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Introduction

The mainstay of  managing children with Type 1 diabetes 
mellitus (T1DM) is insulin administration and glycemic 
monitoring. Conventionally, glycemic monitoring is by 
measurement of  self‑monitoring of  blood glucose (SMBG) 
involving multiple pricks to the child. The limitations of  
these pricks include pain and a point‑in‑time assessment 
without evaluation of  the complete glycemic profile 
before making insulin adjustments. The importance of  
glycemic variability in determining the quality of  life and 
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A B S T R A C T
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long‑term complications has been evaluated in several 
studies.[1‑4]

Introduction of  continuous glucose monitoring (CGM) 
by measuring interstitial fluid glucose has overcome 
the deficits in SMBG by providing an overview of  the 
glycemic profiles in patients. However, most of  the 
existing CGM devices still need to be frequently calibrated, 
using a minimum of  2–5 daily monitored capillary blood 
glucose, which is painful for children and distressing for 
the parents.[5‑6] The other disadvantages include sensor 
replacement every 3–5 days and false alarms (when used 
with continuous subcutaneous insulin infusion, thus 
affecting compliance as demonstrated by pediatric studies 
on CGM).[7‑9]
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The recent  in t roduct ion of  f l a sh  g lucose 
monitoring  (FGM) using the factory‑calibrated meter 
has emerged as a novel method to study glycemic patterns 
in patients with Type I diabetes. FGM does not require 
finger prick calibration. The data are extrapolated using 
the inbuilt software to summarize the glycemic variability 
over  2  weeks. The glucose profile obtained using this 
system is called ambulatory glucose profile (AGP). The 
usefulness of  AGP in adults has been studied and 
guidelines have been recommended by experts in the 
field.[10,11] To date, there are no studies looking into the 
feasibility of  this tool in children. This pilot study was 
undertaken to assess the feasibility and acceptance of  
AGP in children with T1DM.

Methods

The data for this study were obtained from 46 children 
(1–18 years) of  both sexes with T1DM from two health 
centers in South India for 3 months from August 2015 to 
October 2015. Written informed consent was obtained 
from participants and their parents or guardians, after 
clearance from the Institutional Ethics Board. Children 
with localized skin disorders were excluded.

A standardized pro forma was used to collect demographic 
and clinical data. Clinical data included age of  the patient, 
duration of  diabetes, weight, height, current insulin 
regimen, and hemoglobin A1C level.

The participants and their parents were briefed about 
AGP system  (FreeStyle Libre Flash Glucose Monitoring 
System‑Abbott). The system includes a sensor (shelf  life of  
2 weeks after application) and a reader which when flashed 
against the sensor provides a record of  glucose values every 
15 min. Data from the reader are downloaded to a computer 
and the inbuilt software summarizes the data and provides 
numerical and graphic display of  patterns. The sensors 
were inserted by diabetes educators or clinicians who are 
trained to perform the procedure. Instructions were given 
to keep a written log of  events of  meals, exercise, and 
hypoglycemic symptoms in a standardized diary. SMBG 
was monitored as was their practice and during symptomatic 
hypoglycemia. The study participants continued their current 
insulin regimen during the study period. Dose adjustments, 
when indicated, were performed by the participants as they 
would routinely do based on their SMBG. After 14 days (or 
earlier if  the sensor got detached), participants returned to 
the hospital for removal of  the sensor.

Glucose profile for each patient obtained after 14  days 
includes the following three parts: Statistical summary, 
visual display, and daily views.

Feasibility measures
Feasibility was measured in terms of:
•	 Sensor failures  (sensor detachment, attached but no 

data, and difficulty with insertion)
•	 Data failures (no input and gaps in data or graph).

Acceptability measures
Acceptability was measured by asking the children (8 years 
and older) and/or the parents  (children younger than 
8  years) about their experiences and noting their 
responses in the questionnaire, which was prepared 
based on the existing literature on acceptability studies 
on CGM.[12,13]

Results

Forty‑six children (22 girls and 24 boys) were enrolled in 
this study. Mean age of  the participants was 10.07 years and 
mean duration of  diabetes was 3.4 years. About 51.06% of  
the children were on split mix regimen using regular and 
Neutral Protamine Hagedorn insulin, while 45.6% of  the 
children were on basal bolus regimen, using analogs (lispro 
or aspart and glargine or levemir). Demographic features 
of  the cohort are listed in Table 1. AGP recording of  a 
patient is illustrated in Figure 1.

