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General Study Information 

 

Principal Investigator:       Roberto P Benzo, MD  

        

Study Title:    A Lifestyle Program for Severe Comorbid Obstructive Sleep Apnea with Severe Obesity  

 

 

Research Question and Aims 

 

Hypothesis:  Patients with Obstructive Sleep Apnea (OSA) and obesity will have positive behavior changes as 

the result of participating in a remote monitoring and health coaching program.  The positive behavior changes 

include improved control of their OSA via adherence to prescribed medical devices, reductions in obesity and 

improved quality of life.  

 

Aims, purpose, or objectives:  Mayo Clinic in collaboration with Minnesota Health Solutions (MHS) will 

develop a data driven system for persons with severe obesity sleep apnea that utilizes remote monitoring with 

health coaching to create behavior changes aimed at improving health and quality of life.   In previous NIH 

funding, Mayo and MHS have previously developed a home-based monitoring system with health coaching for 

COPD patients (IRB’s  14-009016, 17-009449, 18-002453).  MHS will modify the system for patients with 

severe obesity sleep apnea.  Mayo Clinic will conduct the at-home feasibility testing and qualitative interviews. 

 

Background:  Obstructive sleep apnea (OSA) is a disorder characterized by episodic cessation of breathing 

during sleep with intermittent hypoxemia and sleep fragmentation. Its effects go far beyond sleep and it is 

associated with decreased neurocognitive function, reduced quality of life and increases in hypertension, insulin 

resistance and cardiovascular disease.3,7,23 The prevalence of clinically significant OSA has been estimated at 

7% for adult males and 5% for adult females.1–3 Researchers have found though that OSA likely has a higher 

undiagnosed prevalence, up to 21% in the general population3, and that prevalence increases with age.7,24 The 

strongest risk factor for developing OSA is obesity and it is estimated that more than half of the prevalence of 

OSA is attributable to excess body weight.7,25  

 

First line therapy for OSA has been positive airway pressure (PAP); however, despite many technological 

advances in PAP therapy, adherence to use, a behavior, remains a problem. Using best current practices, 

acceptable PAP adherence at 31-90 days is seen in only 75% of patients21 and only 65% will be adherent at one-

year22. Although PAP is considered the best single therapy for OSA, this is only applied during sleep and only 

addresses airway patency with no direct impact on obesity or the many comorbidities that contribute to and 

perpetuate OSA. Most of the chronic conditions associated with sleep apnea are related to behavior. Hence, 

there is a need for interventions that promote compliance with PAP and promote behavior change to improve 

obesity and other comorbidities. We propose to develop a remote system that utilizes effective digital 

intervention techniques in combination with data monitoring and health coaching to create behavior change. 

Health coaching informed by biomonitoring can create the conditions for behavioral change by providing 

motivation and feedback, which support the development of self-efficacy to create change. 
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Health coaching has been shown to improve outcomes in the most prevalent chronic conditions including 

COPD, diabetes and heart failure. Health coaching via telehealth provides a unique engagement that supports 

behavior change through the theory of planned behavior. Through coaching, patients have the opportunity to 

develop the motivation to change. Remote monitoring provides patients and the health coach direct feedback 

that can bring awareness of measures, such as activity level, weight, sleep quality and PAP adherence. Properly 

presented and used these data become a unique tool to inform the dialogue for behavior change. Patients are 

able to develop the self-efficacy to support behavior change. Best practices in digital intervention are well-

suited to health coaching and support the development of a system that is scalable, accessible, and billable. 
 

Multiple studies have shown that the annual health care costs of OSA patients are double the costs for age and 

sex matched controls.26–30 These additional costs are due to hospitalizations, physician fees, specialist fees, and 

prescriptions.7 Additionally, researchers have shown that effectively treated patients show a gradual decrease in 

healthcare costs while matched controls continue to show an in increase in healthcare costs.31,32  

Obesity is also associated with increased health expenditures compared to people with a normal body weight 

and it is estimated that 9% of annual health expenditures are due to obesity.33 Most of this extra cost is due to 

health care conditions associated with obesity, including diabetes and cardiovascular disease.17–20 However, it is 

difficult to separate the contributions of OSA and obesity from the costs of treating common comorbidites.5 
 

