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Abstract   

Background: In the United States, uncontrolled T2D has significant financial expenditure and 

can lead to multiple health complications for diabetic patients when left unaddressed. 

Standardizing a method of glucose monitoring for adults with T2D can help reduce overall 

national healthcare costs, improve patient morbidity, mortality rates, and quality of life, reduce 

monitoring noncompliance, and improve patient outcomes. Despite numerous evidence-based 

benefits, limited use of CGMS among adult T2D patients currently exists. Further research is 

needed to assess CGMS efficacy among adult TD2 patients. 

Purpose: The purpose of this Doctor of Nursing Practice (DNP) project was to conduct a 

retrospective chart review to assess the efficacy of continuous glucose monitoring systems 

(CGMS) in reducing A1C levels in adult patients with type 2 diabetes (T2D) in a Western New 

York (WNY) endocrinology center. 

Methods: A retrospective chart review was performed on 57 adult T2D patients from March 5th, 

2021 through March 19th, 2021. Inclusion criteria included adults older than 18 years old who 

are T2D for greater than 12 months and have been prescribed a CGMS for at least 6 months. The 

Diffusion of Innovation theory was the theoretical framework used to guide the DNP project. 

Results: Results of this project revealed a mean reduction in A1C levels from 8.2% to 7.7% after 

application of the CGMS on the T2D. 

Conclusions and Implications: Findings resulting from this DNP project can contribute to the 

existing body of research supporting the benefits of utilizing CGMS for adult patients living with 

T2D and the need to implement CGMS as part of standardized diabetic care. 

Keywords: Type 2 Diabetes Mellitus, Continuous Glucose Monitoring Systems, A1C, Self-

Monitoring Blood Glucose Meters. 



 
     

 

            

                

             

                  

             

                

              

                 

               

            

             

                

                

   

                 

      

   

                

           

         

7 CGMS AND TYPE 2 DIABETES 

Continuous  Glucose  Monitoring  Systems  and  Type  2  Diabetic  Control  

Diabetes is a chronic, metabolic disease characterized by elevated levels of blood 

glucose, which leads over time to serious damage to the heart, blood vessels, eyes, kidneys, and 

nerves (World Health Organization, n.d.). There were a reported 463 million adults worldwide 

with diabetes and it is one of the most leading causes of death in the world (World Health 

Organization, n.d.). Annual global health expenditure on diabetes was estimated to be $760 

billion and is projected that expenditures will reach $825 billion by 2030 and $845 billion by 

2045 (IDF Diabetes, 2020). According to the Center for Disease Control (2020) in 2018, 34.1 

million adults in the US had diabetes, the percentage of adults with diabetes increased with age, reaching 

26.8% among those 65 years or older. Prevalence of diagnosed diabetes was highest among American 

Indians/Alaska Natives (14.7%), people of Hispanic origin (12.5%), and non-Hispanic blacks (11.7%), 

followed by non-HispanicAsians (9.2%) and non-Hispanic whites (7.5%) (Center for Disease Control, 

2020). An estimated 50% had an A1c- Glycated hemoglobin (A1C) value of 7.0% or higher with 

22.3% being between 7.0%-7.9%, 13.2% being between 8.0% -9.0% and 14.6% having an A1C of 9.0% 

or higher (National Diabetes Statistics Report, 2020). 

Diabetes was the seventh leading cause of death in the US in 2017 based on 83,564 death 

certificates in which diabetes was listed (National Diabetes Statistics Report 2020, 2020). The cost 

of diabetes in the US in 2017 was $327 billion with $237 billion on direct medical cost and $90 

billion was in reduced productivity (National Diabetes Statistics Report, 2020). There is urgency 

to improve Type 2 Diabetes (T2D) control and therefore reduce the cost and national impact of 

the disease. Suboptimal glycemic control invariably increases the risk of long-term 

complications, including microvascular and macrovascular complications, which greatly increase 
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the costs of diabetes care (Wan et al., 2018). Obtaining and maintaining control by reducing A1C 

levels in T2D is imperative for disease management and future implications. 

Background and Significance  

As the prevalence of T2D grows, therapeutic treatment options are extending into self-

monitoring and mobile-health device delivery to support patients to achieve better disease 

control (Taylor et al., 2019). Continuous glucose monitoring systems (CGMS) use a fixed sensor 

with a subcutaneous, glucose-oxidase platinum electrode that measures glucose concentrations in 

the interstitial fluids (Ajjan et al., 2019). Emerging evidence suggest use of CGMS can assist to 

improve glucose control in T2D treatment (Taylor et al., 2019). CGMS allow for better glucose 

control and improved communication of true glucose values for clinicians to make treatment 

plan adjustments in addition to better evaluation of blood sugars, and over time provides details 

to allow for therapeutic changes and therefore a modest reduction in A1C (Yeoh et al., 2018). 

The CGMS tends to display benefits in uncontrolled diabetes where there are large ranges of 

blood sugars and the diabetes is unstable (Kim et al., 2012). Barriers to checking blood sugars 

include lack of time, lack of privacy, social discomfort, and painful lancet devices for which the 

inclusion of CGMS to a diabetic plan reduces. Reducing barriers can improve patient compliance 

and therefore create a better understanding of glycemic control leading to its 

improvement. CGMS devices allow patients to objectively identify maximum and minimum 

blood glucose levels and glucose variability (Kim et al., 2012) leading to a better opportunity for 

a provider and patient to modify the diabetic treatment plan. CGMS allow for continuous patient 

diabetes management, they take over the job of checking glucose, offer around the clock 

vigilance and provide data that benefit the patient (Ajjan, 2019). Regular blood sugar testing 
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provides useful information for diabetes management, it can help the patient learn how diet and 

exercise affect blood glucose (Tan, 2020). 

Improved diabetic outcomes, reduced co-morbidities and complications related to the 

condition are all goals of treatment. On a larger scope, improved control would also allow for a 

reduction in the national cost expenditures for the disease, a reduction in death rates and overall a 

better health care system outcome. The future needs to include more research towards T2D and 

improved availability and access of technology to patients of both low and high risk. Bergenstal 

et al. (2018) discussed CGMS being a powerful tool with the potential to transform the 

management of individuals with T1D and a professional treatment goal should be convenient 

access to effective tools to help patients. Carlson et al. (2017) also agreed that CGMS adds 

glycemic control benefit on top of self-monitoring of blood glucose in patients with T1D. They 

go on to explain that the data for the T2D was less clear about the advantages for this population. 

