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Introduction
Digital transformation of health and social care services is widespread in the United Kingdom and reflects policy priorities and other pressures related to staffing and demographics‚ as well as insights from the COVID-19 crisis about benefits of integrated care (Topol‚ 2019). Glucose monitoring is one example of digital technology use for chronic disease management․ This article reviews and critiques the FreeStyle Libre flash glucose monitoring (FGM) system‚ which uses a precalibrated sensor worn on the body to measure interstitial glucose and transmit information to monitors or smartphones‚ potentially obviating or decreasing finger sticks․ FreeStyle Libre was included in the National Health Service Drug Tariff in England and Wales in 2017 and made available in England through local diabetes specialist nurse and other teams starting in spring 2018․ Adoption rates were high‚ less than 5% of people with type 1 diabetes in England had access before April 2019‚ while around one in five had access within twelve months of coordinated regional action (Crabtree et al․‚ 2023; Blissett et al․‚ 2022).

Overview Of The Innovation and Its Implementation
FreeStyle Libre is an intermittently scanned continuous glucose monitoring (isCGM) device․ An adhesive disk sensor worn on the upper arm for up to 2 weeks measures interstitial glucose․ Sensor data can be read by using a reader or smartphone to scan sensors․ The sensors are already calibrated‚ and fingersticks are needed mainly to detect or manage symptoms or for other rare purposes․ In studies reviewed by NICE‚ FreeStyle Libre users reduced fingersticks per day from an average of 5․5 to 0․5 (NICE‚ 2017). Other FreeStyle Libre features include an online tool called LibreView to share sensor data with health care professionals and an app called LibreLinkUp to share sensor data with family caregivers and others․ Additional information about FreeStyle Libre features is provided below․
Implementation of the technology package was part of broader care redesign efforts rather than direct provision of services․ In London‚ England‚ diabetes team members provided FreeStyle Libre to eligible individuals in the London diabetes program after they received training in diabetes self-management․ Primary care providers began prescribing FreeStyle Libre about two months after implementation and reassessed participants about three to six months after implementation using criteria that included an 8-strip-per-day reduction in meter strips prescribed or a 75% reduction in severe hypoglycemia or 0․6% lower HbA1c levels (NHS England London Region‚ 2018). The technology implementation promoted collaboration between primary and secondary care providers․ Contacts with primary care providers occurred at six weeks and six to 12 months after enrollment in the program․ More than 30% of people with type 1 diabetes in England use FreeStyle Libre as of 2020 (Blissett et al․‚ 2022). 
Scientific evidence of the benefits of FreeStyle Libre is limited․ Findings from a National Institute for Health and Care Excellence (NICE) evidence review of earlier studies indicate that most of the studies were small and funded in whole or part by industry and did not find statistically significant HbA1c reductions compared with traditional finger-stick blood glucose testing methods (NICE‚ 2017). The best evidence from the United Kingdom on the technology is from a multicenter randomised controlled trial‚ FLASH-UK (n=156)‚ in which participants using FreeStyle Libre 2 with optional alerts experienced HbA1c reductions from 8․7% to 7․9% at six months compared with usual care (Leelarathna et al․‚ 2022). 
An uncontrolled study in Eastern Cheshire (n=92) and other research in the United Kingdom reported HbA1c reductions from 83․0 to 66․9 mmol/mol at six months (Yadegarfar et al․‚ 2020). Participant screening and other highly supportive services offered to FreeStyle Libre users may explain some‚ but not all‚ of the observed benefits․

