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Key Messages
•	 Flash glucose monitoring (FGM) is a method of glucose testing where a sensor inserted 

into the skin continuously measures interstitial glucose levels. It can be used by people 
with diabetes to inform treatment decisions, such as insulin dosing, as an alternative or 
complement to blood glucose testing.

•	 Evidence of variable quality from 2 randomized controlled trials and 8 non-randomized 
studies, including those summarized within systematic reviews, suggests that FGM may 
improve quality of life, patient satisfaction, diabetes distress, self-efficacy, and frequency 
of glucose monitoring compared to self-monitoring blood glucose techniques in pediatric 
populations with type 1 diabetes. Findings related to other outcomes, such as hemoglobin 
A1C, glucose time in range metrics, and adverse events were mixed or inconclusive (i.e., 
in some studies the use of FGM was associated with improved outcomes, while in other 
studies it was not).

•	 While the results summarized in this report generally suggest that the use of FGM 
is associated with improved clinical outcomes in pediatric populations with type 1 
diabetes, the limitations of the included literature should be considered when interpreting 
these findings.

•	 No studies were identified that compared the clinical effectiveness of FGM systems 
with hypoglycemic, hyperglycemia, or signal loss alarms (e.g., FreeStyle Libre 2) to FGM 
systems without these features (e.g., FreeStyle Libre) in people of any age with diabetes 
requiring insulin therapy.

Context and Policy Issues
Diabetes mellitus is a chronic condition in which the body does not produce enough or does 
not respond normally to insulin, a peptide hormone produced by the pancreas that promotes 
the absorption of glucose from the blood into cells. There are 3 main types of diabetes: type 
1 diabetes, type 2 diabetes, and gestational diabetes. Type 1 diabetes is an autoimmune 
condition in which the insulin-making beta cells of the pancreas are destroyed.1 Often 
diagnosed in children and young people, common symptoms include frequent urination, 
increased thirst and hunger, weight loss, blurry vision, tiredness, slow wound healing, and 
diabetic ketoacidosis.2 Type 2 diabetes, which accounts for approximately 90% of diabetes 
cases in Canada,3 is a complex metabolic disorder where the pancreas is still capable of 
producing insulin but not in sufficient quantities to meet the body’s needs, often a result of 
insulin resistance.4 A number of genetic, environmental, and behavioural factors can increase 
the risk for developing type 2 diabetes, such as age, body weight, diet, use of tobacco or 
alcohol, and levels of physical activity.5 Gestational diabetes is a condition characterized by 
hyperglycemia that some people may experience during pregnancy. While it typically resolves 
itself after birth, people who experience gestational diabetes may be at increased risk of 
developing type 2 diabetes later in life.6 Diabetes Canada estimates that 1 in 10 Canadians 
are diagnosed with type 1 or type 2 diabetes, and that diabetes has direct costs to the health 
care system of approximately $3.8 billion per year.7 The incidence and costs associated with 
diabetes are expected to increase by 2030.7

While not the case for all people with diabetes, many individuals with diabetes may require 
insulin therapy to improve their body’s ability to metabolize glucose. Insulin therapy is typically 
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delivered using multiple daily insulin injections (MDII; via vials and syringes or insulin pens), 
insulin pumps, or using novel approaches such as sensor-augmented pumps or hybrid 
closed-loop insulin delivery systems.8 People with diabetes must check their glucose levels 
regularly to inform the appropriate doses of insulin to be delivered. Traditionally, blood glucose 
levels are tested using a blood glucose metre. As part of this process, the individual uses a 
lancet loaded onto a finger-prick device to puncture their skin and to cause bleeding. A drop 
of blood is then collected on a test strip and analyzed by the glucose metre. This process 
is referred to as self-monitoring blood glucose (SMBG). Alternatively, people with diabetes 
may use flash glucose monitoring (FGM) or continuous glucose monitoring (CGM) devices 
to inform their insulin dosing decisions. FGM devices, such as the FreeStyle Libre, and CGM 
devices use an externally-worn glucose sensor with a small filament inserted under the skin, 
typically on a person’s upper arm, to measure interstitial levels of glucose. In the case of FGM 
devices, the sensor is scanned with a separate reader that transmits and stores glucose 
readings for the previous 8 hours. FGM systems may provide more than just a glucose 
reading, such as arrows indicating glucose trends and alarms in cases where hypoglycemia, 
hyperglycemia, or signal loss are detected.9

In December 2019, Ontario Health (Quality) recommended public funding of FGM systems 
for people with type 1 diabetes who experience recurrent hypoglycemia despite frequent 
self-monitoring of blood glucose and efforts to optimize insulin management and for people 
with type 2 diabetes requiring intensive insulin therapy (MDII or continuous subcutaneous 
insulin infusion) who experience recurrent hypoglycemia despite frequent SMBG and efforts 
to optimize insulin management.10 This recommendation, which was based on the guidance 
of the Ontario Health Technology Advisory Committee, was informed by a health technology 
assessment11 completed by Ontario Health (Quality), in collaboration with CADTH, that 
assessed clinical evidence, economic evidence, and patient values and preferences. In short, 
the findings of the clinical review conducted as part of the health technology assessment 
suggested that moderate-quality evidence demonstrated that FGM improved diabetes 
management among adults with well-controlled types 1 diabetes and adults with type 2 
diabetes requiring intense insulin therapy.11 Of the 6 studies included in the clinical review, only 
1 recruited participants younger than 18 years of age.11

The objective of the current report is to review the literature regarding the clinical 
effectiveness of FGM versus SMBG, in pediatric populations with diabetes requiring insulin 
therapy, published since the health technology assessment.11 Additionally, this report aims 
to summarize clinical evidence that has assessed the effectiveness of alarms available on 
modernized FGM systems (i.e., FreeStyle Libre 2) in people of all ages with diabetes requiring 
insulin therapy.

Research Questions
1.	 What is the comparative clinical effectiveness of monitoring glycemia with flash glucose 

monitoring systems, versus self-monitoring with blood strips and lancets, in the pediatric 
population with diabetes requiring insulin therapy?

2.	 What is the comparative clinical effectiveness of activating the (hypoglycemia, 
hyperglycemia, and signal loss) alarms of flash glucose monitoring systems, versus not 
having or not activating this option, in people with diabetes requiring insulin therapy?
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Methods

Literature Search Methods
A limited literature search was conducted by an information specialist on key resources 
including MEDLINE, the Cochrane Database of Systematic Reviews, the international HTA 
database, the websites of Canadian and major international health technology agencies, as 
well as a focused internet search. The search strategy comprised both controlled vocabulary, 
such as the National Library of Medicine’s MeSH (Medical Subject Headings), and keywords. 
The main search concept was FGM system. No filters were applied to limit the retrieval 
to study type. Where possible, retrieval was limited to the human population. The search 
was also limited to English language documents published between April 8, 2018 and 
March 3, 2021.

Selection Criteria and Methods
One reviewer screened citations and selected studies. In the first level of screening, titles and 
abstracts were reviewed and potentially relevant articles were retrieved and assessed for 
inclusion. The final selection of full-text articles was based on the inclusion criteria presented 
in Table 1.

Exclusion Criteria
Articles were excluded if they did not meet the selection criteria outlined in Table 1, they 
were duplicate publications, or were published before 2018. Systematic reviews in which 
all relevant studies were captured in other more recent or more comprehensive systematic 
reviews were excluded. Primary studies retrieved by the search were excluded if they were 
captured in 1 or more included systematic reviews. Consistent with the Ontario Health 

Table 1: Selection Criteria

Criteria Description

Population Q1: People aged 18 years or less with diabetes requiring insulin therapy, including those with type 1 or 
type 2 diabetes

Q2: People of all ages with diabetes requiring insulin therapy, including those with type 1 or type 2 
diabetes

Intervention Flash glucose monitoring devices:

Q1: FreeStyle Libre and FreeStyle Libre 2

Q2: FreeStyle Libre 2 (with activation of the [hypoglycemia, hyperglycemia, and signal loss] alarms)

Comparator Q1: Self-monitoring of blood glucose with test strips and lancets

Q2: FreeStyle Libre and FreeStyle Libre 2 (without activation of the hypoglycemia, hyperglycemia, signal 
loss) alarms)

Outcomes Clinical effectiveness (e.g., hemoglobin A1C, quality of life, glucose time in range metrics [e.g., time 
spent in target glucose ranges], glucose variability, safety [e.g., hypoglycemia events, device-related 
adverse events])

Study designs Health technology assessments, systematic reviews, RCTs, and non-randomized studies

RCT = randomized controlled trial.
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(Quality) assessment,11 studies focusing exclusively on device accuracy, such as error grid 
analyses, were also excluded.

Critical Appraisal of Individual Studies
The included publications were critically appraised by 1 reviewer using the following tools as 
a guide: A MeaSurement Tool to Assess systematic Reviews 2 (AMSTAR 2)12 for systematic 
reviews and the Downs and Black checklist13 for randomized and non-randomized studies. 
Summary scores were not calculated for the included studies; rather, the strengths and 
limitations of each included publication were described narratively.

Summary of Evidence

Quantity of Research Available
A total of 549 citations were identified in the literature search. Following screening of titles 
and abstracts, 486 citations were excluded and 63 potentially relevant reports from the 
electronic search were retrieved for full-text review. Seven potentially relevant publication was 
retrieved from the grey literature search for full-text review. Of these 70 potentially relevant 
articles, 54 publications were excluded for various reasons, and 16 publications met the 
inclusion criteria and were included in this report. These comprised 3 health technology 
assessments14-16 (that each included a systematic review with14,15 or without16 meta-analysis), 
5 systematic reviews17-21 (3 with meta-analysis17,19,21), 2 publications22,23 related to 1 
randomized controlled trial (RCT), and 6 non-randomized studies.24-29 Appendix 1 presents 
the PRISMA30 flow chart of the study selection. Additional references of potential interest are 
provided in Appendix 5.

Summary of Study Characteristics
Three relevant health technology assessments (that each included a systematic review 
with14,15 or without16 meta-analysis), 5 systematic reviews17-21 (3 with meta-analysis17,19,21), 
2 publications22,23 related to 1 RCT, and 6 non-randomized studies24-29 were identified for 
inclusion in this review. Detailed study characteristics are available in Appendix 2, Table 2 
and Table 3.

The health technology assessments14-16 and the systematic reviews17-21 had objectives 
and inclusion criteria that were broader than the current report (i.e., wider in scope). All 8 
reviews14-21 addressed research question 1 and did not provide any evidence to address 
research question 2; however, these reviews included studies of people of any age, rather than 
just pediatric populations. Additionally, 7 reviews14,15,17-21 were not specific to FGM, but also 
examined the effectiveness of monitoring glycemia with CGM, delivering insulin with MDII, 
continuous subcutaneous insulin infusion, sensor-augmented pump therapy, hybrid closed-
loop therapy, or artificial pancreases, or included studies on FGM versus comparators other 
than SMBG (e.g., CGM, no comparator). Only the characteristics and results of the subset of 
relevant studies will be described in this report.
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Study Design
The systematic review and meta-analysis conducted as part of the health technology 
assessment by EUnetHTA (2018)14 included RCTs to address their effectiveness question and 
included RCTs and non-randomized studies to address their safety question. Their literature 
searches were conducted up to March 15, 2018 and did not impose any restrictions on date 
of publication. In total, 12 RCTs and 3 prospective non-randomized studies were included in 
the systematic review. None of these studies were relevant to the current report. The health 
technology assessment by Health Technology Wales (2018),16 which included systematic 
reviews of RCTs and RCTs published between May 2013 and May 2018, summarized 
information from 2 RCTs; however, neither of these RCTs was relevant to the current report. 
The authors of the health technology assessment by Lo Scalzo et al. (2018)15 searched 
for health technology assessment reports, systematic reviews, RCTs, and other controlled 
studies published up to September 2017. Two RCTs were included in their analysis (neither 
were relevant to the current report). While all 3 health technology assessments14-16 would 
have included studies relevant to the current report based on their eligibility criteria had they 
been identified, no results summarized in these reviews addressed the research questions 
of the current report. This suggested that there may have been a paucity of research on the 
comparative clinical effectiveness of monitoring glycemia with FGM systems, versus self-
monitoring with blood strips and lancets, in the pediatric population with diabetes requiring 
insulin therapy published before these health technology assessments.

The authors of the Castellana et al. (2020)17 systematic review and meta-analysis included 
RCTs and observational studies published up to July 22, 2019. A total of 13 primary studies 
were included in the systematic review17 (2 prospective cohort studies were relevant to the 
current report). The systematic review by Cowart et al. (2020)18 included RCTs published up 
to November 8, 2019. The review included 9 RCTs; 1 was relevant to the current report. There 
was no relevant primary study overlap between these 2 systematic reviews.17,18 Similar to the 
health technology assessments,14-16 3 systematic reviews19-21 (2 with meta-analysis19,21) had 
eligibility criteria that covered the inclusion criteria for the current report; however, the review 
authors did not identify any primary studies that met the inclusion criteria for the current 
report. The review by Dicembrini et al. (2020)19 was a systematic review and meta-analysis 
of RCTs published up to July 31, 2019. De Ridder and colleagues20 conducted a systematic 
review of RCTs published up to May 30, 2019. In the Dicembrini et al. (2019)21 systematic 
review and meta-analysis of RCTs, the authors included RCTs published up to September 
1, 2018. While none of these 3 reviews identified studies relevant to the current report, their 
findings suggest a lack of clinical studies investigating the comparative clinical effectiveness 
of monitoring glycemia with FGM systems, versus self-monitoring with blood strips and 
lancets, in pediatric populations with diabetes requiring insulin therapy published before their 
literature search dates.

The RCT (described in 2 publications22,23) was a multi-centre, open-label trial that was 
conducted using a parallel-group design. Participants were enrolled between April 2018 and 
May 2019. The follow-up duration was 6 months.

All 6 non-randomized studies24-29 were prospective, single-centre, single-arm cohort studies. 
None of these non-randomized studies24-29 included a control group; instead, these studies 
made comparisons from before to after switching from SMBG to FGM with the FreeStyle 
Libre. Study durations were 4 weeks,26,28 12 weeks,24,27 12 months,29 and 24 months.25
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Country of Origin
The EUnetHTA (2018)14 health technology assessment was collaboratively produced by 
agencies from Austria, Croatia, Italy, Norway, Poland, Portugal, Scotland, and Spain. The other 
2 health technology assessments were conducted by groups in Italy15 and Wales.16

The included systematic reviews were by authors in Belgium,20 Italy,17,19,21 and the US.18 The 3 
relevant primary studies included in the systematic reviews17,18 were conducted in Belgium, 
Germany, Ireland, Slovenia, and the UK.

The RCT was conducted in New Zealand.22,23 Non-randomized studies were conducted in 
Belgium,25 Saudi Arabia,24,27 Singapore,26 the UK,29 and the United Arab Emirates.28

Patient Population
The systematic reviews conducted as part of the EUnetHTA (2018)14 and Health Technology 
Wales (2018)16 health technology assessments included studies of people, of any age (e.g., 
adults and children), with type 1, type 2, or gestational diabetes. The health technology 
assessment by Lo Scalzo et al. (2018)15 included studies of children (between the ages of 
4 and 18) with type 1 diabetes and studies of adults with type 1 or type 2 diabetes requiring 
insulin therapy.

The systematic review by Castellana et al. (2020)17 included studies of children or adults with 
type 1 or type 2 diabetes requiring insulin therapy. Cowart et al. (2020)18 included studies of 
children or adults with type 1, type 2, or gestational diabetes. The reviews by Dicembrini et al. 
(2020)19 and De Ridder et al. (2019)20 were specific to those with type 1 diabetes, while the 
review by Dicembrini et al. (2019)21 was specific to people with type 2 diabetes. De Ridder and 
colleagues20 excluded studies of pregnant people.

The RCT22,23 enrolled 64 youth, between the ages of 13 and 20, with type 1 diabetes (duration 
of at least 12 months) and mean hemoglobin A1C ≥ 9% in the 6 months before enrolment. 
The non-randomized study by Al Hakey et al. (2020)24 included 187 children between the ages 
of 13 and 19 years with type 1 diabetes who were on insulin therapy for at least 6 months 
before enrolment. Charleer et al. (2020)25 enrolled 138 children between the ages of 4 and 
18 who had type 1 diabetes with disease duration of at least 3 months. The non-randomized 
study by Lim et al. (2020)26 included 30 participants between the ages of 13 and 18 with 
type 1 diabetes and a baseline hemoglobin A1C greater than 8.5%. Al Hakey et al. (2019)27 
recruited 33 youth between the ages of 14 and 21 with type 1 diabetes who had no previous 
FGM experience and who had received insulin treatment via MDII or insulin pump for at least 
6 months. Deeb et al. (2019)28 enrolled 75 children with type 1 diabetes. The non-randomized 
study by Pintus et al. (2019)29 included 52 children between the ages of 5 and 18 with type 1 
diabetes. While some of these primary clinical studies22-29 included participants above the age 
of 18, mean participant age was below 18 years in all cases; therefore, these studies were 
considered eligible.

The total number of relevant participants included in the systematic reviews,17,18 the RCT,22,23 
and the non-randomized studies24-29 was 1,034. The mean ages of participants included in 
the RCT22,23 and the non-randomized studies24-29 ranged between 11.6 years28,29 and 16.5 
years,22,23 the proportion of female participants ranged between 33.5%29 and 66.7%,26 and 
mean baseline hemoglobin A1C values ranged between 7.2%25 and 10.922,23 (one study29 did 
not report mean baseline hemoglobin A1C of study participants).
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Interventions and Comparators
The health technology assessments14-16 and the systematic reviews17-21 included primary 
studies that examined the clinical effectiveness of monitoring glycemia with FGM systems. 
One health technology assessment14 and 3 systematic reviews19-21 also considered other 
interventions as part of their review, such as CGM devices,14,19-21 continuous subcutaneous 
insulin infusion,21 sensor-augmented pump therapy,20 hybrid closed-loop insulin delivery 
systems,20 and artificial pancreases.20 As for comparators, the health technology 
assessments and the systematic reviews listed SMBG techniques (e.g., glucose metres),14-21 
CGM devices,14,15,18,20,21 or no comparator17 as relevant comparators. Only primary studies that 
compared FGM versus SMBG techniques were considered relevant to the current report.