CGMS offer continuous glucose data every 5 minutes to adjust insulin therapy for the T1D and 

to monitor lifestyle interventions especially for the T2D. This feedback to patients allows real-

time self-management options as well as provider therapeutic interventions (Poolsup et al., 

2013). There remains a gap in research devoted to CGMS and its benefits to T2D management. 

There is a great need and importance in controlling T2D in order to improve patient outcomes 

and reduce the cost and impact of the disease throughout the nation. Providing patients with tools 

to be successful in monitoring and controlling their blood sugars that can reduce complications 

and death rates must be initiated now with care. 

Purpose, Aim & Objectives  

The purpose of this project was to assess the efficacy of the CGMS in reducing the A1C 

in the T2D adult over 18 months. The measured outcome was the A1C level and the project aim 



 
     

 

                

                 

                 

                 

                

              

           

   

 

  

 

 

10 CGMS AND TYPE 2 DIABETES 

was a reduction in this level as an indication of improvement of diabetic management for T2D. 

The objective was to conduct a retrospective data review in a busy endocrine clinic that treats a 

large population of T2D using the CGMS. The project was unique to the adult with T2D and 

therefore there will be no inclusion of other types of diabetes. Research and data thus far have 

largely focused on T1D. The project deliverable was to contribute to research tailored to the T2D 

that evaluates the facilitation of glucose management to improve control and would allow for 

increased standardization of treatment plans and change in standards of care. 

DNP Essentials Addressed  

Nursing as a profession requires both practice experts and nurse scientists to expand the 

scientific basis for patient care (AACN, 2006). This project focused on the following DNP 

essentials. DNP Essential I: Scientific Underpinnings for Practice, the goal of this project was to 

improve the well-being and optimal function of human beings with T2D by proving that the 

CGMS helps to improve their disease management, control, and their overall health.  Also, 

acknowledged was the patterning of human behavior in interaction with the environment in 

normal life events (AACN, 2006). Patients are responsible to use the CGMS while living their 

normal daily lives. DNP Essential II: Organizational and Systems Leadership for Quality 

Improvement and Systems Thinking. This project evaluated care accountability for quality of 

health and patient safety in the use of the CGMS and T2D. DNP Essential IV: Information 

Systems/Technology and Patient Care Technology for the Improvement and Transformation of 

Health Care. The patient’s health care record was utilized to obtain necessary data and 

information by the site manager. A deidentified list of requested data was provided to the PI. The 

patient was responsible to use the technology to acquire necessary blood sugars, assess and 

monitor trends and alter treatment plan as necessary. DNP Essential VII: Clinical Prevention and 



 
     

 

 

 

 

 

 

               

             

             

               

11 CGMS AND TYPE 2 DIABETES 

Population Health for Improving the Nation’s Health. This project worked towards risk 

reduction/illness and prevention for T2D patients (AACN, 2006), prevention of future health 

complications by improving control of the A1C level by means of the CGMS. The goal of this 

project was to assess for diabetic improvement; however, in the long term should CGMS 

improve diabetic outcome and become standard practice, there will be an overall improvement in 

morbidity and mortality that plague the nation’s health care system. 

Advanced Practice Nurse Contributions to Scholarship & Practice  

Integrating nurse practitioners into primary care teams to provide innovative methods of 

support to adults with uncontrolled hyperglycemia improves clinical outcomes and self-efficacy 

for patients with T2D is of value (Richardson, 2014). Research evaluating the use of CGMS is 

currently dominated by data regarding T1D treatment plans. As an Advanced Practice Nurse, it is 

within our scope of practice to develop a treatment plan, to educate and prescribe appropriately 

for the T2D patient. Providing guidance to the patient to help them make responsible choices and 

reduce their barriers to care can improve diabetic outcomes as well. Further research conducted 

by the Advanced Practice nurse to target the patient with T2D and their diabetic response to the 

use of the CGMS is necessary to contribute to scholarship and lead a change in practice and 

standard of practice. 

Theoretical  Framework  

The theoretical framework that was used to guide this project was the Diffusion of 

Innovation theory (DOI). The Roger’s Diffusion of Innovation model was popularized by 

Everett Rogers and is characterized as a valuable change model for guiding technological 

innovation where the innovation itself is modified and presented in ways that meet the needs 
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across all levels of adopters (Kaminski, 2011). The DOI helped to explain how an innovation 

becomes accepted over time. The CGMS although not a new phenomenon and updated several 

times since its release in June 1999 (Reddy et al., 2020), has not been included in standard of 

practice for the management of T2D. Creating a standard of practice that includes the use of 

CGMS for T2D can contribute to better A1C control and prevent acute complications and halt or 

delay disease progression to prevent chronic complications (Kompala & Neinstein, 2019). This 

project used the DOI theory to encourage the adoption of this known technology to the treatment 

of T2D. There are several layers to the DOI, it includes the categories of adopters, factors that 

influence the adoption of the innovation and the stages of adoption. 

According to the DOI theory there are 5 categories of adopters (of innovation): (1) 

innovators: they are venturesome and interested in new ideas, they are the technology 

enthusiasts; (2) the early adopters are oriented towards their local peer networks, they are the 

visionaries; (3) the early majority adopt new ideas just before the average member does, they are 

the pragmatists; (4) the late majority they adopt new ideas after the average member has done so, 

they are the conservatives, and (5) the laggards are oriented towards the past and are cautious in 

accepting new innovations, they are the skeptics (Rogers, 2014). 

There are 5 main factors that influence adoption of an innovation. The factors include: (1) 

relative advantage that is the degree to which an innovation is seen as better than the idea, 

program, or product it replaces; (2) compatibility is how consistent the innovation is with the 

values, experiences, and needs of the potential adopters; (3) complexity is how difficult the 

innovation is to understand and use. (4) trialability is the extent to which the innovation can be 

tested or experimented with before a commitment to adopt is made and (5) observability is the 

extent to which the innovation provides tangible results (Rogers, 2014). 
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The next layer of the DOI are the 5 stages of the adoption process. The stages include: (1) 

innovators of technology, a new awareness of the innovation and the start of familiarity with it 

immediately; (2) persuasion or interest, the development of an attitude toward an innovation and 

investigate to understand how the innovation works; (3) decision or evaluation, they are aware of 

an innovation and form a posture towards it and eventually they decide to adopt the innovation; 

(4) implementation or trial stage, the start of usage of the innovation in order to overcome 

problems that may occur with the innovation and further reduce the innovations uncertainty and 

(5) confirmation or adoption after having implemented the innovation an adopter will continue to 

collect information that enforces their decision of adoption (Rogers, 2014). 

