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ABSTRACT

Introduction: Measurement of glucose levels is
the mainstay method of ensuring good gly-
cemic control and preventing complications
associated with uncontrolled diabetes. Contin-
uous glucose monitoring enables easy and
effective monitoring of interstitial glucose
around the clock and hence improves glycemic
control.
Objectives: This study aimed to measure the
effect of continuous glucose monitoring on

glycated hemoglobin (HbA1c) at 3, 6, and
9 months following sensor insertion.
Methods: A retrospective cohort study of pedi-
atric and adolescent type 1 diabetes mellitus
patients randomly sampled from 32 Ministry of
Health diabetes centers across Saudi Arabia was
performed. Patients were subjected to flash
glucose monitoring using the FreeStyle� Libre
flash glucose monitoring system (Abbott Dia-
betes Care, Witney, UK), an intermittently
scanned continuous glucose monitoring device
approved by the Conformité Européenne in
2014. These patients were first-time users of any
kind of continuous glucose monitoring system,
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aged 4–18 years, and received insulin via mul-
tiple dose injection or continuous subcutaneous
insulin infusion for at least 6 months prior to
study start. Patients were excluded if they had
used flash glucose monitoring or other inter-
stitial glucose monitoring systems in the past
3 months, were pregnant, or had existing
hemoglobinopathies. The flash glucose moni-
toring sensor was attached to the back of the
upper arm at the baseline visit. HbA1c (%) was
measured at baseline and 3, 6, and 9 months.
Patient demographics were collected from elec-
tronic health records.
Results: 1,307 patients were included, with a
mean age of 11.1 years (standard deviation
3.6 years). Where specified, 51.4% were female.
Mean HbA1c significantly reduced from base-
line (10.8%) to 3 months (9.8%, p\0.001),
6 months (9.2%, p\ 0.001), and 9 months
(9.1%, p\0.001). For individuals with baseline
HbA1c[ 9%, mean HbA1c was significantly
reduced from baseline (11.7%) to 3 months
(10.3%, p\0.001), 6 months (9.6%, p\0.001),
and 9 months (9.5%, p\ 0.001).
Conclusions: Flash glucose monitoring signifi-
cantly reduced HbA1c levels at 3, 6, and
9 months following sensor insertion. This
reduction was greatest in those patients with
higher HbA1c at baseline ([ 9%).

Keywords: Type 1 diabetes mellitus; FreeStyle�

Libre; Flash glucose monitoring; Glycated
hemoglobin

Key Summary Points

Why carry out this study?

Measurement of glucose levels is the
mainstay method of ensuring good
glycemic control and preventing
complications associated with
uncontrolled diabetes.

This study aimed to measure the effect of
continuous glucose monitoring on
glycated hemoglobin (HbA1c) in a cohort
of 1,307 pediatric and adolescent type 1
diabetes mellitus patients randomly
sampled from 32 Ministry of Health
diabetes centers across Saudi Arabia.

This is the first audit of continuous
glucose monitoring technology in the
Middle East region, and this study will
serve to guide practice and the adoption
of technology in clinical pathways.

What was learned from the study?

Mean HbA1c significantly reduced from
baseline (10.8%) to 3 months (9.8%,
p\0.001), 6 months (9.2%, p\0.001),
and 9 months (9.1%, p\ 0.001).

For individuals with baseline
HbA1c[ 9%, mean HbA1c was
significantly reduced from baseline
(11.7%) to 3 months (10.3%, p\0.001),
6 months (9.6%, p\0.001), and
9 months (9.5%, p\0.001)

Flash glucose monitoring significantly
reduced HbA1c levels at 3, 6, and
9 months following sensor insertion, and
this reduction was greatest in those
patients with higher HbA1c at baseline
([9%).

INTRODUCTION

Diabetes mellitus is a chronic metabolic disease
affecting 8.8% of the global population aged
between 20 and 79 years [1]. Its prevalence is
rising fast, with a predicted prevalence of 10.4%
of the global population aged between 20 and
79 years by 2040 [1]. Type 1 diabetes mellitus
(T1DM) is characterized by a lack of insulin
production by the pancreas. The incidence of
T1DM in the Kingdom of Saudi Arabia has
increased drastically in the last three decades,
with increased rates in young infants [2]. The
International Diabetes Federation (IDF)

1140 Diabetes Ther (2022) 13:1139–1146



Diabetes Atlas, 9th edition, reported that 27,784
children and adolescents in Saudi Arabia suf-
fered from T1DM, with 3700 new cases diag-
nosed each year [3, 4].

Measurement of glycated hemoglobin
(HbA1c) enables the assessment of glycemic
control in diabetic patients [5]. Ensuring good
glycemic control is essential to prevent com-
plications associated with uncontrolled diabetes
[5, 6]. Microvascular complications and long-
term macrovascular disease can be minimized
via intensive therapy, as well as the measure-
ment and reduction of HbA1c [7–9].

