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Abstract: Quality of life (QoL) is an important parameter that affects the choice of therapy. Assess-
ment of QoL and satisfaction with therapy using the rtCGM in children with T1D aged < 7 years
was conducted. The study group consisted of 38 children with T1D aged < 7 years (34% aged 24,
66% aged 5-7 years), HbAlc: 6.53 + 0.63%, duration of diabetes: 2.6 + 1.6 years, treated with an
rtCGM-augmented insulin pump for 1.92 + 1.15 years. Two anonymous surveys were conducted: a.
PedsQL3.0 diabetes standardized questionnaire—QoL assessment among age groups: 2—4/5-7
years. b. An original survey assessing the CGM use satisfaction. The mean scores in PedsQL3.0:
communication 75%, worries 30%, treatment 70%, and problems associated with diabetes 65%. The
QoL scale is: 0-19% very low, 20-39% low, 40-59% moderate, 60-79% high, 80-100% very high. The
most frequently reported concerns were long-term diabetes complications and prick pain. Satisfac-
tion with CGM use was high (68% in group aged 5-7 and 92% 2—4 years). Twenty-seven (71%) care-
givers confirmed the positive effect of CGM on sleep. During the use of rtCGM a high quality of life
was reported, and the quality of sleep in their caregivers was increased.
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1. Introduction

Type 1 diabetes mellitus (T1D) is a chronic disease that causes an extraordinary bur-
den on children and their caregivers [1].

Both the disease and the restrictions associated with treatment constitute a limitation
on the daily life of children and their families, undoubtedly affecting its quality [2—-6].

The dynamic progress of technology in the field of diabetology makes it possible to
improve the quality of life and minimize the disparity between affected children and
healthy ones [7]. The use of continuous glucose monitoring systems (CGM) to measure
glucose concentrations and illustrate its trends has proven to be a breakthrough in every-
day clinical practice. CGM allows caregivers to conduct real-time therapy for diabetes
with parameters of glycemic variability, which is important in the prevention of acute and
chronic complications of diabetes, such as nephropathy, retinopathy, neuropathy, stroke,
and myocardial infarction [2,8,9].
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CGM systems may interact with insulin pumps (insulin pumps integrated with a
sensor with the function of low-glucose suspension or in low-glucose prediction and re-
sumption of insulin delivery)—this enables automation of insulin dosing, or the system
and pump may be used separately [10-12].

Studies confirm that the use of CGM systems reduces the time above and below glu-
cose target range compared to self-monitoring of blood glucose (SMBG), reduces the var-
iability of blood glucose, improves the glycated hemoglobin (HbA1lc), which reflects av-
erage blood glucose concentration during the last 3 months and reduces the number of
hypoglycemic episodes [1,2,13].

These benefits improve the comfort of life: they reduce the stress associated with
changes in glucose concentration and episodes of hypoglycemia, enabling more effective
control of the disease and normal life activity without stigmatizing the disease [14-17].

Nevertheless, the lack of CGM precision, discomfort of wearing, and malfunctions
are known disadvantages connected with CGM use, which may affect the quality of life.

The youngest children are completely dependent on caregivers for disease control
[6]. In order to draw attention to the unique role and clear challenges of using a CGM
system, the authors have undertaken this study.

The study was conducted to assess the quality of life and satisfaction in the youngest
children suffering from T1D using the personal insulin pump integrated with the real-
time CGM (rtCGM) system from a caregiver’s point of view.

2. Materials and Methods

The study group consisted of 38 children under 7 years of age with well-controlled
T1D (mean HbAlc: 6.53 + 0.63%), monitoring glycemia through an rtCGM system inte-
grated with an insulin pump. Children as a heterogeneous group in terms of psychomotor
development and the degree of independence were divided into two age groups: 2—4 and
5-7 years old, 34% and 66%, respectively. The study participants were recruited in the
Outpatient Clinic of the Department of Children’s Diabetology, Medical University of Si-
lesia, Katowice, Poland. If a child met the enrolling criteria, participation in the study was
offered to caregivers. The questionnaires were filled out voluntarily only by interested
individuals.

The study was conducted between February 2019 and February 2020.

Clinical data are presented in Table 1. All study participants were treated with an
insulin pump (MiniMed 640G or MiniMed Paradigm VEO-754, Medtronic, Fridley, Min-
nesota, USA) integrated with the rtCGM system. Thirty-one point five percent were
treated with the rtCGM system from the moment of the disease diagnosis; the remaining
children, before the application of rtCGM, were self-controlled by measuring the glycemia
from the fingerstick. Sensors were inserted only into the area of the back of the upper arm
in all children.

Table 1. Group characteristics.

Total Amount of Children (nr) 38
34% aged 2—4

Age (years) 66% aged 5-7
Average T1D duration (years) 26+1.6
Duration of CGM use (years) 1.92+1.15
Average HbAlc (%) 6.53 +0.63
Children treated with CGM since the beginning of the disease diagnosis (%) 31.5

T1D—type 1 diabetes, CGM —continuous glucose monitoring.

