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Abstract
A 22-year-old man was referred for continuation of diabetes mellitus treatment. He was first diagnosed with diabetes mellitus
2 months after birth, when he failed to thrive and showed symptoms of diabetic ketoacidosis. There was no family history of
diabetes mellitus. The patient did not exhibit the full set of features to be qualified for any developmental delay, epilepsy and
neonatal diabetes mellitus (DEND) syndrome. Insulin replacement therapy was initiated; however, management was
challenged by wide glycemic excursion, hypoglycemic unawareness and insulin-associated cutaneous lipo-hypertrophy. Re-
evaluation, including genetic testing, revealed a heterozygous missense p.Arg201Cys variation in the KCNJ11 gene
encoding the potassium channel subunit Kir6.2. Successful treatment conversion from insulin to glibenclamide was achieved
over an extended period of 2 months (up-titrating to a dose of 1.0 mg/kg) in this patient despite his long diabetes duration of
27 years with elimination of hypoglycemia unawareness and achievement of excellent glycemic control sustained over more
than 5 years. This case highlights the importance of after having secured a firm genetic diagnosis, to undertake conversion to
sulphonylurea with careful dose titration and perseverance over months. Confirmation of variants with functional
implications by genetic testing in patients suspected of neonatal diabetes is important for accurate molecular diagnosis and
precision-treatment strategy with optimal outcome.

Introduction

Diabetes mellitus is a highly heterogeneous condition.
Neonatal diabetes mellitus is defined as diabetes diagnosed
in the first 6 months of life and is usually of monogenic
etiology [1, 2]. Almost half of the afflicted patients suffer
from lifelong diabetes (Permanent Neonatal Diabetes Mel-
litus, PNDM), while the rest exhibit only transient diabetes
(Transient Neonatal Diabetes Mellitus, TNDM). Genetic
variations giving rise to PNDM has been found to include
KCNJ11 (potassium inwardly-rectifying channel, subfamily
J, member 11), ABCC8 (ATP-binding cassette, subfamily C

(CFTR/MRP), member 8) and INS (insulin) [3–8]. These
variations could be inherited or occur spontaneously as a
result of germline mosaicism [9, 10]. Variants of KCNJ11
and ABCC8 disrupt the normal functioning of potassium
channels in the pancreatic beta cells, resulting in impaired
insulin secretion in response to increased glucose level. The
insulin production mechanism, however, is intact but the
ability to release insulin in response to increased glucose is
impaired. As such, therapy specifically targeting this
impairment in secretion may be more desirable instead of
insulin replacement which is often used in early-onset dia-
betes. Sulphonylurea, a drug that induces the closure of
potassium channels leading to insulin secretion from the
beta cells, can be considered for such variant carriers.
Securing an accurate genetic diagnosis in favour of mono-
genic diabetes forms the basis to embark on treatment
conversion.

Subjects and methods

A 22-year-old man was referred to our Diabetes Centre for
re-evaluation of diabetes mellitus treatment. Failure to

* Su Chi Lim
lim.su.chi@ktph.com.sg

1 Clinical Research Unit, Khoo Teck Puat Hospital (KTPH),
Singapore, Singapore

2 Diabetes Centre, , Khoo Teck Puat Hospital (KTPH),
Singapore, Singapore

3 Saw Swee Hock School of Public Health, National University of
Singapore, Singapore, Singapore

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41431-019-0371-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41431-019-0371-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41431-019-0371-z&domain=pdf
http://orcid.org/0000-0003-4055-3374
http://orcid.org/0000-0003-4055-3374
http://orcid.org/0000-0003-4055-3374
http://orcid.org/0000-0003-4055-3374
http://orcid.org/0000-0003-4055-3374
mailto:lim.su.chi@ktph.com.sg


thrive and diabetic ketoacidosis led to the diagnosis of his
condition of diabetes mellitus. He was placed on insulin
treatment since his diagnosis at 2 months after birth. At the
point of referral, he was taking insulin Mixtard (30/70) 42
units in the morning and 22 units in the evening. No family
history of diabetes mellitus was indicated. The patient did
not exhibit any developmental delay, epilepsy and neonatal
diabetes mellitus (DEND) syndrome. He tested negative for
glutamate decarboxylase (GAD) antibodies and his HbA1c
level was 8.3%. Fasting blood glucose was high at 21.2 mM
with C-peptide below 177 pM (lower limit of detection in
our laboratory). Relative unresponsiveness to glucagon was
observed in the intravenous 1 mg glucagon challenge with
C-peptide less than 177 pM. The patient also exhibited lipo-
hypertrophy over insulin injection site and has some degree
of hypoglycemia unawareness. Genetic testing and analysis
was therefore suggested to investigate potential variation(s)
for monogenic diabetes in this patient. Genetic testing was
performed for this patient when he was 26 years old.

