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Objective: Continuous glucose monitoring (CGM) is the standard of care for

glucose monitoring in children with diabetes, however there are limited data

reporting their use in hyperinsulinaemic hypoglycaemia (HH). Here, we evaluate

CGM accuracy and its impact on quality of life in children with HH.

Methods: Real-time CGM (Dexcom G5 and G6) was used in children with HH

aged 0-16years. Data from self-monitoring capillary blood glucose (CBG) and

CGM were collected over a period of up to 28days and analysed. Quality of life

was assessed by the PedsQL4.0 general module and PedsQL2.0 family impact

module, completed by children and their parents/carers before and after CGM

insertion. Analysis of accuracymetrics includedmean absolute relative difference

(MARD) and proportion of CGM values within 15, 20, and 30% or 15, 20, and 30

mg/dL of reference glucose values >100 mg/dL or ≤100 mg/dL, respectively (%

15/15, % 20/20, % 30/30). Clinical reliability was assessed with Clarke error grid

(CEG) analyses.

Results: Prospective longitudinal study with data analysed from 40 children. The

overall MARD between reference glucose and paired CGM values (n=4,928) was

13.0% (Dexcom G5 12.8%, Dexcom G6 13.1%). The proportion of readings

meeting %15/15 and %20/20 were 77.3% and 86.4%, respectively, with CEG

analysis demonstrating 97.4% of all values in zones A and B. Within the

hypoglycaemia range (<70 mg/dL), the median ARD was 11.4% with a

sensitivity and specificity of 64.2% and 91.3%, respectively. Overall PedsQL

child report at baseline and endpoint were 57.6 (50.5 – 75.8) and 87.0 (82.9 –

91.2), and for parents were 60.3 (44.8 – 66.0) and 85.3 (83.7 – 91.3), respectively

(both p<0.001).

Conclusion: Use of CGM for children with HH is feasible, with clinically

acceptable accuracy, particularly in the hypoglycaemic range. Quality of life
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measures demonstrate significant improvement after CGM use. These data are

important to explore use of CGM in disease indications, including neonatal and

paediatric diabetes, cystic fibrosis and glycogen storage disorders.
KEYWORDS

hyperinsulinism, continuous glucose monitoring, hypoglycaemia, neurodevelopment,
time below range
Highlights
• There has been limited research into the accuracy of real-

time continuous glucose monitoring (CGM) in children at

high risk of hypoglycaemia due to hyperinsulinaemia.

• This is the largest dataset reporting the accuracy of real-

time continuous glucose monitoring in this cohort, with

results demonstrating clinically acceptable accuracy,

including in the hypoglycaemia range.

• Furthermore, use of CGM is associated with significant

improvement in quality of life in children and their parents.

• These data are important for the use of CGM in children

with rare disease indications, such as those with

hyperinsulinism or rare metabolic disorders.
Introduction

Hyperinsulinaemic hypoglycaemia (HH) is caused by

dysregulation of insulin secretion from pancreatic b-cells (1). It is
the main cause of persistent hypoglycaemia in neonates and infants,

putting them at significant risk of permanent brain damage and

even sudden death (2). Children with HH are at high risk of

neurological deficit with hypoglycaemic episodes (3). The long-

term effects of neonatal and childhood hypoglycaemia include an

impact on visual-motor integration, motor skills, and academic

attainment (4). Neonatal hypoglycaemia is associated with a two-to-

three-fold increased risk of specific cognitive deficits in early

childhood (2-5years), and general cognitive impairment and

literacy and numeracy problems in later childhood (6-11years)

(5). In 60 children with hyperinsulinism followed for a period of

5 years, 46.7% of them had at least one form of neurodevelopmental

delay (6).

The care and management of children with HH can be complex

(7). Regular capillary blood glucose measurement (CBG) by heel or

finger prick is the standard of care to monitor blood glucose

concentration in the hospital as well as at home, supporting the

identification and management of hypoglycaemic episodes.

