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ABSTRACT

Introduction: Diabetic ketoacidosis (DKA) is an
acute complication associated with poorly
managed or undiagnosed diabetes. DKA is
associated with significant morbidity, mortality,
and healthcare costs, but can be prevented with
appropriate management of diabetes. The Free-
Style Libre is flash glucose monitoring device
that measures glucose levels in the interstitial
subcutaneous tissue and has been shown to
reduce HbAlc, time in hypoglycemia and
hyperglycemia, as well as improve health-re-
lated quality of life.

Methods: A retrospective chart review of
patients with type 1 diabetes mellitus (T1DM)
and recurrent DKA and who initiated FreeStyle
Libre (Abbott Diabetes Care, Alameda, CA, USA)
was conducted. DKA frequency and severity,
glycated hemoglobin (HbA1c), and frequency of
blood glucose monitoring were compared
between the 2-year period before FreeStyle Libre
initiation and the 2-year period after FreeStyle
Libre initiation.

Results: A total of 47 patients with TIDM with
recurrent DKA were included. FreeStyle Libre
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was associated with a reduction in the fre-
quency of DKA events, with a mean of 0.2 (s-
tandard deviation [SD] 0.4) events per person
during the 2 years after FreeStyle Libre initiation
versus 2.9 (SD 0.9) during the 2 years before
FreeStyle Libre initiation. Severity of DKA
events was also reduced, with fewer severe (be-
fore mean 0.3 [SD 0.5] versus after 0.0 [SD 0.0];
p <0.001) DKA events. A reduction in HbAlc
(mean 7.4% [SD 0.5] after versus 9.9% [SD 1.2]
before [p < 0.001]) and an increase in frequency
of blood glucose testing (mean 8.1 scans/day
[SD 1.7] after versus 2.2 finger-pricks/day [SD
0.7] at before [p < 0.001]) were also observed.
Conclusion: FreeStyle Libre is associated with a
reduction in the frequency and severity of DKA
events, reduction in HbAlc, and increase in
frequency of blood glucose testing in patients
with T1DM and recurrent DKA. The use of such
a glucose monitoring tool can help to reduce
the burden of morbidity, mortality, and
healthcare costs associated with complications
of diabetes.
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Key Summary Points

Why carry out this study?

Acute complications of diabetes, including
diabetic ketoacidosis (DKA), pose a
significant burden in terms of morbidity,
mortality, and healthcare costs, but can be
prevented with appropriate management
of diabetes.

FreeStyle Libre flash glucose monitoring
has been shown to reduce HbAlc and time
in hypoglycemia and hyperglycemia, as
well as improve health-related quality of
time, reduce diabetes distress, and
improve sleep quality.

This retrospective chart review aimed to
analyze changes in the frequency and
severity of DKA events following
initiation of FreeStyle Libre.

What was learned from the study?

FreeStyle Libre is associated with a
reduction in the frequency and severity of
DKA events.

This glucose monitoring device is a further
tool for reducing the recurrence of DKA in
addition to interventions such as
intensive diabetes management,
psychosocial and educational approaches,
regular follow-up, and participation of
family members in a patient’s diabetes
management.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14495361.

INTRODUCTION

Type 1 diabetes mellitus (T1DM) is a chronic
autoimmune metabolic disorder characterized
by a lack of insulin production by beta cells of
the pancreatic islets. According to the Interna-
tional Diabetes Federation Diabetes Atlas, pub-
lished in 2019, approximately 1.1 million
individuals aged 19 years and under suffer from
T1DM globally [1]. In Saudi Arabia, where rates
of TIDM have risen sharply in recent years,
27,800 individuals aged 19 years and under
suffer from the condition [2, 3].

Poorly managed or undiagnosed diabetes can
result in complications. Such complications
include microvascular complications, e.g.,
retinopathy, neuropathy, and nephropathy, as
well as macrovascular complications, e.g.,
stroke, peripheral arterial disease, and coronary
artery disease [4]. Acute complications associ-
ated with diabetes include diabetic ketoacidosis
(DKA), lactic acidosis, hypoglycemia, and
hyperglycemic hyperosmolar state [5]. These
acute complications pose a significant burden
in terms of morbidity, mortality, and healthcare
costs, but can be prevented with appropriate
management of diabetes [5].

