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(ABSTRACT) 

 

Randomized controlled trials (RCTs), which are are considered the highest level of scientific 

evident, have shown significant glycemic benefits associated with use of continuous glucose 

monitoring (CGM) in individuals with diabetes who are treated with intensive insulin regimens.   

However, numerous prospective, retrospective, and observational studies have investigated the 

impact of CGM in various diabetes populations treated witn non-intensive therapies. Results 

from these studies have contributed to changes in payer coverage, prescriber behaviors and 

expanding use of CGM. This article reviews findings from recent real-world studies, highlight 

the key lessons learned from these studies, and discuss how we need to move forward in 

increasing utilization of and access to CGM among all diabetes patients who would benefit from 

this technology.   
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Introduction 

 Early, effective and sustained glycaemic control is fundamental to the management of all 

types of diabetes mellitus, and patient glucose measurement with continuous glucose monitoring 

(CGM) is the most informative approach.  There is growing interest in using real-world evidence 

in conjunction with randomized controlled trials (RCTs) to assess the patient utilization, clinical 

outcomes, and patient attitudes toward use of CGM in real-world settings. Today, an increasing 

number of regulatory agencies and payers now require pharmaceutical and medical device 

manufactuers to submit findings from real-world studies in addition to RCTs when assessing the 

safety, effectiveness and cost-benefit parameters of new medications and medical devices.1-4 

 During the past five years, numerous prospective, retrospective, and observational studies 

have investigated the impact of CGM in various diabetes populations. Results from these studies 

have contributed to notable changes in payer coverage, prescriber behaviors and expanding use 

of CGM. In this article, we review findings from recent real-world studies, highlight the key 

lessons learned from these studies, and discuss how we need to move forward in increasing 

utilization of and access to CGM among all diabetes patients who would benefit from this 

technology.   

 

Randomized Controlled Trials vs. Real-World Evidence 

 Randomized controlled trials (RCTs) are considered the highest level of scientific 

evidence when investigating the efficacy of a given intervention and in developing clinical 

practice guidelines. However, RCTs do not provide critical information about the effectiveness 

of an intervention when used in uncontrolled, or usual care clinical settings. This is particularly 
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important when the invention involves use of a diabetes technology, the efficacy of which is 

dependent on user behavior.  

 For example, in diabetes pharmaceutical RCTs, subjects receive a medication and 

investigators assess whether and/or to what degree it lowers HbA1c compared to a control group. 

In RTCs involving CGM, the assessment is more complex because it involves  device 

performance and both user and clinician behaviors. This raises several questions. Did the study 

participants wear their sensor as prescribed? Did they review their data frequently? Did they 

respond appropriately to their data? Did their clinicians download and accurately interpret the 

data? Did providers review the data with participants and collaborate using shared decision-

making regarding therapy adjustments? Unfortunately, the answers are often not reported or 

simply unknown.  This array of ambiguities leaves unanswered the question of whether and/or 

how effective the use of  CGM devices will be under conditions of usual care. 

 Indeed,  when findings from RCTs are positive, we generally infer that the answers to 

these questions were affirmative; namely, the CGM sensor functioned properly and both study 

participants and their healthcare providers were successful in optimizing its clinical impact. 

However, a major limitation of RCTs is that they do not provide insights into the effectiveness of 

CGM use by patients in the absence of such structured supervision and follow up over the course 

of their everyday lives.  

 Timely and comprehensive real-world evidence (RWE) fills this vital information gap. 

An acknowledged shortcoming of RWE is that  demographic characteristics and specifics about 

how patients use their CGM devices and glucose data often remain somewhat ill-defined. 

However, we can generally assume that the patients received varying levels of education and 

support from their healthcare providers and were able to  use their glucose data with varying 
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levels of appropriateness and expertise to drive improved diabetes outcomes. Accordingly, 

overall trends have revealed achievement of measurable clinical  benefit from CGM use across a 

broad spectrum of clinical scenarios. When findings from real-world studies and RCTs are 

considered in aggregate, a clearer picture emerges about the performance of  CGM devices, the 

ideal conditions under which CGM use is optimized, and an understanding that CGM can 

improve glycemic control even if/when its use is not fully optimized in large diabetes 

populations.  

 

Limitations of Current Glucose Monitoring Methods 

HbA1c 

 Glycated hemoglobin (HbA1c) remains the gold standard for assessing long-term 

glycemic control. However, it does not provide information about the frequency or magnitude of 

inter- and intra-day glucose excursions. This real-time information is necessary for accurate 

patient assessment and appropriate therapeutic decision-making in clinical practice. Moreover, 

the accuracy of the HbA1c measurement can be falsely elevated or decreased in individuals with 

chronic kidney disease,5 anemia,6 and hemoglobinopathies.7 Studies have also shown that test 

results can be influenced by pregnancy8 and ethnic/racial differences in glycation rates.9-11  

 

Blood Glucose Testing 

 Although traditional blood glucose monitoring (BGM) provides point-in-time 

measurements of current glucose levels, testing must be frequent in order for the data to be 

actionable. Moreover, BGM users are burdened by painful fingersticks, inconvenience of 

carrying testing materials, interruption of daily activities, and difficulty interpreting their data, 
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often resulting in non-adherence with prescribed testing.12-15 For example, Siddiqui et al. recently 

reported that 61.9% of 33 type 2 diabetes (T2D) adults who were treated with anti-

hyperglycemic oral medications, reported that they did not use BGM in their daily regimen.15 

 

Overview of CGM and Metrics for Clinical Use 

CGM Systems 

CGM overcomes several limitations of current monitoring methods. The most current 

CGM systems automatically transmit a constant stream of data to the user's handheld reader or 

smartphone. Thus, users do not have to interrupt their daily activities to obtain and view their 

glucose data. Moreover, users can easily interpret their data, which are presented in standardized 

numerical and graphical formats. By simply looking at their reader or smartphone, users can see 

their current glucose level, recent trends, and rate-of-change arrows that indicate the direction 

and velocity of changing glucose. These systems feature programmable alerts that warn users of 

current or impending severe glycemic events. As an additional safeguard, current CGM systems 

allow users to share their glucose data in real time with family members, friends, and caregivers, 

who can provide emergency assistance when needed.  

