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ABSTRACT

Structured lifestyle risk factor modification (LRFM) is an evidence-based core pillar for atrial fibrillation management. Despite
consistent endorsement by international guidelines, real-world implementation of LRFM remains limited because of frag-
mented care delivery, logistical challenges, and lack of reimbursement models. Digital health technologies including mobile
applications, wearable and non-wearable sensors, remote monitoring, and virtual coaching offer an innovative pathway to scale
and personalize LRFM delivery.

This scientific statement synthesizes current evidence supporting digital LRFM interventions and outlines essential components
of LRFM programs. It also highlights opportunities for patients, clinicians, and health systems by illustrating how digital health
tools can facilitate and expand the implementation of LRFM. The document further addresses health system, policy, and reg-
ulatory considerations, emphasizing the need for data transparency, inter-operability, and sustainable reimbursement frame-
works to enable broad adoption. Finally, it identifies key research and policy priorities to ensure equitable, effective, and
scalable integration of digital health-enabled LRFM in routine AF care.
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Introduction
Preamble

The Heart Rhythm Society (HRS) has developed scientific
and clinical documents guiding the management of car-
diac arrhythmias since 1996. This HRS statement discusses
the use of digital health tools to support patient-centered
risk factor modification in the management of atrial fibrilla-
tion (AF).

Editorial independence

The statement is sponsored by the HRS and was developed
without commercial support. All writing committee members
and peer reviewers volunteered their time to the writing and
reviewing efforts.

Organization of the writing committee

HRS has rigorous policies and methods to ensure that docu-
ments are developed without bias or improper influence. The
HRS policy on relationships with industry and other entities
can be found in Appendix C of the Heart Rhythm Society
Code of Ethics & Professionalism and in the HRS Scientific
Documents Methodology Manual. Appendix 1 is a compre-
hensive list of relationships with industry and other entities
disclosed by the writing committee members. Appendix 2
is a comprehensive list of relationships with industry and
other entities disclosed by peer reviewers.

Document review and approval

This statement was approved by the writing committee and un-
derwent internal review by the HRS Scientific Documents Com-
mittee.

Data transparency, inter-operability, and regulatory
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Document updates

The HRS Scientific Documents Committee reviews each scien-
tific document for currency every 2-5 years after publication.

Document scope and rationale

Atrial fibrillation (AF) is closely associated with modifiable risk
factors such as obesity, hypertension, diabetes mellitus, phys-
ical inactivity, and harmful lifestyle behaviors, such as smoking
and alcohol intake, each contributing significantly to AF onset
and progression.' Effective management of these risk factors
through structured lifestyle interventions, commonly referred
to as lifestyle and risk factor modification (LRFM), is recog-
nized globally as a cornerstone of comprehensive AF care.
These interventions can substantially improve clinical out-
comes such as symptom burden, arrhythmia recurrence,
and associated complications including stroke and heart fail-
ure.” This recognition is reflected in guidelines worldwide.
United States (US) guidelines now designate LRFM as a Class
| recommendation, whereas Canadian guidelines have rec-
ommended LRFM with specific treatment targets since 2020
to reduce major cardiovascular events, prevent recurrence
of the arrhythmia, and decrease symptom burden.** Simi-
larly, European guidelines have elevated weight loss, tailored
exercise, and alcohol avoidance to Class | indications, and
Asia Pacific guidelines recommend lifestyle modification to
prevent new-onset AF and AF-related complications.>® Addi-
tionally, the recent HRS AF Centers of Excellence document
positions LRFM prominently within the AF management
framework, highlighting its critical role in AF care.’

Despite robust evidence supporting the efficacy of struc-
tured LRFM programs, significant implementation gaps
persist across health care systems worldwide.?® In the US,
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for example, widespread adoption of structured LRFM is con-
strained by current care delivery and reimbursement frame-
works, such as the exclusion of AF as a qualifying diagnosis
for cardiac rehabilitation services.

Emerging digital health technologies present a transfor-
mative opportunity to address these implementation gaps
by offering scalable, accessible, and patient-centered ap-
proaches to LRFM. Digital platforms using mobile health ap-
plications, wearable and non-wearable smart devices,
remote patient monitoring (RPM), and telehealth interfaces
are increasingly used in chronic disease management,
demonstrating considerable potential to facilitate real-time
personalized interventions, enhance patient  self-
management, and improve clinical outcomes across diverse
patient populations, including those with AF.7

Digital health-enabled programs as a pathway to
implement guideline-recommended lifestyle and risk
factor modification

Current digital health-enabled risk factor modification pro-
grams are generally consumer-focused and are not specif-
ically designed for patients with AF. These programs tend
to be costly, with access limited to those whose insurance
plans or health systems offer coverage.''? Other
programs are marketed directly to health systems,
employers, or payors, offering digital coaching and RPM
services for various chronic disease management.'*'* How-
ever, none of these platforms are tailored specifically to the
unique needs of patients with AF, who face distinct chal-
lenges in adopting behavior change because of symptom
variability and fear of exercise-induced AF episodes. This lim-
itation highlights a clear need for digital health programs to
be designed and evaluated specifically for this population.

In recent years, AF-specific virtual LRFM programs have
been developed and studied (Table 115729, Most studies
on digital health-enabled LRFM in AF have been published
since 2020, likely reflecting the accelerated adoption of
remote care models during and after the COVID-19
pandemic, and growing recognition of the importance of
LRFM in AF management.