Placement into specific adopter category was both provider and patient specific and 

depended on how the technology was presented and the education to both providers and patients. 

According to Kaminski (2011), the goal was to streamline the innovation to meet the needs of all 

five categories. Essentially, the goal was so primary care and endocrine practitioners would be at 

the fifth stage of adoption in order for them to buy into implementing a new standard of care that 

initiates CGMS use and coverage for T2D patients. The CGMS, according to the literature 

review, has shown to be effective in helping to reduce the A1C level for T1D. This project 

helped to provide further data on the effect of the CGMS on the T2D and their A1C. 

With the DOI theory the results of the innovation needed to be evident. The research and 

evidence within the T1D community demonstrated the success of the CGMS in improving 

diabetic outcomes. The data obtained for this project allowed for visible tangible evidence for 

stake holder buy-in for standardization of CGMS use in the T2D patient. The research for the 

efficacy of CGMS and T1D already exist (Ishikawa et al., 2018; Torimoto et al., 2017) and the 

data from this project supported the use of CGMS and its efficacy in reducing the A1C in the 
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T2D, a relative advantage of superiority of the innovation can be supported. The compatibility of 

the innovation should be demonstrated to the patient by educating them on the convenience of 

using the CGMS versus using the SMBG, this will also demonstrate the relative advantage of the 

device. The communication channels for the CGMS are encouraged by both mass media 

channels via commercials and by interpersonal channels with word of mouth. 

Literature Review  

Search Strategy  

A review of the literature was conducted in order to explore the use of CGMS in T2D and 

its effect on the A1C. Multiple databases were searched through the health sciences library. 

Articles were searched using PubMed, CINAHL and MEDLINE (Ovid) with added advanced 

search criteria. Limits were placed in regards to language, length of time, human studies, peer 

reviewed journals and types of research and the time frame was limited to the past 5 years with 

the exception of 2 sentinel studies that were discussed. Keywords utilized included: Type 2 

diabetes, Type 2 Diabetes mellitus, continuous glucose monitors, continuous glucose monitoring 

systems, self-monitoring blood glucose systems, HbA1c and control. Each search term was used 

individually and then combined into appropriate related concepts related. The literature focused 

more on T1D and there is less research specific to T2D. The majority of literature included only T1D 

sampled and demonstrated valuable findings in improved control and compliance with use of the CGMS. 

The limited research reviewed that sampled from T2D were significant for demonstrating benefits of 

CGMS use and the reduction of theA1C, and then gives evidence to improved diabetic control. The 

following summary presents the literature review findings. 
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Use  of  CGMS  in  T1D   

Ólafsdóttir et al. (2018) conducted an RCT on the effects of CGMS on nocturnal 

hypoglycemia, daytime hypoglycemia, glycemic variability, and hypoglycemia confidence in 

T1D with Metered Dose Insulin (MDI). The authors conducted their review from the GOLD 

RCT which lasted over 69 weeks in a multicenter crossover trial. It compared CGMS versus 

SMBG in the T1D prescribed MDI. The authors discussed the improvement in response to 

decreasing blood glucose levels further supporting that CGMS allow the ability of continuous 

data in comparison to the single results that the SMBG provides, to improve patient intervention 

and behavior. 

Both Polonsky et al. (2017) and Heinemann et al. (2018) investigated the impact CGMS 

on the T1D. Polonsky et al. (2017) conducted a 24-week study of CGMS use on QOL in adults 

prescribed MDI. The DIAMOND study evaluated 158 subjects with poorly controlled T1D. The 

results revealed that the CGMS group demonstrated a greater increase in hypoglycemic 

confidence and a greater decrease in diabetes distress than did the SMBG group. The CGMS 

contributed to significant improvements in diabetes specific QOL in adults with T1D. CGMS use 

contributed to evidence of a decrease in diabetes distress. A reduction in diabetes distress may 

help T2D patients with compliance and control. Heinemann et al. (2018) conducted a multicenter 

RCT in adults with T1D and impaired hypoglycemia awareness (or severe hypoglycemia) treated 

with MDI. The authors investigated the efficacy of CGMS in avoidance of hypoglycemia in this 

population. They aimed to research if the incidence and severity of hypoglycemia can be reduced 

through use of CGMS. A 6-month study at 12 diabetes practices in Germany included 149 

participants who wore a CGMS masked for 28 days then were randomly assigned to 26 weeks of 

unmasked CGMS or to a control group (SMBG). Findings discussed a reduced glucose and 
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improved hypoglycemic awareness. This RCT study is evidence of glucose variability 

improvement and an improvement in glucose profiles that can also be considered and applied for 

in T2D. 

Use  of  CGMS  in  T2D   

A randomized clinical trial in 25 endocrinology practices recruited 158 adult T2D patients using 

insulin and aimed to determine the efficacy of CGMS in adults with T2D receiving MDI. The sample was 

randomly assigned to a CGMS or standard of care with SMBG and evaluated over a 24-week period. 

Both groups were found to have an improved A1C and the groups did not differ meaningfully (Beck et 

al., 2017). 

By conducting a retrospective chart review, Carlson et al. (2017) evaluated multiple studies that 

assessed the use of CGMS in T2D.Avariety of studies were reviewed such as efficacy andA1C 

reduction, CGMS in T2D, hypoglycemia, glucose variability, CGMS and clinical practice. The findings 

revealed that more research was necessary to establish optimal frequency, timing and duration of 

continuous glucose monitors. They also found that comorbid patients and patients at risk for 

hypoglycemia that used the CGMS would be therapeutically benefitted. They predicted that many 

individuals with T1D and T2D and their care teams will come to depend on CGMS as a key tool for 

diabetes management. 

Ajjan et al. (2019) conducted RCT study in order to analyze the effects of professional 

flash glucose monitoring systems in insulin treated T2D in both primary and secondary settings. 

