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Abstract

BACKGROUND

In 2017, 35000 Saudi children and adolescents were living with a type 1 diabetes
(T1D) diagnosis. Diabetic complications are minimized upon strengthened
glycemic regulation. The annual cost of treating diabetic patients with complic-
ations was four-fold higher than for patients without complications. The use of
flash glucose monitoring (FGM) enables better diabetes treatment and thereby
improves glycemic control. Understanding the factors that affect effectiveness of
FGM will help enhance the device’s use and management of hospital resources,
resulting in improved outcomes.

AIM
To investigate factors that affect effectiveness of the FGM system for glycated
hemoglobin (HbA1lc) levels/glycemic control among T1D patients.

METHODS

A retrospective empirical analysis of T1D patient records from King Abdul-Aziz
University Hospital and Prince Sultan Military Medical City was performed. T1D
patients who began FGM between 2017 and 2019 were included.

RESULTS

The data included 195 T1D patients (70 males and 125 females) with a mean age of
23.6 + 8.1 years. Among them, 152 patients used multiple daily injection and 43
used an insulin pump. The difference in HbAlc level from baseline and after
using FGM was -0.60 * 2.10, with a maximum of 4.70 and a minimum of -6.30.
There was a statistically significant negative correlation between the independent
variables (age, duration of diabetes, level of engagement) and HbAlc. The group
with the highest HbAlc mean (9.85) was 18-years-old, while the group with the
lowest HbAlc mean (7.87) was 45-years-old. Patients with a low level of
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engagement (less than six scans per day) had the highest HbAlc mean (9.84),
whereas those with a high level of engagement (more than eight scans per day)
had the lowest HbA1lc mean (8.33).

CONCLUSION
With proper education, FGM can help people with uncontrolled T1D over the age
of 18 years to control their glucose level.

Key Words: Type 1 diabetes; Flash glucose monitoring; Continuous glucose monitoring;
Hypoglycemia; Glycemic control

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The factors influencing success of flash glucose monitoring are poorly
understood in people with type 1 diabetes (T1D). Therefore, we retrospectively invest-
igated the main predictor factors and their relationship with glycemic control/glycated
hemoglobin (HbAlc) levels in 195 patients with T1D. Flash glucose monitoring
resulted in a clinically significant reduction in HbAlc, and the uncontrolled group
(baseline HbAlc > 9) had the highest reduction in HbAlc. Age and level of
engagement were negatively associated with HbAlc. Patients in the age group (18-45
years) with a high level of engagement were more likely to experience a higher-
reduction in HbAlc.

Citation: Alhodaib HI, Alsulihem S. Factors influencing the effectiveness of using flash glucose
monitoring on glycemic control for type 1 diabetes in Saudi Arabia. World J Diabetes 2021;
12(11): 1908-1916

URL: https://www.wjgnet.com/1948-9358/full/v12/i11/1908.htm

DOI: https://dx.doi.org/10.4239/wjd.v12.i11.1908

INTRODUCTION

In 2017 alone, 35000 Saudi children and adolescents (aged 20 years) were living with a
type 1 diabetes (T1D) diagnosis, according to a study from the International Diabetes
Federation, with 3900 new cases yearly[1]. Uncontrolled diabetes has an effect on
nearly every organ in the body, and good glycemic control lowers the risk of diabetic
complications. While the cost of treating diabetic patients with complications was US$
11706.90 per year, this was reduced to US$ 2746.70 per year for diabetic patients
without complications[2]. According to the American Diabetes Association, diabetic
patients on multiple daily injections (MDIs) or insulin pumps can monitor blood
glucose levels before meals, postprandially, at bedtime, before exercise, when they
suspect hypoglycemia, after treating hypoglycemia, and before performing vital
activities such as driving[3]. Increasing the number of times one monitors their blood
glucose level is linked to lower glycated hemoglobin (HbA1c) levels and fewer
complications[4].

