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OBJECTIVE

ABCC8mutations cause neonatal diabetesmellitus that can be transient (TNDM)or,
less commonly, permanent (PNDM); ∼90% of individuals can be treated with oral
sulfonylureas insteadof insulin. Previous studies suggested thatpeoplewithABCC8-
PNDMrequire lower sulfonylurea doses andhavemilder neurological features than
those with KCNJ11-PNDM. However, these studies were short-term and included
combinationsofABCC8-PNDMandABCC8-TNDM.Weaimedtoassess the long-term
glycemic and neurological outcomes in sulfonylurea-treated ABCC8-PNDM.

RESEARCH DESIGN AND METHODS

We studied all 24 individuals with ABCC8-PNDM diagnosed in the U.K., Italy, France,
and U.S. known to transfer from insulin to sulfonylureas before May 2010. Data on
glycemic control, sulfonylurea dose, adverse effects including hypoglycemia, and
neurological features were analyzed using nonparametric statistical methods.

RESULTS

Long-term data were obtained for 21 of 24 individuals (median follow-up 10.0 [range
4.1–13.2] years). Eighteen of 21 remained on sulfonylureas without insulin at the
most recent follow-up. Glycemic control improved on sulfonylureas (presulfony-
lurea vs. 1-year posttransfer HbA1c 7.2% vs. 5.7%, P 5 0.0004) and remained
excellent long-term (1-year vs. 10-year HbA1c 5.7% vs. 6.5%, P 5 0.04), n 5 16.
Relatively high doses were used (1-year vs. 10-year dose 0.37 vs. 0.25 mg/kg/day
glyburide, P5 0.50) without any severe hypoglycemia. Neurological features were
reported in 13 of 21 individuals; these improved following sulfonylurea transfer in
7 of 13. Themost common featureswere learning difficulties (52%), developmental
delay (48%), and attention deficit hyperactivity disorder (38%).

CONCLUSIONS

Sulfonylurea treatment of ABCC8-PNDM results in excellent long-term glycemic
control. Overt neurological features frequently occur and may improve with
sulfonylureas, supporting early, rapid genetic testing to guide appropriate treatment
and neurodevelopmental assessment.
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de Paris, Paris, France
8INSERM U1016, Paris, France
9Institut IMAGINE, Paris, France
10Kovler Diabetes Center, The University of Chi-
cago, Chicago, IL

Corresponding author: PamelaBowman, p.bowman@
exeter.ac.uk

Received 19 June 2020 and accepted 4 October
2020

Clinical trial reg. no. NCT02624830, clinicaltrials
.gov

This article contains supplementary material online
at https://doi.org/10.2337/figshare.13053074.

© 2020 by the American Diabetes Association.
Readersmayuse this article as longas thework is
properly cited, the use is educational and not for
profit, and the work is not altered. More infor-
mation is availableathttps://www.diabetesjournals
.org/content/license.

Pamela Bowman,1,2 Frances Mathews,1,2

Fabrizio Barbetti,3,4Maggie H. Shepherd,1,2

Janine Sanchez,5 Barbara Piccini,6

Jacques Beltrand,7,8,9

Lisa R. Letourneau-Freiberg,10

Michel Polak,7,8,9 Siri Atma W. Greeley,10

Eamon Rawlins,2 Tarig Babiker,2

Nicholas J. Thomas,2 Elisa De Franco,2

Sian Ellard,2 Sarah E. Flanagan,2 and

Andrew T. Hattersley,1,2 for the Neonatal

Diabetes International Collaborative Group

Diabetes Care Volume 44, January 2021 35

C
LIN

C
A
R
E/ED

U
C
A
TIO

N
/N

U
TR

ITIO
N
/P
SYC

H
O
SO

C
IA
L

https://doi.org/10.2337/dc20-1520
http://crossmark.crossref.org/dialog/?doi=10.2337/dc20-1520&domain=pdf&date_stamp=2020-12-05
mailto:p.bowman@exeter.ac.uk
mailto:p.bowman@exeter.ac.uk
http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
https://doi.org/10.2337/figshare.13053074
https://www.diabetesjournals.org/content/license
https://www.diabetesjournals.org/content/license


