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Abstract

Background and Objectives: Chronic pain (CP) and cognitive decline (CD) are highly comorbid and debilitating among
older adults. We iteratively developed Active Brains—Fitbit (AB-F), a group mind-body activity program aided by a Fitbit
that is feasible and associated with improvements in physical, cognitive, and emotional functioning when delivered in-
person to older adults with CP and CD. We adapted our intervention and methodology for remote delivery to bypass
barriers to participation. Here we report on a feasibility randomized controlled trial of the virtual AB-F versus a Health
Enhancement Program (HEP) educational control followed by qualitative exit interviews.

Research Design and Methods: Older adults (aged >60) with CP and CD (2 cohorts) completed 8 weeks of AB-F (n = 8) or
HEP (7 = 11). Study procedures were fully remote via live video. Quantitative analyses explored feasibility and acceptability
markers and within-group improvements in outcomes. Qualitative analyses were primarily deductive using the Framework
Method.

Results: AB-F met a priori set feasibility benchmarks, similar to our in-person pilot. Participation in AB-F was associated
with preliminary signals of improvement in multimodal physical function, emotional function (anxiety), cognitive function,
pain intensity, and coping (e.g., pain self-efficacy, catastrophizing). Participation in HEP was associated with smaller or
negligible improvements. Exit interviews confirmed feasibility and satisfaction with our completely remote interventions
and methodology.

Discussion and Implications: Results provide evidence for the feasibility of our completely remote study and for initial
markers of improvement after AB-F. The results will inform a fully powered remote efficacy trial.

Clinical Trial Registration: NCT04044183.

Keywords: Chronic illness, Chronic pain, Cognitive decline, Mind-body, Physical activity

Chronic musculoskeletal pain (CP) and cognitive decline adults (65 or older) report at least some persistent pain
(CD) are challenging to treat, often co-occur, and worsen (Molton & Terrill, 2014), and rates increase with age
each other over time. An estimated 60%-75% of older (Tsang et al., 2008). The prevalence of mild cognitive im-
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pairment (CD that precedes dementia confirmed by ob-
jective testing) ranges from 10% to 25% in older adults
and up to 50% report subjective CD (Si et al., 2020).
Older adults with CP are 2 times more likely to also re-
port CD (Whitlock et al., 2017). Recent research shows
that the CP-CD relationship is bidirectional among older
adults. CP accelerates CD and increases the risk for de-
mentia (Whitlock et al., 2017), while neurodegeneration
associated with CD can exacerbate pain perceptions and
disability (van Kooten et al., 2016). Older adults with
comorbid CP and CD can become caught in a “disability
spiral,” whereby impairments in cognitive, physical,
emotional, and social functioning exacerbate one an-
other and progressively worsen over time (Vlaeyen &
Linton, 2012).

To the best of our knowledge, there are no evidence-based
nonpharmacological treatments that comprehensively
address this comorbidity in older adults. Mind-body
interventions (Greenberg et al., 2020) and strategies to
safely increase physical activity (e.g., walking) aided by
digital monitoring devices (e.g., Fitbit) show promise in
improving physical, emotional, and social functioning.
However, these interventions have not been tailored to
meet the unique needs of older adults with CP and CD.

To address these treatment gaps, we iteratively devel-
oped the Active Brains—Fitbit (AB-F; Mace, Doorley et al.,
2021) program following the National Institutes of Health
(NIH) Stage Model (Nielsen et al., 2018). Our multimodal
mind-body activity program is grounded in the fear-
avoidance model (Vlaeyen & Linton, 2012) and integrates
relaxation response (Park et al., 2013) and mindfulness
with pain-specific cognitive-behavioral and operant/phys-
ical restoration elements and uses technology (digital
monitoring devices) to reinforce step count linked to ac-
tivities of daily living. Program skills are conceptualized
as working together to decrease nonadaptive reactions to
pain (kinesiophobia, fear of movement due to pain; pain
catastrophizing, magnifying the threat of pain), increase
adaptive coping strategies (mindfulness, relaxation, grat-
itude, and self-compassion skills) to promote pain self-
efficacy and acceptance, increase adaptive social functioning
(engaging social support, decreasing social isolation), and
increase memory compensatory strategies (Supplementary
Figure 1). In a previous open pilot, AB-F was feasible when
delivered in an in-person group format and associated with
improvement in multimodal physical, cognitive, emotional
function, and decreased pain intensity (Mace et al., 2020).
Qualitative exit interviews revealed significant barriers to
in-person attendance (e.g., costs, coordinating rides) and
that technological devices (e.g., Fitbit, ActiGraph acceler-
ometer) were well accepted by participants, highlighting
the need to adapt AB-F for remote delivery.

