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Abstract

Purpose of Review: The benefits of intensive diabetes management have been established by 

the Diabetes Control and Complications Trial. However, challenges with optimizing glycemic 

management in youth with type 1 diabetes (T1D) remain across pediatric clinics in the United 

States. This article will review our Teamwork, Targets, Technology, and Tight Control (4T) study 

that implements emerging diabetes technology into clinical practice with a team approach to 

sustain tight glycemic control from the onset of T1D and beyond to optimize clinical outcomes.

Recent Findings: During the 4T Pilot study and study 1, our team-based approach to 

intensive target setting, education, and remote data review has led to significant improvements 

in hemoglobin A1c throughout the first year of T1D diagnosis in youth, as well as family and 

provider satisfaction.

Summary: The next steps include refinement of the current 4T study 1, developing a business 

case, and broader implementation of the 4T study. In study 2, we are including a more pragmatic 

cadence of remote data review and disseminating exercise education and activity tracking to both 

English- and Spanish-speaking families. The overall goal is to create and implement a translatable 

program that can facilitate better outcomes for pediatric clinics across the United States.
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Introduction

The efficacy of intensive diabetes management to reduce vascular complications associated 

with type 1 diabetes (T1D) has been well established by The Diabetes Control and 

Complications Trial (DCCT) (1, 2). However, almost 30 years after the DCCT, pediatric 

diabetes clinics in the United States do not achieve glycemic control achieved in the DCCT 

(3, 4). The challenges associated with achieving and maintaining tight glycemic control 
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in adolescents with T1D are often multifactorial. Some of these factors include fatigue 

associated with the management of a chronic condition (i.e., diabetes burnout), concerns 

about social context and peers, and physiological changes such as pubertal changes that 

may lead to increased insulin resistance (5). Systems and processes of care also present 

challenges for diabetes care teams in the US healthcare system (6).

International pediatric diabetes clinics, in contrast to the United States, have documented a 

significant decrease in mean hemoglobin A1c (HbA1c) in youth with T1D (7–10). Clinics 

outside of the United States have also reduced their mean HbA1c (11–19) through a number 

of common themes including i) a unified and consistent team approach; ii) communicating 

clear glucose targets to patients and their families; iii) flexibility in supporting patients 

and families with technology; iv) timely detection of increasing glucose trends followed by 

rapid intensification of therapy to regain tight control. As such, we have developed the 4T 

(Teamwork, Targets, Technology, and Tight Control) program at Stanford that implements 

proven methods and emerging diabetes technology into our clinical practice to sustain 

tight glucose control from the onset of T1D diagnosis and optimizes patient reported, 

psychosocial, and health outcomes in a cost-effective manner that enables team members 

to work at the top of their license (20). The Covid-19 pandemic has also accelerated 

the adoption of telehealth for both clinical care and research visits (21). With the clear 

demonstration of improved glycemic and quality of life (QoL) outcomes with continuous 

glucose monitoring (CGM) (22–26), we have made this a priority to support and start CGM 

for all children, independent of insurance status, early after T1D diagnosis (10, 21, 27). The 

aim of this review is to describe the current state of the 4T study as well as the challenges 

and future directions of this program, especially the second stage of the 4T study.

4T Study Overview

The 4T study is a pragmatic research study that utilizes a multi-disciplinary diabetes team 

approach and a revised diabetes education program that clearly defines tighter glucose 

targets at T1D diagnosis and individualizes intensification of control as insulin needs and 

care demands increase (25).

