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Abstract

Background: Diabetes mellitus is a major health problem among people with physical disabilities. Health coaching has been
proven to be an effective approach in terms of behavioral changes, patient self-efficacy, adherence to treatment, health service
use, and health outcomes. Telehealth systems combined with health coaching have the potential to improve the quality of health
care by increasing access to services. Treatment fidelity is particularly important for behavior change studies; however, fidelity
protocols are inadequately administered and reported in the literature.

Objective: The aim of this study is to outline all the intervention fidelity strategies and procedures of a telecoaching
intervention—artificial intelligence for diabetes management (AI4DM)—which is a randomized controlled trial to evaluate the
feasibility, acceptability, and preliminary efficacy of a telehealth platform in adults with type 2 diabetes and permanent impaired
mobility. AI4DM aims to create a web-based disability-inclusive diabetes self-management program. We selected the National
Institutes of Health Behavior Change Consortium (NIH BCC) fidelity framework to describe strategies to ensure intervention
fidelity in our research.

Methods: We have developed fidelity strategies based on the five fidelity domains outlined by the NIH BCC—focusing on
study design, provider training, treatment delivery, treatment receipt, and enactment of treatment skills. The design of the study
is grounded in the social cognitive theory and is intended to ensure that both arms would receive the same amount of attention
from the intervention. All providers will receive standardized training to deliver consistent health coaching to the participants.
The intervention will be delivered through various controlling and monitoring strategies to reduce differences within and between
treatment groups. The content and structure of the study are delivered to ensure comprehension and participation among individuals
with low health literacy. By constantly reviewing and monitoring participant progress and protocol adherence, we intend to ensure
that participants use cognitive and behavioral skills in real-world settings to engage in health behavior.

Results: Enrollment for AI4DM will begin in October 2021 and end in October 2022. The results of this study will be reported
in late 2022.

Conclusions: Developing and using fidelity protocols in behavior change studies is essential to ensure the internal and external
validity of interventions. This study incorporates NIH BCC recommendations into an artificial intelligence embedded telecoaching
platform for diabetes management designed for people with physical disabilities. The developed fidelity protocol can provide
guidance for other researchers conducting telehealth interventions within behavioral health settings to present more consistent
and reproducible research.

Trial Registration: ClinicalTrials.gov NCT04927377; http://clinicaltrials.gov/ct2/show/NCT04927377.

International Registered Report Identifier (IRRID): PRR1-10.2196/31695
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Introduction

Background
Although diabetes mellitus (DM) is a significant problem among
all populations, people with disabilities are more likely to be
affected by DM. According to the 2017 Behavioral Risk Factor
Surveillance System report, 23.6% of people with disabilities
are diagnosed with diabetes, whereas 9% of people without a
disability are diagnosed with diabetes [1]. DM can increase the
overall risk of premature death and is linked to a number of
complications, including heart attack, stroke, kidney failure,
leg amputation, vision loss, and nerve damage [2]. Current
science has enabled multiple approaches to manage type 2
diabetes (T2D) and its related complications [2-5]. Glycemic
control through a combination of diet, physical activity (PA),
medication adherence, and glucose monitoring have been shown
to reduce glycated hemoglobin and be effective in T2D
management for both the general population and people with
intellectual and developmental disabilities [2,4,6,7].

Behavioral weight loss programs, such as the lifestyle
interventions used in the Diabetes Prevention Program, have
proven successful in DM management [8]. However, there is
no accessible, inclusive, and adapted diabetes management
program for people with disabilities. Programs that are not
designed with people with disabilities in mind (ie, noninclusive)
pose various physical, programmatic, and attitudinal barriers.
To address various barriers, such as lack of time and
transportation, and to reach millions of more people, several
studies have successfully used technology-mediated
interventions for DM management [4,6,9-11]. However, these
technology-mediated intervention solutions are not inclusive
and usually have static content delivered through websites,
emails, or mobile apps with no personalized interaction with
the client.

To address these deficiencies, we are developing a platform that
combines human synchronous telecoaching with mobile health
(mHealth) technologies to promote T2D self-management for
people with disabilities. In this artificial intelligence
(AI)–assisted, individualized, family-focused, lifestyle
modification telehealth intervention (AI for DM [AI4DM]), we
use an AI-embedded telecoaching dashboard to promote the
fidelity of coaching sessions and reduce the workload required
to personalize telecoaching.

Importance of Reporting Fidelity
Fidelity in health behavior change studies is an essential factor
in ensuring that the intervention program is delivered as intended
[12]. Telehealth behavior change studies usually include similar
strategies to deliver the treatment, such as using guidelines or
manuals, monitoring audio and video materials, and adherence
to the intervention protocols. However, several systematic
reviews of health behavior interventions indicate that there is
inconsistency in the use of these strategies. In addition, most

of these interventions did not incorporate effective fidelity
protocols to monitor the validity of their research [12-16]. To
report their fidelity, studies usually focus on monitoring
intervention delivery but poorly report and discuss other fidelity
components, such as design, training, and intervention receipt
strategies to enhance intervention fidelity [17]. Inadequate
reporting of fidelity can lead to misinterpretation of the results
because of the increased type 1 and type 2 errors due to the
residual confounding bias, which would contribute to difficulty
replicating and translating findings of the study into practice
[12].