The ABCC8 gene encodes the SUR1 sub-
unit of the pancreatic ATP-sensitive po-
tassium (KATP) channel (1). SUR1 forms
hetero-octameric complexes with Kir6.2,
encoded by the KCNJ11 gene (2). Muta-
tions in KATP channel genes are the most
common cause of neonatal diabetes mel-
litus (NDM) in nonconsanguineous pop-
ulations, with ;15–20% as a result of
ABCC8 mutations and ;25–30% as a re-
sult of KCNJ11 mutations (3). NDM typ-
ically occurs in the first 6 months of life
and can be permanent (PNDM), where
diabetes persists lifelong, or transient
(TNDM), where there is a period of re-
mission of diabetes after 6–12 months
followed by relapse in adolescence or
early adulthood (4). ABCC8 mutations
cause TNDM in ;80% of cases and PNDM
in;20%; the opposite pattern is observed
with KCNJ11 mutations, which most fre-
quently result in PNDM (5).
ABCC8 and KCNJ11 mutations cause

NDMby preventing closure of pancreatic
KATP channels in response to rising glu-
cose (6,7).Thisresults in insulindeficiency,
which historically has required treatment
with replacement doses of insulin. How-
ever, in ;90% of affected individuals,
sulfonylurea treatment can bypass the
genetic defect by binding SUR1 and clos-
ing pancreatic KATP channels, promoting
secretion of endogenous insulin and al-
lowing patients to stop insulin injections
and achieve excellent glycemic control
and better quality of life (8–10). Sulfony-
lureas are the optimum treatment for
KCNJ11-PNDM long term; in patients
who successfully transfer from insulin
to sulfonylureas, metabolic control is
maintained in.90% for at least 10 years
with no serious adverse effects, despite
doses being ;2–10 times higher than
those recommended in type 2 diabetes
(11). Short-term studies have suggested
that lower doses of sulfonylurea are
required to treat ABCC8-NDM compared
with KCNJ11-NDM (9,12). However, many
studies have comprised individuals with
ABCC8-PNDM and with ABCC8-TNDM,
which have different clinical courses and
treatment requirements (5,6,9). No study
has assessed the long-term outcomes of
sulfonylurea treatment specifically in
ABCC8-PNDM.
ABCC8 and KCNJ11 are both expressed

in the brain as well as in the pancreas
(13,14); therefore, in addition to diabe-
tes, central nervous system (CNS) fea-
tures are observed in individuals with

KATP channel mutations. These vary from
the severe DEND syndrome (develop-
mental delay [DD], epilepsy, and NDM)
to mild neuropsychological impairments
detectable only on detailed neuropsy-
chomotor testing (5,15). In KCNJ11-
PNDM, there is some correlationbetween
the position of the variant in the protein
and the clinical features. In contrast, in
ABCC8-PNDM, genotype-phenotype re-
lationships appear less distinct (16). In
around one-half of individualswithKCNJ11-
PNDM, sulfonylurea treatment results in
partial improvement of the neurological
features, which is believed to be due to
the action of glyburide on KATP channels
in the brain (11,17).

Observational studies have suggested
that the CNS features are not as common
and/or severe in individuals with ABCC8
mutations (5,6,18,19) compared with
those with KCNJ11 mutations. However,
as discussed above, previous research
findings are based on cohorts containing
both individuals with ABCC8-PNDM and
individuals with ABCC8-TNDM. In addi-
tion, the majority of studies that have
investigated the neurodevelopmental
features associated with KATP channel
mutations and the response of these
features to sulfonylurea treatment fo-
cused on patients with KCNJ11-PNDM.

Research related to the CNS features
in individuals with ABCC8-PNDM and
the impact of long-term sulfonylurea
treatment on both glycemic and neu-
rological outcomes is crucial to estab-
lish and inform clinical guidelines for
this specific subtype. The aim of this
study was to assess the long-term gly-
cemic and neurological response to
sulfonylureas in an international cohort
of patients with PNDM as a result of
ABCC8 mutations.

RESEARCH DESIGN AND METHODS

Patient Cohort
Patients with a molecular genetic diag-
nosis of PNDM as a result of mutations in
theABCC8 gene (NM_001287174.1) con-
firmed in laboratories in Exeter, Rome,
Paris, and Chicago known to transfer to
sulfonylureas before 30 April 2010 with
no period of remission of their diabetes
wereeligible for inclusion inthestudy(n5
24). Three patients were lost to follow-up
in the 1st year after sulfonylurea transfer
and were therefore excluded, leaving 21
patients with sufficient follow-up data
(.4 years) for further analyses.