The new continuous glucose monitoring devices and flash glucose monitoring
(FGM) provide reliable glucose readings for up to 14 d after a 1 h warm-up cycle. This
consists of two main components: a portable reader and a disposable, factory-
calibrated sensor worn on the back of the upper arm by the patient. The reader is used
by the patient to wirelessly scan the sensor and obtain glucose readings. Every minute
a sensor measures the glucose concentration in the interstitial fluid. It also automat-
ically records the glucose concentration every 15 min and saves the information in an
8-h log. The use of this technology has a beneficial influence on patient adherence to
blood glucose monitoring and glycemic control[2] because it accurately measures
interstitial fluid glucose within a reasonable range of error as capillary blood glucose
[5-9]. FGM is more costly than standard treatment, and there are no set guidelines for
which patients should use it and when they should start using it.

Understanding the factors that affect the effectiveness of FGM will help enhance the
device’s use and management of hospital resources, resulting in improved outcomes.
Research has shown that using continuous glucose monitoring improves glycemic
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control by lowering HbAlc levels, reducing the number of hypoglycemic events,
increasing time in the target range and reducing the number of hospital visits due to
hypoglycemia or ketoacidosis[4,10-12].

MATERIALS AND METHODS

The formula of Hulley et al[13] was used to determine the sample size. Accordingly, a
sample size of 195 patients was used in the current study. This study was a
retrospective study involving 234 patients who had undergone FGM during the study
period from the involved research centers (60 patients from King Abdulaziz University
Hospital and 174 from Prince Sultan Military Medical City). Patients who were 15
years or older with T1D, used FGM for at least 1 mo, and were capable of checking
and controlling their glucose levels themselves based on the data generated by the
sensor were included in the study. However, 39 people requiring tighter glycemic
control were excluded from the study (13 had type 2 diabetes, 6 had chronic kidney
disease, 6 were under the age of 15, and 10 were new to FGM). In the present study,
the dependent variable was HbAlc, while the independent variables were age, body
mass index (BMI), diabetes length, duration of using FGM, degree of involvement, and
type of insulin treatment. Demographic information as well as lab results were
extracted from each hospital’s information system. Because each patient’s sensor data
was stored in their register, the artificial intelligence was able to derive the degree of
commitment, which was determined by the average number of scans per day. Ethical
approval was obtained from the King Saud University ethics committee (Ref No:
19/0812/IRB) as well as access letters from both hospitals. Data collection lasted for
about 4 wk.

Statistical analysis

Statistical analysis was performed using SPSS software (Version 23; IBM Corp.,
Armonk, NY, United States). The dependent variable (HbAlc) was tested for
normality using the Kolmogorov-Smirnov and Shapiro-Wilk tests across the
independent variables. Differences between groups for unevenly distributed data were
analyzed using non-parametric tests (Mann-Whitney test, Kruskal-Wallis test). For the
association, Spearman’s correlation coefficient was used. Independent sample t-tests
were used for data with two groups (duration of using FGM and type of insulin
treatment), and one-way analysis of variance was used for data with three or more
groups. Pearson’s correlation coefficient was used for the relationship of data with
more than two groups (duration of diabetes and level of engagement). The
relationship between the type of insulin treatment (nominal data) and the dependent
variable HbAlc was analyzed using cross tabulation.

RESULTS

The demographic characteristics of the included patients are represented in Table 1.
The result shows that the average age of the patients was 23.6 years, with almost half
(49.7%) of them being between the ages of 18 and 30. The majority of the participants
were women (64.1%). In terms of engagement, the majority of patients (48.7%) had a
low level of engagement, scanning fewer than six times per day. MDI was chosen as
the type of insulin treatment by 77.9% of the participants.

Using the Wilcoxon signed rank test, FGM resulted in a statistically significant
reduction in HbAlc (z = -4.535, P = 0.000) with a broad effect size (r = 0.119). From pre-
FGM (median = 9.7) to post-FGM (median = 9.0), the median HbA1c score decreased.
In 62% of the patients, HbAlc was reduced after FGM, and the majority of them
(76.0%) had an HbA1lc of more than 9. On the other hand, HbAlc levels increased in
32% of patients, and 39% of them had an HbAlc of less than 8. In 11 patients, there
was no difference in HbAlc. The highest rise in HbAlc was 4.7%, while the maximum
decrease was 6.3%.