Virtual interventions delivered via live videoconferencing
software are effective in reducing these barriers (Mahmoud
et al., 2019). Despite stereotypes, older adults can effec-
tively use technology, including live video software, and,

when introduced to these technologies, are often motivated
to gain mastery (Ng, 2007). Our virtual adaptations to
mind-body interventions for patients with neurofibro-
matosis (who frequently report cognitive challenges) and
stroke highlight the potential for live video adaptations
to AB-E

To increase accessibility and incorporate previous
participants’ feedback, we adapted the program and study
procedures to be fully remote (Mace, Doorley et al., 2021).
Here, we report on a feasibility, single-blind randomized
controlled trial (RCT) of AB-F versus a time- and dose-
matched Health Enhancement Program (HEP; Mahaffey
et al., 2020) education control, both delivered via secure
live video (NIH Stage 1B). We hypothesized that the vir-
tual AB-F and fully remote study procedures would meet
a priori feasibility, acceptability, credibility, expectancy,
and satisfaction benchmarks comparable to our in-person
open pilot. We also hypothesized that participation in AB-F
would be associated with preliminary signals of improve-
ment in multimodal physical, emotional, cognitive, and so-
cial outcomes, as well as proposed mechanistic program
targets (e.g., coping, mindfulness, self-compassion, social
functioning). Finally, we expected that qualitative exit inter-
view findings would inform our subsequent fully powered
remote efficacy trial (NIH Stage II).

Method

This single-blind feasibility RCT is consistent with the NIH
Stage Model (1B) and builds on prior AB-F pilot studies. For
additional methodological details, see our published study
protocol (Mace, Doorley et al., 2021) and Supplementary
Materials. Our Institutional Review Board (IRB) approved
all study procedures (#2018P002152).

Participants

We recruited older adults from Massachusetts General
Hospital with CP and CD using IRB-approved recruit-
ment flyers distributed to physicians and posted on so-
cial media (Facebook) as well as an online recruitment
platform for medical research within our hospital system
(Partners Rally), which we used in previous iterations of
our study (Mace et al., 2020; Mace, Gates et al., 2021;
Mace, Greenberg et al., 2021). Our eligibility criteria were
informed by intervention development studies in older
adults with CP (Morone et al., 2009) and CD (Mace, Gates
et al., 2021).

Inclusion criteria were as follows: (a) >age 60, (b) het-
erogeneous (i.e., multiple etiologies) chronic pain for
>3 months (Bryce et al., 2012), (c) self-reported CD (Jessen
et al., 2014), (d) ability to perform the 6-min walk test
(6MWT), (e) no psychotropic or pain medications for the
past 2 weeks or stable on these medications for the past
6 weeks and willing to maintain this dose, (f) cleared by
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a physician for study participation and no self-reported
concerns about physical functioning on the Physical
Activity Readiness Questionnaire (Adams, 1999), and (g)
access to a smartphone with Bluetooth 4.0 capability and a
tablet or computer.

Exclusion criteria were as follows: (a) medical illness ex-
pected to worsen in the next 6 months, (b) serious mental

illness for which hospitalization may be likely in the next
6 months, (c) current substance abuse, (d) current suicidal
ideation, (e) regular use of a digital activity monitoring de-
vice in the past 3 months, (f) intense exercise for more than
30 min per day, (g) mindfulness practice (e.g., meditation,
yoga) for more than 45 min per week in the past 3 months,
and (h) inability to walk without assistance. Additional

Table 1. Demographics and Clinical Characteristics for the HEP (n = 11) and AB-F (n=9)

Characteristic HEP M (SD, range or n [%]) AB-F M (SD, range or n [%])
Age 70.8 (8.4, 60.0-87.1) 68.9 (5.9, 61.2-79.3)
Gender

Male 4 (36.36%) 3(33.33%)

