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Purpose: Evidence demonstrates that glucose-sensing technologies have enabled effective glycemic control for adults and children
with type 1 diabetes (T1DM) or adults with type 2 diabetes (T2DM) on insulin therapy or non-insulin therapy. Here, we report on the
wider value of glucose-sensing technology from the perspectives of person living with diabetes (PWD), healthcare providers (HCPs),
and healthcare policy stakeholders.
Methodology: Literature searches were conducted to identify published records and analysis, including across various healthcare
organizations and agencies, of the impact of the FreeStyle Libre® flash glucose monitoring system in diabetes. These findings were
combined with the outcomes of three healthcare attitudes surveys among PWD and diabetes healthcare professionals in Canada,
including two commissioned for this purpose.
Results: Clinical trials data and real-world evidence have proven the benefits of the FreeStyle Libre system on limiting hypoglycemia,
lowering HbA1c, optimizing metrics of glucose control and reducing hospital admissions. These benefits are accompanied by
improvements in patients’ quality of life, work productivity, and savings to the health system. The FreeStyle Libre system has created
an opportunity to change the organization and delivery of care, including during COVID-19 restrictions on access to standard care,
thus generating system-wide benefits in addition to those accrued by patients and HCPs.
Conclusion: Evidence-based improvements in glucose control for PWD using flash glucose monitoring are accompanied by increased
treatment satisfaction and quality of life. Telemedicine with such remote monitoring systems increases the opportunities for
simultaneous review of glucose data with HCPs and shared decision-making, thus encouraging adherence with treatment.
Keywords: glucose monitoring, telemedicine, healthcare costs, organization of care, treatment adherence

Background and Introduction
Central to good diabetes care for people living with diabetes (PWD) is the self-monitoring of blood glucose (SMBG).1–3

It is critical in the detection and/or prevention of hypoglycemia and provides PWD with an important tool for assessing
blood-glucose levels before and after meals, exercise, and a range of daily activities. However, SMBG only provides an
isolated glucose reading at the moment of measurement with no additional context, and its accuracy may vary depending
on the technique of the user.4 More importantly, SMBG testing can be painful, which has consequences for both the
frequency of testing and the quality of life (QOL) for the person with diabetes.5 Poor adherence with SMBG testing has
consequences for long-term diabetes health, since reduced frequency of testing is associated with increased HbA1c
levels6 such that the majority of people with type 1 diabetes (T1DM) or type 2 diabetes (T2DM) fail to meet HbA1c
targets, both in the US7 and in Canada,8 putting them at increased risk of diabetes-related complications.

Continuous glucose monitoring (CGM) technologies address the acknowledged limitations of SMBG testing. CGM
sensors measure glucose in the subcutaneous interstitial fluid using a thin filament inserted under the skin. This largely
eliminates the need for SMBG tests and test strips, except at times when sensor-glucose readings do not match the
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symptoms experienced by the user. The FreeStyle Libre® flash glucose monitoring system takes a glucose reading every
minute, which is provided to the user each time they scan their sensor with a smartphone app or a system reader. It also
provides the user with a glucose trend arrow that allows the user to see whether their glucose is falling or rising and how
fast. Thus, PWD using the FreeStyle Libre system have access to their glucose data in real-time directly from their device
and are provided with important information on their glucose levels that is actionable in real time. Here, we review the
objective evidence that supports the use of the FreeStyle Libre system as part of effective glycemic control and diabetes
management for PWD. We examine the global outcomes related to using the FreeStyle Libre system in glucose control;
however, the focus of our analysis is the potential benefits of providing access to the FreeStyle Libre system for the care
of children and adults with diabetes in Canada.

Methodology
Literature Search Details
The search strategies were developed and tested through an iterative process by an experienced medical information
specialist in consultation with the review author. Using the OVID platform, we searched Ovid MEDLINE®ALL, Embase,
and APA PsycINFO. We also searched CINAHL on the EBSCO platform and Web of Science. These databases provide
comprehensive coverage of journals, abstracts, and other published content across the biomedical, clinical, pharmaco-
logical, psychological, nursing, and allied health sciences. Because the coverage of Medline and Embase overlaps
comprehensively with the PubMed® and SCOPUS®, these databases were not interrogated.

Strategies utilized a combination of controlled vocabulary (eg, “Diabetes Mellitus”, “Blood Glucose Self-
Monitoring”, “Biosensing Techniques/is, mt [Instrumentation, Methods]”) and keywords (eg, “T2 DM”, “FGMS”,
“FreeStyle”). Vocabulary and syntax were adjusted across the databases. When possible, animal-only records were
removed from the results. Results were limited to the English language and the publication years 2015 to the present. In
addition to the formal literature search, the internet and grey literature sources outside of commercial publishing
organizations were reviewed to glean insights on relevant topics.

Survey Methodologies
Diabetes Canada Survey
A survey was conducted by Diabetes Canada to understand the pandemic’s impact on people affected by diabetes and
their health, how they have managed and adapted, and their needs going forward. This survey was conducted using
SurveyMonkey and available to the public between May 14 and June 17, 2021. It was publicized on Diabetes Canada’s
social media channels, through partners and via e-blast. In total, 780 people responded to the survey with results in the
document rounded to the nearest decimal point.