 

CGM Metrics and Data Download Software  

 In 2019 an expert panel published targets for key CGM metrics for use in clinical 

practice,16 which were subsequently endorsed by many medical organizations.17-20 The metrics 

include average glucose, glycemic variability (reported as standard deviation [SD] and 

percentage coefficient of variation [%CV]), percentage of time in range (%TIR 70-180%), time 
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below range (%TBR <70 mg/dL, <54 mg/dL), time above range (%TAR >180 mg/dL, >250 

mg/dL), and Glucose Management Indicator (GMI), which is a leading indicator of HbA1c.  

 To facilitate interpretation of these metrics, the International Diabetes Center 

(Minneapolis, MN) developed the Ambulatory Glucose Profile (AGP) software that 

automatically calculates and displays these metrics in easy-to-understand formats along with the 

goal for each metric.21 (Figure 1) Many CGM companies have integrated the AGP Report into 

their own download software. 

 

The Recent Past 

Evidence Supporting CGM Use with Non-Intensive Therapies 

 Several real-world studies have shown significant improvements in HbA1c along with 

reductions in frequency and severity of hypoglycemia events in individuals treated with intensive 

insulin regimen.22-27 Recent real-world studies have also shown similar glycemic benefits among 

individuals treated with basal insulin only and non-insulin therapies.28-36 

 As reported by Wright et al. in a large database analysis, six months of CGM resulted in 

significant HbA1c reductions (from 10.1% to 8.6%, p<0.001) in a retrospective database analysis 

of 1,034 adults with non-intensively treated T2D adults.28 Significant glycemic improvements 

have also been reported in similar U.S. and Canadian retrospective studies.30, 31 Findings of 

decreased rates of adverse drug events (ADEs) and all-cause hospitalizations (ACHs) have also 

been reported by Miller et al. in a large cohort (n=10,282) of T2D adults treated with non-

intensive or non-insulin therapy.29 

 In a 6-month, prospective, interventional, single-arm study, Grace et al. investigated the 

impact of CGM use in 38 T2D adults (58% treated with non-insulin medications). At study end 
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the mean HbA1c level decreased from 10.1% at baseline to 7.3% (p<0.001), with significant 

increases in %TIR (p<0.001) and significant reductions in body weight (p=0.002).32 

 Importantly, many real-world studies showed significant associations between CGM use 

and improvements in quality of life, including increased treatment satisfaction,22, 37 enhanced 

sense of wellbeing,37 less hypoglycemia fear,27, 37 and improvements in other health-related 

measures.22, 24, 26, 37, 38  

 

Evidence Supporting CGM Metrics 

 When the CGM metrics were established, there were some concerns that there was little 

evidence to link some of these metrics, specifically, %TIR, %TBR, and %TAR, to diabetes 

complications.39 However, RWE now demonstrates the strength of this association. For example, 

in a recent study by Kim et al., investigators assessed the association between cardiovascular 

autonomic neuropathy (CAN) and CGM metrics, comparing 84 T2D adults with known CAN 

with those without CAN in an outpatient setting, using blinded CGM data.40 Investigators 

reported  a significant inverse association between a 10% increase in the %TIR and CAN 

severity.  Each 10% increase in %TAR (>180 mg/dL) was  independently correlated with the 

presence of CAN. Other studies showed similar relationships between %TIR and other diabetes 

complications, including carotid intimal-media thickening,41 diabetic neuropathy,42, 43 

retinopathy,44, 45 nephropathy,42, 46, 47 and CAN,40, 48 a risk factor for increased mortality.49 

   

The Present 

 In the real-world studies described previously, investigators observed significant 

improvements in glycemic control22-32, 50 and quality of life measures.22, 24, 26, 37, 38 Moreover, 
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findings from large database analyses, such as those by Wright et al.28  and Miller et al.29 provide 

clear evidence of CGM efficacy within large and diverse diabetes populations. In our opinion, 

the RWE data supporting the benefits of CGM use in all individuals with diabetes, regardless of 

therapy, is incontestable. However, studies have also uncovered significant limitations in our 

healthcare systems, which serve as barriers to the full effectiveness of this technology.  

 For example, in a recent 12-month retrospective analysis of 1,329,061 Medicare 

beneficiaries who were treated with intensive insulin regimens, 38.14% were non-adherent to 

their prescribed glucose monitoring and 35.42% had no record of obtaining glucose monitoring 

supplies (35.42%).14 Among the 629,514 beneficiaries with 2 comorbidities, 466,646 (74.13%) 

were either non-adherent to BGM or had no monitoring record. These types of findings have 

given rise to a number of key learnings explored more deeply in the following sections.  

 

Racial/Ethnic and Socioeconomic Disparities 

The body of evidence reporting disparities in healthcare quality and clinical outcomes 

among racial/ethnic minorities and individuals of low socioeconomic status continues to grow. It 

has been reported that young type 1 diabetes (T1D) patients who are covered by Medicaid are 

often treated with less intensive insulin regimens and receive fewer therapy changes.51 This 

disparity was found to be particularly conspicuous among Hispanic and Black patients. We also 

know that T1D children/adolescents who are of lower socioeconomic status and covered by 

public health plans have higher HbA1c values, greater incidence of diabetic ketoacidosis (DKA), 

and diminished quality of life.52-55  

While the prevalence of diabetes and its complications are disproportionately higher 

within racial/ethnic and low socioeconomic populations, the use of CGM and other diabetes 
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technologies is disproportionately low,56-58 with significant differences in use of or access to 

diabetes technology.59-62 In a recent retrospective study of 227 T1D adults, Wirunsawanya et al. 

reported  notable racial disparities in patterns of CGM use.63 Among the 68 patients who used 

CGM, 47% were White, compared with 22% Hispanic and only 14% Black users. Investigators 

further observed that patients with government healthcare coverage were less likely to use CGM 

compared with patients with commercial healthcare coverage.  

