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PHS 398 Research Plan 

Introduction 

Approximately three million Americans live with type 1 diabetes (T1D) and an estimated 

fifteen percent of those Americans are children (Juvenile Diabetes Research Foundation, 2014). 

Type 1 diabetes requires intense daily management to meet treatment goals and to avoid 

complications. The regimen includes approximately four to eight finger sticks to monitor blood 

sugars daily and multiple injections of insulin daily or the use of an insulin pump. Children with 

T1D and their parents are responsible for carbohydrate counting, insulin dosing, and monitoring 

for hypoglycemia and hyperglycemia. Children with T1D are less likely to have a hemoglobin 

A1C of less than 7% and are more likely to suffer from hypoglycemia (American Diabetes 

Association, 2014). The use of continuous glucose monitoring (CGM) is a new technology that 

provides diabetics with frequent blood sugar readings by regularly measuring glucose in interstitial 

fluid. The technology is promising for patients with diabetes in hopes of simplifying management 

and facilitating better glycemic control. While there is some research on this topic in adults, further 

research on CGM and its effect on glycemic control are still needed among children. 

This study proposal was based on the Self and Family Management of Chronic Illness 

Framework created by Grey, Knafl, and McCorkle in 2006. It identifies risk and protective factors 

associated with chronic disease as well as family and individual management behaviors that 

influence patient outcomes. The Self and Family Management of Chronic Illness Framework was 

used in this proposal to facilitate understanding regarding how an intervention, such as continuous 

glucose monitoring, can effect patient outcomes.  

Specific Aims 

Research has shown that adults with T1D have improved glycosylated hemoglobin 

(HgbA1c) with continuous glucose monitoring. However, research among children with T1D has 

been inconclusive. The purpose of this quantitative research study is to analyze the impact of 

continuous glucose monitoring on glycemic control in children ages 2-17 with T1D as well as 

discover incidence of hypoglycemic events in children using CGM. 

Research Strategy 

The research strategy for this project is to evaluate effectiveness of CGM in children ages 2 

to 17 with T1D. Retrospective chart reviews will be conducted on a small consecutive sample of 

children with T1D using CGM from Rady Children’s Endocrinology Outpatient Clinic. HbgbA1c 

levels will be gathered pre and post CGM initiation to analyze the difference in glycemic control. 

Episodes of hypoglycemia will also be measured to identify the incidence of hypoglycemia in 

patients with CGM.  
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Protection of Human Subjects  

Internal Review Board approval from California State University San Marcos as well as 

Rady Children’s Hospital will be needed prior to study commencement. A HIPPA waiver and 

official letter of intent from the director of pediatric endocrinology will be obtained prior to data 

collection related to the retrospective design. No patient health information (PHI) or patient 

identifiers will be collected or used in this study due to its retrospective design. 
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Budget Justification 

Personnel.   The principal investigator for this study will be responsible for the overall 

project, including: budget oversight, Institutional Review Board (IRB) applications, data 

collection, summarizing results, and dissemination. She will collect data 2 days per week for 8 

hours or a 0.40 full-time equivalent (FTE).  Based on a yearly salary of $45,000 it would cost 

$6,000 for 16 weeks at 0.40 FTE. Additional cost for benefits, which is approximately 41% of 

salary, would be $2460 for 4 months. Total estimated cost for salary and benefits for the PI would 

be $8,460 for the entire project.  

The co-investigator  will be responsible to identify current patients that are potential 

research participants based on inclusion criteria, review medical records, and assist in data 

collection. Rady Children's Hospital requires that one of the primary investigators be an employee, 

so this person will be a a registered nurse in the Endocrinology Clinic who is familiar with the 

potential participant pool, computer software and data base. The co-investigator will spend 

approximately 2 days per week for 8 hours or a 0.40 full-time equivalent (FTE) on the study.  

Based on a yearly salary of $45,000 it would cost $6,000 for 16 weeks at 0.40 FTE. Benefits would 

be supplemented due to work hours dedicated to this study. Benefits would be approximately 41% 

of salary, would be $2460 for 4 months. Total estimated cost for salary and benefits for the AI 

would be $8,460 for the entire project.  

Consultation Costs.   A statistician will be consulted after data collection has been 

completed and assist with statistics and data analysis using SSPS. The statistician will provide 20 

hours of consultation at $100/hour for a total of $2,000 for the project.   

Equipment.   A laptop computer will be needed for data collection and analysis. Minimum 

requirements to run SSPS include: Windows XP, Intel processor 1 GHz or higher, 1 GB RAM, 1 

GB hard drive space, and CD-ROM drive. Most new basic model PC laptops meet these 

requirements. Estimated cost of laptop with Windows XP is $450.  

Software will be needed for analysis of data. IBM SSPS Statistics Base standard package 

includes initial fixed user license and software subscription and support for 12 months. This 

package costs $1140 for 12 months. While the project is estimated to be 4 months in length, the 

package and subscription is a minimum of 12 months and the length of subscription cannot be 

shortened. A 4 GB zip drive will be needed to back up data. Estimated cost $20.  Total equipment 

cost is estimated at $1,610. 