The study was conducted in accor-
dance with the Declaration of Helsinki
as revised in 2000. Patient data were
collected during routine clinical care or
through research surveys and were ano-
nymized for use in the study.

Data Collection
Data were collected from the clinical re-
cords of participating patients or through
research surveys completed by the par-
ticipant or their carers. Data on glycemic
control, sulfonylurea dose, and hypogly-
cemia were collected before and after
transfer from insulin to sulfonylureas and
annually until the most recent clinic
follow-up. Clinicians and participants
were asked to report side effects or
diabetes complications that occurred
at any time point during the follow-
up and, if so, to provide details about
these.

Data on neurological features were
collected before transfer from insulin
to sulfonylureas and after transfer at
the most recent follow-up. Clinicians
or participants were specifically asked
about the presence of DD, learning dif-
ficulties (LD), attention deficit hyperac-
tivity disorder, epilepsy, sleep problems,
muscle weakness, anxiety, autism, and
spasticity as well as about other difficul-
ties (11) and whether these features (if
present) had improved on transfer to
sulfonylureas.

Statistical Analysis
Data were analyzed with Stata 16.0 soft-
ware using nonparametric statistical
methods. Clinical characteristics of pa-
tients who remained on sulfonylureas
alone were compared with those who
required permanent reintroduction of
insulin using the Mann-Whitney test
for continuous data and two-sample
test of proportions for categorical data.
For those patients who remained on
sulfonylureas alone for the duration of
the follow-up, paired data on metabolic
control (HbA1c) and sulfonylurea dose
werecomparedusingtheWilcoxonsigned
rank test. For individuals with annual
data available for .50% of time points,
longitudinal trends in HbA1c and sulfo-
nylurea dose were plotted. Missing data
were imputed as previously described
(11).

Individuals who required insulin therapy
only transiently or who were prescribed
any other oral antidiabetic medication at
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any point in the follow-up were classified
in the sulfonylurea-only group. One in-
dividual (mutation, L1148R/R1380C) trans-
ferred from insulin to sulfonylureas twice
at age 18 months (for 4 years) and again
at age 26 years. His follow-up data re-
late to the second sulfonylurea transfer
because no data were available after
the first transfer 35 years ago.
For sulfonylureas other than glybur-

ide, doses were converted to glyburide
equivalent using percentage of maxi-
mum glibenclamide (glyburide) dose as
per the British National Formulary (20).
Data are presented as median (range)
unless stated otherwise. For all analyses,
P , 0.05 was used to denote statistical
significance.

Data and Resource Availability
The research data supporting this pub-
lication are provided within the manu-
script and Supplementary Material.

RESULTS

Clinical Characteristics
Clinical characteristics of the patients
included in the study are shown in Tables
1 and 2.

Duration of Follow-up
Median duration of follow-up was 10.0
(4.1–13.2) years, comprising a total of
205 patient-years.

Sulfonylurea Efficacy
At most recent follow-up, 18 of 21 (86%)
patients remained on sulfonylurea ther-
apy without insulin. For all three individ-
uals who had restarted insulin, clinicians
reported problems with adherence with
prescribed medication and/or periods of
loss to clinic/hospital follow-up. Clinical
characteristics were similar between the
individuals who remained on sulfonyl-
ureas versus those who required reintro-
duction of insulin (Table 1).

Type of Sulfonylurea Prescribed
All patients who remained independent
of insulin at most recent follow-up were
prescribed glyburide for the duration of
the study. One patient was prescribed
glyburide at initial transfer from insulin
and was switched to tolbutamide at day
45 posttransfer (21); this individual sub-
sequently required reintroduction of
insulin therapy, having stopped sulfo-
nylurea treatment while lost to hospital
follow-up.