A common feature of virtual LRFM programs is their multi-
component design (Table 175729 Interventions combine
smartphone applications, connected health devices for
rhythm and health metric monitoring, and some form of
human interaction, including coaching. This
multicomponent nature reflects the complexity of behavior
change, particularly when multiple risk factors should be
addressed through education, goal setting, tracking, and
feedback. Importantly, studies suggest that digital health
programs lacking human accountability, such as those
relying solely on smartphone apps, fail to effectively
engage patients. For example, in the MOTIVATE-AF study,
patients randomized to app-based reminders had lower
engagement than those who received telephone follow-up,
highlighting the value of human interaction.”® This
complexity presents a challenge in evaluating new interven-

tions, as it becomes difficult to isolate which aspects of the
intervention drive the positive or negative outcome. The
ongoing mTECH-AFib 2 study aims to compare the effects
of health metric tracking with smartwatch only vs a multi-
component program, including a smartphone app, a smart-
watch, a scale, a blood pressure cuff, and coaching on AF
recurrence following catheter ablation.’® Although this
design may not fully disentangle the effect of each compo-
nent of the intervention, it is expected to provide insight
into the relative value of self-monitoring alone vs enhanced
self-monitoring combined with coaching, which will further
shed light on the importance of personalized coaching in vir-
tual programs.

There is increasing interest in determining whether artifi-
cial intelligence (Al) can replicate or supplement the human
role for coaching to enhance scalability and offset cost of
these virtual programs. In the Coordinating Health Care
With  Artificial Intelligence-Supported Technology for
Patients With Atrial Fibrillation (CHAT-AF) trial, patients
receiving fully automated Al-driven phone calls reported
engagement and perceived self-management support and
also acknowledged the need for better dialogue flexibility
and personalization of content.”’ Furthermore, a patient-
centered relational agent was found to be useful, trust-
worthy, and informative by patients.'>*

The scope of AF digital programs varies in focus, intensity,
and timing. Some programs address all pillars of AF manage-
ment, incorporating but not emphasizing LRFM, whereas
others are more targeted toward LRFM with some overlap
with other aspects of AF care (Table 175729, Most studies
have used quality of life as the primary outcome and have
reported improvements across interventions. AF-HEART,
which leverages a smartphone app, has focused specifically
on LRFM and has reported significant weight loss in modest
size samples.”"”*?” The large-scale mAFA program, which
addressed holistic AF management, demonstrated an
improved composite outcome of ischemic stroke/systemic
thromboembolism, death, and rehospitalization with the vir-
tual program.?’?* Adherence to interventions was generally
high across studies.

Finally, the timing of the LRFM in relation to rhythm con-
trol intervention is heterogenous among studies, with some
studies focusing on enrolling patients before catheter abla-
tion and others after rhythm control interventions.”*~%’

Having described the current landscape of AF-specific in-
terventions to support LRFM, we next outline the minimal
requirement for implementing these programs in clinical
practice.

Components of LRFM programs, timing of LRFM
implementation, and patient selection

The 2023 US AF guideline recognizes AF as progressive dis-
ease and outlines stages of disease from at risk for AF (stage
1), pre-AF (stage 2), AF (stage 3), and permanent AF (stage
4).* Treatment of modifiable risk factors is recommended
across all stages of AF." Although electrophysiologists may



Table 1 Studies evaluating digital health technology for risk factor modification among patients with atrial fibrillation

Study name

Publication
year

Study type

Sample size (n)

Components of

intervention

AF risk factors

Outcomes

Duration of
intervention
Relationship  and follow-

with ablation up

Results

The Atrial Fibrillation

Health Literacy

Information Technology

System: Pilot
Assessment'®

The Atrial Fibrillation

Health Literacy

Information Technology
Trial: Pilot Trial of a
Mobile Health App for

Atrial Fibrillation?°

2017

2020

Observational

Pilot randomized

controlled trail
(digital health—
enabled program
vs usual care)

31

120

Computer-animated agent Unspecified
providing coaching

specific to AF and

AliveCor Kardia monitor

Computer-animated agent Unspecified
providing coaching

specific to AF and

AliveCor Kardia monitor

Qol (measured by

AFEQT score)'?:
medication
adherence
(measured by
MMAS
score!”"18)
patient activation
(PAM)'?; and
intervention
adherence

i

Primary outcome of

QoL (measured
by AFEQT); other
outcomes
including
anticoagulation
adherence and
participant’s use
and acceptability
of intervention

Unspecified 30 days and
30 days

Unspecified 30 days and
30 days

Improved QoL
and marginal
improvement
in medication
adherence.
No difference
in patient
activation.
The
intervention
was
acceptable.

Higher
improvement
in QoL in
intervention
group and
better
adherence to
anti
coagulation
therapy.
Intervention
was
acceptable;
70% in the
intervention
group
completed
medication
adherence
module, and
79%
completed AF
education
module.

e
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Mobile Health Technology
for Atrial Fibrillation
Management
Integrating Decision
Support, Education, and
Patient Involvement:
mAF App Trial®’

Mobile Health Technology
to Improve Care for
Patients With Atrial
Fibrillation??

A Nurse-led Approach to
Improving Cardiac
Lifestyle Modification in
an Atrial Fibrillation
Population®®

2017 Pilot cluster
randomized trial

2020 Cluster randomized 3324

trial

2019 Observational

The mAFA platform,
consisting of patient-
and clinician-facing
versions of the mAFA
app, including clinical
decision support tools,
patient education
material, and self-
monitoring via PPG-
based rhythm
monitoring

The mAFA platform,
consisting of patient-
and clinician-facing
versions of the mAFA
app, including clinical
decision support tools,
patient education
material, and self-
monitoring via PPG-
based rhythm
monitoring

"ACTION" intervention
including nurse-led
coaching (30-minute
weekly sessions over 6
months) via telehealth
and My AFib symptom
tracker via the My AFib
Experience web-based
resource

Unspecified Patient’s Unspecified 3 months
knowledge; QoL; and 3
drug adherence; months

anticoagulation
satisfaction;
intervention
acceptability

Blood pressure; Composite Unspecified 6 months

alcohol intake outcome of and 277
ischemic stroke/ days
systemic thrombo (mean)
embolism, death,
and

rehospitalization

Life's Simple 7 Effect on risk factor  Unspecified 6 months
com modification; and 6
ponents intervention months

acceptability

Qol and
medication
adherence
was higher in
the
intervention
group
compared
with control
group. mAF
use was
acceptable
(90% of users).