Similar disparities were reported in a cross-sectional, multicenter study of 300 young 

T1D adults (20 years), which included 99 (33%) White patients, 102 (34%) Hispanic patients, 64 

(32%) Black patients.61 Significantly more White patients (71%) had ever used CGM compared 

with Hispanic (37%) and Black (28%) patients, p<0.001. Importantly, Black and Hispanic 

participants had lower annual household incomes, less education, and higher neighborhood 

poverty, than White patients. Lai et al. reported similar findings of racial disparities in CGM 

initiation and continued use in a retrospective review of 1,509 T1D pediatric patients.60 In their 

review of patient charts, investigators found that 726 patients had started CGM over the 3-year 

observation period. Among the CGM users, 392 (54%) were White, 239 (33%) were Hispanic, 

and 225 (31%) were Black, p<0.001. After one year of use, fewer Black (61%) patients than 

White (86%) and Hispanic (85%) patients were still using CGM. Reasons for discontinuation 

were not reported.  

Although implicit bias likely plays a role in racial/ethnic disparities,64-67 the influence of 

socioeconomic status must also be considered. It is known that a significantly higher percentage 

of Black and Hispanic people are more likely to live in low socioeconomic communities 

compared with White people.68, 69 However, these disparities are not restricted to the U.S. In two 

recent reports from the U.K.,56, 58 use of CGM among T1D adults and children/adolescents was 
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lowest in the most economically deprived neighborhoods.  Such findings provide important real 

world insights into the limited effectiveness of this technology in clinical settings where it may 

be most urgently needed. 

 

Suboptimal Utilization of Diabetes Self-Management Education 

 Diabetes self-management education and support (DSMES) and medical nutrition 

therapy (MNT) have been shown to be cost-effective in reducing the acute and chronic 

complications of diabetes and diabetes-related hospitalizations.70, 71 However, utilization of these 

services remains suboptimal.72 In a 2014 analysis, investigators reported that only 6.8% of 

individuals with newly-diagnosed diabetes who are covered by commercial health insurance 

received DSMES within the first 12 months of diagnosis.73 Among the Medicare diabetes 

population, which comprises approximately one third all diabetes in the U.S., only 5% used 

DSMES,74 even though Medicare covers up to 10 hours of education during the first year of 

enrollment and up to 2 hours of follow-up education each calendar year thereafter.   

 

Clinician Reluctance to Utilize Technology 

 Although endocrinologists have embraced CGM in their practices, not all patients have 

the resources or ability to access subspecialty care, particularly in rural areas.75 As reported by 

Stewart in an early study, 75% of the counties in the U.S. have no endocrinologists, whereas 

96% have primary care physicians.75 As such, approximately 90% of individuals with diabetes 

receive their care in primary care settings.76 Unfortunately, many primary care clinicians are 

reluctant to use CGM due to their unfamiliarity with the various devices, lack of confidence in  

interpreting and utilizing the glucose data for therapy decision making, uncertainty about which 
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devices are best suited to specific patients, and the time required to access glucose data.77-79 As 

reported by Grunberger et al. in a recent survey of 100 endocrinologists and 102 primary care 

clinicians in the U.S., 87.0% of endocrinologists reported using CGM compared with only 28.4% 

of primary care clinicians.80 These real world observations provide important directions for new 

programmatic initiatives that might broaden and enhance the use of this technology in diabetes 

care. 

 

The Future 

 Ongoing innovations in glucose monitoring technologies have prompted an increasing 

number of companies to begin developing new approaches to CGM. A  recent article by 

Idlebrook reported that 39 new CGM systems are currently under development.81 Many of these 

devices are non-invasive, whereas others are focusing on approaches never before explored for 

glucose monitoring, such as use of retinal imaging and infrared light to measure glucose 

molecules under the skin.81  

 While the future of CGM technologies is promising, the challenge of how to ensure that 

current and future technologies are accessible to everyone who would benefit from them remains 

daunting and is not addressed or informed by RCTs. In light of lessons learned so far, we believe 

the solution will require a rethinking and restructuring of how we deliver diabetes care to 

patients in the setting of their unique real world circumstances. 

 Provide Education/Training. Although adoption of CGM in primary care settings has 

been slow, a recent survey of 656 primary care clinicians found that the majority of respondents 

(72.3%) indicated that they would be likely to prescribe CGM with if they could receive 

appropriate education via individual training or workshops.79 Although clinicians must invest 
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time to learn about the various systems currently marketed, helping them develop expertise in 

interpreting and utilizing CGM data to optimize insulin titration and non-insulin therapies must 

be a key component of this training.82-85  

 Modify Electronic Medical Record (EMR) systems. The inability to upload glucose data 

directly into the electronic medical record (EMR) system of each practice is a major contributor 

to clinicians' reluctance to utilize CGM in their practices. Because most clinicians have no 

influence in addressing this issue directly, it is up to the various healthcare systems to compel 

software developers to modify their current EMR systems. The goal is to facilitate seamless 

upload and retrieval of CGM data that clinicians and other members of the healthcare team can 

easily access during patient visits. This, alone, would encourage more widespread use of CGM in 

primary care. 

 Promote a Team-Based Approach. There is substantial evidence that a team-based 

approach to diabetes patient management improves glycemic control, blood pressure and lipid 

levels in individuals with T2D, and  this approach increases the proportion of patients who 

achieve established goals for these three metrics.86 Creating a diabetes care team will require 

practices to establish protocols for patient referral and inter-team communication, define each 

team member's role, and allocate the office space necessary to function smoothly. Practices that 

do not have the personnel who are qualified in diabetes management should establish 

relationships with external professionals (Certified Diabetes Care and Education Specialists 

[CDCES], medical nutritionists, others) who can provide education and support to patients.  