However, blood glucose levels may need to be measured often,

and up to every 10-15 minutes at the time of hypoglycaemia,

especially where children are unable to communicate the

symptoms of hypoglycaemia.
02
Continuous glucose monitoring (CGM) provides information

on real-time glucose concentration, the rate and direction of

change, and alerts and alarms for predicted, or established,

hypoglycaemia below customisable thresholds (8). CGM is used

in children with type 1 diabetes and is supported by a robust

evidence base in paediatric and adult type 1 diabetes care (9, 10).

CGM may be a useful monitoring tool to identify, or even predict,

hypoglycaemia in HH, with potential to reduce the burden of CBG

monitoring and the discomfort and pain associated with it.

Moreover, CGM may enable identification of otherwise

undetected episodes of hypoglycaemia especially those with

asymptomatic hypoglycaemia and may have the potential to

reduce the risk of neuroglycopenia in the developing brain.

There is limited evidence supporting CGM accuracy in the low

blood glucose range in babies and young children, and little data

supporting CGM use in children with HH (11). Previous studies in

children with HH showed that CGM (Dexcom G4-G6) tends to

under read compared with CBG measurements (12, 13). In another

study, CGM (Dexcom G6) demonstrated an over reading compared

to CBG (14), similar to another study with Freestyle Libre 1 (15).

However, CGM can be used to help to understand glycaemic

patterns and support prevention of severe hypoglycaemia (16).

In order to explore the potential for CGM to attenuate exposure

to hypoglycaemia in children with HH, and thereby possibly

reducing the risk of neurodevelopmental delay, data supporting

the feasibility and accuracy of CGM in this population are required.

The aim of this study is to determine the accuracy of real-time CGM

in children with HH and to report pilot quality of life outcomes

associated with CGM use.
Methods

Study design and participants

This is a prospective longitudinal study in children with HH

conducted in both inpatient and home environment settings.

Dexcom (San Diego, California) G5 and G6 CGM systems were

used. The inclusion criteria were children with a diagnosis of HH

within the age range of term babies with corrected gestational age

>37weeks up to 16 years of age. Recruited neonates were over 2kg.

The Dexcom G6 CGM system was used in children aged above 2

years. For children aged between 0-2 years, the Dexcom G5 system

was used, as the G5 sensor has a manual inserter which enables the
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angle and force of the sensor insertion to be adjusted for

smaller participants.

Parents and carers were requested to do at least six CBG

readings by heel or finger prick sampling every 24 hours (fasting,

pre-meals and before bedtime), and were supported to continue

usual hypoglycaemia management during the duration of the study,

based on CBG results. CBG was assessed using an ISO 15197:2013

compliant CBG device in line with the manufacturers’ instructions

(Accu-Chek Inform II in an inpatient setting or with Accu-Chek

Performa Nano glucometers at home). If the the CGM glucose was

reported to be <72mmol/L (<4 mmol/L), the participant, carer or

parent checked CBG concentration. If the initial capillary blood

glucose was <63mg/dL (3.5mmol/L), a repeat sample was taken

immediately from another site as per standard of care in children

with HH. If the second value was <63mg/dL (3.5mmol/L), then this

was treated as hypoglycaemia. All capillary blood glucose values

along with CGM value were documented in a diary.

Parents and carers were taught how to insert and remove the

sensor, and written information with emergency contact details

were given to parents. Sensors for Dexcom G5 were changed every 7

days and Dexcom G6 every 10 days. Parents of children using the

Dexcom G5 (<2 years old) were required to calibrate every 12 hours

as per manufacturer guidance. For users of Dexcom G6, there was

no requirement to calibrate the sensor.

Participants remained in the study for a period of 1 to 4 weeks.