Ipsos Survey of PWD
Ipsos is a market research and consulting firm, which conducted a survey on behalf of Abbott Diabetes Care during the
COVID-19 pandemic, covering areas of diabetes management and support; the role of government in supporting access
for PWD, and the shift to virtual care – in general and as a result of COVID-19. A sample of 1500 adult Canadians with
diabetes was surveyed online via the Ipsos I-Say panel, with 90% of the sample having T2DM, while 10% of the sample
had T1DM. Quotas and weighting were employed to ensure that the sample’s composition reflects that of the Canadian
population with diabetes according to census information.

Banty Survey of HCPs
Abbott Diabetes Care (Canada) conducted a survey of 44 HCPs in the Hamilton, Ontario region to gain an understanding
of their experiences and perspectives in using virtual methods to manage patients living with diabetes. The intention was
to determine the current state of virtual diabetes care and to assess how the Freestyle Libre system supports the continuity
of care in PWDs, to enable HCPs in their efforts to provide care. Survey responses were aggregated and anonymized,
with the intention of sharing with stakeholders such as Diabetes Canada as well as the Ontario Government.
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Results
The Efficacy of the FreeStyle Libre System in Clinical Trials and Real-World Studies
Numerous studies have proven the clinical benefits of flash glucose monitoring in people with T1DM or T2DM treated
with different intensive insulin regimens, including multiple daily injections with insulin (MDI) and insulin pump
therapy.9–13 In the IMPACT randomised clinical trial (RCT), over 6 months in well-controlled adults with T1DM,9 the
FreeStyle Libre system was associated with a 38% reduction in time spent in hypoglycemia <3.9 mmol/L (70 mg/dL)
compared to SMBG testing, including a 50% reduction in nocturnal hypoglycemia, whilst maintaining HbA1c levels.
The REPLACE RCT10 evaluated the FreeStyle Libre system in adults with T2DM on intensive insulin therapy. After 6
months, subjects using the FreeStyle Libre system reduced their time in hypoglycemia by 43%, compared to the SMBG
arm, including a 54% reduction in nocturnal hypoglycemia. Although HbA1c was not reduced compared to SMBG
testing in the IMPACT or REPLACE RCTs,9,10 the single-arm SELFY study11 in children and young adults with T1DM
showed that using the FreeStyle Libre system over 8 weeks was associated with a 0.4% reduction in HbA1c compared to
standard of care with SMBG testing. An open-label 12-week prospective randomised controlled study by Yaron et al in
people with T2DM on insulin therapy12 demonstrated a significant reduction in HbA1c in the FreeStyle Libre system
group (−0.85% [± 0.45]) compared to an SMBG testing group (−0.32% [± 0.39]) (p < 0.0001).

Subsequent to these prospective RCTs, a meta-analysis of 25 real-world observational studies confirmed that flash
glucose monitoring is associated with reductions in HbA1c for children and adults with T1DM, and for adults with
T2DM on insulin therapy.13 Mean change in HbA1c 2–4 months after starting the FreeStyle Libre system was −0.56%
for adults and −0.54% in children and adolescents. Based on regression analysis, the degree of change in HbA1c
correlated with the initial HbA1c of the study population, ie, the higher the starting HbA1c, the greater the reduction after
starting with the FreeStyle Libre system. These observations have been further reinforced by the Association of British
Clinical Diabetologists (ABCD) FreeStyle Libre audit14 that found a mean reduction in HbA1c of −0.5% 6 months after
starting the system across a population of 3183 FreeStyle Libre system users. In this audit, use of flash glucose
monitoring was also associated with reduced incidence of impaired awareness of hypoglycemia and less diabetes distress.

Looking specifically at T2DM, a retrospective chart review across 18 medical centres in 3 European countries15

evaluated the impact of changing to the FreeStyle Libre system in people with T2DM on basal bolus insulin therapy.
After 3 to 6 months, HbA1c was reduced significantly, by - 0.9% in Germany and Austria, and by −0.8% in France. A
retrospective chart review across 6 diabetes centres in Canada of 91 adults with T2DM on basal-only insulin also showed
a −0.8% reduction in HbA1c 3–6 months after starting to use the FreeStyle Libre system.16 Recently, data have also
shown that flash glucose monitoring is associated with reductions in HbA1c in people with T2DM on non-insulin
therapies. A prospective study on 48 subjects with T2DM saw a 0.46% reduction in HbA1c after 24 weeks with the
FreeStyle Libre system.17 A larger, retrospective observational review of 728 adults with T2DM indicated a −1.6% fall in
HbA1c for those on non-insulin therapy, between 2 and 10 months after starting the FreeStyle Libre system.18

The Emergence of Glucometrics That Go Beyond HbA1c
The advent of sensor-based glucose-monitoring technologies and their ability to report on glucose levels in real-time has
enabled the objective assessment of both the rates and the risk of hypoglycemia in patients who are most vulnerable. This
is important, since hypoglycemia is a major limiting factor in the glycemic management of people with T1DM or
T2DM.19

Along with assessments of time spent with low glucose below 3.9 mmol/L (70 mg/dL) or with clinically important
hypoglycemia below 3.0 mmol/L (54 mg/dL), the availability of CGM data has led to the development of new metrics
that can be used to assess and improve glucose control. Thus, time in range (TIR) is gradually becoming a useful metric
for people who use the FreeStyle Libre system and CGM devices in their daily diabetes care.20 TIR refers to the amount
of time that a person with diabetes spends within a specified target glucose range, typically 3.9–10 mmol/L (70–180 mg/
dL). Time below range (TBR) <3.9 mmol/L (70 mg/dL) and time above range (TAR) >10 mmol/L (180 mg/dL) are also
important measures that quantify periods when glucose levels are below or above target. These are now accepted critical
metrics when assessing the glycemic profile of a person with diabetes. The time spent in any of these ranges can be
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described either as the percentage of glucose values recorded each day or as the number of hours/minutes per day spent in
that range, and consensus targets have been developed for use in daily diabetes care.21 The goal for effective and safe
glucose control is to increase %TIR while reducing %TBR.

