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ABSTRACT

Introduction The healthcare sector has great potential
for promoting physical activity (PA) for chronic disease
prevention, treatment and management; however, multiple
adoption and implementation barriers exist, ranging from
practice integration to information flow. In 2016, Exercise
is Medicine Greenville (EIMG), a comprehensive clinic-
to-community approach that involves PA assessment,
recommendation and/or prescription and provider-based
referral of patients to community-based PA programmes,
was launched by Prisma Health in Greenville, South
Carolina, USA. Since inception, variability has emerged in
adoption and implementation, impacting patient reach,
referral rates and engagement in the community-based PA
programmes, highlighting the need for closer evaluation
and refinement of strategies to maximise programme
impact.

Methods and analysis This pragmatic study will
examine the adoption, implementation and reach of EIMG.
20 Prisma Health primary care clinics will be invited to
adopt EIMG. In Phase |, adopting clinics will receive a
standardised EIMG instructional video followed by EIMG
activation, allowing providers to refer eligible patients to
a 12-week evidence-informed PA programme offered at
local community facilities. In Phase II, adopting clinics
will receive a more in-depth EIMG onboard training. At
adopting clinics, referral rates of eligible patients will

be tracked over both phases (each lasting 4 months). A
mixed-methods approach will explore factors related to
EIMG adoption, achieving optimal implementation and
reach, and patient enrolment in the PA programmes.

The Reach, Effectiveness, Adoption, Implementation and
Maintenance framework will inform the assessment of
implementation outcomes, while the integrated Promoting
Action on Research Implementation in Health Services
framework will be used to explore contextual factors
influencing patient-level and clinic-level outcomes.
Ethics and dissemination We received ethical approval
to conduct this study from the Prisma Health IRB
Committee A (#1963762). The results of this study have
the potential to significantly enhance clinical practice and
improve health outcomes related to integrating a clinic-
to-community PA model in health systems to connect

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study will evaluate the scaling up of an existing
physical activity (PA) referral pathway to additional
clinical sites in a major US health system.

= Primary care clinics will have the opportunity to
adopt the PA referral pathway, followed by a mixed-
methods evaluation of factors influencing the
decision-making process.

= Provider-level adoption (engaging at least one
patient in the PA referral pathway) will also be
evaluated through a mixed-methods approach us-
ing the integrated Promoting Action on Research
Implementation in Health Services framework.

= One potential limitation is our ability to engage non-
adopting clinics and providers in obtaining their
insight into the adoption and utilisation of the PA
referral pathway.

patients with community-based PA resources. Information
gained from this study will lead to the refinement of a
generalisable approach to inform future implementation
strategies on optimising and scaling up the integration

of comprehensive PA models in US health systems and

be disseminated through conference presentations,
publication in peer-reviewed journals and direct work with
health systems.

Trial registration number NCT06073041.

INTRODUCTION

The evidence around the benefits of phys-
ical activity (PA) is irrefutable; PA is unques-
tionably a ‘best buy for overall health
and is effective in reducing the incidence,
severity and/or impact of a broad array of
health conditions." Exercise is equally (and
sometimes more) effective as drug therapy
on mortality outcomes, secondary preven-
tion of coronary heart disease, treatment
of heart failure and diabetes prevention.”
Globally, physical inactivity causes 6%—-10%
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of all major non-communicable diseases and is respon-
sible for 9% of premature deaths, rates similar to other
established cardiovascular disease risk factors, such as
smoking and obesity.” Conversely, PA acutely improves
blood pressure,* glycaemic control’ and inflammation.”
Regular PA reduces the risk of developing chronic condi-
tions, such as stroke, hypertension, heart disease, type 2
diabetes and several types of cancer.”® Given the benefits
of PA, it is remarkable that only 46.9% of US adults meet
aerobic activity recommendations, while only 24.2% meet
both aerobic and strength training recommendations.’
This level of physical inactivity costs healthcare systems
$53.8billion worldwide and contributes to $13.7billion
in productivity losses."” In the US, inadequate PA, inde-
pendent of body mass index, is associated with 11.1% of
aggregated, direct healthcare expenditures.''

Engagement of the healthcare sector, through strategies
described in the US National PA Plan,12 1% is essential for
increasing population PA levels. Healthcare providers see
a large portion of the general population, often several
times a year. These ongoing, multiple contacts offer the
ideal opportunity to provide brief, impactful PA counsel-
ling. The Toronto Charter'* outlines several strategies for
increasing PA in health settings including: reorienting
health services and funding systems, screening of patient
PA levels at primary care consultations and referral to
community programmes for insufficiently active patients.
These overarching guidelines have been supported by
calls to action by medical societies'” and leading health
professionals'® '"; yet, integration lags because health
systems are not properly equipped/designed to promote
PA.

Similar to the SBIRT model'® (Screening, Brief Inter-
vention and Referral to Treatment), an evidence-based,
clinical strategy for addressing substance use disorders,
Exercise is Medicine (EIM)! is a comprehensive model
for integrating PA in the clinic workflow. EIM is not a
PA intervention, but a framework to improve the reach
of evidence-based PA interventions by identifying and
engaging patients that would benefit from increased
PA (see figure 1). The components of the EIM model
include: (1) assessing patient PA levels, (2) providing
brief PA recommendation and/or a PA prescription and
(8) referring patients to PA resources for further guid-
ance. In some instances, a ‘navigator’ or referral team is
involved to increase referred patient engagement levels.
Initial evaluations of EIM have been limited to assessments
of one or two components and demonstrated positive
results when considering cardiometabolic health. Until
the past decade, no major health system in the US had
attempted to systematically integrate all EIM components
into their clinic workflow, connecting atrisk patients to
community-based PA programmes.