Glucose data were downloaded from all devices at the end of the

study period. CBG readings were paired to the nearest 5 minute

CGM value (either before or after). Ethical approval was granted by

the London Fulham NHS Research and Ethics Committee.
Quality of life study questionnaires

Age-appropriate and validated quality of life questionnaires

(PedsQL version 2.0 for parents of participants aged 2-4 years,

and PedsQL version 4.0 to all participants >4 years of age) were

completed by participants and their families at the start and end of

the monitoring period.

The PedsQL Generic Core Scales have child self-reporting

forms designed for ages 5–7 (young child), 8–12 (child), and 13–

18 (adolescent) years. Children >8 years report how much of a

problem each item has been for them during the past one month.

PedsQL assessments consists of 4 subscales on physical, emotional,

social and school functioning, and include a Likert response scale

(0 = never a problem; 1 = almost never a problem; 2 = sometimes a

problem; 3 = often a problem; 4 = almost always a problem) for each

item in each scale. A simplified, 3-point rating scale was used for

younger children (0 = not at all; 2 = sometimes; 4 = a lot). Items

were reverse-scored and transformed to a 0–100 scale where higher

scores indicate better health related quality of life (i.e. 0 = 100,

1 = 75, 2 = 50, 3 = 25, 4 = 0). Scale scores were computed as the sum

of the items divided by the number of items answered (this accounts

for missing data). If greater than 50% of the items in the scale were

missing, the scale score was not computed. A detailed description of

scoring can be found via the PedsQL™ website (17).
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Primary and secondary outcomes

The primary endpoint was the overall mean absolute relative

difference (MARD; %) between CGM compared to the reference

CBG glucose. Secondary endpoints included median absolute

relative difference (median ARD, %) for CGM and in the

predefined glycaemic ranges: <70 mg/dL (<3.9 mmol/L); <63 mg/

dL (<3.5 mmol/L); 70-180 mg/dL (3.9-10 mmol/L); >180 mg/dL

(>10 mmol/L). The UK consensus in the management of

hypoglycaemia in people with congenital hyperinsulinaemia is 63

mg/dL (3.5 mmol/L) (14).

Additional endpoint measures include Clarke error grid

analysis, as well as percentage (%) time in range (TIR; 70–

180 mg/dL; 3.9-10 mmol/L), % time in hypoglycaemia (<70 mg/

dL; <3.9 mmol/L), and hyperglycaemia (>180 mg/dL; >10 mmol/L)

calculated for the total study period.
Statistical methods and data analysis

Glucose CGM sensor performance was evaluated by the absolute

relative difference determined as an aggregate value from the total

number of paired points. The performance evaluation also included the

proportion of the CGM system values that are within ±20% of relative

difference of reference value at glucose levels > 100 mg/dL (>5.6 mmol/

L) and ±20mg/dL (± 1.1mmol/L) of absolute difference at glucose level

≤ 100 mg/dL (≤ 5.6 mmol/L), hereafter referred to as % 20/20, as well

the proportion of the CGM system values that are within ± 15% of

relative difference of reference value at glucose levels >100 mg/dL

(>5.6mmol/L) and ±15 mg/dL (± 0.8 mmol/L) of absolute difference at

glucose level ≤ 100 mg/dL (≤ 5.6 mmol/L), hereafter referred to as %

15/15. Sensitivity and specificity was also calculated for each

hypoglycaemic threshold of <70mg/dL (<3.9mmol/L), <63mg/dL

(<3.5mmol/L) and <54mg/dL (<3.0mmol/L), as well as the positive

predictive value and negative predictive value.

Clarke error grid (CEG) analyses (18) were used to quantify the

clinical accuracy of the CGM sensors, with Bland–Altman plots

used to depict the data distribution and bias between sensor and the

reference glucose. Measures of glycaemic variability were computed

using EasyGV (v10.0) software (19).

Data have been presented as mean (standard deviation) and

median (interquartile range [IQR]), unless otherwise stated.