Caregivers of children responded to 2 anonymous questionnaires: standardized Ped-
sQL 3.0 Diabetes questionnaire and the author’s questionnaire. The standardized PedsQL
3.0 Diabetes questionnaire is available in 3 versions, depending on the age groups: 0-2
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years, 2—4 years, 5-7 years. It was used to assess the quality of life in children with diabe-
tes, downloaded from the Mapi Research Trust website (https://eprovide.mapi-trust.org,
http://www.pedsql.org) accessed on 16 February 2019 [18].

The author’s questionnaire consisted of 14 questions—3 open, 3 closed, and 8 semi-
open. The author’s questionnaire assessed the impact of rtCGM on changes in daily life
and the satisfaction of continuous glycemic control (Supplementary Materials).

This study was approved by The Institutional Ethical Committee of The Medical Uni-
versity of Silesia, Katowice, Poland (KNW/0022/KB/18/19).

3. Results

The average number of points in the Quality of Life Survey (PedsQL 3.0) in each cat-
egory, the average number of points in the Quality of Life Survey (PedsQL 3.0), and the
scale of quality of life are shown in Tables 2—4. The results of the group of children in
whom the CGM system had been applied since the beginning of the disease did not differ
from the overall average (Table 4).

Table 2. The average number of points in the Quality of Life Survey (PedsQL 3.0) in each category.

Communication  Anxiety Treatment Diabetes-Related Problems
200/300 (67%)  79/300 (26%) 719/1100 (65%) 723/1100 (66%)

Table 3. The average number of points in the Quality of Life Survey in individual categories (Ped-
sQL 3.0).

Communication Worries Treatment Problems Associated with Diabetes
75% 30% 70% 65%

Table 4. The quality of life (QoL) Scale.

Very Low Low Moderate High Very High
0-19% 20-39% 40-59% 60-79% 80-100%

Concerns about late complications of diabetes and injection pain (injections/vein
puncture —except for fingerstick glycemia measurements and insulin injections) were the
most frequently reported. In addition, anxiety about hypoglycemia and fear of treatment
failure were reported (Table 5).

Table 5. PedsQL 3.0 —most frequently reported concerns.

Concerns about Late Injection Pain Anxiety about Fear of
Complications of Diabetes (Injections/Vein Puncture) Hypoglycemia Treatment Failure
Almost always, often Almost always Almost always, often Almost always, often
76% 30% 60% 60%

On the basis of the author’s survey, the influence of CGM on changes in the daily life
of the child and caregivers were assessed, along with the satisfaction with the use of con-
tinuous glycemic control.

Satisfaction with CGM was reported by 68% of caregivers of 5-7 year-olds and the
majority —92% of 2—4 year-olds. The HbAlc < 7% in the youngest children —2-4-year-olds,
was 69%, and in 5-7 years—88% (Figure 1).
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Figure 1. Satisfaction of caregivers with CGM usage and metabolic control.

According to 65% of the surveyed, kindergarten staff were calmer when taking care
of a child after using the CGM system. It was emphasized, however, that despite the ap-
plication of CGM, the lack of proper childcare in the kindergarten sometimes forced par-
ents to resign from professional work. This was one of the main reasons for disappoint-
ment with CGM. The dissatisfaction with CGM was also influenced by the incompatibility
of readings between CGM and glucose meter measurements.

Twenty-six percent of caregivers mentioned sleep alarms as a negative effect of the
CGM system. However, 27 (71%) confirmed the positive effect of CGM on their sleep (“I
sleep better, I am calmer”). Indeed, more often, the caregivers of children with good met-
abolic control answered this question positively (12% vs. 88%, p = 0.031).

During the use of the CGM system, in two cases out of 38 respondents, there was an
episode of severe hypoglycemia. Slightly more than 50% of the respondents reported that
a child was more engaged in glucose self-control. Only 18% reported that continuous
alarms made the child no longer pay attention to them.

The use of the CGM system, in most cases, had no influence on undertaking sports
activities. However, some caregivers reported the fear of damaging the equipment during
sports.

Seventy percent of the respondents reported a significant reduction in the fingerstick
glycemia measurements (more than 50%) and a very high feeling of safety when using the
CGM system in comparison to the period without CGM.

Apparently, there was also a positive influence on diet and spending free time (54%
and 68% of respondents, respectively).

4. Discussion

Most of the published papers on insulin pump treatment with a CGM system focus
on clinical parameters to evaluate metabolic control of diabetes. There are scarce and di-
vergent reports on the psychological aspects and quality of life of the youngest group of
patients. The particular nature of this age group results in difficulty in clearly expressing
one’s needs and lack of independence in the personal pump operation.
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According to Hommel et al., treatment satisfaction is increased during CGM use in
adults, while in school children, the use of CGM does not affect the quality of life. Fur-
thermore, the metabolic control has improved significantly after the inclusion of the CGM
system into the treatment, and the number of hypoglycemic episodes has decreased [5].