The RCT22,23 assigned participants to FGM or to SMBG with a glucometer. All participants 
included in the non-randomized studies24-29 measured glycemia using FGM. The analyses 
compared outcomes experienced by participants using FGM to outcomes experienced 
when they were previously using SMBG techniques. None of the included non-randomized 
studies had a control group; however, within-group comparisons were made from before to 
after switching to FGM and all participants were using SMBG using the conventional finger-
prick method at baseline. The FGM system used in all primary clinical studies22-29 was the 
FreeStyle Libre system (i.e., none of the included studies assessed the effectiveness of the 
FreeStyle Libre 2).

Outcomes
Two systematic reviews that included relevant primary studies,17,18 1 RCT22,23 and 6 
non-randomized studies,24-29 reported on outcomes relating to the comparative clinical 
effectiveness of monitoring glycemia with FGM systems in pediatric populations, including 
hemoglobin A1C, glucose time in range metrics, quality of life, patient satisfaction, fear of 
hypoglycemia, diabetes distress, self-efficacy, frequency of glucose monitoring, daily insulin 
dose, mean glucose levels, body mass index (BMI), and adverse events (e.g., hypoglycemic 
events, serious adverse events, cutaneous adverse events, diabetic ketoacidosis). Outcomes 
assessed in the health technology assessments and systematic reviews that did not identify 
any primary studies relevant to the current report are only described in Appendix 2, Table 2.

Measures of hemoglobin A1C included mean changes in hemoglobin A1C throughout study 
periods17,22-25,29 and the proportion of participants with hemoglobin A1C values at specific 
thresholds before and after study periods (e.g., < 7.0%, < 7.5%).25 Hemoglobin A1C values 
were expressed as a percentage (National Glycohemoglobin Standardization Program unit) in 
4 studies17,22-25 and as values in mmol/mol (the International Federation of Clinical Chemistry 
and Laboratory Medicine unit) in 1 study.29

Glucose time in range metrics refer to the amount of time (expressed as a percentage of the 
day or as time in hours and minutes) that an individual’s glucose level is within a specified 
glucose range. Included studies reported on the time spent in euglycemic ranges (e.g., 
between 3.9 and 10.0 mmol/L),17,18 hyperglycemic ranges (e.g., > 10.0 mmol/L),17,18 and 
hypoglycemic ranges (e.g., < 3.9 mmol/L, < 3.0 mmol/L).17,18 Time spent in various ranges 
while using SMBG was assessed using FGM systems masked to the participant. Glucose 
values in mg/dL were converted to mmol/L by multiplying them by 0.05551 to permit 
consistency in the reporting of the results.

Quality of life was assessed in 4 studies using various tools, including the Pediatric Quality 
of Life Inventory (PedsQL),22,23,29 the Diabetes Quality of Life for Youth (DQOLY) scale,25 and 
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the 5-item WHO Well-Being Index (WHO-5).27 The PedsQL is a validated tool that measures 
health-related quality of life in children and adolescents with type 1 diabetes.29 The number 
of questions and the scoring of questions varies depending on the age of the individual 
being assessed. Higher scores indicate better quality of life and fewer problems.29 The 
DQOLY scale is a validated tool that includes 3 subscales (i.e., satisfaction, impact, and worry 
subscales).25 Satisfaction scores range from 17 to 85, with higher scores indicating increased 
satisfaction.25 Impact scores range from 23 to 155, with higher scores indicating higher 
impact of diabetes on life.25 Worry scores range from 13 to 65, with higher scores indicating 
increased worries relating to diabetes.25 The WHO-5 questionnaire includes 5 statements 
that the subject rates between 0 (at no time) and 5 (all of the time).27 Higher scores indicate 
increased well-being.27

Patient satisfaction was measured in 3 studies17,22,23,27 using the Diabetes Treatment 
Satisfaction Questionnaire (DTSQ). The DTSQ is a validated tool that consists of 8 items that 
assess treatment satisfaction and perceived frequency of hyperglycemia and hypoglycemia. 
Higher scores indicate increased satisfaction.27

Fear of hypoglycemia was assessed using the Hypoglycemia Fear Survey (HFS) in 1 RCT22,23 
and 1 non-randomized study.25 The HFS is a validated scale that measures behaviours and 
worries related to fear of hypoglycemia.31 It comprises the Behaviour and Worry subscales. 
Higher scores on the Behaviour and Worry subscales indicate a greater tendency to 
avoid hypoglycemia and increased worry concerning episodes of hypoglycemia and its 
consequences, respectively.

One non-randomized study24 measured diabetes distress using the 28-item T1-Diabetes 
Distress Scale (T1-DDS). The T1-DDS comprises 28 items that address 7 concepts of 
health, including powerlessness, management distress, hypoglycemia distress, negative 
social perceptions, eating distress, physician distress, and friend/family distress. Each item 
is scored between 1 (not a problem) and 6 (a very serious problem). Higher overall scores 
indicate higher levels of diabetes-related distress.24

Self-efficacy was evaluated in 1 study26 using the Confidence in Diabetes Self-Care (CIDS) 
questionnaire. The CIDS is a validated 20-item self-report questionnaire designed to measure 
changes in self-efficacy. Each item is scored on a 5-point Likert scale ranging from 1 to 5. 
Higher total scores, which are the sum of all item scores, indicate greater self-efficacy.26

Frequency of glucose monitoring was evaluated in 3 studies17,22-24 and was reported as the 
mean number of glucose measurements (using SMBG or FGM) per day.

Two studies17,25 reported on daily insulin dose as an outcome. Daily insulin doses were 
expressed in units per day17,25 or units per kg of body weight per day.25

Mean glucose levels were measured in 1 study.26 Values represented the mean glucose levels 
throughout the previous 14 days and were expressed in mmol/L.

Participant BMI was measured as an outcome in 1 study.25 BMI was expressed in kg/m2 and 
in standard deviation scores (which are adjusted for participant age).25

Outcomes relating to adverse events were recorded in 2 systematic reviews,17,18 1 RCT22,23 
and 3 non-randomized studies.24-26 Specific outcomes included the number of hypoglycemic 
events,17,18,24-26 serious adverse events,18 hospitalizations,22,23 and cutaneous adverse 
events,22,23 the proportion of participants who experienced diabetic ketoacidosis,22,23 
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severe hypoglycemic events,22,23 hypoglycemic comas,24,25 hospitalizations,25 and school 
absenteeism,25 and the days of hospitalization due to diabetes-related complications,25 school 
absenteeism,25 and work absenteeism by the parents of participants.25

Summary of Critical Appraisal
Additional details regarding the strengths and limitations of the included publications are 
provided in Appendix 3, Table 4 and Table 5.

Systematic Reviews
The 8 systematic reviews14-21 (5 with meta-analyses14,15,17,19,21), 3 of which were conducted as 
part of health technology assessments,14-16 were considered to be of variable methodological 
quality based on the assessments using AMSTAR 2.12 The reviews had clearly defined 
objectives and primary study eligibility criteria, provided a description of any search 
restrictions, included a flow chart that illustrated study selection, and the review authors 
reported on their sources of funding. All but 1 review16 provided detailed descriptions of 
the literature search strategy, including key search terms and dates of searches, increasing 
the reproducibility of the literature searches. The authors of 5 systematic reviews14,15,17-20 
conducted electronic searches in multiple databases. Protocols that outlined proposed 
methods were published for 4 of the systematic reviews,14,17,19,21 increasing transparency and 
decreasing the risk for reporting bias. The methods for article selection, data extraction, and 
quality assessment were well-documented and were conducted involving multiple reviewers 
in 2 systematic reviews,14,17 decreasing the likelihood for inconsistency in these processes.

Both systematic reviews17,18 that included primary studies relevant to the current report 
described the relevant primary studies in adequate detail and assessed risk of bias using 
satisfactory techniques. The review by Castellana et al. (2020),17 which was the only review 
that conducted a meta-analysis and identified primary studies relevant to the current report, 
performed meta-analyses using appropriate methods for the statistical combination of 
results and assessed heterogeneity when suitable (using I2 statistics). However, pooled 
estimates from this systematic review17 could not be extracted for the current report as the 
pooled data presented in the forest plots included primary studies that were not relevant 
under our inclusion criteria. Additionally, Castellana and colleagues17 assessed publication 
bias with Egger’s test (none was detected, except for change in hemoglobin A1C from 
baseline to the last available follow-up on FGM).

As for methodological limitations, the authors of none of the included systematic reviews 
provided justification for their selection of eligible study designs and the literature search 
strategies did not include grey literature searches, increasing the risk for missing relevant, 
non-indexed studies. The number of reviewers involved in the article selection, data extraction, 
or quality assessment processes was unclear or only involved 1 reviewer in 6 reviews.15,16,18-21 
Only the review by Lo Scalzo et al. (2018)15 provided a list of studies excluded after full-text 
review with reasons for exclusion. Neither of the 2 reviews17,18 that identified primary studies 
relevant to the current report considered the quality or risk of bias among included primary 
clinical studies when interpreting and discussing the results of the review and the authors 
did not examine or discuss the impact of heterogeneity on the results of the review in detail. 
Additionally, the review by Cowart et al. (2020)18 did not report on sources of funding for the 
included primary studies. Finally, the authors of 2 included systematic reviews16,21 did not 
disclose any potential conflicts of interest related to their reviews.
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Randomized Controlled Trials
The included RCT (described in 2 publications22,23) had clearly described objectives, 
intervention, comparator, main outcomes, and participant eligibility criteria. Relevant baseline 
participant characteristics, such as age, sex, BMI, duration of diabetes, ethnicity, method 
of insulin delivery, and hemoglobin A1C, were described for both intervention and control 
groups. While the authors did not test for statistically significant between-group differences 
for these characteristics, the 2 groups appeared to be balanced, suggesting randomization 
was successful. In addition to these methodological strengths, compliance with the assigned 
treatment was reliable, outcome measures were valid, adverse events that may have been 
a consequence of the intervention were recorded (e.g., cutaneous adverse events), main 
findings were clearly described, no participants were lost to follow-up, outcomes were 
assessed at consistent time intervals, and the authors declared that they had no potential 
conflicts of interest and disclosed their sources of funding (a Cure Kids grant, the Australasian 
Pediatric Endocrine Group, and the University of Otago). Study participants, care providers, 
and setting appeared to be representative of the population and care setting of interest.

One methodological limitation of the RCT22,23 was that it was an open-label study with no 
blinding of participants or outcome assessors; therefore, there was a risk for bias in either 
direction depending on the perceptions and expectations of those involved, although the 
magnitude of this risk was decreased for outcomes of an objective nature (e.g., hemoglobin 
A1C). Additionally, the generalizability of the findings from the RCT22,23 to Canadian settings 
was unclear given it was conducted at 3 academic diabetes centres in New Zealand.

Non-Randomized Studies
The 6 non-randomized studies24-29 were considered to be of low methodological quality, 
mainly due to study design, based on the assessments using the Downs and Black checklist. 
Methodological strengths common to all 6 studies24-29 included: clearly described objectives, 
interventions, participant eligibility criteria, and main outcomes; participant characteristics 
such as age, sex or gender, BMI, baseline hemoglobin A1C, insulin delivery method, and 
duration of diabetes were provided; compliance with the interventions was reliable; outcome 
measures were valid; main findings were clearly reported; the number and characteristics of 
participants lost to follow-up were described; and care providers and care settings appeared 
to be representative of the settings of interest, increasing external validity. The authors of 4 
non-randomized studies24,26-28 declared that they had no potential conflicts of interest. Sources 
of funding were reported in 4 studies24-27 and in all cases were considered unlikely to have had 
an effect on the findings of the studies.

There were significant methodological limitations identified for each of the 6 non-randomized 
studies.24-29 None of these studies24-29 compared outcomes in a group of participants who 
received FGM with the FreeStyle Libre versus a control group of participants who used 
SMBG. Instead, these studies24-29 used quasi-experimental pretest and post-test designs that 
compared outcomes experienced by a single cohort of patients from before to after switching 
from SMBG to FGM. As a result, the findings of these studies24-29 are susceptible to numerous 
forms of bias that threaten both internal and external validity. Any outcomes observed in 
study participants should not be attributed to FGM alone, as there are many uncontrolled 
factors that may have contributed to the findings of these studies.24-29 Additionally, all 6 
studies24-29 were open-label with no blinding of study participants or outcome assessors. 
While study participants generally appeared to be representative of the populations of 
interest, 2 studies24,26 recruited participants using a convenience sample; therefore, it was 
unclear whether participants from these studies were truly representative of the populations 
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they were sampled from. In 3 non-randomized studies25,26,29 it was unclear what intervention 
participants were using to monitor glucose levels before switching to FGM; however, it was 
assumed to have been SMBG, and therefore these studies were considered eligible for 
inclusion in the current report. Of the 52 children included in the Pintus et al. (2019)29 study, 
22 (i.e., 42% of the study population) were unable to complete the study. Similarly, a large 
portion (38 out of 122; 31.1%) of the participants in the study by Charleer et al. (2020)25 did 
not provide data for the primary outcome after 24 months of follow-up; the results of these 
studies25,29 are at risk of attrition bias. The authors of 2 non-randomized studies did not 
disclose their potential conflicts of interest29 or disclosed many financial and non-financial 
conflicts of interest with industry.25 Similarly, the authors of 2 studies28,29 did not report 
on their sources of funding. Finally, there were some additional concerns relating to the 
generalizability of the findings to Canadian settings as all the included non-randomized 
studies24-29 were conducted as single-centre studies outside of Canada.

Summary of Findings
The overall findings of the included studies are highlighted below. Detailed summaries of the 
main findings and authors’ conclusions are available in Appendix 4, Table 6 and Table 7.

Clinical Effectiveness of FGM Systems Versus SMBG in Pediatric Populations
Hemoglobin A1C
Two primary studies included in the Castellana et al. (2020)17 systematic review, 1 RCT,22,23 
and 3 non-randomized studies24,25,29 reported on measures of hemoglobin A1C. Of these 6 
primary studies, 2 studies17,29 observed statistically significant improvements in hemoglobin 
A1C associated with the use of FGM compared to SMBG, 1 study25 observed statistically 
significant deteriorations in hemoglobin A1C associated with the use of FGM compared 
to SMBG, and 3 studies17,22-24 did not report any significant differences in hemoglobin A1C 
between FGM and SMBG.

The authors of the Campbell et al. (2018) study included in the Castellana et al. (2020)17 
systematic review noted that participants’ mean hemoglobin A1C decreased from 7.9% 
(standard deviation [SD] = 1.0%) at baseline (while using SMBG) to 7.5% (SD = 0.9%) after 
FGM. This was a statistically significant change of − 0.40% (95% confidence interval [CI] 
= − 0.70% to − 0.10%). Participants of the non-randomized study by Pintus et al. (2019)29 had 
significantly decreased hemoglobin A1C values 3 months after switching to FGM compared 
to 12 months before switching (62 mmol/mol versus 59.5 mmol/mol; P = 0.040), 6 months 
before switching (61.9 mmol/mol versus 59.5 mmol/mol; P = 0.040), and 3 months before 
switching (65.2 mmol/mol versus 59.5 mmol/mol; P = 0.012). There were no significant 
differences in mean hemoglobin A1C values 6 months after switching to FGM or 12 months 
after switching to FGM when compared to 3 months before switching to FGM.

Charleer et al. (2020)25 reported significant decreases in the proportion of children with 
hemoglobin A1C less than 7.5% and less than 7.0% and a statistically significant increase 
in mean hemoglobin A1C values during their 24-month follow-up period. The proportion of 
participants who had hemoglobin A1C values less than 7.5% was 66.7% at baseline (while 
using SMBG), 67.9% after 6 months of FGM (P value versus baseline was non-significant), 
54.5% after 12 months of FGM (P value versus baseline was 0.006), and 59.0% after 24 
months of FGM (P value versus baseline was 0.019). Similarly, the proportion of participants 
who had hemoglobin A1C values less than 7.0% was 47.8% at baseline (while using SMBG), 
27.6% after 12 months of FGM (P value versus baseline was < 0.0001), and 31.1% after 
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24 months of FGM (P value versus baseline was 0.001). Mean hemoglobin A1C values at 
baseline were 7.16% (95% CI, 7.0% to 7.3%), 7.26% (95% CI was presented in a figure; exact 
value could not be ascertained) after 6 months of FGM, (P value versus baseline was non-
significant), 7.62% (95% CI, 7.4% to 7.8%) after 12 months of FMG (P value versus baseline 
was < 0.0001), and 7.56% (95% CI, 7.4% to 7.8%) after 24 months of FGM (P versus baseline 
was < 0.0001).

There were no statistically significant differences in measures of hemoglobin A1C observed in 
the Messaaoui et al. (2019) study included in the Castellana et al. (2020)17 systematic review 
or in the RCT.22,23 The non-randomized study by Al Hakey et al. (2020)24 reported a decrease in 
mean hemoglobin A1C from 8.2% (SD = 2.3%) at baseline to 7.9% (SD = 2.1%) after 12 weeks 
of FGM use; however, the statistical significance of this finding was not reported.

Glucose Time in Range Metrics
Glucose time in range metrics were assessed in 2 cohort studies included in the Castellana 
et al. (2020)17 systematic review and 1 RCT included in the Cowart et al. (2020)18 systematic 
review. The findings from 1 study suggested that FGM was associated with improvements to 
time in range metrics; 2 studies suggested there were no statistically significant differences 
between FGM and SMBG with respect to time in range metrics.

Messaaoui et al. (2019), included in the Castellana et al. (2020)17 systematic review, noted 
that participants of their study spent 4.32 (SD = 1.68) hours per day with a glucose value 
less than 3.9 mmol/L at baseline while using SMBG compared to 3.6 (SD = 1.92) hours per 
day while using FGM. The mean difference in time spent in hypoglycemia was statistically 
significant (−0.72 [95% CI, −1.02 to −0.42] hours per day).17

As summarized in the systematic review by Castellana et al. (2020),17 participants of the 
Campbell et al. (2018) study spent 11.1 (SD = 3.3) hours per day with glucose values in the 
target range (i.e., between 3.9 and 10.0 mmol/L) while using FGM compared to 10.1 (SD = 3.0) 
hours per day while using SMBG. This difference was not statistically significant.17 There were 
also no statistically significant differences in the mean time spent in hypoglycemia (i.e., < 3.9 
mmol/L) or hyperglycemia (i.e., > 10.0 mmol/L).17 Similarly, the authors of the Piona et al. 
(2018) RCT (as summarized in the systematic review by Cowart and colleagues18) did not 
observe statistically significant differences in the mean proportion of time spent with glucose 
values between 3.9 and 10.0 mmol/L (50.9% versus 50.8%; P = 0.64), greater than 10.0 
mmol/L (45.2% versus 44.7%; P = 0.69), or less than 3.0 mmol/L (1.3% versus 1.4%; P = 0.98), 
between groups of participants who were assigned to FGM or SBMG.18

Quality of Life
One RCT22,23 and 3 non-randomized studies25,27,29 assessed quality of life. In all 4 studies the 
use of FGM was associated with statistically significant improvements in some measures of 
quality of life compared to SMBG.