DKA results from a lack of insulin and
increased levels of counter-regulatory hormones
such as growth hormone, glucagon, cortisol,
and catecholamines, leading to increased pro-
duction of glucose and ultimately ketonemia
and acidosis which can be fatal [6]. DKA is one
of the most common causes of death in children
with diabetes [7], with cerebral edema being the
main underlying cause [8]. In Saudi Arabia, the
rate of DKA is high, with between 25% and 80%
of patients with T1DM developing DKA [9].

Recurrent DKA can lead to an increase in the
development of microvascular complications,
reduced quality of life, and increased mortality
[10]. Among 197 hospital admissions in 92
children with newly diagnosed T1DM aged 8-
13 years old, 28% (26/92) of patients experi-
enced three or more hospital admissions, which
accounted for 80.2% (158/197) of all of the
admissions within this set of children [11].
Factors associated with increased risk of DKA
include female gender, young age, early age of
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diabetes onset, lower socioeconomic status, and
psychosocial disorders [10]. Risk factors associ-
ated with DKA in patients with T1DM in Saudi
Arabia include age 13-19 years, female sex, not
attending diabetes clinic appointments, and a
glycated hemoglobin (HbAlc) of 10% or higher
[12].

New technologies in the field of diabetes,
such as continuous glucose monitoring or flash
glucose monitoring, enable greater frequency of
blood glucose measurement as well as insights
into the trends of blood glucose. By improving
glycemic control, such technologies are
thought to be able to reduce the incidence of
complications and improve outcomes in
patients with diabetes [13]. FreeStyle Libre (Ab-
bott Diabetes Care, Alameda, CA, USA) is a flash
glucose monitoring device that uses a factory-
calibrated sensor system to measure glucose
levels in the interstitial subcutaneous tissue
[14]. It has been demonstrated that the device
can provide a number of benefits to the T1DM
population, including a reduction in HbAlc and
time in hypoglycemia and hyperglycemia, as
well as improved health-related quality of life,
reduced diabetes distress, and improved sleep
quality [15-18].

This retrospective chart review aimed to
analyze changes in the frequency and severity
of DKA events following initiation of the Free-
Style Libre flash glucose monitoring system.
Further aims were to assess changes in HbAlc
and frequency of blood glucose testing follow-
ing FreeStyle Libre initiation.

METHODS

Study Design

This retrospective chart review was conducted
in patients with T1IDM and recurrent DKA
(more than one DKA episode) from the Diabetes
Treatment Center, Prince Sultan Military Medi-
cal City (PSMMC), Riyadh, Saudi Arabia. All
patients with T1DM registered at the Diabetes
Treatment Center at PSMMC were considered
for inclusion in the study. Patients were inclu-
ded if they were aged 13 years and above, had a
diagnosis of TIDM for at least 1 year at FreeStyle

Libre initiation, were first-time users of the
FreeStyle Libre system, and had at least one DKA
event (excluding the first DKA presentation) at
FreeStyle Libre initiation. Patients were also
required to have at least 2 years of clinical data
after FreeStyle Libre system initiation and full
use of FreeStyle Libre for the whole of period
following FreeStyle Libre initiation, with evi-
dence of continued dispensing of flash glucose
monitoring sensors and documented flash glu-
cose monitoring sensor use for at least 50% of
the time during follow-up. Patients were exclu-
ded if they were using other continuous glucose
monitoring devices or had used such devices
within the 6 months prior to FreeStyle Libre
insertion. Patients using insulin pump therapy
were also excluded.

All data was collected retrospectively. Base-
line data was collected for a period of 2 years,
between December 2016 and December 2018,
prior to initiation of FreeStyle Libre. Follow-up
data was collected for a period of 2 years,
between January 2019 and December 2020,
following FreeStyle Libre initiation.