DNA from the patient’s blood sample was extracted and
subjected to Sanger sequencing using primers designed
against 2 hotspot variation regions, valine-59 and arginine-
201, of the KCNJ11 gene.

The data were submitted to LOVD (Leiden Open Var-
iation Database) with Individual ID 00213040.

Results

A heterozygous variation was identified at the amino acid
position of 201 with a residue change from arginine to

cysteine [NM_000525.3(KCNJ11):c.601C >T p.(Arg201-
Cys)] (Fig. 1). This variant has been shown to reduce the-
ability of potassium channels in the beta cells to close upon
an increase in ATP as a result of glucose metabolism
[11, 12]. The cells remain hyperpolarized and cannot release
insulin in response to the increased glucose. Previous
clinical studies have shown that patients with variations in
the KCNJ11 gene can be successfully converted to oral
sulphonylurea treatment [13–16]. A treatment conversion
was therefore proposed, and the patient agreed to undergo
the switch at 27 years old.

Before in-patient treatment conversion, a continuous
glucose monitoring system (CGMS) was used to determine
the glycemic control profile of the patient under insulin
treatment (Fig. 2). It was noted that the patient encountered
periods of hyper- and hypo-glycaemia under the existing
insulin treatment, suggesting that glycemic control could be
improved. The patient was warded for 6 days for adminis-
tration of the conversion protocol as published by Pearson
et al. [16]. The protocol was continued in an outpatient
setting and the first improvement in glucose level control
with the oral sulphonylurea, glibenclamide, was observed
6 weeks from the beginning of the conversion (without
insulin). Further titration of glibenclamide to 25 mg per day
was carried out and HbA1c levels remained below 7%
under this reduced dose.

Measurements of blood glucose during different treat-
ment regimens were performed (Fig. 3a). An optimal level
was achieved using only glibenclamide treatment by the end
of 3 months. HbA1c levels also went down to an acceptable
level below 7% with further titration of glibenclamide
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Fig. 1 DNA sequencing results
of the patient with neonatal
diabetes mellitus. A nucleotide
base change from C to T was
identified which resulted in an
amino acid residue change from
arginine to cysteine. The genetic
variation was determined using
Sanger bi-directional sequencing
with 2 sets of primers
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(Fig. 3b). The patient denied further post-conversion tests
like CGMS and mix-meal challenge to assess his glycemic
profile so these data were not available for further con-
sideration and analysis.

Discussion

We describe here a case of successful treatment conversion
from insulin to sulphonylurea for KCNJ11 neonatal diabetes
despite a diabetes duration of 27 years. This was accom-
plished with a modified protocol in which glibenclamide
was up-titrated to 1.0 mg/kg over a period of 2 months to
progressively achieve an optimal clinical response. Once
glycemic target has been achieved and sustained, step-wise
gradual down-titration to 25 mg daily (i.e. 0.4 mg/kg, in
contrast with the initiation high dose of 1 mg/kg) was

successful. This was much closer to the usual recommended
daily maximum dose of up to 20 mg daily for adults with
Type 2 diabetes to avert side effects associated with high-
dose sulphonylurea like teeth discoloration and diarrhea
[17, 18]. At this reduced dose, glycemic control was sus-
tained in this patient with absence of hypoglycemia since
2011. Babiker et al. observed that patients who had
unsuccessful conversions had a longer duration of diabetes
as compared to those who were successful (mean 18.2 vs
3.4 years) [17, 19]. Given that clinical responsiveness to
sulphonylureas can be affected by duration and may vary
with individuals (as observed in our patient), our experience
suggests that for KCNJ11 variant carriers with a longer
diabetes duration, the conversion protocol may have to
be further individualized and that a successful conversion
is still possible even for those with duration of over 18
years.

Normal range

Fig. 2 Continuous glucose monitoring system (CGMS) showing glucose level fluctuations over 3 days. Red arrows denote insulin administration
and blue arrows indicate periods of hypoglycemia
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As we have adopted a step-wise approach to identify the
causal variant starting with the 2 hotspot regions in
KCNJ11, we have not screened further for additional var-
iants in KCNJ11 and other genes such as ABCC8 and INS
that may also cause neonatal diabetes. Therefore, we cannot
rule out the possibility that the patient may carry more than
one function-affecting variant in multiple genes and that the
delayed responsiveness to sulphonylureas may be attributed
to the presence of other genetic variations which remains to
be determined.

In summary, evaluation of both genetic variation and
clinical presentation (duration of diabetes) is important for
successful implementation of precision medicine in
KCNJ11 neonatal diabetes.
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