Travel Costs.   The PI will need to commute to and from Rady Endocrinology Outpatient 

Clinic (REOC) twice a week for 16 weeks. REOC is 70 miles round trip from Oceanside. Using 

the standard reimbursement rate for gas of $0.45 per mile, estimated cost for gas would be $1,008 

for the entire 16-week project. This covers wear and tear on the car as well. Parking at RDOC is 

$30 per month for 3 months for a total of $90 for the entire project. The co-PI is an employee at 

Rady Children's Outpatient Clinic and is already traveling short distance to work during the week. 

Her parking is free due to her employment at REOC.  

Consortium costs.   There are no consortium costs to conduct a research study at Rady 

Children’s Outpatient Clinic. However, in order to conduct research at Rady Children’s Hospital or 
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outpatient clinic, an employee must be principal or co-principal investigator of the research project. 

Therefore, an employee investigator has been included in the study.   

Dissemination Costs.   Dissemination of findings will take place at the California 

Association of Nurse Practitioners (CANP) 39
th

 Annual Educational Conference that will be held 

at the Marriott Newport Beach Hotel on March 17-20, 2016. Registration cost to attend the entire 

conference and to present a poster with research findings is $550 for a non-member. A 36x48 inch 

poster will be constructed to present at the conference. Cost to print a poster of this size at 

California State University Printing Center is $.67 per linear inch for a total cost of approximately 

$35. Total cost for registration and poster is $585. 

Cost to stay in a standard room at the Marriott Newport Beach Hotel is $189 per night 

during the conference weekend. The length of stay would be three nights for a total of $567 total 

for lodging.  Due to the close proximity of San Marcos to Newport Beach, travel by car would be 

appropriate. The cost for a 100-mile round trip to the conference, using the standard reimbursement 

rate for gas of $0.45 per mile, would be $45. At the Marriot Newport Beach Hotel it costs $26 per 

day to park. For four days the cost to park would be $104. Total travel accommodations for 

dissemination are estimated to cost $716. Total dissemination costs are estimated to be $1301. 
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Biographical Sketches 

Lisa Gwilliam, RN, BSN will be the principal investigator (PI) for this proposed study. She 

is a Masters in Nursing (MSN) student at California State University San Marcos. She has been a 

registered nurse for over 10 years working primarily in the acute care setting. She has a son with 

type 1 diabetes (T1D) and is an advocate for research and improved quality of life for those living 

with T1D.  

Laura Barba, FNP, CDE is the current RN Care Coordinator at Rady Children’s 

Endocrinology Clinic (RCEC) in San Diego and will be the co-principal investigator in this study. 

Prior to her current role, Laura was a nurse practitioner at the RCEC for 7 years caring for children 

with T1D. She has extensive knowledge of T1D as well as CGM and pump technology.  She has 

spoken at multiple conferences and symposiums on various topics related to T1D, including CGM 

use in children. Not only does she have extensive knowledge regarding T1D, but she lives with the 

disease. Her role will be to identify current patients that are potential research participants based on 

inclusion criteria, review medical records, and assist in data collection.  

Susan Andera, DrPH, MN, NP-C is a board certified family nurse practitioner with 26 years 

of experience working with children and the underserved with chronic medical conditions, 

including diabetes. She holds a terminal degree of a Doctor of Public Health with a specialty in 

Preventive Care.  She is a full-time Assistant Professor of Nursing at California State University 

San Marcos and maintains an active clinical practice, while acting as a primary investigator in 

research in the underserved with multiple chronic conditions.  She will serve as an unpaid Faculty 

Chair for this research project. 

Deborah Bennett, PhD(c), MN, BSN, has over 35 years of nursing experience specializing 

in pediatrics and nursing education. She is a full-time faculty member at California State 

University San Marcos currently acting as Pediatric Course Coordinator and Nursing Simulation 

Director. She will serve as an unpaid Pediatric Faculty Advisor for this research project. 

Linnea Axman, DrPH, MSN, FNP-BC  is a doctoral prepared nurse Family Nurse 

Practitioner with over 29 years of nursing experience and holds the rank of captain in the U.S. 

Navy. She has served as the head of Nursing Research and Analysis and Senior Nurse in Research 

and Analysis at the Naval Medical Center in San Diego. She has participated in numerous research 

projects and is regularly consulted for her expertise in research and statistics. She will serve as an 

unpaid Faculty Advisor and Statistics Consultant for this research project.  
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Project Narrative 

Introduction 

Approximately three million Americans live with type 1 diabetes (T1D) and an estimated 

fifteen percent of those Americans are children (Juvenile Diabetes Research Foundation, 2014). 

Type 1 diabetes requires intense daily management to meet treatment goals and to avoid 

complications. The regimen includes approximately four to eight finger sticks to monitor blood 

sugars daily and multiple injections of insulin daily or the use of an insulin pump. Children with 

T1D and their parents are responsible for carbohydrate counting, insulin dosing, and monitoring 

for hypoglycemia and hyperglycemia. Children with T1D are less likely to have glycosylated 

hemoglobin (HgbA1c) of less than 7% and are more likely to suffer from hypoglycemia (American 

Diabetes Association, 2014).  

