'Department of Medicine, Division
of General Internal Medicine,
University of Colorado (CU) School
of Medicine, Aurora, CO 80045,
USA

’CU Ludeman Family Center for
Women'’s Health Research, Aurora,
CO, USA

*CU Adult and Child Consortium of
Outcomes Research and Delivery
Scienc, Aurora, CO, USA

“CU Division of Endocrinology,
Aurora, CO, USA

°CU Department of Family
Medicine, Aurora, CO, USA

®University of Texas, MD Anderson
Cancer Center, Department of
Social and Behavioral Sciences,
Houston, TX, USA

"Colorado School of Public Health,
Department of Biostatistics,
Aurora, CO, USA

¥CU Physical Therapy Program,
Aurora, CO, USA

°Rocky Mountain Regional VAMC,
Geriatric Research Education and
Clinical Center (GRECC), Aurora,
CO, USA

"Rocky Mountain Regional VAMC,
Division of Endocrinology, Aurora,
CO, USA

“Klein-Buendel, Inc. (Retired Senior
Scientist Emeritus), Golden, CO,
USA

*Equally contributed to this study.

Correspondence to:
A Huebschmann, amy.
huebschmann@ucdenver.edu

Cite this as: TBM 2022;12:601-610
https:/doi.org/10.1093/tbm/ibac014

© Society of Behavioral Medicine
2022. Allrights reserved. For permis-
sions, please e-mail: journals.permis-
sions@oup.com.

TBM

Integrating a physical activity coaching intervention into
diabetes care: a mixed-methods evaluation of a pilot

pragmatic trial

Amy G. Huebschmann,"*> Russell E. Glasgow, > lan M. Leavitt,” Kristi Chapman,' John D. Rice,”
Steven Lockhart,” Jennifer E. Stevens-Lapsley,®” Jane E.B. Reusch,”*** Andrea L. Dunn,™*

Judith G. Regensteiner,"**

Abstract

Physical activity (PA) counseling is under-utilized in primary
care for patients with type 2 diabetes mellitus (T2D), despite
improving important health outcomes, including physical
function. We adapted evidence-based PA counseling programs
to primary care patients, staff, and leader’s needs, resulting in
“Be ACTIVE” comprised of shared PA tracker data (FitBit®©),
six theory-informed PA coaching calls, and three in-person
clinician visits. In a pilot randomized pragmatic trial, we
evaluated the feasibility, acceptability, and effectiveness of Be
ACTIVE. Sedentary patients with T2D were randomized to Be
ACTIVE versus an enhanced control condition. Mixed methods
assessments of feasibility and acceptability included costs.
Objective pilot effectiveness outcomes included PA (primary
outcome, accelerometer steps/week), the Short Physical
Performance Battery (SPPB) physical function measure, and
behavioral PA predictors. Fifty patients were randomized to

Be ACTIVE or control condition. Acceptability was >90% for
patients and clinic staff. Coaching and PA tracking costs of
~$90/patient met Medicare reimbursement criteria. Pre—post
PA increased by ~11% (Be ACTIVE) and ~6% in controls (group
difference: 1574 + 4391 steps/week, p=.72). As compared
to controls, Be ACTIVE participants significantly improved SPPB
(0.9+£0.3vs.-0.1 +0.3, p=.01, changes »0.5 points prevent
falls clinically), and PA predictors of self-efficacy (p=.02) and
social-environmental support (p <.01). In this pilot trial, Be
ACTIVE was feasible and highly acceptable to stakeholders and
yielded significant improvements in objective physical function
consistent with lower fall risk, whereas PA changes were less
than anticipated. Be ACTIVE may need additional adaptation or
a longer duration to improve PA outcomes.
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BACKGROUND

People with type 2 diabetes (T2D) have much lower
rates of physical activity (PA) than the general popu-
lation [1-3]. This is a serious health problem because
insufficient PA is closely associated with premature
mortality, physical disability, and decreased quality
of life [1-3]. A recent national report showed that
40% of women and 25% of men with T2D experience
major impairments in physical function that are a

Implications

Practice: This study is proof of concept that a
pragmatic physical activity (PA) coaching pro-
gram, such as Be ACTIVE, can be delivered in
primary care in a way that is acceptable to pa-
tients with diabetes, clinicians and clinic staff,
that is reimbursable by Medicare, and that im-
proves clinically important measures of physical
function.

Policy: As health systems consider further how
to efficiently improve health outcomes for pa-
tients with diabetes and other chronic diseases,
it is important to consider the relative benefits,
costs, and insurance reimbursement options for
implementing PA coaching programs such as
Be ACTIVE.

Research: Our findings from developing and
testing Be ACTIVE with primary care program
end-users identified salient priorities that would
be relevant to others seeking to implement behav-
ioral interventions in primary care: attention to
efficient fit with clinic staff work flow, implemen-
tation costs, and reimbursement options (clinics/
staff), and patientreported outcomes such as
physical function.