There are multiple bi-directional relationships between a wide range of comorbidities and OSA7,34 and there is 

substantial sharing of genetic polymorphisms between OSA and obesity. OSA influences hormonal regulation 

of appetite and metabolism via intermediaries such as leptin and grehlin, and treatment with PAP tends to 

influence these factors in favor of weight loss.35 However, without changes in activity and diet, most studies 

demonstrate ongoing weight gain in newly treated obese OSA patients. Both obesity and OSA have independent 

contributions to cardiovascular risk. While PAP therapy remains an essential part of OSA treatment,25,26,36,37 its 

use does not directly impact obesity or all of the comorbidities associated with severe OSA syndrome. Most of 

the chronic conditions associated with OSA are related to behavior. Additionally, PAP has significant problems 

with adherence, a behavior. 
 

There is a need for interventions that lead to behavior change, resulting in weight loss and reduced risk of 

cardiovascular events, and these should be recommended to all patients with OSA.25 A consistent finding in 

clinical studies is that weight reductions result in improvement in OSA symptoms. In a group of patients with 

obesity, diabetes and OSA, an intensive lifestyle intervention led to more weight loss and more than three times 

the rate of remission from OSA than the controls receiving standard diabetes support and education.38 
 

Health coaching has demonstrated effectiveness for behavior change and chronic disease management. While 

still limited, there is growing evidence that health coaching can be used for weight management, physical 

activity promotion, and medication adherence.39–41 A recently completed meta-analysis that included 15 

randomized trials found that health coaching could easily be delivered and provided motivation strategies for 

behavior change (physical activity, dietary behavior, health responsibility and stress management) among 

patients with cardiovascular risk factors.42 A previous study by PI Benzo that utilized health coaching for 

patients with severe COPD after hospitalization showed decreased readmission and sustainable improvements 

in quality of life.43 In another study by Benzo of severe obesity in patients with chronic lung disease, an eight 

week intervention with weekly health coaching calls resulted in weight loss and improvements in body 

composition, walking tests, mindful eating behavior and quality of life.44 Additionally, this study incorporated 

the Weight Watchers app for recording food and an activity monitor to capture daily steps.  
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The use of remote monitoring devices offers an additional opportunity to enhance health coaching. A pilot study 

that combined wearable devices with health coaching to promote healthy lifestyle changes in overweight 

patients resulted in clinically significant weight loss over 16 weeks.45 Participants had good adherence to 

wearing their devices and lost more weight as time went along. The researchers hypothesize that effectiveness 

was increased by participants completing questions in advance of health coaching sessions, which allowed the 

focus in sessions to be on relationship building and problem solving. In another recently completed study that 

used health coaching and remote monitoring for weight loss in obese patients, participants who received health 

coaching had increased compliance with device adherence and higher rates of weight loss than participants who 

did not receive the health coaching.46 Health coaching combined with remote monitoring offers the possibility 

of a relatively inexpensive intervention that is scalable, billable and able to be delivered remotely. Patients who 

have difficulty accessing a facility, for any reason, may be more likely and able to participate.  
 

Engaging digital intervention techniques are well-suited to health coaching as many of the effective strategies 

are common to both. While there is no single strategy that is effective for engagement for everyone, there are 

proven strategies to increase the likelihood of engagement and success. Specific strategies that the system will 

incorporate to increase engagement that work well with health coaching are goal setting, self-monitoring, 

interactivity, accountability and personalization. Goal Setting, which will be facilitated through health coaching, 

is most effective when it is used together with self-monitoring and accountability which increases engagement 

through enhanced motivation.47 Self-monitoring involves participants monitoring their own behavior in regard 

to a goal.48 In the proposed system, self-monitoring will be supported by providing data and feedback to the 

participants. Accountability will be facilitated by providing participant data to the health coaches who can help 

clarify the participant’s goals, monitor progress, and reflect on their progress.49 The system will be interactive 

through the use of the health coaches, which has been found to be more engaging and more persuasive for 

digital health interventions.50 Finally, the system will support personalization and will be adaptive to 

individual’s needs with the goal of behavior change.51 Other strategies may be incorporated as they are deemed 

effective in development and testing (e.g., reminders). The proposed system will be built for usability and with 

high quality visual design. While usability itself does not increase engagement, a system that is not usable will 

be a barrier to the program and technology use.47 A high quality visual design supports usability and it can 

directly impact engagement.47 We propose a user-centered design process to ensure the usability and appeal of 

the visual design of the system.  
 

