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Abstract

The difficulties that children and teenagers with Type 1 Diabetes Mellitus (T1DM) encounter are

discussed in this thesis, with a focus on how fear of hypoglycemia (FOH) and actual

hypoglycemia associated with this chronic illness affects their ability to engage in physical

activities, especially organized sports. A common challenge for children diagnosed with T1DM

is meeting the daily recommendation of 60 minutes of daily moderate to vigorous physical

activity. The purpose of the proposed study is to evaluate if participation in structured exercise

(physical education classes and after-school sports) increases among school-aged children who

wear continuous glucose monitors (CGM) when their PE teachers and coaches have been

specifically trained to interpret their CGM data and intervene to correct their hypoglycemia. The

study will also examine the intervention's effect on the children's FOH and incidence of unsafe

blood glucose levels during such structured exercise. Pre and post-intervention FOH will be

measured using the Hypoglycemia Fear Survey, which is a validated FOH Questionnaire. Pre

and post-intervention blood glucose levels during structured exercise will be measured by CGM.

Pre and post-intervention structured exercise participation levels will be measured by the PE

teachers and coaches. The ultimate goal of this research is to increase activity and quality of life

levels for youth with T1DM.
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Enhancing Athletic Participation:

Continuous Glucose Monitoring for Pediatric Type 1 Diabetes Athletes

Background

Type 1 diabetes mellitus (T1DM) is a chronic autoimmune disease that prevents the

pancreas from making insulin. It requires daily management with insulin injections and blood

glucose monitoring (Kahanovitz et al., 2018). While it is most often diagnosed in childhood and

adolescence, it can be diagnosed at any age. According to the Mayo Foundation for Medical

Education and Research (Mayo Clinic), the diagnosis of T1DM in children can be life-changing

and overwhelming for the whole family system, especially in the beginning. The parent and the

child both must learn how to give injections, count carbohydrates, and monitor blood sugar. As

children with T1DM mature, the experience of living with diabetes remains marked by persistent

apprehension, stemming from the ever-present threat of unsafe blood glucose levels. While

there's no cure for T1DM, advances in blood sugar monitoring and insulin delivery help manage

it, improving their quality of life (Mayo Clinic, 2023).

Problem Statement

T1DM is one of the most common chronic diseases of childhood in the United States,

accounting for nearly 98% of all cases of diabetes in children ages 10 years or younger, and over

87% of all cases in youth ages 10 to 19 years (Imperatore et al., 2018). Moreover, about 0.25%

of individuals in the U.S. under the age of 20 are diagnosed with T1D, which is about 187,000

children and adolescents, according to the Centers for Disease Control (CDC, 2021). While the

participation rate of children and adolescents with T1DM in organized sports is unknown, one

study found that 70% of these youth do not meet the recommended 60 minutes of daily moderate

to vigorous physical activity (Cockcroft et al., 2023). Children and adolescents diagnosed with
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T1DM who participate in exercise or sports in the U.S. find that physical activity

recommendations are harder to achieve than those that are not diagnosed with T1DM (Cockroft

et al., 2023). This is because participating exercise or sports may cause the child’s blood glucose

levels to rise (hyperglycemia) or drop (hypoglycemia), according to the National Health Services

(NHS, 2021).

The insufficient management of children and adolescents with T1D could lead to serious

complications , such as life-threatening hypoglycemia. In addition to the acute and chronic

metabolic disorders that result from the insufficient management of T1DM, most children and

adolescents develop a fear of hypoglycemia (FOH) that is so significant that they avoid

participating in exercise and sports. FOH is the extreme fear that affects quality of life and

diabetes outcomes, which differs from an appropriate level of concern about hypoglycemia. FOH

can lead to heightened anxiety levels, reduced confidence, stress when managing blood glucose

levels, avoidance of certain sports or physical activities, and isolation from peers and teammates

(Roberts et al., 2020). FOH, as one study has reported, is a primary barrier to adequate exercise

for children and adolescents with T1DM (Roberts et al., 2020). Children and adolescents with

T1DM should learn to overcome specific challenges related to managing diabetes before, during,

and after exercise. The most serious of challenges is the ability to maintain stable blood glucose

levels.

The best way a child and teen can be freed up to exercise and enjoy the sports that they

find passion in is if their blood glucose levels are monitored closely with continuous glucose

monitoring (CGM). CGM devices offer instant blood glucose data. When understood and

responded to promptly, they assist users in adjusting carbohydrate intake during exercise to

ensure safe glucose levels. A recent study found that compared to lab-based glucose analyzer
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results, CGM devices performed as advertised. They enabled CHO intake control during physical

activity to boost energy, which, in turn, positively impacts athletic performance (Bauhaus et al.,

2023). This thesis investigates the impact of pairing youth with T1DM with CGM-trained PE

teachers and coaches to prevent unsafe blood glucose levels, aiming to enhance their

participation in PE classes and after-school sports.

Research Question

Will children and adolescents who wear CGM and have data sent in real time to their PE

teachers and coaches, who are trained in interpreting the data, have more stable blood glucose

levels and reduced FOH, leading to the increase of participation in exercise?

Hypothesis

When children and adolescents with T1DM and wearing CGM are paired with PE

teachers and coaches trained to interpret CGM data and address unsafe blood glucose levels

during exercise, their participation in PE classes and after-school sports will increase. This

intervention will also lead to fewer exercise-related hypoglycemic episodes and less FOH

compared to their pre-intervention experiences.