 Streamline Preauthorization Requirements. Onerous documentation requirements to 

obtain preauthorizations for CGM and other technologies place additional time constraints on 

clinicians and staff in heavily-burdened, busy practices. Moreover, these requirements can have 
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adverse effects on patient health. In a 2017 survey of 1,000 clinicians, 54% of respondents 

reported that the required preauthorization documentation  for medications and medical devices 

always or often resulted in care delays and 92% reported that these delays had a significant or 

somewhat negative impact on clinical outcomes.87 Fortunately, this issue is slowly being 

addressed as many public and private health insurers are now covering CGM as a pharmacy 

benefit, which greatly simplifies the preauthorization process.   

Eliminate Barriers to Accessing DSMES and MNT Education. As discussed previously, 

only a small proportion of individuals with diabetes have received education and training in 

diabetes self-management. The reasons for such low participation are multifactorial, including 

transportation difficulties, patient apathy, low perceived seriousness of diabetes complications, 

lack of accessible services, and how services are structured and delivered.72, 88-90 Apart from the 

logistical issues in terms of securing transportation to a certified DSMES provider, Medicare 

beneficiaries are hindered by other obstacles, including the need to obtain a referral from their 

primary healthcare provider, costly co-pays, and the inability to receive DSMES and MNT 

services on the same day.91 Addressing these barriers requires close collaboration between all 

stakeholders -- clinicians, medical associations, insurers, and policy makers – working jointly to 

review and eliminate current requirements that restrict access and become creative in initiating 

and funding programs that enable all individuals to receive the education and training  needed to 

effectively self-manage  diabetes.  

 Expand CGM Coverage. Most public and private insurers now provide CGM coverage 

for individuals treated with intensive insulin regimens. However, expanding coverage to include 

individuals treated with less intensive insulin or non-insulin therapies has been slow despite a 

growing body of evidence supporting the CGM use in these populations.28-32 This is an area of 
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needed change, inasmuch as policy-making needs to keep pace with clinical evidence.  The 

currently proposed Local Coverage Determination (LCD) from Medicare which could provide 

CGM coverage for patients on less-intense insulin regimens (e.g., basal insulin only) is a very 

encouraging development.92  Given the increasing global prevalence of diabetes, and the strength 

of the evidence for effectiveness of CGM from RCTs and RWE, it is imperative that CGM is 

made available to all individuals who could benefit from its use.  

 

Summary 

 Change in HbA1c continues to be a primary endpoint in most diabetes RCTs. However, 

this metric has several limitations as a measure of an individual's intra- and inter-day glycemic 

status. Although traditional blood glucose monitoring partially fills this gap, even the most 

frequent testing may miss critical glucose excursions. Use of CGM overcomes these limitations 

by automatically transmitting a constant stream of glucose data that provide information about 

the user's immediate and anticipated glycemic status. Utilizing download software, users and 

their clinicians can retrospectively assess the data and determine whether key glycemic goals 

(e.g., time in range, glycemic variability) are being met. 

 RCTs remain the gold standard for assessing the long-term efficacy of a given 

intervention when applied in highly structured, controlled environments. However, they do not 

fully inform about the effectiveness of the invention when used by individuals under real-world 

conditions. RWE provides this clinical information and gives insights regarding other barriers 

(e.g., economic, social, behavioral) to access and optimally utilize under circumstances of daily 

living.  
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 Over the past several years, real-world prospective and retrospective studies have clearly 

demonstrated the clinical value of CGM in individuals treated with intensive insulin therapy.22-27 

More recently, RWE has shown that individuals treated with less-intensive therapies experience 

similar benefits,22, 24, 26, 28-32, 37, 38 and they have provided needed evidence to support the use of 

established CGM metrics.40-49 Moreover, findings from these studies have shed additional light 

on health disparities and even failures within the U.S. healthcare system that are limiting access 

to CGM and overall quality care.   

 Although some of these issues can be addressed at the clinic level by promoting the 

importance of self-management education to patients and transitioning to a team-based approach 

for patient care, others will require all stakeholders -- insurers, health systems, regulatory 

agencies and industry -- to examine issues and policies within their purviews and take the 

necessary steps to eliminate access barriers. Much improvement in clinical outcomes across the 

broad spectrum of diabetes awaits the results of such efforts.    

 

Author Contribution Statement: 

 JRG III, CJB, and CGP wrote, reviewed and approved the manuscript for submission. 

JRG III, CJB, and CGP are the guarantors of this work and take responsibility for the integrity of 

the data and the accuracy of the content. 

 

Disclosures: 

 JRG III has served on advisory boards and/or speaker bureaus for Abbott Diabetes Care, 

Novo Nordisk, Medtronic, and Boehringer Ingelheim.. CJB has served on advisory boards for 

Abbott Diabetes Care, Boehringer Ingelheim, Lexicon, Novo and Sanofi. CGP has received 



 17 

consulting fees from Abbott Diabetes Care, CeQur SA, Dexcom, Embecta, Lifescan, Mannkind, 

Provention Bio, Roche Diabetes Care, and Tandem. 

 

Funding 

 Funding for the development of this manuscript was provided by Abbott Diabetes Care.  

 

 

 

 

 

 

  



 18 

References 

1. Khosla S, White R, Medina J, et al. Real world evidence (RWE) - a disruptive innovation 
or the quiet evolution of medical evidence generation? Version 2. F1000Res. 2018;25 
[revised 2018 Aug 29];7:111. doi: 10.12688/f1000research.13585.2. eCollection 2018. 

2. Food and Drug Administration (FDA) Use of real-world evidence to support regulatory 
decision-making for medical devices. [Accessed April 5, 2017]. Available from: 
https://www.fda.gov/downloads/medicaldevices/deviceregulationand-
guidance/guidancedocuments/ucm513027.pdf. Accessed March 30 2019. 

3. Resnic FS, Matheny ME. Medical devices in the real world. N Engl J Med. 
2018;378(7):595–597. 

4. Katkade VB, Sanders KN, Zou KH. Real world data: an opportunity to supplement 
existing evidence for the use of long-established medicines in health care decision 
making. J Multidiscip Healthc 2018;11:295–304. 