Preliminary evidence shows that an effective digital health intervention that utilizes remote monitoring and 

health coaching to address obesity may be as effective as an in-person program, in addition to having benefits in 

accessibility and scalability.52 Recent preliminary research also shows that this type of intervention is feasible, 

acceptable, and effective for older adults living in rural areas to address obesity.53 This is particularly important 

as there has been limited study of older adults participation in digital health interventions.53 
 

Scientific Premise : Severe OSA associated with obesity and other comorbidities is highly influenced by 

behavior. Early evidence suggests that health coaching is effective at supporting patients with behavior changes 

and chronic disease management. Health coaching associated with remote monitoring has been tested and offers 

promise to address behavior, including PAP use, physical activity, and mindful eating. Based on our previous 

NIH funded work in other chronic conditions, we hypothesize that a remote monitoring system with health 

coaching for severe OSA with obesity and comorbidity is feasible and may improve quality of life. 

Additionally, it may create conditions for behavior change resulting in increased adherence to PAP use as well 

as addressing obesity and other comorbid conditions. If effective these findings are extremely important to 
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addressing a critical health problem through a solution that is relatively inexpensive, scalable, billable, and 

accessible. 
 

We propose to develop a home-based system for obese patients with OSA. The proposed system will provide 

patients with remote guidance, personalized reports, and monitoring integrated with health coaching. Health 

coaches will also receive individualized patient information, formatted in accessible and usable way. 

Monitoring will include key indicators: PAP use, sleep quality, physical activity, weight and symptom days 

(self-reported well-being, fatigue, sleepiness, and daily activity). The system is compliant to bill for remote 

patient monitoring through existing Medicare and private insurance billing codes.  

 

 

 

Study Design and Methods 

 

Methods:  Describe in lay terms, completely detailing the research activities that will be conducted by Mayo 

Clinic staff under this protocol. 

The proposed system (see Figure 1) will use technology to facilitate remote health coaching for people with 

severe comorbid OSA with the goal of encouraging behavior change. The system will be built upon the existing 

home-based pulmonary rehabilitation (PR) system that was jointly developed by Mayo and MHS. The PR 

system was well-received and has proven effective, reliable, and easy to use. The overall architecture will be 

reused for the OSA coaching system, but a new set of sensors, cloud services, and data reporting capabilities 

will need to be integrated and developed. 
 

The system will be designed so that a newly-diagnosed patient can immediately benefit from health coaching, 

including equipment setup, goal setting, and trend monitoring in all pertinent aspects of care: PAP management, 

sleep scheduling, sleep duration, diet, exercise, medications and more. When they register for the program, 

patients will be provided with a set of pre-configured sensors and a dedicated Android tablet. The tablet will 

exclusively run a custom-built Android application that graphs patient progress, asks periodic self-report 

questions, sends secure text messages between the health coach and patient, displays timely reminders, and 

plays helpful videos to assist with sensor use. The tablet and sensors upload the patient’s activities, 

physiological data, and answers to the daily self-report questions to a secure website. This website also allows 

health coaches to view patient data via overview, weekly, daily, and trend reports. Health coaches call patients 

regularly to celebrate progress, assist with any issues, and set new goals. 
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Figure 1. A diagram of the proposed health coaching system. 

 

 

In the past, MHS and Mayo jointly developed an in-home PR system that was well-received and is being widely 

deployed. Patients receive an Android tablet running an app that plays exercise videos, graphs patient progress, 

asks periodic self-report questions, sends text messages between the health coach and patient, displays timely 

reminders, and shows instructional videos to assist with sensor use. The app runs in “kiosk” mode, ensuring that 

the patient cannot close the app, accidentally misconfigure the tablet, or use the tablet for other purposes (e.g., 

web browsing, watching movies). Each tablet has a unique API key that allows it to sync the patient’s activities, 

physiological data, and daily self-report answers to a secure website. Health coaches can login to this website to 

review the data for each of their patients.   

 

MHS engineers will provision a web server and database for the OSA coaching system. The web server will be 

an AWS EC2 t2.micro instance running Ubuntu Linux 18.04 with an .NET Core 3.1 application (or newer). The 

database will be an AWS RDS db.t2.micro instance running MariaDB 10.3.23 (or newer).   