Lay Summary

We report results from a pragmatic and behav-
ioral theory-based physical activity (PA) coaching
program, termed “Be ACTIVE,” for patients with
type 2 diabetes that was designed to improve PA
and function for patients and to be reimbursable
and feasible for primary care teams. As com-
pared to those who did not receive coaching,
patients who received Be ACTIVE had physical
function improvements that lowered their risk
of falls. Be ACTIVE was delivered with fidelity
and was highly acceptable to the key primary
care stakeholders of patients, clinic staff coaches,
and clinicians. Patients particularly liked the
focus on setting goals to do enjoyable activities,
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the accountability of wearing a PA monitor, and
the support of their coach. Clinical care profes-
sionals felt that their role of encouraging behavior
change (coach) and safety monitoring (clinician)
aligned well with their clinical expertise, and was
professionally rewarding. Coaches felt the pro-
gram helped them guide many patients to over-
come preexisting negative perceptions of PA and
develop intrinsic motivations to be active. The
costs of clinic coach time and PA tracker rental
needed to deliver the 12-week program could be
reimbursed by the Medicare Chronic Disease
Management programs, albeit with a patient
co-payment required.

barrier to increasing PA [3]. Common comorbidities
include osteoarthritis and peripheral neuropathy
that make walking painful and increase the risk of
falls [3—5]. Thus, it is difficult for patients with T2D
to form new PA habits without a formal PA behav-
ioral intervention [6, 7]. Prior PA behavioral inter-
ventions delivered in health systems have been too
time and resource-intensive to be practically sus-
tained in clinical practices [7]. Evidence-based PA
interventions are needed that are feasible, replic-
able, and effective.

Our recent systematic review identified several ef-
fective PA counseling programs delivered in health
systems that improved PA for adults with T2D and
that were highly pragmatic for real-world use—here-
after termed “pragmatic evidence-based programs
(EBPs)” [7]. However, our review found that even
pragmatic EBPs were rarely sustained after grant
funding ceased, thussignifying a pressing need for im-
plementation strategies to address feasibility, costs,
and financial reimbursement [7]. So, a key question
emerged from our review: how can pragmatic EBPs
be adapted to work in real-world primary care? Our
overarching purposes in this study were to develop
a PA coaching intervention (Be ACTIVE) to be feas-
ible and acceptable for the primary care setting, to
yield clinically important improvements in PA and
physical function, and to report the pilot effective-
ness and implementation outcomes from testing Be
ACTIVE in a pilot pragmatic trial.

METHODS

Rationale for the Be ACTIVE Intervention package

To develop Be ACTIVE, our research team first
identified common intervention elements of the
pragmatic EBPs identified in our systematic review
[7], and then engaged stakeholders of primary care
staff and patients to adapt the way these intervention
elements were delivered to fit their needs. This is
in keeping with the recommendations of standard
implementation science process models to adapt
the implementation delivery methods (also termed
“implementation strategies”) to the stakeholders’

context [8]. First, we identified common behav-
ioral change techniques [9] among these pragmatic
EBPs that aligned with multiple behavioral theories
[10-12]: goal-setting compatible with intrinsic mo-
tives to select enjoyable forms of PA, self-monitoring
with PA tracking devices, accountability from
others/coaches monitoring with patients’ awareness,
problem-solving and social support. Next, we identi-
fied common pragmatic delivery approaches among
these pragmatic EBPs that tailored delivery to the
busy primary care context, including the use of PA
counseling checklists to promote efficiency. We
then used an applied approach to obtain feedback
on these delivery approaches from program end-
users; we obtained input from clinic staff coaches
and clinicians during their intervention materials
use training. In addition, five patients provided
input as the principal investigator beta-tested the
intervention coaching scripts with them. In addition
to informing our program delivery, this process also
identified key outcomes that were important to our
stakeholders: costs of implementation (staff), insur-
ance reimbursement (staff), and physical function
improvements (patients).

Core elements of the Be ACTIVE Intervention package

The result of this stakeholder-engaged interven-
tion development and planning process yielded
our new “Be ACTIVE” intervention package. We
depict the core Be ACTIVE intervention elements
and core implementation strategies in Fig. 1, and
briefly summarize here from the perspective of a
clinic’s organizational capacity: (1) to prepare for
the PA coaching role, existing clinic staff members
received brief training in motivational interviewing;
(2) a trained clinic staff coach delivered six phone
calls to each enrolled patient with a PA behavior
change theme drawn from the evidence-based
Active Living Every Day program (see Fig. 1) [13];
(3) in each phone call, coaches also used the core
behavior change techniques [9] identified from our
systematic review (i.e., goal-setting, self-monitoring,
accountability from others’ monitoring with aware-
ness, problem-solving, and social support); (4)
coaches used a checklist embedded in the electronic
health record to efficiently prompt their behavioral
coaching approach; (5) each patient received a PA
tracker device (FitBit©) to track aerobic PA, and
a workbook with a PA log to track their PA goals
and actual PA; (6) an existing primary care clinician
supervised the intervention safety during 3 monthly
visits, as patients with T2D are at risk for injury with
exercise.