The use of dissemination and implementation science
methods and models has been proposed to accelerate the
scale up and scale out of EIM within and across health-
care settings.20 2 Frameworks, such as the Reach, Effec-
tiveness, Adoption, Implementation and Maintenance

Physical Activity
Assessment

b4

Brief Counseling
and/or Physical
Activity Prescription

Engagement by an Referral to
Intervention Advisor J«-=:=| Supportive Physical
/Referral Team Activity Resources

v

Connection to
Physical Activity
Network

Figure 1 Comprehensive model for physical activity
integration into health systems.

(RE-AIM) and integrated Promoting Action on Research
Implementation in Health Services (i-PARIHS) frame-
works, have been used to provide guidance for moving
implementation strategies, such as EIM, into sustained
clinical practice.”* * RE-AIM encourages a broad focus
on both dissemination (ie, reach into the patient popu-
lation; adoption by clinics and providers) and implemen-
tation outcomes (ie, implementation fidelity; strategy
maintenance), while also addressing effectiveness (ie,
changes in patient health outcomes).”* The i-PARIHS
framework addresses factors related to the: (1) strategy
characteristics (ie, the innovation; EIM), (2) context (eg,
healthcare system infrastructure), (3) recipients of the
EIM strategy (ie, patients and clinical staff implementers)
and (4) internal or external facilitation processes and
structures.” By combining the RE-AIM and i-PARTHS
frameworks, investigators can document changes in effec-
tiveness, dissemination and implementation, while also
providing information on the potential mechanisms by
which outcome changes are produced.*® 27

Exercise is Medicine Greenville (EIMG)

In 2016, Prisma Health (formerly named Greenville
Health System) began the process of integrating a PA
referral pathway in their health system, connecting
patients to community PA facilities that offer an evidence-
informed PA programme tailored for patients with
chronic diseases. Prisma Health was the first large health
system committed to a multilevel process of promoting
PA with patients through a model called EIMG,* a joint
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Figure 2 Schematic of the EIMG clinic-to-community linkage model (*Image reproduced with permission from work by Porter
et al”®). EIMG, Exercise is Medicine Greenville; PA, physical activity.

effort in partnership with the University of South Caro-
lina School of Medicine Greenville (USC SOM Green-
ville) and the YMCA of Greenville and Oconee counties.

Adescription of EIMG (see figure 2) and outcomes from
an initial pilot study have been previously published.* In
brief, eligible patients between the ages of 18-80, who are
physically inactive with or without a chronic condition
(ie, overweight/obese, hypertension, type 2 diabetes),
are engaged in EIMG by their healthcare team during an
ambulatory visit at the Prisma Health clinics participating
in EIMG. Front office or nursing staff capture patient
current PA levels via the physical activity vital sign (PAVS),
which is programmed into the electronic health records
(EHRs) to identify ‘eligible’ patients. This prompts a best
practice alert that the patient may qualify for EIMG. The
healthcare provider informs eligible patients about EIMG,
reviews risks and provides basic PA counselling (eg, using
EIM Rx for Health handouts™). The healthcare provider
then electronically completes an ‘EIMG Order Set’ that
includes patient referral to a Prisma Health EIMG nurse
navigator who reviews the patient’s EHR for initial eligi-
bility (see online supplemental file 1), contacts them via
telephone, confirms their interest and identifies their
preferred location and ability to pay (eg, scholarship
eligibility). The EIMG nurse navigator then electroni-
cally sends Health Insurance Portability and Account-
ability Act (HIPAA) compliant patient information to the
EIMG site coordinator at the patient’s preferred commu-
nity PA facility. EIMG site coordinators contact patients,
review logistic and financial needs and schedule them for
onboarding with an EIMG exercise professional (EIMG
Pro), who leads referred patients through a 12-week
evidence-informed PA programme over 1hour sessions,
two times per week.

From its launch in 2016, EIMG expanded to 18 Prisma
Health practices and six community PA facilities across
Greenville County by 2019. Over time, referral numbers
have been consistent within a clinic, demonstrating the
initial sustainability of the EIMG model. Despite the exis-
tence of a standardised framework for integrating EIM
in Prisma Health clinics, variability in EIMG adoption
and implementation fidelity has emerged over the initial
years of the EIMG programme, underscoring the need to
understand the contextual factors and processes at both
clinic-level and provider-level to enhance adoption and
implementation. This study will evaluate the adoption
and initial implementation of EIMG at Prisma Health

primary care clinics, which will generate vital informa-
tion on optimising the onboarding process, the referral
pathway and developing clinic-to-community linkages to
engage patients in the community-based PA programme
to inform subsequent dissemination in other health
systems.

Study aims

Primary aim

To determine differences in clinic-level and provider-level
adoption (ie, proportion and characteristics of clinics
that adopt and initiate use of EIMG), implementation (ie,
delivery fidelity) and reach (ie, number, proportion and
representativeness of patients) before and after EIMG
integration at newly adopting Prisma Health primary care
clinics.