Female 7 (63.64%) 6 (66.67%)
Ethnicity

Not Hispanic or Latino/Latina 1(100%) 9 (100%)
Race

American Indian/Alaskan Native 0 1(11.11%)

White 10 (90.91%) 7(77.78%)

More than one race 1(9.09%) 1(11.11%)
Marital status

Single, never married 1(9.09%) 0

Living with significant other 6 (54.54%) 3(33.33%)

Married 0 1(11.11%)

Separated/divorced 3(27.27%) 2(22.22%)

Widowed 1(9.09%) 3(33.33%)
Education

Completed high school or GED (12 years) 1(9.09%) 0

Some college/associates degree (<16 years) 3(27.27%) 3(33.33%)

Completed college (16 years) 2 (18.18%) 3(33.33%)

Graduate/professional degree (>16 years) 5(45.45%) 3(33.33%)
Employment

Employed full-time 1(9.09%) 0

Employed part-time 1(9.09%) 1(11.11%)

Retired 6 (54.54%) 4 (44.44%)

Unemployed 1(9.09%) 1(11.11%)

Other situation 2 (18.18%) 3(33.33%)
Pain medications

Opioids 4(36.36%) 2(22.22%)

Other analgesics 4 (36.36%) 5(55.56%)

None 3(27.27%) 2(22.22%)
Reported pain location

Upper 4 (36.36%) 3(33.33%)

Lower 0 2(22.22%)

Multisite 7 (63.64%) 4 (44.44%)
Pain duration

<5 years 2 (18.18%) 4 (44.44%)

6-10 years 3(27.27%) 2(22.22%)

>11 years 6 (54.54%) 3(33.33%)
Cognitive status

Normal 8 (72.73%) 4 (44.44%)

Cognitive impairment 3(27.27%) 5(55.56%)

Notes: HEP = Health Enhancement Program (control group); AB-F = Active Brains—Fitbit. Cognitive impairment identified with a Montreal Cognitive Assessment

cutoff of 26. While only eight participants completed the AB-F intervention, demographic data were available for all nine participants who completed the baseline

assessment.
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rationale for our CP and CD criteria are reported in
Supplementary Material. Table 1 presents demographics
and clinical characteristics for the sample.

Procedures

We adapted our previously published study procedures to
facilitate completely remote study procedures and virtual de-
livery via Zoom (Mace, Doorley et al., 2021). To optimize fea-
sibility, acceptability, and adherence, we followed guidelines
for facilitating older adults’ use of technology, including
harnessing social support (learning study technology in groups
supported by multiple research staff, leveraging support from
participants’ family members) and giving participants time to
explore Zoom functions (Tsai et al., 2017).

We aimed to enroll and randomize up to 10 participants
for each of the two rounds of this pilot RCT (N = 20) to
evaluate the feasibility of delivering the programs in groups
of five to six participants (Chadi et al., 2020) for the sub-
sequent efficacy trial. After providing electronic informed
consent, participants were randomized to either AB-F or
the HEP using a block design (blocks of 12) to ensure
equivalent group sizes. To maintain single-arm blinding,
the study staff referred to the AB-F and HEP as AB1 and
AB2, respectively.

After randomization, the research assistant emailed
Zoom appointment instructions and mailed participants: (a)
welcome letters from the principal investigator, (b) testing
materials for the Montreal Cognitive Assessment (MoCA;
Nasreddine et al., 2005), (c) a wGT3X-BT ActiGraph accel-
erometer (including wear-time log, instructional document,
reminder card), and (d) prepaid return envelopes for the
accelerometer. AB-F group received an additional sealed en-
velope with a Fitbit, charger, wall-plug, device instructions,
and log-in information. AB-F participants were asked not
to open that envelop until their Fitbit pairing session (1
week before Session 1).

For the baseline assessment, participants (a) wore the
ActiGraph accelerometer for 1 week (during waking hours
except while bathing), (b) completed the MoCA via Zoom
with trained study staff, (c) self-administered the 6MWT
using the Timed Walk app (outside using GPS), and (d)
completed quantitative self-report measures via REDCap
on a Zoom call with two research assistants for technical
support. Participants were notified of their group assign-
ment after baseline assessments were complete.