Study design: pilot pragmatic trial

In the pilot trial, consented participants were block-
randomized in a 1:1 fashion to Be ACTIVE versus
an enhanced control condition for a 12-week inter-
vention period. We used randomization blocks of
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Intervention Content
* Physical Activity (PA) tracking/accountability
« use of PA tracker (FitBit©) to upload step data to
coach
* PA paper log for resistance exercise and other PA data
¢ PA coaching to identify PA motives and set PA goals (six bi-
weekly calls over 12 weeks) by a clinic staff member
¢ Three in-person monthly primary care visits with clinician
to ensure safety and teach resistance exercises to patients
* Intervention resource binder for patients, including PA log,
pictures demonstrating resistance exercises tracked in calls
4-6, and PA topics for each call:
* Call 1: “Ready, Set, Go”: Identifying personal motives
for PA
¢ Call 2: Weighing pros and cons for PA
« Call 3: Engaging social support for PA
* Call 4: Simple high-intensity interval training
¢ Call 5: Use of PA reminders/rewards
¢ Call 6: Relapse management/prevention
* Resistance exercise illustrations include: repeated chair
rise, side step-ups using stairs, calf raise

Implementation Strategies

* Tailoring strategies to clinic context

* Initial training of clinic staff coach in motivational
interviewing followed by “train-the-trainer” strategy
for new staff

» Staff support to deliver with fidelity - embedding
counseling and safety monitoring into electronic
health record “template” notes that are easy to
access and document with a few keystrokes

* Technical assistance to support patients to share PA
tracker data between patients and coaches

* Revising professional roles — population health staff
take on PA counseling role based on priority to
provide outreach to patients with unmet clinical
goals; clinician champion supervises safety of program

* Financial reimbursement strategies — structuring the
frequency and length of visits for staff/clinicians
delivering Be ACTIVE to allow future reimbursement
by Medicare Chronic Care Management or other
insurers’ care management programs.

Fig. 1 | Summary of the Be ACTIVE Intervention content and implemented strategy tested.

n = 4 across 2 age strata (age 50-64; age 65-80) and
gender (male/female), to minimize intervention se-
lection bias by age or gender. The details of the Be
ACTIVE intervention are shown in Fig. 1, including
6 bi-weekly coaching calls from an existing clinic
staff coach and 3 monthly in-person visits with a
clinician. Individuals randomized to the enhanced
control condition received printed educational ma-
terials included the prevailing US PA guidelines
at that time [14] and 3 monthly mailings on diet
and other T2D education topics. The Colorado
Multiple Institutional Review Board approved these
processes.

Population

Our pragmatic eligibility criteria were representative
of sedentary people with T2D: age 50-85 years, per-
form <3 days/week of moderate-intensity exercise
for 20 min or more [15]. Exclusion criteria targeted
safety concerns, including <6-month life expectancy,
moderate risk of falls (cannot hold semitandem
stance >10 s) [16], unsafe blood pressure levels
(>170/95) or unsafe glucose levels (hemoglobin Alc
>9%) to perform moderate-intensity exercise, or de-
mentia based on either their clinician’s diagnosis or
a Folstein Mini-Mental Status Examination score
<24) [17]. An automated health record report iden-
tified potential patients with T2D based on problem
list and laboratory data, and our research assist-
ants confirmed eligibility with patients for PA be-
havior/fall risk, and with the primary care team for
life expectancy and dementia. If participants were
planning physical therapy or completing physical
therapy at the time of recruitment, we delayed their
enrollment until physical therapy was completed, to
perform baseline testing after the benefits of phys-
ical therapy had accrued. We consented to eligible
participants between 12/2015 and 1/2019.

Settings

For feasibility, we recruited two clinics near the fa-
cility where we needed to conduct our research
evaluation assessments of cardiorespiratory fit-
ness and physical function outcomes (i.e., these
assessments were not part of the Be ACTIVE inter-
vention). These sites are both academic primary
care/General Internal Medicine clinics that serve
715,000 racially diverse patients. As these clinics
are certified as patient-centered medical homes that
have a proactive health promotion focus, they have
existing wellness-focused clinic staff who could serve
as coaches, although their coaching time needed
to be supported by our pilot grant. In our system,
these were junior staff members who served a care
manager function, and they had a Bachelor’s or
Master’s degree in a health promotion field (e.g.,
social work). There were no existing PA coaching
programs in these clinics prior to this pilot. In each
site, we identified a primary care clinician cham-
pion: one Physician Assistant and one Doctor of
Medicine (MD) volunteered.