Relationship between age and HbA1c

The relationship between age and HbAlc was moderately negative and statistically
significant (r, = -0.373, P = 0.000). Kruskal-Wallis test showed a statistically significant
difference in mean HbAlc between the age groups (P = 0.001, y*>=17.79). The age
group under 18 years had the highest HbAlc mean level (9.8 + 1.5), while the age
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Table 1 Descriptive statistics of patient characteristics, n = 195

Parameter Count' %'
Age in yr, mean + SD: 23.6 £ 8.1 <18 60 30.8
18-30 97 49.7
31-45 35 17.9
> 45 3 1.5
Sex Male 70 35.9
Female 125 64.1
Level of engagement < 6 times/d 95 48.7
6-8 times/d 34 174
> 8 times/d 66 33.8
Type of insulin treatment MDI 152 77.9
Insulin pump 43 2211

IDescriptive analysis (frequencies and percentages).

MDI: Multiple daily injection.

Jaishideng®

group over 45 years had the lowest level (7.8 £ 0.8) (Figure 1A).

Relationship between BMI and HbA1c

Although BMI and HbA1lc had a weak negative correlation (r, = -0.129, P = 0.068), the
correlation was not statistically significant. There was no statistically significant
difference in HbAlc between the different BMI categories according to the Kruskal-
Wallis test [P = 0.141, *(2) = 5.461] (Figure 1B).

Relationship between duration of diabetes and HbA1c

There was a weak negative relationship between diabetes duration and HbAlc, which
was statistically significant (r, = -0.162, P = 0.024). A one-way analysis of variance test
revealed no statistically significant difference in HbAlc levels between groups of
diabetes duration [P = 0.231, F (4,190) = 4.168] (Figure 1C).

Relationship between level of engagement and HbA1c

The relationship between degree of involvement and HbAlc was moderately negative
and statistically significant (r = -0.394, P = 0.000). One-way analysis of variance test
showed a statistically significant difference in mean HbAlc between the various levels
of engagement (P = 0.000, F = 17.733). The HbA1lc level after FGM was significantly
lower in those who scanned six to eight times per day (8.9 + 1.5, P = 0.018) and those
who scanned more than eight times per day (8.3 + 1.3, P = 0.000) compared to those
who scanned less than six times per day (9.8 £1.7) (Figure 1D).

Relationship between type of insulin treatment and HbA1c

The form of insulin therapy had a mild relationship with HbAlc, and the correlation
was statistically significant (> = 0.094, P = 0.000). The MDI group and the insulin
pump group had a statistically significant difference in mean HbAlc according to an
independent-sample t-test. The MDI group had a higher mean HbAlc (9.5 £ 1.7) than
the insulin pump group (8.2 £1.2) (P = 0.000, t = 4.49) (Figure 1E).

Relationship between duration of using FGM and HbA1c

The length of FGM use and HbAlc had a weak negative relationship, but the
correlation was not statistically important (r = -0.116, P = 0.107). Using an
independent-sample t-test, no statistically significant difference in mean HbAlc was
found between the two classes of FGM duration [t (195) = 1.57, P = 0.765]. Patients who
used FGM for less than 3 mo had an HbAlc of 9.4 + 1.7 compared to those who used it
for more than 3 mo, who had an HbAlc of 9.0 + 1.8 (Figure 1F).
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Figure 1 Relationship among various factors. A: Relationship between age and mean glycated hemoglobin levels; B: Relationship between body mass index
and glycated hemoglobin levels; C: Relationship between duration of diabetes and glycated hemoglobin levels; D: Relationship between level of engagement and
glycated hemoglobin levels; E: Relationship between type of insulin treatment and glycated hemoglobin levels; F: Relationship between duration of using flash
glucose monitoring and glycated hemoglobin levels. A1c: Glycated hemoglobin; BMI: Body mass index; FGM: Flash glucose monitoring; MDI: Multiple daily injection.
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DISCUSSION

Several medical associations are now taking essential steps to help patients with T1D
and type 2 diabetes regulate their glycemic index. Monitoring the amount of glucose in
a diabetic patient’s body is an important part of diabetes management and the
treatment process. FGM is an excellent method for assessing the level of “glucose
metabolic disturbance” and directing the treatment process. Diabetes affects a large
number of children in Saudi Arabia. As a result, FGM instruments are currently used
to calculate the amount of glucose in the blood. This is achieved by implanting a
tracker under the skin for 14 d to monitor blood glucose, and the patient must check
the sensor’s reader and read the blood glucose level over the previous 8 h.