Participants of the RCT22,23 who were treated with FGM reported statistically significantly 
larger improvements in mean diabetes subscale scores of the PedsQL Diabetes compared 
to those who received SMBG throughout the 6-month follow-up period. There were no 
statistically significant between-group differences for PedsQL Generic total scores, PedsQL 
Diabetes total scores, or for scores on any other PedsQL Diabetes subscales (i.e., treatment 
I subscale, treatment II subscale, worry subscale, communication subscale). Within the 
non-randomized study by Charleer et al. (2020),25 mean DQOLY satisfaction subscale scores 
reported by participants improved from 68.8 (95% CI, 67.4 to 70.3) at baseline (before 
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starting FMG), to 71.9 (95% CI, 70.3 to 73.4) 6 months after switching to FGM (P value versus 
baseline was < 0.001) and 71.2 (95% CI, 69.8 to 72.7) 12 months after switching to FGM 
(P value versus baseline was < 0.001). There were also significant improvements in mean 
DQOLY impact subscale scores reported by participants at 6 months compared to baseline 
(52.1 versus 50.5; P < 0.05). There were no significant differences in mean DQOLY worry 
subscale scores at 6 months, 12 months, or 24 months after switching to FGM compared to 
baseline. Al Hakey et al. (2019)27 noted that mean WHO-5 scores from participants in their 
study statistically significantly improved from 11.3 (SD = 4.2) at baseline to 23.4 (SD = 1.6) 
after 12 weeks of FGM use (P < 0.001). Similarly, mean PedsQL total scores of participants in 
the non-randomized study Pintus et al. (2019)29 improved from 75.6 at baseline (while using 
SMBG) to 82.5 3 months after switching to FGM. This difference was statistically significant 
(P = 0.014). Significant improvements were also reported for mean PedsQL symptoms scores 
and mean PedsQL treatment barrier scores between baseline measurements and 3 months 
after switching to FGM.

Patient Satisfaction
Information on the effect of FGM on patient satisfaction was available from 1 primary 
study included in 1 systematic review,17 1 RCT,22,23 and 1 non-randomized study.27 FGM was 
associated with improved patient satisfaction across all 3 studies.

The findings of the Campbell et al. (2018) study, which was summarized in the systematic 
review by Castellana et al. (2020),17 suggested that there were statistically significant 
improvements in mean DTSQ scores from baseline to final follow-up, as measured with 
both the teen and parent versions of the tool. Similarly, participants in the RCT22,23 who were 
assigned to FGM had significantly improved DTSQ scores after the 6-month follow-up period 
compared to a group of patients who measured glycemia with SMBG (P = 0.048). Al Hakey 
et al. (2019)27 observed an increase in mean DTSQ scores from 14.4 (SD = 6.0) at baseline 
to 31.7 (SD = 1.9) after 12 weeks of FGM. This change in DTSQ scores was statistically 
significant (P < 0.001).

Fear of Hypoglycemia
Fear of hypoglycemia was assessed in the RCT22,23 and 1 non-randomized study.25 The 
authors of the RCT22,23 did not observe any statistically significant differences in mean HFS 
scores between participants assigned to FGM and those assigned to SMBG after 6 months 
of therapy. Similarly, there were no statistically significant changes in mean HFS scores of 
participants in the Charleer et al. (2020)25 study from baseline (while using SMBG) throughout 
the 24-month study period when participants were using FGM.

Diabetes Distress
The authors of the non-randomized study by Al Hakey et al. (2020)24 measured diabetes 
distress in their study population. Mean T1-DDS total scores improved from 2.93 (SD 
was presented in a figure; exact value could not be ascertained) at baseline to 2.46 (SD 
was presented in a figure; exact value could not be ascertained) 12 weeks after switching 
to FGM. This difference was statistically significant (P = 0.001). Additionally, there were 
statistically significant improvements in mean scores for each subdomain of the T1-DDS 
(i.e., powerlessness subdomain, management distress subdomain, hypoglycemia distress 
subdomain, negative social perceptions subdomain, eating distress subdomain, physician 
distress subdomain, friend or family distress subdomain).
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Self-Efficacy
Measures of self-efficacy were reported in 1 non-randomized study.26 Throughout this 
study,26 mean total CIDS scores improved from 78.14 (SD = 12.91) at baseline while 
participants were using SMBG to 82.23 (SD = 12.79) 4 weeks after switching to FGM. The 
overall change in mean scores was 4.09 (SD = 9.47), which was a statistically significant 
improvement (P = 0.05).

Frequency of Glucose Monitoring
Frequency of glucose monitoring was assessed as an outcome in 2 primary studies 
summarized in 1 systematic review,17 the RCT,22,23 and 2 non-randomized studies.24,28

Campbell et al. (2018) and Messaaoui et al. (2019) (as summarized in the systematic 
review by Castellana and colleagues17) both observed statistically significant decreases in 
the number of SMBG measurements per day associated with the use of FGM. While these 
results did not reflect the overall frequency of glucose checks as they did not consider the 
frequency of monitoring glucose with FGM, they do suggest participants relied less on SMBG 
measurements.

Participants of the RCT22,23 who were assigned to FGM had a significantly increased 
frequency of glucose checks (interstitial and capillary) compared to the group of participants 
who were assigned to SMBG. The difference between the 2 group was statistically significant 
(P < 0.001).

Within the non-randomized study by Deeb et al. (2019),28 the median of the average daily 
number of glucose checks increased from 2.87 (interquartile range [IQR], 1 to 6) at baseline 
while using SMBG to 11 (IQR, 3 to 44) at final follow-up after switching to FGM. This increase 
was statistically significant (P < 0.001). The authors of the Al Hakey et al. (2020)24 non-
randomized study noted that the frequency of glucose checks per day increased from 2.1 
(SD = 1.2) at baseline while participants were using SMBG to 6.7 (SD = 1.7) 12 weeks after 
switching to FGM. The statistical significance of this difference was not reported.

Insulin Dose
Total daily insulin dose was recorded as an outcome in 1 primary study in the Castellana et al. 
(2020)17 systematic review and 1 non-randomized study.25

The authors of the non-randomized study by Charleer et al. (2020)25 reported mean total 
daily doses of insulin throughout their 24-month study period. After 12 months of FGM, 
participants were using significantly increased units of insulin per day compared to baseline. 
After 24 months of FGM, participants were using significantly decreased units of insulin per 
kilogram body weight per day compared to baseline. There were no statistically significant 
differences in mean total daily dose of insulin at other follow-up points.

In the study by Campbell et al. (2018), there were no statistically significant changes in mean 
total daily insulin doses from baseline, when participants were using SMBG, to final follow-up 
after participants had switched to FGM.17

Glucose Levels
Mean glucose levels were reported in 1 included non-randomized study.26 The findings 
of this study26 suggested that the use of FGM over the 4-week study period was not 
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associated with significant changes in mean glucose levels throughout the previous 14 days 
compared to SMBG.

Body Mass Index
Participant BMI was assessed as an outcome in the non-randomized study by Charleer 
et al. (2020).25 The authors noted that the mean BMI of participants statistically significantly 
increased by 1.8 kg/m2 from baseline when participants were using SMBG to final follow-up, 
24 months after switching to FGM (P < 0.0001). This increase in BMI remaining significant 
after adjusting for age (i.e., when BMI was expressed in standard deviation scores).

Adverse Events
Information on the comparative clinical effectiveness of FGM versus SMBG in pediatric 
populations with respect to adverse events was available from 2 systematic reviews,17,18 1 
RCT,22,23 and 3 non-randomized studies.24-26

Participants of the study by Campbell et al. (2018), which was summarized in the systematic 
review by Castellana et al. (2020),17 did not experience significant changes in the mean 
number of hypoglycemic events per day from before to after switching to FGM. The authors 
of the study by Piona et al. (2018), which was a RCT with a 14-day follow-up period, noted 
that no participants of their study experienced severe hypoglycemic events or other serious 
adverse events.18

Findings from the RCT by Boucher et al. (2020)22 and Marsters et al. (2020)23 suggested that 
participants who were assigned to FGM were more likely to experience cutaneous adverse 
events throughout the 6-month study period than those who were assigned to SMBG. There 
were no statistically significant between-group differences in the proportion of participants 
who experienced at least 1 episode of diabetic ketoacidosis, the proportion of participants 
who experienced severe hypoglycemic events, the total number of FGM-associated or 
SMBG-associated cutaneous adverse events, the average number of symptoms reported per 
cutaneous adverse events, and in the frequency of cutaneous adverse event reports that were 
rated mild, moderate, or severe.

Participants in the non-randomized study by Al Hakey et al. (2020)24 experienced an average 
of 6.3 (SD = 1.7) hypoglycemic events per month while using SMBG compared to 4.7 (SD 
= 1.9) hypoglycemic events per month after switching to FGM; however, the statistical 
significance of this change was not reported. The authors of the non-randomized study by 
Charleer et al. (2020)25 reported that participants had fewer days of hospitalizations due to 
hypoglycemia and/or ketoacidosis and days of hospitalization due to hypoglycemia in the 
previous 12 months per 100 patient years after 12 months of FGM compared to baseline 
when participants were using SMBG. Similarly, participants had significantly decreased 
number of days of school absenteeism and decreased number of days of work absenteeism 
by their parents per 100 patient years in the previous 12 months after using FGM for 24 
months compared to baseline. There were no significant changes in the proportion of 
participants who experienced hospitalizations due to hypoglycemia and/or ketoacidosis, 
the proportion of participants who experienced hospitalizations due to hypoglycemia, the 
proportion of participants who experienced hospitalizations due to ketoacidosis, the days 
of hospitalizations due to ketoacidosis in the previous 12 months per 100 patient years, the 
proportion of participants who required help from a third party due to hypoglycemia in the 
previous 6 months, the number of hypoglycemic events that required help from a third party in 
the previous 12 months per 100 patient years, the proportion of participants who experienced 
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hypoglycemic comas in the previous 6 months, the number of hypoglycemic comas in the 
previous 12 months per 100 patient years, the proportion of participants who experienced 
school absenteeism in the previous 6 months, and the proportion of parents of participants 
who experienced work absenteeism in the previous 6 months from baseline to any follow-up 
period throughout the trial after switching to FGM. Contrary to the previous non-randomized 
studies, the findings from the non-randomized study by Lim et al. (2020)26 indicated that the 
use of FGM was associated with an increase in the mean number of hypoglycemic events 
experienced by participants in the previous 14 days compared to baseline. This was the case 
after 2 weeks of FGM use and after 4 weeks of FGM use.

Overall, the identified literature made mixed conclusions regarding the comparative clinical 
effectiveness of FGM versus SMBG with respect to adverse events. One study suggested 
that FGM may be associated with decreased adverse events per 100 patient years,25 1 study17 
suggested that there may be no difference in adverse events between FGM and SMBG, and 
2 studies22,23,26 suggested that FGM may be associated with increased adverse events. The 
authors of 2 studies18,24 did not test the statistical significance of their findings related to 
adverse events.

Clinical Effectiveness of (Hypoglycemia, Hyperglycemia, and Signal loss) 
Alarms in FGM Systems
No relevant evidence regarding the comparative clinical effectiveness of activating the 
(hypoglycemia, hyperglycemia, and signal loss) alarms of FMG systems, versus not having 
or not activating this option, in people with diabetes requiring insulin therapy was identified; 
therefore, no summary can be provided.

Limitations
While 3 health technology assessments14-16 and 5 systematic reviews17-21 were included in this 
report, only 2 of these evidence syntheses17,18 identified literature assessing the comparative 
clinical effectiveness of measuring glycemia with FGM systems versus SMBG in pediatric 
populations with diabetes requiring insulin therapy.

The authors of 3 non-randomized studies25,26,29 were not explicit in stating that all study 
participants were measuring glycemia using SMBG before switching to FGM; however, based 
on the authors’ descriptions of their methods this was assumed to be the case and these 
studies25,26,29 were judged to be relevant to the current report.

None of the included studies17,18,22-29 discussed minimal clinically important difference 
values for any of the outcomes measured using continuous scales (e.g., patient satisfaction 
measured with DTSQ scores, fear of hypoglycemia measured with HFS scores, diabetes 
distress measured with T1-DDS scores, quality of life measured with PedsQL or DQOLY 
scores). It is unclear if any of the reported changes in mean scores on these scales reflect 
clinically meaningful differences.

Participants of the included studies17,18,22-29 were diagnosed with type 1 diabetes. The clinical 
effectiveness of FGM systems in pediatric populations with other forms of diabetes requiring 
insulin therapy, such as type 2 diabetes, is unclear.
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All included primary studies22-29 conducted multiple statistical tests (e.g., for multiple 
outcomes tested at varying follow-up periods) but did not adjust for multiplicity. As a result, 
there may be potential inflation of the type I error rate in these studies.22-29

No relevant studies that assessed the clinical effectiveness of the FreeStyle Libre 2 
FGM system were identified. Additionally, no evidence regarding the comparative clinical 
effectiveness of activating the (hypoglycemia, hyperglycemia, and signal loss) alarms of FGM 
systems, versus not having or not activating this option, in people with diabetes requiring 
insulin therapy was identified; therefore, it is unclear if the use of these alarms provides 
additional clinical benefit.

While several studies had relatively long follow-up durations (6 months,22,23 12 months,29 56 
weeks,17 and 24 months25), most of the included studies did not observe participants for more 
than 3 months.17,18,24,26-28 There is some uncertainty in the long-term effectiveness and safety 
of monitoring glycemia with FGM systems in pediatric populations with diabetes requiring 
insulin therapy.

All primary studies17,18,22-29 included and summarized in this report were conducted outside of 
North America. The generalizability of the findings to Canadian settings is unclear.

Conclusions and Implications for Decision- or 
Policy-Making
This review comprised 8 systematic reviews14-21 (3 of which were conducted as part of 
health technology assessments14-16) that summarized a total of 3 relevant primary studies, 1 
RCT,22,23 and 6 non-randomized studies24-29 regarding the comparative clinical effectiveness of 
monitoring glycemia with FGM systems, versus SMBG, in pediatric populations with diabetes 
requiring insulin therapy. No literature addressing the comparative clinical effectiveness of 
activating the hypoglycemia, hyperglycemia, and signal loss alarms of FGM systems, versus 
not having or not activating this option, in people with diabetes requiring insulin therapy 
was identified.

Based on the evidence summarized in this review, FGM with the FreeStyle Libre appears to 
improve quality of life,22,23,25,27,29 patient satisfaction,17,22,23,27 diabetes distress,24 self-efficacy,26 
and frequency of glucose monitoring22-24,28 compared to SMBG in pediatric populations with 
type 1 diabetes. Some of these findings are based on the results of 1 primary clinical study 
(e.g., diabetes distress and self-efficacy). The evidence for measures of hemoglobin A1C,17,22-

25,29 glucose time in range metrics,17,18 and adverse events17,18,22-26 was mixed. In some studies, 
FGM was associated with significant improvements to these outcomes, while in other 
studies there were no differences between treatment with FGM and SMBG. SMBG use was 
associated with improvements to some measures of adverse events compared to FGM in 2 
studies.22,23,26 FGM does not appear to impact fear of hypoglycemia,22,23,25 daily insulin dose,17,25 
or mean glucose levels26 compared to SMBG.

The limitations of the included literature (e.g., the use of single-arm pretest and post-test 
study designs, the variable quality of included primary studies, uncertainty in whether 
statistically significant changes in outcomes measured using continuous scales translate into 
clinically meaningful differences, and unclear generalizability to Canadian settings) should be 
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considered when interpreting the findings of this report. Future studies that directly compare 
outcomes of pediatric populations treated with FGM versus a control group of participants 
monitoring glycemia using SMBG, particularly studies that report on outcomes that currently 
have mixed or inconclusive findings (e.g., hemoglobin A1C, glucose time in range metrics, 
adverse events), would help to better understand the role of FGM in the management of 
pediatric diabetes. Additionally, research investigating the use of FGM in pediatric populations 
with type 2 diabetes and research on the benefit of FGM systems equipped with alarms (e.g., 
the FreeStyle Libre 2) for people of any age with diabetes requiring insulin therapy would help 
to address some of the knowledge gaps identified in this review.
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Appendix 1: Selection of Included Studies
Figure 1: Selection of Included Studies



CADTH Health Technology Review Flash Glucose Monitoring Systems in Pediatric Populations With Diabetes� 28

Appendix 2: Characteristics of Included Publications

Table 2: Characteristics of Included Health Technology Assessments and Systematic Reviews

Study citation, 
country, funding 
source

Objectives, study designs, and numbers of primary 
studies included Population characteristics

Intervention and 
comparator(s) Clinical outcomes, length of follow-up

Health technology assessments

EUnetHTA 
(2018)14

Participating 
agencies were 
from Croatia, 
Austria, Norway, 
Spain, Scotland, 
Italy, Portugal, 
and Poland

Funding source: 
The European 
Union’s Health 
Programme and 
the European 
Commission

Objective: To evaluate the effectiveness and 
safety of real-time CGM and FGM devices as 
standalone systems for measuring glycemia in 
people with diabetes mellitus treated with insulin. 
Additionally, potential ethical, organization, 
patient, and social and legal aspects were 
investigated.

Study design: A systematic review and meta-
analysis of RCTs was conducted to address the 
effectiveness question. In addition to these RCTs, 
the review of safety included non-randomized 
studies. Ethical, organization, patient, and social 
and legal aspects were also addressed as part of 
the HTA.

Number of included studies: A total of 12 
RCTs were included in the systematic review 
addressing clinical effectiveness. Three additional 
prospective non-randomized studies were 
included to address the safety question. None of 
these studies were relevant the current report.

Quality assessment tool: As part of the review of 
clinical effectiveness, RCTs were assessed using 
the Cochrane risk-of-bias tool. The risk of bias of 
studies included to address the safety question 
was not assessed.

Studies of people, of any age 
(e.g., adults and children) 
with diabetes mellitus (i.e., 
type 1, type 2, or gestational 
diabetes) treated with insulin, 
either through insulin pump 
therapy or MDII were eligible. 
Only primary studies of 
children (≤ 18 years of age) 
were considered relevant to 
the current report.