Education for self-management is these
patients throughout the observation period
included regular visits to the diabetes center at
PSMMC and regular education on insulin
injection and self-monitoring of blood glucose.
Education specific to flash glucose monitoring
was provided following FreeStyle Libre initia-
tion. The education program [19] was provided
through the diabetes educators and one-on-one
counseling sessions with the patient’s doctor.

Variables

Demographic (age, sex, weight, and height) and
clinical (age at diagnosis, HbAlc, DKA events,
severity of DKA events, precipitating factors for
DKA events, frequency of blood glucose testing,
and total daily insulin dose) data were collected
for the 2-year period prior to FreeStyle Libre
initiation from electronic medical records.
HbAlc, DKA events, severity of DKA events,
precipitating factors for DKA events, and fre-
quency of blood glucose testing were similarly
abstracted from electronic medical records for
the 2-year period following FreeStyle Libre
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initiation. Diabetic ketoacidosis was defined as
an episode of hyperglycemia with ketoacidosis,
requiring a visit to an emergency department
and/or hospital admission. In this study,
patients with DKA were those with plasma glu-
cose above 13.8 mmol/L, urinary/serum
ketones, serum bicarbonate below 18 mmol/L,
and/or arterial/venous pH less than 7.30.
Severity of DKA events was classified as mild,
moderate, or severe on the basis of the intensity
of the metabolic acidosis and the presence of
altered mental status as per the American Dia-
betes Association grading system [20]. HbAlc
(%) was measured using the COBAS INTEGRA
400 plus/800 analyzers at the central laboratory
of PSMMC. During the 2-year period prior to
FreeStyle Libre initiation, an average of the
three most recent tests performed between
December 2016 and December 2018 was used.
Similarly, an average of the three most recent
HbAlc test results following FreeStyle Libre
initiation was used for the period following
FreeStyle Libre initiation. Precipitating factors
for DKA events were categorized according to
the evaluations of the emergency physician or
endocrinologist as poor adherence to insulin
therapy or insulin omission, diet non-adher-
ence, blood glucose self-monitoring non-com-
pliance, infection, or psychosocial issues.
Frequency of blood glucose testing was defined
as the mean number of blood glucose tests
performed using finger-prick. Frequency of self-
monitoring of blood glucose was documented
in the patient’s medical records either by the
attending emergency room physicians who
requested frequency from the patient or by
diabetes educators who downloaded blood glu-
cose meter data. Mean number of FreeStyle
Libre scans per day was also captured for the
period following FreeStyle Libre initiation.

Analysis

Mean and standard deviation (SD) were calcu-
lated for continuous variables and frequencies
with proportions for categorical variables. The
Q-Q plot and Shapiro-Wilk test were used to
assess the distribution of the data. The paired
ttest (for normally distributed data) or the

Wilcoxon matched-pairs signed-rank test (for
non-normally distributed data) was used to
assess any differences between the two time
periods. Missing data are presented without
imputation. StatalC (StataCorp, Version 16) was
used for all analyses.

Ethics

Approval of the study protocol was granted by
the Research Ethics Committee of the PSMMC
in accordance with the Helsinki Declaration of
1964, revised in 2013 (ethical approval number
1242).

RESULTS

Cohort Demographics

Of 1118 patients with T1DM registered at the
PSMMC Diabetes Treatment Center, 208 of
these had a history of DKA and were considered
for inclusion in the study. Fifty-seven of these
patients had 2 years of available clinical data on
recurrent DKA following initiation of FreeStyle
Libre. Ten patients were excluded from the final
analysis because of FreeStyle Libre sensor use
less than 50% of the time during the period
following FreeStyle Libre initiation (n =8) or
use of insulin pump therapy (n = 2). A total of
47 patients were included in the analysis
(Fig. 1). Patient demographics are shown in
Table 1.