Secondary aim 1

To assess contextual factors (recipient, context, inno-
vation and facilitation efforts) impacting the adoption
and implementation of EIMG at newly adopting Prisma
Health primary care clinics.

Secondary aim 2
To assess the effectiveness of participating in the evidence-
informed, 12-week PA programme at the community PA
facilities on patient health outcomes (ie, body weight,
blood pressure, haemoglobin Alc, lipid profiles) captured
in their EHRs.

METHODS AND ANALYSIS

Overview of study design

This pragmatic quasi-observational study, guided by the
RE-AIM and i-PARIHS frameworks, will examine the
adoption, implementation and reach of EIMG across
Prisma Health primary care clinics. Study activities
will commence in August 2023, participant enrolment
between September 2023 and August 2024, and data
cleaning, analysis and publication being completed by
May 2025. 20 novel (eg, not already participating) Prisma
Health primary care clinics will have the opportunity
to adopt EIMG beginning in August 2023. Adopting
clinics will receive a standardised instructional video
and have the EIMG referral process activated (phase I),
allowing providers to refer eligible patients to the 12-week
evidence-informed PA programme. In January 2024,
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Figure 3 Overall schematic study design. EIMG, Exercise is Medicine Greenville.

adopting clinics will receive in-depth, semi-tailored EIMG
onboard training (phase II). At adopting clinics, referral
rates of eligible patients will be tracked over a total of
8months (months 1-4 after instructional video, months
5-8 after semi-tailored, onboard training). A mixed-
methods approach will explore factors related to EIMG
adoption (eg, characteristics of adopting vs non-adopting
clinics and providers), implementation fidelity (eg,
clinic workflow, referral process), reach (ie, proportion
of eligible patients receiving a referral, characteristics of
referred vs non-referred patients) and patient enrolment
in evidence-informed PA programmes at participating
community PA facilities. See figure 3 for the overall sche-
matic study design.

Setting

This study will occur in Prisma Health primary care
clinics located in upstate South Carolina, USA. Prisma
Health consists of 18 hospitals with >2900 licensed
beds, >300 physician practice sites, reaching 1.2million
patients annually (220000 patients with Medicaid)
through a network of 4700 providers and 750 employee
health business partners. Prisma Health is committed to
the communities it serves within a 2I-county service area
with approximately 45% of South Carolina’s population
within 15min of a health facility. Prisma Health strives to
meet the quadruple aims of optimising patient experi-
ence, addressing population health, increasing the well-
being of the care team and reducing costs. Under this
mission, Prisma Health is committed to using informa-
tion gained through the evaluation of EIMG implemen-
tation in Prisma Health—Upstate primary care settings to
effectively scale the programme across remaining Upstate
clinics.

Primary care settings, as opposed to acute and urgent
care centres or specialty clinics, were selected for this
study. The primary care setting is often the first point of
contact (and sometimes the only point of contact) for
patient populations (eg, patients with diabetes, hyper-
tension, obesity) requiring primary and/or secondary
disease prevention, such as PA promotion and counsel-
ling. Primary care practices are tasked with providing
high quality care for patients on a long-term basis, many
of them with co-morbid conditions that could be posi-
tively impacted by greater PA levels. Further, the primary
care setting allows for the ongoing observation of the
trajectory of chronic diseases through multiple visits over
time.” Lastly, the patients seen in primary care settings
are representative of the surrounding population,
allowing for a greater examination of interventions that
reduce health disparities and improve health equity.

The department chairs of Internal and Family Medi-
cine at Prisma Health serve as co-medical directors on the
EIMG Advisory Board and provide consulting, clinical
interpretation of programme outcomes and communica-
tion on the growth and sustainability of the programme to
their respective departments. They will facilitate commu-
nication and recruitment of internal and family medicine
primary care clinics within Prisma Health during the
study to increase patient reach of participation.

Study eligibility

Our study population will consist of: (1) clinic staff at
participating Prisma Health primary care clinics and (2)
all patients eligible to receive an EIMG referral to partic-
ipate in the evidence-informed PA programme at local
community PA facilities.

Stoutenberg M, et al. BMJ Open 2025;15:€091556. doi:10.1136/bmjopen-2024-091556
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Table 1 Determining the proportion of patients eligible to

receive an EIMG referral
Definition Description

Numerator # of eligible » Determined via real-time
patients who patient workflow process
receive an in Prisma Health primary

EIMG referral care clinics participating
in the study.

Denominator # of patients  » Retrospective extraction

who were from the Prisma Health
eligible to have EHR.
received an » Determine eligible

EIMG referral patients based on ICD-10
inclusion criteria.

» Remove ineligible
patients based on ICD-10

exclusion criteria.

EHR, electronic health record; EIMG, Exercise is Medicine
Greenville; ICD-10, International Classification of Disease, Tenth
Revision.

Clinic level

As the unit of randomisation, 20 Prisma Health primary

care clinics that have not yet implemented EIMG will

have the opportunity to adopt EIMG. Eligibility criteria

for clinics to participate in the study include:

» Prisma Health primary care clinics (ie, family or
internal medicine) located in upstate South Carolina.

» Have not received EIMG onboarding or activation in
the past.

» Consist of at least two attending providers.

» Located 15 miles or less from a participating commu-
nity PA facility.