The value of TIR as a metric for optimizing glucose control is validated by studies showing the correlation between
TIR and HbA1c levels22,23 and the association of TIR with microvascular and macrovascular complications of diabetes.
An inverse relationship has been demonstrated between TIR and risk of diabetic retinopathy in T1DM and T2DM,24,25

with nephropathy in T1DM,24 and with neuropathy in T2DM.26 Notably, increased TIR has been correlated with
improvements in markers of cardiovascular disease (CVD) and with reductions in risk of all-cause and CVD mortality
in T2DM.27,28

Other accepted metrics that have emerged from CGM data are glucose variability, expressed as the coefficient of
variation (CV) of glucose,29 and the glucose management indicator (GMI), which is a measure of short-term glucose
exposure that allows treatment adjustment to be fine-tuned when used in conjunction with a recent HbA1c test reading.30

Visualizing Glucose Control Using CGM and Flash Glucose Monitoring Data
Standard reports that are generated for the FreeStyle Libre and CGM systems also include the user’s ambulatory glucose
profile (AGP). The AGP displays large amounts of glucose data from across several days or weeks as if all the readings
had occurred in a single 24-hour period.31 The visually impactful format allows HCPs and PWD to identify patterns and
trends in daily glucose control, including those that may be of clinical importance; and pinpoints times within each day of
increased risk of hypoglycemia or hyperglycemia. Significantly, the AGP helps visualize glycemic variability which is
emerging as an important risk factor for diabetes complications, independent of average blood glucose levels.32 This is a
powerful tool for PWD and their HCPs to examine options for improving diabetes control.

These new metrics supplement and overcome many of the limitations of HbA1c, which has long been established as
the primary predictor for the risk of long-term diabetes complications. Because HbA1c only reflects average glucose
levels over the previous 2–3 months, it does not provide information on glucose variability or the incidence of hypo- or
hyperglycemia at any point in time during the day or night.

Access to the FreeStyle Libre System
The wider use of CGM and flash glucose monitoring technologies has prompted various professional and government
agencies to assess their role in the care and management of PWD. A summary of these assessments as they pertain to
adoption of the FreeStyle Libre system by the Canadian healthcare system is provided below. The current state of funding
for the FreeStyle Libre system by Canadian jurisdictions (as of September 2021) is also summarized (Table 1).

Canadian Agency for Drugs and Technologies in Health (CADTH)
CADTH is an independent, not-for-profit organization responsible for providing Canada’s healthcare decision-makers
with evidence about the effective use of drugs and medical devices. At the time that the FreeStyle Libre system was
approved by Health Canada33 in 2016, CADTH provided no overall recommendation, but it did highlight a number of
potential benefits of the system for people with T1DM or T2DM. In September 2020, CADTH published two more
reports: a comprehensive technology review34 as well as implementation advice35 regarding the FreeStyle Libre system.
These reports were generated in response to a request from public drug plans, who were under increasing pressure from
patients and HCPs to provide health-service funded access to this system.

The CADTH technology review synthesized the findings of health technology assessments (HTA) undertaken by
Ontario (via OHTAC) and Quebec (via INESSS), to facilitate funding decisions by jurisdictions that had not done their
own HTA reviews. Both HTAs recommended funding the FreeStyle Libre system with conditions and/or criteria. (See
below for summaries of the OHTAC and INESSS recommendations and reimbursement in Ontario and Quebec,
respectively.) The CADTH report highlighted the therapeutic benefits supported by evidence – namely, the reduced
frequency and duration of hypoglycemia events in T1DM and T2DM for people using intensive insulin therapy; and,
improvement in time spent in the target glucose range in T1DM.
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For the second report, CADTH convened an implementation panel tasked with providing the context for the HTA
and identifying additional factors that should be considered by policy makers as part of their decision process (eg,
specific groups of patients who may benefit). The panel identified a number of subgroups within the insulin-treated
population who would be predicted to benefit from using the FreeStyle Libre system. The panel noted additional
clinically relevant benefits, including enhanced patient comfort, convenience, and independence. Improved patient
compliance with glucose monitoring and better disease management through analysis of glycemic trends were also
noted.

More recently, CADTH completed a review of the FreeStyle Libre systems in the pediatric T1DM
population,36 concluding that the evidence indicates that the systems may improve QOL, patient satisfaction,
diabetes distress, self-efficacy, and frequency of glucose monitoring compared to SMBG. The report noted that
findings related to HbA1c, glucose TIR metrics, and adverse events were mixed; but ultimately concluded that
the use of either of the FreeStyle Libre systems is associated with improved clinical outcomes in pediatric
populations with T1DM.

