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ABSTRACT

Aim: Glycemic variability can be affected in diabetes camps as a result of sports, social activities and nutrition. Close glucose monitoring is
necessary to reduce glycemic variability, especially hypoglycemia. The aim assessment of glycemic variability and time in range by use of the
flash glucose monitoring system (FGMS) in children and adolescents with type 1diabetes.

Materials and Methods: Thirty-three children and adolescents between 10-18 years of age who participated in the 2018 diabetes camp of Ege
University were included. Their glycemic variability indexes were recorded.

Results: The mean age and duration of diabetes mellitus in the study group was 13.3+0.5 and 4.9+0.7 years respectively. Twelve (43%) of the
participants were boys and 16 (57%) were girls. Ten (35.7%) of the participants used continuous subcutaneous insulin infusion (CSIl) pump
therapy while 18 (64.3%) used multiple dose insulin therapy. When the participants were evaluated according to time in range (TIR), the
duration of TIR increased, and level 1and level 2 hyperglycemia decreased during the camp. Participants using CSIl had spent more time in level
2 hypoglycemia before camp, but during and after the camp, similar values were reached for both groups. Before the camp, participants with
good metabolic control had a longer duration of hypoglycemia than those participants with poor metabolic control. During and after the camp,
level 1and level 2 hypoglycemia periods were similar between the two groups.

Conclusion: In diabetes camp, healthy diet, regular exercise, and close glycemic control improve glycemic variability. By using FGMS,
normoglycemia periods can be increased without increasing hypoglycemic attacks. As a result, using FGMS had a positive effect on diabetes
management and the control of hypoglycemia periods during the diabetes camp.
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Introduction insulin (MDI) or continuous subcutaneous insulin infusion
In children and adolescents, glycemic variability, (CSll) treatments, persons with type 1 diabetes mellitus
hypoglycemia and glycemic excursions are seen more than have to monitor their blood glucose frequently in order to
in adults due to their unpredictable activity, eating habits improve metabolic control. The burdens of self-monitoring
and hormonal changes (1). Either by using multiple dose of blood glucose (SMBG) include pain, disturbance of sleep
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due to night-time tests, inconvenience and embarrassment
(2). It also has many limitations including insufficient
identification of glycemic variability and hyperglycemic or
hypoglycemic episodes due to intermittent monitoring, the
unreliability of individual recorded data, and inadequate
compliance (3). With the help of FGMS Abbott FreeStyle
Libre, glucose levels are checked by scanning the sensor
with a reader, thus eliminating the need for SMBG testing
(4). It reports the current glucose concentration, glucose
trends, and displays the previous 8 hours as a trend (5,6).
The aim of this study was to evaluate the duration of level
1 and level 2 hyperglycemia, time in range (TIR), and level
1 and level 2 hypoglycemia percentages in type 1 diabetic
children and adolescents, by means of Abbott FreeStyle
Libre FGMS, during a summer camp.

Materials and Methods

A retrospective study with type 1 diabetic children and
adolescents aged 10-18 participating in a summer camp was
conducted.

All participants gave written informed consent. This
study was registered and approved by the ethics committee
of Ege University with approval number 20-11.17/45 and
conducted in accordance with the Declaration of Helsinki.

The inclusion criteria were being between 10-18 years,
a diagnosis of type 1 diabetes mellitus at least 1 year prior
to the camp, the absence of any disease that could impair
exercise capacity and a willingness to participate in the
study. The medical staff, who supported the children during
the camp, consisted of nutritionists, nurses of diabetology,
pediatric assistant doctors, students, and specialists in
pediatric endocrinology and diabetes.

All camp participants who were using Abbott FreeStyle
Libre sensor were included in the study. However, routine
glucose control measurements for therapeutic decisions
were made by Accu Check Performa glucometer. Participants
at the camp performed activities such as swimming,
cycling, running and dancing for a minimum of 2 hours
per day. The duration of the camp was 5 days. After camp
was completed, data from FGMS was downloaded to a
computer by specially designed software that created a
series of reports of the glycemic picture 5 days before, 5
days during and 5 days after the camp. TIR was defined as
the percentage of glucose readings and the time between
70-180 mg/dL (3.9-10 mmol/L). Level 1 hyperglycemia was
defined as the percentage of readings and time between
181-250 mg/dL (10-13.9 mmol/L). Level 2 hyperglycemia was
defined as the percentage of readings and time greater than
250 mg/dl (13.9 mmol/L). Level 1 and 2 hypoglycemia were
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defined as the percentage of readings and time between
69-54 mg/dL (3.9-3 mmol/L) and the time less than 54 mg/
dL (3 mmol/L) respectively (6). All raw data was classified
according to TIR, hypo- or hyperglycemia.