Frequency and Severity of Diabetic
Ketoacidosis

A total of 137 DKA events were reported in the
47 patients during the 2-year period prior to
FreeStyle Libre initiation: 73 mild, 49 moderate,
and 15 severe. In contrast, only 10 DKA events
were reported during the period following
FreeStyle Libre initiation in 10 patients: 9 mild
and 1 moderate. Frequency of DKA was reduced
following FreeStyle Libre initiation, with a
mean of 0.2 (SD 0.4) compared with 2.9 (SD 0.9)
during the period prior to FreeStyle Libre initi-
ation. Severity of DKA events was also reduced,
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Patients with type 1 diabetes (N=1118) registered in the
Diabetes Treatment Center, Prince Sultan Military Medical City

208 patients
with a history of DKA

57 patients

with 2 years of clinical data on

recurrent DKA following FreeStyle
Libre initiation

2 patients
on insulin pump therapy were
excluded from further analysis

8 patients

having FGM sensor use <50% time

> during the period following FreeStyle

Libre initiation were excluded from
further analysis

N =47

Final data set used for analysis

Fig. 1 Study recruitment flow diagram. DKA diabetic ketoacidosis, FGM flash glucose monitoring, RDKA recurrent

diabetic ketoacidosis

with fewer severe (prior mean 0.3 [SD 0.5] ver-
sus after mean 0.0 [SD 0.0]; p < 0.001), moder-
ate (prior mean 1.0 [SD 0.6] versus after mean
0.02 [SD 0.1]; p < 0.001), and mild (prior mean
2.9 [SD 0.9] versus after mean 0.2 [SD 0.4];
p < 0.001) DKA events (Figs. 2 and 3).

HbAlc

HbAlc was significantly reduced following
FreeStyle Libre initiation, with a mean of 7.4%
(SD 0.5) versus 9.9% (SD 1.2) during the period
prior to FreeStyle Libre initiation (p < 0.001)
(Table 2).

Frequency of Glucose Testing

Frequency of glucose testing using finger-prick
was significantly decreased in the period fol-
lowing FreeStyle Libre initiation, with a mean of
1.0 finger-pricks per day (SD 0.3) versus 2.2
finger-pricks per day (SD 0.7) during the period
prior to FreeStyle Libre initiation (p < 0.001).
On the other hand, a mean of 8.1 scans per day
(SD 1.7) following FreeStyle Libre initiation
(p < 0.001 versus glucose testing using finger-
prick prior to FreeStyle Libre initiation) was
observed.
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Table 1 Patient demographics

N =47

Age, mean (SD) 19.8 (6.2)
Age at diagnosis, mean (SD) 6.4 (3.3)
Gender, 7 (%)

Male 22 (46.8)

Female 25 (53.2)
BMI kg/m?* mean (SD) 244 (2.2)
Total daily insulin dose U/kg, mean (SD) 1.3 (0.4)

BMI body mass index, SD standard deviation

Precipitating Factors for DKA

The precipitating factors associated with DKA
events in each patient are shown in Table 3.
Prior to FreeStyle Libre use, infection (85.1%),
blood glucose monitoring non-compliance
(78.7%), and poor adherence to insulin therapy
or insulin omission (68.1%) were common
precipitating factors for DKA. Poor adherence to
insulin therapy or insulin omission (50%) and
infection (50%) were the only precipitating
factors associated with DKA events following
FreeStyle Libre use.

p<0.001
4 —

p<0.001
—

DKA frequency, mean = SD

: - -

i 1
Total Mild

DISCUSSION

FreeStyle Libre is associated with a reduction in
the frequency and severity of DKA events,
reduction in HbAlc, and increase in frequency
of glucose testing in this population of patients
with T1DM with recurrent DKA.

To our knowledge this is one of the first
studies of its kind to assess the effect of a flash
glucose monitoring device on the frequency
and severity of DKA. Our data suggest that
FreeStyle Libre is associated with a reduction in
the number as well as the severity of DKA
events. Results from the RELIEF retrospective
database study conducted in France and pre-
sented at the American Diabetes Association
80th virtual conference highlighted the capa-
bility of FreeStyle Libre to reduce DKA events by
52% in patients with T1IDM [21]. A registry
study published by Tauschmann et al. demon-
strated that continuous glucose monitoring in
children with T1DM reduced the frequency of
DKA episodes from 1% at baseline to 0.5% at
6 months (p = 0.0055) and 0.5% at 12 months
(p = 0.0143), with a reduction in event rates
from 2.0 events per 100 person-years (95% CI
1.4-2.9) to 1.1 events per 100 person-years (95%
CI 0.7-1.7) at 12 months (p = 0.0254) [22].