All potentially eligible Prisma Health primary care
clinics will be geographically coded to determine the
distance to the nearest participating community PA
facility. Clinics >15 miles from a participating PA facility
will be ineligible for study participation, as previous
research demonstrates that engagement in leisure time
PA and enrolment in fitness centres is negatively corre-
lated with distance to PA destinations.* *

Patient level

Adult patients (=18 years of age) will be deemed eligible

to receive an EIMG referral (criteria 1) and participate in

the study (criteria 2) as summarised below (see table 1).

1. Patient eligibility to receive an EIMG referral is deter-
mined in real time through the decision of healthcare
providers at adopting Prisma Health primary care clin-
ics through a series of steps integrated in the patient
workflow process. During EIMG onboard training,
healthcare providers receive guidance on general eli-
gibility criteria; however, the final decision on the pro-
vision of an EIMG referral is at the discretion of the
provider. Once the provider has deemed that a patient
will benefit from participating in a PA programme as
an appropriate part of their patient care programme,

they initiate the EIMG referral process. The following

must be completed by the provider or another mem-

ber of the clinic staff:

a. Completing the PAVS.

b. Completing a Risk Severity Assessment to ensure
that participating in an exercise training programme
will be safe and appropriate for their patients.

c. Uploading the consent and release of information
forms signed by the patient (either electronically
or written) to allow the transfer of limited HIPAA-
protected patient health information to the site co-
ordinator at the community PA facility.

If patients do not meet or have all three of these
steps completed, they will be considered ineligible
to continue with the EIMG referral process. The
EIMG referral is then electronically sent to the
EIMG nurse navigator, who checks for complete-
ness, ensures patient eligibility to participate in the
PA programme and contacts referring clinicians
for any missing information or to clarify safety
concerns. Patients receiving an EIMG referral will
have the opportunity to enrol in the community-
based PA programmes and will be considered as
the numerator in our ‘reach’ calculations.

2. After the study period, we will identify adult patients
who should have received an EIMG referral (wheth-
er they received one or not) at participating clinics
through retrospective data extraction from the Prisma
Health EHR applying the following criteria that have
been developed a priori. This broader sample of pa-
tients who were eligible for an EIMG referral will be
considered as the denominator in our ‘reach’ calcula-
tions. The process of retrospective identifying poten-
tially eligible patients is described in the subsection
‘Exclusion criteria for EHR data extraction’.

Inclusion criteria for EHR data extraction

As part of the study protocol, a list of International Clas-
sification of Disease, Tenth Revision (ICD-10) codes will
be developed via expert consensus to identify all patients
who were potentially eligible for an EIMG referral. The
inclusion criteria will be based on priority health condi-
tions identified by Prisma Health leadership in partner-
ship with the EIMG Advisory Board. These criteria will
be emphasised in the EIMG introductory video and the
EIMG onboard training with adopting clinics to guide
providers in identifying eligible patients. Broadly, these
conditions include patients who are: (1) physically inac-
tive, and/or who have (2) obesity, (3) diabetes, (4) hyper-
tension or (5) dyslipidaemia. The list of ICD-10 codes was
first selected by the research team and later verified by
the EIMG Advisory Board and a sample of Prisma Health
primary care clinicians not involved in the research study.

Exclusion criteria for EHR data extraction

A list of ICD-10 codes will be developed to exclude
potentially eligible patients during the final EHR data
extraction who may meet the inclusion criteria, but for

Stoutenberg M, et al. BMJ Open 2025;15:6091556. doi:10.1136/bmjopen-2024-091556

5



Version of Record at: https://doi.org/10.1136/bmjopen-2024-091556

whom an EIMG referral is not appropriate. Patients
seeking medical assistance with any of these criteria will
be deemed ineligible to receive an EIMG referral and
removed from the denominator during implementation,
reach and effectiveness analyses. The list of exclusionary
criteria will be developed through a multistep process
that includes searching published, existing tools for PA
contraindications and seeking input from a representa-
tive sample of primary care and sports medicine physi-
cians to develop a final list of ICD-10 codes to serve as
exclusionary criteria for which an EIMG referral is either
inappropriate or contraindicated.

The inclusion/exclusion criteria for EHR data
extraction will be completed during the study period,
prior to EHR data extraction, which will occur after the
end of phase II.

Intervention

Phase 0—initial EIMG adoption

The initial ‘phase’ of this study will involve a three-step
approach inviting all eligible Prisma Health primary
care clinics to adopt EIMG. First, practice managers and
physicians at eligible clinics will receive an email intro-
ducing EIMG and how adopting it may benefit their
clinic, as well as a link to the EIMG website. Physicians
who respond to the initial email will be encouraged to
reach out to their practice manager to be jointly involved
in the EIMG adoption process. The practice managers
were chosen as the focal point in the adoption process as
they are most likely to broadly disseminate information
and materials to the entire clinic staff. Practice managers
at non-responsive clinics will receive two follow-up emails,
spaced 1 week apart. If a practice manager expresses that
their clinic is not interested in adopting EIMG, the clinic
will be considered a ‘non-adopter’. Practice managers
who express interest in adopting EIMG will be invited to a
brief introductory meeting, during which the study coor-
dinator will provide an overview of the adoption process
(phases I and II), discuss the EIMG introductory video,
the timeline for its dissemination and EIMG activation
at the clinic, explain the optional research components
accompanying EIMG adoption and answer any questions.