In year 2020, standard deviation (SD) and coefficient
of variation (CV) calculation program was added to Libre
infrastructure. Unfortunately in 2018 in the Turkish version
of software of Libre, the personal SD and CV was not
calculated. For this reason, each participants’ intrapersonal
mean and SD of all recorded glycemic measurements
(approximately 1,500) were calculated by researchers and
for the coefficient of variance, the mean/SD formula was
used (7).

Statistical Analysis

Analysis was carried out using SPSS for Windows 25.0,
descriptive statistics are reported using mean + SD for
normally distributed variables, and median for skewed data.
Since the sample size was smaller than 30, it does not meet
the normality assumption of a t-test. Thus, groups in this
study were compared by Mann-Whitney U test, which is a
non-parametric equivalent of the 2-sample t-test. Trends
across more than 2 groups were ANOVA and Freidman
analysis. P-values of less than 0.05 were considered
statistically significant.

Results

Of the 33 participants, 5 were not included in the study
due to early detachment of the sensor. Mean age and
duration of diabetes mellitus were 13.3+0.5 and 4.9+0.7
years respectively. Twelve (43%) of the participants were
male and 16 (57%) were female. Forty percent (n=12) of
the participants’ diabetes duration was greater than 5
years. Ten (35.7%) of the participants were using a CSlI
pump while 18 (64.3%) were using MDI therapy. The mean
glucose of all the participants before, during, and after
camp were 199+52.5 mg/dL (11£2.9 mmol/L), 1771+32.1 mg/dL
(9.5+1.8 mmol/L), and 194+45.2 mg/dL (10.8+2.5 mmol/L)
respectively (Table I).

The percentage of readings within TIR was 60.3£15.3%
during the camp, 47.4+17.7% before the camp and 44.1+17.5%
after the camp (p=0.005). Participants with poor metabolic
control had an increased percentage of TIR in comparison to
their pre-camp values (p=0.003, Table Il). As was expected,
pre-camp TIR values were higher in the good metabolic
control group in comparison to the poor metabolic control
group (p=0.037). However, no differences were found during
or after the camp. In the poor metabolic control group,
level 2 hyperglycemia values were lower during the camp
than their pre- and post-camp values (p=0.039). Those
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participants with good metabolic control had longer periods
of level 2 hypoglycemia compared with the poor metabolic
control group before the camp (p=0.033) whereas the
duration of level 2 hypoglycemia was similar during and
after the camp (Table II).

The CSll and MDI groups had a similar percentage of TIR,
level T and level 2 hyperglycemia, and level 1 hypoglycemia
values before, during and after the camp. In the CSII group,
the duration of level 2 hypoglycemia was more than the
MDI group before the camp (p=0.03). Similar values were
reached during and after the camp between the groups
(Table I11). The mean HbATc of the last year before summer
camp was 7.7% (61 mmol/mol) in the CSIl group and 8.4%
(68 mmol/mol) in the MDI group.

The total daily insulin dosage before and during the
camp was not significantly different (0.81+0.23 and
0.79+0.24 u/kg respectively). During the camp, basal insulin

dosage was significantly lower than the pre-camp and
post-camp values (0.36+0.15, 0.31+0.14 and 0.38+0.14 u/kg
respectively, p<0.001).

SD was 74.1+36.48 before the camp, it was reduced to
67.4+31.6 during the camp and increased to 74.95+30.10
after the camp but this is statistically insignificant. CV
before, during, and after the camp was 40.61%, 41.2%, and
39.2%, respectively.