Composite
outcome was
lower in the
inter
vention group.

Intervention was
acceptable;
patients
achieved
improvement
in AF risk
factors and
had
improvement
in Life's Simple
7 score

(continued)

-V Ul UOIIeDIPOW JOIDB) XSIi 104 S|00) Yijeay (enbiq  [e 1o azpeyes|

go



Table 1 Continued

Duration of
intervention
Publication Components of AF risk factors Relationship  and follow-

Study name year Study type Sample size (n) intervention targeted Outcomes with ablation up Results

Risk Factor Management of 2022 Randomized (virtual 20 Rhythm monitoring via Weight; sleep Feasibility for heart  Post-rhythm 6 months Patients
Atrial Fibrillation Using intervention vs smart device (AliveCor apnea; alcohol  rhythm tracking; control and 6 achieved
mHealth: The Atrial usual care) KardiaBand connected use risk factor (AAd, months weight loss
Fibrillation — Helping to Apple Watch or modification and DCCV, or and had
Address Care with KardiaMobile device); AF symptom ablation) improved QoL
Remote Technology (AF- weight; blood pressure reduction; QoL
HEART) Pilot Study®” tracking via smart

devices; telehealth visits
with dietitian (biweekly
for 6 months for 30-
minute sessions); sleep
apnea and hypertension
treatment through
referrals when needed

The Usability and Effect of 2022 Randomized (app- 80 myAlgos: Physician- Unspecified Primary outcome of Pre-ablation 6 months Improved QoL
an mHealth Disease based oriented platform and Qol; other and 6 was observed,
Management Platform intervention vs patient-oriented outcome of months and platform
on the Quality of Life of usual care) smartphone app (patient platform usability and app were
Patients with Paroxysmal education, messaging easy to use.
Atrial Fibrillation - The within the app,
emPOWERD-AF medication reminders,

STudy?® and heart rate log)

Impact of Digital 2022 Observational 105 (20 received Smartphone app (LRFMx)  Exercise; weight Weight loss; Pre-ablation 6 months Diet and
Monitoring on intervention with goal setting, adherence to and 6 exercise
Compliance and and 85 usual tracking, and reminders; lifestyle recom months recom
Outcome of Lifestyle- care) scale; blood pressure mendations mendation
Change Measures in monitor; health coaching compliance
Patients with Coexistent with 12-week program was higher,
Atrial Fibrillation and through telehealth and and weight
Obesity?® text-based communi loss was more

cations prevalent
among
patients who
received
intervention.
There was no
significant
difference in
arrhythmia

recurrence.
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Outcomes of a Remote
Cardiac Rehabilitation
Program for Patients
Undergoing Atrial
Fibrillation Ablation:
Pilot Study?’

Randomized Trial of App-
led Motivational Support
for Patients with AF to
Promote Weight Loss
(MOTIVATE-AF)?®

Patient-Centered mobile
Health TECHnology
Enabled Atrial
Fibrillation Management
(MTECH-Afib): A Pilot
Randomized Controlled
Trial®’

Observational

Randomized

(smartphone-
based follow-up
vs nurse-led

telephone follow-

up biweekly)

Randomized pilot

Asynchronous, remotely
supervised exercise after
an in-person evaluation
(weekly phone calls with
exercise physiologist);
scale; blood pressure
cuff; Kardia
Mobile 6L + KardiaPro
for ECG review and
storage; EHR portal with
patient-generated data
flowsheet

Physical activity;

weight; blood
pressure

Primary outcome of Post- 12 weeks
program ablation and 12
completion; other weeks
outcomes

including change
in self-tracking
adherence,
weight, 6-minute
walk test, waist
circumference, AF
symptom score,
and program
satisfaction

Smartphone app (AVATR)- Weight; physical Primary outcome of Unspecified 6 months

based patient education
platform receiving
biweekly reminder
messages to track weight
and activity

Smartphone app; weekly
virtual coaching for 12
weeks; Apple Watch for
exercise, heart rhythm,
and heart rate tracking;
clinician dashboard

activity

Blood pressure;

weight;
physical
activity; sleep
apnea; alcohol
intake;
smoking

weight loss; other and 6
outcome of QoL months
Feasibility Unspecified 12 weeks
(participant and 12
recruitment, weeks

engagement, and
satisfaction)

The vast majority

of participants
completed the
program.
Adherence
was fair;
patients
achieved
reduction in
weight and
waist
circumference
and had
improved 6-
minute walk
test. Patients
were satisfied
with the
intervention.

No difference in

weight loss
was seen
between
phone follow-
up and app
groups.
Patients were
more
engaged in
telephone
follow-up
group. Follow-
up
questionnaire
completion in
the app group
was low,
limiting further
analysis.

High

recruitment,
engagement,
and
satisfaction
rates were
observed.

-V Ul UOIIEDIPOW JO1DB) XSIi 104 S|00) Yijeay (enbiq (e 1o azpeyes|

Aad = antiarrhythmic drugs; AF = atrial fibrillation; AFEQT = AF Effect on Quality-of-Life questionnaire; DCCV = direct current cardioversion; ECG = electrocardiogram; EHR = electronic health record; MMAS = Morisky Medication
Adherence Scale; PAM = Patient Activation Measure; PPG = photoplethysmography; QoL = quality of life.