Phase |—EIMG instructional video

Phase I will start with disseminating the EIMG instruc-
tional video to adopting clinics, followed by EIMG acti-
vation. The EIMG instructional video is intended to be
a light touch strategy, similar to the current standard of
practice in Prisma Health, for disseminating information
and introducing new programmes into clinical prac-
tice. The EIMG instructional video is a brief (approxi-
mately 12min), voice-over PowerPoint presentation that
provides information on: (a) the origins of EIMG, (b)
the 12-week, community-based PA programme, (c) initial
patient effectiveness results and (d) process for placing
an EIMG referral. The EIMG instructional video will be
sent to the practice managers at EIMG-adopting clinics
for broader dissemination to all clinic staff. After delivery

of the video, access to the EIMG referral process in the
EHR will be ‘turned on’ (EIMG activation) allowing clinic
staff to electronically identify and refer eligible patients.
Due to current information technology configurations at
Prisma Health, the EIMG activation in the EHR occurs at
a clinic level, providing access to all healthcare providers
in that clinic once they have received the EIMG intro-
ductory video. From previous experience, most providers
will be either unaware or unable to complete the EIMG
patient referral process without first viewing the EIMG
introductory video.

Phase Il—EIMG onboard training

Phase II will consist of an in-depth EIMG onboard training
(eg, initial external facilitation) that will take place with
EIMG-adopting primary clinics. The EIMG onboard
training will be scheduled in collaboration with the clinic
practice manager at a time most convenient for the clinic
staff. The scheduling of the EIMG onboard training will
occur during the second half of month 4, with trainings
taking place during the first half of month 5. The training
will follow an established, semistructured protocol that
has been iteratively developed and refined from lessons
learnt through the onboarding of previous EIMG clinics.
The standardised yet flexible and adaptable training will
be targeted to practice managers, physicians, nurses and
front-office staff at clinics. The training will include a
review of the EIMG Clinical Education Workflow, a break-
down of responsibilities for each part of the EIMG process
(ie, conducting the PAVS, obtaining the consent and
release of information forms) and completing the risk
severity assessment. Strategies used in the EIMG onboard
training will be mapped to implementation strategies
compiled as a part of the Expert Recommendations for
Implementing Change.**

Data collection and outcomes
An overall summary of the data collection plan, outcomes
and timeline can be found in online supplemental file
2. This study will examine the adoption, implementa-
tion and effectiveness across three different groups of
individuals:
» Practice managers at Prisma Health primary care
clinics that are eligible to adopt EIMG.
» Clinic staff at Prisma Health primary care clinics
implementing EIMG.
» Patients at primary care clinics that receive an EIMG
referral.
All individuals who agree to participate in research
activities will go through an informed consent process.

Adoption—<clinic level

The adoption of EIMG at eligible Prisma Health primary
care clinics will be examined through two strategies. First,
we will compare key characteristics (eg, proximity to the
PA facilities, number of patient clinic visits, patient insur-
ance distribution, number and type of providers) between
adopting and non-adopting clinics. Second, at the end
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of the first month of Phase I, we will conduct semistruc-
tured, individual interviews with practice managers from
Prisma Health primary care clinics, regardless of whether
their clinic decided to adopt EIMG. The development of
the interview script will be guided by the i-PAHRIS frame-
work.” To maximise the engagement of clinic managers,
particularly those from non-adopting clinics, we will
develop operating procedures (eg, number and types of
communications, support of Prisma Health leadership)
to maximise participation and anticipate challenges
engaging clinic managers, particularly at non-adopting
clinics.

Adoption and implementation—provider level

Two assessments will be used to examine contextual
factors influencing the adoption and implementation of
EIMG by clinic staff. First, we will conduct the Organi-
sational Readiness to Change Assessment (ORCA),
which operationalises constructs defined in the original
PARIHS framework to measure organisational readiness
to change in clinic settings.” The ORCA consists of three
major scales that measure the strength of evidence for the
proposed innovation, organisational support for change
and organisational capacity to facilitate the change. In
previous work, we adapted and pilot-tested the ORCA
as an online questionnaire with Prisma Health primary
care clinics to assess contextual factors related to EIMG
implementation. In the current study, we will conduct the
ORCA as an online questionnaire with a representative
sample of clinic staff from each clinic after the dissemina-
tion of the EIMG instructional video (month 2) and again
after the EIMG onboard training (month 6). We will also
conduct brief (~30min), semistructured interviews with
clinic staff to gain a more nuanced understanding of
EIMG adoption and implementation within each clinic
by the providers and staff. The interview scripts will be
mapped to the i-PAHRIS framework®™ and structured
to complement data gained through the ORCA. We
will attempt to conduct interviews with a representative
sample of staff (eg, administrative staff, two clinicians)
at one time point, approximately 2-3 months after the
EIMG onboard training (months 7-8). Similar to the
recruitment of clinic managers at non-adopting clinics,
we will develop operating procedures for the recruitment
of clinic staff and healthcare providers, with a focus on the
recruitment of healthcare providers who do not individ-
ually adopt the EIMG referral process with their patients.

Evaluating the effectiveness of the 12-week, community-based PA
program

Changes in patient PA levels will be evaluated through
two strategies. First, patients will be screened for their
PA levels during clinic visits using the PAVS. Patients
who enrol in the 12-week PA programme will continue
to complete the PAVS (to ensure consistency of assess-
ment) at baseline (week 1), midpoint (week 6), conclu-
sion (week 12) and 12 weeks after the completion of the
PA programme by the EIMG Pros. As a secondary data

source, we will extract patient PAVS data from the Prisma

Health EHR. We will use this data to monitor patient

PA levels prior to receiving the EIMG referral through

6 months after completing the PA programme.