p<0.001
—
p<0.001
—
_r &
* 1
Moderate Severe

DKA Severity

M Prior to FreeStyle Libre initiation

M After FreeStyle Libre initiation

Fig. 2 Mean frequency of DKA events, total and stratified by severity. DKA diabetic ketoacidosis, SD standard deviation
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Fig. 3 Frequency of DKA events, total and stratified by severity. DKA diabetic ketoacidosis

Studies have previously reported the most
common precipitating factors associated with
DKA events. A retrospective cohort study in a
tertiary care teaching hospital in Israel demon-
strated that issues with insulin therapy,
including missed injections, changes in dose or
regimen, or pump issues (40.4%), and infection
(32.7%) were the two most common precipi-
tating factors for DKA [23]. Similarly, in a ret-
rospective  study conducted in  Brazil,
medication and diet non-adherence (49%) and
infection (32%) were the most common pre-
cipitating factors for DKA in patients with
T1DM [24]. Case reports have recently demon-
strated COVID-19 infection to be a precipitating
factor for DKA [25]. Our previous study, con-
ducted between May and July 2020, indicated
that DKA was the most common reason for
hospital admission among patients with T1DM
and COVID-19, with a total of five (71.4%) DKA
cases admitted to the hospital for DKA man-
agement [26]. In the COVID-19 era, it is
important to ensure adequate glycemic control

in patients with diabetes, via devices such as
FreeStyle Libre, in order to reduce the risk of
DKA events.

This study demonstrated a reduction in
HbA1c following FreeStyle Libre use. A number
of studies have previously demonstrated
improvements in HbAlc following the use of
flash glucose monitoring. Two meta-analyses
were conducted to assess all available evidence
from clinical trials and observational studies.
Evans et al. included 21 studies that reported
changes in HbAlc in 1470 children and adults
with T1DM or type 2 diabetes mellitus (T2DM)
following initiation of FreeStyle Libre. The
meta-analysis demonstrated a reduction in
HbA1lc of 0.55% (95% CI — 0.70 to — 0.39) at
2-4 months following initiation of FreeStyle
Libre, with no significant difference in change
in HbAlc observed between patients with
T1DM and patients with T2DM (95% CI — 0.51
to 0.17, p = 0.2883) [27]. Gordon et al. evalu-
ated HbA1lc data from 34 studies with a total of
5466 patients with TIDM and demonstrated a
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Table 2 HbAIc and frequency of blood glucose testing at baseline and following FreeStyle Libre initiation
Prior to FreeStyle Libre After FreeStyle Libre p value
initiation initiation
HbAlc, 7 (%)
< 7% (< 53 mmol/mol) 0 (0.0) 9 (19.2) < 0.001
> 7% and < 9% (> 53 12 (255) 38 (80.8)
and < 75 mmol/mol)
> 9% (> 75 mmol/mol) 35 (74.5) 0 (0.0)
Mean (SD) 9.9 (1.2) 7.4 (0.5)
Frequency of blood glucose testing using finger-prick per day, 7 (%)
<1 4(9.5) 23 (48.9) < 0.001
2-4 38 (90.5) 24 (51.1)
>5 0 (0.0) 0 (0.0)
Missing 5 0
Mean (SD) 2.2 (07) 1.0 (0.3)
Frequency of FreeStyle Libre scanning per day, 7 (%)
<1 - 0 (0.0) < 0.001*
2-4 - 0 (0.0)
> 5 - 47 (100.0)
Missing - 0
Mean (SD) - 8.1 (1.7)

HbAIc glycated hemoglobin, SD standard deviation
*vs frequency of blood glucose testing using finger-prick

reduction in HbAlc of 0.41% ([95% CI — 0.51 to
— 0.31]; p<0.001; —4.5 [95% CI — 5.6 to
— 3.3] mmol/mol) following initiation of Free-
Style Libre [28]. Both meta-analyses demon-
strated a large heterogeneity in the data, likely
due to differences in populations, including
variability in baseline HbAlc. Nevertheless,
both studies concluded that there is evidence of
a reduction in HbAlc, consistent with reduced
hyperglycemia [27, 28].