Distribution of data were assessed by quantile-quantile and

density plots indicating non-normal distribution. Thus, the

median ARDs have been reported alongside the MARD.

Statistical tests were two-tailed and results considered statistically

significant if p<0.05. Statistical analysis was performed using Stata

version 15 (StataCorp, College Station, TX).
Results

The study was conducted from June 2019 to March 2020 in a

Paediatric Endocrine centre in London. There were 44 participants

diagnosed with HH recruited in the study. Four participants were
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withdrawn from the study; one child developed mild skin rash at the

sensor site and one developing swelling at the sensor insertion site.

Two other participants did not submit CBG data to compare and

were therefore withdrawn. Data from 40 children ranging from 0-16

years were included in the analysis.

There were 35 children aged >2 years old using Dexcom G6 and

5 children aged <2 years old using Dexcom G5. Twenty-seven

(67.5%) children had a genetic cause identified, with remaining 13

(32.5%) having an unknown cause of HH. Baseline characteristics

for the participants are summarized in Table 1. The mean sensor

wear time for all participants was 21.2 ± 7.6 days.
Frontiers in Endocrinology 04
CGM accuracy

There were 4,928 CGM data points with paired CBG values

(4,074 for Dexcom G6 and 854 for Dexcom G5). The MARD

between paired CGM and CBG values was 13.0% (13.1% for

Dexcom G6 and 12.8% for Dexcom G5; Table 2). For CBG values

<3.9mmol/L (n= 779), the median ARD was 11.4% (11.7% for

Dexcom G6 [n=599] and 10.5% for Dexcom G5 [n=180]). For

clinically relevant hypoglycaemia (<63mg/dL; <3.5mmol/L) for

participants with HH, the median ARD was 14.3% (11.6% for

Dexcom G6 [n=288] and 14.3% for Dexcom G5 [n=74]). The
TABLE 1 Baseline demographics for recruited participants (n=40).

Characteristics of the participants Dexcom G6
(n=35)

Dexcom G5
(n=5)

Combined
(n=40)

Age

0-2 years – 5 (100.0) 5 (100.0)

2-4 years 13 (37.1) – 13 (37.1)

5-7 years 14 (40.0) – 14 (40.0)

8-12 years 6 (17.1) – 6 (17.1)

13-16 years 2 (5.7) – 2 (5.7)

Gender

Male
Female

17 (48.6)
18 (51.4)

2 (40.0)
3 (60.0)

19 (47.5)
21 (52.5)

Diagnosis

HI (unknown) 13 (37.4) – 13 (32.5)

HI ABCC8 12 (34.3) 1 (20.0) 13 (32.5)

HI PMM2 2 (5.7) – 2 (5.0)

HI GLUD1 2 (5.7) 1 (20.0) 3 (7.5)

HI HNF4a 2 (5.7) 1 (20.0) 3 (7.5)

HI Beckwith Wiedeman Syndrome 1 (2.9) 1 (20.0) 2 (5.0)

HI Fanconi Syndrome 1 (2.9) – 1 (2.5)

HI Kabuki Syndrome 1 (2.9) – 1 (2.5)

HI Von Willebrand disease Type 1 (2.9) – 1 (2.5)

HI ZC4H2 Wieacker-Wiff syndrome – 1 (20.0) 1 (2.5)

Treatment

Diazoxide 8 (22.9) 1 (20.0) 9 (22.5)

Diazoxide ± other (i.e. octreotide/nifedipine) 11 (31.4) 1 (20.0) 12 (30.0)

Lanreotide 9 (25.8) 1 (20.0) 10 (33.3)

Octreotide 6 (17.1) 1 (20.0) 7 (17.5)

Not on any medication 1 (2.9) 1 (20.0) 2 (5.0)

Feeds

Oral Feeds 28 (80.0) 3 (60.0) 31 (77.5)