Outcome measures

Implementation outcomes and mixed methods analytic plan
Our convergent mixed methods [18] approach sim-
ultaneously assessed qualitative and quantitative
implementation outcomes with stakeholders [19].
A research staff member conducted in-person inter-
views with patients and videoconference interviews
with clinic coaches and clinicians, using a separate
semistructured interview guide developed to elicit
perspectives about the intervention from patients,
coaches, and clinicians, respectively. Patients were
interviewed after completion of all other study
visits, and coaches were interviewed ~4 weeks after
the study ended. The primary implementation
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outcomes were acceptability and feasibility [20]
of Be ACTIVE to patients and clinic staff, and
secondary RE-AIM implementation outcomes in-
cluded: Reach (% eligible patients participating;
why participated); and Implementation (fidelity to
protocol; needs for adaptation; costs in time and
money). Relevant to future adopters, we considered
costs from the clinic perspective [21], using an ap-
proach to express coaching time costs averaged
across all coaching calls as a pro-rated portion of
staff salary and benefits in 2017 US dollars (USD)
[22]. Coaching time costs were self-reported by the
coach for each call in a cost collection template. The
template categories of costs included time preparing
for the call, delivering the coaching, and scheduling
the next call. We also assessed PA tracker costs to
the clinic as the costs for the trackers used (FitBit©
Zip) by the intervention patients—patients returned
the tracker at study completion. A team member (IL
or KC) unaffiliated with the intervention conducted
patient interviews and our qualitative analyst (SL)
conducted clinic interviews. Audio files were tran-
scribed verbatim.

We used a qualitative content analysis approach
to allow our implementation outcomes not only to
guide the deductive development of codes but also
to identify codes inductively [23]. A qualitatively
trained analyst (SL) and the principal investigator
(AGH) jointly reviewed transcripts and developed
the codes together, using ATLAS.ti version 8. Initial
codes were deductively based on themes related
to Effectiveness (perceived outcomes), Feasibility,
Acceptability, and other implementation outcome
domains, and the codebook was expanded based
on codes that inductively emerged from the data.
Transcripts were jointly reviewed and coded by SL
and AGH until no new codes were identified and
there was a strong code assignment agreement, at
which point the codebook was finalized, and the re-
mainder were coded by SL. All codes were merged
in ATLAS.ti. Coders and our qualitative methods
expert met regularly to discuss emergent codes and
themes, and resolve any coding discrepancies.

Mixed methods analysis: To better draw inferences for
our implementation outcomes, we integrated the
quantitative data with the qualitative themes and
representative quotes [18]. Specifically, we used a
joint data display to evaluate the extent to which the
qualitative and quantitative data corroborated each
other, and to allow the qualitative data to guide our
understanding of the quantitative data.

Pilot effectiveness outcomes and analytic plan: All pri-
mary and secondary pilot effectiveness outcomes
were measured at baseline and immediately post-
intervention. The primary outcome of objective
PA was measured by an accelerometer (Actigraph
GT3X+, LLC, Pensacola, FL). We used standards

for accelerometer activity as very light, light, mod-
erate, or vigorous intensity, respectively, according
to standard methods [23]. In addition, following
standard thresholds for accelerometer wear time
to ensure sufficient data to estimate usual PA, each
patient’s accelerometer data needed to include
23 “valid days” of wear time 210 h/day [24]. Using an
adapted version of the Troiano algorithm for seden-
tary populations, accelerometer wear time was auto-
calculated by the GT3X+ as a period during which
individuals had 2-minute “spikes” in activity at least
every 90 min (i.e., wear length interval = 90 min-
utes; spike level = 2 min) [24, 25]. The use of linear
mixed-effects models allowed us to analyze PA data
across all valid days at baseline and post-intervention
assessment time points for patients who met these
wear time thresholds. We considered steps/day and
minutes of combined moderate-vigorous intensity
exercise as co-primary PA outcome measures, based
on their clinical relevance [26, 27].