Background  

 

Glycosylated Hemoglobin.    HgbA1c is a blood test that measures the how well diabetes 

is controlled over approximately three to four months. It measures the amount of glucose that 

attaches to the hemoglobin portion of red blood cells in circulating blood. The more circulating 

glucose in the blood the more it will attach to hemoglobin resulting in an elevated HgbA1c. The 

glucose molecule remains attached to the red blood cell throughout its lifespan, which is 

approximately 100 to 120 days. Therefore, it is a long-term indicator of the average circulating 

glucose in the blood and is a reliable indicator of glycemic control. Typically, in clinical settings, 

HgbA1c is measured every three months in all ages to evaluate the effectiveness of the diabetes 

regimen.  

The American Diabetes Association (ADA) recommends adults with T1D maintain a HgbA1c less 

than 7% to prevent long term complications such as neuropathy, nephropathy, and cardiovascular 

disease (2014). In the past, HgbA1c recommendations for children were based on age, with 

younger children having a more lenient HgbA1c of 8.0% due to the increased risk for 

hypoglycemia (ADA, 2014). In 2014, the association came out with an updated recommendation 

for children due to research suggesting children are more vulnerable to long-term complications 

than once thought. Currently, all children under the age of 19 are recommended by the ADA 

(2014) to have a target HgbA1c of less than 7.5%.  

As previously mentioned, the HgbA1c recommendations for children were set higher 

compared to adults due to their increased risk for hypoglycemia when narrowing their target blood 

glucose range (American Diabetes Association, 2014). This may be one of the reasons that only 

30% of children in the United States with T1D have a HgbA1c of < 8% (Larsen & Pinsker, 2013). 

Other factors, such as, activity levels, illness, and hormones can also affect blood sugars and 

prevent children from having better glycemic control. Due to these factors and their impact on 

blood sugars children may need to take their blood sugars 6 to 8 times a day to have better 

glycemic control (Larsen & Pinsker, 2013; Minnick & Howe, 2011). 

Continuous Glucose Monitoring.  Continuous glucose monitors (CGM) allow individuals 

with T1D to monitor their blood sugars almost constantly. Comprised of a sensor, transmitter, and 
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receiver, CGM provides glucose readings every five minutes for a total of 288 readings per day 

(Dexcom, 2013).  The sensor is entered into the skin and can provide readings for up to seven days. 

It measures glucose in interstitial fluid, not by capillary blood. Due to the indirect method of 

glucose measurement, there is a “lag” time of 5 to 10 minutes (Dexcom, 2013). This means that the 

monitor displays measurements that are 5 to 10 minutes old. The receiver displays the most current 

blood sugar, recent trends, and icons that indicate the direction the blood sugar is currently 

trending. Additionally, alarms can be set to sound indicating hypoglycemia or hyperglycemia. To 

ensure accuracy, CGMs require daily calibration. Currently, CGMs are not meant to replace a 

blood glucose meter and finger stick blood sugars are still recommended before treatment with 

insulin. 

The use of continuous glucose monitoring (CGM) is a new technology that provides 

diabetics with frequent blood sugars by measuring glucose in interstitial fluid. The technology is 

promising for patients with diabetes in hopes of simplifying management and facilitating better 

glycemic control. While there is some research on this topic in adults, further research on CGM 

and its effect on glycemic control are still needed among children.  

Given additional research is needed in this area, this proposed study with assess 

effectiveness of CGM to improve glycemic control in children. This study was based on the Self 

and Family Management of Chronic Illness Framework created by Grey, Knafl, and McCorkle in 

2006. It identifies risk and protective factors associated with chronic disease as well as family and 

individual management behaviors that influence patient outcomes. The Self and Family 

Management of Chronic Illness Framework was used in this proposal to facilitate understanding 

regarding how an intervention, such as continuous glucose monitoring, can influence self-

management and health outcomes in children with T1D.  

Problem  

 Management of T1D can be complex and challenging. Due to the complex daily regimen 

and varying routines of children, compliance can be challenging leading to poor glycemic control. 

Finger sticks to measure blood glucose only provide a value at that point in time. Continuous 

glucose monitoring measures glucose values every five minutes and can potentially facilitate a 

greater understanding of blood sugar trends. Parents and children have the ability to analyze trends 

and see patterns over days and weeks to influence management behaviors including insulin dose 

modification.  

Purpose of Research 

Research has shown that adults with T1D have improved HgbA1c with continuous glucose 

monitoring. However, research on children has been inconclusive. The purpose of this quantitative 

research study is to evaluate the impact that continuous glucose monitoring has on glycemic 

control in children as well as discover incidence of hypoglycemic events. By so doing, the project 

is able to indirectly analyze the effectiveness of the current treatment regimen by analyzing 

changes in HgbA1c and potentially improve self-management of the disease. 
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Research Question 

Does continuous glucose monitoring improve glycemic control in children with type 1 

diabetes as evidenced by a decrease in glycosylated hemoglobin?  