Oral feeds and Gastric feeds 7 (20.0) 2 (40.0) 9 (22.5)
Results are expressed as median (IQR) or n (%). ABCC8, ATP Binding Cassette Subfamily C Member-8; GLUD1, glutamate dehydrogenase-1; HI, hyperinsulinism; HNF4a, hepatocyte nuclear
factor-4a; PMM2, phosphomannomutase-2; ZC4H2, Zinc finger C4H2‐type containing gene.
frontiersin.org

https://doi.org/10.3389/fendo.2023.1265076
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Sivasubramanian et al. 10.3389/fendo.2023.1265076
overall %15/15 and %20/20 agreement was 77.3% and 86.4%,

respectively (Dexcom G6: 77.1% and 86.3% respectively; Dexcom

G5: 77.9% and 86.9% respectively).

On the Clarke error grid analysis, 82.3% of points fell in the

clinically accurate zone A, with 97.4% of all points falling in zones A

and B (Figure 1A). Clarke error grids for Dexcom G5 and G6 are

available as Supplementary Material. As illustrated on the Bland

Altman analyses (Figure 1B), mean bias was +1.4mg/dL (+0.08mmol/

L), with 95% limits of agreement for CGM to reference glucose CBG

were -33.3mg/dL (-1.85mmol/L) and +36.1 mg/dL (+2.01mmol/L).

For the combined sensor data, sensitivity and specificity for

hypoglycaemia (<63 mg/dL; <3.5 mmol/L) were 49.2% and 94.9%

respectively, and 40.7% and 98.2% for hypoglycaemia (<54 mg/dL;

<3.0mmol/L). When the hypoglycaemia threshold was increased to

70 mg/dL (3.9 mmol/L), sensitivity and specificity were 64.2% and

91.3% respectively. For the hypoglycaemia threshold of 70mg/dL

(3.9mmol/L), the positive predictive value was 55% and the negative

predictive value was 90% (Table 3).
Times in glycaemic range and variability

Times in glycaemic range for children with HH are

demonstrated in Table 2. The median (IQR) %TIR 70-180 mg/dL

(3.9 – 10 mmol/L) for Dexcom G6 was 94.5 (86.9-96.8)% and
Frontiers in Endocrinology 05
Dexcom G5 was 83.8 (76.9-88.5)%. Percentage time below range

<70 mg/dL (<3.9 mmol/L) was 2.6 (0.6-5.9)% for Dexcom G6 and

14.5 (11.5-21.4)% for Dexcom G5. For clinically relevant

hypoglycaemia in HH, the percentage time below range <63mg/

dL (<3.5mmol/L) for Dexcom G6 and G5 was 0.9 (0.2-2.1)% and 4.7

(3.6-13.5), respectively. Percentage time above range 180 mg/dL

(>10 mmol/L) was 1.2 (0.5-5.6)% and 1.3 (0.7-1.3)% for Dexcom G6

and G5, respectively. The coefficient of variance was 23.2 (19.2-

28.2)% and 27.5 (26.1-33.7)% for Dexcom G6 and G5, respectively.
Quality of life outcomes

Quality of life questionnaires were available for 22 children aged

>5 years old and family impact reports for 30 participants;

remaining questionnaires were incomplete. Overall child reported

PedsQL scores at baseline and after CGM use were 57.6 (50.5 –

75.8) and 87.0 (82.9 – 91.2) respectively, for all age groups (p<0.001;

Table 4). Subgroup analyses for child reported PedsQL scores at

baseline and endpoint were 56.5 (48.9 – 69.0) and 90.0 (86.5 – 91.3)

for 5 to 7 years old (n=14; p=0.001); 75.5 (59.7 – 81.8) and 83.2 (76.1

– 83.7) for 8 to 12 years old (n=6; p=0.046); 63.0 (56.5 – 69.7) and

88.0 (87.0 – 89.1) for 13 to 16 years old (n=2).