/®



e8 Heart Rhythm, Vol B, No B, B 2026

Physical Inactivity Target: 210 minutes of moderate intensity activity / week
How to Facilitate: Activity prescription, goal setting and
tracking, coaching
Minimum Technology: Smartwatch or fitness tracker
with accelerometer and geolocation, activity minute

measurement
A

Alcohol Use

Target: Alcohol reduced to 2-3 drinks / week
| .‘*ﬂ

Tobacco Use  Target: Smoking cessation

. How to Facilitate: Motivational interviewing, smoking v

How to Facilitate: Goal setting, goal tracking,
motivational interviewing and coaching
Minimum Technology: Telehealth, virtucal coaching

cessation referral, social support referral, nicotine
replcement
Minimum Technology: Telehealth, virtual coaching v

Nice job walking today! Every time you
get activity, you are helping your heart
and lowering the chance for more AFib.
How about 120 minutes next week?

Clinical Teams

Activity
100 min

Hypertension o\ BP < 130180

How to Facilitate: Education, self-monitoring, medication
reminders / adherence nudges
Minimum Technology: BP monitoring

Health System Integration

Health Coaching

@,
(J

=
Obesit;
L H

arget: >=10% weight loss of BMI < 27
low to Facilitate: Weight loss goal setting and tracking,
nutrition education and tracking, weight tmanagment
referral, medication use / consideration for GLP-1 agonist
Minimum Technology: Scale, telehealth coaching,
nutrition education modules delivered via app, email or text

Figure 1

Lifestyle and risk factor modification delivery via digital health programs. Patient-, clinician-, and health care-facing opportunities for scalable and successful virtual
risk factor modification among patients with atrial fibrillation. Afib = atrial fibrillation; BP = blood pressure.

not encounter patients until AF is diagnosed, educating pri-
mary care clinicians and cardiologists is important to begin
early implementation of LRFM to prevent development and
progression of AF.

Virtual LRFM programs should have components to allow
tailored modification for each AF risk factor (Figure 1). Pro-
grams should track progress toward achieving guideline-
recommended targets for LRFM: weight loss of at least 10%,
physical activity reaching 210 minutes of moderate exertion
per week, alcohol reduction to <2-3 drinks/week or absti-
nence, smoking cessation, and optimal hypertension control.
These metrics are recommended by national AF management
guideline.” However, these programs should be adjusted and
personalized based on individual patient needs. For example,
some patients with AF are not able to participate in exercise,
as they have disabling symptoms from AF. This may limit the
exercise component of LRFM, but other components can be
implemented. Although it may be reasonable to include sleep
apnea screening and treatment interventions, the benefits of
screening and treating sleep apnea on maintaining sinus
rhythm are not clear at this time.” Additionally, education
regarding other pillars of AF, stroke prevention and symptom
management, should be included for a holistic approach and
patient empowerment.

Although there are no data on required testing prior to im-
plementing risk factor modification, some of the exercise-
heavy trials (eg, ACTIVE AF trial) assessed patients using a
stress test prior to the exercise program initiation.>? At this
time, physician discretion for assessing safety of exercise is
recommended and the need for ordering formal exercise

stress testing should be determined according to standard
guidelines.*

Opportunities provided to patients and clinicians
Patient-facing opportunities
Empowering self-management and engagement

Digital health offers a transformative opportunity to shift AF
care from disease control to person-centric health promotion
based on real-time, personalized support.”* Although tools
ranging from mobile apps to wearables are increasingly
used for chronic disease self-management,® the challenge
lies in identifying which strategies most effectively engage in-
dividuals with AF.

Many successful digital interventions are grounded in
behavior change techniques.**** Self-monitoring, prompts
and cues, action planning, graded tasks, and the use of cred-
ible sources have been shown to be particularly effective in
improving cardiovascular outcomes.*”*° These techniques
align well with the needs of individuals managing AF, who
often benefit from structured guidance and real-time feed-
back.

Qualitative research highlights key facilitators of behavior
change, including awareness of AF risks and having a clear
action plan, confidence in the ability to change, and social
support.”’ Conversely, barriers such as symptom-related
distress, medication side effects, and lack of symptom moni-
toring awareness can hinder engagement. These insights un-
derscore the need to tailor digital tools to address both the
emotional and the practical challenges faced by patients
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and justify the complexity or multicomponent nature of LRFM
programs outlined previously.

The “smart health ecosystem” concept integrates physio-
logical, behavioral, and environmental data to deliver
personalized interventions across multiple channels (apps,
text messaging, e-mail).*? These ecosystems can support
the full spectrum of self-care, as described in Riegel’s
middle-range theory: maintenance (risk reduction), moni-
toring (detecting symptomatic and asymptomatic AF epi-
sodes, symptom changes), and management (responding
to changes in rhythm and symptoms).*? Interventions that
encompass all 3 components have been shown to improve
patient-reported outcomes, clinical metrics, and health care
utilization for individuals with AF.**

Patients increasingly expect clinicians to guide app selec-
tion, incorporate wearable data into care decisions, and
demonstrate digital literacy, particularly younger patients
who anticipate Al-proficient care.”> However, patients also
experience anxiety from information overload and inconsis-
tent online messaging, preferring that information comes
from trusted sources and is delivered in a format that suits
their individual needs, whether paper based or digital.** Pa-
tient portals and patient-facing electronic health record
(EHR)-integrated dashboards can offer scalable solutions to
meet these needs.