Software development best practices will be used throughout development. All source code will be versioned 

using Git and backed up GitHub.com. 

 

Patients will be provided with a system (Android tablet linked to a Withings Body Smart scale, Withings Sleep 

Tracking Mat, and a Withings Move Activity and Sleep Watch, see Appendix 1 for Withings device 

information) to take home and instructions to use it for two weeks along with their newly prescribed PAP 

machine. Patients will be asked to weigh themselves at least once a week, to use the PAP machine and sleep 

mat daily, and to monitor their steps.  Patients will also be asked to complete self-report questions at least 6 of 

the seven days and to complete a health coaching call twice per week. The activity monitor watch is to be worn 
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at all times. The participant tablet home screen display will have a simple To-Do list. To initiate an activity, the 

user selects the corresponding activity from the “To-Do” column. When the participant finishes  

the selected activity, it appears in the “Done” column. The application provides instructions before and between 

each activity. Participants will also be able to see limited reports of their activity as will the health coach. In 

phase II, this reporting capability will be flushed out. The health coaches are an established part of Dr. Benzo’s 

laboratory and have been trained to support participants in the behavior change process.55 

 

The 5 self-reported questions are:  

 
Following the 2 week testing period , participants will be interviewed by the Research Coordinator to provide qualitative 

feedback on the acceptability and usability of the system, including what they liked and did not like about the app 

interface, the concept of home-based system, and the health coaching. Participants will be asked to describe any struggles 

with using the system or past efforts in behavior change. Participants will also complete a brief socio-demographic survey. 

Additionally, the system securely collects and stores the following patient data: timestamped interactions with the 

Android app, answers to the daily questionnaire, physiological and activity data collected by the scale, sleep mat and 

activity monitor. All data will be reviewed and visualized to understand patient usage, identify potential barriers, and to 

plan further developments to the system. 

  

The interviews will be recorded for subsequent transcription of the interactions.  The transcribed interviews will be 

examined for common themes.    Each interview will vary between 20 and 30 minutes and will be performed by a member 

of the Mindful Breathing Laboratory who is trained in Motivational Interviewing and Qualitative Interviewing.   

Additional members from the Lab will assist in the transcription of the interviews as well as theme identification. Data 

collection and analysis will be overseen by Dr. Benzo. (A guided interview script will be used.)   
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Subject Information 

 

Target accrual: 15 

 

Adult patients who are newly diagnosed with severe OSA and severe obesity (BMI>35) will be recruited from 

the Mayo Clinic Center for Sleep Medicine. A Research Study Coordinator will contact qualified patients prior 

to their follow-up appointment in the Sleep Center.  This appointment typically takes place 2 or 3 months after 

the initial consultation with a sleep provider.  This window will give the patient time to adjust to using their new 

sleep apnea machine. The study team will use Epic’s Slicer Dicer feature to search the appointment return type 

and add the required BMI and age requirement.  A member of the study team will contact via telephone eligible 

patients using an approved phone script.  If interested, the patient will have the option of receiving the consent 

form electronically through Ptrax or a paper copy through the US Mail.  A member of the study team is 

available if the patient would like to meet in person during their follow up visit with their provider.   Patients 

may also be referred at the time of their return visit.    

 

Inclusion Criteria:  

• 18 years of age or older 

• Diagnosis of OSA 

• BMI > or = to 35 

 

Exclusion Criteria:   

• Patients with an inability to provide good data or follow commands (patients who are disoriented, have a 

severe neurologic or psychiatric condition).   

 

 

 

 

 

Review of medical records, images, specimens  

 

The study involves data that exist at the time of IRB submission and data that will be generated after IRB 

submission. Include this activity in the Methods section.   

 

To determine eligibility and obtain contact information, a study team member may review the participant’s 

medical record. 

 

 

Qualitative Data Analysis 

 

 

Power Statement:  This is a feasibility study, no sample size is required. 
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Data Analysis Plan:    

  A qualitative analysis , in the way of likert-scale questions, will be completed when the participant has 

completed the intervention.  The qualitative approach will provide a framework for which detailed information 

about the participants experience is collected and eventually analyzed.    

 

. 
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Appendix 1: 

 

Withings Sleep Mat 

 

 
 

Withings Smart Scale 
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Withings Move Activity and Sleep Watch 

 