What is the incidence of hypoglycemia in children with type 1 diabetes that use continuous 

glucose monitors?  

Hypothesis 

Continuous Glucose Monitoring will significantly improve glycemic control in children 

with type 1 diabetes ages 2 to 17 as evidenced by decreased glycosylated hemoglobin.  

The continuous glucose monitor will measure and record the incidence of hypoglycemia in 

children with type 1 diabetes. 

Research Variables 

In this proposed study, glycosylated hemoglobin is the dependent variable quantifying 

glycemic control. The major independent variable is use of a continuous glucose monitoring 

device. Once the patients have started using the CGM, the number of days of use of the CGM and 

the number of hypoglycemic events will be recorded and collected. Demographic variables, such 

as, age, gender, type of CGM and number of years with T1D, and insurance status will also be 

gathered and used to explore potential impact on the dependent variables.  

Assumptions 

There are a few assumptions regarding the children participating in the study and the 

management of their diabetes. It is assumed that children and parents will intervene based on 

glucose readings that are outside their target range. The continuous glucose monitor provides near 

real-time blood sugar readings and trends that can facilitate insulin dosage changes. Subsequently, 

these interventions and modifications can potentially impact episodes of hypoglycemia and 

glycosylated hemoglobin in children.  

Additionally, it is assumed that the child and parent consult frequently with their health 

care provider. Further, that health care providers, registered nurses, and diabetes educators have 

adequately educated the child and parent on interpretation of blood sugars and appropriate dosing 

of insulin.  

Literature Review 

Literature has been inconclusive regarding the benefit of continuous glucose monitoring. 

Some studies confirm that glycosylated hemoglobin (HgbA1c) values improve with the use of 

CGM, but other studies have lacked statistical significance.  It is important to note that there are 

other measures of glycemic control in type 1 diabetic patients besides HgbA1c. A high incidence 

of hypoglycemia can result in a near normal HgbA1c level appearing as if an individual has good 

glycemic control. For this purpose, both HgbA1c and episodes of hypoglycemia were reviewed in 

literature.  
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A literature review was conducted by searching published, peer reviewed articles between 

2002 and 2013, regarding continuous glucose monitoring in children. The databases used for this 

search were: CINAHL, PubMed, and Google Scholar. The following search terms and phrases 

used were: glucose monitor, children, pediatric, glycosylated hemoglobin, glycemic control, 

hypoglycemia, and diabetes mellitus – type 1. Forty-two abstracts were reviewed on the topic of 

continuous glucose monitoring. Among them, 19 articles were applicable to children and only 11 

were relevant to impact on glycemic control and used in this literature review.  

Effect of CGM on Glycosylated Hemoglobin.   Weinzimer, Xing, Tansey, Fiallo-Scharer, 

Mauras, Wysocki, et al. (2009), as part of the Diabetes Research in Children Network (DirecNet) 

Study Group, evaluated CGM in a 26-week, nonrandom, pilot study of children ages 4 to 17. 

HgbA1c improved significantly during the first 13 weeks then returned to baseline by 26 weeks. 

The amount of hours using the CGM declined over the 26-week period to an average of only 50%, 

which may have contributed to the results (Weinzimer et al., 2009). It is important to note that 

during the entire 26-week period the percentage of blood sugars within target range significantly 

increased (Weinzimer et al., 2009).   

Another study confirmed the importance of frequency of CGM use associated with 

glycemic control. Beck, Buckingham, Miller, Wolpert, & Xing (2009) conducted a 6 month 

randomized clinical trial of CGM in adults and children age 8 and older. Among the 232 

participants, near-daily use of CGM resulted in significantly decreased HgbA1c in all age groups, 

including ages 8 to 14 (Beck et al., 2009). A greater improvement was seen in all age groups when 

they used their CGM at least 6 days per week (Beck et al., 2009). 

Tsalikian, Fox, Weinzimer, Buckingham, White, Beck et al. (2012) conducted a pilot study 

to examine the effect of CGM over a six month period in toddlers less than four years of age. 

Among their 23 participants, 40% of children were able to wear their device almost daily.  There 

was no significant difference in HgbA1c after 6 months; however, parent satisfaction was high. 

Parents responded that the CGM helped them treat hypoglycemia better and recognize how daily 

activities impacted blood sugars (Tsalikian et al., 2012). 

There have been other notable randomized controlled trials that have researched  the effects 

of CGM on glycosylated hemoglobin. In the United States, Lagarde, Barrows, Davenport, Kang, 

Guess, & Calikoglu (2006) conducted a single-blind, randomized, controlled trial of CGM in 

children. At the beginning of the study, HbA1C levels were similar in both intervention and control 

groups. After 6 months using the CGM, the interventional group had a significant decrease in 

HgbA1c compared with the control group (Lagarde et al., 2006). A similar study was conducted in 

Sweden. After three months using the CGM, at least half of the participants had a significant 

decrease in HgbA1c of 1% and a quarter having a decrease of 2% (Deiss, Bolinder, Riveline, 

Battelino, Bosi, Tubiana-Rufi, et al., 2006).   