The complexity of research designs, working with diverse
populations, and maintaining credibility when testing the
feasibility of innovative interventions are common challenges
faced by behavior change studies. The methodological
challenges in designing, conducting, and reporting health
behavior change studies eventually led to the formation of the
Treatment Fidelity Workgroup of the National Institutes of
Health Behavior Change Consortium (NIH BCC) [14]. In 2004,
NIH BCC published recommendations to guide and encourage
researchers to incorporate treatment fidelity concepts and
strategies in the field of health behavior change. The
recommendations focus on five domains: study design, provider
training, delivery of treatment, receipt of treatment, and
enactment of treatment. These recommendations include
advancing the definition, methodology, and measurement of
treatment fidelity to enhance the internal and external validity
of the interventions.

Considering the importance of developing and using treatment
fidelity in behavioral change interventions, we aim to describe
and report the fidelity protocol for the AI4DM study. AI4DM
combines mHealth technologies with telecoaching sessions to
create the first-ever web-based diabetes self-management
program for people with disabilities. The fidelity protocol was
developed to address the five domains of intervention fidelity
outlined by the NIH BCC. Considering the complexity of our
intervention design, the development and use of the fidelity
protocol is essential to document our fidelity measures to present
more consistent and reproducible research.

Methods

Overview of the Study and the Intervention Fidelity
Protocol
This project aims to develop and assess a telehealth framework,
AI4DM, paired with inclusive diabetes self-management
content. AI4DM is grounded in the social cognitive theory
(SCT) [18] and is designed to serve as a support system and
communication platform among health coaches, participants
with disabilities and their caregivers, and health care providers.
AI4DM consists of (1) a telecoaching dashboard, (2) a
participant-specific mHealth app, (3) a caregiver-specific
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mHealth app, and (4) a conversational agent, Amazon Echo
(Amazon).

At the center of AI4DM, there is an AI-embedded coaching
dashboard. This dashboard will assist health coaches in offering
consistent and personalized health coaching for participants.
The AI engine will be connected to a commercial ingredient
and recipe database and use a food recommendation engine to
offer personalized nutrition tips that take into account a given
participant’s recommended diet, the participants’and caregivers’
cuisine preferences, time and food availability, financial
limitations, cooking skills (accessibility), and other preferences
and limitations. The AI engine will also feature a rule-based
expert system to offer personalized PA recommendations based
on the participants’ physical conditions, environmental
conditions, and preferences. All data generated by the AI engine
will be delivered to the participants and their caregivers after
approval and tailoring from health coaches. The delivery of
information to participants and caregivers will be enabled
through multiple channels—smartphones (mHealth apps),
conversational agents (eg, Amazon Echo), and telecoaching
phone calls—thereby enhancing accessibility to the information.
The design and educational content of mHealth apps will be
tailored and inclusive of people with all forms of disabilities.
Collectively, these AI-assisted and user-centered design features
will reduce the time and effort required by health coaches and
promote sustained use of the intervention by participants,
eventually enabling self-management.

The primary aim of AI4DM is to evaluate the feasibility (ie,
process, resource, management, and scientific feasibility),

acceptability (based on surveys and interviews with participants,
their caregivers, and health coaches), and preliminary efficacy
of AI4DM in adults with type 2 DM (T2DM) and permanent
impaired mobility. We will use a randomized controlled pilot
study design in which 90 adults with T2DM and permanent
impaired mobility will be randomized to the AI4DM
intervention arm or an attention control arm. The entire
recruitment will be conducted nationally, on the web, through
the National Center on Health, Physical Activity, and Disability
website, associated social media, and ResearchMatch website.
The inclusion criteria were as follows: (1) diagnosis of T2DM;
(2) glycated hemoglobin ≥8%; (3) 18 to 65 years of age; (4)
living with a permanent physical disability such as a spinal cord
injury, spina bifida, multiple sclerosis, or stroke; (5) can speak
and read English; and (6) availability of a smartphone. This
study was approved by the institutional review board, and all
screened participants provided informed consent before
enrollment.

For the intervention, each participant will be randomly assigned
to one of two treatment conditions: (1) AI4DM intervention
with telecoaching support and (2) attention control. We planned
an active (coach contact) intervention period of 24 weeks (6
months) with 18 coaching calls during that period, followed by
a passive period of 24 weeks (6 months) with only technology
access to see if self-management behaviors were sustained.
Table 1 presents the study design. For further information on
the methods for the parent study, see the research protocol paper
[19].

Table 1. The research design.

Posttest; weeks
52-53

AI4DMa interventionPretest; weeks
2-3

Enrollment;
weeks 1-2

Group

Weeks 28-51Weeks 16-27bWeeks 4-15b

✓Only technology
access

Biweekly calls and technol-
ogy access 

Weekly calls and
technology access

✓✓cIntervention

✓No technology
access

Biweekly courtesy calls
with no technology access

Weekly courtesy calls
with no technology
access

✓✓Attention control

aAI4DM: artificial intelligence for diabetes mellitus.
bFollow-up data collected at the end of weeks 15 and 27 as well (for both arms of the study).
cStudy activity present.

We have developed methodological strategies to monitor and
enhance fidelity based on the NIH BCC Treatment Fidelity
recommendations, focusing on study design, provider training,
treatment delivery, treatment receipt, and enactment of treatment
skills [14]. Monitoring intervention fidelity is essential to ensure
the internal and external validity of the intervention.

Study Design

Overview
On the basis of the Behavior Change Consortium treatment
fidelity recommendations, study designs must ensure that (1)
the procedures and implementation are congruent with the
presented theory and clinical practices, (2) participants receive
the equal dose of the treatments, and (3) all procedures would
address possible setbacks in implementation. Textbox 1 presents
the fidelity of study design and monitoring plan for AI4DM.
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Textbox 1. Fidelity of study design and monitoring plan.