Literature Review

Introduction

The following literature review explores the effects of CGMs and FOH on pediatric

athletes with T1DM. The seven articles used for this literature review were found on Dominican

University of California’s Archbishop Library database including IceBerg, PubMed, Google

Scholar, and CINAHL. In each database, the key phrases that were used were: “type 1 diabetes

mellitus”, “children”, “adolescents”, “athletes”, “continuous glucose monitors”, “fear of

hypoglycemia”, and “education”.
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The criteria required for the articles in this literature review are:

● Published Between 2013 and 2023

● Primary research articles

● Peer reviewed

The seven articles selected for this literature review are organized into three subcategories:

● Understanding CGM

● FOH on children and adolescents while participating in exercise

● The importance of the use of CGMs for blood glucose stability during exercise

Understanding CGM

This subcategory focuses on the significance of understanding the use of CGM and how

this knowledge enhances the participation of young athletes with T1DM during sports and

exercise. In the study by Bauhaus et al. (2023), the primary objective was to conduct a pilot

study comparing glucose concentrations of capillary blood (CB) samples analyzed in a

laboratory to glucose concentrations in the interstitial fluid (ISF) measured by CGM. This

comparison was carried out under varying physical activity levels in postprandial states, focusing

on healthy athletes without diabetes. The sample size was determined by G*Power, which

calculated a sample size of 15 for the parameter of t-test with matched pairs, powered to 80%.

However, due to the demanding study protocol involving nine tests within a 14-day period and a

certain level of athleticism required, only 10 subjects, 4 females and 6 males, successfully

completed all the tests. This experiment used a repeated measures design. Researchers collected

quantitative data on glucose levels, age, body weight, and fasting and exercise duration.

Key findings revealed that within 30 minutes post-exercise, the mean bias was 4.18

mg/dL with a ∆LOA of 58.8 mg/dL. These results differed from those of a study conducted by
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Clavel et al. That study indicated that the highest mean bias was observed during exercise

protocols, with a similar ∆LAO observed across all conditions (Clavel et al., 2022). Other studies

on individuals with T1DM supported these findings, highlighting a higher deviation of ISF and

CB values during exercise compared to resting or fasting conditions (Clavel et al., 2022). Several

limitations were encountered during the data collection process for this study. Notably, data

collection took place amidst the COVID-19 restrictions in the institute, necessitating the

performance of all exercising tests outdoors. The standardization of environmental factors, such

as variations in temperature and rainfall, could not be achieved in this setting. Additionally, the

constraints of COVID-19 restrictions resulted in researchers not being able to measure the

participants' heart rates at all. As a result, the maximum heart rate (HRmax) was used to

standardize the subjects' running intensity. However, the calculation of HRmax using the formula

220 minus age, while commonly employed, is recognized for its inaccuracies. The gap in this

study was that it was performed on healthy adults and not youth living with T1DM.

Hillard et al. (2019) interviewed 55 parents, primarily mothers, of children aged 1 to just

under 8 years. All the children had been diagnosed with T1DM for a minimum of 6 months, and

their A1c levels were below 10.5%. The study’s primary objective was to understand parents'

experiences with CGM to offer valuable insights for clinical strategies. The aim was to assist

parents in making informed decisions about diabetes management, overcoming obstacles related

to initiating and maintaining CGM use, and maximizing the benefits of CGM in the care of their

children with diabetes. This cross-sectional qualitative study involved the analysis of transcripts

from semi-structured interviews.

Parents reported numerous benefits of CGM use. They expressed reduced worry about

glucose fluctuations, improved sleep, enhanced safety for children who couldn't recognize or



10

express hypo- or hyperglycemia symptoms, and increased comfort when leaving their children in

the care of others, particularly because of access to CGM's remote monitoring capabilities. This

study adds to the knowledge base about how parents perceive both the advantages and

difficulties of using CGM. These challenges encompassed physical, emotional, and technical

issues linked to the devices, such as pain upon sensor insertion, skin reactions to adhesives, and

limited space for sensor and pump infusion site placement.

This theme emphasizes the role of CGM in improving the participation of young athletes

with T1DM in sports and exercise. Even though more research is needed on the accuracy of

CGM data generated when youth with T1DM are exercising and there are some minor physical

discomforts associated with device wearing, parents of children with T1DM reported that they

had less anxiety and slept better when their children wore CGM and were better equipped to

keep their blood glucose levels stable. Parents also expressed increased comfort with leaving

their children in the care of others by the remote monitoring features of CGM. To date, little is

known about how coaches or PE teachers could leverage these remote monitoring capabilities to

increase the participation and safety of their charges during structured exercise.

FOH on Children and Adolescents while Participating in Exercise

This subcategory explores how FOH affects the performance of young athletes during

exercise and sports participation. Roberts et al. (2020)explored physical activity patterns in youth

with T1DM across various age groups and investigate the correlation between both parental and

youth FOH and youth physical activity (PA). The study sample comprised 1,129 participants,

with an average age of 14.4 years, a mean diabetes duration of 7.5 years, and an average HbA1c

level of 9.2% (normal range is 7-9%). It was an observational and longitudinal cohort study, with

cross-sectional data collected during cohort study visits conducted between 2010 and 2015.
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The major findings revealed that older youth were less likely to engage in vigorous

physical activity and join sports teams but more likely to participate in moderate physical

activity. Notably, higher levels of youth FOH, particularly in the behavior subscale, were

associated with increased levels of vigorous physical activity. However, there was no statistically

significant link between parental FOH and youth physical activity. The strengths of the study

include the relatively large and diverse sample of youth with T1DM who were involved in

various sports and physical activities. Additionally, the study's wide geographic representation

and diverse sources of diabetes care providers enhanced the generalizability of the findings.