Secondary outcomes of physical function were
purposefully selected to be clinically relevant to
risk of falls/disability, and sensitive to change for
individuals with moderate functional impairment
(Short Physical Performance Battery (SPPB)), or
minimal/no functional impairment: timed 400-m
walk assessment [28, 29]) and leg extension power
[30]. There were no changes in the outcome assess-
ment techniques or timing after the initiation of the
research study testing procedures. In discussion
with our exercise physiology study team member
(JSL), after publishing the protocol on clinicaltrials.
gov but before initiating testing procedures, we
added leg extension power as a secondary func-
tional outcome and eliminated grip strength as a
secondary functional outcome, as leg power is typ-
ically more sensitive to change than grip strength
[30-32]. Exploratory outcome measures included:
glycemic control by Hemoglobin Alc [33], and car-
diorespiratory fitness by modified Balke treadmill
and metabolic cart protocol (MGC Diagnostics©)
[34]. Participants independently completed paper
surveys in our research evaluation facility to assess
behavioral predictors of improvements in PA and
physical function outcomes. As Be ACTIVE in-
cludes behavior change techniques from social cog-
nitive theory, we measured social-environmental
support [35], self-efficacy for PA [36-38], as well
as depressive symptoms (Center for Epidemiologic
Studies Depression scale, CESD), cognitive func-
tion (behavioral dyscontrol scale), and arthritis pain
symptoms according to the Western Ontario and
McMaster Universities Arthritis Index (WOMAC)
[39-41].

As this was a pilot feasibility trial, we aimed to en-
roll 50 participants to ensure a stable effect size for
our primary/secondary outcomes to power future
trials and to estimate the clinical importance of these
effects. Our block-stratified randomization sequence
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balanced covariates of age and gender between the
two study arms—the randomization key was kept in
a secure drive by a nonstudy staff member. We used
an intention to treat approach to analyze all base-
line and postintervention data from consented parti-
cipants with linear mixed-effects models to account
for correlations within patients [42]. R statistical soft-
ware was used for all analyses [43].

RESULTS

We  identified 267  eligible  participants
(Supplementary Fig. S1). Of these, 212 de-
clined to participate, and 55 patients consented
to participate, of whom 5 were ineligible to en-
roll based on a screening history and physical
(Reach = 50/262 = 19%). Baseline demographics
and other measures were not significantly different
between study groups (Table 1). As compared to
intervention participants (age: 65.5 * 7.6 years and
46% female), there were similar age and gender
demographics among the control participants
(age of 66.5 = 7.6 years and 46% female) and the
eligible patients who declined participation (age
of 67.6 £ 8.2 years and 56% female), respectively
(p > .05 for each with comparison to the interven-
tion group). The study population was racially di-
verse (~50% non-white) with good glycemic control
(mean HbAlc 77.0%) and had high rates of some
physical function impairment at baseline (SPPB <
12). Among the n = 50 enrolled, 47 completed the
intervention, and 3 dropped out of the Be ACTIVE

group due to unrelated medical issues (i.e., spinal
fracture in a motor vehicle accident, major depres-
sive episode with suicidal ideation, exacerbation of
chronic knee arthritis pain).

The mixed-methods evaluation results demon-
strated highly favorable acceptability ratings: pa-
tients—92%; coaches/clinicians—100% (Table 2).
Major acceptability themes for patients, coaches,
and clinicians are described in Table 2, and in-
cluded developing a “healthy aging” mindset for
patients and professional satisfaction for clinic staff/
clinicians. Fidelity was excellent: coaches—88%; clin-
icians—96% (Supplementary Table S1). In terms
of safety, patients identified as low-risk for safety
concerns in their initial clinician visit had no add-
itional safety concerns arise during the subsequent
in-person visits.

In the analyses for Be ACTIVE feasibility, average
times for coaching calls were ~25 minutes —equiva-
lent to costs of 7$87.12 USD per patient for 6 calls
over 12 weeks, as well as costs of PA tracker rental
of $5.77 USD per patient (Supplementary Table
S2). This was not a comprehensive cost analysis,
and additional costs to recruit patients, coordinate
PA data collection with patients, and to coord-
inate/train coaches were not estimated in this pilot
study. Participation in the Medicare Chronic Care
Management program at that time would have
reimbursed $97.98 per patient for Be ACTIVE,
including requiring $19.60 of that amount as patient
co-pays (2017 USD). The qualitative data revealed

Table 1 | Baseline demographics and selected descriptive covariates of sample

Enhanced usual care Intervention

Demographic variable (n=22) (n=28) p-value
Age, years (mean, SD) 66.5 (7.1) 65.5 (7.6) 61
Gender (n, % female) 13 (59.1%) 13 (46.4%) .55
Race .28

White/Caucasian (n, %) 12 (54.5%) 14 (50%)

Black/African American (n, %) 4 (18.2%) 10 (35.7%)

Asian (n, %) 1 (4.5%) 2 (7.1%)

Alaskan Native/Native American 0 1(3.6%)
Ethnicity (% Hispanic) 4 (20.0%) 2 (8.0%) .38
Weight (kg) 92.0(21.4) 90.6 (21.7) .84
Body Mass Index (kg/m?) 32.8 (6.0) 31.6 (6.7) .52
Hemoglobin Alc (%) 6.7 (0.8) 6.9 (1.3) 43
Systolic blood pressure (mm/Hg) 125.6 (10.5) 128.1 (9.4) .39
Diastolic blood pressure (mm/Hg) 80.0 (8.1) 83.6 (8.6) 13
Depressive symptoms by CESD 10.2 (8.3) 10.3(8.3) .96