A review of the available literature showed that the overall quality of life of children
with T1D is comparable with healthy children. Only a specific assessment of the quality
of life associated with T1D revealed a number of concerns related to the complications
and problems of everyday life with the disease [19]. In assessing quality of life, proper
sleep remains a very important aspect, both in children and their caregivers. Night-time
rest is disturbed by frequent alarms, the need to check blood glucose levels, and anxiety
about hypoglycemia [20]. In a study conducted by Burckhardt et al., parameters assessed
among caregivers of preschool children were also related to the parents’ sleep—better
sleep was highlighted during CGM use [21]. In our analysis, we also noted an improve-
ment in the sleep of caregivers. However, available information about the sleep of parents
remains contradictory. A study conducted among caregivers of children aged 2-5 years
showed an improvement in parents’ quality of life related to the improvement in chil-
dren’s sleep associated with the use of CGM. The increase in the child’s sleeping time
resulted from minimizing awakenings for nightly glycemia measurement. Interestingly,
it appears that the night-time awakenings associated with the measurement of glycemia
are more burdensome for parents than for children because the sleep quality of caregivers
has not improved [22].

Hypoglycemia is one of the most frequent acute complications of insulin therapy
which arouses anxiety. Severe hypoglycemia occurs in about 5-12% of children and is a
serious problem [23,24]. It is the main indication for the use of CGM in the youngest chil-
dren, which protects against an unexpected drop in blood glucose concentration. In our
study, as many as 60% of caregivers reported anxiety about hypoglycemia. Daily manage-
ment of diabetes, periprandial decisions, physical activity, insulin therapy itself —all these
create the risk of hypoglycemia and its consequences. After severe hypoglycemia, a par-
ticular consequence is a psychological barrier which is an obstacle to achieving satisfac-
tory metabolic control of diabetes [23].

Several studies have confirmed the reduction in hypoglycemia anxiety in children
using CGM both separately and pump augmented [17,20,21]. Pre-hypoglycemic alarms
are a warning. The caregiver can react before the occurrence of hypoglycemia or quickly
during hypoglycemia. The new diabetology is based on reacting to glycemic trends, one
step ahead, not to current glycemia. The alarm system warns against both hypoglycemia
and hyperglycemia, sometimes generating many alarms during the day. As a conse-
quence, the disadvantage is that children/caregivers adapt to the sound of an alarm that
is too often triggered and do not respond to it. Therefore, it is extremely important to
individualize the settings of the sensor so that one can really benefit from the possibilities
that open up thanks to its use. In our survey, only 18% of caregivers reported that contin-
uous alarms made the child no longer pay attention to them.

The available data on the use of CGM revealed a high sense of freedom and confi-
dence associated with the reduction in the fear of hypoglycemia, despite the anxiety re-
ported at the same time—associated with the enormity of data that a parent receives.
However, fewer worries, better control, and understanding of the disease were mainly
emphasized [21]. These reports are consistent with the results of our original survey. The
caregivers emphasized such advantages of the system as better glycemic control, facilita-
tion of everyday functioning, increased sense of security, and the resulting increased pos-
sibilities for spending free time. However, attention was drawn to the fear of damaging
the equipment during sports activities.

The previously described negative aspects of using CGM include, according to par-
ents, the effects associated with wearing the device—problems with adhesion, skin irrita-
tion, or stigmatization of appearance [3]. In our study, apart from a single case (“peers’
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interest in the equipment embarrasses the child”), the caregivers did not report these as-
pects as a negative effect. This may be due to the easier adaptation to changes in the
youngest age group, which is rarely affected by appearance-related psychological prob-
lems. The dissatisfaction was also caused by the incompatibility of readings between CGM
and glucose meter measurements. This discrepancy comes from the delay of sensor read-
ings in relation to the measurement from the glucometer, from the acceptable error of the
glucometer, and other factors influencing the imperfection of this method of measuring
glycemia. Therefore, it is important to educate about the advantages and disadvantages
of CGM. Proper education means avoiding disappointment.

An undeniable benefit, however, remains the significant reduction in the fingerstick
glycemia measurements, confirmed by a previous study in our children’s clinic, where the
number of fingerstick glycemia measurements was reduced on average by 50% (from 12
to 3 measurements per day at most) [24]. In addition, the current analysis revealed a very
high sense of security when using a CGM system compared to the era without CGM.

Slightly more than 50% of the respondents reported that a child was more willing to
integrate with peers, was calmer, and was more engaged in the process of self-monitoring.
These results are confirmed by the literature data, where as many as 46% of the respond-
ents noticed greater involvement of children in disease control after using the 640G pump-
integrated CGM system, although the children were older (average age 8 years) [24].

5. Conclusions

The use of rtCGM in children with T1D, especially in the youngest, leads to a high
quality of life and an increased quality of sleep in their caregivers.

Supplementary Materials: Supplementary Materials are available online at www.mdpi.com/1424-
8220/21/11/3683/s1.
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