In 2009, two separate research groups conducted randomized, controlled trials of CGM in 

adults and children when used in conjunction with an insulin pump. In a 6-month Australian study, 

O’Connell, Donath, O’Neal, Colman, Ambler, Jones, et al. (2009) found that among participants 

that used CGM more than 70% of the time along with their insulin pump had a 0.50% decrease in 

HgbA1c compared to the control group. The French RealTrend study had similar results. Raccah, 

Sulmont, Reznik, Guerci, Renard, Hannaire, et al., (2009) noted a significant decrease in HgbA1c 
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in their interventional group. They concluded that CGM guided insulin pump therapy improves 

glycosylated hemoglobin better than conventional pump therapy (Raccah et al., 2009). 

Lastly, Battelino, Phillip, Bratina, et al., (2011) conducted a 6-month randomized, 

controlled study of adults and children with T1D age ranging from 10 to 65 (n=120). Compared 

with the control group, HgbA1c was significantly lower in CGM group at 6 months in both 

pediatric and adult populations. Additional they found that time spent in hypoglycemia was 

significantly shorter in the CGM group compared to the control group. 

Effect of CGM on Episodes of Hypoglycemia.   Garg, Zisser, Schwartz, Bailey, Kaplan, 

Ellis, et al. (2006) conducted a randomized, controlled study to evaluate incidence in hypoglycemia 

and hyperglycemia in adults with type 1 diabetes. The participants in the interventional group were 

allowed to see the frequent blood sugars on their CGM and make decisions on how to manage their 

disease, while the control group based their decisions on basic finger sticks. Among the 91 

participants in the interventional (CGM) group, 21% spent less time in hypoglycemia and 26% 

more time in target range than the control group (Garg et al., 2006). 

More studies on CGM have been done in other countries which may be due to increased 

access to devices and subsequently more children using CGM. In an Italian study, 27 children ages 

6 to 13 were evaluated for hypoglycemia using CGM (Schiaffini, Ciampalini, Frierabracci, Spera, 

Borrelli, Bottazzo et al., 2002). The researchers inserted CGMs in children at two points in time. 

At the beginning of the study they inserted a CGM in children for 72 hours to note any 

hypoglycemia undetected by finger sticks. After the 72-hour period they analyzed the data and 

noted a significant amount of undetected hypoglycemia (Schiaffini et al., 2002). The researchers 

made changes to insulin doses of each child based on episodes of hypoglycemia. Six weeks later 

they inserted CGMs in the participants again. They found that hypoglycemic episodes were 

significantly reduced, but HgbA1c was unchanged (Schiaffini et al., 2002).  

Wiltshire, Newton, McTavish (2006) recruited children from a pediatric diabetic clinic in 

New Zealand to study the prevalence of hypoglycemia in children with type 1 diabetes using a 

CGM. Children participating in the study (n = 51) wore the CGM for three consecutive days and 

nights. They noted that hypoglycemia was common, occurring on average one time per day.  

Hypoglycemia was most often seen during the night and with longer episodes compared to daytime 

episodes (Wiltshire, Newton, & McTavish, 2006).  

The literature has shown that there is potential for lowering HgbA1c and decreasing 

episodes of hypoglycemia. A majority of the studies did find a significant change in HgbA1c in 

pediatric populations. Many found the variable of percentage of time wearing the CGM to be an 

important factor in effecting glycemic control. This variable will be among the data collected for 

this study. Episodes of hypoglycemia were more likely to be detected and reduced using the CGM. 

It is important to note that parent satisfaction was found to be high in two studies (Tsalikian 

et al., 2012; Weinzimer et al., 2009). This information may be helpful in providing CGMs for 

parents having difficulties managing their child’s disease or have increased anxiety or fear of 

abnormal blood sugars. More studies on the effect of CGM on stress and coping of child may be 

areas for further research.  
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Theoretical Framework 

The Self and Family Management of Chronic Illness Framework, created in 2006 by Grey, 

Knafl, and McCorkle, was the framework used to guide this study. This framework identifies risk 

and protective factors that influence how children and family manage and cope with chronic 

diseases. Risk and protective factors are comprised of four domains, which include: health status, 

individual factors, family factors, and environment (Grey, Knafl, & McCorkle, 2006). Within these 

domains are subcategories of factors that influence management of chronic disease. For example, 

the domain of health status is comprised of factors such as severity of disease, regimen, trajectory, 

and genetics (Grey, Knafl, & McCorkle, 2006). The higher level of severity and complexity as well 

as varying degree of trajectory can lead to higher self-management needs (Grey, Knafl, & 

McCorkle, 2006). Figure 1 lists all the domains and subcategories for risk and protective factors. 