In the Pilot 4T study, youth with new onset T1D were offered to start on CGM shortly 

following diabetes diagnosis. A total of 135 youth enrolled and 124 initiated CGM within 

the first month of diagnosis and 11 initiated CGM after 30 days of diagnosis. We have 

previously developed a system for transmitting data from an individual’s CGM into our 

electronic medical records using Apple HealthKit on iOS devices (28). The Stanford SURF 

(Systems Utilization Research Force) team has also developed a glucose data dashboard 

to display relevant CGM data for review by a Certified Diabetes Care and Education 

Specialist (CDCES) (29). Our team has continued to iterate and improve on the features of 

the dashboard. This Timely Interventions for Diabetes Excellence (TIDE) tool is a unique, 

open-source dashboard that has algorithm-enabled prioritization of participants who would 

benefit from remote CGM data review and dose adjustments by a CDCES to apply precision 

medicine on a population health basis (29, 30). It serves as an automated decision-support 

tool that uses CGM data to support setting personalized goals and identify a need for insulin 

dose adjustments in between quarterly visits.
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During the Pilot 4T study, remote glucose monitoring was developed and then initiated 

for the next 89 (out of the 135) children and families who consented to participate in 

remote data review (i.e., remote monitoring). HbA1c at 12 months post-diagnosis in the 

Pilot 4T cohort was 0.58% lower than the historic cohort and those Pilot 4T patients 

receiving remote monitoring had a HbA1c 0.14% lower than patients in the Pilot 4T cohort 

not receiving remote monitoring at 12 months post-diagnosis (21). In addition, our 4T 

program demonstrates that CGM initiation during the new-onset period is feasible and well 

accepted by youth and their families (31). Focus groups and individual interviews have been 

conducted and show that parents find early CGM initiation valuable and an essential part of 

living and adjusting to a new diagnosis (32). During the Covid-19 pandemic, we also held 

focus groups and interviews with parents of T1D youth who initiated CGM over telehealth 

during the first few weeks of diagnosis (33). Overall, most parents appreciated receiving the 

CGM initiation over telehealth and stated the importance to offer the choice of telehealth or 

in-person visits to all families in the future.

Following the Pilot 4T study, all newly diagnosed clinic patients with T1D in study 1 are 

exposed to the clinic-wide 4T program consisting of the opportunity to start a CGM in the 

weeks after diagnosis, a 1-week follow-up CGM education visit, 1-month post-diagnosis 

visit, and routine diabetes follow-up visits every 3 months thereafter (Figure 1). The 

Covid-19 pandemic ushered in the rapid adoption and digital transformation of diabetes 

care delivery in a telehealth model. All Study 1 participants are followed with remote 

monitoring and the automated-support TIDE tool (29) within 2–4 weeks of CGM initiation. 

Psychosocial and patient reported outcome surveys (PROs) are collected at baseline, 1, 3, 

6, 9, and 12 months and incorporated into the clinic’s psychosocial screening and treatment 

program. The 4T study recruits all patients seen at the Pediatric Endocrinology clinics at 

Stanford Children’s Health that present with a T1D or possible T1D diagnosis regardless of 

insurance status, language spoken, or provider referral in recognition of health disparities 

and inequities in diabetes technology access (20, 21, 34–36). The 4T study provides CGM 

supplies to patients with insurance coverage barriers such as a lapse in insurance coverage or 

insurance claim denial (i.e., common in public insurance) until insurance can be obtained for 

the duration of the 12-month study. The 4T study 1 is currently underway and we anticipate 

recruitment to be completed with approximately 130 youth participants by April 2022 at 

which point, 4T study 2 will commence.

In addition to sustaining tight glycemic control and psychosocial support for youth with 

newly diagnosed T1D, our team has also developed and initiated an ancillary study focusing 

on exercise and physical activity education and tracking in this population. The aim is to 

assess real-world physical activity data and to develop and disseminate structured exercise 

education materials for youth with recent T1D diagnosis and their families.

Exercise and regular physical activity play a vital role in improving psychosocial well-being, 

controlling weight, and minimizing long-term complications in youth (37–39). However, 

many youth with T1D are not meeting physical activity recommendations (40), with a 

particularly worse impact throughout the Covid-19 pandemic (41). In adults with T1D, 

evidence suggests that active days tend to increase the CGM percent time-in-range (TIR), 

but also increase the percent time spent in hypoglycemia compared to sedentary days 
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(42). In addition to barriers such as lack of motivation and fear of hypoglycemia, exercise 

interventions in adults with T1D have been shown to be acceptable and feasible to deliver 

(43). Individuals with T1D and healthcare professionals have identified ‘exercising safely’ 

as one of the most challenging aspects of diabetes, and many choose not to partake in 

activity because of the associated risks (44). Our 4T exercise ancillary study includes 

four telehealth-based exercise education sessions with parent(s) and youth (≥11 years), 

led by a Certified Exercise Physiologist, over the 12-month study duration (Figure 1). 