148 T2D were divided randomly into 3 different groups: self-monitoring blood glucose, self-

monitoring blood sugar with flash monitor and self-monitoring and four sensor wears. Flash 

glucose monitors were found to provide a comprehensive blood glucose range that allows for the 



 
     

 

 

 

 

   

 

 

 

 

 

 

 

17 CGMS AND TYPE 2 DIABETES 

assessment of blood glucose variability. This project supported the efficacy of the CGMS and the 

ability to better manage and control diabetes. 

Ishikawa et al. (2018) conducted a study that aimed to utilize a CGMS to analyze the 

relationship between hypoglycemia and diabetes treatments. 170 patients older than 65 years of 

age with T2D who were receiving steady state medication were classified into two groups. The 

results revealed that the CGMS helped to identify that the higher glucose variability and lower 

average glucose levels indicate a greater hypoglycemic risk. Hypoglycemia risk was higher in 

patients that were prescribed insulin. The use of the CGMS allows for glucose trending and 

improved hypoglycemic awareness especially beneficial for the population older than 65. This 

study further emphasizes the benefit of CGMS for the T2D and recognizing that CGMS use is 

necessary to ensure comprehensive blood glucose control. 

Taylor et al. (2019) examined the effects of CGMS on tolerance and acceptability of 

device wear, stress and diabetes management and motivation change. An RCT pilot study was 

conducted. The sample included 20 adults with T2D randomized to a low carbohydrate lifestyle 

plan while wearing a CGMS or to an offline blinded CGMS for 12 weeks. Study was conducted 

on an outpatient basis. The study was carried out in Japan. Both groups resulted in significant 

body weight loss and a reduction in A1C. Evidence was provided of improved behaviors that 

accompany CGMS for diabetic management and glucose monitoring. CGMS may provide an 

alternative approach to glucose management in individuals with T2D without resulting in 

increased disease distress. The authors found that subjects whom received their glucose levels in 

real-time were more likely to improve their self-management behavior and compliance. 

Sato et al. (2016) conducted a RCT study in order to assess the effect of treatment 

guidance based on data from a CGMS on glycemic control and patient satisfaction in those with 
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T2D. 34 poorly controlled diabetics were randomly assigned to the intervention (CGMS) or 

nonintervention (A1C levels) group. The study took place on an outpatient basis at Juntendo 

University Hospital in Tokyo Japan. The study had no statistical significance of efficacy for 

improving glycemic control and therapeutic satisfaction in patients with T2D. 

Mixed T1D and T2D Studies  

Hirsch et al. (2019) aimed to identify clinically useful associations between A1C levels 

and various continuous glucose monitoring- derived metrics. In a retrospective study they 

analyzed the A1C levels and CGMS data from 530 adults with both T1D and T2D in several 

completed studies. Over a period of > 24 weeks with the data from the CGMS and end of study 

A1C levels. The authors found that the CGMS allow direct and nearly instantaneous assessment 

of mean glucose concentrations and the glycemic responses to interventions and it can empower 

and motivate people with diabetes and therefore improve glycemic control. Findings revealed 

that CGMS may help guide diabetes therapy intensification efforts in an A1C independent 

manner. 

Ruedy et al. (2017) conducted a multicenter RCT study throughout the US and Canada. 

116 individuals were randomly assigned to CGMS use or SMBG use in order to determine the 

efficacy of CGMS in adults with both T1D or T2D prescribed MDI. The study’s findings 

revealed that A1C reduction from baseline to 24 weeks was a greater in the CGMS group than 

the control group. 

Gap  in  Literature   

Fortunately, the correlation between A1C and CGMS has been researched; however, it 

has not been adequately researched enough on the T2D. The studies selected have designs and 



 
     

 

                 

              

             

              

        

  

   

         

                 

               

                

                

                

      

   

 

    

19 CGMS AND TYPE 2 DIABETES 

methods such as RCT that evaluated the use of CGMS and contributed to useful findings of A1C 

improvement. The studies however rarely focused on T2D alone, rather the focus has remained 

on T1D, gestational diabetes and those that use continuous insulin pumps for insulin 

administration. The literature review supported the need for more research devoted to the T2D 

patient and their use of the CGMS. 

Project Methods and Design  

Study Design and Setting  

A retrospective chart review was conducted to explore the efficacy of CGMS on T2D in 

reducing the A1C. The target population were T2D that sought care at the Endocrinology Center 

of Western New York in Williamsville, NY. The Endocrine Center of WNY is an endocrine center 

located in Williamsville NY. They are the largest Endocrine site in WNY with over 2500 T2D patients. 

They have an approximate 150 T2D currently using CGMS. The Endocrine center has Board Certified 

Physicians, Fellows and a residency program whom all provide care to the T2D population. They also 

have multiple Certified Diabetic Educators (CDE) that take part in the education and application of the 

CGMS for each patient. Patients are provided with nutritional counseling from the CDE to reinforce diet 

and use of CGMS every visit. 

Participants  

Participants were adult (>18 years old) male and female patients that sought care from the 

Endocrine center of WNY. Patients are treated for T2D at the site. A de-identified list of 125 

patients was provided to the PI from the project site with requested data points. The list was 

further divided into two categories to identify patients using Dexcom or Freestyle Libre 
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monitoring systems. The list was evaluated and included cases for the study were selected based 

on inclusion and exclusion criteria, ultimately 57 cases were selected for inclusion. 

Inclusion and Exclusion Criteria  

The participant sample was based on the following inclusion criteria: adult patients older 

than 18 years of age who had T2D for greater than 12 months and had been prescribed a CGMS 

for a minimum of 6 months. Exclusion criteria included patients under 18 years of age, patients 

on dialysis, pregnant women, a diagnosis of T1D, new diagnosis of T2D (less than 6 months), 

conditions that require regular or frequent use of steroids (this was assessed by medications 

documented on list), patients with bariatric surgery within a year, patients using a combination 

insulin pump and CGMS.  

Data Collection and Project Tools  

Data was collected from March 5th 2021 through March 19th, 2021. The variables 

requested and provided to the PI were A1C values (obtained either as a point of care test or as a 

conventional laboratory blood sample) with the dates obtained, age, race, BMI, (Body Mass 

Index), GFR (Glomerular Filtration Rate), weight at the time of the A1C levels, length of 

diabetic diagnosis (if documented) and if the patient was prescribed insulin or steroids. 