Continuous glucose monitoring (CGM)
enables blood glucose levels to be measured
continuously, providing a much more conve-
nient solution for glucose monitoring than self-
monitoring of blood glucose (SMBG) using fin-
gerpricks [10]. The flash glucose monitoring
system is an intermittently scanned CGM
device approved by the Conformité Européenne
in 2014 and the US Food and Drug Adminis-
tration in 2017 [11]. Flash glucose monitoring
measures the glucose levels in the interstitial
fluid from cells underneath the skin [12]. The
device has been shown to effectively measure
glucose levels in adult [6] and pediatric popu-
lations [13]. Similar to other CGM devices, flash
glucose monitoring has been shown to measure
time spent in range, time in hypoglycemia, time
in hyperglycemia, and glucose variability, with
the added advantage of being factory calibrated
[12, 14]. The device is accurate, safe, and highly
accepted by users or their caregivers [15]. Fur-
thermore, flash glucose monitoring has been
shown to reduce HbA1c levels and hypo-
glycemia events as well as to improve quality of
life (diabetes distress and sleep quality) in type 1
diabetes patients [16, 17].

Several randomized clinical trials have
demonstrated that CGM leads to reductions in
HbA1c, hypoglycemia, and glycemic variability
compared with SMBG testing [18–22]. A recent
meta-analysis investigating the impact of flash
glucose monitoring on glycemic control
demonstrated a mean change in HbA1c at 2–-
4 months across 29 studies of - 0.55% (95% CI
- 0.70, - 0.39) following the use of flash glu-
cose monitoring [23]. Flash glucose monitoring
has been shown to lead to significant and

sustained reductions in HbA1c in both adults
and children with T1DM, as well as adults with
type 2 diabetes mellitus [23].

The aim of this study was to evaluate the
effect of flash glucose monitoring on HbA1c
levels at 3, 6, and 9 months following sensor
insertion in a population of pediatric and ado-
lescent T1DM patients across Saudi Arabia.

METHODS

Study Design

A retrospective cohort study was conducted in
pediatric and adolescent patients with T1DM
from 32 Ministry of Health (MOH) diabetes
centers and units across the Kingdom of Saudi
Arabia between September 2018 and October
2019. Patients were randomly sampled, with an
average of 50 patients who met the inclusion
criteria being randomly sampled from each of
the diabetes centers. Patients were included if
they were first-time users of flash glucose mon-
itoring, aged 4–18 years, received insulin via
multiple dose injection or continuous subcuta-
neous insulin infusion for at least 6 months
prior to study start, and were eligible to use flash
glucose monitoring as per the current Saudi
MOH criteria. Patients were excluded if they
had used flash glucose monitoring or other
interstitial glucose monitoring systems in the
past 3 months, were pregnant, or had existing
hemoglobinopathies.

Patients were assessed at a baseline visit and
followed up at 3, 6, and 9 months. At the
baseline visit, the flash glucose monitoring
sensor was attached to the back of the upper
arm by a member of the diabetes team at each
MOH diabetes center.

Variables

HbA1c (%) was measured at baseline and 3, 6,
and 9 months using a local laboratory test.
Patient demographics (age and gender) were
collected from electronic health records.
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Analysis

Descriptive statistics were used, including mea-
sures of central tendency and dispersion for
continuous variables (mean, standard deviation
[SD], median, and interquartile range [IQR]) and
frequencies with proportions for categorical
variables. The distribution of the data was
assessed for normality using the Q–Q plot and
the Shapiro–Wilk test. The paired t-test was used
to assess the significance of differences between
baseline HbA1c and the 3-, 6-, and 9-month
HbA1c values. Stratified analysis was performed
by baseline HbA1c category (B 7%,
7–9%,[9%). Missing data are presented as
such, without imputation. All statistical analy-
ses were performed using StataIC (StataCorp,
version 16). Mapping of the 32 MOH diabetes
centers was performed using QGIS (version 3.60
‘Hannover’).

Ethics

This was a retrospective cohort analysis audit
performed as part of Kingdom of Saudi Arabia
Ministry of Health practice guidelines. Ethics
committee approval was sought and obtained
from King Fahad Medical City. All data were
retrieved from MOH clinics and de-identified.

RESULTS

Diabetes Centers

The geographic distribution of the 32 diabetes
centers across Saudi Arabia is shown in Fig. 1.

