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ABSTRACT

Introduction: This study assessed the treatment
satisfaction and sense of well-being attained
when patients with type 1 diabetes use the
FreeStyle Libre flash glucose monitoring system
(FSL; Abbott Diabetes Care, Inc., Alameda, CA,
USA).
Methods: A 12-week prospective study was
conducted from January 2018 to May 2018 at
the Diabetes Treatment Center, Prince Sultan
Military Medical City, Riyadh, Saudi Arabia.
Study participants (aged 14–21 years) were
treated for type 1 diabetes with an insulin pump
(IP) (n = 10) or multiple dose injections (MDI)
(n = 23), and used the conventional finger-
pricking method for glucose self-testing. At the
baseline visit, FSL sensors were placed on each
participant by a trained diabetes educator. At
baseline and 12 weeks, a trained interviewer
administered the Arabic version of the Diabetes
Treatment Satisfaction Questionnaire (DTSQ)
and the WHO-5 Well-Being Index (WHO-5)
(1998 version) questionnaire.

Results: As compared with the baseline, posi-
tive differences were found after 12 weeks of FSL
use for all of the items in the DTSQ (p \ 0.001)
and the WHO-5 questionnaire (p\ 0.001). The
overall score for the DTSQ improved from a
mean (SD) of 14.4 ± 6.5 at baseline to
32.1 ± 1.8 at 12 weeks. For the WHO-5 ques-
tionnaire, the overall well-being percentage
score improved from 45.1% at baseline to 93.6%
at 12 weeks (p \ 0.001).
Conclusion: Use of the FSL along with IP orMDI
led to higher treatment satisfaction and a greater
sense of mental well-being compared with the
baseline conventional finger-pricking method.
Funding: No funding or sponsorship was
received for this study. The article processing
charges were funded by Abbott Diabetes Care.
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INTRODUCTION

Treatment of diabetes in the pediatric popula-
tion can be challenging for a myriad of reasons.
Some obstacles include unpredictable food
intake, physical activities, fear of needles [1–2],
increased sensitivity to short-acting insulin, and
being asymptomatic or unable to convey a
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hypoglycemic or hyperglycemic status [3–6]. An
inability to control glycemic levels in the pedi-
atric age group can lead to future health and
treatment issues [3, 7, 8]. Fear of hypoglycemia
has implications for treatment adherence, while
prolonged hyperglycemia can lead to long-term
multi-organ complications such as neuropathy,
nephropathy, vascular and cardiac complica-
tions, and retinopathy [8].

Mental well-being and quality of life can also
be affected by type 1 diabetes. Studies have
shown that children to young adults can expe-
rience diabetes distress or anxiety, which in turn
can lead tomissed boluses, increased HbA1c, less
glycemic control, and self-management issues
[9–12]. In fact, a review of 14 studies found that
about one-third of youths and adolescents with
type 1 diabetes reported anxiety symptoms that
could contribute to poor glycemic control [13].
Concerns about managing diabetes in public
and the visibility of treatment devices can also
impede treatment adherence [14–15].

Recent advances in diabetic technology may
help to address some of these concerns. A novel
option for glucose monitoring is the FreeStyle
Libre flash glucose monitoring system (FSL;
Abbott Diabetes Care Inc., Alameda, CA, USA),
which measures interstitial glucose. The use of
this system has been shown to lead to
improvements in behavior and quality of life
and to reduce worry in the pediatric and young
adult population [16]. Other studies of the FSL
have reported good precision, decreased glucose
variability, increased time in range, and ease of
wear [17–20]. Although this system has shown
good glycemic-related outcomes and ease of
use, less is known about the well-being and
treatment satisfaction of pediatric and young
adult users of this system [21–25]. An advantage
of the current study is that it evaluates the sense
of mental well-being and treatment satisfaction
in the younger population using a novel
modality that has only rarely been reported in
the literature. Because adolescents and young
adults have been shown to struggle with dia-
betes stigma and using diabetes treatments in
public, understanding their treatment satisfac-
tion and mental well-being associated with the
use of the FSL system would be beneficial to
clinicians [14–15].