The framework emphasizes that risk and protective factors and how individuals and families 

respond to them can then be associated with outcomes. These outcomes can be both positive and 

negative. They affect such aspects as control, quality of life, and family functioning (Grey, Knafl, 

& McCorkle, 2006). 

The Self and Family Management of Chronic Illness Framework can be applied to any 

chronic illness, especially type 1 diabetes. Some potential risk factors for T1D are associated with 

the factors under the health status domain; specifically, the subcategories of severity of condition, 

regimen, and trajectory. The severity of the disease is high and can be fatal. It requires prompt 

management of hypoglycemic and hyperglycemia to prevent short and long-term complications. 

The disease regimen is complex, “involving multiple medications, self-monitoring, and significant 

lifestyle change” (Grey, Knafl, & McCorkle, 2006, p. 280). The trajectory, or stages over the 

course of the disease, vary and can have periods of health and illness. These periods can affect 

outcomes such as glycemic control as well as morbidity and mortality. Each of these aspects of the 

disease can influence how individuals and families manage their disease and improve or maintain 

glycemic control.  

The Self and Family Management of Chronic Illness Framework suggests that appropriate 

interventions can theoretically influence positive outcomes. Therefore, it can be hypothesized that 

continuous glucose monitoring can potentially affect the health outcomes of children with T1D by 

decreasing complexity, anticipating trajectory of illness, and improving quality of life.  
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Figure 1  

The Self & Family Management of Chronic Illness Framework  

(Grey, Knafl, & McCorkle, 2006) 
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Methods 

Design  

A retrospective, repeated measures design will be used to review charts of children with 

type 1 diabetes pre and post CGM initiation. The rationale for the retrospective design was to be 

able to access more children and immediately analyze data. Since there is limited access to children 

that use CGM due to recent FDA approval and stringent insurance criteria, it would have been 

difficult to conduct a study using a different design. The pre-test/post-test design is beneficial for 

this specific study because it allows comparison of variables before and after initiation of CGM.  

There are limitations to a retrospective design. A retrospective chart review limits the 

researcher to information in the chart.  It doesn’t allow the researcher to gain details from 

participants regarding their hypoglycemic events. Data that could be gathered through interviews 

or surveys may explain reasons behind a hypoglycemic event, such as excessive exercise or an 

unfinished meal. The researcher is also dependent on parental compliance. Glycosylated 

hemoglobin is generally drawn every 3 months to measure glycemic control in type 1 diabetics. At 

Rady Children’s Endocrinology Clinic this is measured by capillary blood on site during the 

patient’s appointment and results are provided within minutes. If a patient misses an appointment 

or fails to follow-up, it may result in missing data. Additionally, the researcher is dependent on 

staff for accurately measuring glycosylated hemoglobin and documenting it timely into the chart.  

There are also factors regarding the design that can impact the internal validity of the study. 

The researcher is dependent on participant and parental compliance. Based on previous education 

and experience, parents are responsible to act on blood glucose readings and make changes to 

insulin with the assistance of the healthcare provider. Failure to act accordingly may reflect in the 

participant’s glycosylated hemoglobin value.  

Research Variables 

As previously mentioned, the dependent variable in the proposed study is glycosylated 

hemoglobin. The independent variable is the overall use of the continuous glucose monitor among 

participants. Episodes of hypoglycemia will be collected and tallied once the patient begins using 

the CGM in order to discover the incidence of hypoglycemia. Another important variable that will 

be analyzed is the number of days the participant wore the CGM three months after initiation. 

Demographic data will also be collected such as: age, gender, number of years with diabetes, brand 

of CGM, and type of insurance.  

Research Setting 

A non-random, consecutive sample of children with type 1 diabetes using continuous 

glucose monitors will be obtained from Rady Children’s Endocrinology Clinic in San Diego. 

Ranked as one of the best diabetes programs in the nation, the Rady Children’s Endocrinology 

Clinic in San Diego offers a comprehensive diabetes program and services more than 700 children 

with T1D (Rady Children’s Specialists of San Diego, 2013). Their diabetes program includes 

extensive education on T1D as well as access to continuous glucose monitors. 
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Population & Sample 

The population will include children with type 1 diabetes receving care at Rady Children’s 

Endorcrinology Clinic in San Diego. A consecutive sample of children ages 2 to 17 using a CGM 

will be recruited from this site. The sample size needed for this study was determined using a 

power analysis. With the effect size of .40, an alpha level of .10, and a power of .80, the total 

sample size was 41. An alpha level of .10 was chosen because CGM is new technology and there is 

a need for further research regarding CGM in children. Figure 2 and Table 1 provide distribution 

plots and input and output parameters from the power analysis.  

 

Figure 2 

Power Analysis Distribution Plot 

 

 

Table 1 

Input and Output Parameters for Power Analysis 

t tests           Means: Difference between two dependent means   

                     (matched pairs) 

 

Analysis A priori: Compute required sample size  

Input: Tail(s) Two 

 Effect size dz 0.4 

 α err prob 0.10 

 Power (1-β err prob) 0.8 

Output: Noncentrality parameter δ 2.561250 

 Critical t 1.683851 

 Df 40 

 Total sample size 41 

 Actual power 0.808598 
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There may be limitations to the sample’s generalizability. This sample is based on a 

population of diabetic children in San Diego and may not be representative of other populations. 