Goal

• Intervention will be congruent with presented theory and practice

• Equal treatment dose will be given within and across conditions

• Addressing implementation setbacks

Description from the National Institutes of Health Behavior Change Consortium

• Operationalize treatment to optimally reflect theoretical roots; precisely define variables most relevant to “active ingredients” of the intervention

• Ensure equal treatment “dose” (measured by number, frequency, and length of contact) is adequately described and is the same for each subject
within and across treatment conditions

• Address possible setbacks in implementation (eg, treatment providers dropping out)

Fidelity monitoring plan for artificial intelligence for diabetes mellitus

• Monthly review of coaching call checklist and call logs

• Quarterly review of randomly selected coaching calls

• Quarterly review of content resource bank

• Team meetings to discuss participant progress and protocol adherence

• Review of telecoaching platform and its event log

• Review of adverse event log

Ensure That the Procedures and Implementation Are
Congruent With the Presented Theory and Clinical
Practices
AI4DM is grounded in the SCT view that self-management is
not under the complete control of an individual but rather occurs
in the context of a larger social environment involving the
individual [18]. Thus, AI4DM systematically focuses on
improving social support (friend and family support for PA
participation), self-efficacy (confidence in one’s ability to be
physically active in various situations), outcome expectancies
for PA, and self-regulation (exercise goal setting) to understand
how the intervention is effective will be systematically targeted
through both the features of the app and the content used for in
the app and telecoaching. The participant’s app dashboard will
focus on the actions the participant needs to take, such as
completing blood glucose logging and nutrition logging, whereas
the content will be grounded in the SCT [18].

Ensure That Participants Receive an Equal Dose of the
Treatments
The attention control group will be used to provide an untreated
comparison for the AI4DM intervention group and will receive
phone calls from the telecoach at the same frequency as the
intervention group. These courtesy calls are devised to ensure
that both groups received the same amount of attention from
the telecoach, thereby not influencing or inflating the effect size
for future research. Thus, both groups will receive one weekly
call for 12 weeks and one biweekly call for the next week. The
AI4DM intervention and attention control groups will be
exposed to the same data collection measures and protocols.

Ensure That All Procedures Would Address Possible
Setbacks in Implementation
We will collect evidence on reporting and handling constraints
of adverse events, serious adverse events, and clinical
emergencies, as well as participant experiences, burdens, and
compliance during the assessment experience and intervention.
Assessment experience will be documented through participant
self-reports of time to complete the baseline intake. Intervention
experience will be documented by having participants self-report
parameters of coaching sessions in participant logs and through
an evaluation of staff logs.

Provider Training
The project team of the study has the appropriate experience
and training needed for the successful completion of all the
proposed activities. We have assembled a multidisciplinary
team of academic, technical, and programmatic professionals
that are uniquely positioned with the necessary technical,
disability, diabetes, PA, nutrition, behavior change, content
development, and coaching-related skills and knowledge. During
the intervention, health coaches will be formally trained in a
PA-, nutrition-, or nursing-related health profession and pay
special attention to regular blood sugar monitoring, setting
nutrition goals, and PA goals in weekly calls (up to 60 minutes).
The dashboard in the developed platform will assist health
coaches in offering consistent and personalized health coaching
for participants. The Behavior Change Consortium recommends
four strategies to monitor and improve provider training: (1)
standardize training, (2) ensure provider skill acquisition, (3)
minimize drift in provider skills, and (4) accommodate provider
differences. Textbox 2 outlines the fidelity of the provider or
health coach training strategies and the monitoring plan for
AI4DM.

JMIR Res Protoc 2021 | vol. 10 | iss. 9 | e31695 | p. 4https://www.researchprotocols.org/2021/9/e31695
(page number not for citation purposes)

Zengul et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Textbox 2. Fidelity of health coach training strategies.

Goal

• Standardized training

• Ensure provider skill acquisition

• Minimize “drift” in provider skills

• Accommodate provider differences

Description from the National Institutes of Health Behavior Change Consortium

• Training must be conducted similarly for all providers

• Train providers to well-defined performance criteria

• Ensure provider skills do not decay over time

• Ensure adequate level of training in providers of different skills level, experience, or professional background

Strategies used in artificial intelligence for diabetes mellitus

• The coaches will receive American Council on Exercise health coaching training

• Review of coaching calls checklists and call logs

• Recording coaching calls

• Quarterly review of random selection of calls

• Team meetings to discuss participant progress and protocol adherence

Delivery of Treatment

Overview
Another essential strategy provided by NIH BCC is to ensure
that treatment or intervention is delivered as planned. As

recommended by NIH BCC, we designed our protocol to address
four major goals for fidelity of treatment delivery: control for
provider differences,reduction of differences within treatment
groups,ensure adherence to treatment protocols, and minimize
contamination between conditions [12,14] (see Textbox 3 for
the fidelity of intervention delivery strategies of AI4DM).

Textbox 3. Fidelity of intervention delivery strategies.

Goal

• Control for provider differences

• Reduce differences within treatment

• Ensure adherence to treatment protocol

• Minimize contamination between treatments

Description from the National Institutes of Health Behavior Change Consortium

• Monitor and control for subjects’ perceptions of nonspecific treatment effects (eg, warmth and credibility) across conditions

• Ensure that providers in the same condition are delivering the same intervention

• Ensure that the treatments are being delivered in the way in which they were conceived with regard to content and dose

• Minimize contamination

Strategies used in artificial intelligence for diabetes mellitus

• Coaching call checklists and call logs

• Random audit of audio recording of coaching calls

• Review of randomly selected coaching sessions

• Having different supervisors to evaluate the content and coaching sessions

• Team meetings to discuss participant progress and protocol adherence

• Review of telecoaching platform and its event log
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Control for Provider Differences
To deliver the intervention protocol effectively, we plan to
incorporate various strategies, including reporting and
monitoring participants’and health coaches’complaints, having
health coaches working with participants in both arms,
audiotaping coaching sessions, and auditing and monitoring of
random selection of coaching calls by an expert to evaluate the
sessions. Although the platform and REDCap (Research
Electronic Data Capture) [20] will provide data regarding
adherence and retention, an exit survey will be conducted
to provide information about the satisfaction and perceptions
of the participants. On the basis of the exit survey results and
the data on REDCap and platform, 15 participants will be chosen
to interview to ask the reason for their low-high adherence,
low-high satisfaction, or dropping out.