The objective of this study was therefore to
evaluate mental well-being and treatment sat-
isfaction in a pediatric and young adult popu-
lation with type 1 diabetes who were treated
with either an insulin pump (IP) or multiple
dose injections (MDI) and used the FSL system
for 12 weeks.

METHODS

Study Design

This 12-week prospective study included 33 con-
secutively enrolled patients (aged 14–21 years)
with type 1 diabetes who used the conventional
finger-pricking method for self-testing glucose.
The study was conducted from January 2018 to
May 2018 at the Diabetes Treatment Center,
Prince SultanMilitaryMedicalCity, Riyadh, Saudi
Arabia. Studyparticipantshadnoprior experience
with the FSL, and had received insulin treatment
via IP therapy or MDI for at least the 6 months
before inclusion in the study.

Exclusion criteria included the use of
another interstitial glucose monitoring system
concurrently or 6 months prior to study; a der-
matological disorder or change at the site of
sensor application within 6 months after start-
ing the study; severe or unstable medical con-
ditions; severe hypoglycemia requiring third-
party assistance; diabetic ketoacidosis; or a
hyperosmolar hyperglycemic state.

The Research and Ethics Committee of
Prince Sultan Military Medical City, Riyadh,
Saudi Arabia approved the study protocol. The
study was conducted in accordance with the
tenets outlined in the Declaration of Helsinki
and with Good Clinical Practice. The partici-
pants or their parents/caregivers were advised of
their roles in this study, and a signed informed
consent was obtained from them prior to the
recruitment of the subjects.

Comprehensive training and written
instructions were provided to the study partici-
pants and their parents/guardians on the use of
the FSL system, including sensor duration and
replacement (every 14 days), as well as proper
scanning technique. Educators were accessible
to the participants at any time during the study.
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Study participants were instructed to take cap-
illary measurements if they experienced
impending or possible hypoglycemic events,
glycemic variability, or inconsistent symptoms.

At the baseline visit, the FSL sensors were
placed on the back of the upper arm of each
participant by a trained diabetes educator. Each
study participant received 6 sensors and 2 extra
sensors in case of sensor detachment. At base-
line and at 12 weeks, a trained interviewer
administered the Diabetes Treatment Satisfac-
tion Questionnaire (DTSQ, status version) and
the WHO-5 Well-Being Index (1998 version)
questionnaire in the patients’ native language
(Arabic). The DTSQ is an accurate tool for eval-
uating treatment satisfaction in patients with
type 1 diabetes, and consists of a six-item scale
(0–5) assessing treatment satisfaction and two
items assessing perceived frequency of hyper-
glycemia and hypoglycemia [26]. The WHO-5
Well-Being Index (1998 version) questionnaire
includes 5 statements rated on a scale of 0 (at no
time) to 5 (all of the time). Higher numbers
indicate greater well-being. The percentage
score is used to determine changes in well-be-
ing, with a 10% difference indicating a signifi-
cant change.

Statistical Analysis

Data analysis was performed using Microsoft
Excel 2013 (Microsoft Corporation, Seattle, WA,
USA) and SAS Statistical Analysis Software (SAS)
version 9.4. The paired t test was used to mea-
sure changes from baseline to 12 weeks. Differ-
ences greater than 0.05 were considered
significant. In addition, a significant change in
the WHO-5 was defined as a 10% change from
baseline.

RESULTS

Demographics

There were a total of 33 study respondents, of
whom 10 received treatment via IP and 23
received MDI (n = 23). Of the 33 study

respondents, 54.5% were female, the average
HbA1c was 8.8 ± 1.4, the average duration of
diabetes was 7.7 ± 3.1 years, and the average
age was 15.9 ± 1.7 years. The mean daily fre-
quency of SMBG readings at baseline was
2.21 ± 0.81 times daily. In comparison, the
mean daily frequency of FSL scans over
12 weeks was 7.79 ± 2.21 times daily. Demo-
graphics for this study population are further
described in Table 1.