Overall parent reported scores at baseline and after CGM use

were 60.3 (44.8 – 66.0) and 85.3 (83.7 – 91.3) respectively, for
TABLE 2 Sensitivity and specificity for varying glycaemic threshold using Dexcom G5 (n=854), G6 (n=4,074) and the combined dataset (n=4,928).

Dexcom G6 Dexcom G5 Combined

Measures of accuracy

n paired data points 4074 854 4928

Mean ARD (%) 13.1 (± 13.6) 12.8 ( ± 12.5) 13.0 (± 13.4)

Median ARD (%) 9.3 (4.8 – 17.0) 9.4 (4.0 – 17.0) 9.3 (4.8 – 17.0)

Median ARD (%) <63mg/dL (<3.5mmol/L) 14.3 (7.3 – 23.5) 11.6 (5.8 – 21.1) 14.3 (7.0– 23.3)

Median ARD (%) <70mg/dL (<3.9mmol/L) 11.7 (5.8 – 21.7) 10.5 (3.4 – 19.7) 11.4 (5.6 – 21.2)

Median ARD (%) 70 -180mg/dL (3.9-10mmol/L) 8.7 (4.4 – 15.2) 9.1 (4.0 – 16.1) 9.1 (4.5 – 16.3)

Median ARD (%) >180 mg/dL (>10 mmol/L) 6.0 (3.9 – 9.1) 8.7 (8.2 – 24.5) 6.1 (3.9 – 9.2)

%15/15 (%) 77.1 77.9 77.3

%20/20 (%) 86.3 86.9 86.4

Glycaemic outcomes

Times in range, %
<54mg/dL (<3.0mmol/L)
<63mg/dL (<3.5mmol/L)
<70mg/dL (<3.9mmol/L)
70 -180mg/dL (3.9-10mmol/L)
>180mg/dL (>10mmol/L)
>270mg/dL(>15mmol/L)

0.2 (0.0-0.6)
0.9 (0.2-2.1)
2.6 (0.6-5.9)

94.5 (86.9-96.8)
1.2 (0.5-5.6)
0.2 (0.0-0.6)

1.0 (0.8-4.9)
4.7 (3.6-13.5)
14.5 (11.5-21.4)
83.8 (76.9-88.5)
1.3 (0.7-1.3)
0.1 (0.0-0.1)

0.2 (0.0-0.8)
1.0 (0.2-3.2)
2.9 (1.2-7.5)

92.9 (85.5-96.6)
1.3 (0.5-4.0)
0.0 (0.0-0.2)

Average blood glucose, mmol/L 6.1 (5.8-6.7) 5.0 (4.9-5.6) 6.0 (5.6-6.7)

CV, % 23.2 (19.2-28.2) 27.5 (26.1-33.7) 24.1 (19.2-29.0)

MAG 2.4 (2.2-2.9) 2.4 (2.4-2.8) 2.4 (2.2-2.9)
Results are expressed as median (IQR)
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children of all age groups (p<0.001). Family impact (parent

reported) scores were 45.4 (27.4 – 58.0) and 80.6 (76.8 – 84.8) at

baseline and endpoint, respectively (p<0.001).
Safety outcomes

No serious device-related adverse events occurred during the

study, apart from one child who developed mild skin rash at the

sensor site and one child developed swelling at the sensor

insertion site.
Discussion

This is the largest study demonstrating accuracy and feasibility

of real-time CGM for children with hyperinsulinaemic

hypoglycaemia, including in the hypoglycaemic range.

Furthermore, use of real-time CGM has a beneficial impact on

the quality of life for children and their parents/carers.