The data was extracted from the patient medical record by the site manager and the IT 

department by creating a dynamic worklist. A de-identified printed list divided by CGMS 

prescribed was given to the PI. This list was evaluated by the PI on-site at the Williamsville 

clinic. This list was returned to the site manager by the PI upon completion. Data was extracted 

from the de-identified list and transferred to the patient data collection log for data organization 
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and did not contain any identifying patient information. Cases were identified by an assigned 

case number. 

Data Analysis  

The data from the data collection log was placed into an excel spreadsheet and was 

uploaded to SPSS version 27 for data analysis. Frequencies and descriptive statistics were 

completed to describe sample demographics.  A paired t-test was decided as the most appropriate 

statistical test in order to compare the A1C prior to CGMS and post CGMS use. An independent 

sample t-test was done on three occasions to compare: (1) single point A1C levels and monitor 

type, (2) BMI, weight changes and length of diagnosis compared to monitor type, and (3) CGMS 

use and insulin and non-insulin users. A repeated measure ANOVA was used to test mean 

differences between each monitor and individual A1C points. 

For each case, the A1C was evaluated at five points over an approximate 18-month 

period, once prior to CGMS application, a second at the time of application, and then at 3 

months, 6 months and 12 months. Each case acted as their own control. 

Human Subjects and Ethical Considerations  

This DNP project included human subjects that sought out care from the endocrinology 

center for management of their T2D. However, this project employs a retrospective chart review 

and therefore no direct contact with patients occurred, risks posed to the patient were not 

identified. The patient confidentiality was maintained by deidentified information being provided 

to the PI by the site manager. This study did not require patient contact. Minimal patient 

identifiers were necessary for patient evaluation, such as age, race and gender (male or female). 

IRB approval was requested of the University at Buffalo. The IRB determined that the proposed 
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activity was not research involving human subjects and therefore IRB review and approval was 

not required (see Appendix A). A patient consent was not necessary for a retrospective chart 

review and therefore not obtained. 

Patient confidentiality was maintained by deidentified information being provided to the 

PI by the site manager (see Appendix B). The data collection sheet (see Appendix C) was stored 

on the PI’s password protected laptop which only the PI has access to. The list provided to the PI 

was evaluated on-site and never left the project site. When all data was obtained, the list was 

returned to the project site manager. 

Results  

Participant Demographics    

Table 1 reports descriptive statistics analyzed and reported. All cases reported gender 

(male or female), the sample included 37 (64.9%) males and 20 (35.1%) females. Mean age was 

61.02 while the ages ranged from 28-84 years. In the sample, 55 of 57 reported race which 

included 3 (5.3%) of Asian descent, 7 (12.3%) African American descent, 41 (71.9%) White 

descent, 3 (5.3%) Middle Eastern Descent, and 1 case (1.8%) of Hispanic descent (see Figure 1). 

The BMI range was 21.40-87.20 with a mean BMI of 34.95, which is Obesity Class I. Average 

weight loss was 3.03 kgs, the most weight loss recorded was 37.93 kgs while the most weight 

gained was 29.70 kgs. GFR values were collected in order to evaluate chronic kidney disease and 

exclude patients that were on dialysis. Eight cases were excluded based on dialysis treatment. 

Within the total sample,33 used the Freestyle Libre (CGMS) and 24 used the Dexcom (CGMS). 

http:21.40-87.20
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CGMS and A1C Level at One Year  

Tables 2 and 3 showed the outcome of the use of CGMS and the final A1C at the 12 

month point post application. A paired-sample t-test was conducted to compare the A1C 

obtained prior to CGMS application and the A1C after 1 year of application. There was a 

significant difference in the A1C level prior to the CGMS application (M=8.164, SD=1.6289) 

and the A1C post application at month 12 (M=7.667, SD= 1.2604); t (54) =2.230. P=.030. These 

results suggest that the use of the CGMS can reduce A1C levels for the T2D. There was a 

positive correlation between the first A1C and the A1C at 12 months at r+ .370, p + .005. 

CGMS and Insulin versus Non-insulin Users  

Table 4 demonstrated a significant difference in the A1C levels with cases prescribed 

insulin and those without insulin use. T-tests were performed to assess differences in A1C at 

each of the individual 5 time points between participants who were prescribed insulin versus 

those who were not. There was a significant difference in the scores for A1C with insulin 

(M=7.62, SD=1.275) and without insulin (M=6.53, SD=0.462); t (4.7) =3.29, p = 0.024). At that 

final time point, non-insulin users had significantly lower A1C scores than insulin users. 

Other Statistical Tests Performed   

A repeated measure ANOVA was conducted for data differences between A1C levels by 

monitor type (Dexcom versus Freestyle Libre) before and after the CGMS application. To further 

analyze the changes that occurred, a Mauchly’s test of Sphericity was done using an Epsilon 

Greenhouse-Geisser. There were no interactions between A1C over time and monitor type 

F(3.24) + 1.694, P = 0.182 (see Table 5). As a follow up to the RM-ANOVA, the difference between 
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monitors were evaluated by theA1C time window individually. To better assess changes in the interim 

time periods, t-tests were performed looking at monitor type at each A1C time point. No statistical 

significances were found between the two monitors at any of the A1C time points. 

The independent t- tests comparing BMI, weight change and length of diagnosis compared 

by monitor types for differences had no significant differences. 

Discussion  

This project results answered the project question, “Does CGMS reduce A1C in the T2D 

patient population in this study?”. There was a significant difference between the A1C without 

CGMS use and with CGMS. The mean A1C improved from 8.2% to 7.7% with CGMS 

application (see Table 3). This finding encourages the need for further research with a larger 

sample size. There were also other findings that were valuable to the body of research on this 

topic. The project found that non-insulin dependent cases had a lower A1C at one year when 

compared to insulin dependent cases. This challenges current diabetic treatment plans and 

insurance requirements for CGMS. Typically, insurance plans require that a diabetic patient be 

injecting insulin in order to qualify for the use of a CGMS. A successful reduction in A1C 

without insulin use while using the CGMS can provide a unique change in qualifying 

recommendations for the insurance companies. A larger non-insulin sample size needs to be 

evaluated in order to prove the benefit in starting the CGMS prior to starting insulin.  