Participants completed 8 weeks of AB-F or HEP
delivered by a study clinician via Zoom (Supplementary
Table 1). We repeated all assessment procedures 1 week
postintervention. After the postintervention assessment,
participants returned their accelerometers using a prepaid
envelope. Participants who attended at least one session
agreed to an optional 30-min Zoom group exit interview
(AB-F and HEP conducted separately) with the study
clinicians. Participants earned $30 for each assessment, $10

for each intervention session, and homework (AB-F only),
and $30 for the exit focus group ($170 total).

Measures

Feasibility measures

The primary outcomes were a priori feasibility accepta-
bility, credibility, expectancy, and satisfaction benchmarks.
We used intervention development guidelines (Leon
et al., 2011) and our previous feasibility and pilot studies
(Greenberg et al., 2020) to determine scoring criteria. See
Supplementary Table 2 for details on feasibility measures.

Quantitative measures

We measured (a) Multimodal physical function: objec-
tively measured step count with wGT3X-BT ActiGraph
accelerometer  (ActiGraph LLC, n.d.), performance-
based via 6MWT using the Timed Walk smartphone
application (Dario, 2020; Salvi et al., 2020), and patient-
reported with PROMIS Physical Function (Stone et al.,
2016), World Health Organization Disability Assessment
Schedule (WHODAS; Ustiin et al., 2010), Godin Leisure-
Time Questionnaire (GLQ; Amireault & Godin, 2015);
(b) Cognitive function: virtual MoCA (Nasreddine et al.,
2005), Everyday Cognition Scale (eCog-12; Tomaszewski
Farias et al., 2011); (c) Emotional function: PROMIS
Anxiety (v1.08a) and Depression (v1.08b; Pilkonis et al.,
2011); (d) Social function: PROMIS Emotional Support
(4a; Hahn et al., 2014), UCLA Loneliness Scale (UCLA-8;
Russell et al., 1978); (e) Pain intensity: Numerical Rating
Scale (Farrar et al., 2001); (f) Pain-specific coping: Pain
Catastrophizing Scale (Sullivan et al., 1995), Pain Self-
Efficacy Questionnaire (Nicholas, 2007), and Chronic Pain
Acceptance Questionnaire-8 (Fish et al., 2010); (g) General
coping: Measure of Current Status—Part A (Carver,
2006), Cognitive and Affective Mindfulness Scale—
Revised (Feldman et al., 2006), Gratitude Questionnaire
(Mccullough et al., 2002), and Self-Compassion Scale—
Short Form (Raes et al., 2011). See Supplementary
Materials for details on quantitative measures.

Group Exit Interviews

We used group exit interviews to gather perceptions about
virtual program delivery and technological adaptations
to further optimize AB-F. We followed procedures for vir-
tually conducting focus groups (Jacobs et al., 2021) and
collecting valid qualitative data (Rubin & Rubin, 2005).
Supplementary Materials contain the exit interview script.

Data Analysis

Quantitative analysis

This pilot RCT focused primarily on the feasibility and ac-
ceptability of our study procedures and virtual adaptations.
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However, consistent with the NIH Stage Model guidelines
for pilot studies (Nielsen et al., 2018), our secondary focus
was to explore preliminary signals of improvement on key
study outcomes via quantitative analyses.

Our sample size met established standards for exploring
feasibility and signals of improvement for a future, large-
scale RCT (Leon et al., 2011). We used R (R Core Team,
2020) for quantitative analyses. Study staff blinded to
group assignment conducted validity checks to assess
data quality and missing data. First, we assessed a priori
set feasibility benchmarks by calculating frequency and
proportions for AB-F and HEP separately. Next, we
conducted an exploratory analysis on descriptive statis-
tics for each measure, within-group pre—post comparisons
using paired t-tests, calculation of Cohen’s d effect sizes
(0.20 = small; 0.50 = medium; 0.80 = large) to explore sig-
nals for improvement in both groups reported separately.
We used nonparametric tests when appropriate.