5. Galindo RJ, Beck RW,  Scioscia MF,  Umpierrez GE, Tuttle KR. Glycemic Monitoring and 
Management in Advanced Chronic Kidney Disease. Endocrine Reviews. 2020; bnaa017, 
https://doi.org/10.1210/endrev/bnaa017. Accessed July 10,2020. 

6. National Diabetes Information Clearinghouse (NDIC). Sickle cell trait and other 
hemoglobinopathies and diabetes: important information for providers [Internet]. 
Available from https://www.niddk.nih.gov/health-information/professionals/clinical-
tools-patient-management/diabetes/sickle-cell-trait-hemoglobinopathies-diabetes. 
Accessed September 12, 2020. 

7. Bry L, Chen PC, Sacks DB. Effects of hemoglobin variants and chemically modified 
derivatives on assays for glycohemoglobin. Clin Chem 2001;47(2):153-163. 

8. Nielsen LR, Ekbom P, Damm P, et al. HbA1c levels are significantly lower in early and late 
pregnancy. Diabetes Care 2005;27(5):1200-1201. 

9. Bergenstal RM, Gal RL, Connor CG, et al. Racial differences in the relationship of glucose 
concentrations and hemoglobin A1c levels. Ann Intern Med. 2017;167(2):95-102. 

10. Shipman KE, Jawad M, Sullivan KM, Ford C, Gama R. Ethnic/racial determinants of 
glycemic markers in a UK sample. Acta Diabetol 2015;52:687–692. 

11. Wolffenbuttel BHR, Herman WH, Gross JL, et al. Ethnic differences in glycemicmarkers in 
patientswith type 2 diabetes. Diabetes Care 2013;36:2931–2936. 

12. Karter AJ, Ackerson LM, Darbinian JA, et al. Self-monitoring of blood glucose levels and 
glycemic control: the Northern California Kaiser Permanente Diabetes registry. Am J 
Med. 2001;111(1):1-9. 

13. Moström P, Ahlén E, Imberg H, et al Adherence of self-monitoring of blood glucose in 
persons with type 1 diabetes in Sweden BMJ Open Diabetes Research and Care 
2017;5:e000342. doi: 10.1136/bmjdrc-2016-000342. 

14. Puckrein GA,  Hirsch IB, Parkin CG,et al. Assessment of Glucose Monitoring Adherence in 
Medicare Beneficiaries with Insulin-Treated Diabetes. Diabetes Technol Ther 2023 
Jan;25(1):31-38.  doi: 10.1089/dia.2022.0377. 

15. Siddiqui MH, Khan IA, Moyeen F, Chaudhary KA. Identifying Barriers to Therapeutic 
Adherence in Type 2-Diabetes: A Complex and Multidimensional Clinical Issue. Asp 
Biomed Clin Case Rep 2019; 2(1);22-28. 



 19 

16. Battelino T, Danne T, Bergenstal RM, et al. Clinical Targets for Continuous Glucose 
Monitoring Data Interpretation: Recommendations From the International Consensus 
on Time in Range.Diabetes Care. 2019;42(8):1593-1603. 

17. American Diabetes Association. 6. Glycemic Targets: Standards of Medical Care in 
Diabetes—2023. Diabetes Care 2023 Jan; 46 (Supplement 1): S97-S110. 

18. Grunberger G, Sherr J, Allende M, et al. American Association of Clinical Endocrinology 
Clinical Practice Guideline: The Use of Advanced Technology in the Management of 
Persons with Diabetes Mellitus. Endocr Pract . 2021 Jun;27(6):505-537. 

19. de Block M, Codner E, Craig MD, et al. ISPAD Clinical Practice Consensus Guidelines 
2022: Glycemic targets and glucose monitoring for children, adolescents, and young 
people with diabetes. Pediatr Diabetes 2022;23(8):1270-1276. 
https://doi.org/10.1111/pedi.13455. 

20. Davies, M.J., Aroda, V.R., Collins, B.S. et al. Management of hyperglycaemia in type 2 
diabetes, 2022. A consensus report by the American Diabetes Association (ADA) and the 
European Association for the Study of Diabetes (EASD). Diabetologia 65, 1925–1966 
(2022). https://doi.org/10.1007/s00125-022-05787-2. 

21. International Diabetes Center. AGP - Ambulatory Glucose Profile: AGP reports. 
http://www.agpreport.org/agp/agpreports. Accessed January 8, 2023  

22. Charleer S, De Block C, Van Huffel L, et al. Quality of Life and Glucose Control After 1 
Year of Nationwide Reimbursement of Intermittently Scanned Continuous Glucose 
Monitoring in Adults Living With Type 1 Diabetes (FUTURE): A Prospective Observational 
Real-World Cohort Study. Diabetes Care 2020;43(2):389-397. 

23. Charleer S, Mathieu C, Nobels F, et al. Effect of Continuous Glucose Monitoring on 
Glycemic Control, Acute Admissions, and Quality of Life: A Real-World Study. Clin 
Endocrinol Metab. 2018;103(3):1224-1232. 

24. Fokkert M, van Dijk P, Edens M, et al. Improved well-being and decreased disease 
burden after 1-year use of flash glucose monitoring (FLARE-NL4). BMJ Open Diabetes 
Res Care 2019;7(1):e000809. 

25. Senn J-D, Fischli S, Slahor L, Schelbert S, Henzen C. Long-Term Effects of Initiating 
Continuous Subcutaneous Insulin Infusion (CSII) and Continuous Glucose Monitoring 
(CGM) in People with Type 1 Diabetes and Unsatisfactory Diabetes Control. J Clin Med. 
2019 Mar; 8(3): 394. doi: 10.3390/jcm8030394. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6463068/. Accessed April, 23, 2021. 

26. Tyndall V, Stimson RH, Zammitt NN, et al. Marked improvement in HbA1c following 
commencement of flash glucose monitoring in people with type 1 diabetes. 
Diabetologia  2019;62(8):1349-1356. 

27. Paris I, Henry C, Pirard F, Gérard A-C, Colinet IM. The new FreeStyle Libre Flash Glucose 
Monitoring System improves the glycaemic control in a cohort of people with type 1 
diabetes followed in real-life conditions over a period of one year. Endocrinol Diab 
Metab 2018;1:e00023. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6354746/. 
Accessed May 6, 2021. 