Some of the topics covered in the education modules include various types, intensities, 

and durations of exercise and how each of these may impact glycemia. Parent and child 

education sessions are conducted separately to create a safe space to educate and address 

any fears to ‘exercising safely’ and associated strategies tailored to the parent and child. 

With increasing adoption of CGM use, patients can use the detailed information (e.g., 

trend arrows, patterns) to learn how different factors may impact glycemia around physical 

activity and exercise (40). In addition, with advancements in automated insulin delivery 

(AID) systems, improvements in overnight glycemia are apparent (45); but exercise and 

glycemic management remain a challenge (46, 47). In study 2, we will encourage patients 

to initiate the use of an insulin pump or AID system during the first 3-month period post-

diagnosis and continue to offer exercise education to increase the knowledge and education 

around safe exercise.

Together in 4T study 1 and study 2, the goals include lowering HbA1c, reducing the 

fear of hypoglycemia around exercise, supporting the psychosocial challenges of T1D, 

and developing CGM data management and communication systems in a program that is 

practical, sustainable, and translatable to other pediatric diabetes clinics across the United 

States.

Future Directions

The Teamwork, Targets, Technology, and Tight Control (4T) study 2 will be a single-arm 

design of the remote monitoring and automated-support CGM tool (i.e., TIDE) using a 

step-down approach (weekly versus monthly) to the cadence of remote data reviews (Figure 

2). By focusing on the cadence of reviews, study 2 will help to determine whether a 

more pragmatic and generalizable cadence of reviews yields comparable outcomes while 

increasing remote data review capacity by clinical team members and testing for non-

inferiority. Assessing a more pragmatic cadence of review will define how TIDE can be 

translated to other clinical settings in a time and cost-efficient manner (21, 22). We will 

also compare outcomes to historic controls in our program and contemporaneous outcomes 

in other T1D populations. Future integrations of the TIDE dashboard also aim to include 

physical activity data for review.

Additionally, during study 2, youth participants will also be encouraged to initiate the use of 

an insulin pump or AID system during the initial 3-month period post-diagnosis. The use of 

AID systems as a standard of care for all participants will be encouraged, but participants 

can also choose an open loop insulin pump or multiple daily injections. Participants that do 

not want to use an insulin pump or AID system will be encouraged to use a smart insulin 

pen (e.g., InPen™ Smart Insulin Pen, Medtronic, Minneapolis, MN) which tracks insulin 
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doses in real-time. Participants do not have to initiate an insulin pump, AID system, or 

InPen™ to participate in the study, but will be encouraged to do so to enhance diabetes 

management by integrating all devices into the TIDE dashboard.

The integration of psychology into the existing program allows the team to respond to 

referrals, and the addition of systematic screening through PROs adds another layer of 

safety monitoring in case positive screens were not observed as needing a referral. The 

psychosocial screening system will be designed so that it is sustainable and translatable 

to centers with fewer psychology team resources or alternative resources, such as a social 

work team member. This is in line with current American Diabetes Association (ADA) 

recommendations on psychosocial care and needs to be modeled for broader implementation 

(48–50). We will assess factors that inform sustainability, acceptability, and feasibility. 

We will also continue with weekly diabetes team meetings at which feedback from team 

members will lead to iterations of the overall 4T study plan.

For study 2, integrating the physical activity trackers and disseminating of exercise 

education modules will be expanded to include both English- and Spanish-speaking families 

(Figure 3). Our aim is to be more inclusive of the general patient population and therefore, 

including Spanish-speaking families in the study 2 exercise study. By including Spanish-

speaking families in study 2, this will also improve the overall generalizability of study 

findings for future dissemination.