Intervention: Real-time 
CGM and FGM devices 
(used adjunctively with 
SMBG or non-adjunctively). 
Only primary studies that 
examined FGMs (i.e., 
FreeStyle Libre devices) were 
considered relevant to the 
current report.

Comparators: SMBG devices. 
Studies comparing real-time 
CGM and FGM devices were 
also considered eligible. 
Only primary studies that 
used SMBG techniques as 
comparators were considered 
relevant to the current report.

Clinical outcomes:
•	Measures of glucose management 

(e.g., glucose time in range metrics, 
hemoglobin A1C)

•	Quality of life
•	Patient satisfaction
•	Fear of hypoglycemia
•	Adverse events (e.g., rates of 

diabetic ketoacidosis)
•	Number of daily finger-stick tests
•	Adherence
•	Device accuracy (e.g., MARD scores)
•	Length of follow-up: Varied by 

individual study.
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Study citation, 
country, funding 
source

Objectives, study designs, and numbers of primary 
studies included Population characteristics

Intervention and 
comparator(s) Clinical outcomes, length of follow-up

Health 
Technology 
Wales (2018)16

Wales

Funding 
source: Health 
Technology 
Wales is funded 
by the Welsh 
Government.

Objective: To assess the clinical and cost-
effectiveness of the FreeStyle Libre FGM device 
for the management of type 1 or type 2 diabetes.

Study design: A systematic review was 
conducted. Eligible study designs were systematic 
reviews of RCTs and any additional RCTs. A review 
of cost-effectiveness studies was also conducted 
but was not considered relevant to the current 
report.

Number of included studies: Data from 2 RCTs 
and 1 subgroup analysis of data from 1 of the 
RCTs was summarized in the review. None of 
these studies were relevant the current report.

Quality assessment tool: The authors of the HTA 
did not conduct their own quality assessment. 
Rather, the authors summarized the quality 
assessment completed by the authors of 
systematic reviews identified in their search.

Studies of people, of any 
age, with type 1, type 2, 
or gestational diabetes 
mellitus were included. Only 
primary studies of children 
(≤ 18 years of age) were 
considered relevant to the 
current report.

Intervention: FGM (i.e., 
FreeStyle Libre).

Comparators: SMBG 
techniques.

Clinical outcomes:
•	Hemoglobin A1C
•	Glucose levels
•	Hypoglycemia
•	Fear of hypoglycemia
•	Behaviour
•	Diabetes self-care
•	Diabetes-related quality of life
•	Diabetes distress
•	Depressive symptoms
•	Patient satisfaction
•	Adverse events
•	Health care utilization
•	Patient-reported usability
•	Cost-effectiveness
•	Length of follow-up: Varied by 

individual study.
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Study citation, 
country, funding 
source

Objectives, study designs, and numbers of primary 
studies included Population characteristics

Intervention and 
comparator(s) Clinical outcomes, length of follow-up

Lo Scalzo et al. 
(2018)15

Italy

Funding source: 
The project was 
funded by the 
Italian Ministry 
of Health and 
Agenas.

Objective: To determine the clinical effectiveness 
and safety of FGM systems for children with type 
1 diabetes or adults with type 1 or type 2 diabetes 
requiring insulin therapy. The HTA also included 
an assessment of costs and patient perceptions 
associated with FGM systems; however, these 
were not considered relevant to the current report.

Study design: Systematic review and meta-
analysis. Eligible study designs included HTA 
reports, systematic reviews, and RCTs or 
controlled studies.

Number of included studies: A total of 2 studies 
were included in the systematic review regarding 
clinical effectiveness and safety. None of these 
studies were relevant the current report.

Quality assessment tool: The methodological 
quality of each included study was assessed 
using the criteria established by the Cochrane tool 
for assessing risk of bias.

Studies of children (between 
the ages of 4 and 18) with 
type 1 diabetes and studies 
of adults with type 1 or type 
2 diabetes requiring insulin 
therapy were included. Only 
primary studies of children 
(≤ 18 years of age) were 
considered relevant to the 
current report.

Intervention: FGM systems 
(i.e., FreeStyle Libre)

Comparators: Any other 
glucose monitoring system 
(e.g., SMBG, real-time CGM). 
Only primary studies that 
used SMBG techniques as 
comparators were considered 
relevant to the current report.

Clinical outcomes:
•	Hemoglobin A1C
•	Hypoglycemic events
•	Hospitalization due to hypo- or 

hyperglycemia
•	Hyperglycemia and diabetic 

ketoacidosis
•	Adverse events
•	Pain or discomfort related to 

glucose monitoring
•	Quality of life
•	Length of follow-up: Varied by 

individual study.
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Study citation, 
country, funding 
source

Objectives, study designs, and numbers of primary 
studies included Population characteristics

Intervention and 
comparator(s) Clinical outcomes, length of follow-up

Systematic reviews

Castellana et al. 
(2020)17

Italy

Funding source: 
No financial 
support was 
received for this 
work

Objective: To investigate the effectiveness and 
safety of FGM in people with type 1 or type 2 
diabetes.

Study design: Systematic review and meta-
analysis of RCTs and observational studies.

Number of included studies: A total of 13 
studies were included in the systematic review (2 
prospective cohort studies were relevant to the 
current report).

Quality assessment tool: RCTs were assessed 
using the Cochrane Collaboration’s tool for 
assessing risk of bias. Non-randomized studies 
were assessed using the National Heart, Lung, 
and Blood Institute Quality Assessment Tool.

Studies of children, 
adolescents, and adult 
outpatients diagnosed with 
type 1 or type 2 diabetes, 
treated with MDII or 
continuous subcutaneous 
insulin infusion were 
eligible for inclusion. Only 
primary studies of children 
(≤ 18 years of age) were 
considered relevant to the 
current report.

Intervention: FGM systems 
(i.e., FreeStyle Libre).

Comparators: SMBG 
techniques or no comparator. 
Only primary studies that 
used SMBG techniques as 
comparators were considered 
relevant to the current report.

Clinical outcomes:
•	Hemoglobin A1C
•	Glucose time in range metrics
•	Hypoglycemic events
•	Number of SMBG measurements
•	Total daily dose of insulin
•	Patient satisfaction
•	Adverse events
•	Discontinuation
•	Length of follow-up: Studies were 

required to have a minimum follow-
up of 8 weeks. Follow-up periods 
varied by individual study.

Cowart et al. 
(2020)18

US

Funding source: 
No financial 
support was 
received for this 
work

Objective: To systematically review the effect of 
FGM on measures of clinical effectiveness and 
patient satisfaction in people with type 1 or type 2 
diabetes.

Study design: Systematic review of RCTs.

Number of included studies: A total of 9 RCTs 
were included in the systematic review (1 RCT 
was relevant to the current report).

Quality assessment tool: The quality of included 
studies was assessed using the Cochrane risk-of-
bias tool.

Studies of people (of any 
age) with type 1, type 2, or 
gestational diabetes were 
eligible for inclusion. Studies 
of hospitalized or critically ill 
people were excluded. Only 
primary studies of children 
(≤ 18 years of age) were 
considered relevant to the 
current report.

Intervention: FGM systems 
(i.e., FreeStyle Libre).

Comparators: Alternative 
methods of monitoring 
blood glucose (e.g., SMBG 
techniques, CGM). Only 
primary studies that used 
SMBG techniques as 
comparators were considered 
relevant to the current report.

Clinical outcomes:
•	Hemoglobin A1C
•	Glucose time in range metrics
•	Hypoglycemic events
•	Patient satisfaction
•	Adverse events
•	Length of follow-up: Follow-up 

periods varied by individual study.
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Study citation, 
country, funding 
source

Objectives, study designs, and numbers of primary 
studies included Population characteristics

Intervention and 
comparator(s) Clinical outcomes, length of follow-up

Dicembrini et al. 
(2020)19

Italy

Funding source: 
No financial 
support was 
received for this 
work

Objective: To assess the effect of CGM and FGM 
systems on glycemic control in people with type 1 
diabetes.

Study design: Systematic review and meta-
analysis of RCTs.

Number of included studies: A total of 27 studies 
were included in the systematic review (none were 
relevant to the current report).

Quality assessment tool: The risk of bias of 
included primary studies was described and 
assessed according to 7

specific domains (i.e., random sequence 
generation, allocation concealment, blinding of 
participants and personnel, blinding of outcome 
assessment, incomplete outcome data, selective 
reporting, and other biases).

Studies of people (of any 
age) with type 1 diabetes 
were eligible for inclusion. 
Only primary studies of 
children (≤ 18 years of age) 
were considered relevant to 
the current report.

Intervention: Real-time 
CGM and FGM devices. 
Only primary studies that 
examined FGMs (i.e., 
FreeStyle Libre devices) were 
considered relevant to the 
current report.

Comparators: SMBG 
techniques.

Clinical outcomes:
•	Hemoglobin A1C
•	Glucose time in range metrics
•	Hypoglycemic events
•	Quality of life
•	Treatment satisfaction
•	Adverse events (e.g., ketoacidosis)
•	Length of follow-up: Studies were 

required to have a minimum follow-
up of 12 weeks. Follow-up periods 
varied by individual study.

De Ridder et al. 
(2019)20

Belgium

Funding source: 
No financial 
support was 
received for this 
work

Objective: To evaluate the effectiveness of 
novel glucose monitoring and insulin delivery 
technologies for the management of type 1 
diabetes.

Study design: Systematic review of RCTs.

Number of included studies: A total of 19 studies 
were included in the systematic review (none were 
relevant to the current report).

Quality assessment tool: Included studies were 
assessed using a modified checklist for RCTs of 
the Dutch Cochrane Centre.

Studies of children and 
non-pregnant adults with type 
1 diabetes were included. 
Studies specific to outcomes 
assessed exclusively during 
the nighttime were excluded. 
Only primary studies of 
children (≤ 18 years of age) 
were considered relevant to 
the current report.

Studies that compared FGM, 
real-time CGM, sensor-
augmented pump therapy, 
hybrid closed-loop insulin 
delivery systems, or artificial 
pancreases vs. each other 
were eligible. Only primary 
studies that compared FGM 
vs. SMBG techniques were 
considered relevant to the 
current report.

Clinical outcomes:
•	Hemoglobin A1C
•	Glucose time in range metrics
•	Time in hypoglycemia
•	Quality of life
•	Length of follow-up: Studies were 

required to have a minimum follow-
up of 8 weeks. Follow-up periods 
varied by individual study.
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Study citation, 
country, funding 
source

Objectives, study designs, and numbers of primary 
studies included Population characteristics

Intervention and 
comparator(s) Clinical outcomes, length of follow-up

Dicembrini et al. 
(2019)21

Italy

Funding source: 
No financial 
support was 
received for this 
work

Objective: To assess the effectiveness of 
continuous subcutaneous insulin infusion, CGM, 
and FGM compared to MDII and SMBG in people 
with type 2 diabetes.

Study design: Systematic review and meta-
analysis of RCTs.

Number of included studies: A total of 12 studies 
were included in the systematic review (none were 
relevant to the current report).

Quality assessment tool: The risk of bias of 
included primary studies was described and 
assessed according to 7

specific domains (i.e., random sequence 
generation, allocation concealment, blinding of 
participants and personnel, blinding of outcome 
assessment, incomplete outcome data, selective 
reporting, and other bias).

Studies of people, of any 
age, with type 2 diabetes 
were included. Only 
primary studies of children 
(≤ 18 years of age) were 
considered relevant to the 
current report.

Studies that compared 
continuous subcutaneous 
insulin infusion vs. MDII or 
studies that compared real-
time CGM or FGM vs. SMBG 
techniques were eligible 
for inclusion. Only primary 
studies that compared FGM 
vs. SMBG techniques were 
considered relevant to the 
current report.

Clinical outcomes:
•	Hemoglobin A1C
•	Quality of life
•	Hypoglycemic events
•	Total insulin dose
•	Body weight
•	Treatment satisfaction
•	Adverse events
•	Length of follow-up: Studies were 

required to have a minimum follow-
up of 12 weeks. Follow-up periods 
varied by individual study.

CGM = continuous glucose monitoring; FGM = flash glucose monitoring; HTA = health technology assessment; MARD = mean absolute relative difference; MDII = multiple daily insulin injections; RCT = randomized controlled trial; 
SMBG = self-monitoring blood glucose.
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Table 3: Characteristics of Included Primary Clinical Studies

Study citation, 
country, funding 
source

Objective and study 
design Population characteristics

Intervention and 
comparator(s)

Clinical outcomes, length of 
follow-up

RCTs

Boucher 
et al. (2020)22 and 
Marsters et al. 
(2020)23

New Zealand

Funding source: 
Funding was 
received from a 
Cure Kids grant, 
the Australasian 
Pediatric Endocrine 
Group, and the 
University of 
Otago.

Objective: To assess 
the effectiveness 
of FGM vs. SMBG 
with respect to 
glycemic outcomes, 
psychosocial 
outcomes, and 
cutaneous adverse 
events in youth with 
type 1 diabetes.

Study design: Multi-
centre, open-label, 
parallel-group RCT.

Inclusion criteria: Youth, between the ages of 13 and 20 
years, with type 1 diabetes (duration of at least 12 months), 
and mean hemoglobin A1C ≥ 9% in the 6 months before 
enrolment. This study was considered eligible as mean 
participant age was below 18 years.

Excluded: Those with any severe diabetes-related 
complication, other uncontrolled medical or psychiatric 
conditions, current or previous CGM or FGM device use within 
4 previous months, current participation in another drug or 
device study that could affect glucose measurements, and 
those who were pregnant.

Number of participants: 64 (33 in the FGM group; 31 in the 
SMBG group).

Mean age: 16.5 (SD = 1.9) years in the FGM group; 16.7 (SD 
= 2.2) years in the SMBG group.

Gender: 48% female in the FGM group; 48% female in the 
SMBG group.

Mean BMI (z score): 0.67 (SD = 1.05) in the FGM group; 0.73 
(SD = 0.96) in the SMBG group.

Mean baseline hemoglobin A1C: 10.8% (SD = 1.7%) in the 
FGM group; 11.2% (SD = 1.6%) in the SMBG group.

Intervention: FGM using 
the FreeStyle Libre 
system. Participants also 
received education on 
using the system.

Comparators: SMBG with 
a glucometer.

Clinical outcomes:
•	Hemoglobin A1C
•	Glucose monitoring frequency
•	Quality of life (measured with 

the PedsQL)
•	Fear of hypoglycemia 

(measured with the HFS-II)
•	Diabetes treatment 

satisfaction (measured with 
the DTSQ)

•	Adverse events (e.g., 
cutaneous problems, severe 
hypoglycemia, diabetic 
ketoacidosis)

•	Hypoglycemic events
•	Treatment satisfaction
•	Follow-up: 6 months
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Study citation, 
country, funding 
source

Objective and study 
design Population characteristics

Intervention and 
comparator(s)

Clinical outcomes, length of 
follow-up

Non-randomized studies

Al Hakey et al. 
(2020)24

Saudi Arabia

Funding source: 
No funding was 
received for this 
study.

Objective: To evaluate 
the effect of FGM 
on diabetes distress 
in children and 
adolescents with type 1 
diabetes.

Study design: Single-
centre, single-arm, 
prospective cohort 
study. Participants 
were selected using a 
convenience sample.

Inclusion criteria: Children and adolescents, between the 
ages of 13 and 19 years, with type 1 diabetes who used the 
conventional finger-pricking method to self-test their glucose 
level. Participants were on insulin therapy for at least 6 
months before enrolment. This study was considered eligible 
as mean participant age was below 18 years.

Excluded: Those with dermatological disorders or alterations 
at the sensor application site, severe or unstable medical 
conditions, severe hypoglycemia necessitating third-
party assistance, diabetic ketoacidosis, hyperosmolar 
hyperglycemic state, and those who were pregnant.

Number of participants: 187.

Mean age: 15.3 (SD = NR) years.

Gender: 56.7% female.

BMI: 44.9% of participants had a BMI ≥ 25 kg/m2.

Mean baseline hemoglobin A1C: 8.2% (SD = 2.3%).

Intervention: FGM using 
the FreeStyle Libre 
system.

Comparators: This study 
did not include a control 
group; however, within-
group comparisons were 
made from before to after 
switching to FGM and all

participants were 
using SMBG using the 
conventional finger-prick 
method at baseline.

Clinical outcomes:
•	Hemoglobin A1C
•	Glucose monitoring frequency
•	Hypoglycemic events
•	Diabetes-related distress 

(measured with the 28-item 
T1-Diabetes Distress Scale)

•	Adverse events
•	Follow-up: 12 weeks.
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Study citation, 
country, funding 
source

Objective and study 
design Population characteristics

Intervention and 
comparator(s)

Clinical outcomes, length of 
follow-up

Charleer et al. 
(2020)25

Belgium

Funding source: 
A doctoral grant 
for strategic basic 
research and a 
PhD fellowship 
from Fonds 
Wetenschappelijk 
Onderzoek.

Objective: To assess 
the effectiveness of 
FGM with respect to 
glycemic control and 
quality of life in youth 
with type 1 diabetes.

Study design: Single-
centre, single-arm, 
prospective cohort 
study.

Inclusion criteria: Youth with type 1 diabetes (duration of at 
least 3 months).

Excluded: Children < 4 years of age were excluded.

Number of participants: 138.

Mean age: 12.9 (SD = 3.1) years.

Gender: 54.3% female.

Mean BMI: 19.8 (SD = 3.5) kg/m2.

Mean baseline hemoglobin A1C: 7.2% (SD = 1.1%).

Intervention: FGM using 
the FreeStyle Libre 
system.

Comparators: This study 
did not include a control 
group; however, within-
group comparisons were 
made from before to after 
switching to FGM and all

participants appeared 
to be using SMBG at 
baseline.

Clinical outcomes:
•	Quality of life
•	Acute diabetes complications 

(e.g., hypoglycemia, 
ketoacidosis)

•	School or work absenteeism
•	Hemoglobin A1C
•	Total daily dose of insulin
•	BMI
•	Reasons for discontinuing 

FGM
•	Monitoring complications
•	Follow-up: 24 months.

Lim et al. (2020)26

Singapore

Funding source: A 
KK Women’s and 
Children’s Hospital 
Health Fund grant

Objective: To 
evaluate the clinical 
effectiveness of FGM in 
adolescents with type 1 
diabetes.

Study design: Single-
centre, single-arm, 
prospective cohort 
study. Participants 
were selected using a 
convenience sample.

Inclusion criteria: Adolescents, between the ages of 13 and 18 
years, with type 1 diabetes and on a basal-bolus MDII regimen 
with a hemoglobin A1C > 8.5%.