28. Wright EE,  Kerr MSD,  Reyes IJ,  Nabutovsky Y,  Miller M. Use of Flash Continuous 
Glucose Monitoring is Associated with A1C Reduction in People with Type 2 Diabetes 



 20 

Treated with Basal Insulin or Non-Insulin Therapy. Diabetes Diabetes Spectr 2021 
May;34(2):184-189.  doi: 10.2337/ds20-0069. 

29. Miller D, Kerr MSD, Roberts GJ, et al. Flash CGM Associated With Event Reduction in 
Nonintensive Diabetes Therapy. Am J Manag Care  2021;27(11):e372-e377. 
https://doi.org/10.37765/ajmc.2021.88780. 

30. Elliot T, Beharry R, Tsoukas M, et al. Glucose Control After Initiation of Flash Glucose 
Monitoring in Type 2 Diabetes Managed with Basal Insulin; A Retrospective Real-World 
Chart Review Study from Canada. Advanced Technologies & Treatments for Diabetes 
(ATTD), Virtual, June 2-5, 2021. A-795. 

31. Carlson AL, Daniel TD, DeSantis A, et al. Flash glucose monitoring in type 2 diabetes 
managed with basal insulin in the USA: a retrospective real-world chart review study 
and meta-analysis. BMJ Open Diabetes Res Care 2022 Jan;10(1):e002590. doi: 
10.1136/bmjdrc-2021-002590. 

32. Grace T, Salyer J. Use of Real-Time Continuous Glucose Monitoring (rtCGM) Improves 
Glycemic Control and Other Clinical Outcomes in Type 2 Diabetes Patients Treated with 
Less Intensive Therapy. Diabetes Technol Ther 2022 Jan;24(1):26-31.  doi: 
10.1089/dia.2021.0212. 

33. Elliott T, Beca S, Beharry R, ET AL. The impact of flash glucose monitoring on glycated 
hemoglobin in type 2 diabetes managed with basal insulin in Canada: A retrospective 
real-world chart review study. Diab Vasc Dis Res. 2021 Jul-
Aug;18(4):14791641211021374. doi: 10.1177/14791641211021374. 

34. Shields S, Norman G, Ciemins E. Changes in HbA1c After Initiating Real-time Continuous 
Glucose Monitoring (rtCGM) for Primary Care Patients with Type 2 Diabetes. Diabetes 
2022;71(Supplement_1):687-P. https://doi.org/10.2337/db22-687-P. 

35. Norman GJ, Paudel ML, Parkin CG, Bancroft T, Lynch PM. Association Between Real-
Time Continuous Glucose Monitor Use and Diabetes-Related Medical Costs for Patients 
with Type 2 Diabetes. Diabetes Technol Ther. 2022 Jul;24(7):520-524. doi: 
10.1089/dia.2021.0525. 

36. Norman, Paudel, Bancroft, Lynch. 77-LB: A Retrospective Analysis of the Association 
between HbA1cand Continuous Glucose Monitor Use for U.S. Patients with Type 2 
Diabetes. Diabetes 2021 Jun;70(Supplement 1):https://doi.org/10.2337/db21-77-LB. . 

37. Al Hayek AA, Al Dawish MA.The Potential Impact of the FreeStyle Libre Flash Glucose 
Monitoring System on Mental Well-Being and Treatment Satisfaction in Patients with 
Type 1 Diabetes: A Prospective Study. Diabetes Ther. 2019 Aug;10(4):1239-1248. 

38. Pintus D. Freestyle libre flash glucose monitoring improves patient quality of life 
measures in children with Type 1 diabetes mellitus (T1DM) with appropriate provision of 
education and support by healthcare professionals. Diabetes Metab Syndr. 2019 Sep - 
Oct;13(5):2923-2926. 

39. Beck RW, Bergenstal RM, Riddlesworth TD, et al. Validation of time in range as an 
outcome measure for diabetes clinical trials. Diabetes Care 2019;42(3): 400-405. 

40. Kim MY, Kim G, Park JY, et al.The association between continuous glucose monitoring-
derived metrics and cardiovascular autonomic neuropathy in outpatients with type 2 
diabetes. Diabetes Technol Ther 2021;23:434–442. 



 21 

41. Lu J, Ma X, Shen Y, et al. Time in range is associated with carotid intima-media thickness 
in type 2 diabetes. Diabetes Technol Ther 2020;22(2):72-78. 

42. Mayeda L, Katz R, Ahmad I, et al. Glucose time in range and peripheral neuropathy in 
type 2 diabetes mellitus and chronic kidney disease. BMJ Open Diab Res Care. 
2020;8(1):e000991. https://drc.bmj.com/content/8/1/e000991.abstract. Accessed July 
14, 2020. 

43. Yang J, Yang X, Zhao D, Wang X, Wei W, Yuan H. Association of time in range, as 
assessed by continuous glucose monitoring, with painful diabetic polyneuropathy. J 
Diabetes Investig. 2021 May;12(5):828-836. doi: 10.1111/jdi.13394. 

44. Lu J, Ma X, Zhou J, et al. Association of time in range, as assessed by continuous glucose 
monitoring, with diabetic retinopathy in type 2 diabetes. Diabetes Care. 
2018;41(11):2370-2376. 

45. Wakasugi S, Mita T, Katakami N, et al. Associations between continuous glucose 
monitoring-derived metrics and diabetic retinopathy and albuminuria in patients with 
type 2 diabetes. BMJ Open Diabetes Res Care. 2021 Apr;9(1):e001923. doi: 
10.1136/bmjdrc-2020-001923. 

46. Ranjan AG, Rosenlund SV, Hansen TW, et al. Improved time in range over 1 year is 
associated with reduced albuminuria in individuals with sensor-augmented insulin 
pump-treated type 1 diabetes. Diabetes Care 2020;43:2882–2885. 