Qualitative analysis

Qualitative analyses were primarily deductive (Braun &
Clarke, 2006) using the Framework Method (Gale et al.,
2013) in NVivo 12 (Richards, 2018). We allowed induc-
tive flexibility to explore unexpected themes (e.g., unantici-
pated barriers to technology). We manually transcribed and
de-identified the recordings and checked them for accuracy.
We read all transcripts, collaborated on an initial thematic
framework, and created the codebook. We conducted line-
by-line independent coding of key participant statements on
one practice transcript. We incorporated gaps identified by
the independent raters (initially coded as “other” according
to Gale et al., 2013), incorporated divergent viewpoints,
and agreed on the final codebook for remaining transcripts
(interrater reliability, Kappa = 0.90). The study investigators
resolved all disagreements through consensus. We charted
and visualized the qualitative data using a spreadsheet ma-
trix, balancing data reduction with preserving the original
context and sentiment (Gale et al., 2013).

Results

Participants
Figure 1 presents the participant flow. Of the 64 participants
who expressed interest in the study, we screened 54
participants (84.4%, excellent feasibility of recruitment),
28 were eligible, and 21 were randomized to AB-F (n = 10)
or HEP (n = 11). Two participants randomized to AB-F
dropped out (one before baseline due to unwillingness to
attend any proposed group times, one after baseline due
to elective surgery). Thus, a total of eight participants in
AB-F and 11 in HEP completed the program, assessments,
and exit interviews (AB-F: n = 8; HEP: # = 11; completion
rate = 90.5%; excellent program acceptability).

Table 1 presents the sample demographics. Participants
endorsed a range of pain conditions, durations, and

medications. The majority of participants (HEP: n = 6,
60%; AB-F: n = 8,73%) were sedentary at baseline (<5,000
steps; Tudor-Locke & Bassett, 2004 ). Participants reported
moderate pain levels at rest (HEP: M = 4.4, SD = 2.6; AB-F:
M = 5.9, SD = 2.5) and during activity (HEP: M = 5.7,
SD =2.6; AB-F: M = 6.2, SD = 1.8) comparative to norms
(Nicholas et al., 2008). Average cognitive functioning
scores on the MoCA approached clinically significant cog-
nitive impairment (<26; HEP: M = 26.3, SD = 3.5; AB-F:
M = 24.8, SD = 2.4). Self-reported CD symptoms on the
eCog-12 (HEP: M = 1.9, SD = 0.6; AB-F: M =2.3,SD = 1)
were comparable to norms for mild cognitive impairment
(Tomaszewski Farias et al., 2011).

Feasibility Markers

Table 2 reports feasibility and acceptability results by group.
HEP and AB-F programs met the criteria for “excellent” on
nearly all of the a priori set benchmarks. Participants had
low initial expectations of improving during either pro-
gram. One AB-F participant reported a fall at home but no
adverse events were reported related to the study.

Quantitative Outcomes

Multimodal physical functioning

On average, AB-F participants exhibited greater
improvements in physical functioning compared with HEP
(Table 3, Supplementary Figure 2). Improvements in step
count were clinically and statistically significant for AB-F
participants, while step count significantly decreased for
the HEP. Improvements on PROMIS physical functioning
were moderate for AB-F participants and small for HEP
participants. AB-F participants reported large improvements
in physical activity intensity on GLQ compared to small-to-
medium improvements for HEP participants. Participants
in both groups had small-to-medium improvements in
timed walking performance on the 6MWT, after removing
an outlier (>2 SD below the mean change for AB-F). AB-F
participants had small-to-medium improvements in dis-
ability on the WHODAS, which were smaller for HEP
(Table 3). Overall, participants perceived their levels of in-
dependent engagement in activities of daily living as “much
improved” or “very much improved” as a result of AB-F
(75%) and HEP (18.2%).

Cognitive functioning and pain measures

AB-F participants exhibited large improvements in objec-
tive cognitive function on the MoCA while changes for
HEP participants were negligible. Improvements in self-
reported CD were small to medium for participants in both
groups on eCog-12 (Table 3, Supplementary Figure 3). In
the exit interview, participants in AB-F reported that their
cognition was at least “minimally improved” as a result of
AB-F (62.5%) or HEP (45.5%).
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R34S Pilot RCT
August 2020 - December 2020

Direct referrals from clinicians (n = 31) Other (email, flyer) (n =4) Inquiries from Partners Rally (n = 29)

Total patients contacted (n = 64)

Unable to contact (n = 6) < Declined to participate (n = 4)

Screened (n = 54)