Reduce Differences Within Treatment Groups
AI4DM, as a telecoaching platform, uses an artificial
engine–embedded telecoaching dashboard to promote the
fidelity of coaching sessions and reduce the workload required
to personalize telecoaching. The dashboard will assist the coach
in effectively preparing for and conducting calls and acting as
a proxy for the participants’ self-management activities if
needed. While using a scripted intervention protocol and detailed
coaching manuals to reduce human error, we will also use
standard materials and resources scheduled for each week based
on the PRIDE (Partnership to Improve Diabetes Education)
toolkit that has 30 comprehensive interactive education modules
[21].

All procedures for delivering treatment goals will be
standardized according to the group assignment to reduce the
differences within treatment groups. For the coaching sessions,
health coaches will focus on four domains: healthy
eating, exercise, glucose monitoring, and medication adherence.
Although the attention control arm will receive phone calls from
the telecoach at the same frequency as the intervention group,
these courtesy calls will only focus on the general well-being
of the participants. Besides the coaching sessions, the platform
will involve an abundance of videos, graphical and textual
content, and technical features to deliver the intervention
effectively. We will maximize the use of short video clips and
infographics, paired with appropriate alternate access strategies.
Educational content will be provided through the app and
reinforced through telecoaching sessions and conversational
agents (Amazon Echo). Conducting weekly team meetings to
discuss participant progress and protocol adherence and having
different supervisors evaluate the content and coaching sessions
will also help ensure adequate treatment delivery.

Ensure Adherence to Treatment Protocols
In addition to the quarterly audio recording of coaching calls,
coaching call checklists and coaching call logs will be used to

improve adherence to the intervention protocols. Call logs will
include information regarding the calls made, attempted, missed,
and voicemails. Scheduled calls and summary notes will also
be recorded in these logs. Coaching call checklists are intended
to remind health coaches to prepare for scheduled content
delivery. The call logs and coaching checklists will be audited
monthly. Moreover, a detailed scripted missed call protocol will
be provided for health coaches to follow.

Minimize Contamination Between Conditions
Upon randomization, participants will be assigned to either the
attention control arm or the intervention arm. The coaches will
be provided with a scripted protocol for both groups. The
coaches will be given standardized training and supplied with
the PRIDE manual. The review of recorded phone calls and the
trackable progress of the participants on the platform will act
as a monitoring step to detect contamination.

Receipt of Treatment
The success of an intervention depends on its clarity and
applicability. Receipt of treatment strategy focuses on the
participant’s ability to understand the given content and perform
the related behavioral activities during the intervention. The
structure of AI4DM was created according to the three goals
that NIH BCC suggests: (1) ensure participant comprehension,
(2) ensure participant ability to use cognitive skills, and (3)
ensure participants’ ability to perform behavioral skills [14].

AI4DM is developed for people with disabilities who are more
prone to experiencing low health literacy (LHL) [22,23].
Similarly, older adults, people with less than a high school
degree, racial and ethnic minorities, people with low-income
levels, and nonnative speakers of English are most likely to
experience LHL [24]. Using plain language is necessary to
improve health literacy and make written and oral information
easier to understand [24]. Improving health literacy among
participants with LHL would be beneficial for the education,
treatment, and management of chronic diseases. Therefore, all
contents of the AI4DM were designed to target the reading level
of fifth grade or below (Textbox 4).

In addition, participants will be counseled using techniques
drawn from cognitive behavioral therapy [25]. The cognitive
behavioral therapy materials in AI4DM will help the participant
and caregiver to focus on motivation for change, increasing
healthy behaviors (including appropriate diet and exercise),
teaching positive coping strategies, and stress management
skills. They will also guide the telecoach in using motivational
interviewing techniques to introduce the program, assess how
ready and willing the participants are to change, and help finalize
relevant goals associated with the psychosocial aspects of
behavior change (Textbox 4).
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Textbox 4. Fidelity of receipt of treatment strategies.

Goal

• Ensure participant comprehension

• Ensure participant ability to use cognitive skills

• Ensure participant ability to perform behavioral skills

Description from the National Institutes of Health Behavior Change Consortium

• Ensure that participants understand the information provided by the intervention

• Make sure that participants are able to use the cognitive skills taught in the intervention

• Make sure that participants are able to use behavioral skills taught in the intervention

Strategies used in artificial intelligence for diabetes mellitus

• Target reading level of fifth grade or below for the content

• Review of recorded coaching sessions

• Review of participant food, physical activity, medication, and glucose journals

• Review of participant log-ins and time spent on platform

• Team meetings to discuss participant progress and protocol adherence

Enactment of Treatment Skills
According to NIH BCC, enactment of treatment skills is one of
the most challenging aspects of intervention fidelity. It involves
applying the proposed theories and protocols to real-world
settings. To ensure participants’use of cognitive and behavioral
skills, the content for the proposed program will be adapted
from a variety of sources. The Diabetes Literacy and Numeracy
Education Toolkit [26] and the PRIDE toolkit [21] will form
the underlying basis for creating the content. The majority of
our efforts will focus on packing the content in a highly
accessible yet engaging format. We will maximize the use of
short video clips and infographics, paired with appropriate
alternate access strategies. Educational content will be provided

through mHealth apps and reinforced through telecoaching
sessions and conversational agents (Amazon Echo).