Excluded: No specific exclusion criteria were listed.

Number of participants: 30 (22 in the completers group; 8 in 
the non-completers group).

Mean age: 15.3 (SD = 1.6) years in the completers group; 15.5 
(SD = 1.6) years in the non-completers group.

Gender: 66.7% female.

Mean BMI: NR.

Mean baseline hemoglobin A1C: 10.3% (SD = 2.0%) in the 
completers group; 9.2% (SD = 1.25%) in the non-completers 
group.

Intervention: FGM using 
the FreeStyle Libre 
system.

Comparators: This study 
did not include a control 
group; however, within-
group comparisons were 
made from before to after 
switching to FGM and all

participants appeared 
to be using SMBG at 
baseline.

Clinical outcomes:
•	Self efficacy (measures with 

CIDS survey scores)
•	Glucose time in range metrics
•	Hypoglycemic events
•	Glucose levels
•	Sensor scanning frequency
•	Follow-up: 4 weeks.
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Study citation, 
country, funding 
source

Objective and study 
design Population characteristics

Intervention and 
comparator(s)

Clinical outcomes, length of 
follow-up

Al Hakey et al. 
(2019)27

Saudi Arabia

Funding source: 
No funding was 
received for this 
study. Abbot 
Diabetes Care 
provided financial 
assistance for 
writing assistance 
and paid for article 
processing

Charges.

Objective: To 
investigate mental 
well-being and 
treatment satisfaction 
in a pediatric and young 
adult population with 
type 1 diabetes who 
used FGM.

Study design: Single-
centre, single-arm, 
prospective cohort 
study.

Inclusion criteria: Youth, between the ages of 14 and 21 
years, with type 1 diabetes no previous FGM experience, and 
who had received insulin treatment via MDII or insulin pump 
for at least the 6 months before recruitment. This study was 
considered eligible as mean participant age was below 18 
years.

Excluded: Those who had used another interstitial glucose 
monitoring system concurrently or 6 months before study 
entry, those with a dermatological disorder or change at 
the site of sensor application within 6 months, those with 
severe or unstable medical conditions, those with severe 
hypoglycemia requiring third-party assistance, those 
with diabetic ketoacidosis, and those in a hyperosmolar 
hyperglycemic state.

Number of participants: 33.

Mean age: 15.9 (SD = 1.7) years.

Gender: 54.5% female.

Mean BMI: 22.3 (SD = 2.5) kg/m2.

Mean baseline hemoglobin A1C: 8.8% (SD = 1.4%).

Intervention: FGM using 
the FreeStyle Libre 
system.

Comparators: This study 
did not include a control 
group; however, within-
group comparisons were 
made from before to after 
switching to FGM and all

participants were 
using SMBG using the 
conventional finger-prick 
method at baseline.

Clinical outcomes:
•	Diabetes treatment 

satisfaction (measured with 
the DTSQ)

•	Well-being (measured with 
WHO-5 Well-Being Index)

•	Follow-up: 12 weeks.

Deeb et al. (2019)28

United Arab 
Emirates

Funding source: 
NR.

Objective: To assess 
the impact of FGM on 
detecting hypoglycemia 
and on adherence to 
glucose monitoring 
in children and 
adolescents with type 1 
diabetes.

Study design: Single-
centre, single-arm, 
prospective cohort 
study.

Inclusion criteria: Children and adolescents with type 1 
diabetes. This study was considered eligible as mean 
participant age was below 18 years.

Excluded: No specific exclusion criteria were listed.

Number of participants: 75.

Mean age: 11.9 (range = 2 to 19) years.

Gender: 62.7% female.

Mean BMI: NR.

Mean baseline hemoglobin A1C: 8.2% (range = 5.9% to 
10.2%).

Intervention: FGM using 
the FreeStyle Libre 
system.

Comparators: This study 
did not include a control 
group; however, within-
group comparisons were 
made from before to after 
switching from SMBG 
using a glucometer to 
FGM.

Clinical outcomes:
•	Glucose monitoring frequency
•	Hypoglycemic events
•	Duration of hypoglycemia
•	Follow-up: Varied by individual 

participant but was between 2 
to 4 weeks.
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Study citation, 
country, funding 
source

Objective and study 
design Population characteristics

Intervention and 
comparator(s)

Clinical outcomes, length of 
follow-up

Pintus et al. 
(2019)29

UK

Funding source: 
NR.

Objective: To assess 
the effectiveness of 
FGM in children with 
type 1 diabetes with 
respect to metabolic 
outcomes and quality 
of life.

Study design: Single-
centre, single-arm, 
prospective cohort 
study.

Inclusion criteria: Children, between the ages of 5 and 18 
years, with type 1 diabetes.

Excluded: Those who were less than 5 years of age, those on 
CGM, and those with unstable medical conditions.

Number of participants: 52.

Mean age: 11.6 (SD = 3.6) years.

Gender: 33.5% female.

Mean BMI: NR.

Mean baseline hemoglobin A1C: NR

Intervention: FGM using 
the FreeStyle Libre 
system.

Comparators: This study 
did not include a control 
group; however, within-
group comparisons were 
made from before to after 
switching to FGM and all

participants appeared 
to be using SMBG at 
baseline.

Clinical outcomes:
•	Hemoglobin A1C
•	Quality of life (measured with 

the PedsQL)
•	Follow-up: 12 months.

BMI = body mass index; CIDS = Confidence in Diabetes Self-Care; CGM = continuous glucose monitoring; DTSQ = Diabetes Treatment Satisfaction Questionnaire; FGM = flash glucose monitoring; HFS-II = Hypoglycemia Fear 
Survey-II; NR = not reported; PedsQL = Pediatric Quality of Life Inventory; RCT = randomized controlled trial; SD = standard deviation; SMBG = self-monitoring blood glucose.
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Appendix 3: Critical Appraisal of Included Publications

Table 4: Strengths and Limitations of Systematic Reviews Using AMSTAR 212

Strengths Limitations

Castellana et al. (2020)17

•	The objectives and inclusion criteria were clearly stated and 
included components of population, intervention, comparator, 
and outcomes 

•	The review methods were established before conducting the 
review • Multiple databases were searched (i.e., PubMed, 
CENTRAL, Scopus, and Web of Science). Additionally, 
reference lists of included studies were examined 

•	Key search terms and search restrictions were provided (e.g., 
there were no language restrictions) 

•	A flow chart of study selection was provided 
•	Article selection, data extraction, and quality assessment 

were conducted by 2 independent reviewers
•	The review authors described the included relevant primary 

studies in adequate detail 
•	The risk of bias of included primary studies was assessed 

using satisfactory techniques (i.e., the Cochrane 
Collaboration’s tool for assessing risk of bias was used for 
RCTs; the National Heart, Lung, and Blood Institute Quality 
Assessment Tool was used for observational studies) 

•	Review authors reported on sources of funding for the 
included primary studies 

•	Appropriate methods for the statistical combination of results 
were used in the network meta-analyses 

•	Heterogeneity was assessed by the I2 test 
•	Publication bias was assessed with Egger’s test (none was 

detected, except for change in hemoglobin A1C from baseline 
to the last available follow-up on FGM) 

•	The review authors declared their potential conflicts of 
interest (authors had competing interests with Eli Lilly, Novo 
Nordisk, Sanofi Aventis, AstraZeneca, Bruno Farmaceutici, 
Roche, Alfasigma, Abbott, Medtronic, Roche Diabetes Care 
Italy, LifeScan, and Movi) 

•	Sources of funding were disclosed (there was no funding 
received for this review)

•	The authors did not provide justification for their selection of 
eligible study designs 

•	A grey literature search was not completed 
•	A list of studies excluded after full-text review was not 

provided (although the reasons for exclusion were)
•	The potential impact of risk of bias in primary studies on the 

results of the meta-analyses were not examined
•	There was limited consideration for the risk of bias in primary 

studies when interpreting and discussing the results of the 
review

•	The authors did not examine or discuss the impact of 
heterogeneity on the results of the review in detail
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Strengths Limitations

Cowart et al. (2020)18

•	The objectives and inclusion criteria were clearly stated and 
included components of population, intervention, comparator, 
and outcomes

•	Multiple databases were searched (i.e., Embase, PubMed, and 
the Cochrane Library CENTRAL Register of Controlled Trials)• 
Key search terms and search restrictions were provided (e.g., 
studies published up to November 8, 2019 were eligible)

•	A flow chart of study selection was provided
•	Study selection was conducted by 2 independent researchers 

(disagreements were resolved by a third researcher)
•	The review authors described the included relevant primary 

studies in adequate detail
•	The risk of bias of included primary studies was assessed 

using a satisfactory technique (i.e., the Cochrane risk-of-bias 
tool)

•	Review authors stated that they had no conflicts of interest 
related to this review

•	Sources of funding were disclosed (there was no funding 
received for this review)

•	It was unclear whether the review methods were established 
before conducting the review (no mention of a protocol)

•	The authors did not provide justification for their selection of 
eligible study designs

•	A grey literature search was not completed
•	It was unclear if data extraction and quality assessment were 

conducted in duplicate
•	A list of studies excluded after full-text review was not 

provided (although the reasons for exclusion were)
•	Review authors did not report on sources of funding for the 

included primary studies (although primary study funding 
source was considered in risk of bias assessments)

•	There was limited consideration for the risk of bias in primary 
studies when interpreting and discussing the results of the 
review

•	The authors did not examine or discuss the impact of 
heterogeneity on the results of the review in detail

Dicembrini et al. (2020)19

•	The objectives and inclusion criteria were clearly stated and 
included components of population, intervention, comparator, 
and outcomes

•	The review methods were established before conducting the 
review

•	Multiple databases were searched (i.e., MEDLINE and 
Embase). Additionally, reference lists of included studies 
and clinical trials registries (i.e., clinicaltrials.gov, WHO 
International Clinical Trials Registry Platform, and EU Clinical 
Trials Register were examined). Additionally, reference lists of 
included studies and previous meta-analyses were examined. 
A clinical trial registry (i.e., clinicaltrials.gov) was also 
screened for ongoing trials

•	Key search terms and search restrictions were provided (e.g., 
studies published up to July 31, 2019 were eligible)

•	A flow chart of study selection was provided
•	Data extraction was conducted by 2 independent researchers 

(disagreements were resolved by a third researcher)
•	Review authors stated that they had no conflicts of interest 

related to this review
•	Sources of funding were disclosed (there was no funding 

received for this review)

•	The authors did not provide justification for their selection of 
eligible study designs

•	A grey literature search was not completed
•	It was unclear if study selection and quality assessment were 

conducted in duplicate
•	A list of studies excluded after full-text review was not 

provided (although the reasons for exclusion were)
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Strengths Limitations

De Ridder et al. (2019)20

•	The objectives and inclusion criteria were clearly stated and 
included components of population, intervention, comparator, 
and outcomes

•	Multiple databases were searched (i.e., MEDLINE and the 
Cochrane Central Register of Controlled Trials)

•	Key search terms and search restrictions were provided (e.g., 
only studies published in English were eligible, the search was 
restricted to the past 5 years up to May 30, 2019)

•	A flow chart of study selection was provided
•	Study selection was conducted by 2 independent researchers 

(disagreements were resolved by a third researcher)
•	The review authors declared their potential conflicts of 

interest (1 author was a consultant for Abbott, A. Menarini 
Diagnostics, Lilly, Medtronic, Novo Nordisk, and Roche 
Diagnostics)

•	Sources of funding were disclosed (there was no funding 
received for this review)

•	It was unclear whether the review methods were established 
before conducting the review (no mention of a protocol)

•	The authors did not provide justification for their selection of 
eligible study designs

•	A grey literature search was not completed
•	It was unclear if data extraction and quality assessment were 

conducted in duplicate
•	A list of studies excluded after full-text review was not 

provided (although the reasons for exclusion were)

Dicembrini et al. (2019)21

•	The objectives and inclusion criteria were clearly stated and 
included components of population, intervention, comparator, 
and outcomes

•	The review methods were established before conducting the 
review

•	In addition to the electronic search, reference lists of included 
studies and previous meta-analyses were examined. A clinical 
trial registry (i.e., clinicaltrials.gov) was also screened for 
ongoing trials

•	Key search terms and search restrictions were provided (e.g., 
no language or date restrictions were imposed)

•	A flow chart of study selection was provided
•	Data extraction was conducted by 2 independent researchers 

(disagreements were resolved by a third researcher)
•	Sources of funding were disclosed (there was no funding 

received for this review)

•	The authors did not provide justification for their selection of 
eligible study designs

•	The literature search was conducted in 1 database (i.e., 
MEDLINE)

•	A grey literature search was not completed
•	It was unclear if study selection and quality assessment were 

conducted in duplicate
•	A list of studies excluded after full-text review was not 

provided (although the reasons for exclusion were)
•	Review authors did not disclose any potential conflicts of 

interest related to this review



CADTH Health Technology Review Flash Glucose Monitoring Systems in Pediatric Populations With Diabetes� 42

Strengths Limitations

EUnetHTA (2018)14

•	The objectives and inclusion criteria were clearly stated and 
included components of population, intervention, comparator, 
and outcomes

•	The review methods were established before conducting the 
review

•	Multiple databases were searched (i.e., the Cochrane Central 
Register of Controlled Trials, The Database of Abstracts of 
Reviews of Effects, The Health Technology Assessment 
Database, NHS Economic Evaluation Database, MEDLINE, 
Embase, EBSCO CINAHL). Additionally, reference lists of 
included studies and clinical trials registries (i.e., clinicaltrials.
gov, WHO International Clinical Trials Registry Platform, and 
EU Clinical Trials Register) were examined

•	Key search terms and search restrictions were provided (e.g., 
only studies published in English were eligible)

•	Study selection and quality assessment were conducted by 2 
independent researchers

•	A flow chart of study selection was provided
•	Data extraction was conducted by 1 researcher using a 

standardized data extraction form and was verified by 
a second researcher for completeness and accuracy 
(disagreements were resolved through discussion to reach a 
consensus, involving a third researcher if necessary)

•	Review authors stated that they had no conflicts of interest 
related to this review

•	Sources of funding were disclosed (the European Union’s 
Health Programme and the European Commission) and were 
unlikely to have had an effect on the findings of the review

•	The authors did not provide justification for their selection of 
eligible study designs

•	A grey literature search was not completed
•	A list of studies excluded after full-text review was not 

provided (although the reasons for exclusion were)

Health Technology Wales (2018)16

•	The objectives and inclusion criteria were clearly stated and 
included components of population, intervention, comparator, 
and outcomes

•	Search restrictions were provided (e.g., only studies published 
in English were eligible, the search was restricted between 
May 2013 and May 2018)

•	A flow chart of study selection was provided
•	Sources of funding were disclosed (the Welsh Government) 

and were unlikely to have had an effect on the findings of the 
review

•	It was unclear whether the review methods were established 
before conducting the review (no mention of a protocol)

•	The authors did not provide justification for their selection of 
eligible study designs

•	Key search terms were not provided
•	Databases used to identify relevant studies were not 

described
•	A grey literature search was not completed
•	It was unclear if study selection and data extraction were 

conducted in duplicate
•	The authors of the HTA did not conduct their own quality 

assessment
•	A list of studies excluded after full-text review was not 

provided (although the reasons for exclusion were)
•	Review authors did not disclose any potential conflicts of 

interest related to this review
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Strengths Limitations

Lo Scalzo et al. (2018)15

•	The objectives and inclusion criteria were clearly stated and 
included components of population, intervention, comparator, 
and outcomes

•	Multiple databases were searched (i.e., PubMed, Embase, and 
the Cochrane Library)

•	Key search terms and search restrictions were provided
•	A flow chart of study selection was provided
•	A list of studies excluded after full-text review, with their 

reasons for exclusion, was provided
•	The review authors declared their potential conflicts of 

interest (1 author had congress expenses paid for by 
Medtronic Italia and Novo Nordisk; 1 author had worked for 
Sanofi Aventis and Merck and had attended conferences 
organized by Abbott; 1 author participated in congresses 
sponsored by Abbott; 1 author had been a consultant for the 
Lombardy Region, Asl of Biella, Action Group A1/B3, AOU of 
Udine and participated in Mundipharma organized meetings)

•	Sources of funding were disclosed (the Italian Ministry of 
Health and Agenas) and were unlikely to have had an effect 
on the findings of the review

•	It was unclear whether the review methods were established 
before conducting the review (no mention of a protocol)

•	The authors did not provide justification for their selection of 
eligible study designs

•	A grey literature search was not completed
•	It was unclear if study selection, data extraction, and quality 

assessment were conducted in duplicate

AMSTAR 2 = A MeaSurement Tool to Assess systematic Reviews 2; FGM = flash glucose monitor; HTA = health technology assessment; RCT = randomized controlled trial.
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Table 5: Strengths and Limitations of Clinical Studies Using the Downs and Black checklist13

Strengths Limitations

RCTs

Boucher et al. (2020)22 and Marsters et al. (2020)23

•	The objectives, intervention, comparator, and main outcomes 
were clearly described

•	Participant eligibility criteria were provided
•	Participant characteristics (e.g., age, sex or gender, BMI, 

baseline hemoglobin A1C) were clearly described
•	The main findings of the study were clearly described
•	Estimates of random variability (e.g., standard deviations, 

confidence intervals) and actual P values were reported
•	All important adverse events that may have been a 

consequence of the intervention were recorded
•	No participants were lost to follow-up
•	Study participants, care providers, and setting appeared to be 

representative of the population and care setting of interest
•	Length of follow-up was consistent between intervention and 

control groups
•	Compliance with the intervention was reliable
•	Outcome measures were valid
•	The authors declared that they had no potential conflicts of 

interest
•	Sources of funding were disclosed (a Cure Kids grant, the 

Australasian Pediatric Endocrine Group, and the University of 
Otago) and were unlikely to have had an effect on the findings 
of the study

•	This was an open-label study with no blinding of study 
participants or outcome assessors (although statistical 
analyses were performed by a biostatistician blinded to group 
allocation)

•	This study was conducted across 3 academic diabetes cents 
in New Zealand; the generalizability to Canadian settings was 
unclear
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Strengths Limitations

Non-randomized studies

Al Hakey et al. (2020)24

•	The objectives, intervention, comparator, and main outcomes 
were clearly described

•	Participant eligibility criteria were provided
•	Participant characteristics (e.g., age, sex or gender, BMI, 

baseline hemoglobin A1C) were clearly described
•	The main findings of the study were clearly described
•	Estimates of random variability (e.g., standard deviations, 

confidence intervals) and actual P values were reported
•	No participants were lost to follow-up
•	Care providers and setting appeared to be representative of 

those of interest
•	Compliance with the intervention was reliable
•	Outcome measures were valid
•	The authors declared that they had no potential conflicts of 

interest
•	Sources of funding were disclosed (there was no funding 

received for this study)