Our data suggest that FreeStyle Libre is
associated with an increase in frequency of
blood glucose testing, with less finger-prick
testing but greater FreeStyle Libre scanning fre-
quency. The association between use of Free-
Style Libre and frequency of glucose testing has

also been evaluated in previous studies. A ran-
domized control study involving 64 patients
with T1IDM aged 13-20 years who were ran-
domly assigned to FreeStyle Libre (n = 33) or
control (n=31) demonstrated a greater fre-
quency of glucose monitoring in those using
FreeStyle Libre at 6 months compared to con-
trol, with a difference between groups in the
adjusted change at 6 months compared to
baseline of 2.8 (95% CI 1.72-4.65; p < 0.001).
Whilst FreeStyle Libre users reported an increase
in interstitial and capillary checks per day from
1.8 £ 1.6 at baseline to 3.8 &+ 3.1 at 6 months,
the control group reported a decrease from
1.9 £ 3.6 at baseline to 1.4 £+ 3.0 at 6 months
[29]. A previous study conducted in Saudi
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Table 3 Precipitating factors for DKA events

Precipitating Prior to After FreeStyle
factors, # (%) FreeStyle Libre  Libre initiation
initiation (N = 10)
(N = 47)
Poor adherence to 32 (68.1) 5 (50.0)
insulin therapy or
insulin omission
Diet non-adherence 1 (2.1) 0 (0.0)
Blood glucose self- 37 (78.7) 0 (0.0)
monitoring non-
compliance
Infection 40 (85.1) 5 (50.0)
Psychosocial issues 4 (8.5) 0 (0.0)

DKA diabetic ketoacidosis

Arabia also demonstrated an increase in mean
frequency of blood glucose testing following
3 months of FreeStyle Libre use in 95 patients
with T1DM, from 2.5 times per day (SD 0.9) at
baseline to 5.2 times per day (SD 1.2) at
3 months (p < 0.001) [16].

Therefore, the use of FreeStyle Libre is a fur-
ther tool for reducing the recurrence of DKA in
addition to interventions such as intensive
diabetes management [10], psychosocial and
educational approaches [30], regular follow-up,
and participation of family members in a
patient’s diabetes management [31].

Whilst retrospective studies have a number
of advantages, such as ease of conducting and
no loss to follow-up, limitations include the
possibility of selection bias. As all patients reg-
istered at the PSMMC were considered for
inclusion in the study, those included are likely
representative of the population of patients at
that given hospital. A further limitation to this
study includes the lack of a control group. This
was not possible in this study as the clinical
practice at PSMMC was to start all patients
presenting with DKA on the FreeStyle Libre
device; therefore, no controls were available for
this study. Furthermore, the comparison of the
number of finger-pricks and scanning frequency
of FreeStyle Libre as measures of frequency of

blood glucose monitoring is not ideal. Never-
theless, FreeStyle Libre scanning is likely to be
indicative of glucose monitoring by the user.
The small number of patients included in this
study is also a potential limitation; however, as
a result of the length of follow-up required to
measure DKA events, it was not possible to
include any additional patients from PSMMC.
Future studies might aim to evaluate other
complications of diabetes or further confirm the
association of FreeStyle Libre use with fre-
quency and severity of DKA events in other
hospitals across the country.

CONCLUSIONS

This study demonstrates that FreeStyle Libre is
associated with a reduction in the frequency
and severity of DKA events, reduction in HbAlc,
and increase in frequency of glucose testing in
patients with T1DM and recurrent DKA in Saudi
Arabia. The data contribute additional findings
pertaining to the advantages of flash glucose
monitoring technology in diabetes. Reducing
the frequency and severity of DKA events will
help to reduce associated morbidity, mortality,
and healthcare costs.
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