Metabolic Control and Sulfonylurea
Dose
Paired data on pretransfer HbA1c and
HbA1c and sulfonylurea dose at year 1
(median 0.97 years, range 0.27–1.76
years) and year 10 (9.8 years, 6.1–12.5
years) were available for 16 individuals.
In these individuals, glycemic control im-
proved on transfer to sulfonylurea (pre-
transfer vs. 1-year HbA1c 7.2% [5.3–9.5%]

Table 1—Clinical features of the whole cohort, including all data available at all time points

Clinical feature
On SU without insulin at most
recent follow-up (n 5 18)

On insulin with or without SU
at most recent follow-up (n 5 3)

P value (on SU
vs. on insulin)

Genotype E208K/Y263D, V86G/N, D212I/N, P45L/G1401R,
V86A/N, L1295F/N, T229I/V1532L, L225P/N,
L135P/N, 2 E382K/E382K, L213R/N, R168C/

G1256S, V215A/V215A, E208K/D1472N, V324M/
W688R, L213P/N, L1148R/R1380C

D209E/N, R1380L/N, Q211K/N NA

Male, n (%) 10 (56) 0 (0) 0.07

Birth weight (g) 2,750 (1,510–3,402) (n 5 16) 2,700 (2,400–2,700) (n 5 3) 0.62

Age
At diagnosis (weeks) 7.5 (1.0–47.0) (n 5 18) 6.0 (5.0–17.0) (n 5 3) 1.00
At transfer to SU (years) 7.6 (0.5–26.0) (n 5 18) 5.8 (2.8–9.4) (n 5 3) 0.46
Current (years) 21 (11–36) (n 5 18) 19 (16–22) (n 5 3) 0.58

Pre-SU HbA1c
% 7.5 (5.3–9.5) (n 5 18) 6.8 (6.7–7.2) (n 5 3) 0.52
mmol/mol 58 (34–80) (n 5 18) 51 (50–55) (n 5 3) 0.52

Year 1 HbA1c
% 5.7 (5.0–7.3) (n 5 16) 6.8 (6.7–6.9) (n 5 2) 0.13
mmol/mol 39 (31–56) (n 5 16) 51 (50–52) (n 5 2) 0.13

Most recent HbA1c
% 6.7 (5.3–10.1) (n 5 18) 9.8 (5.9–10.3) (n 5 3) 0.17
mmol/mol 50 (34–87) (n 5 18) 84 (41–89) (n 5 3) 0.17

SU dose (mg/kg/day glyburide)
Year 1 0.37 (0.01–1.25) (n 5 16) 0.03 (0.01–0.04) (n 5 2) 0.05
Most recent 0.35 (0.03–1.30) (n 5 18) 0.74 (0.02–1.45) (n 5 2) 1.00

Neurological features (any) 10 (56) 3 (100) 0.15

BMI SDS
Pre-SU 20.13 (20.85 to 1.44) (n 5 10) 20.53 (21.68 to 20.26) (n 5 3) 0.10
Most recent 20.75 (23.69 to 1.28) (n 5 13) 21.34 (21.94 to 20.24) (n 5 3) 0.19

Data are median (range) unless otherwise indicated. Year 1 is median duration 0.97 (0.27–1.76) years; data closest to 1 year were used. Most recent
duration for SU dose and HbA1c is median 10.0 (4.1–13.2) years. Most recent duration for BMI is 9.8 (4.6–13.2) years (most recent time point at which
both height and weight data were available). The number of patients is different for each variable because of differences in amount of available data.
Most recent SU dose is different from that reported in the RESULTS section because of paired values for SU dose and HbA1c at all time points being
unavailable for three individuals included in the table. NA, not applicable; SDS, SD score; SU, sulfonylurea.
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vs. 5.7% [5.0–7.3%] [55 (34–80) vs.
39 (31–56) mmol/mol], P 5 0.0004) and
remained excellent at long-term follow-up
(1-year vs. 10-year HbA1c 5.7% [5.0–7.3%]
vs. 6.5%[5.3–7.7%] [39 (31–56)vs. 48 (34–
61) mmol/mol], P 5 0.04) (Fig. 1A). High
doses of sulfonylurea were used in most
individuals (1-year vs. 10-year dose 0.37
[0.01–1.25] vs. 0.25 [0.03–1.30] mg/kg/
day glyburide, P 5 0.50) (Fig. 1B). Only
three individuals required doses under
0.1 mg/kg/day glyburide at most recent
follow-up. In 11 individuals who had
sufficient annual data available, there
was a gradual reduction in median sul-
fonylurea dose per kilogram of body
weight over time, despite relatively sta-
ble glycemic control (Supplementary
Fig. 1).