Participants in the intervention arm would also receive a wireless
blood glucose monitor and a Fitbit Flex (Google LLC), which
are used for intervention delivery and not for outcome
measurement. This program involves an abundance of videos,
graphical and textual content, and technical features such as
AI-assisted dietary planning and tracking, sensor-based PA
tracking, and context-aware recommendations to help
participants understand and adopt the related cognitive and
behavioral skills. Having access to digital content (texts and
videos) and one-to-one interaction with a health coach is
expected to improve the cognitive and behavioral performance
of the participants. Textbox 5 presents the strategies that will
be used in the AI4DM for the enactment of treatment skills.

Textbox 5. Fidelity of enactment of treatment strategies.

Goal

• Ensure participant use of cognitive skills

• Ensure participant use of behavioral skills

Description from the National Institutes of Health Behavior Change Consortium

• Ensure that participants actually use the cognitive skills provided in the intervention in appropriate life settings

• Ensure that participants actually use the behavioral skills provided in the intervention in appropriate life settings

Strategies used in artificial intelligence for diabetes mellitus

• Review of participant food, physical activity, medication, and glucose journals

• Review of participant log-ins and time spent on platform

• Team meetings to discuss participant progress and protocol adherence

• Review of coaching notes
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Results

Enrollment for AI4DM began in August 2021 and will end in
August 2022. The results of this study will be reported in late
2022.

Discussion

Treatment fidelity refers to strategies for monitoring and
enhancing the consistency and accuracy of an intervention.
Reporting treatment fidelity is an essential component to ensure
that the intervention is implemented as planned [14,27]. A
behavior change intervention must be consistently administered
throughout the trial to obtain valid conclusions from the study.
Maintaining high intervention fidelity would provide valuable
information on the feasibility of the intervention in real-world
settings. It can help to minimize experimenter bias and the
reactivity of observations by ensuring that any changes observed
during an intervention reflect the subject’s behavior only
[28,29]. This paper aims to present an overview of the
intervention protocol for an ongoing randomized controlled trial
that aims to develop and assess a telehealth platform, AI4DM,
paired with inclusive diabetes self-management content. AI4DM
is grounded in the SCT [18] and will be designed to serve as a
support system and communication platform between health
coaches, participants with disabilities, and health care providers.

This study applied treatment fidelity strategies and
recommendations from NIH BCC, which includes five fidelity
domains [14]. We have outlined the strategies for assessing,
monitoring, and enhancing our intervention fidelity based on
each of these domains. NIH BCC acts as an important and
comprehensive resource for providing essential strategies to
ensure the internal and external validity of health behavior
change studies [30]. AI4DM will be the first web-based diabetes
self-management program for people with disabilities that is
accessible, inclusive, scalable, and sustainable. Therefore, by
reporting the intervention fidelity protocol in accordance with
NIH BCC recommendations, this paper provides guidance for
other researchers conducting telehealth interventions within
behavioral health settings by serving as an example to develop
fidelity protocols.

Following the NIH BCC framework, we generated detailed
protocols regarding the design, training, delivery, receipt, and
enactment components for the management and implementation

of our program. One of the challenges that we encountered was
using different platforms to manage and monitor the fidelity of
the intervention. Comprehensive protocols that use both an
AI-assisted telecoaching platform and a data management tool,
that is, REDCap, to manage and deliver the intervention. To
prevent potential setbacks in the implementation of the
intervention and increase the applicability of the procedures,
we collaborated with our tech team before finalizing our
protocols. Thus, we expected no drastic changes in the fidelity
processes during the intervention.

We have observed extensive preparatory and postwork before
and after a call through several of our earlier health
coaching–related projects. This often involves reading call notes,
search recipes, manually emailing reminders, and follow-up
messages. Similarly, some studies have pointed out that
variations between coaches are a major limitation for health
coaching [16,31]. All AI-related features and fidelity-related
features also aim to reduce the time required by the coaches,
thereby leading to scalability and sustainability of
self-management behavior by the participants. However,
including telecoaching sessions in the intervention introduces
some challenges, such as therapist drift, which can lead to lower
treatment engagement. In this phenomenon, health coaches may
unintentionally or unknowingly shift from the main topic by
making small changes to the administration of the intervention
[27,32]. In this study, we generated detailed and standardized
health coaching protocols and checklists and provided
standardized training to prevent potential coaching drifts and
maintain intervention integrity. This will help to structure more
effective coaching sessions and potentially affect the internal
validity of the study. Such standardization can contribute to
creating evidence-based coaching sessions that can be
incorporated into other behavior change studies.

Although there is always a threat to fidelity assessment that
participants can provide desirable responses to the coaches,
having a protocol based on NIH BCC criteria will positively
affect the study’s internal or external validity, which will
eventually affect the outcomes and interpretation of the results.
Consistently monitoring fidelity can also provide valuable
insights regarding the implementation of the intervention.
Therefore, in this study, we outlined all the intervention fidelity
strategies and procedures of the AI4DM project to evaluate its
feasibility, acceptability, and preliminary efficacy in adults with
T2DM and permanent impaired mobility.