The combined accuracy of all paired data points demonstrated

an overall MARD of 13.0% across all clinically relevant glucose

ranges, including the hypoglycaemic range. The MARD is slightly

higher compared to that observed in accuracy studies in children

with diabetes with Dexcom G5 and G6 (10% and 9%, respectively),
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likely due to more sensor data in this study being in the low and

low-normal glucose range. On CEG analysis, 97.4% of values lie

within zones A and B, meeting the established criteria that >95% of

readings lie in either zone A or B (20). There was no systematic bias

in the difference between CGM and CBG levels. Our sensor data are

in keeping with previously reported results for hypoglycaemia

sensitivity in CHI, which reportedly range from 43-73% (12–14).

Evidence from people with diabetes suggests that CGM is

effective for people at high risk of hypoglycaemic events (21, 22),

including people with impaired awareness of hypoglycaemia and

recent severe hypoglycaemia requiring the assistance of a third

party to treat (23, 24). Time spent in the hypoglycaemic range is

consistently reduced with CGM use and the incidence of severe

hypoglycaemia may be reduced (23, 25). Transferring these benefits

to children with HH has potential to reduce the burden of CBG self-

monitoring, reduce exposure to hypoglycaemia, including reducing

the incidence of seizures associated with hypoglycaemia, and may

prevent the deleterious effects of neuroglycopaenia.

The accuracy of CGM seen in the study population of children

with HH is acceptable, suggesting that widespread use of CGM for

children with HH has potential to be a safe, effective management

tool especially in those children with asymptomatic hypoglycaemia

and severe disease needing frequent monitoring. CGM may be

particularly beneficial for young children who are unable to

articulate symptoms, alerting parents to impending hypoglycaemia
TABLE 3 Measures of accuracy and glycaemic outcomes for Dexcom G5, G6 and the combined dataset.

Dexcom G6 (n=4,074) Dexcom G5 (n= 854) Combined (n=4,928)

Hypoglycaemia threshold Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity

<70mg/dL (<3.9mmol/L) 61.9 92.3 70.4 82.8 64.2 91.3

<63mg/dL (<3.5mmol/L) 47.2 95.7 56.8 91.0 49.2 94.9

<54mg/dL (<3.0mmol/L) 40.0 98.6 43.8 96.7 40.7 98.2
Accuracy was assessed by matched CGM data points with paired CBG values (Dexcom G5 n=854; Dexcom G6 n=4,074 and the combined dataset n=4,928). Glycaemic outcomes assessed for
children using Dexcom G5 (n=5), G6 (n=35) and the combined dataset (n=40). Results are expressed as median (IQR)/n (%) except where indicated. ARD, absolute relative difference; CGM,
continuous glucose monitoring; CV, coefficient of variance; MAG, mean amplitude glucose.
BA

FIGURE 1

(A) Clarke error grid and (B) Bland Altmann analysis for combined Dexcom data (n=4,928) compared with capillary blood glucose. Inset images
demonstrate the range of values observed when reference and sensor values are <70 mg/dL (3.9 mmol/L). The overall mean bias for Dexcom G6
was +1.4 mg/dL (+0.08mmol/L) and 95% limits of agreement were -33.3mg/dL (-1.85mmol/L), +36.1 mg/dL (2.01mmol/L). CBG, capillary blood
glucose.
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with predictive alerts. Furthermore, the Dexcom Share feature allows

for parents to monitor glucose levels, allowing them to intervene

within a timely fashion. Support and education for parents and carers

of children with HH will be required to ensure optimal prevention of

hypoglycaemia without burden.

In terms of glycaemia, children using Dexcom G5 had a higher

proportion of hypoglycaemia than those reported using the

Dexcom G6 cohort. Although this is a smaller cohort (n=5 only),

these children, aged 0 to 2 years old, also had identified genetic

mutations rendering them at confirmed risk of hypoglycaemia. We

note children also spend a degree of time above range (>10mmol/L;

>180mg/dL), in contrast to the normal range data for children

without diabetes (26), which may reflect overcorrection of

hypoglycaemia. This may also explain the relatively effective

treatment and low frequency of hypoglycaemia (percentage time

<63mg/dL; <3.5mmol/L was 1.0%).