The racial findings were of concern and posed further questions in regards to racial 

disparities in health care in the United States. The majority of the cases in the sample were white 

males (73.55%). This raises the question if white patients are offered this type of management 

more often than the non-white community and its reasoning. It is likely that a white male has 
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more experience in advocating for himself and leading his care. Also, they may be more likely to 

have insurance coverage for expensive systems that have increased benefit. 

Further evidence of the racial disparities in health care were shown with only one 

Hispanic case. The city of Buffalo accounts for 12.3% Hispanics, while Erie county accounts for 

5.2%. Of Erie county’s 5.2% of Hispanics 23.4% of this population have T2D (Erie County, 

New York Community Health Assessment 2019-2022, n.d.), yet they were only represented 

among the sample by 1.8%. This finding is likely multifactorial. The Endocrinology Center of 

WNY is located in a suburb of Buffalo and may be difficult for this population to access, also 

Hispanics may be less likely to seek care at this practice site since there are no Spanish speaking 

providers and the need for translation services. 

Equally as underrepresented were the African American community who accounted for 

only 12.3% of the sample. Africans Americans account for 14% of the Erie County population 

and 45.3% have T2D (Erie County, New York Community Health Assessment 2019-2022, n.d.). 

The same assumption can be made about this community, the distance poses limitation to access 

care at this particular site. 

Strengths and  Limitations  

Limitations  

Limitations of the study were considerable due to the COVID 19 pandemic starting in the 

United States in March of 2020. The pandemic greatly impacted multiple aspects of the study 

when restrictive measures were set in place in order to reduce transmission rates around the 

world. Patients may not have had access to their health care provider due to the lock down and 

change in appointment availability, patients reduced or lack of income may have affected their 
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ability to eat healthy, the closing of society increased sedentary activities and therefore increased 

their BMI, and increased stress led to decompensation of mental health. Due to uncertainty and 

the state of the world, much of the population chose to not interact with the healthcare system. 

The reduced in-person ambulatory visits and increased telehealth visits allowed for a reduction in 

A1C surveillance creating missing data points. Due to the pandemic, there were multiple missing 

data points for the CGMS that were implemented in the treatment plan close to the onset of the 

pandemic. The CGMS initiated years prior to the pandemic had more complete lab values in 

comparison. Another limitation was the use of one project site which limited the sample size 

amount. There would be benefits in making this a multisite study. A multisite study may increase 

the diversity of the population. Also, there were significantly less Dexcom users than there were 

freestyle libre users. An attempt to increase the Dexcom cases would be beneficial in the 

continued evaluation of the CGMS and its use. 

Strengths  

The significant results contribute to a body of research that looks at the benefit to 

incorporate CGMS in the treatment plan for T2D. These results may contribute to easier 

justification of initiating the CGMS early in treatment plan prior to insulin therapy being 

required. The results also can contribute to changes within the criteria for coverage with the 

insurance companies.  

Future Implications and Recommendations  

Future research is necessary to investigate the benefits of CGMS for the T2D. The studies 

should involve multiple project sites in order to capture a larger, more diverse sample size. It 

would be of value to have an equal number of cases using both the Freestyle Libre and the 
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Dexcom glucometer for balance and individual evaluation of each system. There need to be more 

non-insulin dependent diabetics using CGMS in order to further assess their A1C response over 

time and evaluate the value in starting CGMS prior to a patient initiating insulin. More consistent 

follow through with patients having their A1C done in order to reduce the likelihood of missing 

data points and strengthen the study findings is necessary and likely would be an easier goal to 

obtain without a pandemic.  

Finally, future research is needed to continue to provide more evidence of the benefit of 

the CGMS as a part of a standard treatment plan for the patient with T2D. 

Conclusion  

A retrospective chart review was conducted at the Endocrinology Center of WNY during 

the Spring semester of 2021 in order to assess the efficacy of the CGMS in reducing theA1C in the 

T2D adult patients. An estimated 125 patients were considered from a deidentified patient list. The 

list was reviewed and cases were selected based on the inclusion and exclusion criteria, 57 cases 

qualified and were selected for inclusion in the study. Improvement of diabetic control for the T2D 

patient can reduce disease progression, complications as well as reduce health care expenditure for its 

treatment. The projects findings support the theory that CGMS can improveA1C levels in T2D over 

time. The project also found that patients started on CGMS prior to insulin treatment reduced theirA1C 

levels better than the insulin dependent cases did with the CGMS. This study contributes to the body of 

research that facilitates the implementation of standards of practice for T2D. A change in the standard of 

practice would help to reduce barriers for insurance coverage, payment and affordability and potentially 

increase the likelihood of primary care clinicians ordering CGMS easily and more often. 
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Table 1  

Sample Statistics and Demographics 

ID Age Race Gender BMI GfR Wgt Chge length of Dx Insulin Tx A1C 1 A1C 2 A1C 3 A1C 4 A1C 5 Monitor Type 

N Valid 57 57 55 57 56 57 55 53 57 55 53 42 42 45 57 

Missing 0 0 2 0 1 0 2 4 0 2 4 15 15 12 0 

Mean 29.00 61.02 2.85 1.35 34.9593 58.40 -3.0320 17.2830 1.07 8.164 7.75 7.44 7.59 7.55 1.42 

Median 29.00 63.00 3.00 1.00 31.3000 61.00 -2.8000 13.0000 1.00 7.900 7.40 7.35 7.30 7.10 1.00 

Mode 1a 58a 3 1 26.97 61 -3.00 6.00 1 7.0a 7a 8 7a 7 1 

Std. Deviation 16.598 12.466 .678 .481 11.20445 21.467 8.93898 14.23211 .258 1.6289 1.357 1.525 1.429 1.265 .498 

Range 56 56 4 1 65.80 117 67.63 54.00 1 7.3 6 9 7 7 1 

Minimum 1 28 1 1 21.40 8 -37.93 3.00 1 5.7 5 6 6 6 1 

Maximum 57 84 5 2 87.20 125 29.70 57.00 2 13.0 12 15 13 13 2 
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Table 2  

 