Side Effects
Diarrhea was reported in two individu-
als. One individual was diagnosed with
irritable bowel syndrome. The second in-
dividual, previously reported by Codner
et al. (21), experienced transient diar-
rhea on glyburide; this stopped on

switching to tolbutamide. No other ad-
verse effects of sulfonylurea therapy were
reported.

Hypoglycemia
There were no episodes of severe hypo-
glycemia, defined as losing conscious-
ness or having seizures (22), reported
over the course of the follow-up in
patients treatedwith sulfonylurea alone.
In one individual on glyburide treatment,
an episode was reported whereby the
blood glucose remained ,4.0 mmol/L
even after treatment with fruit juice,
and third-party assistance was required.
Another individual switched treatment
from glyburide to tolbutamide (see above)
because of episodes of asymptom-
atic hypoglycemia on glyburide treat-
ment; these settled on tolbutamide
(21).

Diabetes Complications
Microvascular complications occurred in
two individuals: One had microalbumi-
nuria, and one hadmicroalbuminuria (nor-
motensive) and proliferative retinopathy

requiring intravitreal injections and
photocoagulation as well as mildly ele-
vated LDL treated with a statin medi-
cation. These individuals transferred to
sulfonylureas at age 10 years and 26
years, respectively (after a short period
of sulfonylurea treatment as a child [see
above]). There were no macrovascular
complications reported over the period
of follow-up.

BMI
In 10 individuals who remained in-
dependent of insulin and had paired
height and weight data available, BMI
remained normal (BMI SD score pre–
sulfonylurea treatment20.13 [20.85 to
1.44] and at most recent follow-up on
sulfonylureas 20.29 [20.99 to 0.94],
P 5 0.23).

CNS Features
Thirteen of 21 (62%) patients were re-
ported to have CNS features before and
after transfer to sulfonylureas (Fig. 2 and
Supplementary Table 1). The most com-
mon features at most recent follow-up

Table 2—Clinical features of individuals with dominantly vs. recessively inherited variants in the ABCC8 gene

Clinical feature Dominant heterozygous (n 5 11)
Recessive (compound heterozygous/

homozygous) (n 5 10)
P

value

Genotype D209E/N, D212I/N, L1295F/N, L135P/N,
L213P/N, L213R/N, L225P/N, Q211K/N,

R1380L/N, V86G/N, V86A/N

2 E382K/E382K, E208K/D1472N, E208K/
Y263D, L1148R/R1380C, P45L/G1401R,
R168C/G1256S, T229I/V1532L, V215A/

V215A, V324M/W688R

NA

Duration of follow-up (years) 11.2 (7.9–13.2) 9.1 (4.1–12.3) 0.02

Male, n (%) 4 (36) 6 (60) 0.27

Birth weight (g) 2,700 (2,100–3,065) (n 5 9) 2,750 (1,510–3,402) (n 5 10) 0.76

Age
At diagnosis (weeks) 6 (2–17) (n 5 11) 11 (1–47) (n 5 10) 0.48
At transfer to SU (years) 5.8 (1.9–12.0) (n 5 11) 10.3 (0.5–26.0) (n 5 10) 0.12
Current (years) 19 (15–23) (n 5 11) 22.5 (11–36) (n 5 10) 0.08

Pre-SU HbA1c
% 6.7 (5.3–7.9) (n 5 11) 8.1 (5.8–9.5) (n 5 10) 0.001
mmol/mol 50 (34–63) (n 5 11) 65 (40–80) (n 5 10) 0.001

Year 1 HbA1c
% 6.0 (5.0–6.9) (n 5 10) 5.7 (5.0–7.3) (n 5 8) 0.92
mmol/mol 42 (31–52) (n 5 10) 39 (31–56) (n 5 8) 0.92

Most recent HbA1c
% 7.0 (5.3–10.3) (n 5 11) 6.3 (5.3–10.1) (n 5 10) 0.32
mmol/mol 53 (34–89) (n 5 11) 45 (34–87) (n 5 10) 0.32