Changes in patient health outcomes will be evaluated
using primary data (eg, body weight, blood pressure,
haemoglobin Alc, lipid profiles) extracted from the
Prisma Health EHR to allow comparisons between eligible
patients who received an EIMG referral and participated
in the PA programme and eligible patients who do not
receive an EIMG referral. Disease incidence, burden and
complications (ie, the Charlson Comorbidity Index) will
be calculated from extracted data.

Individual surveys with patients will be conducted,
based on the COM-B (Capability, Opportunity, Motiva-
tion—Behaviour) framework, with patients receiving an
EIMG referral. Patients from each of the following three
categories will be interviewed:

1. Patients who received a referral from their provider,
but chose not to enrol in the evidence-informed PA
programme, will be queried about their awareness of
and reasons for not enrolling (ie, perceived challenges
to participation).

2. Patients who received a referral and enrolled, but
dropped out of the evidence-informed PA programme,
will be asked about their perceptions of and satisfac-
tion with the programme, motivations for enrolling
and reasons for discontinuation.

3. Patients who enrol and complete the programme will
be queried about their motivations for enrolling, per-
ceptions of and satisfaction with the programme, and
challenges encountered.

Similar to the recruitment of clinic managers at non-
adopting clinics and non-adopting healthcare providers,
we will develop operating procedures for recruiting
patients from each of these three sections with a focus
on patients who do not enrol in the PA programme and
those who enrol, but drop out of the PA programme.

Wherever possible, responses from the patient surveys
will be linked to EIMG implementation strategies, such as
clarifying steps for additional support and improvements
to provider-patient interactions. We will contact and
invite all patients to participate in the individual inter-
views who received an EIMG referral during both Phase I
(EIMG introductory video) and Phase II (EIMG onboard
training).

Patient and public involvement

The EIMG programme has been iteratively refined since
2017 through the participation and feedback of Prisma
Health clinical staff. Additionally, the EIMG programme
is guided by an advisory board consisting of health
system leadership, department chairs and representatives
from the community PA facilities. For this study, which
focuses on the adoption and implementation of EIMG
into primary healthcare clinics, clinic staff (eg, clinic
managers), nurses, physicians and health system adminis-
trators were involved in all steps of the study design.
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Statistical analyses

Analysis of primary aim

Clinic level nominal characteristics will be summarised
as count and proportion; quantitative characteristics
(eg, patient census, provider census) will be summarised
as using the median and IQR. Patient level data will be
summarised monthly by clinic using count and propor-
tions for categorical data and mean (SD) or median
(IQR) as appropriate. Clinic level characteristics will be
compared between adopting and non-adopting clinics to
look for indicators that may be leveraged to improve the
adoption of EIMG into the patient care workflow. Simi-
larly, there may be providers within participating clinics
that choose not to adopt EIMG (refer eligible patients to
the PA programme); characteristics of the providers will
be compared with look for ways to improve EIMG referral
adoption and implementation.

The primary endpoint will be analysed on an intent-
to-treat basis. This means that clinics will be analysed
according to their agreement to adopt regardless of their
subsequent participation. For analyses at the patient level,
patients within EIMG-adopting clinics who receive refer-
rals will be analysed as EIMG participants regardless of
their subsequent actions/participation. Referred patients
will be considered as part of the ‘EIMG group’ even
though they may not be perfectly compliant or follow the
prescribed dose of exercise in the PA programme.

The effect of EIMG on outcomes for overall reach
will be analysed using generalised linear mixed models
(GLMM). The use of the GLMM accounts for the vari-
ability between clinics (random intercept) and the
random effect of time within each clinic. The right-hand
side of the model will have the same form. The left-hand
side of the model may require the use of different link
functions. Our experimental units are the clinics them-
selves with the observational units being the EIMG
eligible patients nested within each clinic. The analytical
models will have the following form:

g(Y ) _ (/BO + MOi) + B1EIMG; + (52 + ,u%) X;
) =
ij +(Bs +ps) T+ (Ba + pajr) EIMG Ty + e

The subscripts ¢, j and k refer to clinic, EIMG status
and time (monthly), respectively. Yy, is the clinic level
outcome measure; g(Yljk) is the link function; By is the
mean response across clinics; f; is the effect of EIMG;
B9 is the mean effect of clinic level covariates controlling
for EIMG status; 33 is the effect of time; 4 is the effect
of the interaction between EIMG status and time. The
remaining terms in the model represent random varia-
bility and are assumed to have an expected value of 0
and associated non-zero variance. Specifically, g, is the
uncertainty term for the intercepts between clusters; po;
is the uncertainty term for clinic level covariate slopes
between clusters; pgy is the uncertainty term for the
effect of time; pq% is the uncertainty term for EIMG by
time interaction between clusters and e is the unex-
plained residual.

—e— Step, Constant Time Effect
—4— Step, Accelerated Time Effect

Referral Rate

EIMG Instructional Video EIMG Onboarding

Time (mths) within EIMG status

Figure 4 Referral rate profiles considered in sample size
analysis. EIMG, Exercise is Medicine Greenville.