Nevertheless, the study had limitations, including the self-reporting of physical activity and the

lack of longitudinal assessment of FOH. Furthermore, the high proportion of participants using

insulin pumps may introduce selection bias into the results.

The study by Teasdale et al. (2022) aimed to evaluate the impact of CGM on

hypoglycemia confidence and FOH. This prospective intervention study involved 129 young

adults between 16 and 20 years old with T1DM who met specific eligibility criteria. The

participants attended two 2-hour group CGM education sessions and were initiated on CGM,

with routine monitoring. The findings showed that the mean scores for hypoglycemia confidence

(HCS) and FOH at baseline were 3.2 and 14.0, respectively. These scores were not significantly

associated with demographic factors like sex, age, or education level, though participants with a

longer diabetes duration tended to have higher HCS scores at baseline.

The strengths come from the clinical relevance, ethical approval, structured intervention,

and the inclusion of general anxiety assessment of the study. However, limitations include the

exploratory nature of the research, the absence of a control group, a small sample size, which

could affect the ability to draw strong conclusions.
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In their cross-sectional study involving 82 patients aged 6 to 18 receiving T1DM care at a

university hospital in Navarra, Spain, Huerta-Uribe et al. (2023) examined FOH and its

relationship to device-assessed glycemic measures and physical activity. The study employed

various measurements and assessment methods, including anthropometric measurements,

dual-energy x-ray absorptiometry for body fat, wrist-worn triaxial accelerometers for physical

activity assessment, and CGM. Validated questionnaires measured FOH.

The major finding from this study includes a significant percentage of participants

reported avoiding physical activity due to FOH. There was no clear association found between

the FOH and glycemic control, as measured by HbA1c, coefficient of variation, and

time-in-range. The study aimed to evaluate FOH as a barrier to physical activity in young

individuals with T1DM and its impact on glycemic outcomes. The study's strengths include

obtaining informed consent from both participants and their parents, and the utilization of CGM

and 24-hour accelerometry, which allowed for the assessment of the relationship between

physical activity and glucose level in real-time. A limitation in the study includes how it did not

employ a validated questionnaire for assessing FOH, potentially affecting the accuracy of results.

Another limitation is how the research did not explore the role of parental support as a mediator

in the relationship between FOH and physical activity. Additionally, the use of CGM may have

limitations, such as reduced sensitivity during hypoglycemic events and numerical errors. These

limitations highlight areas for further research and refinement in understanding the relationship

between FOH and physical activity in youth with T1DM.

This theme examines how FOH affects young athletes with T1DM during physical

activity and sports involvement. Extreme FOH has a negative impact on diabetes outcomes and

quality of life. It causes worry, low self-esteem, tension when controlling blood sugar, and
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avoidance of specific activities. The research conducted by Roberts et al. (2020) provides

valuable insights into the interplay between FOH and physical activity among youth with T1DM,

shedding light on the factors influencing their engagement in sports and exercise. It explores how

older individuals exhibited reduced engagement in vigorous activities but increased participation

in moderate ones. Even though vigorous activity was hard for the participants with FOH, at least

there was participation in moderate activity. Teasdale et al. (2022) assessed the effects of CGM

on young individuals with T1DM and found that CGM had a favorable influence on

hypoglycemia confidence and FOH. Huerta-Uribe et al. (2023) investigated the impact of FOH

as a deterrent to physical activity in young people with T1DM and found that a notable

proportion of them avoided activity as a result of FOH. These studies' limitations point to areas

that need more investigation to fully comprehend the complex link between FOH and physical

activity in young people with T1DM. More research is necessary to clarify the effects of FOH on

children and adolescents with T1DM.

The Importance of CGM Use for Blood Glucose Stability during Athletic Performance

This subcategory explores how CGMs are important for the young athletes’ blood

glucose levels during exercise and sports. Young athletes with T1DM who are not monitored by

coaches or parents with CGMs during sports may experience fluctuations in their blood glucose

levels. During physical activity, blood glucose levels can either rise or fall, depending on various

factors such as the intensity and duration of exercise, insulin levels, and carbohydrate intake.

Without real-time monitoring through CGMs, athletes and their coaches may not be aware of

these fluctuations.

The cross-sectional study by Jabbour et al. (2021) had a primary objective of

investigating physical activity (PA) levels, FOH scores, and hypoglycemia episodes in youth
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with T1DM concerning their methods of insulin administration and blood glucose monitoring.

The study comprised 28 children and 33 adolescents, aged 5-17 years, who had been diagnosed

with T1DM for a year or longer. Notably, 68% of subjects using insulin pumps were males, and

42% of subjects using CGM were also males. The research identified significant differences in

weight, body mass index (BMI), and daily glucose checks between those using insulin pumps

versus insulin injections, as well as between CGM users versus blood glucose meter users.

The comprehensive data collection methods, including self-administered questionnaires

and objective measures such as BMI calculations and HbA1c values, have provided a robust

foundation for data analysis. The study's limitation includes the small sample size, which was

more pronounced among those using CGM devices. To further enhance the research's value,

future studies could consider incorporating educational interventions and account for potential

confounding factors, such as the device label, participants' gender, social support, and

educational background. These additions could provide a more holistic understanding of the

impact of insulin administration and blood glucose monitoring methods on the experiences of

youth with T1DM.