Ontario Health Technology Advisory Committee (OHTAC)
OHTAC makes evidence-based recommendations on which healthcare services and devices should be publicly funded,37

which require approval from Ontario Health management before they can be adopted.38

The OHTAC review39 recommended public funding of the FreeStyle Libre system for 2 groups of patients: 1) People
with T1DM who experience recurrent hypoglycemia despite frequent SMBG testing and efforts to optimize insulin
therapy and 2) People with T2DM requiring intensive insulin therapy who experience recurrent hypoglycemia despite
frequent SMBG testing and efforts to optimize insulin therapy. The Ontario Drug Benefit Program has reimbursed the
FreeStyle Libre system since September 16, 2019 (see reimbursement details in Table 1) in part based on this
recommendation.

Table 1 Summary of Current Canadian Public Payer Reimbursement for the FreeStyle Libre Systema

Jurisdiction Criteria

Ontario86 ● Patients managing diabetes with insulin
● Maximum 33 sensors per 365 days

Quebec87 People 18+ who meet all of the following criteria:
● On intensive insulin therapy with at least 3 injections daily or using a pump; and,

● Having frequent hypoglycemia in the last year.

Initial authorization given for 6 months to evaluate patient’s capacity to use FreeStyle Libre system and
wear the sensor.

Yukon Announcement of a program to provide funding for continuous glucose monitoring to all Yukoners with

T1DM from age 2 to 18 (as of April 1, 2021).88

● NOTE: specific devices not identified in the announcement.
A program is also being developed for Yukoners over 18 years of age with T1DM, to have access to fully

funded flash glucose monitors.89

Manitoba90 On September 14, 2021, the Manitoba government established a new program to pay for advanced

glucose monitors for individuals aged 25 years and younger with Type 1 diabetes. PWD who meet

eligibility criteria will have the option of either continuous or flash glucose monitors.

Saskatchewan91,92 Full coverage for continuous and flash glucose monitors and related supplies for children and youth under

18 who are insulin dependent (as of June 1, 2021).

Non-insured Health Benefits
(NIHB) Program

Reimbursement on a case-by-case basisb

Notes: aOf note, most private drug plans in Canada provide coverage for the FreeStyle Libre system (Abbott information on file). bAbbott Laboratories Inc. (Canada).
Information on file.
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Institut National d’Excellence en Santé et Services Sociaux (INESSS)
INESSS is the HTA body for the province of Quebec40 and evaluates new medications and makes recommendations to
the Minister of Health and Social Services regarding funding on Quebec’s List of Medications (ie, formulary for the basic
drug insurance plan) and the List of Medications – Institution (ie, medications used in hospitals).

INESSS recommended in October 201841 that the FreeStyle Libre system be added to the Quebec drug plan for self-
monitoring of glycemia in patients on insulin therapy (with some caveats related to the pricing of the system). Régie de
l’assurance maladie du Québec (RAMQ) funded the FreeStyle Libre system from July 2019 and updated its coverage
criteria in April 2020 subsequent to a second INESSS evaluation,42 with further updates being implemented in January
2021. This most recent update (see Table 1) recognized the value of the FreeStyle Libre system for patients on intensive
insulin therapy who experience frequent severe hypoglycemia despite the adoption of a glycemic management plan. The
initial RAMQ funding request is only for 6 months in order to evaluate the patient’s ability to wear the sensor and use the
system. Thereafter, funding requests are renewed for a period of 12 months.

Diabetes Canada
As a consequence of the rapid uptake of newer glucose monitoring technologies, Diabetes Canada updated their clinical
practice guidelines for glucose monitoring in adults and children with diabetes in September 2021.43 Although periodic
HbA1c testing is recommended, the 2021 guidance recognizes that HbA1c tests do not support immediate or short-term
decisions on diabetes self-management. Flash glucose monitoring is now indicated in preference to SMBG for all
individuals with T1DM using basal-bolus insulin therapy or insulin-pump therapy, specifically to increase TIR and
reduce the incidence and duration of hypoglycemia, as well as increase treatment satisfaction. This emphasis on flash
glucose monitoring is extended to adults with T2DM using basal-bolus insulin therapy who are not achieving HbA1c
targets. Diabetes Canada also recognizes the need for clinicians to be more aware of the new glucometrics of TIR, TBR,
TAR, and glycemic variability, as well as familiarity with the AGP report format.

Separate from this guidance, wider access to flash glucose monitoring in Canada has prompted several surveys to
evaluate perspectives on the system among PWD and HCPs, particularly in the context of the COVID-19 pandemic.
These surveys provide additional context for the value of the system.

Canadian Surveys on the Use of Technology in Glucose Monitoring
Three Canadian surveys of PWD and HCPs have examined the role of glucose monitoring technologies (particularly the
FreeStyle Libre system) in general and in the context of the COVID-19 pandemic.

Diabetes Canada Survey
Diabetes Canada conducted a survey in May/June 2021 centered on the impact of the COVID-19 pandemic on
individuals and caregivers affected by diabetes, focusing on their health, how they have managed and adapted, and
their needs going forward.44 A total of 780 people responded, with 86% being people living with diabetes and 11% from
the diabetes caregiver community and 3% who were both. Respondents were evenly split between T1DM and T2DM,
almost two-thirds were women, with more-than half of the respondents being aged 60 years or older.

As shown in Figure 1, COVID-19 has been stressful for PWD and their caregivers. Seventy-five percent expressed
concerns about contracting the virus which was compounded by feelings of isolation or loneliness (41%), anxiety (46%),
and concerns about their mental health (37%).