Rationale for sample size and statistical power

Sample size was established via simulation in R V.4.2.3
(R Core Team, 2023) using preliminary data from clinics
participating in a pilot study. This analysis is based on a
within clinics, repeated measures design with two levels of
EIMG exposure: instructional video and onboard training.
The outcomes (eg, referral rates) will be measured four
times (once per month) under each level of EIMG, for a
total of eight observations per outcome per clinic. Two
marginal referral rate profiles were considered in deter-
mining the sample size: a step effect of EIMG onboarding
with parallel time effect (main effects model) and a step
plus accelerated time effect. A generic plot showing the
two marginal rate profiles considered is presented in
figure 4.

Pilot data from 12 previously onboarded EIMG-clinics
indicated that the marginal referral rate (reach with
eligible patients) prior to onboarding to EIMG was
approximately 0.01 (unpublished data). The following
assumptions were then made for both referral rate
profiles. The SD for the random effect of clinic, and
random deviation is 0.01, the significance level for each
comparison is 0.05. For the step with constant time effect,
it was assumed that there was a linear change from 0.001
to 0.01 over the 4months following the EIMG instruc-
tional video, a step-jump of 0.02, followed by a linear and
parallel time effect achieving 0.04 (4%) referral rate at 8
months. For the step with accelerated time effect profile,
the profile for the first 4 months was assumed to be the
same as for EIMG instructional video with a step-jump
of 0.01 followed by a linear increase to 0.04. Simulations
(n=100) under each profile were conducted to compute
asingle empirical power, this was repeated 100 times. The
power reported corresponds to the minimum empirical
power observed. For a step with constant time effect, a
total of 10 clinics are needed to achieve a power of 92% to
detect the EIMG onboarding effect of 0.02. For the step
plus accelerated time effect profile, a total of 20 clinics
achieves 78% power to detect the time by EIMG status
interaction when using a significance level of 0.05. 10
clinics provide 40% power to detect the step plus acceler-
ated time effect profile.
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Analyses of secondary aim

Effectiveness is the degree to which participating in the
evidence-informed PA programmes improves patient PA
levels and health outcomes (ie, changes in cardiometa-
bolic biometric values). Primary data for assessing effec-
tiveness will be extracted from the Prisma Health EHR
to allow comparisons between patients who are engaged
in EIMG and participate in the evidence-informed PA
programmes and patients who do not participate (either
those who are not engaged in EIMG by their providers or
those who choose not to participate). Disease incidence,
burden and complications (ie, the Charlson Comorbidity
Index) may also be calculated from data captured in the
EHR. Secondary assessment of patient-level effectiveness
(eg, blood pressure, blood glucose, cholesterol concen-
trations) will be collected by the EIMG Ex Pros at the
community PA facilities for EIMG-referred patients who
consented to participate in the research study.

Analysis of qualitative data

A rigorous approach will be employed in the analysis
of the qualitative data. Open-ended responses will be
uploaded to a qualitative software programme (eg,
Dedoose) to create and apply codes to textual data,
write analytic memos and conduct analyses by question
and respondent. Individual responses will be analysed as
follows: responses will be reviewed to develop an initial
coding scheme for each question. Codes will be devel-
oped deductively from the questions posed and induc-
tively from responses.”® As new codes emerge, they will
be incorporated into the schemes for each question. A
coding manual with definitions for each code will ensure
high levels of intercoder reliability (>80%) are achieved
throughout the coding process.37 % Disagreements in the
application of codes will be resolved by a third member of
the research team. The analyses will catalogue facilitators,
barriers and challenges to EIMG implementation in each
phase, as well as strategies for overcoming those barriers.

Poolability of data

We intend to perform the primary treatment effect anal-
ysis by pooling data from all clinics. It is possible that
the treatment effect will differ across clinics, and this
will be investigated. We will fit a model with site by treat-
ment interaction and if significant (at 0.05 level), we will
present treatment effects by clinic. Although the study
is not powered for the detection of different treatment
effects across clinics, this analysis will provide insight into
possible varied treatment effects across sites or reassure
that data can reasonably be pooled over sites with respect
to the treatment effect.

ETHICS AND DISSEMINATION

We received ethical approval to conduct this study from
the Prisma Health Institutioanl Review Board (IRB)
Committee A (#1963762). All requirements related to
obtaining IRB review and approval, as well as informed

consent, will be met. Written informed consent will be
obtained from each study participant using the local
IRB-approved informed consent form (see online
supplemental file 3). Appropriate research personnel
will explain all aspects of the study to each participant,
answering all questions and ensuring that all basic
elements of the informed consent process are covered.
All study personnel will be required to complete Human
Subject Protection, Good Clinical Practice and HIPAA
training (as applicable) and will be instructed to act
under those guidelines at all times when working with
participants, participant data or protected participant
health information.

Defining EIMG research participants

EIMG (the process of identifying and referring patients to
the community-based PA programme) is part of a clinical
workflow process that is not considered a part of the research
study. The research study itself consists of gathering data
from surveys, conducting individual interviews with clinic
staff and patients who have been referred to EIMG and evalu-
ating the effectiveness of the PA programme (using data that
are already collected in the EHR or through the community-
based PA programme). There will be minimal risk to the
participants with study activities, and all available measures
will be taken to protect the privacy of participant responses.
Patients enrolling in the community-based PA programme
will have the option of participating in the research study via
the informed consent process. Those who do not consent to
participate in the study will be provided with the same oppor-
tunity to enrol and complete the PA programme as patients
who do consent to participate in the research study.