The retrospective observational study by Welsh et al. (2019) had a primary objective of

investigating real-world associations between sharing and following CGM data, CGM

utilization, and glycemic outcomes. The study included a substantial sample of 15,000 youth,

ranging in age from 2 to 18 years, making it particularly robust in size and scope. The findings

revealed that a significant majority (94.8%) of the study's population actively used the sharing

feature and had at least one follower. The mean number of followers varied slightly across

different age groups, with patients aged 2-5, 6-12, and 13-18 years having 2.8, 2.8, and 2.4

followers on average.
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Across all three age categories, the presence of at least one follower was associated with

positive outcomes, including lower mean glucose values, more readings within the 70- to

180-mg/dL range, fewer instances of hypoglycemia and hyperglycemia, and significantly

increased device utilization. The strengths of this research include its large and diverse sample

size, making the findings highly relevant to real-world clinical practice. The retrospective

evaluation based on objective CGM data further adds to the study's credibility, as it minimizes

recall bias and subjectivity. The clinical implications are significant, as the research suggests that

sharing and following CGM data may lead to improved device utilization and better glycemic

control. The study's limitations include that the research lacked data on treatment regimens or

therapeutic interventions resulting from the remotely monitored CGM data, making it

challenging to draw conclusions about the clinical impact of the findings, and the observational

design of the study does not permit causal claims. The study's structure did not facilitate

assessing the potential effects of having multiple followers or varying durations of followership,

highlighting areas for potential future research.

The importance of CGMs in controlling blood glucose levels during exercise and sports

for young athletes with T1DM is highlighted in this section. It draws attention to the possible

variations in blood glucose levels that may occur during physical activity and emphasizes the

significance of real-time CGM monitoring to account for these variations. The study by Jabbour

et al. (2021) highlights the potential impact of these variables on diabetes management. The

study is important to public health, especially in addressing the challenges posed by T1DM in the

youth population. In a large sample, Welsh et al.'s (2019) retrospective observational study

results point to beneficial relationships, such as better glycemic control, between sharing and

using CGM data. All of these studies emphasize the vital role of CGMs in improving diabetes
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control during physical activity for young individuals with T1DM. They underscore the

significance of real-time monitoring to effectively manage these fluctuations.

Conclusion

This literature review provides evidence that CGM is feasible and enables children with

T1DM and their caregivers to respond to unsafe blood glucose levels timely and reduce the

anxiety associated with this condition. The literature also shows that CGM holds promise for

decreasing FOH and increasing participation in exercise. This literature critique revealed an

opportunity for future study that explores the role of PE teachers and coaches in helping children

with T1DM participate in structured exercise and mitigating their FOH while under their care.

Further research is indicated to explore whether coaches and PE instructors would be receptive to

training on how to interpret CGM data and provide interventions to manage the blood glucose

levels of these children. The proposed study seeks to understand how participation rates in

structured exercise among these children, as well as their glycemic control and FOH, would be

impacted if their PE teachers and coaches were well-equipped to provide real-time glycemic

support. There is a research gap in exploring whether equipping coaches and PE teachers with

CGM skill can transform them into valuable allies for young athletes, aiding in reducing FOH

and effectively managing blood glucose levels during physical activities.

Research Proposal

Research Question

Will children and adolescents who wear CGM and have data sent in real time to their PE

teachers and coaches, who are trained in interpreting the data, have more stable blood glucose

levels and reduced FOH, leading to the increase of participation in exercise?

Rationale
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T1DM is a chronic medical condition in which the body is unable to produce insulin,

which is essential for regulating blood glucose levels. Children and adolescents diagnosed with

T1DM often face challenges, such as hypoglycemia, particularly during physical activities and

exercise. Hypoglycemia is the reduction of glucose concentration to a level that could cause

symptoms such as altered mental status. The dynamic nature of blood glucose levels can make it

challenging for young individuals to participate in sports and PE without the risk of

hypoglycemia, which is characterized by low blood sugar levels and can lead to adverse health

outcomes. When youth participate in sports and PE classes, their blood glucose levels can

fluctuate greatly and reach unsafe levels, leading to hypoglycemia. CGM devices offer a

potential solution by providing real-time data on blood glucose levels. Educating and

empowering PE teachers and coaches on the use of CGM can help their students and team

members feel confident and safe while participating in activity and sports. Engagement in

exercise and sports will undoubtedly contribute to the children’s overall health and well-being. It

will also contribute to their increased participation rate for exercise and sports. For example,

usually, children from the ages of 5 to 13 (elementary to middle school) have recess 2 to 3 times

during school hours. A child with T1DM could be afraid to go out and play during recess

because of FOH or any hypoglycemic episodes, but having a teacher be in charge of monitoring

the CGM data of this child could change the child’s exercise participation in recess from just 5

minutes of the recess period to the entire recess period (which could be up to 15-30 minutes).

Theoretical Framework

The theoretical framework for this research study proposal is Nola Pender's Health

Promotion Model. Nola Pender is a nursing theorist who developed the theory in 1982 after

seeing professionals intervening only after patients developed acute or chronic health problems.
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She formulated this model due to her conviction that enhancing patients' quality of life could be

achieved through proactive and preventive measures aimed at promoting health and well-being.

(Pender, 1984). This model aims to encourage individuals to take charge of their own health by

adapting to healthy lifestyle choices that lead to positive outcomes in their future (Pender, 1984).

The Health Promotion Model is like a toolkit to assist nurses and social scientists in

understanding why people make the choices about their health that they do. It explores the

complex mix of factors like our biology, our emotions, and our lifestyle that drive us to make

healthy decisions and take actions to improve our well-being (Pender, 1984).

Pender's Health Promotion Model supports the thesis hypothesis that teacher and coach

support, along with CGM technology, can encourage young people with T1DM to engage in PE

classes and team sports with reduced risk of unsafe blood glucose levels, ultimately improving

their health. For instance, a 12-year-old student with T1DM wearing a CGM device can share

data with their PE teacher, enabling real-time monitoring of blood sugar levels during activities

such as soccer. This enhances the student's safety and well-being while participating in exercise.