Acknowledgments
This study was funded by the National Institute on Disability, Independent Living, and Rehabilitation Research (grant 90IFDV0013).
Peer-review comments received for this grant can be found in Multimedia Appendix 1.

Authors' Contributions
AZ, EE, and MT contributed substantially to the conception and design of the work, drafted and revised the manuscript critically
for important intellectual content, were responsible for final approval of the version to be published, and agreed to be accountable
for all aspects of the work. AH, HQ, AW, and AC were responsible for the design and analysis of the work, revised the work
critically for important intellectual content, provided final approval of the version to be published, and agreed to be accountable
for all aspects of the work.

JMIR Res Protoc 2021 | vol. 10 | iss. 9 | e31695 | p. 8https://www.researchprotocols.org/2021/9/e31695
(page number not for citation purposes)

Zengul et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Conflicts of Interest
None declared.

Multimedia Appendix 1
Peer-reviewer report from the National Institute on Disability, Independent Living, and Rehabilitation Research.
[PDF File (Adobe PDF File), 297 KB-Multimedia Appendix 1]

References

1. Behavioral risk factor surveillance system: 2017 BRFSS Survey data and documentation. Centers for Disease Control and
Prevention. 2017 Apr 27. URL: https://www.cdc.gov/brfss/annual_data/annual_2017.html [accessed 2021-08-05]

2. Diabetes. World Health Organization. URL: https://www.who.int/health-topics/diabetes#tab=tab_1 [accessed 2021-08-05]
3. Guariguata L, Whiting D, Hambleton I, Beagley J, Linnenkamp U, Shaw J. Global estimates of diabetes prevalence for

2013 and projections for 2035. Diabetes Res Clin Pract 2014 Feb;103(2):137-149. [doi: 10.1016/j.diabres.2013.11.002]
[Medline: 24630390]

4. Ali MK, Echouffo-Tcheugui JB, Williamson DF. How effective were lifestyle interventions in real-world settings that were
modeled on the Diabetes Prevention Program? Health Aff (Millwood) 2012 Jan;31(1):67-75. [doi: 10.1377/hlthaff.2011.1009]
[Medline: 22232096]

5. Riazi H, Larijani B, Langarizadeh M, Shahmoradi L. Managing diabetes mellitus using information technology: a systematic
review. J Diabetes Metab Disord 2015 Jun 3;14(1):49 [FREE Full text] [doi: 10.1186/s40200-015-0174-x] [Medline:
26075190]

6. Rollo ME, Aguiar EJ, Williams RL, Wynne K, Kriss M, Callister R, et al. eHealth technologies to support nutrition and
physical activity behaviors in diabetes self-management. Diabetes Metab Syndr Obes 2016 Nov;9:381-390. [doi:
10.2147/dmso.s95247]

7. Taggart L, Truesdale M, Dunkley A, House A, Russell AM. Health promotion and wellness initiatives targeting chronic
disease prevention and management for adults with intellectual and developmental disabilities: recent advancements in
type 2 diabetes. Curr Dev Disord Rep 2018 Jun 23;5(3):132-142 [FREE Full text] [doi: 10.1007/s40474-018-0142-5]
[Medline: 30148038]

8. Diabetes Prevention Program (DPP) Research Group. The Diabetes Prevention Program (DPP): description of lifestyle
intervention. Diabetes Care 2002 Dec 01;25(12):2165-2171 [FREE Full text] [doi: 10.2337/diacare.25.12.2165] [Medline:
12453955]

9. Bian RR, Piatt GA, Sen A, Plegue MA, De Michele ML, Hafez D, et al. The effect of technology-mediated diabetes
prevention interventions on weight: a meta-analysis. J Med Internet Res 2017 Mar 27;19(3):e76 [FREE Full text] [doi:
10.2196/jmir.4709] [Medline: 28347972]

10. Block G, Azar KM, Romanelli RJ, Block TJ, Hopkins D, Carpenter HA, et al. Diabetes prevention and weight loss with a
fully automated behavioral intervention by email, web, and mobile phone: a randomized controlled trial among persons
with prediabetes. J Med Internet Res 2015 Oct 23;17(10):e240 [FREE Full text] [doi: 10.2196/jmir.4897] [Medline:
26499966]

11. Hartz J, Yingling L, Powell-Wiley TM. Use of mobile health technology in the prevention and management of diabetes
mellitus. Curr Cardiol Rep 2016 Dec 8;18(12):130. [doi: 10.1007/s11886-016-0796-8] [Medline: 27826901]

12. Sineath A, Lambert L, Verga C, Wagstaff M, Wingo BC. Monitoring intervention fidelity of a lifestyle behavioral intervention
delivered through telehealth. Mhealth 2017 Aug 25;3:35 [FREE Full text] [doi: 10.21037/mhealth.2017.07.04] [Medline:
28894745]

13. Shingleton RM, Palfai TP. Technology-delivered adaptations of motivational interviewing for health-related behaviors: a
systematic review of the current research. Patient Educ Couns 2016 Jan;99(1):17-35 [FREE Full text] [doi:
10.1016/j.pec.2015.08.005] [Medline: 26298219]

14. Bellg AJ, Borrelli B, Resnick B, Hecht J, Minicucci DS, Ory M, Treatment Fidelity Workgroup of the NIH Behavior Change
Consortium. Enhancing treatment fidelity in health behavior change studies: best practices and recommendations from the
NIH Behavior Change Consortium. Health Psychol 2004 Sep;23(5):443-451. [doi: 10.1037/0278-6133.23.5.443] [Medline:
15367063]