Discussion

There have been significant changes in the management
and treatment of type 1 DM with breakthroughs in
technology. One of the challenges in diabetes, especially
in children, is the measurement of capillary blood glucose.
Many children do not measure blood glucose due to pain,
loss of time and shame, and do not adequately manage

Table I. Duration of hypoglycemia, normoglycemia and hyperglycemia periods before, during and after summer camp

All participants n=28

Before camp During camp After camp p-value
Mean glucose readings mg/dL | 199+£52.5 171£32.1 194+45.2 0.002
(mmol/L) (1£2.9) (9.5+1.8) (10.8+2.5)
Level 1 hypoglycemia (%) 2.07+2.85 1.41+3.07 0.741.31 0.085
Level 2 hypoglycemia (%) 3.06£3.19 3.36+2.41 2.18+1.73 0.280
Normoglycemia (%) 47.48+17.79 60.35+15.35 4418+17.5 0.002
Level 1 hyperglycemia (%) 24.38+6.86 20.54+7.21 27.63£9.42 0.008
Level 2 hyperglycemia (%) 22.99+19.3 14.23+11.52 25.29+13.80 0.032
Daily scan count (n) 15.6+12.1 51.89+33.61 27.53+14.76 <0.001

SD: Standard deviation

Data are mean + SD, Time in range (TIR): 70-180 mg/dl (3.9-10 mmol/L), Level T hyperglycemia: 181-250 mg/dL (10-13.9 mmol/L), Level 2 hyperglycemia: >250 mg/dL (13.9
mmol/L), Level Thypogl ycemia: 69-54 mg/dL (3.9-3 mmol/L), Level 2 hypoglycemia: <54 mg/dL (3 mmol/L)

metabolic control

Table II. Duration of hypoglycemia, normoglycemia and hyperglycemia periods before, during and after summer camp according to

HbA1c<7.5 % HbA1c>7.5 %
Before camp | During camp | After camp p-value | Before camp | During camp | After camp p-value

Level 2 3(0-11.9) 0.2 (0-13.7) 0.1(0-5.1) 0.013 0.4 (0-5.5) 3.5(0.2-7) 2.3(0-5.5) 0.460
hypoglycemia % ’ ’ ’ ' ' ’ ‘ ’ T ‘ ’ '
Level T 37(0419) | 2.6(0.4-7) 1.8 (0-4.9) 0165 | 16(0-7.9) 01(0-6.9) 0(0-2.8) 0.404
hypoglycemia % R T ’ ’ ’ ' ' ' ’ ' ’

TIR % 51.1(43.9-71.7) | 58 (29.9-93) 421(22.2-87.9) | 0.27 411 (9.5-81.1) 59.9 (41.5-89) | 43.6 (18.3-73.4) | 0.003
Level T . 23.5(15.2-31.6) | 20.7 (4.2-30.2) | 30.3 (7-51.1) 0.053 26.7 (10.8-36.3) | 19.8 (4.1-31.2) | 28 (15.8-38.4) | 0.076
hyperglycemia %

Level 2 ) 9.4 (2.8-20.5) [10.1(0-43.2) 23.2(0-31.3) 0.303 29.9 (3.3-77.6) | 8.8(0.9-33.1) | 24 (5.8-63.1) 0.039
hyperglycemia %

Data are median (min-max), Time in range (TIR): 70-180 mg/dL (3.9-10 mmol/L), Level 1 hyperglycemia: 181-250 mg/dL (10-13.9 mmol/L), Level 2 hyperglycemia: >250
mg/dL (13.9 mmol/L), Level Thypoglycemia: 69-54 mg/dL (3.9-3 mmol/L), Level 2 hypoglycemia: <54 mg/dL (3 mmol/L)
Min: Minimum, max: Maximum
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Table Ill. Duration of hypoglycemia, normoglycemia and hyperglycemia periods before, during and after summer camp according to
treatment method

CSll (n=10) MDI (n=18)

Before camp | During camp | After camp p-value | Before camp | During camp | After camp p-value
Level 2 2.2(0.8-11.9) | 1.4 (0-13.1) 0.5 (0-5.1) 0.0242 | 0.1(0-5.5) 0(0-6.9) 0(0.8-2.8) 0.71
hypoglycemia % .2(0.8-11. . . . . . . . . .8-2. .
Level 1 3(1.3-11.9) 5.4(0.4-6.2) 2.5(0.2-5.5) 0.432 1.4 (0-8.8) 2.1(0.2-7) 2.1(0-5.5) 0.5
hypoglycemia % T T T ' ’ ' R ' ' '
Normoglycemia % | 45.2 (24-51.8) | 56.5 (41.5-66.7) | 40.4 (24.2-47.2) | 0.016 50.6 (9.5-81.1) | 60.3(29.9-93) | 44.5 (18.7-87.9) | 0.024
Levell . 29.5(19.6-31.6) | 20.6 (17.7-29.1) | 31.3(17.1-33.7) 0.0m 24.1(10.1-31.1) | 19.4 (4.1-31.2) 28 (7-51.1) 0.032
hyperglycemia %
Level 2 30.6 (16.2-
hyperglycemia % 19.3(9.4-43.2) | 1.9 (4.7-39.5) 38.8) 0.056 | 15.9(2.8-77.6) | 9.4 (0-43.2) 23.5(0-637) | 0.091
Data are median (min-max), Time in range (TIR): 70-180 mg/dL (3.9-10 mmol/L), Level 1 hyperglycemia: 181-250 mg/dL (10-13.9 mmol/L), Level 2 hyperglycemia: >250
mg/dL (13.9 mmol/L), Level T hypoglycemia: 69-54 mg/dL (3.9-3 mmol/L), Level 2 hypoglycemia: <54 mg/dL (3 mmol/L).
Min: Minimum, max: Maximum, CSII: Continuous subcutaneous insulin infusion, MDI: Multiple dose insulin