Cohort Demographics

A total of 1568 patients met the inclusion cri-
teria for the study. 261 patients were lost to
follow-up or had incomplete files. Analysis was
performed on the remaining 1,307 patients. The
mean age of the patients was 11.1 years (SD
3.6 years). Where specified, females comprised
51.4% of the patients and males 48.6%. Mean
HbA1c at baseline was 10.8% (SD 2.2%). Base-
line characteristics are summarized in Table 1.

HbA1c glycated hemoglobin, IQR interquar-
tile range, SD standard deviation

Changes in HbA1c from Baseline

Compared with baseline HbA1c, mean HbA1c
was significantly reduced at 3 months (9.8% [SD
1.9], p\ 0.001), 6 months (9.2% [SD 1.7],
p\0.001), and 9 months (9.1% [SD 1.9],
p\0.001) (Fig. 2). This reduction was most
significant in patients with HbA1c[9% at
baseline (Fig. 3).

DISCUSSION

The results of this study demonstrate significant
reductions in HbA1c levels at 3, 6, and
9 months following flash glucose monitoring
sensor insertion. Such a trend has been
observed in previous studies, with a recent
meta-analysis reporting a mean change of
- 0.55% (95% CI - 0.70, - 0.39) in HbA1c at
2–4 months following the use of flash glucose
monitoring across 29 studies, demonstrating
significant and sustained decreases in HbA1c in
adults with type 1 and type 2 diabetes as well as
children with type 1 diabetes [23]. The meta-
analysis included data from randomized control
trials and observational studies that included
between 6 and 278 diabetes patients, totaling

Fig. 1 Distribution of the diabetes centers across Saudi
Arabia
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1,470 patients from heterogeneous study pop-
ulations [23]. In our study, we present a large
dataset of 1,307 patients, providing strong evi-
dence for improved glycemic control in this set
of diabetic patients. In addition, several ran-
domized control trials have demonstrated that
CGM leads to reductions in HbA1c, hypo-
glycemia, and glycemic variability compared
with SMBG testing [18–22].

The mean HbA1c of this population of
patients is high, at 10.8%. This is similar to
another study, which described a population of
510 children and adolescents with T1DM under
the age of 18 years at King Fahad Medical City,
Riyadh [24]. This study reported a mean HbA1c
of 10.6%. Such high HbA1c levels reflect poor
diabetes control within children and adoles-
cents with T1DM in Saudi Arabia and highlight
the importance of effective diabetes manage-
ment and patient education.

As with all cohort studies, there are limita-
tions to this study. Selection bias resulting from
the inclusion of patients from MOH diabetes
centers only is a possibility. Nevertheless, the
centers are well distributed across Saudi Arabia
and are likely representative of the diabetes
centers across the country. Furthermore, loss to
follow-up bias (due to certain types of patients
being lost to follow-up from the study) is also a
possibility. The lack of information relating to
glucose metrics such as time in range (eug-
lycemia), time above range (hyperglycemia), or
time below range (hypoglycemia) as well as
glycemic variability and diabetic ketoacidosis
events is a further limitation to the study. At the
time of the study, diabetes centers did not use
Libreview to collect these glucose metrics. Fur-
thermore, additional clinical information is also
lacking, such as time since diagnosis, body mass
index, and insulin regimen. This is a result of
the lack of availability of such data within the
electronic health records. Future investigations

Table 1 Baseline characteristics

Baseline characteristics
(N = 1307)

Gender

Female, n (%) 501 (51.4)

Male, n (%) 473 (48.6)

Missing, n 333

Age, years

Median (IQR) 11 (9, 14)

Mean (SD) 11.1 (3.6)

Missing, n (%) 286 (21.8)

HbA1c, %

Mean (SD) 10.8 (2.2)

B 7%, n (%) 48 (3.7)

[ 7 and B 9%, n (%) 274 (21.0)

[ 9%, n (%) 985 (75.4)

Missing, n (%) 0 (0.0)

Fig. 2 HbA1c at baseline and at 3, 6, and 9 months
following sensor insertion. ***p\ 0.001 versus baseline.
HbA1c glycated hemoglobin, SD standard deviation

Fig. 3 HbA1c at baseline and at 3, 6, and 9 months
following sensor insertion, stratified by baseline HbA1c.
***p\ 0.001 versus baseline. HbA1c glycated hemoglobin,
SD standard deviation
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will include the analysis of longer-term effects
of flash glucose monitoring on HbA1c, as well as
the analysis of glucose metrics such as time in
euglycemia, hyperglycemia, and hypoglycemia,
diabetic ketoacidosis, and glycemic variability.
Such investigations will further reinforce the
benefits of flash glucose monitoring in the dia-
betic population in Saudi Arabia.

CONCLUSIONS

Flash glucose monitoring significantly reduced
HbA1c levels at 3, 6, and 9 months following
sensor insertion. This reduction was greatest in
patients with higher HbA1c at baseline ([9%).
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