Further, the CGM may have been an intervention requested on behalf of the parent. Some parents 

may have greater understanding of the technology and resources available to their children due to 

education level or socioeconomic status which may lead them to petition for a CGM. It is also 

important to note that not all patients qualify for CGM based on insurance criteria. Parents and 

participants may have wanted a CGM or felt they needed it, but such barriers may have prevented 

them from gaining access. 

Sampling Plan 

The sample is a nonprobability consecutive sample. Due to the limited amount of children 

using CGMs in the United States, and more specifically at Rady Children’s Endorcrinology Clinic, 

it is essential to gather as many participants as possible who meet the inclusion criteria. The 

inclusion criteria and exlusion criteria are listed in Table 2.   

The specified timeframe for HgbA1c testing was selected because baseline values are 

generally required by Rady Children’s and insurance companies prior to CGM authorization and 

initiation. Post CGM HgbA1c testing should ideally be done after the CGM has been used for 

greater than or equal to 90 days and no longer than 150 days to allow for appropriate variation in 

HgbA1c.     

Table 2 

Sample Inclusion and Exclusion Criteria 

Inclusion Criteria 

 

Exclusion Criteria  

Children ages 2 to 17 with type 1 diabetes > 6 

months 

Children < 2 years of age and > 18 years 

Children diagnosed with diabetes < 6 

months  

 

Currently using a CGM regardless of frequency Has never used CGM 

 

Current patient at Rady Children’s Endocrinology 

Clinic 3 months prior to initiation of CGM 

 

HgbA1c drawn anytime within 120 days prior to 

starting CGM 

 

HgbA1c drawn 90 to 150 days after the start of 

CGM 

Patient at Rady Children’s < 3 months 

 

 

HgbA1c not drawn within 120 days of 

start of CGM  

 

Did not draw HgbA1c within 90 to 150 

days after initiation of CGM  
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Data Collection Process 

After obtaining IRB approval from California State University San Marcos and Rady 

Children’s Hospital via University of California San Diego (UCSD), a formal letter of intent will 

be obtained from the director of Rady Children’s Endocrinology Clinic. With an official letter of 

intent, a HIPPA waiver will be obtained allowing for potential research participants to be identified 

based on inclusion criteria and gain access to their medical record. Once medical records and 

patient databases are accessed, data collection with begin. Data will be collected from patient 

electronic charts onto an Excel spreadsheet and then transferred to SPSS for analysis. No patient 

identifiers will be used in the data collection process. 

HgbA1c values will be collected according to dates approximately 3 months before and 3 

months after initiation of CGM. The specific inclusion and exclusion criteria are listed above. The 

value will be documented to the tenth of a decimal point. Generally, HgbA1c is measured every 3 

months at Rady Children’s Endocrinology Clinic during the patient appointment via capillary 

blood or finger prick to measure glycemic control and is the reason behind choosing this time 

interval.  

As previously mentioned, episodes of hypoglycemia are more common in children. A high 

incidence of hypoglycemia can result in a near normal HgbA1c making it appear as though the 

patient has good glycemic control (American Diabetes Association, 2013). Therefore, it is not only 

adventitious to evaluate HgbA1c in children, but episodes of hypoglycemia as well. Hypoglycemia 

is defined by the American Diabetes Association (2013) as a blood glucose of less than 70 and will 

be the value used in this study. Episodes of hypoglycemia will be tallied 12 weeks after CGM 

initiation. While using CGM, the device records the episodes of hypoglycemia and tallies them for 

the user. These values are downloaded to a database at Rady Children’s Endocrinology Clinic at 

each appointment at approximately 3 months intervals. Episodes of hypoglycemia will not be 

collected prior to CGM use primarily because comparing the data from participant meter readings 

prior to CGM versus CGM data would not be statistically relevant and comparable. Patient meter 

readings are blood sugars recorded at one point in time and are based on patient ability to sense 

hypoglycemia and compliance with checking blood glucose when feeling hypoglycemic.  

The amount of time that a participant uses the CGM will be collected as well. It was 

previously noted that this is an important variable in impacting a patient’s HgbA1c. It may be 

difficult for children to wear them as often as adults, so compliance may be an issue. Initially, 

when formulating the hypothesis and sampling plan, time wearing the CGM was going to be 

included. However, with an already limited amount of children using CGM it would have further 

decreased available participants. Therefore, the amount of days the participant used the CGM in a 

3 month period will be gathered and a percentage will be calculated.  Any amount of time during a 

24-hour period will be counted as one day. The percentages will be grouped in quartiles and 

analyzed using descriptive statistics.  