An important focus for study 2 is the expansion and growth of the 4T study beyond the 

Stanford clinic. To do so, we are focusing on scaling the 4T program at three levels. First, 

is to document the current workflow including constraints and frictions for CDCES to 

review data and provide patient education at the clinic level. For example, an initial deep 

dive into time utilization of CDCES’ suggests additional opportunities continue to exist for 

algorithmic improvements in workflow, that would free up more time for them to focus on 

“top-of-license” tasks (29). Second, are the operational improvements. For expansion both at 

Stanford and beyond, we need to develop scalable telehealth workflows, and our technology 

platform needs to account for heterogeneity in clinic staff and available resources, as well 

as heterogeneity in patient needs over time (20). Finally, we need to quantify costs and 

efficiency gains to arrive at an understanding of economic feasibility (20). This is especially 

critical for deployment beyond the Stanford clinic. This requires a careful inspection of the 

billing models available for telemedicine (e.g., how will the asynchronous review of patient 

data be reimbursed?) and the costs of clinic resources, compared against the gains in quality 

of patient care provided.

4T Study Challenges

Based on Pilot 4T and study 1, strategies and improvements have been made and 

iterated on including advancements to the TIDE dashboard for study 2. However, a few 

recurring themes and challenges remain including missing (both CGM and physical activity) 

data and limitations with capturing specific variables (e.g., insulin data). With insulin 

pump downloads, specific and individualized insulin data can be captured in a subset of 

participants using this technology, but for participants in the Pilot 4T and study 1 using MDI 
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(not Smart Pen technology), there are barriers to collecting insulin data. As such, for study 

2, we have discussed the importance of encouraging the use of an insulin pump or Smart 

Insulin Pen technology. Another challenge for translation of the 4T program to other clinics 

is the coverage of CGM early after diagnosis before insurance approval. Similarly, most 

pediatric diabetes programs are understaffed and implementation of a new program without 

additional resources may be a barrier and more data on financial feasibility are needed. 

Moreover, any disruptions in access to CGM data or new barriers to access of CGM data 

would negatively impact the 4T program (51). Finally, a primary component of the 4T study 

involves CGM glucose and physical activity data sharing which raises a recurring concern in 

the clinical and academic setting around the privacy and ownership of data (52).

Conclusion

In summary, the 4T study has leveraged CGM remote data review and novel telemedicine 

workflows to improve T1D patient care. Novel, open-source dashboards deployed through 

the 4T study has allowed CDCES’ to remotely monitor patients’ CGM data, and an 

algorithmic backend prioritizes these patients for review and follow-up. This tool has not 

only improved patient care by dramatically speeding up the typical once-quarterly cadence 

of CGM data review, but it has increased CDCES efficiency by reducing the time spent on 

reviewing patient data (20, 29, 30). Overall, our Pilot 4T data demonstrate a 0.5% reduction 

in HbA1c at 1-year, improved QoL, and family and provider satisfaction and the challenges 

described above are being explored and addressed in current and future iterations of the 4T 

program.
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Key Bullet Points

1. The 4T study utilizes an open-source dashboard with algorithm-enabled 

prioritization of participants who would benefit from remote CGM data 

review and dose adjustments by the diabetes care team to apply precision 

medicine on a population health basis

2. The 4T study with early CGM initiation and intensified early education have 

shown success in improving glycemic outcomes in youth with T1D

3. With future iterations of the 4T study, our aim is to create and implement a 

translatable program that can facilitate better outcomes for pediatric clinics 

across the United States
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Figure 1: 
The 4T study 1 timeline including usual clinical visits and specific 4T study 1 components. 

CGM = continuous glucose monitoring; T1D = type 1 diabetes; PROs = patient reported 

outcomes survey.
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Figure 2: 
The 4T study 2 timeline including usual clinical visits and specific 4T study 2 components. 

Study 2 will encourage the use of an insulin pump or AID system during the initial 3-month 

period post-diagnosis and will incorporate a step-down approach (weekly versus monthly) to 

the cadence of remote data reviews.
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Figure 3: 
The 4T study 2 timeline with the exercise intervention including usual clinical visits, 4T 

study 2 components and specific 4T study 2 exercise components.
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