SU dose (mg/kg/day glyburide)
Year 1 0.09 (0.01–1.25) (n 5 10) 0.50 (0.17–1.11) (n 5 8) 0.08
Most recent 0.36 (0.02–1.45) (n 5 10) 0.35 (0.10–1.30) (n 5 10) 0.67

On insulin at recent follow-up, n (%) 3 (27) 0 (0) 0.08

With neurological features any atmost recent
visit, n (%) 7 (64) 6 (60) 0.85

Data are median (range) unless otherwise indicated. The number of patients is different for each variable because of differences in the amount of
available data. NA, not applicable; SU, sulfonylurea.
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were DD in 48%, LD in 52%, and attention
deficit hyperactivity disorder in 38%.
Comorbiditywas common:11 individuals
had three or more specific CNS features
together. Infive individuals, seizureswere
or may have been a result of factors other
than the genetic mutation (Supplementary
Table 2).
In 7 of 13 (54%) patients, there was

some improvement (n5 5) or complete
resolution (n5 2) noted in neurological
features on starting sulfonylureas (Fig.
2 and Supplementary Table 1). In the
two patients whose neurological fea-
tures completely resolved, both had

DD pretransfer (with LD in one) but
subsequently attained a developmental
level expected for their age.

All three patients who required rein-
troduction of insulin treatment had
neurological features (Table 1); there
was improvement in the electroen-
cephalogram background in one of
these patients following initial transfer
from insulin onto sulfonylureas. Age at
transfer to sulfonylureas was similar in
patients with and without neurological
features at most recent follow-up (6.6
[0.5–18.2] vs. 8.4 [0.9–26.0] years, P 5
0.53).

CONCLUSIONS

In summary, in our 10-year study of
21 individuals with sulfonylurea-treated
ABCC8-PNDM, 86% remained indepen-
dent of insulin at their most recent
follow-up. Furthermore, glycemic con-
trol was maintained on relatively high
doses of sulfonylureas, without any re-
ports of severe hypoglycemia or side
effects. A large proportion of the co-
hort (62%) had overt neurological fea-
tures both before sulfonylurea transfer
and at most recent follow-up, and
comorbidity was common. There was
partial improvement in some CNS fea-
tures in just over one-half of individ-
uals following transfer to sulfonylurea
therapy.

The excellent long-term outcomes in
sulfonylurea-treated ABCC8-PNDM are
similar to those observed in KCNJ11-
PNDM (11) (Supplementary Table 3).
Our data do not support the suggestion
fromprevious studies that lower doses of
sulfonylurea may be required in people
with ABBC8 mutations compared with
those with KCNJ11 mutations (9). This
maybedue to, at least inpart, the inclusion
of patients with ABCC8-TNDM and
ABCC8-PNDM in earlier cohort studies
(9) and a lower sulfonylurea dose re-
quirement in the patients with TNDM
(23). In this study, behavioral and/or
social factors are likely to explain the
deterioration in glycemic control in the
three individualswithABCC8-PNDMwho
required reintroduction of insulin.

We have shown that overt CNS fea-
tures in ABCC8-PNDM occur with rela-
tively high frequency and that comorbidity
is common, in contrast with previous
studies that included cohorts of patients
with ABCC8-TNDM and ABCC8-PNDM
(5,6,9). Indeed, the frequency andnature
of CNS features in ABCC8-PNDM is similar
to that observed in KCNJ11-PNDM (11)
(Supplementary Table 3), with the ex-
ception of autism, which has been more
frequently reported in KCNJ11-PNDM
(11,24,25).

The partial improvement in neurolog-
ical features in 7 of 13 individuals on
transferring to sulfonylureas is consis-
tent with previous cases and suggests
that the drugs may improve neurolog-
ical function in some patients with
ABCC8-PNDM,althougharandomizedcon-
trolled trial would be required to prove
this definitively. It has been suggested