Pender’s model serves as a valuable framework for understanding how the integration of CGM

data sharing with trained teachers and coaches can positively impact blood glucose stability and

reduce FOH among children and adolescents participating in exercise or sports.

Primary Research Aim

This study aims to see if sharing real-time CGM device data with a trained coach or

teacher reduces FOH, maintains blood glucose levels within target range, and boosts sports

participation in youth with T1DM.

Ethical Considerations
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This study will be reviewed by the Dominican University Institutional Review Board

(IRB), and approval will be acquired before obtaining any data collection for the study. This

study will also ensure that informed consent is obtained from both the participants (children and

adolescents) and their parents or legal guardians. The study's purpose, procedures, potential risks

and benefits, and the voluntary nature of participation will be fully disclosed to participants and

their parents. Participation is voluntary. Every participant has the option to withdraw from the

study at any time. Obtaining child assent from child participants based on their age, maturity, and

capacity to understand the study is also important in considering their consent to participate.

Another important ethical consideration for this study is the data security of the participants.

Data transmission to teachers and coaches will be encrypted and protected from any

unauthorized access. Also, PE teachers and coaches must be appropriately trained in interpreting

CGM data and managing low blood glucose levels, as their competence is essential for the

participant’s safety. Ethical approval from the IRB and the ethics committee is needed for this

study to take place, along with approval from each participant’s endocrinologist. After selecting

the participants for this study, the researchers will provide consent forms to the children and their

parents. These consent forms will include information about the study, what the children and

adolescents will be doing, and how long the study will last. It will also include the choice of

being able to withdraw from the study at any time. The researchers will also contact the school

administration, PE teachers, and coaches to explain the study’s purpose and benefits, as this

study will take place throughout the first half of the school year (4 months).

Research Methods

Study Population and Sample Size
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  This study’s participants will include a group of 30 children and adolescents between the

ages of 5 to 18 who are both able and willing to participate in exercise and sports, and have been

cleared by their endocrinologist. Additionally, participants must be diagnosed with T1DM and

reside in Northern California, specifically in the Bay Area. Convenience sampling will be

utilized, recruiting participants from endocrinology clinics and summer camps for children with

diabetes. Examples of these camps would include Bay Area summer camps for children with

diabetes such as those affiliated with either the American Diabetes Association and/or University

of California San Francisco. In addition to the recruitment process, it will be best to use

strategies such as posting flyers and announcements around these clinics and camps, as well as

leveraging digital platforms and support networks for diabetes communities to maximize

participation and gather valuable insights into the experiences of children and adolescents with

T1DM engaged in physical activities. The flyers and digital platforms will have a link to a form

for the potential participants to fill out, which will include questions about the participants’ age,

the sport(s) they engage in, the length of time since their T1DM diagnosis, and, if applicable,

how long they have been using CGMs. They do not have to participate if they are wheelchair

bound. The participants would need to join an after-school sports team that has a coach, or they

would need to be in a PE class.

Study Design and Methodology

This quasi-experimental pilot study will follow a pre-test/post-test design. The

experimental group would consist of children and adolescents wearing CGM devices and having

data shared in real time with their PE teachers and coaches. The study duration of 4 months (first

half of the school year) will allow for a holistic evaluation of how CGM and real-time data

sharing with PE teachers and coaches influence the participants’ level of participation in
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structured exercise, blood glucose levels and FOH. The pre-intervention phase is when the

coaches and teachers are trained, and will span the first month of the first half of the school year.

The intervention phase will take place during the subsequent 3 months. Data collection will

occur at the end of each school week within both phases, ensuring a detailed understanding of

changes over time.

At the beginning of the school year, the participants’ baseline data will be collected, such

as their age, amount of time participating in sports or physical activity throughout the week at

school (including recess time, PE class, and sports practice), type of sport they participate in, and

the duration of their T1DM diagnosis. Blood glucose levels and FOH will also be assessed

during this phase. PE teachers and coaches will receive training in interpreting CDM data and

responding according to evidenced-based protocols. Throughout the intervention period,

participants will share their real time CGM data fee with their designated PE teachers and

coaches. The participants’ blood glucose levels and FOH will be monitored at regular intervals,

both during physical activities and sports events (practice, games, tournaments, etc.) and at rest.

If participants experience any episodes of low blood glucose, their designated PE teachers and

coaches will intervene according to their training to promote their safety and well-being. This

may involve changing the exercise intensity, providing glucose sources, or even temporarily

suspending activity for the child. The researchers will periodically analyze the collected data to

identify trends and assess the effectiveness of the intervention. The coach will send a summary

report to the research team of the CGM data shared with them during the practice or class along

with a pick list response to describe the participant's mood, performance, and energy level.

Adjustments to the participants' diabetes management plans, coaching strategies, or CGM

settings may need to be made based on the findings. Each participant’s doctor must sign off on
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the coaches/PE teachers, protocol. Diabetes specialists will be on the research team to serve as a

liaison between each participant's pediatric endocrinologist and the research team to

communicate any adverse events and help implement any adjustments to the protocol requested

by the medical team. At the end of the first half of the school year, a final assessment will be

conducted, comparing participants' FOH score, number of minutes per week participating in

structured exercise, average blood glucose levels while engaged in such exercise, and number of

hypoglycemic events to their pre-intervention measurements. This thorough evaluation aims to

assess the enduring effects of CGM and real-time support provided by trained coaches and PE

teachers on participation in structured exercise, blood glucose levels, and FOH.