Expanding access beyond traditional care settings

Digital health technologies significantly enhance accessibility
by dismantling traditional barriers to care. For individuals
residing in geographically isolated or medically underserved
regions, digital platforms offer a lifeline to specialized cardi-
ology expertise and health education resources that would
otherwise be unavailable.”’**® These telehealth consultations
allow patients to connect with health coaches, cardiologists,
dietitians, or exercise physiologists regardless of their phys-
ical location, circumventing the need for arduous travel and
associated costs.”® The continuous data flow from smart-
phones, smartwatches, or other smart devices facilitates pro-
active interventions and timely adjustments to treatment
plans, ensuring that geographical distance no longer dictates
the quality or availability of essential risk factor manage-
ment.*?*° Furthermore, the inherent convenience and flexi-
bility of digital health are invaluable for patients with
demanding work schedules, mobility limitations, or care-
giving responsibilities, for whom traditional in-person ap-
pointments are often impractical. The ability to access
educational modules on cell phones or online, participate
in virtual coaching sessions, or communicate asynchronously
with clinicians at their convenience significantly improves
adherence to complex LRFM regimens.”" Limitations of ac-
cess to technology and internet are discussed later on in
this document.

Promoting health equity

Beyond mere access, digital health technologies may actively
promote health equity by addressing disparities rooted in

socio-economic status, health literacy, and cultural back-
ground. Generative Al, for instance, possesses the capability
to tailor health information and educational content to a pa-
tient's specific health literacy level, preferred language, and
cultural context, making complex medical concepts related
to AF and its risk factors more understandable and relat-
able.” Such personalized communication can significantly
enhance patient understanding and engagement, particu-
larly for minority groups or those with limited English profi-
ciency who have historically faced barriers to equitable
health information.”* Moreover, by empowering patients
with real-time data from their wearables or apps, digital tools
foster a sense of ownership and agency over their health. This
active participation in self-management, coupled with
personalized feedback and reminders, translates into
improved adherence to lifestyle changes and medication
schedules, ultimately leading to better health outcomes
and a reduction in health disparities.”"

Clinician-facing opportunities: Implementation of risk
factor modification without increased burden on
clinicians

Automated digital checklists and prompts

Digital prompting within EHR systems can enable delivery of
evidence-based, comprehensive care, including LRFM. Car-
dioConsult AF, guideline-based clinical decision support
software for AF management, has been shown to improve
quality of life and adherence to guidelines and even reduce
mortality.”>> Such tools offer a scalable approach to
identify patients with modifiable risk factors and prompt
appropriate interventions without increasing clinician
burden. Automated clinical decision support within EHRs
can also flag patients for targeted risk factor modification.
For example, a study using a best practice advisory alert
improved anticoagulation prescribing for patients with AF,
demonstrating that automated prompts can change
clinician behavior.>® Similar strategies could identify patients
with elevated body mass index, uncontrolled hypertension,
or untreated sleep apnea and direct them toward structured
management programs. The ongoing Integrated Care in
Patients with Atrial Fibrillation: A Randomized Controlled
Trial (iCARE-AF) study is evaluating how digital checklists
can optimize the implementation of LRFM within routine AF

care.”’

Optimizing clinician time and workflow integration

Digital health tools can track progress in LRFM and visualize it
in clinician-facing dashboards. These dashboards, especially
when integrated into or accessible from the EHR, can summa-
rize trends in patient weight, blood pressure, glucose levels,
and physical activity. Instead of relying on infrequent office
visits, clinicians can monitor patients’ progress remotely
and use these data during routine encounters to guide care.

A key consideration is minimizing disruption to workflow.
Seamless integration (single sign-on, in-workflow dash-
boards, minimal clicks) is essential to avoid adding burden.
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When implemented well, digital tracking could save clinician
time by enabling data-driven discussions (eg, “Your weight
trend is down 5% since your last visit, which is great progress
in trying to reduce your AF burden”) and by reducing unnec-
essary in-person visits through remote monitoring of risk fac-
tor control.

Team-based care with health coaches

Trained health coaches and/or Al-based digital coaches can
offload much of the work of behavior change from physicians.
Health coaches, including nurses, dietitians, and lifestyle
counselors, can monitor data from digital platforms and pro-
vide targeted outreach when patients are not meeting goals.
In the MOTIVATE-AF trial, patients with AF and obesity
received weight loss support via either automated text re-
minders or nurse-led phone calls. Both groups achieved
modest weight loss, but engagement was higher with nurse
support.”® This suggests that while digital interventions can
be effective, human interaction may enhance adherence.

Al-based coaches are rapidly evolving. Outside the AF
literature, a study involving individuals with cancer, an Al-
driven voice assistant (MyCoach) delivering lifestyle coaching
led to a significant increase in daily step count compared with
control.”® These tools can scale easily and operate continu-
ously, offering low-cost, personalized support.

Implementation considerations

Modern platforms can integrate patient-generated data
(such as weight, blood pressure, and physical activity) from
devices and apps directly into the EHR. Platforms like Validic
and Human API enable aggregation of data from wearables,
home monitors, and smartphone apps.”? This allows EHR sys-
tems to automatically monitor trends and notify care teams
when targets are not being met, supporting early interven-
tion.

Hybrid models combining Al with human coaching may
offer the best of both worlds. In the mAFA-II trial, an app-
guided, holistic AF program (including stroke prevention,
symptom tracking, and risk factor management) paired with
virtual coaching reduced the composite end point of stroke,
death, and hospitalization by ~60% compared with usual
care.?? Patient adherence to the digital tools was high, with
over 80% maintaining app usage.