Paired Samples T-test Comparing A1C Prior to CGMS and at 12 Months 

Paired Differences 

95% Confidence Interval 

Std. Std. Error of the Difference Sig. (2-

Mean Deviation Mean Lower Upper t df tailed) 

Pair 1 A1C 1 - Last .4964 1.6506 .2226 .0501 .9426 2.230 54 .030 

A1C 
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Table 3  

Paired Samples Statistics Comparing A1C Prior to CGMS and After 

Std. Std. Error 

Mean N Deviation Mean 

Pair 1 A1C 1 8.164 55 1.6289 .2196 

Last A1C 7.667 55 1.2604 .1699 
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Table 4  

Independent Samples T-test Comparing the A1C of Non-insulin Users to Insulin Users 

Levene's Test for Equality of 

Variances t-test for Equality of Means 

95% Confidence Interval of 

Sig. (2- Mean Std. Error 

the Difference 

F Sig. t df tailed) Difference Difference Lower Upper 

A1C 1 Equal variances 

assumed 

.175 .677 .780 53 .439 .6618 .8489 -1.0409 2.3644 

Equal variances not 

assumed 

.761 3.460 .495 .6618 .8697 -1.9089 3.2325 

A1C 2 Equal variances 

assumed 

.548 .462 .145 51 .886 .103 .712 -1.327 1.533 

Equal variances not 

assumed 

.127 3.376 .906 .103 .808 -2.315 2.521 

A1C 3 Equal variances 

assumed 

.281 .599 .706 40 .485 .649 .919 -1.209 2.507 

Equal variances not 

assumed 

.640 2.254 .581 .649 1.014 -3.274 4.572 

A1C 4 Equal variances 

assumed 

.321 .574 1.630 40 .111 1.200 .736 -.288 2.688 

Equal variances not 

assumed 

2.073 4.233 .103 1.200 .579 -.373 2.773 

A1C 5 Equal variances 

assumed 

1.442 .236 1.460 43 .151 1.090 .747 -.415 2.596 

Equal variances not 

assumed 

3.290 4.704 .024 1.090 .331 .222 1.959 
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Table 5  

Independent Samples T-Test Comparing Each Individual A1C Results by Monitor 

Levene's Test for Equality of 

Variances t-test for Equality of Means 

95% Confidence Interval of 

Sig. (2- Mean Std. Error 

the Difference 

F Sig. t df tailed) Difference Difference Lower Upper 

A1C 1 Equal variances 

assumed 

.075 .786 .605 53 .548 .2727 .4510 -.6319 1.1773 

Equal variances not 

assumed 

.609 46.341 .545 .2727 .4475 -.6279 1.1734 

A1C 2 Equal variances 

assumed 

2.871 .096 1.048 51 .300 .396 .378 -.363 1.155 

Equal variances not 

assumed 

1.120 50.866 .268 .396 .354 -.314 1.106 

A1C 3 Equal variances 

assumed 

1.803 .187 .130 40 .897 .063 .481 -.910 1.035 

Equal variances not 

assumed 

.143 34.170 .887 .063 .438 -.827 .952 

A1C 4 Equal variances 

assumed 

2.428 .127 -.949 40 .348 -.437 .461 -1.368 .494 

Equal variances not 

assumed 

-.843 20.781 .409 -.437 .519 -1.516 .642 

A1C 5 Equal variances 

assumed 

1.524 .224 .915 43 .365 .367 .401 -.442 1.175 

Equal variances not 

assumed 

1.068 40.982 .292 .367 .343 -.327 1.060 
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Figure 1  

Race Statistics 
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University at Buffalo Institutional Review Board (UBIRB) 

Office of Research Compliance | Clinical and Translational Research Center Room 5018 

875 Ellicott St. | Buffalo, NY 14203 

UB Federalwide Assurance ID#: FWA00008824 

NOT HUMAN RESEARCH DETERMINATION 

March 1, 2021 

Dear Kimberley Wilson, 

On 3/1/2021, the University at Buffalo IRB reviewed the following submission: 

Type of Review: Initial Study 

Title of Study: Continuous Glucose Monitoring Systems and Type 2 Diabetic Control 

Investigator: Kimberley Wilson 

IRB ID: STUDY00005249 

Documents Reviewed: • HRP 613, Category: Other; 

• Project Site Agreement , Category: Site Permission 
Letter; 

• Protocol , Category: IRB Protocol; 

• scientificreviewWilson.pdf, Category: Other 

The IRB determined that the proposed activity is not research involving human subjects. IRB review and 

approval is not required. 

This determination applies only to the activities described in the IRB submission and does not apply 

should any changes be made. If changes are being considered and there are questions about whether 

IRB review is needed, please submit a study modification to the IRB for a determination. You can create 

a modification by navigating to the initial submission and selecting ‘Create Modification / CR’. 

If you have questions, please contact the UBIRB at 716-888-4888 or ub-irb@buffalo.edu. Please include 

the project title and number in all correspondence with the UBIRB. 

https://pacs.buffalo.edu/irb/sd/Rooms/Misc/ResourceContainerFactory?target=com.webridge.account.Person%5bOID%5b75A65CBD523FD445B0253653AC7ADE9C%5d%5d
https://pacs.buffalo.edu/irb/sd/Rooms/Misc/ResourceContainerFactory?target=com.webridge.account.Person%5bOID%5b75A65CBD523FD445B0253653AC7ADE9C%5d%5d
mailto:ub-irb@buffalo.edu
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Project Site Agreement 

Date: September 14, 2020 

Re: Letter of Support 

To Whom It May Concern: 

It is my pleasure to write a letter in support of the proposed Doctor of Nursing Practice (DNP) 

project Continuous Glucose Monitoring Systems and Type 2 Diabetic Control being submitted to 

the University at Buffalo Institutional Review Board by Kimberley A. Wilson, ANP. 

The intended retrospective quantitative study aims to assess the relationship between continuous 

glucose monitoring systems and HbA1c levels in adult type 2 diabetics. Largely the research has 

been devoted to the type 1 diabetic. HbA1c data will be evaluated over an 18-month period in 

order to focus on the efficacy of the CGMS in improving the HbA1c in solely the type 2 diabetic. 

In conclusion, I fully support the DNP project as proposed by Kimberley A. Wilson, ANP and 

agree to allow the DNP project to be implemented at the Endocrinology Center of Western New 

York.  