Data Analysis

The data will be analyzed quantitatively and categorically to provide a better

understanding of the impact of CGM and real-time data sharing with PE teachers and coaches on

children and adolescents with T1DM. For the quantitative analysis, the researchers will be

assessing numerical changes in blood glucose levels and the FOH. Descriptive statistics, such as

mean blood glucose values and standard deviations, and t-tests will provide a summary of the

data, comparing pre- and post-intervention outcome measures. Pearson’s correlation for

quantitative variables (Pearson’s r) can be used to calculate between age, duration of T1DM

diagnosis, blood glucose levels, and FOH at baseline. The researchers will interpret the

correlation coefficients to discern the strength and direction of relationships. The scale ranges

from -1 to +1 where r = 1 indicates a perfect positive linear relationship, r = -1 indicates a perfect

negative linear relationship, and r = 0 indicates no linear relationship. A correlation value around

0.7 to 0.8 or -0.7 to -0.8 will be considered as a strong correlation for this study. The strong

correlation can be between the frequency of real-time data sharing with PE teachers and coaches
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and the participants' blood glucose stability during physical activities. For instance, if a Pearson's

r value of 0.75 is found between the frequency of data sharing and improved blood glucose

stability, it suggests a strong positive relationship. This would imply that as the frequency of data

sharing increases, there is a notable improvement in blood glucose stability among the children

and adolescents in the study.

Limitations

The research proposal exhibits commendable efforts in investigating the impact of

real-time CGM data sharing on the exercise participation, blood glucose levels, and FOH in

children and adolescents with T1DM. However, several limitations need careful consideration,

even if it is a pilot study. The study's relatively small sample size of 30 participants and

geographic restriction to the Bay Area raise concerns about generalizability. The use of

convenience sampling from endocrinology clinics and specific diabetes camps may introduce

selection bias, potentially influencing the representativeness of the findings. The short duration

of the study, spanning only 4 months, may not capture long-term effects or external factors such

as seasonal variations. Additionally, the reliance on self-reported data poses a risk of bias, and

potential psychological implications for participants, especially children, should be addressed.

The proposal lacks explicit consideration of the associated costs, both financial and time-related,

which could impact the feasibility and sustainability of the intervention. Furthermore, the

absence of a control group limits the ability to attribute observed changes solely to the

intervention, justifying a more strong research design.

Conclusion

This study lays the groundwork for future developments in nursing practices by stressing

a cooperative, patient-centered approach to the treatment of chronic pediatric illnesses. The
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knowledge gathered from this research has immediate applications in clinical settings, especially

in the areas of pediatric endocrinology and diabetes treatment. Understanding the challenges

faced by young athletes with T1DM during exercise and sports, along with the potential benefits

of CGM technology, can inform interventions tailored to their specific needs. This involves

educating PE teachers and coaches on interpreting CGM data and responding to blood glucose

level changes. The proposed study offers a practical and holistic approach for integrating

healthcare support into the daily lives of school-aged children with T1DM and promoting

engagement in exercise and sport through collaboration with important adults in their lives.

Through the integration of CGM data sharing and real-time monitoring into educational

and athletic settings, nurses, especially school nurses and nurse diabetes educators, also can

significantly contribute to enabling children and adolescents with T1DM to participate in

physical activities. They can provide the CGM training and ongoing support for the coaches and

PE teachers. These nurses are well-positioned to holistically assess each students' response to the

CGM monitoring intervention and advocate for care plan changes that help keep them safe,

confident, and active. This research emphasizes a proactive and preventative approach to

healthcare, which is in line with Pender’s Health Promotion Model. This study emphasizes the

value of continuing education and working with educators and coaches to improve the general

well-being of young people with T1DM, in addition to the critical role that nurses play in

managing chronic illnesses.

The next steps involve possibly implementing the proposed research study and evaluating

the outcomes. The efficacy of the study will be determined by how well PE instructors and

coaches are trained, how willing kids and teenagers are to share CGM data, and how the

program's overall results affect participation in structured exercise, FOH and blood glucose
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stability. Comprehending the long-term effects of the intervention will require ongoing

monitoring and real-time data-driven modifications. Furthermore, the proposed study could open

the door to additional research on how to best manage other chronic illnesses in juvenile

populations through collaboration and the optimal use of technology. Future research could

examine the durability and scalability of these interventions, taking into account aspects like

long-term adherence, feasibility, and resource implications. Concurrently, a qualitative study

could be undertaken to gather feedback from PE teachers and coaches about their experiences

with CGM, interventions, and challenges encountered during the study.
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Appendix: Literature Review Table

Citation: (DOI) 10.3390/ijerph20156440

Title of Article: Continuous Glucose Monitoring (CGM) in Sports—A Comparison between a
CGM Device and Lab-Based Glucose Analyser Under Resting and Exercising Conditions in
Athletes

Purpose/ Objective of the study: The objective of this pilot study was to compare glucose
concentrations in capillary blood (CB) samples analyzed in a laboratory by a validated method
and glucose concentrations measured in the interstitial fluid (ISF) by continuous glucose
monitoring (CGM) under different physical activity levels in a postprandial state in healthy
athletes without diabetes.

Sample- population of interest and sample size: For the herein-employed test (t-test with
matched pairs), G*Power calculated a sample size of 15. Due to the high effort of the study
protocol (nine tests within 14 days) and a certain level of athleticism that was required, only 10
subjects finished all tests.