FGM is expensive to use because one sensor costs $89 and test strips cost $0.75 each.
The National Health Service has developed some guidelines for those who are eligible
to receive funding for FGM. These individuals must be on “intensive insulin therapy”
and plan to attend an education session on the topic of FGM, be able to scan their
glucose levels at least six times a day, report their findings with the National Health
Service clinic, and participate in a “diabetes self-management” education program
[14]. Determining the effectiveness of FGM will help to justify the cost in patients who
will receive the greatest benefit.

In the present study, FGM resulted in a substantial and clinically significant
reduction in HbAlc. This result confirms findings from previous studies that looked at
the efficacy of FGM in diabetic patients[15-17]. In the current study, HbAlc was
decreased by at least 0.5 in 104 patients, with 84 of them having a baseline HbAlc of
more than 9. After using FGM, the uncontrolled group had the greatest reduction in
HbA1c levels at baseline, while the monitored group had no reduction or an increase
in HbAlc. This is in line with the findings of Tyndall et al[14] who used FGM on 900
T1D patients and followed them for 245 d. According to the findings of their report,
some patients” HbAlc levels changed. Individuals who did not use FGM had no
improvement in their HbAlc during the same time span. The change in Alc was the
study’s primary outcome.

Patients under the age of 18 years had the smallest change in HbAlc levels after
using FGM, out of all age groups. Our results in the present study confirm those from
a previous study that showed that HbAlc levels in patients under the age of 18 worsen
over time[18]. Patients in the 18-45 years age group showed the greatest decrease in
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HbATc levels relative to other age groups. This was consistent with the findings from
the Paris et al[19] study, which was conducted to determine the effectiveness of FGM
on HbAlc in 120 T1D patients between the ages of 18-76 years. The retrospective study
reported positive improvements in HbAlc, with FGM being especially helpful for
patients with a baseline HbAlc of 7.5%.

According to the study by Campbell et al[20] of 76 participants, including children
and adolescents, FGM supported children with T1D with an average HbAlc reduction
of 0.4 (from 7.9 to 7.5), indicating that patients with T1D who used FGM had better
glycemic control. Just 13 patients (6.1%) in the current study began FGM within the
first year of diagnosis, which was used to compare early and late initiation of FGM
after diagnosis. A significant but weak correlation between late initiation and lower
HbAlc was observed, which contradicts the findings from a previous study that
looked at the usability and efficacy of starting FGM within the first year of T1D
diagnosis. That study observed that patients who began FGM earlier had greater
glycemic regulation than those who started FGM later[11]. Anderson and his
colleagues[21] contrasted the HbAlc levels between long-term and short-term usage of
continuous glucose monitoring in 10 outpatient clinics over a 1.1 year period in a
retrospective sample and observed that long-term users had lower HbAlc levels than
short-term users, which was statistically significant. In regard to patients who were on
insulin pump treatment, 41.8% had baseline HbAlc < 8 compared to only 19.7% of
patients in the MDI group. This may have influenced the observed association
between HbAlc levels after FGM and the insulin pump group. Over a 2.5 year
duration, Mulinacci et al[11] observed in 396 new T1D patients that MDI patients with
FGM had a 1.5% lower HbAlc compared to MDI patients without FGM. Patients who
were treated with an insulin pump and started on FGM had a 0.7% lower HbAlc than
those who were on an insulin pump but not on FGM. The study concluded that,
regardless of insulin treatment type, early use of FGM was helpful in lowering blood
glucose levels in T1D patients.