Health system and policy considerations
Scalable risk factor modification

Digital health tools are an important step forward to
increased accessibility and scalability of LRFM implementa-
tion; however, the format and style of the digital health plat-
form most suitable for a particular patient may be different.
These tools allow individuals who are unable to or who prefer
not to attend traditional in-person clinics to receive evidence-
based care. A digital approach will also avoid overwhelming
the limited number of in-person AF clinics offering in-person
LRFM. Virtual programs can be integrated in AF Centers of

Excellence and offered to patients across all stages of AF,
including those “at risk” for AF.” An important next step to
achieve scalability is to establish sustainable reimbursement
models that will need to be tailored to the needs of different
regions globally.

Financial benefits of digital health tools in value-based
care

Smart devices, such as Bluetooth-enabled blood pressure
cuffs and scales and smartwatches equipped with electrocar-
diogram (ECG) or PPG (short for photoplethysmography)
sensors, can capture a wealth of real-time health data and
have been supported by payors. In addition, RPM enables cli-
nicians to track patient health status between appointments
and intervene proactively when needed. By improving care
coordination, promoting preventive care, and demonstrating
positive health outcomes, smart devices can help clinicians
meet the quality and cost-effectiveness requirements of
value-based care models. It is well-established that LRFM re-
duces AF progression, and when this is successfully imple-
mented, clinicians will meet the quality and cost-
effectiveness requirements of value-based care models.
Furthermore, early detection of AF in specific patient popula-
tions, which leads to earlier intervention, will likely reduce
downstream costs related to prevention of AF-related co-
morbidities, for example, congestive heart failure and stroke.

Data transparency, inter-operability, and regulatory
considerations

Digital health technologies, while heralding a new era for AF
management and risk factor modification, simultaneously intro-
duce a complex framework of issues pertaining to data trans-
parency, inter-operability, and regulatory considerations that
demand meticulous attention for their safe, equitable, and
effective integration into clinical workflows and practice.®**’

Transparency

The ecosystem of mobile applications, wearable devices, and
remote monitoring platforms generates unprecedented vol-
umes of patient-generated health data; however, the clinical
utility and trustworthiness of this information are critically
dependent on robust data transparency and protection.®?
A paramount concern lies in the inherent opacity of Al algo-
rithms, which increasingly influence AF diagnosis, risk stratifi-
cation, and personalized treatment recommendations. It
important to note that 18%—-26% of tracings from wearable
devices label ECGs as "inconclusive” and sensitivity and
specificity for AF detection ranges from 58% to 85% and
69%to 79%, respectively.“’3 This “black box” problem, where
the intricate decision-making logic of these algorithms re-
mains obscure, may unnecessarily erode clinician trust and
hinder their ability to adopt and use Al-enabled digital tech-
nologies if they do not fully comprehend or justify Al-derived
insights, which may impede informed clinical judgment.®*“*

Patients also possess a fundamental right to understand
how their sensitive health data is collected, processed,
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analyzed, and shared, especially when it directly affects their
therapeutic pathways and outcomes.®”*® Beyond algo-
rithmic clarity, transparency must extend to the provenance
and quality of the data itself; inconsistencies in sensor accu-
racy across various devices, variations in user adherence to
data input protocols, and the inherent potential for biased
data collection can compromise the reliability and validity
of the information, leading to erroneous clinical conclusions
or inappropriate interventions for AF risk factors.%°® Without
stringent validation against established clinical standards and
clear documentation of data collection methodologies, the
utility of this “real-world data” in guiding AF management re-
mains questionable, potentially exacerbating existing health
disparities, particularly if biases in data collection or algo-
rithmic design are not identified and mitigated.®’

Inter-operability

Digital health technologies for AF frequently operate in iso-
lated silos, meaning data generated by a patient’s smart-
watch or home blood pressure monitor may not seamlessly
integrate with their EHR system, or information from a remote
cardiac rhythm monitor might not be easily accessible to
different specialists involved in the patient’'s AF management
journey.“® This pervasive lack of seamless data exchange re-
sults in several detrimental consequences: clinicians may
struggle to compile a holistic view of a patient’s health,
potentially missing critical trends in AF symptom burden or
the progression of associated risk factors; health care staff
often resort to time-consuming and error-prone manual
data entry, diverting valuable resources from direct patient
care; delays in accessing real-time or comprehensive data
can hinder interventions for AF risk factor modification,
such as timely medication adjustments or the initiation of life-
style counseling; and fragmented data significantly impedes
large-scale research efforts necessary for advancing AF
epidemiology, assessing treatment effectiveness, and devel-
oping truly personalized medicine approaches.’'’
Achieving true inter-operability necessitates the develop-
ment and widespread adoption of standardized data for-
mats, common data models, and open application
programming interfaces to facilitate secure and efficient in-
formation exchange across diverse platforms and health
care systems.®%"

Regulatory

Regulatory considerations represent a critical and rapidly
evolving domain that struggles to keep pace with the swift
advancements in digital health technologies for AF. Regula-
tory bodies, such as the Food and Drug Administration in
the US and the European Medicines Agency, classify certain
digital health tools as “Software as a Medical Device” if they
are intended for >1 medical purposes without being part of
medical device hardware.””’" This classification imposes
rigorous requirements for pre-market review, robust quality
management systems, and continuous post-market surveil-
lance to ensure safety and effectiveness. However, the

distinction between a "wellness app” that merely tracks ac-
tivity and a “medical device” that provides diagnostic in-
sights for AF can be ambiguous, leading to inconsistencies
in regulatory oversight and potential gaps in patient protec-
tion.”>?” The unique characteristics of Al/machine learning-
driven algorithms, particularly their capacity for continuous
learning and adaptation post-deployment, pose unprece-
dented challenges for traditional regulatory approval path-
ways, as their behavior and performance may evolve over
time, necessitating new approaches to validation and moni-
toring.65