Continuity of care has been impacted for two-thirds of respondents; and, about half have had virtual medical visits
since the pandemic started. Of interest was that 73% of the respondents felt that virtual appointments were convenient,
with 44% reporting a comparable experience to in-person care, with almost 40% indicating that they would prefer more
virtual visits in the post-pandemic world (Figure 1). Leveraging technology has been a key part of this shift to virtual
care. Forty-seven percent of respondents reported use of advanced glucose monitoring systems, and 72% indicated that
they share their diabetes data digitally with their clinics. It is clear that technology is becoming an important tool in
providing continuous diabetes support through virtual diabetes care, both during COVID-enforced restrictions on access
to regular care and beyond.
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Ipsos Survey of People with Diabetes
This survey revealed that frustrations with traditional approaches to diabetes self-monitoring (ie, frequent finger pricks)
are making PWD consider switching to technology that makes it easier to track their glucose levels digitally between
doctors’ visits. Key barriers to the use of flash glucose monitoring systems relate primarily to lack of information, but
there is a high level of interest in learning more about this option.

Survey respondents were increasingly interested in or actively embracing innovative technology, partly in response to
the COVID-19 pandemic and the immediate shift to virtual care. Seventy-three percent of respondents were open to
using technology to manage their diabetes, although only 53% were comfortable using technology to share their health
information. Those with T1DM and those who live in Ontario and the Atlantic provinces are generally more open to
using technology when it comes to their health.

The pandemic has clearly been a driver of the switch to virtual/digital care, requiring many Canadians to adapt,
including those with diabetes. The survey revealed an increasingly receptive attitude towards using technology to manage
their diabetes and virtual appointments. Forty-two percent of respondents indicated that they have changed their habits as
a result of COVID, including starting to use virtual care or digital resources, using a delivery service for prescriptions, or
sharing data with their doctor digitally. One-third of Ontarians have used virtual care and/or other digital resources since
the start of the pandemic and 15% of Ontarians are digitally sharing their glucose data with their doctor.

COVID-19 is also associated with a number of other impacts that are important to address (eg, disruptions to
scheduled care, pandemic-related stress about reduced focus on personal diabetes care), both as part of the post-COVID
pandemic period and the general move towards technologies in the management of PWD. Respondents also raised
questions about whether virtual care is as effective as established care, despite acknowledging that it provides quicker
access to HCPs.

Banty Survey of HCPs
Abbott conducted a survey of HCPs (89% primary care practitioners) centered on their attitudes towards using virtual
methods to manage PWD, with a particular focus on use of the FreeStyle Libre system. Overall, the pandemic has been
highly disruptive, with significant impacts on regular patient follow-up and laboratory monitoring. The majority of
clinicians believe that this has increased health risks for PWD, with 51% reporting that their patients have experienced an
increase in acute episodes leading to a hospital visit.

HCPs have been using a range of tools to maintain contact with their patients, leveraging phone calls, video chats,
emails, and/or texts to keep the lines of communication open. The key concerns that HCPs report in dealing with PWD in

Figure 1 Key outcomes from people with diabetes and caregivers as a consequence of COVID-19 pandemic restrictions. Outcomes taken from an online survey conducted
by Diabetes Canada. A total of 780 people with diabetes or caregivers provided responses between May 14 and June 17, 2021.44
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the virtual environment relate to questioning the reliability of the self-reported information; glucose not in the target
range; levels of patient stress and anxiety; and, missing laboratory results. Respondents recognize that virtual tools and/or
technologies can be helpful for patient education and disease management decision-making and that the pandemic is
highlighting the unmet need for new ways to support patient self-management for successful outcomes.

In terms of the FreeStyle Libre system, 71% of the respondents were confident that it better enables their patients to
make more-informed decisions about their disease control, with the same proportion indicating that the system increases
patient confidence and can reduce anxiety. The contribution of the FreeStyle Libre system to educating patients and
increasing their level of awareness of how various factors directly affect their glucose levels – thus enabling better self-
management – was also noted by almost two-thirds of respondents. More than 70% of the physicians indicated that the
FreeStyle Libre system increased their own confidence in making more-informed treatment changes, presumably because
of the increased reliability of the data collected.

Notably, 51% of HCPs noted seeing a reduction in hypoglycemic events and 56% believe that patients experience
better control of their HbA1c levels when using the FreeStyle Libre system. The majority of HCPs indicated that using
flash glucose monitoring could contribute to decreasing the risk of diabetes-related comorbidities, complications,
hospitalizations, and related health care costs. Almost 60% of the respondents perceive that the FreeStyle Libre system
supports virtual patient care and contributes to continuity of care.

The outcomes from these three surveys indicate that PWD and HCPs have been challenged by COVID-19 and have
an appetite for technologies such as the FreeStyle Libre system and the opportunities they provide for a new approach to
diabetes management. Virtual care has become established in ensuring continuity of patient care while maintaining
pandemic restrictions. Effective sharing of glucose data between patient and HCP has been managed through technol-
ogies such as the FreeStyle Libre system. The question now is what ongoing support is needed to leverage digital tools to
optimize the care of PWD.

Articulating the Wider Value of the FreeStyle Libre System
Over and above the clinical trials and real-world data, there is a larger body of research reflecting real-world use and
outcomes associated with the FreeStyle Libre system. These data validate the extent of the benefits that the system has
brought for PWD.