15. Blackman KC, Zoellner J, Berrey LM, Alexander R, Fanning J, Hill JL, et al. Assessing the internal and external validity
of mobile health physical activity promotion interventions: a systematic literature review using the RE-AIM framework. J
Med Internet Res 2013 Oct 04;15(10):e224 [FREE Full text] [doi: 10.2196/jmir.2745] [Medline: 24095951]

16. Willard-Grace R, Chen EH, Hessler D, DeVore D, Prado C, Bodenheimer T, et al. Health coaching by medical assistants
to improve control of diabetes, hypertension, and hyperlipidemia in low-income patients: a randomized controlled trial.
Ann Fam Med 2015 Mar 09;13(2):130-138 [FREE Full text] [doi: 10.1370/afm.1768] [Medline: 25755034]

17. Slaughter SE, Hill JN, Snelgrove-Clarke E. What is the extent and quality of documentation and reporting of fidelity to
implementation strategies: a scoping review. Implement Sci 2015 Sep 07;10(1):129 [FREE Full text] [doi:
10.1186/s13012-015-0320-3] [Medline: 26345357]

JMIR Res Protoc 2021 | vol. 10 | iss. 9 | e31695 | p. 9https://www.researchprotocols.org/2021/9/e31695
(page number not for citation purposes)

Zengul et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v10i9e31695_app1.pdf&filename=f907ccabd858b742a793f9cc60f94177.pdf
https://jmir.org/api/download?alt_name=resprot_v10i9e31695_app1.pdf&filename=f907ccabd858b742a793f9cc60f94177.pdf
https://www.cdc.gov/brfss/annual_data/annual_2017.html
https://www.who.int/health-topics/diabetes#tab=tab_1
http://dx.doi.org/10.1016/j.diabres.2013.11.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24630390&dopt=Abstract
http://dx.doi.org/10.1377/hlthaff.2011.1009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22232096&dopt=Abstract
https://jdmdonline.biomedcentral.com/articles/10.1186/s40200-015-0174-x
http://dx.doi.org/10.1186/s40200-015-0174-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26075190&dopt=Abstract
http://dx.doi.org/10.2147/dmso.s95247
http://europepmc.org/abstract/MED/30148038
http://dx.doi.org/10.1007/s40474-018-0142-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30148038&dopt=Abstract
http://europepmc.org/abstract/MED/12453955
http://dx.doi.org/10.2337/diacare.25.12.2165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12453955&dopt=Abstract
https://www.jmir.org/2017/3/e76/
http://dx.doi.org/10.2196/jmir.4709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28347972&dopt=Abstract
https://www.jmir.org/2015/10/e240/
http://dx.doi.org/10.2196/jmir.4897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26499966&dopt=Abstract
http://dx.doi.org/10.1007/s11886-016-0796-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27826901&dopt=Abstract
https://doi.org/10.21037/mhealth.2017.07.04
http://dx.doi.org/10.21037/mhealth.2017.07.04
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28894745&dopt=Abstract
http://europepmc.org/abstract/MED/26298219
http://dx.doi.org/10.1016/j.pec.2015.08.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26298219&dopt=Abstract
http://dx.doi.org/10.1037/0278-6133.23.5.443
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15367063&dopt=Abstract
https://www.jmir.org/2013/10/e224/
http://dx.doi.org/10.2196/jmir.2745
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24095951&dopt=Abstract
http://www.annfammed.org/cgi/pmidlookup?view=long&pmid=25755034
http://dx.doi.org/10.1370/afm.1768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25755034&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-015-0320-3
http://dx.doi.org/10.1186/s13012-015-0320-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26345357&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


18. Bandura A. Social cognitive theory (social learning theory). In: International Encyclopedia of Communications. Hoboken,
New Jersey, United States: John Wiley & Sons, Ltd; 2008:92-95.

19. Evans E, Zengul A, Hall A, Qu H, Willig A, Cherrington A, et al. Disability-inclusive diabetes self-management telehealth
program: protocol for a pilot and feasibility study. JMIR Res Protoc 2021 Sep 10;10(9):e31689 [FREE Full text] [doi:
10.2196/31689]

20. Patridge EF, Bardyn TP. Research Electronic Data Capture (REDCap). J Med Libr Assoc 2018 Jan 12;106(1):142. [doi:
10.5195/jmla.2018.319]

21. Wolff K, Chambers L, Bumol S, White RO, Gregory BP, Davis D, et al. The PRIDE (Partnership to Improve Diabetes
Education) Toolkit: Development and evaluation of novel literacy and culturally sensitive diabetes education materials.
Diabetes Educ 2016 Feb 07;42(1):23-33 [FREE Full text] [doi: 10.1177/0145721715620019] [Medline: 26647414]

22. Chinn D. Critical health literacy health promotion and people with intellectual disabilities. Asia-Pacific Journal of Health,
Sport and Physical Education 2014 Sep 17;5(3):249-265. [doi: 10.1080/18377122.2014.940811]

23. Erickson K. Literacy and persons with developmental disabilities: why and how. paper commissioned for the EFA Global
Monitoring Report. 2006. URL: https://scholar.google.com/
citations?view_op=view_citation&hl=en&user=QmuhdlwAAAAJ&citation_for_view=QmuhdlwAAAAJ:aqlVkmm33-oC
[accessed 2021-08-05]

24. Health Literacy Online: A guide to simplifying the user experience. U.S. Department of Health and Human Services, Office
of Disease Prevention and Health Promotion. 2015. URL: https://health.gov/our-work/health-literacy/health-literacy-online
[accessed 2021-08-05]

25. Rothbaum B, Meadows E, Resick P, Foy D. Cognitive-behavioral therapy. In: Foa E, Keane T, Friedman M, Cohen J,
editors. Effective Treatments for PTSD: Practice Guidelines From the International Society for Traumatic Stress Studies.
New York: Guilford Press; 2000:320-325.