Endurance Self-efficacy to walk without stopping (range: 0-1,200)

584.1 (288.9) 695.0 (372.7) .24

Self-efficacy: Motivation to conduct physical activity(PA) amidst com- 43.8 (8.6) 41.2 (9.8) 32

peting demands (0—60)

Self-efficacy for PA in presence of diabetes (0-800)

587.3(183.2) 592.1 (158.6) .92

% participants with baseline functional impairment (SPPB< 12)

17 (77.3) 17 (60.7) 35

Baseline fitness level (VO2peak, ml/kg/min)

18.3 (3.0) 18.5 (4.7) 84

CESD Center for Epidemiologic Studies Depression scale; PA physical activity; Data reported as mean (SD) for continuous variables, and n (%) for categorical values; Missing

<5% data for each variable reported.
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Table 2 | Quantitative and qualitative stakeholder perspectives on the Acceptability of Be ACTIVE

Quantitative acceptability data

Qualitative themes and representative quotations

Reach 20% of eligible

patients joined

Would Rec-  92% of patients nd untability provided by th h was invaluabl
ommend would rec- “The most important thing was when you have a real person, when you sluff off on your Fitbit
program ommend Be it doesn’t bark at you. (Coach) didn’t bark, but that personal interaction rendered account-
(Patients)  ACTIVEtoa ability”. (D29)

friend or family “(Coach) was asking specifically what | wanted to accomplish and how to accomplish that, so it
member made me stop and think about exactly what | was going to do. It kind of gave me something
High retention to motlvate me and hold me accountable ” (D34)
rates: 88% a e me gre
High adherence “Before the program I would not walk but now | have a meter and I motlvate myself to get up
to wearing the and walk. | don’t have to do it | want to do it.“(D5)
PA tracker: i inici i
97 +11% “It was helpful because it reminded you what you should and should not do to be safe and
(mean = SD of healthy in domg your exerc:ses ” (D7 0)
days the tracker ! 2 5 ging 2 ene
was actually “I 'm able to move around in the house more. My walks make me feel good generally ”(D2)
worn) “I found that activity helps as opposed to hurt you. Others are like 'm old - | can’t do this.’
Where I'm like, "m old - | better get out of here and do it.”” (D48)
me perceive nefits of improved overall health, 2 di 2D
“[l am motivated to be active for] keeping blood sugar at a lower level - it used to jump when
1 did not walk and did not do any exercise, but | noticed the more | walked the lower my
sugar levels would go down and they stayed down.” (D2)
“I got off a couple medications since the study started.” (D7)

Would Not 8% of patients Felt the program was missing more intense exercise training options relevant for them
Recom- “This program didn’t have what | needed. | needed a physical therapist or a personal trainer.
mend For people who really aren’t doing anything at all, maybe this program would help.” (D6)
(Patients)

Would Rec- 100% (n=4 A hes and clinicians felt that their role of encour. hV|rhn h) and saf
ommend coaches, n=2 itoring (clinici ig ell wi ir clinical e 3 3 essiona
program clinicians)

(Coaches  would recom- “[For] people that have maybe less of a social network to have them achieve their goals... that

and Clin- mend the clinic every two-week call (with me) is a big anchor for them. | think that is rewarding.” (CO2)

icians) continue to “We got to build rapport with the patients, we really got to know them. They appreciated our
offer Be ACTIVE outreach...a lot of our other programs we (were) cold calling patients.” (CO4)

“It was all pretty relevant. Stretching, strengthening, step counting - all basics of getting up and
moving. Doing it safely and knowing how to prevent an injury. That’s all necessary.” (CL1)

Coaches found these 3 themes most beneficial about the program:

(1) Overcoming negative perceptions of what “counts” as PA

“I had a patient who told me on the first call | hate working out, | don’t want to do it. (I said)
taking your grandson on a walk, playing with him at the park can increase your step count.
She started loving it, and her attitude from call 1 to call 6 was completely different.” (CO1)

“..just trying to broaden the definition of activity (beyond being) in a gym. and heavily
sweating... (I would say) no, it can be like walking around the block with your dog....” (CO3)

(2) Accountability

“..they were happy to report when they did well and a little embarrassed, even though that
wasn’t from me, when they didn’t...hit the goal for themselves.” (CO4)

(3) PA tracker “raises awareness of current PA levels”

“| think the [PA tracker] certainly helped motivate them. It wasn’t just “oh | walked a little bit
longer” they could actually see how much...further they walked. (C02)

PA physical activity; participant coding designated parenthetically after quotes uses D* to designate quotes from a patient; CO* to designate quotes from a coach, and CL*

to designate quotes from a clinician.

key recommendations to improve the program, such
as simplifying staff documentation, and providing a
video training to patients on uploading PA data. See
Supplementary Table S1 for details.