Study Design: Experimental design, within-subjects or repeated measures design

Study Methods (any other information about how they conducted the study):
-Combination of quantitative and physiological methods
-Researchers collected data related to glucose levels, age, body weight, and duration of fasting
and exercise

Major (stats) Findings: (is it stat significant)
-Within 30 min post-exercise, the mean bias was 4.18 mg/dL (∆LOA [58.8 mg/dL]). The
findings by Clavel et al. (2022) were different from the findings, revealing the highest mean
bias during exercising protocols and a similar ∆LAO between all conditions
-Studies that were performed on subjects with T1DM confirm our findings and the findings of
Clavel et al. (2022), showing a higher deviation of ISF and CB values under exercising
conditions compared to resting and/or fasted conditions

Strengths:
-10 subjects were able to finish the 6 tests in 14 days
-Subjects were both male and female (6 male, 4 female)
-Study found that blood glucose concentrations were compared with those measured in the
interstitium during standardized tests

https://doi.org/10.3390/ijerph20156440
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Limitations:
-Data collection was conducted during COVID-19 restrictions in the institute
-All tests under exercising conditions were performed outdoors, where the standardization of
environmental issues (change in temperature, rain) was not possible.
-Performance diagnostics before the start of the study were not feasible as time spent in the
institute needed to be as short as possible.

Citation: 10.1111/pedi.13092

Title of Article: Association between Fear of Hypoglycemia and Physical Activity in Youth
with Type 1 Diabetes: the SEARCH for Diabetes in Youth Study

Purpose/ Objective of the study: To examine 1) PA patterns in youth with T1D by age group
and 2) the relationship between both parental and youth FOH and youth PA.

Sample- population of interest and sample size: Of the 1,129 participants in the study
sample, 52% were female, their mean age was 14.4 (2.2) years, diabetes duration was 7.5 years
(1.8), and their mean HbA1c was 9.2% (1.7%) at the cohort study visit.

Study Design: Observational and longitudinal cohort study

Study Methods: This analysis presents cross-sectional data collected at the cohort study visit.
Cohort study visits were conducted between 2010 and 2015.

Major Findings:
-Older youth were less likely to do vigorous physical activity (p<.01) or join sports teams
(p<.01) but more likely to engage in moderate physical activity (p<.01).
-Higher youth FOH (behavior subscale) correlated with increased VPA levels (β (se) 0.30
(0.11), p=.01) but not significantly with MPA (p=.06).

Strengths:
-Mean age of sample was 14.4
-Sample has T1DM
-Sample are athletes/on sports teams
-Large sample size with participants from multiple geographic regions, obtaining care from
different diabetes providers.

Limitation:
-Physical activity was self-reported, the cross-sectional design and that FOH was not assessed
longitudinally

https://doi.org/10.1111%2Fpedi.13092


31

-There may be some selection bias, for example, a large proportion of participants (63.7%)
were on insulin pumps

Citation: 10.1089/dia.2019.0142

Purpose/ Objective of the study: Characterizing parents' experiences with CGM to inform
clinical strategies and to help parents make decisions about diabetes management, overcome
obstacles to initiating and sustaining CGM use, and maximize benefits of CGM use in their
children's diabetes care.

Sample- population of interest and sample size: Qualitative interviews with 55 parents of
children aged 1 to <8 years, with T1D duration ≥6 months. Participants were 88% mothers and
the mean child age was 5.0 ± 1.5 years.

Study Design: Cross-sectional study; data is collected from participants at a single pont in
time, without following them over an extended period

Study Methods: Transcripts from semistructured qualitative interviews with 55 parents of
children aged 1 to <8 years, with T1D duration ≥6 months, and whose child currently or
previously used CGM were coded and analyzed to derive themes about their experiences with
CGM.

Major Findings: Parents described benefits of CGM use: decreased worry about glucose
excursions, improved sleep, increased sense of safety with children who cannot recognize or
express symptoms of hypo- or hyperglycemia, and greater comfort with other caregivers,
especially using remote monitoring functionality when away from children. 88% of the
participating parents were mothers.

Strengths:
-the careful assessment of parent perceptions of CGM that allowed them to share both positive
and negative experiences
-parents perceptions regarding barriers to initiating or maintaining CGM use in their children
focused on physical, emotional, and technical challenges with the devices
-pain on insertion of sensors, adverse skin reactions to adhesives, and limited space for
insertion of sensors and pump infusion sites were noted

Limitation: this sample was restricted to parents of children with HbA1c <10.5% and who
had been diagnosed with T1D for at least 6 months to approximate the characteristics of the
planned sample for the subsequent CGM trial this qualitative research was designed to inform

https://doi.org/10.1089%2Fdia.2019.0142
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Citation: 10.1007/s13300-019-0571-0

Purpose/ Objective of the study: To explore real-world associations between sharing and
following, CGM utilization, and glycemic outcomes

Sample- population of interest and sample size: 15,000 youth ranging in age from 2 to 18
years

Study Design: retrospective observational study

Study Methods: Data analysis and statistical testing through anonymized data that had been
uploaded using a mobile app that allows optional data sharing. The data likely includes
information about glucose values and device usage.