Feasibility
In this cohort, for 30  (65.21%) subjects, the sensor 
remained in  situ for a complete duration of  14  days. 
Interestingly, all children between the age group of  
2–5 years managed to keep their sensors in situ for 2 weeks. 
Average duration of  sensor wear for the cohort was 
9.3  days  (range: 2–14  days). There was no difficulty in 
inserting the sensors. In seven boys and nine girls, sensor 
lasted for <2 weeks. Spontaneous detachment of  sensor 
occurred within 14 days in 15.2% of  the subjects. The 
sensor was in situ, but stopped recording within 14 days 
for 13% of  the subjects. Three children  (6.52%) got it 

Table 1: Demographic characteristics of the study 
participants (n=46)
Demographic characteristics Observations
Age (years) (mean±SD) 10.07±4.85
Gender, n (%)

Female 22 (47.82)
Male 24 (52.17)

BMI (kg/m2) (mean±SD) 17.50±4.07
Diabetes duration (years) (mean±SD) 3.40±3.26
HbA1c (%) (mean±SD) 10.06±1.98
Age at diagnosis (years) (mean±SD) 6.82±3.92
Insulin regimen, n (%)

Split mix 24 (51.06)
Basal bolus 21 (45.65)
Continuous subcutaneous insulin infusion 1 (2.12)

BMI: Body mass index, HbA1c: Hemoglobin A1c, SD: Standard deviation
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removed because of  pain at the insertion site. In this 
cohort, gaps in data were not noticed in any recordings. 
The distribution of  age groups and duration of  AGP are 
shown in Table 2.

Acceptability
In this study, acceptability of  using AGP was assessed using 
a questionnaire. About 60% of  the participants were willing 
to use AGP sensor again. Only five subjects complained 
of  pain while wearing the sensor. Among those in whom 
the sensor lasted <2 weeks (n = 16), four of  them rejected 
wearing it again. One child developed a pustule at the 
insertion site.

Discussion

This study evaluated the feasibility and acceptability of  
AGP in children with diabetes. The results of  the present 
study are encouraging that a painless modality of  glucose 
monitoring can be offered to children. The device is 
different from the existing CGM devices as it does not 
require calibration using SMBG, and hence, inaccuracies 
due to errors in the external blood glucose monitoring 
device could be eliminated. Moreover, wear time of  this 
sensor is longer (14 days) than any other existing glucose 
monitoring system, thus providing robust data to look 
at the glycemic patterns. The average duration of  sensor 
wear of  9.3 days among children is promising since this 
duration is longer than what is achieved with the existing 
CGM sensors. Earlier study on prolonged CGM in young 
and older children using the existing device had a mean 
wear of  6 days in the first 4 weeks with a declining duration 
of  wear over 6 months.[9,14] Experts have recommended a 
minimum of  12 days record to study glycemic variability.[15] 
In this study, thirty subjects completed 14  days sensor 
wear period.

We did not observe a specific age limit to use AGP, 
since all the participants  (n  =  6) in the age group of  

2–5  years managed to complete the total duration of  
14  days suggesting that AGP could be feasible even in 
the very young age. Better feasibility seen in the younger 
age group could be related to parental supervision as 
these children were mostly at home (and at school for a 
very short period in a day) and their physical activity is 
restricted to the premises of  their residences. The youngest 
subject (aged 1  year) in this cohort managed to keep 
AGP for 5 days. It has been reported that CGM has been 
used even in very low birth weight neonates to recognize 
hypoglycemia, thus providing more clinical indications for 
the use of  FGM in future.[16‑18]

In the present study, spontaneous detachment of  the 
sensor device was seen in 15.2% of  the subjects. Most 
of  these children are more than 5  years of  age. We 
speculate that this could be related to vigorous or violent 
movement of  the arm (as children in this age group tend 
to be physically very active), contact sports, and sweating, 
which may lead to loosening of  the glue. In cases where 
sensor was attached, but no data recorded  (13%), it 
could have been slippage of  the probe. The complaint of  
mild pain and discomfort while wearing the sensor was 
reported in only five children. This could be attributed 
to foreign body sensation. Only one subject with poorly 
controlled glycemic status had local reaction of  pustule at 
the removal of  sensor which healed in a couple of  days 
without additional therapy. These results are comparable 
with other studies looking into the use of  CGM in 
children. Wong et al. reported that the top reason to stop 
wearing CGM devices was discomfort while wearing 
it followed by problems with the adhesive holding the 
sensor on the skin, interference with sports, activities, 
and skin reactions from the CGM sensor.[19] However, 
we did not encounter the other issues such as difficulty 
with sensor insertion and CGM malfunction which were 
mentioned in their study.