Pilot effectiveness outcome data
Absolute changes in pre-post PA increased (Fig.

2a), albeit not significantly, by 711% in the Be
ACTIVE group (+3155 steps/week, 95% CI: -—2169,

+8478) and by ~6% in controls (+1581 steps/week,
95% CI: =5183, +8344), with a group difference of
1574 £ 4391 (mean + SE, p = .72). Published data
suggest that clinically important PA changes are
74200 steps/week for populations with functional
limitations (due to pulmonary disease) and ~7000
steps/week for healthy sedentary populations [26,
44]. Of note, participants wore the Actigraph© less
than the 10 h/day “valid wear time” threshold on
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Fig. 2 | Be ACTIVE intervention increases Physical Function more than Physical Activity. Data shown compare group change between Be
ACTIVE (Blue) vs. Enhanced Usual Care (Black) for outcomes of physical activity (PA, a), physical function by Short Physical Performance

Battery (SPPB, b), and physical function by timed 400-meter walk (c).

43% of days in the 9-day sampling frame. Despite
this large amount of missing data for discrete days,
92% of participants still had at least 3 valid days
with 210 h/day wear time—the minimum standard
for including an individual’s data for analysis [24].
Thus, we only had to exclude 8% of participants’
data from the PA outcome analysis due to insuf-
ficient wear time (baseline data: excluded n = 2
Be ACTIVE participants and n = 1 participant
from the control group; post-intervention data: ex-
cluded n = 2 Be ACTIVE participants and n = 2
participants from the control group). However,
we could typically only include 3-5 valid days of
PA data to generate our participant PA estimates,
leading to wider standard deviations and lower
effect size estimates than if we had more “valid
days” for our participants. Of note, there were no
group differences in wear time (p = .90). Changes
in moderate-to-vigorous intensity exercise levels
were not significantly different between groups
(group difference: —2.1 * 17.0 min/week, mean *
SE, p = .90).

In this pilot pragmatic trial, we aimed to obtain
stable effect sizes for our primary and secondary
outcomes, and were not powered to obtain statis-
tically significant group differences. Our Cohen’s

D effect sizes for our primary outcomes of PA
and minutes/day of moderate-to-vigorous inten-
sity exercise were .11 and <.10, respectively. For
our secondary outcomes of physical function by
SPPB, 400-m walk, and leg extension power, our
Cohen’s D effect sizes were 0.6, 0.4, and 0.2, re-
spectively. Despite limited statistical power in this
small sample, Be ACTIVE yielded clinically im-
portant improvements in physical function [28,
29], as measured by the SPPB and 400-meter
walk (Figs. 2b and c). SPPB scores increased by
a clinically important >0.5-point difference in the
Be ACTIVE group (+0.9, 95%CI: 0.1, 1.8) and de-
creased slightly (0.1, 95% CI: —0.6, 0.4) in the con-
trol group (p = .01 for group difference over time).
In addition, the mean change in 400-m walk time
improved by a clinically important 220 s faster in
Be ACTIVE versus control (Be ACTIVE: —23.4 s,
95% CI: —46.5, —0.3; control: +7.3, 95% CI: —17.6,
32.3; p = .08 for group difference over time).
Changes in behavioral and glycemic control out-
comes are summarized in Supplementary Table
S2, and are pertinent for significant improvements
in the Be ACTIVE versus control group for self-
efficacy to walk longer distances (p = .02), and
social-environmental support (p <.01).
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DISCUSSION

In this pilot pragmatic trial, both patients and clinic
staff found Be ACTIVE to be highly acceptable and
feasible. The coaching process led patients with T2D
to change their “mindset” about PA and set person-
ally enjoyable PA goals. In addition, Be ACTIVE led
to significant improvements in behavioral constructs
that predict regular PA, including self-efficacy and
social support. In contrast, pre-post PA increased
by T11% (Be ACTIVE) and ~6% in controls with
a group difference less than the minimal clinically
important levels of 4200 steps/week for populations
with functional limitations [44]. However, we did
observe clinically important and statistically signifi-
cant improvements in an objective physical function
measure (SPPB) linked to lower all-cause mortality
and lower risk of falls [28].