Impact on the workforce
For diabetes professionals‚ the FreeStyle Libre system offers advantages and disadvantages‚ including changes to the roles of diabetes professionals and the need for extra uncompensated cognitive labour․ Strategies included efforts during implementation to train specialist teams and teach skills such as using the FreeStyle Libre system and other continuous glucose monitoring tools and trend arrows to help adjust insulin doses and monitor patients remotely between office visits (NHS England London Region‚ 2018). 
Changes to the roles of diabetes professionals align with recommendations in the Topol Review (Topol‚ 2019) about the future needs of the digitally skilled workforce․ Other studies of FreeStyle Libre have reported conflicting views․ Wright et al․ (2022) interviewed healthcare professionals working in diabetes and identified themes including 'delivering person-centred care'‚ 'a shift in diabetes management' and a 'time burden'․ 
Patient-clinician office visits were more informative because both parties had access to glucose information but also took longer as clinicians reviewed continuous glucose monitoring scan results with patients during office visits․
The workload burden is not just in clinic time․ With an average test rate of 5․7 tests per day‚ these patients can share information through platforms like LibreView (NICE‚ 2017) and others․ Time avoided in clinic visits is replaced by other monitoring tasks․ Health care providers have reported difficulties with technology‚ including a quote from a provider saying that staff 'can't keep up with the technology' due to rapid introductions of new technology and its related training challenges and technology challenges in the clinic environment‚ such as system outages (Beasant et al․‚ 2023). 
FGM does not seem to reduce provider workload in the clinic setting‚ though it may displace some fingerstick testing with additional tasks․ In the United Kingdom‚ 91 percent of community and district nursing teams reported increased diabetes workload over two years (Martin et al․‚ 2024).

Impact on service delivery
At the service level‚ FGM implementation offers additional testing options and removes some access-to-care barriers for patients․ Financial impacts of greater FGM use are both positive and negative․ Advantages of the new testing regimen‚ which includes group instruction and testing or other office visits every six weeks and six to twelve months and recommendations about when to discontinue testing‚ for patients with diabetes include improved standardisation and monitoring of patients' testing (NHS England London Region‚ 2018). Telehealth office visits have reduced the number of in-person office visits for some patients․ 
This advantage was especially valuable during the COVID-19 pandemic‚ which restricted in-person office visits (Blissett et al․‚ 2022). Financial models indicate that‚ from the payer's perspective‚ FGM implementation would have disadvantages․ Mean annual Libre sensor and self-monitoring costs per patient were £1‚116 and £948․ The number of daily fingerstick tests required for cost parity with self-testing is 7․3; the mean number of daily fingerstick tests for self-testing is 5․6 (Blissett et al․‚ 2022). In a model local health economy‚ increasing FGM use from 30 to 50 and 70 percent of eligible patients would increase annual spending by 3․4 and 3․3 percent‚ respectively‚ but annual cost savings from reduced inpatient care of £11‚000-£26‚000 were projected․
In brief‚ the intervention has demonstrated clinical and other benefits but some immediate costs; other financial benefits of the intervention come from reduced complications‚ and preventive interventions can be challenging to fund on traditional timelines․ These and other barriers make it difficult to offer longer-term services with fewer immediate benefits and uncertain outcomes․ Other barriers to implementing the intervention include fragmentation of services between primary and other care settings and limited primary care resources to coordinate services․ Models to offer more flexible services are being developed but encounter continued barriers to implementation‚ including funding and coordination issues․

Patient and service user perceptions and experiences
Patient perspectives offer the most robust and comprehensive support for FGM․ High consensus among children‚ parents‚ and other healthcare providers regarding benefits to children‚ such as greater confidence and independence in school and sports activities because they are not required to perform finger sticks regularly‚ "one prick in my arm once every 14 days" (Beasant et al․‚ 2023). Benefits to parents included less anxiety‚ "peace of mind"‚ about their child's diabetes and increased physical activity by their child․ 
Other benefits reported by children and parents included greater knowledge of how daily activities affect blood sugar levels․ Graphical sensor data helped one participant view the sensor as "a useful tool for managing diabetes rather than just watching your diabetes․" Benefits identified here align with public policy objectives to promote self-management (Topol‚ 2019).
Empowering benefits are counterbalanced by other issues․ Study participants expressed issues with being inundated with information․ The Libre 2 alarm was useful to parents but highly bothersome to children in the same family․ Other Libre 2 issues included unwanted public curiosity about the device ('what is that?')‚ difficulty using the device‚ which might be mitigated by using a peel spray‚ and skepticism about extremes of sensor readings (Beasant et al․‚ 2023). Training materials were available to study participants but too long for them to complete․ Note that the original Libre device has no alarms and would not be suitable for use by people who lack awareness of hypoglycemia and do not have access to real-time continuous glucose monitoring (NICE‚ 2017; NHS England London Region‚ 2018). Benefits of Libre devices are not universal․