Sincerely, 

Typed Name Dr. Ajay Chaudhuri____________________ 

Title Medical Director of Endocrinology Center of Western New York____________ 
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Data Collection Log 

Patient Identification code: 

Age: 

Race: 

Gender: 

Waist circumference: 

BMI: 

GfR: 

Weight loss/gain (Kg): 

Length of Diagnosis: 

Insulin treatment: Yes  No 

Monitor type: 

Prior to 

CGM 

CGM 

Application 

3 Months 6 Months 12 Months 

A1C 
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 13.0% of all US adults had diabetes in 2018 (4).

 Complications of T2D (Type 2 Diabetes) include: cardiovascular 

disease, ischemic heart disease, stroke, lower extremity amputation, 

hyperglycemic crisis or hypoglycemia. 

 T2D is traditionally monitored with conventional intermittent self -

monitoring glucose meters requiring multiple finger sticks that are 

inconvenient and labor intensive.

 Intermittent glucose management can reduce the amount of 

compliance by the patient and therefore impair appropriate glucose 

management by the provider. 

 Providing the T2D patient with a convenient non labor intensive 

plan can increase the likelihood of compliance and improve 

outcomes.

                   

 Setting: Endocrinology Center of Western New York.

 A retrospective chart review.

 Adult T2D n=57

 UB IRB determined the proposal activity was not research involving 

human subjects and that IRB approval was not required.

 Assessment of diabetic improvement was measured by the A1C 

level. The subjects were their own control. A dynamic work list of 

deidentified data was evaluated for inclusion into the study. A1C 

levels were compared over an 18 month period for each case. Once 

before, at the time of CGMS application and at 3 points in time after.

 Inclusion Criteria: adults ( 18 yo) who have T2D   12

months and who have been prescribed a CGMS for at 

least 6 months. Patients prescribed freestyle libre and 

Dexcom glucometers were both included.

 Exclusion Criteria: patients under 18 years of age;

patients on dialysis, patients with T1D; patients with 

diagnosis of T2D  6 months; patients with regular 

steroid use; patients having bariatric surgery within one

year; patients using a tandem insulin pump and CGMS; 

and pregnant women with gestational diabetes.

          

 There was a statistical significance between CGMS and the final A1C 

collected at 12 months. 

 There was a statistical significance when comparing the insulin and 

noninsulin dependent diabetics, with the non -insulin group having 

better A1C outcomes.

 A significantly noticeable racial disparity was found. Only 1.82% 

Hispanic individuals had a CGMS despite representing  5.2% of Erie 

County s population. 23.4% of this population have T2D (2).

          

1.Ajjan, R., Slattery, D.,   Wright, E. (2019). Continuous glucose monitoring: A brief review for primary care practitioners  R esearch support, non -U.S. gov t review . 

 dvanced  herapy,   (3), 579-596. https://doi.org/10.1007/s12325 -019-0870-x

 .Community Health  ssessment  CH     Erie County, NY Department of Health .  online  Available at:                                                           

              

3.Yeoh, E.,  im, B. ., Fun, S., Tong,  ., Yeoh,  .Y.,   Sum, C.F., Subramaniam, T.,    im, S.C. (2018). Efficacy of self -monitorin g of blood glucose versus retrospective 

continuous glucose monitoring in improving glycaemic control in diabetic kidney disease patients. Nephrology , 23( ), 264-268. https://doi.org/10.1111/nep.12978

4.World Health Organization (n.d.). Diabetes . https://www.who.int/health -topics/diabetes

                                              

                   

                           
 Continuous glucose monitoring systems ( CGMS) allow for better 

glucose control and therapeutic changes leading to a modest 

reduction in A1C (3). 

 CGMS use a fixed sensor with a subcutaneous, glucose -oxidase 

platinum electrode that measures glucose concentrations in the 

interstitial fluids (1).

 Research and data thus far have largely focused on T1D. Research 

tailored to the T2D that evaluates the facilitation of glucose 

management to improve control would allow for increased 

standardization of treatment plans and change in standards of care.

                          

 The purpose of this Doctor of Nursing Practice project was to assess 

the efficacy of the CGMS in reducing the A1C in the T2D adult.

 The measured outcome was the A1C level and the goal is its 

reduction as an indication of improvement of diabetic management 

for T2D. 

 The project objective was to conduct a retrospective chart review in a 

busy endocrine clinic that treats a population of T2D using the 

CGMS. 

                     

 The Diffusion of Innovation theory (DOI) was used to guide 

this project.

 The DOI helps to explain how an innovation becomes accepted 

over time .

 This project utilized the DOI theory to encourage the adoption 

of this known technology to the treatment of T2D. 

       

 Results of this project revealed a mean reduction in A1C levels 

from 8.2% to 7.7% after application of the CGMS on the T2D.

 A RM-ANOVA was performed to compare the  ibre and the Dexcom 

monitor types and A1C levels over time. There was not an interaction 

or significant difference between A1C overtime and monitor type, F 

(3, 24) = 1.694, P=0.182.

 As a follow up to the RM-ANOVA, the difference between monitors 

were evaluated by the A1C time window individually. T-test were 

performed looking at monitor type at each A1C time point. No 

statistical significances were found between the two monitors at any 

of the A1C time periods. 

 Finally, t-tests were performed to assess differences in A1C at each of 

the 5 time periods between participants who were prescribed insulin 

versus those who were not. No differences were found between 

insulin/non-insulin users at the final time point. At that final time 

point, non-insulin users (M=6.53, SD=0.462) had significantly lower 

A1C scores than insulin users (M=7.62, SD=1.275; t (4.7) = 3.29, p = 

0.024).

                       
 Strengths: 

 Obtaining data from an endocrine site. 

 Although there were missing data points, patients 

eventually followed through and didn t stop their 

treatment.

  imitations: 

 Project being conducted during the COVID 19 

pandemic.

 Data from only one project site. 

  ack of racial diversity within the sample.

  ess Dexcom users than Freestyle  ibre.

 Multiple missing data points.

                                     

 More research is necessary with larger sample sizes. 

 It may be beneficial to have multiple sites where data is collected. 

 Recommend that the monitors have an equal sample size.

 More inclusion of noninsulin dependent diabetics with CGMS would 

be beneficial to further evaluate the value in starting CGMS prior to a 

patient starting on insulin.
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