DTSQ Outcomes

Mean individual values at baseline and after
12 weeks of FSL use are shown in Table 2. The
overall mean summary score for DTSQ
improved significantly from 14.4 ± 6.0 at
baseline to 31.7 ± 1.9 at 12 weeks (n = 33,
p\0.001). The IP group and the MDI group
both showed statistically significant improve-
ments in overall DTSQ score from baseline to
12 weeks. Mean treatment satisfaction scores
were comparable for the IP (31.8 ± 1.8) and
MDI (31.6 ± 2.0) groups; however, the MDI
group (n = 23) showed a greater mean change in
treatment satisfaction than the IP group
(n = 10): 20.0 ± 5.1 vs. 11.0 ± 5.9, respectively
(p\ 0.001).

For perceived frequency of hyperglycemia,
mean values improved significantly from base-
line (5.4 ± 0.6) to 12 weeks (2.6 ± 1.3) (n = 33,
p\0.001). There was no statistically significant
difference between the IP and MDI groups.
Likewise, mean values for the perceived fre-
quency of hypoglycemia improved from base-
line (5.2 ± 0.7) to 12 weeks (2.8 ± 1.4) (n = 33,
p\0.001), and there was no statistically sig-
nificant difference between the IP and MDI
groups.

WHO-5 Outcomes

Mean scores for the WHO-5 questionnaire are
shown in Table 3. The well-being index raw
score improved statistically significantly from
baseline to 12 weeks, with mean scores of
11.3 ± 4.2 vs 23.4 ± 1.6 and thus a change of
12.1 ± 4.0 (p\0.001). Differences were greater
for the MDI group (13.1 ± 3.7) than the IP
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group (9.8 ± 3.9). The overall well-being per-
centage score showed a significant improve-
ment, with a change of 48.5% from baseline
(45.1%) to 12 weeks (93.6%) (p\ 0.001). The
well-being percentage score showed a statisti-
cally significant difference in mental well-being

for both the IP and MDI groups. At 12 weeks, a
higher percentage of patients reported ‘‘more
than half of the time’’ or ‘‘all of the time’’ for all
of the WHO-5 questionnaire items when com-
pared with baseline responses (Fig. 1).

Table 1 Background characteristics of the study population

Overall (N = 33) IP (N = 10) MDI (N = 23) p value

Age (in years)

n 33 10 23

Mean (SD) 15.9 (1.7) 16.4 (1.4) 15.7 (1.8) 0.316�

Median (Min, Max) 16.0 (14.0, 21.0) 16.5 (14.0, 18.0) 15.0 (14.0, 21.0)

Gender n (%)

Male 15 (45.5) 6 (60.0) 9 (39.1) 0.269*

Female 18 (54.5) 4 (40.0) 14 (60.9)

Education, n (%)

Primary 2 (6.1) 0 2 (8.7) 0.463*

Secondary 25 (75.8) 9 (90.0) 16 (69.6)

Intermediate 3 (9.1) 0 3 (13.0)

University 3 (9.1) 1 (10.0) 2 (8.7)

BMI

n 33 10 23

Mean (SD) 22.3 (2.5) 23.1 (2.8) 21.9 (2.4) 0.2015�

Median (Min, Max) 22.7 (17.3, 26.2) 24.5 (17.3, 24.5) 21.5 (17.3, 26.2)

HbA1c (%)

n 33 10 23

Mean (SD) 8.8 (1.4) 7.9 (0.5) 9.2 (1.5) 0.002�

Median (Min, Max) 8.3 (7.1, 13.0) 8.0 (7.1, 8.6) 8.5 (7.2, 13.0)

Duration of diabetes (years)

n 33 10 23

Mean (SD) 7.7 (3.1) 8.7 (3.4) 7.3 (2.9) 0.233�

Median (Min, Max) 8.0 (3.0, 16.0) 8.5 (4.0, 16.0) 7.0 (3.0, 11.0)

SD standard deviation, IP insulin pump therapy, MDI multiple dose injections
*Chi-square test
� Two-sample t test
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DISCUSSION

