed diabetes and additional neurological features. His 

clinical picture corresponds thus to intermediate DEND syndrome, and the likelihood of a 

mutation in either the KCNJ11 or ABCC8 genes is high. No patients have autoimmune type 

1 diabetes in the group of children with diabetes onset under 6 months, in keeping with 

recent studies (19).

The majority of our KCNJ11 and ABCC8 mutation carriers have isolated diabetes, with only 

SK-4 having mild dysmorphic features. In two of our patients (SK-1 and SK-6), the R201H 

mutation and in one case (SK-4) the H46Y in the KCNJ11 gene were identified. Both 

mutations are situated in the binding site of the Kir6.2 for the ATP molecule, decreasing the 

sensitivity to ATP (13) and responding well to the SU treatment both in vitro (19) and in 
vivo. The L164P mutation has been identified in two additional patients to date (Flanagan, 

S. E., S. Ellard, and A. T. Hattersley, unpublished data). L164P is a gating mutation (23), 

and the carriers usually fail to respond to SU (14, 20). Unfortunately, this teenage female 

has chronic active hepatitis C with high readings of liver enzymes (e.g. aspartate amino 

transferase, alanine amino transferase, and also D-glutamyl transferase). Due to a potential 

worsening of the liver function by introduction of SU treatment, we have not yet initiated her 

replacement of insulin with SU.

There are some remarkable benefits of SU treatment. This includes improved glycemic 

control also seen in other KCNJ11 mutation carriers after switching to SU (17, 22). A 

further advantage of the SU treatment is the flexibility to respond with appropriate insulin 

secretion, which is very important for a normal lifestyle. In addition, the side effects of 
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SU treatment (i.e. diarrhea and abdominal pain) are only mild and transitory. Similar SU 

treatment benefits may also be achieved for patients with ABCC8 mutations (16).

In conclusion, the high incidence of PNDM in Slovakia (1 in 215,417 live births) indicates 

that PNDM is probably more frequent than indicated from previous international estimates 

(1 in 800,000). In the majority of cases of PNDM, the monogenic etiology can be defined. 

The commonest etiologies are mutations of the KATP channel, and we identified one ABCC8 
and four KCNJ11 mutation carriers. All of them were classified and treated as type 1 

diabetes until the molecular genetic diagnosis was made. Four patients were subsequently 

switched to SU treatment resulting in a dramatic improvement in their diabetes control and 

quality of life. Identifying PNDM and defining the underlying genetic etiology is a priority.
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Fig. 1. 
Short protocol for switching from insulin to SU. Major steps of the transfer protocol 

are displayed. Insulin dose (units per kilogram per day) is shown as a dotted line, and 

glibenclamide dose (milligrams per kilogram per day) is shown as a solid line. Insulin dose 

was reduced significantly already during the first day of therapy change without glycemia 

worsening (see also Fig. 2). OGTT, Oral glucose tolerance test.

Stanik et al. Page 13

J Clin Endocrinol Metab. Author manuscript; available in PMC 2021 October 19.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Fig. 2. 
First day of switching from insulin to glibenclamide in the SK-1 patient (CGMS data). 

Glycemia decreased remarkably already after the first glibenclamide dose despite a 60% and 

50% reduction of the basal insulin analog and the short acting analog, respectively.
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Fig. 3. 
HbA1c before and after therapy change. After the first month on SU treatment, HbA1c level 

decreased significantly, and this improvement remained.

Stanik et al. Page 15

J Clin Endocrinol Metab. Author manuscript; available in PMC 2021 October 19.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

Stanik et al. Page 16

Table 1
Clinical data of Slovak PNDM patients with diabetes manifestation before the sixth month 
of life

Patient no. SK-1 SK-2 SK-3 SK-4 SK-5 SK-6 SK-7 SK-8

Diagnosis KCNJ11 
mutation 
R201H

KCNJ11 
mutation 

L164P, VHC

PNDM, 
unknown 

etiology
 a 

KCNJ11 
mutation 

H46Y

Wolcott-
Rallison 

syndrome

KCNJ11 
mutation 
R201H

Intermediate 
DEND, not 

analyzed

ABCC8 
mutation 

V86A

Gender Female Female Male Female Male Male Female Male

Birth weight 
(g)

3000 2600 2450 3500 3750 2480 1450 2900

Gestation (wk)     39     40 40 40 42 40   37     40

DM onset (wk)     18       5 10 15 11 4   <1       9

Dysmorphic 
features

No No No Mild No No Yes No

Seizures No No No No No No No No

Developmental 
delay

No No No No No No Yes No

Autoantibodies         Negative         Negative         Negative         Negative         Negative         Negative         Negative         Negative

Therapy after 
onset

        Insulin         Insulin         Insulin         Insulin         Insulin         Insulin         Insulin         Insulin

Insulin (IU/
kg·d)

    0.6   1.24 0.8 1 0.8   0.66   0.5   0.45

C-peptide 
(ng/ml)

    0.01   0.01   0.42       0.04   0.18   0.11     0.12   0.01

Current status

Current age 
(yr)

25 19 13 12 11 11         Deceased 
at 18 months

5

Current 
therapy

    SU Insulin Insulin       SU Insulin       SU         Insulin     SU

Current 
HbA1c (%)

    7.0   15.2   12.2       6.6      15.1       5.7         Not 
available

    6.9

DM, Diabetes mellitus; VHC, virus hepatitis C.

a
Negative for mutations in KCNJ11, SUR1, IPF1, and NEUROD1 genes.
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Table 2
Incidence of PNDM and its subgroups to live births

Subgroup of PNDM Slovakia frequency data
Other sources

Frequency data Nationality of cohort Ref.

PNDM < 3 months 1:287,223 1:800,000 International 4, 5

PNDM < 6 months 1:215,417 Not available

MDM < 6 months 1:287,223 Not available

KCNJ11 and ABCC8 mutations < 6 months 1:344,668 Not available

KCNJ11 mutations < 6 months 1:430,835 Not available

KCNJ11 mutations < 3 months 40% (2 in 5) 54% (7 in 13) French 18

KCNJ11 mutations < 6 months 57% (4 in 7) 34% (10 in 29) International 13

57% (8 in 14) Italian 2

64% (7 in 11) International 17

KCNJ11 mutations < 3–6 months 100% (2 in 2) 50% (2 in 4) French 18

MDM, Monogenic diabetes mellitus.
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