The most common reason for children’s refusal to wear 
the sensor again was perceived restriction of  activity. 
Restriction of  physical activity could be partly related to 
parental anxiety or over protection of  children during 
sensor wear period because of  fear of  sensor detachment. 

Table 2: Distribution of age groups and mean study 
duration
Age 
(years)

Total 
number of 

subjects (n)

Mean duration of 
ambulatory glucose 

profile (days)

Subjects completing 
14 days of sensor 

wear n (%)
1-2 2 6 0 (0)
2-5 6 14 6 (100)
5-10 14 11.28 9 (64.28)
10-18 24 11.58 15 (62.50)
1-18 (all) 46 9.31 30 (65.21)

Figure 1: Ambulatory glucose profile of a study participant
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Five girls (n = 5) who refused to wear again were aged above 
10 years and cited social reason of  not wanting to disclose 
their diabetes status to their school friends. This could be 
overcome by changing sensor site to an area which avoids 
exposure and by wearing clothes with sleeves covering 
the upper arm. We used the posterior aspect of  arm as 
suggested in the product manual. In our youngest patient 
who was aged 1 year, it was applied on the abdomen and 
sensor data were retrieved well without gaps. Though it 
lasted for only 5 days, the profile helped educating parents 
and making insulin adjustments.

Most (58.6%) parents and children accepted the sensor 
since it eliminated pricks to their children. Moreover, they 
could visualize event‑related  (food, activity, and insulin 
administration) glycemic patterns throughout the day. In 
a comprehensive review of  CGM, it was noted that there 
was a low level of  acceptance due to frequent sensor 
reinsertion and distracting alarms.[5] This is overcome by 
this sensor which can be worn for 2 weeks at a stretch, 
therefore making it more acceptable to children and their 
parents.

In our study, we assessed the glycemic profile by recalling 
patients at the end of  2 weeks. However, if  the patient has 
access to the “reader,” AGP can emerge as a replacement 
to SMBG. Using the reader, parents can check real‑time 
glycemic trends and can make necessary adjustments.

Accuracy of  AGP using FGM has been evaluated in studies 
involving adults as subjects and is comparable to capillary 
and venous blood glucose measurements which are used 
conventionally.[20] It has also been shown that the accuracy 
of  this system remains stable over 14 days. Evaluation of  
accuracy of  AGP in children has been undertaken and is 
presently under consideration for publication.

The study included a small number of  subjects. The other 
factors which could affect the duration of  sensor wear such 
as magnitude of  physical activity, atmospheric temperature, 
and humidity were not studied. The assessment of  
intensity of  physical activity in children for 14 days may 
be extremely difficult and inaccurate at natural home 
setting. Even though the thought of  avoiding pricks to the 
child may be appealing to the parents of  young children, 
considering the present cost and discomfort of  foreign 
body sensation, AGP can be suggested for use in children 
intermittently, with the aim of  studying glycemic variability. 
It has been agreed that AGP would aid in recognizing 
glycemic patterns and make specific modifications to the 
therapy in adults.[21] However, larger studies looking into 
the feasibility and acceptability of  AGP in children are 
warranted.

Conclusion

AGP is a feasible option for monitoring glycemic status 
in children with diabetes with a high rate of  acceptance 
because it is relatively painless and provides a visual display 
of  patterns for 2 weeks.

Financial support and sponsorship
Partial funding received from Medical Education Research 
Society (MERT), Bengaluru, Karnataka, India.

Conflicts of interest
There are no conflicts of  interest.

References

1.	 Hirsch  IB, Brownlee  M. Beyond hemoglobin A1c  –  Need for 
additional markers of risk for diabetic microvascular complications. 
JAMA 2010;303:2291‑2.

2.	 Satya Krishna SV, Kota SK, Modi KD. Glycemic variability: Clinical 
implications. Indian J Endocrinol Metab 2013;17:611‑9.

3.	 Kilpatrick  ES, Rigby  AS, Atkin  SL. A1C variability and the risk 
of microvascular complications in type  1 diabetes: Data from 
the diabetes control and complications trial. Diabetes Care 
2008;31:2198‑202.

4.	 Jung  HS. Clinical implications of glucose variability: Chronic 
complications of diabetes. Endocrinol Metab (Seoul) 2015;30:167‑74.

5.	 Rebrin K, Sheppard NF Jr., Steil GM. Use of subcutaneous interstitial 
fluid glucose to estimate blood glucose: Revisiting delay and sensor 
offset. J Diabetes Sci Technol 2010;4:1087‑98.