26. Wolff K, Cavanaugh K, Malone R, Hawk V, Gregory BP, Davis D, et al. The Diabetes Literacy and Numeracy Education
Toolkit (DLNET): materials to facilitate diabetes education and management in patients with low literacy and numeracy
skills. Diabetes Educ 2009 Feb 09;35(2):233-245 [FREE Full text] [doi: 10.1177/0145721709331945] [Medline: 19240246]

27. Hinckley JJ, Douglas NF. Treatment Fidelity: Its importance and reported frequency in aphasia treatment studies. Am J
Speech Lang Pathol 2013 May;22(2):0092. [doi: 10.1044/1058-0360(2012/12-0092)]

28. Smith SW, Daunic AP, Taylor GG. Treatment Fidelity in Applied Educational Research: Expanding the adoption and
application of measures to ensure evidence-based practice. Edu Treat Child 2007;30(4):121-134. [doi: 10.1353/etc.2007.0033]

29. Schlosser R. On the importance of being earnest about treatment integrity. Augment Altern Comm 2009 Jul 12;18(1):36-44.
[doi: 10.1080/aac.18.1.36.44]

30. Eaton LH, Doorenbos AZ, Schmitz KL, Carpenter KM, McGregor BA. Establishing treatment fidelity in a web-based
behavioral intervention study. Nurs Res 2011;60(6):430-435 [FREE Full text] [doi: 10.1097/NNR.0b013e31823386aa]
[Medline: 22048559]

31. Sharma AE, Willard-Grace R, Hessler D, Bodenheimer T, Thom DH. What happens after health coaching? Observational
study 1 year following a randomized controlled trial. Ann Fam Med 2016 May 16;14(3):200-207 [FREE Full text] [doi:
10.1370/afm.1924] [Medline: 27184989]

32. Waller G. Evidence-based treatment and therapist drift. Behav Res Ther 2009 Feb;47(2):119-127. [doi:
10.1016/j.brat.2008.10.018] [Medline: 19036354]

Abbreviations
AI: artificial intelligence
AI4DM: artificial intelligence for diabetes mellitus
DM: diabetes mellitus
LHL: low health literacy
mHealth: mobile health
NIH BCC: National Institutes of Health Behavior Change Consortium
PA: physical activity
PRIDE: Partnership to Improve Diabetes Education
REDCap: Research Electronic Data Capture
SCT: social cognitive theory
T2D: type 2 diabetes
T2DM: type 2 diabetes mellitus

JMIR Res Protoc 2021 | vol. 10 | iss. 9 | e31695 | p. 10https://www.researchprotocols.org/2021/9/e31695
(page number not for citation purposes)

Zengul et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://www.researchprotocols.org/2021/9/e31689
http://dx.doi.org/10.2196/31689
http://dx.doi.org/10.5195/jmla.2018.319
http://europepmc.org/abstract/MED/26647414
http://dx.doi.org/10.1177/0145721715620019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26647414&dopt=Abstract
http://dx.doi.org/10.1080/18377122.2014.940811
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=QmuhdlwAAAAJ&citation_for_view=QmuhdlwAAAAJ:aqlVkmm33-oC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=QmuhdlwAAAAJ&citation_for_view=QmuhdlwAAAAJ:aqlVkmm33-oC
https://health.gov/our-work/health-literacy/health-literacy-online
http://europepmc.org/abstract/MED/19240246
http://dx.doi.org/10.1177/0145721709331945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19240246&dopt=Abstract
http://dx.doi.org/10.1044/1058-0360(2012/12-0092)
http://dx.doi.org/10.1353/etc.2007.0033
http://dx.doi.org/10.1080/aac.18.1.36.44
http://europepmc.org/abstract/MED/22048559
http://dx.doi.org/10.1097/NNR.0b013e31823386aa
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22048559&dopt=Abstract
http://www.annfammed.org/cgi/pmidlookup?view=long&pmid=27184989
http://dx.doi.org/10.1370/afm.1924
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27184989&dopt=Abstract
http://dx.doi.org/10.1016/j.brat.2008.10.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19036354&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by T Derrick; This paper was peer reviewed by the National Institute on Disability, Independent Living, and Rehabilitation
Research. See the Multimedia Appendix for the peer-review report; Submitted 30.06.21; accepted 06.07.21; published 10.09.21.

Please cite as:
Zengul A, Evans E, Hall A, Qu H, Willig A, Cherrington A, Thirumalai M
Telehealth Behavioral Intervention for Diabetes Management in Adults With Physical Disabilities: Intervention Fidelity Protocol for
a Randomized Controlled Trial
JMIR Res Protoc 2021;10(9):e31695
URL: https://www.researchprotocols.org/2021/9/e31695
doi: 10.2196/31695
PMID:

©Ayse Zengul, Eric Evans, Allyson Hall, Haiyan Qu, Amanda Willig, Andrea Cherrington, Mohanraj Thirumalai. Originally
published in JMIR Research Protocols (https://www.researchprotocols.org), 10.09.2021. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Research
Protocols, is properly cited. The complete bibliographic information, a link to the original publication on
https://www.researchprotocols.org, as well as this copyright and license information must be included.

JMIR Res Protoc 2021 | vol. 10 | iss. 9 | e31695 | p. 11https://www.researchprotocols.org/2021/9/e31695
(page number not for citation purposes)

Zengul et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://www.researchprotocols.org/2021/9/e31695
http://dx.doi.org/10.2196/31695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