•	The study reported within-group comparisons from before 
to after switching from SMBG to FGM; there were no 
between-group comparisons (i.e., comparisons between a 
group of participants who used FGM and a control group 
of participants who used SMBG); therefore, the results are 
susceptible to numerous forms of bias that threaten both 
internal and external validity. Any outcomes observed in 
participants should not be attributed to FGM alone, as there 
are many uncontrolled factors that may have contributed to 
the findings of this study

•	It was unclear if all important adverse events that may have 
been a consequence of the intervention were recorded

•	Participants were recruited using a convenience sample and 
may not be fully representative of the population they were 
recruited from

•	This was an open-label study with no blinding of study 
participants or outcome assessors

•	Single-centre study (conducted in Saudi Arabia); the 
generalizability to Canadian settings was unclear

Charleer et al. (2020)25

•	The objectives, intervention, and main outcomes were clearly 
described

•	Participant eligibility criteria were provided
•	Participant characteristics (e.g., age, sex or gender, BMI, 

baseline hemoglobin A1C) were clearly described
•	The main findings of the study were clearly described
•	Estimates of random variability (e.g., standard deviations, 

confidence intervals) were reported
•	adverse events that may have been a consequence of the 

intervention were recorded
•	Number and characteristics of participants lost to follow-up 

were described
•	Study participants, care providers, and setting appeared to be 

representative of the population and care setting of interest
•	Compliance with the intervention was reliable
•	Outcome measures were valid
•	The authors declared their potential conflicts of interest (the 

authors had many financial and non-financial conflicts of 
interest with industry, including holding advisory positions 
and having received support for travel or previous research)

•	Sources of funding were disclosed (a doctoral grant for 
strategic basic research and a PhD fellowship from Fonds 
Wetenschappelijk Onderzoek) and were unlikely to have had 
an effect on the findings of the study

•	While all participants were assumed to have used SMBG 
before starting FGM, this was not explicitly stated by study 
authors

•	The study reported within-group comparisons from before 
to after switching from SMBG to FGM; there were no 
between-group comparisons (i.e., comparisons between a 
group of participants who used FGM and a control group 
of participants who used SMBG); therefore, the results are 
susceptible to numerous forms of bias that threaten both 
internal and external validity. Any outcomes observed in 
participants should not be attributed to FGM alone, as there 
are many uncontrolled factors that may have contributed to 
the findings of this study

•	A substantial proportion of study participants (i.e., 31.1%) had 
missing data for the primary outcome at 24-month follow-up

•	Actual P values were not reported for some outcomes
•	This was an open-label study with no blinding of study 

participants or outcome assessors
•	Single-centre study (conducted in Belgium); the 

generalizability to Canadian settings was unclear
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Strengths Limitations

Lim et al. (2020)26

•	The objectives, intervention, and main outcomes were clearly 
described

•	Participant eligibility criteria were provided
•	Participant characteristics (e.g., age, sex or gender, baseline 

hemoglobin A1C) were clearly described
•	The main findings of the study were clearly described
•	Estimates of random variability (e.g., standard deviations, 

confidence intervals) and actual P values were reported
•	All important adverse events that may have been a 

consequence of the intervention were recorded
•	Number and characteristics of participants lost to follow-up 

were described
•	Care providers and setting appeared to be representative of 

those of interest
•	Compliance with the intervention was reliable
•	Outcome measures were valid
•	The authors declared that they had no potential conflicts of 

interest
•	Sources of funding were disclosed (a KK Women’s and 

Children’s Hospital Health Fund grant) and were unlikely to 
have had an effect on the findings of the study

•	While all participants were assumed to have used SMBG 
before starting FGM, this was not explicitly stated by study 
authors

•	The study reported within-group comparisons from before 
to after switching from SMBG to FGM; there were no 
between-group comparisons (i.e., comparisons between a 
group of participants who used FGM and a control group 
of participants who used SMBG); therefore, the results are 
susceptible to numerous forms of bias that threaten both 
internal and external validity. Any outcomes observed in 
participants should not be attributed to FGM alone, as there 
are many uncontrolled factors that may have contributed to 
the findings of this study

•	Participants were recruited using a convenience sample and 
may not be fully representative of the population they were 
recruited from

•	This was an open-label study with no blinding of study 
participants or outcome assessors

•	Single-centre study (conducted in Singapore); the 
generalizability to Canadian settings was unclear

Al Hakey et al. (2019)27

•	The objectives, intervention, comparator, and main outcomes 
were clearly described

•	Participant eligibility criteria were provided
•	Participant characteristics (e.g., age, sex or gender, BMI, 

baseline hemoglobin A1C) were clearly described
•	The main findings of the study were clearly described
•	Estimates of random variability (e.g., standard deviations, 

confidence intervals) and actual P values were reported
•	No participants were lost to follow-up
•	Study participants, care providers, and setting appeared to be 

representative of the population and care setting of interest
•	Compliance with the intervention was reliable
•	Outcome measures were valid
•	The authors declared that they had no potential conflicts of 

interest
•	Sources of funding were disclosed (Abbott Diabetes care 

provided financial assistance for medical writing assistance 
and paid for article processing fees, but did not provide any 
funding for conducting the study) and were unlikely to have 
had an effect on the findings of the study

•	The study reported within-group comparisons from before 
to after switching from SMBG to FGM; there were no 
between-group comparisons (i.e., comparisons between a 
group of participants who used FGM and a control group 
of participants who used SMBG); therefore, the results are 
susceptible to numerous forms of bias that threaten both 
internal and external validity. Any outcomes observed in 
participants should not be attributed to FGM alone, as there 
are many uncontrolled factors that may have contributed to 
the findings of this study

•	It was unclear if all important adverse events that may have 
been a consequence of the intervention were recorded

•	This was an open-label study with no blinding of study 
participants or outcome assessors

•	Single-centre study (conducted in Saudi Arabia); the 
generalizability to Canadian settings was unclear
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Strengths Limitations

Deeb et al. (2019)28

•	The objectives, intervention, comparator, and main outcomes 
were clearly described

•	Participant eligibility criteria were provided
•	Participant characteristics (e.g., age, sex or gender, baseline 

hemoglobin A1C) were clearly described
•	The main findings of the study were clearly described
•	Number and characteristics of participants lost to follow-up 

were described
•	Study participants, care providers, and setting appeared to be 

representative of the population and care setting of interest
•	Compliance with the intervention was reliable
•	Outcome measures were valid
•	The authors declared that they had no potential conflicts of 

interest

•	The study reported within-group comparisons from before 
to after switching from SMBG to FGM; there were no 
between-group comparisons (i.e., comparisons between a 
group of participants who used FGM and a control group 
of participants who used SMBG); therefore, the results are 
susceptible to numerous forms of bias that threaten both 
internal and external validity. Any outcomes observed in 
participants should not be attributed to FGM alone, as there 
are many uncontrolled factors that may have contributed to 
the findings of this study

•	Estimates of random variability (e.g., standard deviations, 
confidence intervals) and actual P values were not reported

•	It was unclear if all important adverse events that may have 
been a consequence of the intervention were recorded

•	This was an open-label study with no blinding of study 
participants or outcome assessors

•	The sources of funding for the study were not disclosed
•	Single-centre study (conducted in the United Arab Emirates); 

the generalizability to Canadian settings was unclear

Pintus et al. (2019)29

•	The objectives, intervention, and main outcomes were clearly 
described

•	Participant eligibility criteria were provided
•	Participant characteristics (e.g., age, sex, or gender) were 

clearly described
•	The main findings of the study were clearly described
•	Estimates of random variability (e.g., standard deviations, 

confidence intervals) and actual P values were reported
•	The number of participants lost to follow-up was described
•	Study participants, care providers, and setting appeared to be 

representative of the population and care setting of interest
•	Compliance with the intervention was reliable
•	Outcome measures were valid

•	While all participants were assumed to have used SMBG 
before starting FGM, this was not explicitly stated by study 
authors

•	The study reported within-group comparisons from before 
to after switching from SMBG to FGM; there were no 
between-group comparisons (i.e., comparisons between a 
group of participants who used FGM and a control group 
of participants who used SMBG); therefore, the results are 
susceptible to numerous forms of bias that threaten both 
internal and external validity. Any outcomes observed in 
participants should not be attributed to FGM alone, as there 
are many uncontrolled factors that may have contributed to 
the findings of this study

•	It was unclear if all important adverse events that may have 
been a consequence of the intervention were recorded

•	A substantial proportion of study participants (i.e., 42%) 
were unable to complete the study due to the financial 
costs associated with the FGM system. Data from these 
participants were not available for the analysis

•	This was an open-label study with no blinding of study 
participants or outcome assessors

•	The authors did not disclose any potential conflicts of interest
•	The sources of funding for the study were not disclosed
•	Single-centre study (conducted in the UK); the generalizability 

to Canadian settings was unclear

BMI = body mass index; FGM = flash glucose monitoring; SMBG = self-monitoring blood glucose.
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Appendix 4: Main Study Findings and 
Authors’ Conclusions

Summary of Findings Included Systematic Reviews
Castellana et al. (2020)17

Main Study Findings
Systematic review and meta-analysis of RCTs and observational studies regarding the clinical 
effectiveness and safety of FGM in people with type 1 or type 2 diabetes.

Relevant primary studies: The systematic review included 13 RCTs and observational studies 
that measured the clinical effectiveness or safety of FGM systems; however, only primary 
studies that compared FGM versus SMBG in pediatric populations were relevant to the 
current report (2 prospective cohort studies). Although the systematic review included meta-
analyses, there was no meta-analysis specific to the primary studies relevant to the current 
report. Therefore, relevant results were summarized individually by primary study.

Summary of relevant findings from the systematic review:

•	 Hemoglobin A1C

	◦ Campbell et al. (2018)

	◾ Change in mean hemoglobin A1C from baseline (patients were using SMBG) to 
final follow-up

	♦ After FGM (N = NR): 7.5% (SD = 0.9%)

	♦ Prior to FGM (N = NR): 7.9% (SD = 1.0%)

	♦ Mean difference: − 0.40% (95% CI, − 0.70% to − 0.10%)

	◦ Messaaoui et al. (2019)

	◾ Difference in mean change in hemoglobin A1C from baseline to final follow-up in 
patients on FGM versus patients on SMBG

	♦ FGM group (N = NR): 0.03% (SD = 1.71%)

	♦ SMBG group (N = NR): 0.19% (SD = 1.91%)

	♦ Mean difference: − 0.16% (95% CI, − 0.17% to 0.38%)

	◾ Change in mean hemoglobin A1C from baseline (patients were using SMBG) to 
final follow-up

	♦ After FGM (N = NR): 7.66% (SD = 1.19%)

	♦ Prior to FGM (N = NR): 7.63% (SD = 1.24%)

	♦ Mean difference: − 0.03% (95% CI, − 0.17% to 0.23%)
•	 Glucose time in range metrics

	◦ Campbell et al. (2018)

	◾ Change in mean time with a glucose value between 3.9 and 10.0 mmol/L (70 and 
180 mg/dL) from baseline (patients were using SMBG) to final follow-up

	♦ After FGM (N = NR): 11.1 (SD = 3.3) hours per day

	♦ Prior to FGM (N = NR): 10.1 (SD = 3.0) hours per day

	♦ Mean difference: 1.00 (95% CI, − 0.01 to 2.01) hours per day
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	◾ Change in mean time with a glucose value greater than 10.0 mmol/L (> 180 mg/dL) 
from baseline (patients were using SMBG) to final follow-up

	♦ After FGM (N = NR): 11.6 (SD = 3.9) hours per day

	♦ Prior to FGM (N = NR): 12.7 (SD = 3.5) hours per day

	♦ Mean difference: − 1.10 (95% CI, −2.29 to 0.09) hours per day

	◾ Change in mean time with a glucose value less than 3.9 mmol/L (< 70 mg/dL) from 
baseline (patients were using SMBG) to final follow-up

	♦ After FGM (N = NR): 1.4 (SD = 1.2) hours per day

	♦ Prior to FGM (N = NR): 1.1 (SD = 1.2) hours per day

	♦ Mean difference: − 0.30 (95% CI, −0.08 to 0.62) hours per day

	◦ Messaaoui et al. (2019)

	◾ Change in mean time with a glucose value less than 3.9 mmol/L (< 70 mg/dL) from 
baseline (patients were using SMBG) to final follow-up

	♦ After FGM (N = NR): 3.6 (SD = 1.92) hours/day

	♦ Prior to FGM (N = NR): 4.32 (SD = 1.68) hours/day

	♦ Mean difference: −0.72 (95% CI, −1.02 to − 0.42) hours/day
•	 Frequency of glucose monitoring

	◦ Campbell et al. (2018)

	◾ Change in the mean number of SMBG measurements per day from baseline 
(patients were using SMBG) to final follow-up

	♦ After FGM (N = NR): 1.6 (SD = 1.9) measurements per day

	♦ Prior to FGM (N = NR): 7.7 (SD = 2.5) measurements per day

	♦ Mean difference: −6.10 (95% CI, −6.81 to − 5.39) measurements per day

	◦ Messaaoui et al. (2019)

	◾ Difference in mean change in the number of SMBG measurements per day from 
baseline to final follow-up in patients on FGM versus patients on SMBG

	♦ FGM group (N = NR): −4.5 (SD = 2.12) measurements per day

	♦ SMBG group (N = NR): 0.0 (SD = 2.79) measurements per day

	♦ Mean difference: −4.5 (95% CI, −5.27 to −3.73) measurements per day
•	 Total daily insulin dose

	◦ Campbell et al. (2018)

	◾ Change in the mean total daily insulin dose from baseline (patients were using 
SMBG) to final follow-up

	♦ After FGM (N = NR): 37.2 (SD = 25.5) insulin units per day

	♦ Prior to FGM (N = NR): 35.8 (SD = 25.6) insulin units per day

	♦ Mean difference: 1.40 (95% CI, −7.00 to 9.80) insulin units per day
•	 Patient satisfaction

	◦ Campbell et al. (2018)

	◾ Change in mean DTSQ (teen version) mean scores from baseline (patients were 
using SMBG) to final follow-up
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	♦ The authors of the systematic review noted that there were statistically 
significant improvements; however, mean values before and after FGM were not 
described in the review

	◾ Change in DTSQ (parent version) mean scores from baseline (patients were using 
SMBG) to final follow-up

	♦ The authors of the systematic review noted that there were statistically 
significant improvements; however, mean values before and after FGM were not 
described in the review

•	 Adverse events

	◦ Campbell et al. (2018)

	◾ Change in the mean number of hypoglycemic events per day from baseline 
(patients were using SMBG) to final follow-up

	♦ After FGM (N = NR): 1.0 (SD = 0.7) per day

	♦ Prior to FGM (N = NR): 0.8 (SD = 0.7) per day

	♦ Mean difference: 0.20 (95% CI, − 0.02 to 0.42) per day

Author’s Conclusion
“A limited number of studies on FGM are reported in the literature, using different 
study designs, including patients with different characteristics at baseline, and with 
a heterogeneous reporting. Particularly, we believe that the general lack of a specific 
training in patients on FGM represented the most relevant finding of our systematic 
review. Acknowledging these limitations, FGM proved to be a reliable option to achieve a 
significant reduction in hemoglobin A1C and time below 70 mg/dL in uncontrolled patients 
with type 1 or type 2 diabetes or other insulin-dependent diabetes on prandial insulin 
only, MDII or continuous subcutaneous insulin infusion. When compared with SMBG, 
FGM was associated with a similar change in hemoglobin A1C, a lower number of SMBG 
measurements, and a reduced risk of discontinuation. FGM should thus be regarded 
as an effective intervention to be proposed to properly selected patients, as a part of a 
multicomponent strategy. Further studies on the comparison between SMBG and trained 
FGM are however needed (p. 9).”17

Cowart et al. (2020)18

Main Study Findings
Systematic review of RCTs that assessed the clinical effectiveness of FGM in people with type 
1 or type 2 diabetes.

Relevant primary studies: The systematic review included a total of 9 RCTs that assessed 
the clinical effectiveness of FGM systems; however, only primary studies that compared FGM 
versus SMBG in pediatric populations were relevant to the current report (1 RCT). Findings 
from the primary study relevant to the current report were extracted and summarized.

Summary of relevant findings from the systematic review:

•	 Glucose time in range metrics

	◦ Piona et al. (2018)

	◾ Mean proportion of time with a glucose value between 3.9 and 10.0 mmol/L (70 
and 180 mg/dL)

	♦ FGM group (N = 25): 50.9% (SD = 11.3%)
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	♦ SMBG group (N = 20): 50.8% (SD = 13.8%)

	♦ P = 0.64

	◾ Mean proportion of time with a glucose value greater than 10.0 mmol/L 
(> 180 mg/dL)

	♦ FGM group (N = 25): 45.2% (SD = NR)

	♦ SMBG group (N = 20): 44.7% (SD = NR)

	♦ P = 0.69

	◾ Mean proportion of time with a glucose value less than 3.0 mmol/L (< 54 mg/dL)

	♦ FGM group (N = 25): 1.3% (SD = NR)

	♦ SMBG group (N = 20): 1.4% (SD = NR)

	♦ P = 0.98
•	 Adverse events

	◦ Piona et al. (2018)

	◾ “No severe hypoglycemic events or serious adverse events occurred (p. 341).”18

Author’s Conclusion
“Although hemoglobin A1C and SMBG are current standard of care for assessing glycemic 
control in patients with type 1 diabetes mellitus and type 2 diabetes mellitus, these 
glycemic measures lack incorporation of detailed metrics such as glycemic variability 
and time in glycemic range and time spent in hypoglycemia. An advantage to using [FGM] 
is the ability to assess these glycemic measures, although available evidence is mixed 
regarding improvements in these glycemic measures with [FGM] use. In this systematic 
review, RCT evidence suggests a benefit on lowering hemoglobin A1C in select populations 
with diabetes, such as those <65 years of age with uncontrolled type 1 diabetes mellitus 
or type 2 diabetes mellitus, and those using MDII or continuous subcutaneous insulin 
infusion. [FGM] has been associated with high patient satisfaction and lower diabetes 
distress with [FGM] use compared with usual care. The clinical application of these 
findings should be viewed in the context of the patient population under investigation 
in the RCT trials and account for those who may be most likely to benefit from [FGM] 
use (p.343).”18

RCTs
Boucher et al. (2020)22 and Marsters et al. (2020)23

Main Study Findings
Multi-centre, open-label, parallel-group RCT that assessed glycemic outcomes, psychosocial 
outcomes, and cutaneous adverse events experienced by youth with type 1 diabetes who 
monitored glucose levels using FGM with the FreeStyle Libre (N = 33) or SMBG (N = 31).