Demographic data will also be collected from patient charts. Age, gender, brand of CGM, 

number of years with T1D, and type of insurance are variables that will be collected. The age 

demographic will be collected in years to the tenth decimal. Gender will be coded as 0 for female, 

1 for male, and 2 for transgender. Type of CGM will be coded as 0 for Dexcom G4 Platinum 

CGM, 1 for Medtronic Guardian CGM, which are the devices approved for children. Number of 

years with T1D will be collected in years to the nearest tenth of a decimal. Insurance status will be 
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collected and coded as 0 for no insurance, 1 for private insurance, and 2 for publicly funded 

insurance.  

Statistical Analysis 

 Statistical analysis will be conducted on the data collected. To evaluate the impact that 

CGM has on hemoglobin A1C, a paired t-test will be used. This test was chosen because it meets 

all the assumptions. In this study, there will be two measures of the same dependent variable 

collected on the same participant (Plichta & Kelvin, 2013). The two measures are expected to be 

normally distributed with at least 30 pairs and values of the dependent variables are ratio level of 

measurement (Plichta & Kelvin, 2013).   

Since this is a pilot study, an alpha level of .10 will be used with an effect size of .40. After 

performing a power analysis, the total sample size needed was 41. Will this small sample size, 

there is a possibility that statistical significance may not be found. Therefore, clinical significance 

will also be evaluated using descriptive statistics. Frequency distributions will be used to compare 

means and note differences in HgbA1c pre and post data.  

Descriptive statistics will be used to examine the recorded episodes of hypoglycemia using 

the CGM. This will allow for comparisons of means as well as an overall average of hypoglycemia 

in children with type 1 diabetes using CGM.  

Bias 

  Any bias in this study would be primarily related to sampling. The limited amount of 

children with CGM at Rady Children’s Endocrinology Clinic may not be representative of 

population of pediatric diabetics due to nonrandom sampling and retrospective design. 

Ethical Considerations 

Internal review board approval from California State University San Marcos as well as 

Rady Children’s Hospital will be needed prior to study commencement. A HIPPA waiver and 

official letter of intent from the director of pediatric endocrinology will be obtained prior to data 

collection related to the retrospective design. No patient health information (PHI) or patient 

identifiers will not be collected or used in this study due to its retrospective design. 

Importance in Research 

In 2011, the Endocrine Society concluded that further research is still needed regarding the 

efficacy, safety, tolerability, and subjective benefits of CGM (Klonoff, Buckingham, Christiansen, 

Montori, Tamborlane, Vigersky, et al., 2011). Recommendations on behalf of such organizations 

are recognized by healthcare professionals and are based on research and evidence-based practice. 

Therefore, more research is needed to analyze risks and benefits. CGMs have the potential to 

provide tighter control over diabetes without resulting in hypoglycemia improving immediate and 

long-term outcomes (Halford & Harris, 2010; Larson & Pinsker, 2013).  

Research may also facilitate approval and use of CGMs in the United States. As of January 

2014, there are now two real-time monitors approved by the FDA in the United States for children. 
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Prior to the most recent device approval, off -label use was common in the United States among 

the pediatric population. FDA approval of devices has increased CGM use in children. However, 

clinicians are still hesitant regarding the new technology and many insurance companies aren’t 

covering the cost of the device and supplies. Research reporting significant improvement in 

glycemic control may help insurance companies recognize the immediate and long-term cost 

benefits. Uncontrolled diabetes can have result in complications and other chronic diseases that 

require more doctors’ visits, additional medical supplies, and hospitalizations, which impact 

patients and insurance companies.  

Lastly, CGM has the capacity to improve quality of life and self-management of this 

chronic disease. Children with T1D and their parents work tirelessly every day to manage this 

disease. When using the CGM, parents, children, and health care providers have the ability to 

analyze trends and see patterns over days and weeks to facilitate insulin dose modifications. These 

modifications to their diabetes regimen may prevent episodes of hypoglycemia and improve 

glycemic control which ultimately simplifies management and improves quality of life.   

Summary 

Children and adolescents living with T1D are required to follow complex regimens to 

achieve appropriate glycemic control and prevent complications. Recent CGM technology has the 

potential to simplify regimens by providing almost continuous blood sugar readings with minimal 

finger sticks facilitating timely and suitable adjustment of insulin and better management of the 

disease. There is sufficient research regarding CGM effectiveness in adults with T1D, but research 

among children is limited. The purpose of this study is to evaluate the effectiveness of CGM 

technology in children with T1D ages 2-17.  The effectiveness of CGM is determined by glycemic 

control as evidenced by HgbA1c. Through a retrospective chart review, pre and post HgbA1c 

values will be collected and analyzed. Episodes of hypoglycemia will also be collected to reveal 

the incidence of hypoglycemia in patients using CGM. It is hypothesized that glycemic control will 

significantly improve, similar to research findings in adults. This valuable research has the 

potential to facilitate greater access to CGM technology in children leading to better glycemic 

control without increased risk for hypoglycemia. Ultimately, CGM has the potential to decrease 

severity of disease, improve trajectory, and simplify treatment regimens positively impacting 

quality of life of children with T1D. 
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