Ineligible (n = 26)
- Too active (n=7)
- Current practice of mind-body techniques (n = 6)
- Unable to walk without assistance (n = 3)
- No memory problems (n =5)
- Does not own a computer, laptop, or tablet (n = 3)
- Uses a digital monitoring device (n = 3)
- Declined after screening (n = 2)
- Too young (n=4)
- Non-English speaking (n= 1)

v

*Note: some patients are ineligible for multiple reasons

Eligible after screening (n = 28)

| Not consented (n=7)
- Scheduling conflict (n = 3)
- Lost to follow-up/contact concluded (n = 4)

A\ 4

Consented (n =21)

—

Randomized to Health Education Control (n=11) Randomized to Active Brains-Fitbit (n = 10)
Completed > 1 session (n=11) < »| Completed > 1 session (n = 8)
Completed 0 sessions (n = 2)

- Completed baseline, dropped before
intervention (n = 1)
- Dropped before baseline (n = 1)

\4 A 4

Completed post-test assessment (n = 11) Completed post-test assessment (n = 8)

Figure 1. Participant flow. RCT = randomized controlled trial.

AB-F participants endorsed very large reductions in ~ among HEP participants at rest and there was no change
pain intensity with activity and large reductions in pain  with activity (Table 3, Supplementary Figure 3). This
intensity at rest. Changes in pain intensity were negligible  aligns with the proportion of participants in AB-F (50%)
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Table 2. Feasibility Markers by Group

Outcome Health Education Control

Active Brains-Fitbit

Feasibility of recruitment

54 participants out of 64 (84.4%) success-

tully contacted agreed to complete screening

(excellent)

Program acceptability

least six out of eight sessions (excellent)

Credibility and expectancy

the scale midpoint for credibility (excellent)
Four out of 11 participants (36.4%) scored
above the scale midpoint for expectancy

(poor)
Therapist adherence to the manual 91.4% adherence (excellent)
Feasibility of quantitative measures
(excellent)

Adherence to homework N/A

Adherence to ActiGraphs

out of 11 at post-test recorded 26 days of
ActiGraph data (90.9% total; excellent)

Adherence to Fitbit N/A

Modified Patient Global Impression
of Change overall improvement

Client satisfaction

above the scale midpoint (excellent)

Program safety and adverse events None

11 out of 11 participants (100%) attended at

99% of questionnaires were fully completed

10 out of 11 participants at baseline and 10

Six out of 11 participants (54.5%) reported

Nine out of 11 (81.8%) of participants scored

Eight out of 9 participants (88.9%) attended at
least six out of eight sessions (excellent)

11 out of 11 participants (100%) scored above Nine out of 9 participants (100%) scored above the

scale midpoint for credibility (excellent)
Five out of 9 participants (55.6%) scored above the
scale midpoint for expectancy (poor)

97.3% adherence (excellent)

85% of questionnaires were fully completed (ex-
cellent)

Eight out of 9 participants (88.9%) completed at
least five of seven homework logs (excellent)

Nine out of 9 participants at baseline and eight
out of nine at post-test recorded 26 days of
ActiGraph data (94.4%; excellent)

Eight out of 9 (88.9%) wore the Fitbit for at least
5 out of 7 days for 6 out of the 8 weeks of the
program (excellent)

Eight out of 9 participants (88.9%) reported
overall improvement

Eight out of 9 participants (88.9%) scored above
the scale midpoint (excellent)

One participant reported falling in their home, un-
related to the study (excellent)

Notes: N/A = not applicable. Calculations for the client satisfaction measure include missing data. For the health enhancement program, 1 participant out of 11

chose not to complete this measure and 1 participant scored below the midpoint. For Active Brains-Fitbit (AB-F), 1 participant out of 9 chose not to complete this

measure and another participant only completed Item #2. We included this participant’s score, which was above the midpoint.

who reported their pain was “much improved” or “very
much improved” compared to participants in HEP (9%).
Similarly, AB-F participants endorsed small-to-medium
improvements in pain catastrophizing and pain self-
efficacy, while the changes for HEP participants were
negligible and small, respectively. Furthermore, 50% of
AB-F participants perceived that their pain self-efficacy
was either “much improved” or “very much improved”
compared to 18.2% in the HEP. HEP participants reported
small improvements in pain acceptance, which was negli-
gible for the AB-F group. Participants in both groups did
not endorse reductions in kinesiophobia.