Summary of relevant findings:

•	 Hemoglobin A1C

	◦ Change in mean hemoglobin A1C throughout the 6-month follow-up period

	◾ FGM group at baseline (N = 33): 10.8% (SD = 1.7%)

	◾ FGM group at 6 months (N = 33): 10.0% (SD = 1.5%)

	◾ SMBG group at baseline (N = 31): 11.2% (SD = 1.6%)

	◾ SMBG group at 6 months (N = 31): 10.7% (SD = 1.5%)
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	◾ Difference in adjusted changes at 6 months: − 0.2% (95% CI, − 0.9% to 0.5%)

	◾ P = 0.576
•	 Frequency of glucose monitoring

	◦ Change in frequency of glucose checks (interstitial and capillary) per day throughout the 
6-month follow-up period

	◾ FGM group at baseline (N = 33): 1.8 (SD = 1.6) checks per day

	◾ FGM group at 6 months (N = 33): 3.8 (SD = 3.1) checks per day

	◾ SMBG group at baseline (N = 31): 1.9 (SD = 3.6) checks per day

	◾ SMBG group at 6 months (N = 31): 1.4 (SD = 3.0) checks per day

	◾ Difference in adjusted changes at 6 months: 2.8 (95% CI, 1.72 to 4.65) 
checks per day

	◾ P = < 0.001
•	 Quality of life

	◦ Change in mean PedsQL Generic scores throughout the 6-month follow-up period

	◾ FGM group at baseline (N = 33): 73.8 (SD = 14.0)

	◾ FGM group at 6 months (N = 32): 77.5 (SD = 15.7)

	◾ SMBG group at baseline (N = 31): 75.2 (SD = 11.9)

	◾ SMBG group at 6 months (N = 31): 79.7 (SD = 11.6)

	◾ Difference in changes at 6 months: −1.2 (95% CI, −6.5 to 4.1)

	◾ P: = 0.661

	◦ Change in mean PedsQL Diabetes (diabetes subscale) scores throughout the 6-month 
follow-up period

	◾ FGM group at baseline (N = 33): 56.9 (SD = 16.2)

	◾ FGM group at 6 months (N = 32): 56.5 (SD = 17.7)

	◾ SMBG group at baseline (N = 31): 57.2 (SD = 18.3)

	◾ SMBG group at 6 months (N = 31): 65.7 (SD = 16.7)

	◾ Difference in changes at 6 months: − 9.2 (95% CI, − 15.2 to − 3.3)

	◾ P = 0.002

	◦ Change in mean PedsQL Diabetes (treatment I subscale) scores throughout the 6-month 
follow-up period

	◾ FGM group at baseline (N = 33): 57.4 (SD = 20.2)

	◾ FGM group at 6 months (N = 32): 68.9 (SD = 21.3)

	◾ SMBG group at baseline (N = 31): 65.9 (SD = 20.7)

	◾ SMBG group at 6 months (N = 31): 68.5 (SD = 17.9)

	◾ Difference in changes at 6 months: 8.1 (95% CI, − 0.1 to 16.4)

	◾ P = 0.053

	◦ Change in mean PedsQL Diabetes (treatment II subscale) scores throughout the 
6-month follow-up period

	◾ FGM group at baseline (N = 33): 67.2 (SD = 18.6)

	◾ FGM group at 6 months (N = 32): 74.4 (SD = 17.3)

	◾ SMBG group at baseline (N = 31): 68.2 (SD = 19.5)
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	◾ SMBG group at 6 months (N = 31): 70.0 (SD = 21.6)

	◾ Difference in changes at 6 months: 4.8 (95% CI, − 2.6 to 12.3)

	◾ P = 0.204

	◦ Change in mean PedsQL Diabetes (worry subscale) scores throughout the 6-month 
follow-up period

	◾ FGM group at baseline (N = 33): 61.6 (SD = 22.2)

	◾ FGM group at 6 months (N = 32): 71.6 (SD = 23.4)

	◾ SMBG group at baseline (N = 31): 67.7 (SD = 21.5)

	◾ SMBG group at 6 months (N = 31): 69.6 (SD = 21.6)

	◾ Difference in changes at 6 months: 7.7 (95% CI, − 2.3 to 17.8)

	◾ P = 0.130

	◦ Change in mean PedsQL Diabetes (communication subscale) scores throughout the 
6-month follow-up period

	◾ FGM group at baseline (N = 33): 64.9 (SD = 28.2)

	◾ FGM group at 6 months (N = 32): 68.2 (SD = 30.5)

	◾ SMBG group at baseline (N = 31): 70.2 (SD = 22.3)

	◾ SMBG group at 6 months (N = 31): 77.4 (SD = 24.2)

	◾ Difference in changes at 6 months: − 5.2 (95% CI, − 16.7 to 6.2)

	◾ P = 0.370

	◦ Change in mean total PedsQL Diabetes scores throughout the 6-month follow-up period

	◾ FGM group at baseline (N = 33): 60.9 (SD = 14.6)

	◾ FGM group at 6 months (N = 32): 65.7 (SD = 15.9)

	◾ SMBG group at baseline (N = 31): 63.7 (SD = 15.6)

	◾ SMBG group at 6 months (N = 31): 68.9 (SD = 15.1)

	◾ Difference in changes at 6 months: − 1.1 (95% CI, − 6.2 to 4.1)

	◾ P = 0.688
•	 Fear of hypoglycemia

	◦ Change in mean HFS behaviour subscale scores throughout the 6-month 
follow-up period

	◾ FGM group at baseline (N = 33): 1.75 (SD = 0.58)

	◾ FGM group at 6 months (N = 32): 1.70 (SD = 0.67)

	◾ SMBG group at baseline (N = 31): 1.91 (SD = 0.63)

	◾ SMBG group at 6 months (N = 31): 1.69 (SD = 0.47)

	◾ Difference in changes at 6 months: 0.18 (95% CI, − 0.08 to 0.44)

	◾ P = 0.182

	◦ Change in mean HFS worry subscale scores throughout the 6-month follow-up period

	◾ FGM group at baseline (N = 33): 1.19 (SD = 0.59)

	◾ FGM group at 6 months (N = 32): 0.94 (SD = 0.55)

	◾ SMBG group at baseline (N = 31): 1.26 (SD = 0.73)

	◾ SMBG group at 6 months (N = 31): 1.14 (SD = 0.75)

	◾ Difference in changes at 6 months: − 0.13 (95% CI, − 0.37 to 0.11)
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	◾ P = 0.302
•	 Patient satisfaction

	◦ Change in mean item DTSQ scores throughout the 6-month follow-up period

	◾ FGM group at baseline (N = 33): 3.96 (SD = 0.88)

	◾ FGM group at 6 months (N = 32): 4.33 (SD = 1.12)

	◾ SMBG group at baseline (N = 31): 4.36 (SD = 0.90)

	◾ SMBG group at 6 months (N = 31): 4.28 (SD = 1.02)

	◾ Difference in changes at 6 months: 0.47 (95% CI, 0.00 to 0.93)

	◾ P = 0.048
•	 Adverse events

	◦ Proportion of participants who experienced at least 1 episode of diabetic ketoacidosis 
throughout the 6-month follow-up period

	◾ FGM group (N = 33): 18%

	◾ SMBG group (N = 31): 16%

	◾ P = non-significant

	◦ Proportion of participants who experienced severe hypoglycemic events throughout the 
6-month follow-up period

	◾ FGM group (N = 33): 0%

	◾ SMBG group (N = 31): 0%

	◾ P = non-significant

	◦ Number of participants who were hospitalized for reasons not attributable to 
participation in the study throughout the 6-month follow-up period

	◾ FGM group (N = 33): 5

	◾ SMBG group (N = 31): 6

	◾ P = NR

	◦ Number of FGM-associated or SMBG-associated cutaneous adverse events throughout 
the 6-month follow-up period

	◾ FGM group (N = 33): 40

	◾ SMBG group (N = 31): 40

	◾ P = 0.96

	◦ Proportion of participants who experienced FGM-associated or SMBG-associated 
cutaneous adverse events throughout the 6-month follow-up period

	◾ FGM group (N = 33): 58%

	◾ SMBG group (N = 31): 23%

	◾ P = 0.004

	◦ Average number of symptoms reported per cutaneous adverse event

	◾ FGM group (N = 33): 2.1

	◾ SMBG group (N = 31): 2.3

	◾ P = 0.69

	◦ “There was no significant difference between groups for the frequency of cutaneous 
adverse event reports that were rated mild, moderate or severe (P = 1.00) (p. 1520).”23
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Authors’ Conclusion
“In summary, this RCT in adolescents and young adults with high-risk glycemic control 
reveals that [FGM] does engage this complex population, as evidenced by increased 
glucose-monitoring behaviour and diabetes satisfaction. However, in this study, this did 
not translate to a statistically significant greater improvement in glycemic control over 
usual care with SMBG at 6 months. Ongoing efforts to find likely combined technology and 
psychosocial strategies to help this population are required (p.2394).”22

In conclusion, use of the FreeStyle Libre FGM system results in frequently experienced 
cutaneous adverse events which are reported at a similar rate to SMBG-associated 
cutaneous adverse events. Discontinuation over a 6-month period due to cutaneous 
adverse events appears rare, with the majority of cutaneous adverse events rated as mild. 
While sensor loss is common among youth in this study population, this did not relate to 
cutaneous adverse events. Awareness of these cutaneous issues and ongoing efforts to 
mitigate cutaneous complications may improve the overall experience of FGM (p.1522).”23

Non-randomized studies
Al Hakey et al. (2020)24

Main Study Findings
Single-centre, single-arm, prospective cohort study that evaluated the effect of FGM on 
diabetes distress in children and adolescents (between the ages of 13 and 19) with type 1 
diabetes (N = 187). Before switching to FGM, participants were monitoring their glucose 
levels using SMBG.

Summary of relevant findings:

•	 Hemoglobin A1C

	◦ Mean hemoglobin A1C before and after the 12-week study period

	◾ Baseline (N = 187): 8.2% (SD = 2.3%)

	◾ After 12 weeks of FGM (N = 187): 7.9% (SD = 2.1%)

	◾ P = NR
•	 Frequency of glucose monitoring

	◦ Frequency of glucose checks per day before and after the 12-week study period

	◾ Baseline (N = 187): 2.1 (SD = 1.2) checks per day

	◾ After 12 weeks of FGM (N = 187): 6.7 (SD = 1.7) checks per day

	◾ P = NR
•	 Diabetes distress

	◦ Mean T1-DDS (powerlessness subdomain) scores before and after the 12-week 
study period

	◾ Baseline (N = 187): 3.26 (SD was presented in a figure; exact value could not be 
ascertained)

	◾ After 12 weeks of FGM (N = 187): 2.78 (SD was presented in a figure; exact value 
could not be ascertained)

	◾ P = 0.001

	◦ Mean T1-DDS (management distress subdomain) scores before and after the 12-week 
study period
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	◾ Baseline (N = 187): 2.91 (SD was presented in a figure; exact value could not be 
ascertained)

	◾ After 12 weeks of FGM (N = 187): 2.61 (SD was presented in a figure; exact value 
could not be ascertained)

	◾ P = 0.001

	◦ Mean T1-DDS (hypoglycemia distress subdomain) scores before and after the 12-week 
study period

	◾ Baseline (N = 187): 2.80 (SD was presented in a figure; exact value could not be 
ascertained)

	◾ After 12 weeks of FGM (N = 187): 2.38 (SD was presented in a figure; exact value 
could not be ascertained)

	◾ P = 0.001

	◦ Mean T1-DDS (negative social perceptions subdomain) scores before and after the 
12-week study period

	◾ Baseline (N = 187): 2.72 (SD was presented in a figure; exact value could not be 
ascertained)

	◾ After 12 weeks of FGM (N = 187): 2.31 (SD was presented in a figure; exact value 
could not be ascertained)

	◾ P = 0.001

	◦ Mean T1-DDS (eating distress subdomain) scores before and after the 12-week 
study period

	◾ Baseline (N = 187): 3.56 (SD was presented in a figure; exact value could not be 
ascertained)

	◾ After 12 weeks of FGM (N = 187): 2.67 (SD was presented in a figure; exact value 
could not be ascertained)

	◾ P = 0.001

	◦ Mean T1-DDS (physician distress subdomain) scores before and after the 12-week 
study period

	◾ Baseline (N = 187): 2.44 (SD was presented in a figure; exact value could not be 
ascertained)

	◾ After 12 weeks of FGM (N = 187): 2.16 (SD was presented in a figure; exact value 
could not be ascertained)

	◾ P = 0.001

	◦ Mean T1-DDS (friend or family distress subdomain) scores before and after the 12-week 
study period

	◾ Baseline (N = 187): 2.83 (SD was presented in a figure; exact value could not be 
ascertained)

	◾ After 12 weeks of FGM (N = 187): 2.30 (SD was presented in a figure; exact value 
could not be ascertained)

	◾ P = 0.001

	◦ Mean T1-DDS (total) scores before and after the 12-week study period

	◾ Baseline (N = 187): 2.93 (SD was presented in a figure; exact value could not be 
ascertained)
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	◾ After 12 weeks of FGM (N = 187): 2.46 (SD was presented in a figure; exact value 
could not be ascertained)

	◾ P = 0.001
•	 Adverse events

	◦ Number of hypoglycemic events per month before and after the 12-week study period

	◾ Baseline (N = 187): 6.3 (SD = 1.7) events per month

	◾ After 12 weeks of FGM (N = 187): 4.7 (SD = 1.9) events per month

	◾ P = NR

Authors’ Conclusion
“Despite the limitations of the present study, we have obtained valuable data on diabetes-
related distress among type 1 diabetes patients in Saudi Arabia. In conclusion, the results 
of this prospective study clearly demonstrate that the DDS subdomain scores were 
reduced after initiation of the FGM system scanning to determine the blood glucose levels. 
However, further studies are necessary to ascertain if the FGM system after prolonged and 
consistent use will provide enhanced results (p. 935).”24

Charleer et al. (2020)25

Main Study Findings
Single-centre, single-arm, prospective cohort study tat investigated the effectiveness of FGM 
with respect to glycemic control and quality of life in youth (N = 138) with type 1 diabetes. 
Before switching to FGM, participants were assumed to have been monitoring their glucose 
levels using SMBG.

Summary of relevant findings:

•	 Quality of life

	◦ Mean DQOLY (satisfaction subscale) scores throughout the 24-month follow-up period

	◾ Baseline (N = 120): 68.8 (95% CI, 67.4 to 70.3)

	◾ After 6 months of FGM (N = 103): 71.9 (95% CI, 70.3 to 73.4)

	◾ P (versus baseline) = < 0.001

	◾ After 12 months of FGM (N = 96): 71.2 (95% CI, 69.8 to 72.7)

	◾ P (versus baseline) = < 0.001

	◾ After 24 months of FGM (N = 84): 70.2 (95% CI, 68.8 to 71.5)

	◾ P (versus baseline) = 0.055

	◦ Mean DQOLY (impact subscale) scores throughout the 24-month follow-up period

	◾ Baseline (N = 120): 52.1 (95% CI, 50.1 to 54.0)

	◾ After 6 months of FGM (N = 103): 50.5 (95% CI, 48.8 to 52.1)

	◾ P value (versus baseline) = < 0.05

	◾ After 12 months of FGM (N = 96): 50.8 (95% CI, 49.0 to 52.7)

	◾ P (versus baseline) = non-significant

	◾ After 24 months of FGM (N = 84): 50.3 (95% CI, 48.4 to 52.1)

	◾ P (versus baseline) = non-significant

	◦ Mean DQOLY (worry subscale) scores throughout the 24-month follow-up period
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	◾ Baseline (N = 120): 18.8 (95% CI, 17.6 to 20.0)

	◾ After 6 months of FGM (N = 103): 18.4 (95% CI, 17.1 to 19.7)

	◾ P (versus baseline) = non-significant

	◾ After 12 months of FGM (N = 96): 18.6 (95% CI, 17.4 to 19.8)

	◾ P (versus baseline) = non-significant

	◾ After 24 months of FGM (N = 84): 18.1 (95% CI, 17.0 to 19.2)

	◾ P (versus baseline) = non-significant
•	 Fear of hypoglycemia

	◦ Mean HFS for children (behaviour subscale) scores throughout the 24-month 
follow-up period

	◾ Baseline (N = 120): 16.1 (95% CI, 15.1 to 17.2)

	◾ After 6 months of FGM (N = 103): 16.4 (95% CI, 15.3 to 17.4)

	◾ P (versus baseline) = non-significant

	◾ After 12 months of FGM (N = 96): 16.4 (95% CI, 15.4 to 17.4)

	◾ P (versus baseline) = non-significant

	◾ After 24 months of FGM (N = 84): 17.0 (95% CI, 15.9 to 18.2)

	◾ P (versus baseline) = non-significant

	◦ Mean HFS for children (worry subscale) scores throughout the 24-month 
follow-up period

	◾ Baseline (N = 120): 14.7 (95% CI, 13.2 to 16.1)

	◾ After 6 months of FGM (N = 103): 14.7 (95% CI, 13.1 to 16.3)

	◾ P (versus baseline) = non-significant

	◾ After 12 months of FGM (N = 96): 13.5 (95% CI, 12.2 to 14.8)

	◾ P (versus baseline) = non-significant

	◾ After 24 months of FGM (N = 84): 14.1 (95% CI, 12.8 to 15.4)

	◾ P (versus baseline) = non-significant
•	 Hemoglobin A1C

	◦ Proportion of children with hemoglobin A1C < 7.5% before and after the 24-month 
follow-up period

	◾ Baseline (N = 138): 66.7%

	◾ After 6 months of FGM (N = 137): 67.9%

	◾ P (versus baseline) = non-significant

	◾ After 12 months of FGM (N = 134): 54.5%

	◾ P (versus baseline) = 0.006

	◾ After 24 months of FGM (N = 122): 59.0%

	◾ P (versus baseline) = 0.019

	◦ Proportion of children with hemoglobin A1C < 7.0% before and after the 24-month 
follow-up period

	◾ Baseline (N = 138): 47.8%

	◾ After 6 months of FGM (N = 137): NR

	◾ P (versus baseline) = NR
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	◾ After 12 months of FGM (N = 134): 27.6%