The major strength of the study is the population. We recruited a

group of children across a wide age range with the rare and complex

condition of HH in a tertiary setting. Additionally, the volume of

paired data points collected are the largest and acceptable for an

accuracy study, and included both hospital and home environment

glucose profiles, ensuring the results are applicable to in-patient and

out-patient monitoring. Furthermore, a significant proportion of

paired data points were in the hypoglycaemic range, demonstrating

CGM accuracy in the most clinically important range.

The main limitation of the study is missing quality of life data

for some participants. Despite this, our data demonstrate a

significant improvement in family impact, parent-reported quality

of life, and child-reported quality of life up to the age of 13years old.

These findings are in keeping with the significant morbidity,

psychosocial and financial burden for children and families

affected with HH (27, 28). Data were only available for two

participants in the 13 to 16 years old age group.

Finally, this dataset provides further evidence for access to

CGM to be considered and widened for people with recurrent

hypoglycaemia due to HH. Furthermore, these results could assist
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with other diseases, including those with neonatal and paediatric

diabetes, cystic fibrosis and glycogen storage disorders, but further

research in these areas is needed. The clinical effectiveness in

reducing exposure to hypoglycaemia compared to usual care can

now be assessed and, critically, cost effectiveness of CGM in HH can

be evaluated (29). The potential to prevent hospital admissions and

reduce length of stay, along with longer-term impact of reducing

disability and the direct and indirect costs associated should be

considered. Future studies incorporating artificial intelligence and

machine learning algorithms may further reduce the burden of

hypoglycaemia (30).
Conclusion

Data from Dexcom G5 and G6 CGM systems accurately reflect

CBG in HH, including at the time of hypoglycaemia. Accuracy

combined with significant improvements in quality of life for

children and their parents suggests that the use of CGM should

be considered as a standard of care for children with HH.
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TABLE 4 Quality of life outcomes pre- and post- CGM PedsQL report from children and their families.

Pre and Post CGM insertion
PedsQL

N Baseline (Pre-
CGM)

End-point (Post-
CGM)

Median change from baseline to
endpoint

P
value

Family Impact Parent Report 30 45.4 (27.4 – 58.0) 80.6 (76.8 – 84.8) +30.6 (17.9 – 46.1) <0.001

Overall Child Report PedsQL 5-16yrs 22 57.6 (50.5 – 75.8) 87.0 (82.9 – 91.2) +32.7 (10.1 – 38.6) <0.001

Child Report PedsQL 5-7yrs 14 56.5 (48.9 – 69.0) 90.0 (86.5 – 91.3) +37.0 (28.6 – 41.2) 0.001

Child Report PedsQL 8-12yrs 6 75.5 (59.7 – 81.8) 83.2 (76.1 – 83.7) +8.2 (4.3 – 14.3) 0.046

Teenager Report PedsQL 13-16yrs 2 63.0 (56.5 – 69.7) 88.0 (87.0 – 89.1) +25.1 (19.6 – 30.4) NA

Overall Parent Report PedsQL 5-16yrs 22 60.3 (44.8 – 66.0) 85.3 (83.7 – 91.3) +27.1 (20.2 – 41.0) <0.001

Parent Report PedsQL 5-7yrs 14 55.4 (46.5 – 63.7) 83.7 (82.9 – 90.5) +30.4 (22.3 – 40.0) 0.001

Parent Report PedsQL 8-12yrs 6 70.1 (41.6 – 79.1) 88.0 (84.2 – 92.1) +21.7 (7.3 – 42.7) 0.028

Parent Report PedsQL 13-16yrs 2 54.9 (49.7 – 60.1) 86.4 (86.1 – 86.7) +31.5 (26.1 – 40.0) NA
front
Results are expressed as median (IQR)/n (%). p<0.05 determines significance. Statistics not performed for teenagers aged 13-16 years old as only n=2. Text in bold are overall PedsQL scores.
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