Benefits for Children and Youth
The management of T1DM diabetes in children and youth is complex and challenging, so access to tools that can
facilitate management and improve outcomes in this population is important.45 In addition to the SELFY study noted
above,11 there have been several studies reporting the benefits of flash glucose monitoring compared to SMBG, including
health-related QOL, even if HbA1c has not changed.46–50

High levels of satisfaction with the FreeStyle Libre system have been reported by young people with T1DM,46 with
respondents citing less pain, ease of wearing, discrete scanning, and no impact on daily activities as definable benefits.
Improved detection of hypoglycemia is associated with switching from SMBG to the FreeStyle Libre system, with
subsequent improved adherence to glucose monitoring.47

Flash glucose monitoring enables children to participate in active environments such as summer camps.48,49 These
studies have demonstrated that flash glucose monitoring is as safe as SMBG in this environment, with improvements in
TIR48 and reported high levels of usability and user acceptance.

Retrospective observational analysis of wider access to the FreeStyle Libre system in young PWD is available. A
study from Belgium evaluated the use of the FreeStyle Libre system as well as diabetes outcomes in T1DM children and
adolescents 1 year after reimbursement.50 The system was well accepted overall and resulted in a 53% decrease in the
rate of severe hypoglycemia (p = 0.012) for users, while that rate was unchanged in SMBG users. A multi-centre study
carried out in Israel51 looking at outcomes over a 6–12-month period showed the shift to the FreeStyle Libre system was
associated with significant decreases in mean HbA1c (from 8.86 ± 0.23 to 8.05 ± 0.2%; p = 0.0001) within the first 3
months of use.
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User acceptance is a particularly important factor in the successful use of the FreeStyle Libre system in children and
youth with T1DM. A French study that surveyed 347 children and/or their parents regarding flash glucose monitoring52

found that, while the key drivers for using the FreeStyle Libre system were avoidance of painful finger-pricks and the
opportunity to check nocturnal glucose levels, there were challenges identified with the use of the system, emphasizing
the importance of training and education in this group. This need for education and support to ensure successful
implementation is a common theme in pediatric diabetes studies. A prospective study in the UK evaluated the impact
of a structured educational approach by HCPs on metabolic outcomes and QOL in children with T1DM.53 After 12
months of follow-up, PedsQL3.2 diabetes scores demonstrated significant improvement in patient QOL, and reduction of
diabetes symptoms and treatment barriers following initiation with the FreeStyle Libre system.

Benefits for Adults with T1DM or T2DM
The Flash Monitor Register in the Netherlands (FLARE-NL) study54 followed people with T1DM or T2DM using the
FreeStyle Libre system for at least 1 year and measured a series of glycemic metrics, changes in well-being and HRQOL,
the frequency of hospitalizations related to diabetes, as well as cost-effectiveness and cost-benefit assessments. The
FLARE-NL4 study55 reported that people using flash glucose monitoring had improved well-being, decreased disease
burden, and improved glycemic control after one year of use. Workplace absenteeism and annual diabetes-related
hospital admission rates decreased significantly, from 18.5% to 7.7% and 13.7% to 4.7%, respectively. Diabetes-related
HRQOL improved, including related mental health. Overall, there was an average decline in HbA1c of 0.4% associated
with the use of the FreeStyle Libre system, and those with higher HbA1c at baseline were likely to see greater reductions
with FreeStyle Libre system.

The Burden of Acute Diabetes Events, Hospital Admissions, and Healthcare
Economics
The clinical trials and real-world studies identified earlier attest to the impact of the FreeStyle Libre system in adults with
T1DM or T2DM, with a clear focus on reductions in hypoglycemia and HbA1c, among other clinically important
measures of glycemic control. The wider impact on the healthcare economy is also becoming clearer.

A logical extension of the evidence that elevated HbA1c levels are associated with long-term diabetes complications
is that they are also associated with increased health system resource utilization. A 2017 real-world study from Ontario56

showed that higher HbA1c levels were associated with increased emergency department visits and hospital admissions.
We know that the rate of acute diabetes events (ADEs) associated with poorly managed disease is a significant burden on
healthcare systems. ADEs such as diabetic ketoacidosis (DKA), hyperglycemia hyperosmolar syndrome (HHS), and
severe hypoglycemia (SH) are associated with significant morbidity, mortality, and are a frequent cause of attendance at
emergency rooms and hospital admission. These all incur significant and measurable costs.57,58

As noted above, the FLARE-NL4 study cohort reported a reduction in diabetes-related hospital admissions from
13.7% to 4.7% after starting the FreeStyle Libre system.55 As well as showing an association with reduced HbA1c, the
ABCD UK FreeStyle Libre system audit also revealed a significant reduction in paramedic calls and hospital admissions
due to SH, HHS and DKA.13 Given calculated potential costs for each admission of £2152 for SH59 and £2064 for
DKA58 (2014 costs), the use of the FreeStyle Libre system can be linked to significantly reduced health system costs.

The FUTURE study in Belgium60 collected real-world data for 1913 adults with T1DM started on the FreeStyle Libre
system and showed that hospitalization for SH and/or DKA was 3.3% in the year prior to introduction of the FreeStyle
Libre system and decreased to 2.2% in the year after (p=0.031). Another retrospective cohort study in Israel61 looked at
3490 adults with T1DM who were initiated on the Freestyle Libre system during 2018 and followed for a median of 14
months. In this group, hospital admissions for DKA were reduced by 48% (p<0.001) and for SH admissions were
reduced by 43% (p<0.001).