Major Findings:
-94.8% of population used the sharing feature and had at least one follower
-mean number of followers for patients aged 2-5, 6-12, and 13-18 years were 2.8, 2.8, and 2.4
-in all three age categories, the presence of at least one follower was associated with lower
mean glucose values, more glucose values in the 70- to 180-mg/dL range, correspondingly
fewer glucose values representing hypoglycemia and hyperglycemia, and significantly more
device utilization

Strengths:
-large sample size
-real-world relevance
-retrospective evaluation
-objective data collected through CGM systems, which is less susceptible to recall bias
-clinical implications: improved device utilization and glycemic control associated with
sharing and following CGM data

Limitations:
-no data on treatment regimens or therapeutic interventions resulting from the remotely
monitored CGM data
-the observational design of the study does not allow for assertions of causality
-the study design did not allow for any assessment of the “dose effect” of having multiple
Followers or of having Followers for different periods of time

Citation: 10.3389/fendo.2021.722123

https://doi.org/10.1007%2Fs13300-019-0571-0
https://doi.org/10.3389%2Ffendo.2021.722123
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Purpose/ Objective of the study: To explore physical activity (PA) levels, FOH scores and
hypoglycemia episodes according to insulin administration and blood glucose monitoring
methods in youth with T1DM

Sample- population of interest and sample size: 28 children and 33 adolescents aged 5-17
years old diagnosed with T1DM a year or longer

Study Design: cross-sectional study; researchers collected data from the participants at a
specific point in time with the method of a cross-sectional questionnaire

Study Methods: self-administered questionnaire was completed by 28 children and 33
adolescents with T1D, and their PA was assessed

Major Findings:
-68% of subjects using insulin pumps were boys, and 42% of subjects using CGM were boys
-significant differences in weight, BMI, and glucose checks per day between insulin pump vs.
insulin injection methods and between CGM vs. blood glucose meters

Strengths:
-relevance to public health concern, specifically the impact of T1DM in youth
-comprehensive data collection
-ethical approval and informed consent
-objective measures such as BMI calculations, and HbA1c values, providing reliable data for
analysis

Limitations:
-small sample size, especially for those using CGM devices
-a valuable supplement to the present research would be the use of an intervention based on an
educational approach with participants, and considering other confounding factors such the
device label, participants’ gender, social support and educational background

Citation: https://doi.org/10.2337/ds21-0066

Purpose/ Objective of the study: To assess the impact of CGM on hypoglycemia confidence
and FOH

Sample- population of interest and sample size: 129 young adults aged 16–20 years with
T1DM

Study Design: prospective intervention study or pre-post intervention study

https://doi.org/10.2337/ds21-0066
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Study Methods:
-129 young adults aged 16–20 years with T1DM attended the center between November 2017
and February 2019 were eligible for the study if they had not previously used CGM
-all participants gave written informed consent
-study participants attended two 2-hour group CGM education sessions with diabetes nurse
educators

Major Findings:
-impact of CGM on hypoglycemia confidence (HCS)
-impact of CGM on hypoglycemia fear (HFS)
-the mean HCS score at baseline was 3.2 and the mean HFS-T score was 14.0
-HCS and HFS scores at baseline were not associated with sex, age, or level of education
-on average, participants with a longer duration of diabetes had a higher HCS score at baseline

Strengths:
-clinical relevance in which the study was conducted at a tertiary diabetes center accredited by
the Australian National Association of Diabetes Centres
-clear inclusion criteria: only young adults aged 16–20 years with T1DM who met specific
eligibility criteria were included
-ethical approval by Human Research ethics Committee
-general anxiety assessment

Limitations:
-exploratory nature of this study
-lack of a control group
-small sample size
-limit the ability to draw strong conclusions

Citation: https://doi.org/10.1111/sms.14369

Title: Is Fear of Hypoglycemia a Major Barrier to an Active Lifestyle in Children and
Adolescents with Type 1 Diabetes? The Diactive-1 Study

Purpose/Objective of Study: To examine whether children and adolescents with T1D avoid
PA due to the risk of hypoglycemia related to this activity and its relationship with
device-assessed PA parameters and glycemic metrics

Sample - Population of Interest and Sample Size:
-Participants were recruited between May 2021 and February 2022 from the Pediatric Diabetes
Unit at the University Hospital of Navarra

https://doi.org/10.1111/sms.14369
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-Patient diagnosed with T1DM from 6 to 18 years old with more than 6 months of disease
duration who consented to participate in study
-183 patients followed in Pediatric Endocrinology Unit, 143 were eligible, and 82 patients
agreed to participate (44.6% female)

Study Design:
-cross-sectional study of children and adolescents with T1DM living in Autonomous
Community of Navarra, Spain

Study Methods:
-Standing height was measured in bare feet
-Body weight was measured in bare feet and light clothing to the nearest 0.1 kg using a SECA
electronic scale (Scale 869)
-Total body fat was measured by dual-energy x-ray absorptiometry, with the participant in
supine position, with the arms slightly separated from the body and with the feet and legs
hip-width apart
-The volume and intensity of PA were measured with a GENEActive triaxial accelerometer
(ActivInsights) worn on the wrist of the nondominant hand
-Data on the type of therapy and duration of the disease were obtained from medical records
-All participants used a CGM FreeStyle 2® Libre device (Abbott Diabetes Care) as part of
their everyday diabetes management and were instructed to continue their use during the
9 days of evaluation
-Validated questionnaires measuring FOH, such as the pediatric version of the Hypoglycemia
Fear Survey (CFHS)

Major Findings:
-Of the 82 subjects who participated in the study, 74 completed the questionnaires
-Fifteen subjects (20%) reported avoiding PA due to FOH
-The present study evaluated FOH as a specific barrier to PA in children and adolescents with
T1DM and its potential relationship with meeting glycemic targets

Strengths:
-all participants signed a written assent form
-parents signed a written informed consent form before the study
-use of simultaneous CGM and 24-h accelerometry to assess the temporal associations
between PA and glucose metrics across 9 days, allowing the measurement of patients' normal
daily activity in a free-living setting

Limitations:
-did not use a validated questionnaire to assess FOH
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-lack of parental support
-did not evaluate other barriers and facilitators to PA
-the CGM period corresponds to 14 days, while the accelerometry assessed PA through only 9
of these 14 days
-the use of CGM also presents loss of sensitivity during bouts of hypoglycemia and numerical
errors
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