Cybersecurity and data privacy

Ensuring the cybersecurity and data privacy of sensitive pa-
tient information transmitted and stored by digital health
tools is a paramount regulatory concern, requiring strict
adherence to established frameworks like Health Insurance
Portability and Accountability Act in the US and General
Data Protection Regulation in Europe, alongside the imple-
mentation of advanced cybersecurity measures to protect
against breaches and misuse.®” Ultimately, regulators de-
mand robust clinical evidence demonstrating that digital
health tools for AF not only perform technically well but
also genuinely improve clinical outcomes, or effectively facil-
itate risk factor modification in real-world settings, a level of
validation that can be complex and resource-intensive.””
Harmonization of these diverse regulatory approaches across
international jurisdictions is also crucial to foster innovation
while maintaining patient safety on a global scale.”* Address-
ing these multifaceted issues of data transparency, inter-
operability, and regulatory oversight is not merely a technical
or legal exercise, but a fundamental imperative to build trust,
ensure equitable access, and realize the full, transformative
potential of digital health in improving outcomes for patients
with AF.

Call for future research and policy advancements

Despite the promise outlined in the preceding sections, sig-
nificant evidence gaps and implementation barriers must be
addressed before digital health tools can meaningfully
impact LRFM in AF. Later, and in Table 2, we outline priority
research and policy development, organized by domain.

Clinical evidence gaps

The mAFA study demonstrated the benefit of a comprehen-
sive digital health intervention, including LRFM, to reduce a
clinically important outcome (composite of stroke, thrombo-
embolism, all-cause death, and rehospitalization) in patients
with AF.?? However, most LRFM focused studies to date
remain small or feasibility-focused, highlighting the need
for large-scale studies focused on LRFM powered for health
outcomes in patients with existing AF, such as the mTECH-
Afib 2.3° A variety of components have been included in
the digital interventions developed and tested to date.
Future large-scale studies should include pragmatic compar-
ative effectiveness assessments of these components to
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Table 2 Research and policy priorities for digital health enabled

lifestyle and risk factor modification in atrial fibrillation

Specific research and policy

Domain needs

Clinical evidence gaps e Long-term outcomes (atrial
fibrillation recurrence, atrial
fibrillation burden, stroke,
hospitalizations, and
mortality)

e Atrial fibrillation incidence
and delay of onset

e Comparative effectiveness of
components

Implementation science e Program duration and

priorities maintenance

e Evaluation of advanced
artificial intelligence tools for
health coaching

e Determining intensity
(titration) of human vs digital
intervention required for
specific patients

e Co-design with patients and
clinicians

o Workflow at level of health
system and role of primary
care, cardiology, or
electrophysiology

Technology and data e Ingestion of patient-

infrastructure needs generated health data into

clinical workflows

e Optimal data presentation
formats for both patients and
clinicians

o Artificial intelligence and
machine learning
development for surfacing
clinically actionable data

Addressing health equity e Bridging technology and
health literacy gaps

e Technology access programs
for underserved populations

e Culturally adapted
interventions and engaging
local communities

e Trust-building and privacy
protection

Policy and reimbursement e Important health outcome-

research focused and cost-

effectiveness studies

e Advocacy for payor
reimbursement of digital
lifestyle and risk factor
modification interventions

e Policy support for patient
financial assistance to obtain
monitoring technologies

e International and regional
adaptation strategies

determine which components provide the most impact for
which patients. These components must also be tested
against proven in-person approaches when possible. Major
hurdles would be to demonstrate that these digital interven-

tions provide effective LRFM and favorable AF outcomes
similar to those seen with in-person programs and are
acceptable to both patients and clinicians facilitating imple-
mentation of guideline recommendations to practice.

Finally, many ambulatory care patients without AF have
conditions that place them at risk of AF (ie, hypertension, dia-
betes, sleep apnea, obesity) that are also frequently moni-
tored with digital devices. Given the increasing number of
patients who may possess digital tools to both manage their
chronic risk factors and monitor their rhythm, it may also be
feasible to perform large-scale pragmatic studies to deter-
mine whether aggressive LRFM can either reduce the inci-
dence or delay onset of AF.

Implementation science priorities

An important area of heterogeneity across studies is the dura-
tion of intervention. Currently, the duration of intervention
across published studies ranges from 30 days to 6 months,
with follow-up typically limited to duration of intervention
(Table 1'°729). Evidence-based models used in cardiac rehabil-
itation for coronary artery disease and heart failure, which
share many risk factors with AF, leverage 12-week RFM pro-
grams.”* Based on this evidence, perhaps a 12-week program
duration with some form of maintenance engagement is the
most optimal approach for the active phase of the interven-
tion. This should be tested in future studies with longer-term
follow-up included to determine if gains observed during
the intervention are maintained over time.

Several studies to date have demonstrated the benefit of
health coaching. Given the growing burden of AF, it may be
difficult for any intervention to sustain health coaching at
scale. Studies have assessed conversational agents to sup-
port self-management but have struggled to dynamically
personalize content to individual needs.”" As large language
models improve, they may provide that increased personali-
zation. Conversational agents driven by advanced large lan-
guage models must be tested and compared with human
coaching.”” It is likely that there will be variation in how
much human support a particular patient requires. Therefore,
future studies also need to test hybrid models that titrate hu-
man support based on need, allowing for less frequent but
strategically timed, personalized human interaction.