47. Yoo JH, Choi MS, Ahn J, et al. Association between continuous glucose monitoring-
derived time in range, other core metrics, and albuminuria in type 2 diabetes. Diabetes 
Technol Ther 2020;22:768–776. 

48. Guo Q, Zang P, Xu S, et al. Time in range, as a novel metric of glycemic control, is 
reversely associated with presence of diabetic cardiovascular autonomic neuropathy 
independent of HbA1c in Chinese type 2 diabetes. J Diabetes Res 2020;2020:5817074. 

49. Pop-Busui R., Evans G. W., Gerstein H. C., et al. Effects of cardiac autonomic dysfunction 
on mortality risk in the Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial. 
Diabetes Care. 2010;33(7):1578–1584. doi: 10.2337/dc10-0125. 

50. Šoupal J, Petruželková L, Grunberger G, et al. Glycemic Outcomes in Adults with T1D Are 
Impacted More by Continuous Glucose Monitoring Than by Insulin Delivery Method: 3 
Years of Follow-Up from The COMISAIR Study. Diabetes Care 2020 Jan; 43(1): 37-43. 

51. Pihoker C, Badaru A, Andrea Anderson A, et al. Insulin regimens and clinical outcomes in 
a type 1 diabetes cohort: the SEARCH for Diabetes in Youth study. Diabetes Care 
2013;36(1):27-33. 

52. Prahalad P, Addala A, Buckingham BA Wilson DM, Maahs DM. Sustained Continuous 
Glucose Monitor Use in Low-Income Youth with Type 1 Diabetes Following Insurance 
Coverage Supports Expansion of Continuous Glucose Monitor Coverage for All. Diabetes 
Technol Ther 2018 Sep;20(9):632-634. 

53. Cengiz E, Xing D, Wong JC, et al. Severe hypoglycemia and diabetic ketoacidosis among 
youth with type 1 diabetes in the T1D Exchange clinic registry. Pediatr Diabetes. 
2013;14(6):447–454. 

54. Govan L, Maietti E, Torsney B, Wu O, Briggs A, Colhoun HM, et al. The effect of 
deprivation and HbA1c on admission to hospital for diabetic ketoacidosis in type 1 
diabetes. Diabetologia. 2012 Sep;55(9):2356–2360. 



 22 

55. Hassan K, Loar R, Anderson BJ, Heptulla RA. The role of socioeconomic status, 
depression, quality of life, and glycemic control in type 1 diabetes mellitus. J Pediatr. 
2006;149(4):526–531. 

56. National Health Service (NHS). National Diabetes Audit, 2020-21 Type 1 Diabetes. 
https://files.digital.nhs.uk/56/9D4E2F/NDA%202020-
21%20Type%201%20Diabetes%20Report.pdf. Accessed October 28, 2022. 

57. Hosseinpoor AR, Bergen N, Schlotheuber A, Grove J. Measuring health inequalities in the 
context of Sustainable Development Goals. Bull World Health Organ. 2018;96:654–9. 

58. National Paediatric Diabetes Audit (NPDA) Annual Report 2020-21: Care Processes and 
Outcomes. Appendix 1 – full audit analysis. 
https://www.rcpch.ac.uk/sites/default/files/2022-04/NPDA%20report%202020-
21%20Appendix%201%20Full%20audit%20analysis_0.pdf. Accessed October 20, 2022. 

59. Wherry K, Zhu C, Vigersky RA. Inequity in Adoption of Advanced Diabetes Technologies 
Among Medicare Fee-for-Service Beneficiaries. J Clin Endocrinol Metab 2021 Dec 
15;dgab869.  doi: 10.1210/clinem/dgab869. 

60. Lai CS, ,1 Terri H. Lipman TH, Willi SM, Hawkes CP. Racial and Ethnic Disparities in Rates 
of Continuous Glucose Monitor Initiation and Continued Use in Children With Type 1 
Diabetes. Diabetes Care 2021;44:255–257. 

61. Agarwal S, Kanapka LG, Raymond JK, et al. Racial-Ethnic Inequity in Young Adults With 
Type 1 Diabetes. J Clin Endocrinol Metab 2020;105(8):e2960-e2969. 

62. Addala, A, Maahs, DM, Scheinker, D, et al. Uninterrupted continuous glucose monitoring 
access is associated with a decrease in HbA1c in youth with type 1 diabetes and public 
insurance. Pediatr Diabetes. 2020; 1– 9. https://doi.org/10.1111/pedi.13082. 

63. Wirunsawanya K. Racial Differences in Technology Use Among Type 1 Diabetes in a 
Safety-Net Hospital. J Endocr Soc 2020; 4(Suppl 1):OR30-03. 

64. FitzGerald C, Hurst S. Implicit bias in healthcare professionals: a systematic review. BMC 
Med Ethics 2017;18(19). https://doi.org/10.1186/s12910-017-0179-8. Accessed May 15, 
2021. 

65. Hall WJ, et al. Implicit racial/ethnic bias among health care professionals and its 
influence on health care outcomes: a systematic review. Am J Public Health. 
2015;105:e60–76. 

66. Fiscella K , Franks P , Doescher MP , Saver BG. Disparities in health care by race, 
ethnicity, and language among the insured: findings from a national sample. Med Care 
2002;40:52–59. 

67. Chapman EN, Kaatz A, Carnes M. Physicians and Implicit Bias: How Doctors May 
Unwittingly Perpetuate Health Care Disparities. J Gen Intern Med 2013;28(11):1504–
1510. 

68. GOV.UK. Ethnicity facts and figures. People living in deprived neighborhoods. 
https://www.ethnicity-facts-figures.service.gov.uk/uk-population-by-
ethnicity/demographics/people-living-in-deprived-neighbourhoods/latest. Accessed 
October 1, 2022. 

69. StatsWales. Analysis of protected chearcteristics by area deprevation – Ethnicity. 
https://statswales.gov.wales/Catalogue/Community-Safety-and-Social-Inclusion/Welsh-
Index-of-Multiple-Deprivation/analysis-of-protected-characteristics-by-area-



 23 

deprivation/analysisofprotectedcharacteristics-by-areadeprivation-ethnicity. Accessed 
November 10, 2022. 