Community-level implications
Community benefits and challenges have been reported‚ and concerns about inequitable distribution of benefits within communities are major disadvantages․ Advantages to telemedicine use by family members and others include being able to monitor a child's blood glucose levels at night without disturbing the child and greater participation by children in school and other sports activities with less oversight than offered by telephone contacts with caregivers (Beasant et al․‚ 2023). Rural families may experience advantages‚ such as reduced travel to clinics‚ that have not been evaluated in the Libre program in the United Kingdom and depend on access to broadband and mobile technology‚ which is lacking in low-income and rural communities (ONS‚ 2019).
More evidence that access to digital tools may worsen health disparities․ A study by Fallon et al․ (2022) assessing digital technology use among 1‚631 adults with type 1 diabetes treated at three London hospitals found that 67% and 45%‚ respectively‚ of those in the lowest and highest socioeconomic groups reported using digital technologies (p<0․001)‚ and 40% and 29% of those in the lowest and highest socioeconomic groups reported using isCGM․ Only 40% of Black participants reported using digital technologies‚ compared with 59% to 60% of other racial and ethnic groups․ 
Other study findings related to barriers to use included differences in awareness‚ 25% of participants in the lowest socioeconomic group versus 12% in the highest socioeconomic group had never heard of digital technologies‚ and other barriers‚ including travel costs and lower participation in structured education programs‚ 23% of participants in the lowest socioeconomic group versus 43% in the highest socioeconomic group․ There were no differences in outcomes associated with digital technology use by socioeconomic group․ 
Health disparities in outcomes related to digital technology use are driven by unequal access to and adoption of digital technologies‚ not differences in response to treatment․ Broader disparities also exist; analysis of data from the National Paediatric Diabetes Audit showed an HbA1c difference of 7․0 mmol/mol between the least and most deprived young people with diabetes that was not reduced by increased digital technology use (Homer et al․‚ 2026). Lack of true co-production is another issue; implementation of digital technologies was led by health professionals‚ although patient consent was obtained at the time of prescribing rather than involvement of the community in decisions about digital technology adoption․
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Critical evaluation: positive and negative outcomes
Considering implementation across all four domains‚ the FreeStyle Libre system is a partially effective digital tool․ Advantages of FreeStyle Libre use include fewer fingerstick tests‚ better blood glucose control in previously poorly controlled patients‚ better identification of hypoglycemia‚ improved quality of life and anxiety relief for caregivers‚ and other important benefits for FreeStyle Libre users․ Other benefits include more standardised care delivery processes and some use of telemedicine‚ as well as reports of more patient-centred care from clinicians․ Disadvantages of FreeStyle Libre use include an immediately adverse net budget impact for local systems and unknown long-term cost savings‚ greater workload for clinicians without adequate resources to manage it‚ user dropout and discontinuation due to problems with alarms and other features of the device‚ and inability to use the device in some patients who require alarms․
Distributional impacts vary․ Benefits include improved patient outcomes among those with higher digital literacy and other socioeconomic advantages and greater use of specialty and other health care services‚ while harms include lack of access to and information about services among underserved and ethnic minority patients and those needing devices with alert capabilities‚ as well as challenges for health care providers‚ including increased workload without other resources․ 
Distributional effects and other lessons learned from England‚ such as program implementation and other strategies and coordination between primary and specialty care providers in the NHS London Region‚ show that program structure‚ in addition to technology‚ affects outcomes (NHS England London Region‚ 2018; Crabtree et al․‚ 2023). Key gaps in the evidence include industry-sponsored research and the absence of control groups in evaluations of services and longer-term outcomes‚ such as prevention of complications․ Benefits of these programs generally outweigh harms‚ and steps can be taken to make current programs more equitable․

Conclusion and recommendations
The FreeStyle Libre digital intervention has improved care and patient and family experiences for some people with diabetes in England over 10 years․ Benefits of FreeStyle Libre use include reduced blood glucose testing and improved glycemic control‚ particularly for people with the poorest glycemic control at baseline․ Additional benefits include increased confidence among patients and families․ Potential drawbacks to FreeStyle Libre use include unequal access and other expenses for local health systems and providers and patients․ 
Key lessons and recommendations include the following․ Potential approaches to expanding access include outreach and other support strategies to help connect underserved patients and families with digital technologies‚ including free devices and internet service․ Potential approaches to reducing provider and patient time burdens include policies to protect provider time for technology training and other uses and to promote interoperable electronic health records‚ as well as provider contract provisions to pay for technology training․ Policies to promote equal access to technologies may help ensure that patients who want other features can access real-time continuous glucose monitoring․
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