The informed consent process

Prior to consenting to participate in the study, a copy
of the informed consent will be mailed or emailed (as
appropriate) to prospective participants to review ahead
of the consent process and to keep as a reference. At a
scheduled study meeting, a member of the research
staff will explain the study to the potential participant,
reviewing all sections of the informed consent in detail
and answering any of the participant’s questions. During
the informed consent process, details of the study will
be explained, including participant burden, potential
risks and benefits, names and contact information for
the study prinicipal investigators and other local individ-
uals (ie, IRB staff) who can be contacted for additional
study details. There will be no coercion to participate or
prejudice against those who choose not to take part in
the study, and potential participants will be encouraged
to ask any questions they have regarding study proce-
dures. Informed consent will be obtained prior to any
data collection. Proxy consent will not be accepted as we
anticipate that all individuals eligible to participate in the
study will be able to provide their own informed consent.

Verbal informed consent
Individuals conducting virtual study activities (ie, tele-
phone or virtual interviews) will be asked to provide
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their verbal consent to participate in the study. The
research team member will follow the same informed
consent process as with the written informed consent
process. However, the participant will not be asked to sign
a consent form, only to verbally agree to participate in
the study after the informed consent process. The final
page of the informed consent form will have a page for
documentation of verbal consent that the research team
member will check off (if provided) and date.

Participant remuneration

Participants (practice managers, clinic staff, and patients)
will receive monetary remuneration (gift cards) for partic-
ipating in the individual interviews to compensate them
for their time, travel and burden of participation. Recruit-
ment materials will mention that both adopting and non-
adopting clinic managers and healthcare providers are
eligible to participate in the study and receive remuner-
ation for their efforts. Clinic staff will not be compen-
sated for completing the online ORCA questionnaire and
patients will not be compensated for participating in the
12-week, community-based PA programme or any of the
programme assessments.

Data management and access

Data monitoring and the data management plans for
the study can be found in sections 15.9 (Data Safety and
Monitoring Board) and 16.0 (Data Management and
Procedures) of the study protocol located in the Clini-
calTrials.gov registry. The data sharing plan was directly
entered into a field within our protocol registry within
ClinicalTrials.gov.

Participant confidentiality

Information on how participant data will be collected,
shared and maintained to protect their confidentiality
can be found in sections 15.7 (Participant Confiden-
tiality/Privacy) and 15.8 (Confidentiality Breach) of
the study protocol located in the ClinicalTrials.gov
registry.

Protocol registration and amendments

This trial was registered with ClinicalTrials.gov. Any modi-
fications to the study protocol and/or materials will be
shared with the entire research team and subsequently
updated in the trial registration in ClinicalTrials.gov.

Dissemination of study findings

In addition to traditional routes of disseminating
study findings (eg, publication, conference presenta-
tions), findings from this study will be disseminated
more broadly through several methods. Study find-
ings will be shared with Prisma Health leadership
(eg, the Chief Scientific Officer, department chairs),
participating clinics (via clinic managers) and the
EIMG Advisory Board Team. Further, findings will be
shared with the leadership of YMCA of Greenville (eg,
the CEO) and the USC SOM Greenville (eg, Dean).
Finally, we will share study findings with the US Center

for Disease Control and Prevention for dissemination
through their website, newsletters and outreach activ-
ities (eg, county grantees).

DISCUSSION

The completion of this study and achievement of our
study aims have the potential to significantly advance
understanding of how to optimally integrate a PA referral
pathway into clinical settings involving the prescription,
referral and engagement of patients in community-based
PA programmes. It will also advance dissemination and
implementation science by providing information on
factors that are more likely to lead to successful adop-
tion, implementation and reach. Finally, this study will
enhance the operationalisation of future, large-scale PA
models in health systems that have diverse policies, prac-
tices, and patients.

Strengths and limitations

The strengths of this study come from the real-world
implementation and dissemination of a PA referral
pathway in a major US health system using dissem-
ination and implementation science models and
methods. The referral pathway is not a research arte-
fact depending on grant funding, but an accepted
standard of patient care in the Prisma Health system.
This study will explore, as part of a natural experi-
ment, the dissemination, adoption (or non-adoption)
and implementation of EIMG by additional Prisma
Health primary care clinics. Further, we will use a
stepped approach to examine the level of effort neces-
sary to fully onboard and engage clinics and providers
in referring their eligible patients, comparing a
‘light touch’ (eg, dissemination via a brief introduc-
tory video) onboarding to a subsequent more time-
intensive, real-time onboarding. A limitation of this
work is that the research team has no control over how
many clinics and providers will choose to adopt and
implement the EIMG model. We expect challenges
engaging non-adopting clinic managers, medical staff
and healthcare providers, limiting insight into the
barriers and challenges faced by clinics and practi-
tioners in greatest need of implementing the EIMG
model. Further, as currently designed, we are unable
to link healthcare provider engagement with the
EIMG introductory video or participation at the EIMG
onboard training with their ability to provide their
patients with EIMG referrals.

Dissemination and implementation of study findings

Study findings and resources will be made available
to health systems for broad scale-up with the goal of
increasing patient engagement in community-based
PA programmes as an extension of healthcare systems.
Finally, the achievement of our study aims will provide
an economic evaluation that has the potential to impact
coverage decisions made by insurance companies and
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adoption/implementation decisions made by health
systems when determining the design and uptake of clin-
ical/community health promotion programmes.
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