70. Strawbridge LM, Lloyd JT, Meadow A, et al. Use of Medicare’s diabetes self-
management training benefit. Health Education Behavior 2015;42:530-538. 

71. Strawbridge LM, Lloyd JT, Meadow A, Riley GF, Howell BL. One-Year Outcomes of 
Diabetes Self-Management Training Among Medicare Beneficiaries Newly Diagnosed 
With Diabetes. Med Care. 2017;55(4):391-397. 

72. Horigan G, Davies M, Findlay-White F, et al. Reasons why patients referred to diabetes 
education programmes choose not to attend: a systematic review. Diabet Med 
2017;34(1):14-26. 

73. Li R, Shrestha SS, Lipman R, et al.  Diabetes self-management education and training 
among privately insured persons with newly diagnosed diabetes — United States, 2011–
2012.  MMWR Morb Mortal Wkly Rep. 2014 Nov 21; 63(46): 1045–1049. 

74. Strawbridge LM, Lloyd JT, Meadow A, et al. Use of Medicare's diabetes self-
management training benefit. Health Educ Behav. 2015;42(4):530-538. 

75. Stewart AF. The United States endocrinology workforce: a supply-demand mismatch. J 
Clin Endocrinol Metab. 2008;93(4):1164-1166. 

76. Unger J, Kushner P, Anderson JE. Practical guidance for using the FreeStyle Libre flash 
continuous glucose monitoring in primary care. Postgrad Med 2020;132(4):305-313. 

77. Hirsch IB, Miller E. Integrating Continuous Glucose Monitoring Into Clinical Practices and 
Patients' Lives. Diabetes Technol Ther. 2021 Sep;23(S3):S72-S80. doi: 
10.1089/dia.2021.0233. 

78. Martens TW. Continuous glucose monitoring in primary care - are we there? Curr Opin 
Endocrinol Diabetes Obes. 2022 Feb 1;29(1):10-16. doi: 
10.1097/MED.0000000000000689. 

79. Oser TK, Hall TL, Dickinson LM, Callen E, Carroll JK, Nease DE Jr, Michaels L, Oser SM. 
Continuous Glucose Monitoring in Primary Care: Understanding and Supporting 
Clinicians' Use to Enhance Diabetes Care. Ann Fam Med. 2022 Nov-Dec;20(6):541-547. 
doi: 10.1370/afm.2876. 

80. Grunberger G, Sze D, Ermakova A, Sieradzan R, Oliveria T, Miller EM. Treatment 
intensification with insulin pumps and other technologies in patients with type 2 
diabetes: results of a physician survey in the United States. Clin Diabetes. 2020;38:47-
55. 

81. Idlebrook C. 39 Potential New Continuous Glucose Monitors for Diabetes. Healthline. 
February 19, 2020. https://www.healthline.com/diabetesmine/39-new-cgms-for-
diabetes. Accessed January 9, 2023. 

82. Edelman SV, Santos Cavaiola T, Boeder S, Pettus J: Utilizing continuous glucose 
monitoring in primary care practice: What the numbers mean. Prim Care Diabetes 2021 
Apr;15(2):199-207. 

83. Johnson ML, Martens TW, Criego AB, Carlson AL, Bergenstal RM. Utilizing the 
ambulatory glucose profile (AGP) to standardize and implement continuous glucose 
monitoring in clinical practice. Diabetes Technol Ther 2019 Jun;21(S2):S217-S225. 

84. Ajjan R, Slattery D, Wright E. Continuous Glucose Monitoring: A Brief Review for Primary 
Care Practitioners. Adv Ther 2019;36:579–596. 



 24 

85. Martens TW, Bergenstal RM, Pearson T, et al. Making sense of glucose metrics in 
diabetes: linkage between postprandial glucose (PPG), time in range (TIR) & hemoglobin 
A1c (A1C). Postgrad Med 2021; 133:253 – 264. 

86. Levengood TW, Peng Y, Xiong KZ, et al. Community Preventive Services Task Force. 
Team-Based Care to Improve Diabetes Management: A Community Guide Meta-
analysis. Am J Prev Med. 2019 Jul;57(1):e17-e26. doi: 10.1016/j.amepre.2019.02.005. 

87. American Medical Association (AMA). 2017 AMA Prior Authorization Physician Survey. 
https://www.ama-assn.org/sites/ama-assn.org/files/corp/media-
browser/public/arc/prior-auth-2017.pdf Accessed March 1, 2021. 

88. Peyrot M, Rubin RR. Access to diabetes self-management education. Diabetes Educ. 
2008 Jan-Feb;34(1):90-7. doi: 10.1177/0145721707312399. 

89. Gucciardi E, Demelo M, Offenheim A, Stewart DE. Factors contributing to attrition 
behavior in diabetes self-management programs: a mixed method approach. BMC 
Health Serv Res. 2008 Feb 4;8:33. doi: 10.1186/1472-6963-8-33. 

90. Benoit SR, Ji M, Fleming R, Philis-Tsimikas A. Predictors of dropouts from a San Diego 
diabetes program: a case control study. Prev Chronic Dis. 2004 Oct;1(4):A10. 

91. Powers MA, Bardsley JK, Cypress M, et al. Diabetes Self-management Education and 
Support in Adults With Type 2 Diabetes: A Consensus Report of the American Diabetes 
Association, the Association of Diabetes Care & Education Specialists, the Academy of 
Nutrition and Dietetics, the American Academy of Family Physicians, the American 
Academy of PAs, the American Association of Nurse Practitioners, and the American 
Pharmacists Association. Diabetes Care. 2020;43(7)1636-1649. 

92. Centers for Medicare & Medicaid Services. Glucose Monitors: Proposed Local Coverage 
Determination (LCD). https://www.cms.gov/medicare-coverage-
database/view/lcd.aspx?lcdid=39473&ver=16. Accessed October 25, 2022. 

 

  



 25 

(FIGURE LEGENDS) 

 

Figure 1. AGP Report 

 

 