Additionally, program design itself appears to influence
engagement, especially when guided by patients and clini-
cians. For example, the mTECH-Afib program was devel-
oped by input from patients through a human-centered
design process where patients, their caregivers, and clini-
cians informed the content of the program.”® Future inter-
ventions should continue to be co-designed with patients
to promote relevance and sustainable engagement. Finally,
co-design also extends to including care teams from other
disciplines, as emphasized in the most recent European
guidelines that illustrate the multidisciplinary nature of inte-
grated AF care.® Digital workflows must reflect this multidis-
ciplinary care and be integrated into workflows across those
disciplines if possible.
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Technology and data infrastructure needs

As described previously, LRFM requires comprehensive pro-
grams, ideally integrating smart devices and apps, clinician
dashboard, and health coaching. Data on dynamic (ie,
alcohol use, smoking, physical inactivity, obesity) and static
(hypertension, sleep apnea) AF risk factors guiding LRFM
can be tracked by various smartphone apps and smart de-
vices that generate their own summaries and have no means
for EHR integration other than patient-submitted summaries
of data. It will be important to evaluate methods to ingest
that patient-generated health data and incorporate it into
clinical workflows.”’

Once made available to clinical systems, there is therefore
a pressing need to study and validate comprehensive pro-
grams that can provide summaries or dashboards that can
combine data from multiple types of digital monitoring de-
vices and apps and integrate it into the EHR, either through
home-grown mechanisms or third-party software. These pro-
grams can be integrated into comprehensive AF manage-
ment clinics where data are presented via clinician
dashboards. Patient-facing dashboards that allow them to
receive tailored education, communicate shared goals with
their clinical team, and track their own progress require
development and testing. Once available to health systems,
Al and machine learning that surface clinically actionable
data and support clinical care must be developed and tested
to determine if these models affect outcomes.

Addressing health equity

The promise of digital health for health equity and accessi-
bility hinges on diligently addressing the persistent digital
divide. Disparities in access to reliable internet, affordable
smartphones or devices, and foundational digital literacy
skills can inadvertently exacerbate existing health ineg-
uities.”® In addition, AF demographics are well known, and
AF risk increases with age.? Some studies show that older in-
dividuals are less likely to use technology and have poor
technology literacy, which can limit technology use.””#° In
contrast, other studies demonstrate successful use of tech-
nology among elderly individuals.®'** This discrepancy is
likely because of patient selection. It is indeed challenging
for some older patients to adopt technology, which contrib-
utes to the digital divide.

When deploying digital health tools, systems must study
methods to ensure high-fidelity uptake regardless of the
baseline digital literacy possessed by a patient. To minimize
the impact of technology access and literacy at the program
design and clinical trial stage, researchers should provide
technology and technology onboarding based on an individ-
ual’s technology literacy level. Programs should also offer
accessible “tech” support throughout the program and
make data plans available for reliable internet access. These
programs should be designed together with patients and
other key parties (eg, clinicians and health partners) to incor-

porate preferences of individuals from diverse backgrounds
and individual needs into account and design intuitive and
accessible interfaces. Concerted efforts by governments,
professional societies, insurance companies, community
partners, and health systems are also required to support ac-
cess to technologies and internet for low-income popula-
tions.”® The efforts should be tested pragmatically to
ensure equitable deployment of digital health tools to sup-
port AF care.

Crucially, building and maintaining patient trust in these
technologies, especially concerning data privacy and secu-
rity, is paramount, as distrust can disproportionately affect
vulnerable populations and undermine the effectiveness of
digital interventions.®”*>®* By proactively tackling these
challenges, digital health technologies can fulfill their poten-
tial as powerful means for equitable and accessible AF risk
factor modification.®*%*

Policy and reimbursement research

Demonstrating the positive outcome on health outcomes
and cost-effectiveness of digital health interventions to sup-
port LRFM in AF care will provide critical data to support pol-
icy change and reimbursement. Capitated payment schemes
have been suggested to support digital health adoption in
longitudinal cardiovascular care.® Future trials must show
that the digital interventions provide a balance of cost and
clinical efficacy that are comparable to in-person delivery of
services if in-person LRFM programs are available. If no in-
person equivalent exists (which is true for many geographic
areas), the outcomes studies proposed in Section 6.1 could
be pivotal in supporting efforts for reimbursement.

Important health outcome-focused and cost-effectiveness
trials should be supported by professional societies and dig-
ital technology companies, as results could justify reimburse-
ment for digital health technologies. Once proven, to
facilitate uptake of digital health tools, advocacy from profes-
sional societies and patient groups will be necessary for
payors to reimburse for digital LRFM and potentially provide
patient financial support to obtain monitoring technologies.
Relevant billing modalities already exist (eg, for RPM or car-
diac rehabilitation), but a concerted effort will be necessary
to broaden their use to the management of AF.

In addition, patients with stage 1 or 2 AF who have a high
burden of modifiable risk factors now have multiple consumer
pre-diagnostics that can identify AF.%® However, no studies
have yet demonstrated a reduction in AF-related morbidity
or mortality because of AF pre-diagnoses, and demonstrating
such an effect would be critical in redefining policy and reim-
bursement efforts around AF screening and prevention.

Finally, as interventions are developed, researchers
should consider how policy differences between nations or
regions within a nation may affect implementation of those
interventions and consider international studies of those in-
terventions to support generalizability.
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Conclusion

LRFM is an established pillar in AF management, but its im-
plementation in practice is limited. Digital health tools offer
a transformative pathway to bridge this gap. Mobile apps
and smart wearable and non-wearable devices, along with
virtual coaching, are enabling personalized and scalable
LRFM strategies that can empower patients to engage in sus-
tained behavior changes. Progress is already underway, with
several AF-specific digital health interventions demon-
strating feasibility and impact and ongoing randomized trials
further evaluating their effectiveness and scalability.

The future of LRFM implementation lies in continuing to
build and research digital ecosystems that are dynamic, inclu-
sive, equitable, and patient-centered. In parallel, addressing
inter-operability, EHR integration, and reimbursement will be
critical to ensure that digital health-enabled LFRM becomes a
standard and sustainable component of comprehensive AF
care.
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