diabetes, especially when they are away from parental
control, suchasatschool (8). FGMSwas developed toreplace
capillary blood glucose measurement and contributes to
the management of diabetes by recording glucose values
every 15 minutes, showing the trend of the previous 8 hours
and creating graphs of glycemic variability (9).

The importance of exercise in the treatment of diabetes
is indisputably known, but each individual's glycemic
variability with exercise is different and the effect on blood
glucose depends on the duration and type of exercise
(10,11). Although exercise rules are determined by many
associations, there are individual differences in practice
(12,13). Many persons with diabetes avoid sports because
of the fear of hypoglycemia, the difficulty in follow-up
of strict SMBG, and a lack of knowledge about exercise
management (14). Diabetes camps are one of the most
intensive experiences for exercise and contribute to exercise
training (15,16).

Although insulin dosage is decreased in diabetes camps,
hypoglycemia is seen frequently with the effects of strict
exercise (17-19). We observed that increasing the number
of scans by Abbott FreeStyle Libre and promoting strict
exercise increased the duration of normoglycemia during
the camp. When the participants returned to their natural
routine, similar results to pre-camp values were observed;
positive motivation was not permanent, and it seems that
permanent lifestyle changes are obligatory to improve
metabolic control. Parallel to our results, various studies
show that those persons with the poorest metabolic control
had the greatest metabolic improvements during the camp,
but this is not sustained after the camp (20).
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In the CSII group, the duration of level 1 hypoglycemia
was longer before the camp. This was due to the fact that
the pumps are not reinforced by the sensor and lower HbAlc
values are present in CSIl group. However, there was no
difference in the duration of level T hypoglycemia according
to the treatment model during the camp, suggesting that
the lack of knowledge about hypoglycemia awareness/
management in this group might be the reason.

Glycemic variability is a favorite target of scientific
research in diabetology. It was found to be related to
microvascular complications (21). In non-diabetic persons,
after intense exercise, despite no changes in mean blood
glucose levels, there is increased glycemic variability and
increased periods of hypoglycemia (10). Although light
exercise and glycemic variability in type 2 diabetes mellitus
hasbeen studied, theinformation about the effect of exercise
on glycemic variability in children with type 1 diabetes was
inadequate (11,22). It is hoped that treatment approaches
that will reduce glycemic variability during exercise will be
found, but it needs to be clarified according to exercise type
and treatment modalities. As we investigate the literature,
our study was the first of its kind using FGMS during a
summer camp in a pediatric sub-population evaluating
glycemic variability calculated as CV. There are two other
studies which evaluated the accuracy and satisfaction of
Abbott FreeStyle Libre which concluded that the FSL is
accurate in children. However, its accuracy depends on the
glucose trend and Abbott FreeStyle Libre user’s satisfaction
survey revealed that most of the respondents rated
satisfaction with Abbott FreeStyle Libre positively (23,24). In
a summer camp conducted in Slovenia, children with type 1
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diabetes using CSll were investigated. They found that CGM
was as safe and effective as SMBG, and reduced the time
spent in hyperglycemia in a sub-population of children with
suboptimal glycemic control.

Study Limitations

In this study, the number of capillary blood glucose
measurements were not recorded, a quality of life and the
Abbott FreeStyle Libre satisfaction questionnaire were not
applied, and unexpected events were not recorded.

Conclusion

Considering all the data, due to its easy usability,
guidance with diabetes management, lack of requirement
for calibration and good participant satisfaction, Abbott
FreeStyle Libre can be used during summer camp. With
its contribution, the duration of normoglycemia can be
increased without increasing the duration of hypoglycemia
and glycemic variability.
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