Comprehensive diabetes management should
include not only clinical measures, such as
HbA1c levels, but also the patient experience
relative to well-being, satisfaction, and quality
of life, as these measures have also been shown
to influence diabetes care [27]. In the current
study, we sought to understand more about the
patient experience by evaluating outcomes for
well-being and treatment satisfaction. Results at
12 weeks showed statistically significant
improvements in treatment satisfaction and
mental well-being scores in study participants
who used the FSL system. In the WHO-5 ques-
tionnaire, both groups showed marked
improvements in well-being scores, particularly
the MDI group, who presented greater changes
in well-being scores compared with the IP
group. Other noteworthy findings of this study
were the between-group differences in DTSQ
treatment satisfaction. The MDI group had a
higher mean score for the Treatment Satisfac-
tion Scale than the IP group. Likewise, the
WHO-5 questionnaire showed slightly higher
well-being raw scores for the MDI group than

for the IP group. Relative to perceived hypo-
glycemia or hyperglycemia, both groups repor-
ted statistically significant improvements from
baseline.

Our results are consistent with a recent study
of an adult Japanese patient population with
type 1 diabetes and type 2 diabetes who used
the FSL for 14 days, which found significant
improvements in DTSQ and WHO-5 for the
type 1 diabetes group [28]. In contrast, their
study found no significant changes relative to
perceived hyperglycemia or hypoglycemia in
the DTSQ. Additionally, the mean scores for the
WHO-5 and DTSQ at 12 weeks were higher in
our study compared with their study scores at
14 days [28]. Further research would be neces-
sary to understand the cause of these differ-
ences, such as the ages of the study populations,
the duration of FSL use, or the type of insulin
delivery. A possible explanation may be that our
study period was 12 weeks, compared with
14 days for the other study. In addition, the
study participants in the other study were adults
rather than youths. Consensus results for IP
versus MDI have shown mixed results for qual-
ity of life outcomes; however, adolescent

Table 2 Diabetes Treatment Satisfaction Questionnaire (DTSQ) comparison of mean (±SD) results for baseline vs.
12 weeks of FreeStyle Libre system use

DTSQ results Baseline
(mean – SD)

After 12 weeks of FreeStyle
Libre system use
(mean – SD)

Change from baseline
(mean – SD)

p value

Satisfied with current

treatment

2.2 ± 1.2 5.1 ± 0.7 2.9 ± 1.3 \ 0.001

Convenience of current

treatment

2.4 ± 1.2 5.5 ± 0.7 3.1 ± 1.3 \ 0.001

Flexibility of current treatment 2.5 ± 1.4 5.4 ± 0.5 2.8 ± 1.5 \ 0.001

Understanding diabetes 2.8 ± 1.3 5.5 ± 0.6 2.7 ± 1.4 \ 0.001

Recommend the current

treatment

2.4 ± 1.1 5.2 ± 0.7 2.8 ± 1.4 \ 0.001

Continue the present

treatment

2.1 ± 1.7 5.1 ± 0.7 2.9 ± 1.9 \ 0.001

Total satisfaction score

(Q 1, 4, 5, 6, 7, 8)

14.4 ± 6.0 31.7 ± 1.9 17.3 ± 6.7 \ 0.001
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patients using CSII have reported high levels of
satisfaction due to a greater sense of control,
independence, fewer physical complaints, and
increased flexibility in diet and daily schedule
[29]. More research is warranted to understand
why patients in the MDI group of the current
study had a greater change in well-being com-
pared with the IP group.

In another study of 67 children (4–18 years
old) with type 1 diabetes, the usability ques-
tionnaire results showed that high satisfaction
was reported by adolescents and children after
14 days of use, as well as good correlation with
SMBG [30]. Likewise, in a study of children and
adolescents with type 1 diabetes who attended a
summer camp, the usability questionnaire out-
comes revealed high overall satisfaction for
patients and practitioners and satisfactory clin-
ical accuracy [31]. However, a shared concern
for these studies was the need for further
research relative to clinical decision-making
based on sensor readings. In the current study,
participants were instructed to take capillary
measurements in the event of impending or
possible hypoglycemic events, glycemic vari-
ability, or inconsistent symptoms. This remains
an important factor, as some patients remain
asymptomatic or unaware of hypoglycemia,
which can be particularly problematic and even
life-threatening [5]. After 12 weeks of FSL use in
the current study, participants reported signifi-
cant improvements from baseline relative to
how often they felt blood sugars were either
unacceptably high or low, as well as increased

satisfaction with their understanding of dia-
betes. Improvements in patient perception of
hypoglycemia may be beneficial for patients
who experience fear of hypoglycemia, which
has been shown to affect treatment adherence
and increase anxiety [32].