Because the sensor measures interstitial fluid glucose, the accuracy of FGM is
inversely related to BMI, which can ultimately affect the HbAlc level[22]. Using 58
T1D patients aged 18-years-old to 64-years-old, the accuracy of interstitial glucose was
compared to FGM. Two sensors were implanted in each participant, and a record was
taken at 10 h, 12 h, 24 h and 72 h after the insertion. The results showed the median
and mean absolute relative difference values were 9.3% and 12.8%, respectively. The
study observed that FGM sensor measurements were as reliable as the venous
measurements, but that BMI had a minor impact on accuracy[23]. The accuracy of the
FGM sensor was not affected by BMI in the Bailey et al[24] report, which is consistent
with what was observed in the current study. We did not identify any correlation
between BMI and HbAlc.

High levels of interaction resulted in lower HbAlc levels, which was consistent with
previous studies[19,25,26]. The 12 mo observational study involving 120 people
conducted by Paris et al[19] to determine FGM use in T1D patients with frequent
hypoglycemia showed that HbAlc levels improved after 3 mo of FGM use in certain
patients. The study also found a clear association between HbAlc and scanning
frequency, which matches the results of the current study. As a result, patient
education is crucial in motivating FGM users to scan at least six times per day to
collect 100% of the data (before and after meals, before and after exercise, and before
sleep).

This study had some limitations. While retrospective analysis helps us to collect
data over a longer period of time, it is impossible to monitor the confounding factors
that can influence HbAlc levels with this type of study design. Another significant
drawback of this study was the lack of FGM sensor availability during the research
period. Due to registration issues with a few patients, it was not possible to obtain the
most recent HbAlc readings. The number of people involved in the sample was not
equal because each hospital had different requirements for starting a diabetic patient
on FGM.

CONCLUSION

FGM is an acceptable technology for T1D patients over the age of 18 years who are
committed to monitoring their glucose levels at least six times a day because it offers
real-time information. As a result, it can assist patients in maintaining glucose
regulation by making the right decisions. FGM is a secure procedure with a high level
of consumer acceptance in real-life situations.
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Research background
Type 1 diabetes (T1D) affects a large number of children and adolescents in Saudi
Arabia, and as a result flash glucose monitoring (FGM) devices are widely used. The

factors influencing the effectiveness of FGM are poorly understood in people with
T1D.

Research motivation

FGM is more expensive than standard treatment, and there is no guideline for which
patients should receive FGM or when they should start FGM. Each hospital in Saudi
Arabia has different requirements for starting a diabetic patient on FGM. The effect-
iveness of FGM can be influenced by many factors, including age, body mass index,
type of insulin treatment, duration of diabetes, duration of using FGM, and level of
patient engagement.

Research objectives

We investigated the association between glycated hemoglobin (HbAlc) levels after
using FGM and potential predictor factors in a population with T1D. The ultimate goal
was to help develop national guidelines for those who are eligible to receive funding
for FGM, which in turn will enhance the utilization of the device and manage hospital
resources, resulting in improved outcomes.

Research methods

In this retrospective cohort study of 195 T1D patients aged 15 years and above who
had used FGM for at least 1 mo, demographic and clinical parameters and related data
were extracted from patient records at two hospitals.

Research results

FGM in this study resulted in a clinically significant reduction in HbAlc (-0.6 + 2.1).
The uncontrolled group (baseline HbAlc > 9) had the largest reduction in HbAlc
levels. There was a statistically significant moderate and negative association between
age and level of engagement and HbAlc levels. Patients in the age group of 18-years-
old to 45-years-old with a high level of engagement were more likely to demonstrate a
large reduction in HbAlc levels. The relationships between HbAlc and other factors
varied between no association to weak association.

Research conclusions
FGM is a more effective technology for T1D patients over the age of 18 years who are
committed to checking their glucose level at least six times a day.

Research perspectives

To identify the relationships between HbAlc levels and predictor factors on the long-
term use of FGM, a multicenter, prospective, large-scale study on patients with T1D
should be conducted in the future.
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