Emotional functioning, social functioning, and

general coping

AB-F participants endorsed medium reductions in anxiety
on the PROMIS while changes in HEP participants were
negligible. AB-F participants exhibited small-to-medium
improvements in mindfulness and adaptive coping while
these changes were smaller in HEP participants. For grat-
itude, HEP participants endorsed medium improvement,

whereas gratitude in AB-F participants did not change.
Overall, 63% of participants in HEP reported that their
emotional functioning was at least “minimally improved”
compared to 50% in AB-F participants. Changes in the
remaining measures of emotional support, loneliness,
depression, and self-compassion were negligible for
participants in both groups (Table 4, Supplementary
Figure 4).

Qualitative Exit Interviews

We present the themes that we identified through
semistructured exit interviews in Supplementary Table 3.
We describe the main findings for each theme below.

Theme 1: Technological adaptations

Participants reported positive experiences with techno-
logical adaptations including remote enrollment, secure
Zoom platform, and online assessments. Participants
described the remote enrollment as easy and user-friendly.
The virtual program helped to overcome barriers (e.g.,
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activity skills to address the CP and CD comorbidity. The
remote trial met a priori feasibility benchmarks compa-
rable to our in-person open pilot (Supplementary Table 4)
and had higher ActiGraph adherence (94.4%) and patient-
reported global improvements (88.9%). We demonstrated
feasibility in recruitment and randomization and high re-
tention (90.5%), similar to our open pilot study (91.7%)
and higher than the previous mind-body interventions
RCTs for older adults with CP (Morone & Greco, 2007)
and CD (Eyre et al., 2017; Lam et al., 2014). Credibility,
satisfaction, and attendance were high for both groups,
suggesting strong acceptability among our target popula-
tion. Participants were highly adherent to homework, ac-
celerometer, and Fitbit.

Signals of within-group improvement were stronger for
AB-F compared to HEP. AB-F exhibited clinically and sta-
tistically significant improvements in both objective (step
count) and self-reported physical functioning while changes
for HEP were smaller and even decreased for step count.
AB-F had large to very large improvements in objective cog-
nitive functioning and pain intensity while HEP had negli-
gible improvements on both. Furthermore, AB-F endorsed
small-to-medium improvements in pain catastrophizing
and pain self-efficacy, while these changes were negligible
and small, respectively, for HEP. These results build on
positive findings for AB-F from our in-person open pilot
(Mace, Gates et al., 2021) and provide preliminary support
for our conceptual model of addressing fear-avoidance in
AB-F (Supplementary Figure 1). The multimodal program
skills target habitual negative affective reactions to pain
and cognitive errors, focusing on acceptance, and learning
to disengage from cognition and pain-related worries and
sensations (e.g., during increased activity). Combining pro-
gram skills with the digital monitoring device may bypass
barriers to activity, maintain motivation, reinforce activity
in real time, and avoid setbacks (e.g., doing too much
too soon). Of note, baseline differences in these scores
across groups (e.g., pain intensity, step count, cognitive
functioning per the MoCA) may have influenced observed
changes from baseline to postintervention (e.g., mean re-
version) which we will address in our efficacy RCT (i.e.,
fully powered, adjust for baseline differences).

Emotional and social functioning and coping outcomes
were more modest for both groups and favored AB-E
AB-F endorsed medium reductions in anxiety compared to
negligible improvements for HEP. Both groups exhibited
small-to-medium improvements in mindfulness and adap-
tive coping. Contrary to our hypothesis, HEP endorsed me-
dium improvements in gratitude with no change for AB-E
and changes in kinesiophobia, pain acceptance, emotional
support, loneliness, depression, and self-compassion were
negligible for both groups. Notably, participants in our
small sample reported relatively low levels of emotional
distress (1 SD below our prior open pilot; Mace, Doorley
et al., 2021) and greater self-compassion than norms for
older adults (Bratt & Fagerstrom, 2020), which may have

restricted the range for improvement on these measures.
We will use participants’ individual accounts of improve-
ment in emotional and social functioning from qualitative
exit interviews (e.g., increased gratitude while walking,
increased engagement in social/romantic relationships) to
enhance emotional and social components of AB-F for the
subsequent efficacy RCT.