Findings from the current study provide
insight into the mental well-being and treat-
ment satisfaction experienced by pediatric and
young adult patients with type 1 diabetes. The
outcomes evaluated in this study were from
validated questionnaires which have been used
to assess mental well-being and satisfaction.
These results may be useful for health care
practitioners who treat pediatric patients, par-
ticularly those who have frequent hypo-
glycemic or hyperglycemic excursions and have
fears associated with those episodes. Results
from this study indicate that patients experi-
enced less fear associated with hypoglycemia,
which is consistent with our previously repor-
ted reduced frequency of hypoglycemic epi-
sodes with the FSL compared with the
conventional finger-pricking method [16]. The
FSL system was used for 12 weeks in this study,
which provided a longer duration of treatment
for comparison with baseline. Other studies
could assess whether these quality-of-life end-
points improve over time, as the mean scores in
this study were numerically higher than the
results reported for another adult population
[28].

There are, nevertheless, some evident limi-
tations inherent to this study. First, these data

Table 3 WHO-5 Well-Being Index questionnaire comparison of mean (±SD) results for baseline vs. 12 weeks of FreeStyle
Libre system use

Over the last two weeks: Baseline
(mean – SD)

After 12 weeks of FreeStyle
Libre system use
(mean – SD)

Change
from
baseline

p value

1 I have felt cheerful and in good

spirits

2.1 ± 0.8 4.8 ± 0.4 2.7 ± 1.0 \ 0.001

2 I have felt calm and relaxed 2.3 ± 1.0 4.5 ± 0.6 2.2 ± 1.0 \ 0.001

3 I have felt active and vigorous 2.2 ± 1.3 4.8 ± 0.4 2.5 ± 1.3 \ 0.001

4 I woke up feeling fresh and rested 2.2 ± 1.1 4.7 ± 0.5 2.5 ± 1.1 \ 0.001

5 My daily life has been filled with

things that interest me

2.4 ± 1.2 4.6 ± 0.7 2.2 ± 1.3 \ 0.001
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correspond to a small-sized cohort study
because of the low expected frequency of
patients, especially those who are receiving
combined therapy with FSL plus IP. Future
studies could include a larger sample size and
multiple centers for comparison, and other
patient populations such as those with type 2
diabetes or gestational diabetes. It should also

be noted that there was a significant difference
between the baseline A1c levels of the MDI and
IP groups, with higher A1c seen in the MDI
group. However, both groups had A1c levels of
nearly 8% or higher, and the overall outcomes
of the combined groups provide meaningful
information about youths with poorly con-
trolled diabetes.

Fig. 1 Distribution of patient responses to the WHO-5 questionnaire items at baseline and after 12 weeks of FreeStyle
Libre system use
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In addition, there are limited published
outcomes for the DTSQ and WHO-5 in pediatric
populations, so future studies with these vali-
dated questionnaires would add to this body of
knowledge. The Diabetes Treatment Satisfaction
Questionnaire (DTSQ) was first developed in the
early 1980s, and has been widely used in clinical
trials and for routine clinical monitoring [33].
In our study, we used the DTSQs, the original
status version, in Arabic at baseline and
12 weeks after FSL use, as it has been shown to
be useful for comparing the levels of satisfaction
in diabetic youths and adolescents when using
different treatment strategies [34]. Future stud-
ies could also use another version of the DTSQ,
the change version (DTSQc), which has been
developed to overcome potential ceiling effects
[33]. This version has been suggested for use
along with the DTSQs as an indicator of how
satisfaction and perceived hyperglycemia and
hypoglycemia has changed; however, it does
not evaluate whether it was high or low to start
with, or where it is at the endpoint.

CONCLUSION

In conclusion, the use of the FSL along with IP
or MDI treatment in children and young adults
with type 1 diabetes led to significantly greater
satisfaction and a stronger sense of well-being
compared with the baseline conventional fin-
ger-pricking method.
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