6.	 Diabetes Research in Children Network  (DirecNet) Study Group. 
Youth and parent satisfaction with clinical use of the GlucoWatch G2 
Biographer in the management of pediatric type 1 diabetes. Diabetes 
Care 2005;28:1929‑35.

7.	 Gandrud  LM, Xing  D, Kollman  C, Block  JM, Kunselman  B, 
Wilson DM, et al. The medtronic minimed gold continuous glucose 
monitoring system: An effective means to discover hypo‑  and 
hyperglycemia in children under 7 years of age. Diabetes Technol 
Ther 2007;9:307‑16.

8.	 Patton SR, Williams LB, Eder SJ, Crawford MJ, Dolan L, Powers SW. 
Use of continuous glucose monitoring in young children with type 1 
diabetes: Implications for behavioral research. Pediatr Diabetes 
2011;12:18‑24.

9.	 Tsalikian E, Fox L, Weinzimer S, Buckingham B, White NH, Beck R, 
et  al. Feasibility of prolonged continuous glucose monitoring in 
toddlers with type 1 diabetes. Pediatr Diabetes 2012;13:301‑7.

10.	 Matthaei S, DeAlaiz RA, Bosi E, Evans M, Geelhoed‑Duijvestijn N, 
Joubert  M, et  al. Consensus recommendations for the use of 
ambulatory glucose profile in clinical practice. Br J Diab Vasc Dis 
2014;14:153‑7.

11.	 Bergenstal  RM, Ahmann  AJ, Bailey  T, Beck  RW, Bissen  J, 
Buckingham B, et al. Recommendations for standardizing glucose 
reporting and analysis to optimize clinical decision making in 
diabetes: The ambulatory glucose profile (AGP). Diabetes Technol 
Ther 2013;15:198‑211.

12.	 Juvenile Diabetes Research Foundation Continuous Glucose 
Monitoring Study Group. Validation of measures of satisfaction with 
and impact of continuous and conventional glucose monitoring. 
Diabetes Technol Ther 2010;12:679‑84.

13.	 Allen  NA, Fain  JA, Braun  B, Chipkin  SR. Continuous glucose 
monitoring in non‑insulin‑using individuals with type  2 diabetes: 



Rai, et al.: Feasibility and acceptability of AGP in children with diabetes

Indian Journal of Endocrinology and Metabolism / Nov‑Dec 2016 / Vol 20 | Issue 6794

Acceptability, feasibility, and teaching opportunities. Diabetes 
Technol Ther 2009;11:151‑8.

14.	 Juvenile Diabetes Research Foundation Continuous Glucose 
Monitoring Study Group, Beck  RW, Buckingham  B, Miller  K, 
Wolpert H, Xing D, et al. Factors predictive of use and of benefit 
from continuous glucose monitoring in type 1 diabetes. Diabetes 
Care 2009;32:1947‑53.

15.	 Neylon  OM, Baghurst  PA, Cameron  FJ. The minimum duration 
of sensor data from which glycemic variability can be consistently 
assessed. J Diabetes Sci Technol 2014;8:273‑6.

16.	 Uettwiller  F, Chemin  A, Bonnemaison  E, Favrais  G, Saliba  E, 
Labarthe F. Real‑time continuous glucose monitoring reduces the 
duration of hypoglycemia episodes: A randomized trial in very low 
birth weight neonates. PLoS One 2015;10:e0116255.

17.	 Beardsall  K, Vanhaesebrouck  S, Ogilvy‑Stuart  AL, Vanhole  C, 

Palmer  CR, van Weissenbruch  M, et  al. Early insulin therapy in 
very‑low‑birth‑weight infants. N Engl J Med 2008;359:1873‑84.

18.	 Beardsall  K, Vanhaesebrouck  S, Ogilvy‑Stuart  AL, Vanhole  C, 
VanWeissenbruch M, Midgley P, et al. Validation of the continuous 
glucose monitoring sensor in preterm infants. Arch Dis Child Fetal 
Neonatal Ed 2013;98:F136‑40.

19.	 Wong  JC, Foster  NC, Maahs  DM, Raghinaru  D, Bergenstal  RM, 
Ahmann AJ, et al. Real‑time continuous glucose monitoring among 
participants in the T1D exchange clinic registry. Diabetes Care 
2014;37:2702‑9.

20.	 Bailey  T, Bode  BW, Christiansen  MP, Klaff  LJ, Alva  S. The 
performance and usability of a factory‑calibrated flash glucose 
monitoring system. Diabetes Technol Ther 2015;17:787‑94.

21.	 Rodbard  D. Standardization versus customization of glucose 
reporting. Diabetes Technol Ther 2013;15:439‑43.