	◾ P (versus baseline) < 0.0001

	◾ After 24 months of FGM (N = 122): 31.1%

	◾ P (versus baseline) = 0.001

	◦ Mean hemoglobin A1C throughout the 24-month follow-up period

	◾ Baseline (N = 138): 7.16% (95% CI, 7.0% to 7.3%)

	◾ After 6 months of FGM (N = 137): 7.26% (95% CI was presented in a figure; exact 
value could not be ascertained)

	◾ P (versus baseline) = non-significant

	◾ After 12 months of FGM (N = 134): 7.62% (95% CI, 7.4% to 7.8%)

	◾ P (versus baseline) < 0.0001

	◾ After 24 months of FGM (N = 122): 7.56% (95% CI, 7.4% to 7.8%)

	◾ P (versus baseline) < 0.0001
•	 Total daily insulin dose

	◦ Mean total daily dose of insulin before and after the 24-month follow-up 
period (units/kg)

	◾ Baseline (N = 138): 0.912 (95% CI, 0.855 to 0.970) units/kg

	◾ After 6 months of FGM (N = 137): 0.886 (95% CI, 0.833 to 0.939) units/kg

	◾ P (versus baseline) = non-significant

	◾ After 12 months of FGM (N = 133): 0.860 (95% CI, 0.815 to 0.904) units/kg

	◾ P (versus baseline) < 0.01

	◾ After 24 months of FGM (N = 122): 0.886 (95% CI, 0.842 to 0.930) units/kg

	◾ P (versus baseline) = non-significant

	◦ Mean total daily dose of insulin before and after the 24-month follow-up period (units)

	◾ Baseline (N = 138): 48.3 (95% CI, 43.7 to 52.9) units

	◾ After 6 months of FGM (N = 137): 48.9 (95% CI, 44.5 to 53.2) units

	◾ P (versus baseline) = non-significant

	◾ After 12 months of FGM (N = 133): 49.1 (95% CI, 45.2 to 53.0) units

	◾ P (versus baseline) = non-significant

	◾ After 24 months of FGM (N = 122): 53.2 (95% CI, 49.5 to 56.9) units

	◾ P (versus baseline) < 0.01
•	 BMI

	◦ Mean BMI of participants increased by 1.8 kg/m2 throughout the 24-month study period 
(P < 0.0001)

	◦ Mean BMI adjusted for age increased by 0.13 SDS (95% CI, 0.02 to 0.24; P = 0.026)
•	 Adverse events

	◦ Proportion of participants who experienced hospitalizations due to hypoglycemia and/or 
ketoacidosis in the previous 12 months before and after the 24-month follow-up period

	◾ Baseline (N = 138): 6.5%

	◾ After 12 months of FGM (N = 134): 2.2%

	◾ P (versus baseline) = non-significant
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	◾ After 24 months of FGM (N = 122): 6.6%

	◾ P (versus baseline) = non-significant

	◦ Days of hospitalizations due to hypoglycemia and/or ketoacidosis in the previous 12 
months per 100 patient years before and after the 24-month follow-up period

	◾ Baseline (N = 138): 18.8 days per 100 patient years

	◾ After 12 months of FGM (N = 134): 7.1 days per 100 patient years

	◾ P (versus baseline) < 0.05

	◾ After 24 months of FGM (N = 122): 26.4 days per 100 patient years

	◾ P (versus baseline) = non-significant

	◦ Proportion of participants who experienced hospitalizations due to hypoglycemia in the 
previous 12 months before and after the 24-month follow-up period

	◾ Baseline (N = 138): 5.1%

	◾ After 12 months of FGM (N = 134): 1.5%

	◾ P (versus baseline) = non-significant

	◾ After 24 months of FGM (N = 122): 0.8%

	◾ P (versus baseline) = non-significant

	◦ Days of hospitalizations due to hypoglycemia in the previous 12 months per 100 patient 
years before and after the 24-month follow-up period

	◾ Baseline (N = 138): 2.9 days per 100 patient years

	◾ After 12 months of FGM (N = 134): 0.4 days per 100 patient years

	◾ P (versus baseline) < 0.05

	◾ After 24 months of FGM (N = 122): 5.7 days per 100 patient years

	◾ P (versus baseline) = non-significant

	◦ Proportion of participants who experienced hospitalizations due to ketoacidosis in the 
previous 12 months before and after the 24-month follow-up period

	◾ Baseline (N = 138): 1.4%

	◾ After 12 months of FGM (N = 134): 0.7%

	◾ P (versus baseline) = non-significant

	◾ After 24 months of FGM (N = 122): 5.7%

	◾ P (versus baseline) = non-significant

	◦ Days of hospitalizations due to ketoacidosis in the previous 12 months per 100 patient 
years before and after the 24-month follow-up period

	◾ Baseline (N = 138): 15.9 days per 100 patient years

	◾ After 12 months of FGM (N = 134): 6.7 days per 100 patient years

	◾ P (versus baseline) = non-significant

	◾ After 24 months of FGM (N = 122): 20.7 days per 100 patient years

	◾ P (versus baseline) = non-significant

	◦ Proportion of participants who required help from a third party due to hypoglycemia in 
the previous 6 months before and after the 24-month follow-up period

	◾ Baseline (N = 106): 13.8%

	◾ After 6 months of FGM (N = 94): 9.5%
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	◾ P (versus baseline) = non-significant

	◾ After 12 months of FGM (N = 86): 9.0%

	◾ P (versus baseline) = non-significant

	◾ After 24 months of FGM (N = 79): 13.1%

	◾ P (versus baseline) = non-significant

	◦ Number of hypoglycemic events that required help from a third party in the previous 12 
months per 100 patient years before and after the 24-month follow-up period

	◾ Baseline (N = 106): 65.2 events per 100 patient years

	◾ After 12 months of FGM (N = 86): 37.3 events per 100 patient years

	◾ P (versus baseline) = non-significant

	◾ After 24 months of FGM (N = 79): 59.0 events per 100 patient years

	◾ P (versus baseline) = non-significant

	◦ Proportion of participants who experienced hypoglycemic comas in the previous 6 
months before and after the 24-month follow-up period

	◾ Baseline (N = 111): 2.2%

	◾ After 6 months of FGM (N = 98): 0%

	◾ P (versus baseline) = non-significant

	◾ After 12 months of FGM (N = 91): 0.7%

	◾ P (versus baseline) = non-significant

	◾ After 24 months of FGM (N = 80): 0.8%

	◾ P (versus baseline) = non-significant

	◦ Number of hypoglycemic comas in the previous 12 months per 100 patient years before 
and after the 24-month follow-up period

	◾ Baseline (N = 111): 5.8 events/100 patient years

	◾ After 12 months of FGM (N = 91): 0.7 events per 100 patient years

	◾ P (versus baseline) = non-significant

	◾ After 24 months of FGM (N = 80): 1.6 events per 100 patient years

	◾ P (versus baseline) = non-significant

	◦ Proportion of participants who experienced school absenteeism in the previous 6 
months before and after the 24-month follow-up period

	◾ Baseline (N = 108): 13.8%

	◾ After 6 months of FGM (N = 97): 9.5%

	◾ P (versus baseline) = non-significant

	◾ After 12 months of FGM (N = 90): 6.7%

	◾ P (versus baseline) = non-significant

	◾ After 24 months of FGM (N = 75): 4.8%

	◾ P (versus baseline) = non-significant

	◦ Days of school absenteeism by participants in the previous 12 months per 100 patient 
years before and after the 24-month follow-up period

	◾ Baseline (N = 108): 227.5 days per 100 patient years

	◾ After 12 months of FGM (N = 90): 65.2 days per 100 patient years
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	◾ P (versus baseline) = non-significant

	◾ After 24 months of FGM (N = 75): 13.1 days per 100 patient years

	◾ P (versus baseline) = 0.016

	◦ Proportion of parents of participants who experienced work absenteeism in the previous 
6 months before and after the 24-month follow-up period

	◾ Baseline (N = 109): 19.6%

	◾ After 6 months of FGM (N = 97): 18.2%

	◾ P (versus baseline) = non-significant

	◾ After 12 months of FGM (N = 89): 11.2%

	◾ P (versus baseline) = non-significant

	◾ After 24 months of FGM (N = 77): 8.2%

	◾ P (versus baseline) = non-significant

	◦ Days of work absenteeism by parents of participants in the previous 12 months per 100 
patient years before and after the 24-month follow-up period

	◾ Baseline (N = 109): 149.3 days/100 patient years

	◾ After 12 months of FGM (N = 89): 87.3 days per 100 patient years

	◾ P (versus baseline) = non-significant

	◾ After 24 months of FGM (N = 77): 18.0 days per 100 patient years

	◾ P (versus baseline) = 0.011

Authors’ Conclusion
“This study shows that [FGM] in a real-world pediatric population increases self-reported 
treatment satisfaction, without changing overall diabetes-related quality of life, and is well 
accepted by the children and their parents. With the use of [FGM], fewer days off school 
for the children with type 1 diabetes and fewer days off work for their parents could be 
achieved. However, there was no impact on acute hypoglycemia complications and 
diabetes-related hospitalizations. On the other hand, metabolic control worsened with an 
increase in hemoglobin A1C and BMI for the total population (p. 1470).”25

Lim et al. (2020)26

Main Study Findings
Single-centre, single-arm, prospective cohort study that evaluated the clinical effectiveness 
of FGM in adolescents with type 1 diabetes (N = 30). Prior to switching to FGM, participants 
were assumed to have been monitoring their glucose levels using SMBG.

Summary of relevant findings:

•	 Self-efficacy

	◦ Mean CIDS total scores before and after the 4-week follow-up period

	◾ Baseline (N = 22): 78.14 (SD = 12.91)

	◾ After 4 weeks of FGM (N = 22): 82.23 (SD = 12.79)

	◾ Overall change in score: 4.09 (SD = 9.47)

	◾ P = 0.05

	◦ Mean CIDS scores (questions 1 to 10) before and after the 4-week follow-up period

	◾ Baseline (N = 22): 39.68 (SD = 6.38)
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	◾ After 4 weeks of FGM (N = 22): 42.68 (SD = 6.19)

	◾ Overall change in score: 3.00 (SD = 5.07)

	◾ P = 0.01

	◦ Mean CIDS scores (questions 11 to 20) before and after the 4-week follow-up period

	◾ Baseline (N = 22): 38.45 (SD = 7.15)

	◾ After 4 weeks of FGM (N = 22): 39.55 (SD = 6.95)

	◾ Overall change in score: 1.09 (SD = 5.38)

	◾ P = 0.35
•	 Glucose levels

	◦ Mean glucose levels throughout the previous 14 days before and after switching to FGM

	◾ Baseline (N = 22): 12.06 (SD = 2.31) mmol/L

	◾ After 2 weeks of FGM (N = 22): 11.98 (SD = 3.55) mmol/L

	◾ Overall change (versus baseline): 0.08 (SD = 3.22) mmol/L

	◾ P (versus baseline) = 1.00

	◾ After 4 weeks of FGM (N = 22): 11.39 (SD = 3.05) mmol/L

	◾ Overall change in score (versus baseline): 0.67 (SD = 3.07) mmol/L

	◾ P (versus baseline) = 0.94
•	 Adverse events

	◦ Mean number of hypoglycemic events (< 3.0 mmol/L [< 70 mg/dL]) throughout the 
previous 14 days before and after switching to FGM

	◾ Baseline (N = 22): 2.45 (SD = 2.01)

	◾ After 2 weeks of FGM (N = 22): 9.05 (SD = 6.57)

	◾ Overall change (versus baseline): 6.59 (SD = 6.83)

	◾ P (versus baseline) = 0.001

	◾ After 4 weeks of FGM (N = 22): 8.27 (SD = 5.48)

	◾ Overall change (versus baseline): 5.81 (SD = 5.39)

	◾ P (versus baseline) < 0.001

Authors’ Conclusion
“This 4-week pilot program illustrated the feasibility of FGM as a useful home-based 
system that does not require intensive training. Although participants’ time in range 
improved, hypoglycemic events did not decrease. The cost-effectiveness of this system 
remains unclear for this population of patients. Careful patient selection and further 
research could determine the best selection criteria for adolescents who might benefit 
from FGM use. Diabetes technology expenses are generally paid out of pocket by patients 
in Singapore. In this population of adolescents with poorly controlled diabetes, a more 
advanced closed-loop automated pump and sensor system might better facilitate 
improved time in range and reduced hypoglycemia (p. 157-158).”26

Al Hakey et al. (2019)27

Main Study Findings
Single-centre, single-arm, prospective cohort study that investigated mental well-being 
and patient satisfaction in a pediatric and young adult population with type 1 diabetes (N 
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= 33) who used FGM. Before switching to FGM, participants were monitoring their glucose 
levels using SMBG.

Summary of relevant findings:

•	 Patient satisfaction

	◦ Mean DTSQ satisfaction scores before and after the 12-week follow-up period

	◾ Baseline (N = 33): 14.4 (SD = 6.0)

	◾ After 12 weeks of FGM (N = 33): 31.7 (SD = 1.9)

	◾ Change from baseline: 17.3 (SD = 6.7)

	◾ P < 0.001
•	 Quality of life

	◦ Mean WHO-5 scores before and after the 12-week follow-up period

	◾ Baseline (N = 33): 11.3 (SD = 4.2)

	◾ After 12 weeks of FGM (N = 33): 23.4 (SD = 1.6)

	◾ Change from baseline: 12.1 (SD = 4.0)

	◾ P < 0.001

Authors’ Conclusion
“In conclusion, the use of the FreeStyle Libre along with insulin pump or MDII 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 finger-pricking 
method (p.1246).”27

Deeb et al. (2019)28

Main Study Findings
Single-centre, single-arm, prospective cohort study that assessed the impact of FGM on 
detecting hypoglycemia and on adherence to glucose monitoring in children and adolescents 
with type 1 diabetes (N = 75). Before switching to FGM, participants were monitoring their 
glucose levels using SMBG.

Summary of relevant findings:

•	 Frequency of glucose monitoring

	◦ Median of the average daily number of glucose checks before and after 
switching to FGM

	◾ Baseline (N = 72): 2.87 (IQR, 1 to 6)

	◾ After 2 to 4 weeks of FGM (N = 72): 11 (IQR, 3 to 44)

	◾ P < 0.001
•	 Frequency of detecting hypoglycemic events

	◦ Median number of diurnal hypoglycemia events detected using glucose monitoring 
before and after switching to FGM

	◾ Baseline (N = 72): 0.0

	◾ After 2 to 4 weeks of FGM (N = 72): 4.0
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	◾ P < 0.01

	◦ Median number of nocturnal hypoglycemia events detected using glucose monitoring 
before and after switching to FGM

	◾ Baseline (N = 72): 0.0

	◾ After 2 to 4 weeks of FGM (N = 72): 3.0

	◾ P < 0.01

Authors’ Conclusion
“Our study shows that use of flash glucose monitoring for ambulatory glucose monitoring 
system enhances patients’ compliance of glucose monitoring. It improves detection 
of hypoglycemia and its duration. Lack of calibration requirement and the longer wear 
period of the sensor help improving clinical outcome of diabetes in children and young 
people (p. 5).”28

Pintus et al. (2019)29

Main Study Findings
Single-centre, single-arm, prospective cohort study that assessed the effectiveness of FGM in 
children with type 1 diabetes (N = 52) with respect to metabolic outcomes and quality of life. 
Prior to switching to FGM, participants were assumed to have been monitoring their glucose 
levels using SMBG.

Summary of relevant findings:

•	 Hemoglobin A1C

	◦ Mean hemoglobin A1C 12 months before and 3 months after switching to FGM

	◾ 12 months before switching (N = NR): 62 mmol/mol

	◾ 3 months after switching (N = NR): 59.5 mmol/mol

	◾ Difference: 2.5 (95% CI, 0.1 to 4.8) mmol/mol

	◾ P = 0.040

	◦ Mean hemoglobin A1C 6 months before and 3 months after switching to FGM

	◾ 6 months before switching (N = NR): 61.9 mmol/mol

	◾ 3 months after switching (N = NR): 59.5 mmol/mol

	◾ Difference: 2.4 (95% CI, 0.1 to 4.4) mmol/mol

	◾ P = 0.040

	◦ Mean hemoglobin A1C 3 months before and 3 months after switching to FGM

	◾ 3 months before switching (N = NR): 65.2 mmol/mol

	◾ 3 months after switching (N = NR): 59.5 mmol/mol

	◾ Difference: 5.7 (95% CI, 1.4 to 11) mmol/mol

	◾ P = 0.012

	◦ Mean hemoglobin A1C 3 months before and 6 months after switching to FGM

	◾ 3 months before switching (N = NR): 66.8 mmol/mol

	◾ 6 months after switching (N = 36): 62.6 mmol/mol

	◾ Difference: 4.2 (95% CI, − 1.6 to 9.9) mmol/mol

	◾ P = 0.15
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	◦ Mean hemoglobin A1C 3 months before and 12 months after switching to FGM

	◾ 3 months before switching (N = NR): 65.9 mmol/mol

	◾ 12 months after switching (N = 30): 63.7 mmol/mol

	◾ Difference: 2.2 (95% CI, − 4.3 to 8.6) mmol/mol

	◾ P = 0.50
•	 Quality of life

	◦ Mean PedsQL total scores before and 3 months after switching to FGM

	◾ Baseline (N = NR): 75.6

	◾ 3 months after switching (N = NR): 82.5

	◾ Difference: − 6.9 (95% CI, − 1.6 to − 12.1)

	◾ P = 0.014

	◦ Mean PedsQL symptoms scores before and 3 months after switching to FGM

	◾ Baseline (N = NR): 57.8

	◾ 3 months after switching (N = NR): 66.5

	◾ Difference: − 8.6 (95% CI, 1.7 to − 15.6)

	◾ P = 0.018

	◦ Mean PedsQL treatment barrier scores before and 3 months after switching to FGM

	◾ Baseline (N = NR): 63.3

	◾ 3 months after switching (N = NR): 73.9

	◾ Difference: − 10.6 (95% CI, − 2.4 to − 10.9)

	◾ P = 0.035

Authors’ Conclusion
“Our study supports the use of FGM system in children with type 1 diabetes mellitus. The 
FGM technology associated with appropriate education at the initiation of the technology 
and regular support by healthcare professionals improves patient quality of life measures 
in children with type 1 diabetes mellitus. Further long-term randomised control trials 
studies are necessary to look at the glycaemic control in the long-term (p. 2929).”29
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