The largest study focusing on ADEs in the context of flash glucose monitoring is the RELIEF study,62 a retrospective
real-world analysis of data from the national French SNDS health claims database, which examined the rate of
hospitalizations for ADEs among 74,011 people with T1DM or T2DM following initiation of the Freestyle Libre system,
after reimbursement was implemented in 2017. In the first 12 months of Freestyle Libre system use, hospitalizations for
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ADEs fell significantly in T1DM (−49.0%) and in T2DM (−39.4%) following initiation of the system. Specifically,
admissions for DKA fell in T1DM by −56.2% and in T2DM by −52.1%, with reductions in admissions for diabetes-
related comas in T1DM (−39.6%) and in T2DM (−31.9%). While the economic implications of these reductions were not
assessed, it is fair to assume that such a drop in admissions would lead to health system savings.

In the US, and specifically focusing on the association of the FreeStyle Libre system with ADEs in people with
T2DM on rapid-acting insulin therapy, an analysis of healthcare insurance claims databases63 found that the rate of ADEs
related to hypoglycemia fell by 29% and that hospital admission rates for any cause decreased by 32% from (p<0.001).
Of particular note, the reduction in ADEs and hospitalizations was evident within the first 45 days of starting flash
glucose monitoring. The potential for these changes to reduce costs was also noted.

Together, these findings at institutional and national levels show that implementing flash glucose monitoring can have
significant implications for the acute clinical care of people with T1DM or T2DM, as well as potential economic benefits
through reduction in hospital admissions.

The COVID-19 Pandemic: A Case Study in Telemonitoring Using the FreeStyle Libre
System
The use of telemedicine approaches to deliver care for PWD has been evolving for several years64–66 and has accelerated
as a consequence of the COVID-19 pandemic, given the severely restricted access to in-clinic diabetes services.67 As
noted above in the patient and HCP surveys, the pandemic has driven a switch to remote monitoring and virtual
consultation, both of which can be facilitated by the FreeStyle Libre system. Numerous published studies have
demonstrated that glucose control did not deteriorate while access to regular diabetes clinical services was interrupted;
and, in many cases, improved across selected metrics68 including time in range, time above range, average glucose,
and GMI.

The majority of the studies indicated that flash glucose monitoring was associated with successful diabetes manage-
ment during enforced social distancing.68 These include large studies in Scotland69 and Spain70 demonstrating that %
time in range (%TIR) 3.9–10 mmol/L (70–180 mg/dL) over this period increased, with associated improvements in
glycemic variability. Smaller studies across Europe involving groups of people with T1DM using the FreeStyle Libre
system have typically shown improvements in %TIR and average glucose during enforced social distancing,71–73

including for children and adolescents;74,75 and, either improvement or no change in % time in hypoglycemia over the
same period, including for groups at higher risk of hypoglycaemia.76,77

Overall, participants who have been able to leverage the FreeStyle Libre system during the COVID-19 pandemic have
been successful in managing their disease, particularly when supplemented by virtual interactions with their diabetes
team. Given this experience, PWD and HCPs are likely to maintain or increase their use of telemonitoring and
telemedicine as part of their approach diabetes care once the pandemic is controlled.78

Patient Perspectives and Benefits
Active engagement and empowerment of PWD in their diabetes care is a key factor in optimizing health outcomes, and
diabetes technologies are important tools in achieving these goals.79 The Ipsos survey confirmed that there is a high level
of interest in technologies that make it easier to digitally track glucose levels between clinic visits. HCPs responding to
the Banty Survey noted an important role for technologies in patient education and disease management decision-
making.

Since PWD and clinicians accept the value of new glucose monitoring systems, it is important to understand how
flash glucose monitoring contributes to patient and/or caregiver satisfaction, as well as QOL improvements. Both of these
factors are likely to be drivers in successful utilization of this technology and, thus, predictors of the degree of
engagement in diabetes care.

Patient Treatment Satisfaction and Well-Being
The experience and satisfaction of young adults with flash glucose monitoring was evaluated in a cohort with T1DM who
were using an insulin pump over a 12-week period.80 Significant improvements in various glucose metrics were evident
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over the study period compared to baseline, including HbA1c, hypoglycemia, and mean capillary glucose. There were
also significant improvements in insulin dosing and dietary metrics. Glucose monitoring satisfaction (GMS) was assessed
using the T1DM version of the glucose monitoring satisfaction survey (GMSS). There were statistically significant
improvements in overall GMS score compared to baseline, as well as improvements in key subdomains: openness,
emotional burden, behavioral burden, and trust.

The same researchers assessed diabetes treatment satisfaction (via the DTSQ) and sense of well-being (via the WHO-
5 Well-Being Index [WHO-5]) with flash glucose monitoring over a 12-week period in a different group of young adults
with T1DM.81 Compared to baseline, the study group reported significant improvements in treatment satisfaction
(p<0.001) and sense of well-being (p<0.001) with the system compared with conventional SMBG testing.

A group of Japanese people with T1DM or T2DM being treated with insulin82 were evaluated over 14 days and those
with T1DM reported significant improvements in both WHO-5 and DTSQ scores using flash glucose monitoring
compared to baseline.