Participants offered valuable suggestions to enhance the
programs for the subsequent trial, including transitioning
to smartphone-delivered homework assignments with auto-
mated reminders. Other suggestions included a more detailed
self-report of daily pain during at-home practice (e.g., average
and peak pain along with coping strategies) and beginning
each AB-F session with a group mindfulness exercise. Using
self-report questionnaires, such as the Mindfulness Adherence
Questionnaire (Hassed et al., 2021), may facilitate the assess-
ment of mindfulness practice in between sessions beyond the
current homework log system. During the exit interviews,
some participants reported that they have continued to use
AB-F skills, such as meeting their Fitbit step count goal or
self-compassion. We will assess the maintenance of interven-
tion effects with 6-month follow-up assessments in the subse-
quent efficacy RCT.

Treatment expectancy in both groups was the only bench-
mark that fell below our previous in-person pilot. Because
treatment expectations can influence outcomes, considerations
for boosting baseline expectations are important to enhance
efficacy in future trials. While low program expectations and
high perceived credibility may be initially puzzling, credi-
bility is more strongly related to perceptions gained through
direct experience in an intervention (e.g., early experiences
interacting with study staff). In contrast, expectations may
be influenced by a wider range of factors, including patients’
own history (Schulte, 2008). During the exit interviews, some
participants reported that COVID-19 stress affected multiple
areas of life, which could have also dampened program expec-
tations. We will administer a self-report of COVID-19 stress
that captures these domains in the subsequent efficacy trial
(Park et al., 2020). We will also aim to enhance expectations
by refining our recruitment materials and communicating
our successful technological support strategies. Participants
identified several aspects of their program experience that
were affected by COVID-19, including socializing, walking,
and general health and safety.

Strengths of the study include (a) applying the NIH Stage
Model to iteratively adapt methodology, (b) emphasizing
feasibility benchmarks prior to efficacy testing in a full-scale
multisite RCT, (¢) collecting multimodal physical function
data following Initiative on Methods, Measurement, and
Pain Assessment in Clinical Trials (IMMPACT) criteria
(Gewandter et al., 2020), (d) exploring within-group
analyses to estimate a signal of improvement (Leon et al.,
2011), (e) technological adaptations to conduct the pro-
gram virtually for patient safety during COVID-19 and
preferences for remote interventions, and (f) our mixed-
methods approach, which integrated qualitative data from
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exit interviews with feasibility markers and quantitative
outcomes (Supplementary Figure 1).

There are also limitations: (a) Given the small sample size
and heterogeneity of the patient population, interpretations
of our quantitative results are limited to guiding the itera-
tive development of AB-F for a subsequent fully powered
RCT. (b) As with all trials, study compensation may have
influenced patients’ willingness to participate, but we did
not collect data to evaluate this. However, we believe that
the total compensation offered was not enough to be co-
ercive, and this level of compensation is similar to other
mind-body, virtually delivered interventions by our group
and approved by our IRB (Greenberg et al., 2020). (c) Our
sample was comprised primarily of White, female, and
urban-dwelling individuals residing in Massachusetts and
does not represent all older adults with CP and CD. We plan
to circumvent these limitations by collecting a larger, more
diverse pool of participants for a subsequent efficacy RCT
and collecting data on potential unmeasured confounds
(e.g., COVID-19 distress, the influence of weather on phys-
ical activity, the influence of study compensation on study
outcomes).

Multimodal and longitudinal assessment in future trials
can help rule out confounds, including COVID-19 distress
and weather. We plan to expand recruitment to geograph-
ically diverse regions and provide devices and data plans
to older adults without access to promote more equitable,
representative participation for the next trial.

This feasibility RCT involved technological adaptations
to our AB-F program for older adults with CP and CD
and comparison with a time- and attention-matched con-
trol (HEP). Mixed-methods data provided evidence of fea-
sibility for our virtual interventions, stronger preliminary
signals of improvement for AB-F compared to HEP, and
valuable feedback regarding the feasibility and accepta-
bility of technological adaptations. The next phase of in-
tervention development will evaluate AB-F versus HEP in
a full-scale, multisite clinical trial in a larger and more di-
verse sample. With remote technologies, there is potential
to scale the accessibility of mind-body and activity skills to
address CP and CD among older adults.

Supplementary Material

Supplementary data are available at The Gerontologist online.
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