T2D has been identified as a model of premature
aging and impairment in physical function [45]; thus,
pragmatic treatments to prevent functional decline
are essential. Strikingly, >60% of this study popula-
tion was relatively frail at baseline (i.e., SPPB < 12).
Be ACTIVE has similar core components of regular
walking and multi-muscle resistance exercises as
other interventions shown to improve physical func-
tion in frail people, such as the OTAGO program
[46]. A key difference between Be ACTIVE and
OTAGO is the focus on engaging clinic and patient
stakeholders to design Be ACTIVE in a way that will
be feasible and acceptable. One other point relevant
to patient stakeholders is the flexibility of the pro-
gram for varying levels of functional impairment. To
illustrate the flexibility of Be ACTIVE in this way,
our coaching templates recommend that patients
who have severe pain with walking consider non-
weight-bearing activities, or select modest walking
goals that are tailored to their ability level (e.g.,
10%—-20% increase from baseline step count).

Considering key aspects of program feasibility,
such as program costs, is an important element of
pragmatic trials. The potential reimbursements for
this program through the Medicare Chronic Care
Management program (~$97 USD) [47] were slightly
higher than the program costs for the coaching (~$88
USD) and PA tracker (~$6 USD). However, that re-
imbursement approach requires patient to pay a
co-payment, which the literature suggests patients are
reluctant to do for primary prevention activities [48],
and there were other costs borne by the research team
to coordinate program aspects such as patient recruit-
ment and PA data coordination that would need to
be accounted for to sustain this program. Thus, other
models of financial support within an institution
would likely be necessary to successfully sustain Be
ACTIVE, such as adding this program coaching role
to the lifestyle behavioral counseling done by existing
salaried behavioral health team members.

This was a pilot trial—it was not powered to yield
statistically significant improvements in the outcomes
studied but rather to obtain a robust estimate of the

effect size of delivering Be ACTIVE for future studies.
We observed moderately strong effect sizes for our
secondary physical function outcomes (Cohen’s D of
0.2-0.6), but very limited effect sizes for PA in steps
or moderate-vigorous intensity exercise (Cohen’s D of
70.1). We also demonstrated statistically significant
improvements in the SPPB physical function outcome,
as well as significant improvements in self-efficacy and
social-environmental support. However, a major ques-
tion is why there was a weaker relative signal for the
pilot effect size of Be ACTIVE on objective PA out
comes as compared with the stronger signal observed
for objective physical function outcomes and reported
PA self-efficacy. This was not expected—changes in
physical function and PA self-efficacy are generally
linked to PA behavior [12, 28, 29]. One possible ex-
planation is a need for a longer intervention duration
to obtain a sufficient “dose”—as due to the functional
impairments of many participants, their initial PA goals
were often modest, and they may need a longer period
of coaching to make greater gains. In support of this
notion, a posthoc analysis of FitBit© data revealed a
steady progression toward goals across the coaching
calls (range: 60%-79% average progress towards goal, p
> .05 for time trend). Prior studies have also found PA
interventions >12 weeks are more effective than shorter
programs [7]. Another possible explanation is that our
missing PA accelerometer data widened the observed
standard deviation, thus constraining the measured ef-
fect size. Future trials should add further safeguards to
adherence for PA accelerometer data collection [24] to
address this missing data issue.

There are several limitations of this pilot trial: its find-
ings must be replicated with more varied sites, more
efficient recruitment approaches are warranted to ex-
pand reach, and other reimbursement sources should
be identified to promote feasibility. In addition, our
methods did not allow us to assess for breaks in seden-
tary time—an important predictor of health, particularly
among populations with physical function impairment
[49]—breaks in sedentary time will be important to
evaluate in our future work. Spillover contamination
effects are a potential concern for all studies random-
izing at the individual level. However, we expect min-
imal spillover effects in our case, as the clinic staff who
delivered the PA coaching only interacted with partici-
pants in the intervention group. The clinician champion
in each clinic may have seen control group patients as
part of their routine clinical care, but their role in the
intervention was solely to supervise safety rather than to
provide PA coaching. Our use of coaching templates in
the Epic electronic health record also limits its general-
izability. Importantly, the templates we created aligned
with the workflow for staff (which has been shown to
promote sustainability), Epic© is currently the most
prevalent electronic health record used in the United
States [50], and our templates could be adapted for
use in other electronic health records that allow users
to create boilerplate templates. This pilot also has key
strengths: pragmatic eligibility criteria, racially diverse
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participants, integrated mixed-methods evaluation, and
a preimplementation phase engaging patient and clinic
stakeholders in the implementation strategies selected
(Fig. 1).

CONCLUSIONS

Overall, this study represents an advance in
developing and testing a pragmatic integrated PA
coaching program derived from existing evidence-
based and pragmatic PA interventions. Be ACTIVE
has substantial potential to benefit patients with
T2D based on the clinically important physical
function improvements and the acceptability to key
stakeholders demonstrated in this pilot work. The
next step will be to refine and test the impact of Be
ACTIVE on effectiveness and implementation out-
comes in a fully-powered pragmatic trial.

SUPPLEMENTARY MATERIAL

Supplementary material is available at Translational ~Behavioral
Medicine online.
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