Impact on Distress, Fear of Hypoglycemia, and Quality of Life
A number of studies have focused on changes in psychosocial experiences of people with T1DM using flash glucose
monitoring. An assessment of changes in diabetes distress and sleep quality in young adults (mean age 20.9 yrs) with
T1DM noted statistically significant improvements in Diabetes Distress Scale (DSS) scores and Pittsburgh Sleep Quality
Index metrics over a 3-month period.83 Use of flash glucose monitoring was also associated with statistically significant
decreases in HbA1c levels and confirmed hypoglycemia episodes per month compared to baseline.

A similar real-world study examined the impact of flash glucose monitoring on glycemic control and diabetes distress
in an adult T1DM population in the UK.84 As well as significant decreases in HbA1c and a >50% reduction in the mean
number of hypoglycemic episodes per week, there was also a significant improvement in all five domains of the
abbreviated DDS compared to baseline, potentially related to the changes in hypoglycemic episodes.

Fear of hypoglycemia (FOH) is a factor in diabetes distress and lower adherence with therapy. A study85 examined
changes in FOH among children and young people (13–19 years old) with T1DM after using flash glucose monitoring for
3 months compared to SMBG. Significant improvements were noted in FOH metrics, along with increases in QOL
scores, HbA1c, and hypoglycemia in the overall study population. Additionally, these improvements were correlated to
more-frequent scanning with the FreeStyle Libre system.

The FUTURE study,60 a 12-month prospective observational study in Belgium, investigated the impact of the
FreeStyle Libre system in the year following reimbursement on various measures of QOL and glycemic control in
adults with T1DM. Overall, general QOL (SF-36) and diabetes-specific QOL measures (Problem Areas in Diabetes, short
form [PAID-SF], Hypoglycemia Fear Survey [HFS]–Worry) were high at baseline and remained stable through the study
period, while treatment satisfaction (per the DTSQ) improved significantly and there was a decrease in work absentee-
ism. These observations align with improvements in treatment satisfaction reported in the IMPACT9 and REPLACE
RCTs,10 and with the positive changes in QOL seen in the FLARE-NL-4 study.55

Along with the reductions in HbA1c and reduced ADEs previously noted, the ABCD UK audit14 of FreeStyle Libre
system users also confirmed that there is a QOL improvement for users, which appears to be related to improved
awareness of hypoglycemia and the opportunity to improve overall glycemic control. Improvements in self-care and
broader self-esteem were also associated with use of the system.

Limitations and Strengths
The clinical trials included and real-world evidence reviewed contained only a small number of studies conducted on
Canadian subjects and systems, and none on pediatric patients in Canada. The majority of papers covered a variety of
non-Canadian populations, and we have made an assumption as to their generalizability to the care of PWD in Canada
using sensor-based technology such as the FreeStyle Libre system. Also, the search strategy as outlined did not include
the PubMed or SCOPUS databases, as that was deemed to be redundant, given the coverage of the other databases. We
therefore cannot fully exclude the possibility of research that counters our conclusions. The original research discussed
herein was conducted under a variety of settings, with differing levels of control for confounding factors that may have

ClinicoEconomics and Outcomes Research 2022:14 https://doi.org/10.2147/CEOR.S346736

DovePress
85

Dovepress Glennie et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


contributed to the treatment effects of sensor-based technologies. We have not ranked studies based on the strength of
their outcomes and bias across studies was not assessed.

Strengths of our analysis are the large number of studies identified and the number of children and adult patients
included. The papers incorporated also encompass clinical outcomes and healthcare-related quality of life outcomes using
validated tools.

Conclusions
Self-monitoring of glucose is essential in the management of diabetes and sensor-based technologies such as the
FreeStyle Libre system are addressing the limitations associated with traditional SMBG. Clinical trials and real-world
studies have documented the contribution of the system to improving glucose metrics in people with T1DM and T2DM,
particularly as it relates to avoiding hypoglycemic events whilst maintaining or reducing HbA1c levels. A wide range of
government agencies and healthcare stakeholders within Canada have confirmed the value and role of the FreeStyle Libre
system.

Flash glucose monitoring and CGM systems have helped define a number of new and more dynamic measures of
glycemic control, allowing PWD and HCPs to move beyond HbA1c as the sole measure of glucose control. Evidence
from real-world practice is confirming that flash glucose monitoring can help patients achieve targets for TIR and reduce
time spent in hypoglycemia or hyperglycemia. The correlation between TIR, HbA1c, and diabetes-related morbidity and/
or mortality provides compelling evidence of the value of the FreeStyle Libre system that should be considered by
payers. This is clearly highlighted by the strong association between using the FreeStyle Libre system and reduced rates
of ADEs and hospitalizations, with predicted consequent reductions in health system costs.

The COVID-19 pandemic has driven a shift towards telemonitoring and provision of diabetes care at a distance. The
FreeStyle Libre system has been demonstrated to be a valuable asset for adults and children with diabetes, helping them
to maintain or improve successful management of their disease, despite restricted access to regular care.

This current review identifies the evidence-based improvement in a number of glycemic outcomes for PWD in studies
assessing the impact of the FreeStyle Libre system up to 12 months. Our future research objectives will encompass the
longer-term impact of sustained use of the system beyond 12 months and in different groups of PWD, including the
elderly and at-risk, as well as those on basal insulin alone, or on non-insulin therapy. It will also be important to
understand the behavioural and lifestyle benefits for PWD using the FreeStyle Libre system.
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