Figure 1—A: HbA1c pre–sulfonylurea transfer at year 1 and at most recent follow-up in
16 patients with data available at all three time points. Circles represent individuals, and black
horizontal lines represent group medians. B: Sulfonylurea dose at year 1 and at most recent
follow-up in 16 patients included in panel A. Circles represent individuals, and black horizontal
lines represent group medians.
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that the improvement in neurological
features is greater the earlier sulfonyl
ureas are started (17,26), reflecting
greater neuroplasticity at a younger
age with a so-called sensitive period
occurring within the first 6 months of
life (27). In our cohort, only two patients
transferred under the age of 1 year, and
none transferred under the age of 6
months; therefore, this crucial sensitive
period for the action of sulfonylureas
in the brain may have been missed.
Studies in rats have suggested that
glyburide is actively transported out
of the brain (28); this may make it
difficult to achieve therapeutic concen-
trations of the drug in the cerebrospinal
fluid. As a result, recommendeddoses of
glyburide in patients with KATP channel–
related PNDM and severe neurological
features are higher (at least;1 mg/kg/
day) (29). Of those individuals who re-
mained independent of insulin in our
cohort, only two were on a dose this
high at their most recent follow-up. Fur-
thermore, there was a tendency for gly-
buride doses to fall over time, which may
reflect lack of adjustment of total daily
doses according to increases in body
weight as children grow. This may also
explain the slightly higher HbA1c at the
most recent follow-up when compared
with year 1.

These factors emphasize the need for
early genetic testing and identification of
all patients with ABCC8-PNDM. Prompt
genetic diagnosis facilitates early trans-
fer to sulfonylureas as well as system-
atic screening of all affected individuals
for neurodevelopmental features at di-
agnosis and follow-up and provision of
appropriate support. Clinicians should
consider higher doses of sulfonylureas
if neurological features are present. They
should also regularly adjust total daily dose
tomaintain the same dose per kilogram of
bodyweight over time, thereby optimizing
treatment for both glycemia and neuro-
logical features.

Variable modes of inheritance are
observed in our cohort; there is amixture
of dominant heterozygous ABCC8 muta-
tions (n 5 11) as well as compound
heterozygous (n 5 7) and homozygous
variants (n5 3), in keepingwith previous
studies (30). This has implications for
genetic counseling in relation to recur-
rence risk and carrier status in future
offspring, which will be different for
dominant versus recessive inheritance.
In this study, therewere nodifferences in
long-termoutcomesbetween individuals
with dominant heterozygous versus re-
cessive (homozygousandcompoundhet-
erozygous)mutations (Table 2). However,
our study was not designed to address

this question, and research in larger
cohorts will be required to investigate
the impact of mode of inheritance on
clinical outcomes in ABCC8-PNDM. An
additional limitation is the wide range of
specific genetic variants included, which
prevents the identification of strong
genotype-phenotype relationships.

Finally, neurological features were not
screened for systematically through re-
peated assessments in one center over
the course of the follow-up, and com-
prehensive neuropsychological testing
was not done as part of this study.
Therefore, there is likely to be variable
ascertainment and/or reporting of CNS
features on the basis of what was re-
corded in the clinical notes. This might
result in an underestimation of the ex-
tent of neurological involvement in af-
fected individuals. It is not possible to
fully distinguish the relative contribu-
tions of mutant KATP channels in the
brain and other factors from the neuro-
logical features reported (Supplementary
Table 2). It is likely that in at least some
individuals, the neurological features
will be due to a combination of different
etiologies. Despite these limitations, this
study is the first to assess the long-term
treatment response and CNS features in
an international cohort of patients with
ABCC8-PNDM. Further research in larger

Figure 2—Number of patients with ABCC8-PNDM with neurological features relative to sulfonylurea transfer.
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cohorts of individuals with ABCC8 muta-
tions will be required to investigate in
more detail the CNS phenotype, geno-
type-phenotype relationships, and fac-
tors influencing the glycemic response to
sulfonylureas (e.g., specific physiological
states such as puberty and pregnancy).
In conclusion, we have shown for the

first time that sulfonylurea therapy is
effective and safe long term for people
with PNDM as a result of ABCC8 muta-
tions, with excellent glycemic control
maintained over 10 years without severe
hypoglycemia or side effects, despite
relatively high doses in most patients.
Importantly, affected individuals frequently
have multiple overt CNS features, which,
in some, may partly improve with sulfo-
nylureas. Rapid genetic diagnosis is cru-
cial to facilitate early initiation of precision
therapy with sulfonylureas in ABCC8-
PNDM and to enable prompt identifica-
tion of neurodevelopmental features
and provision of appropriate support for
affected families.
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