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Abstract

Background: The lack of health care coverage, low education, low motivation, and inconvenience remain barriers to participating
in fall prevention programs, especially among low-income older adults. Low-income status also contributes to negative aging
self-perceptions and is associated with a high perceived barrier to care. Existing fall prevention intervention technologies do not
enable participants and practitioners to interact and collaborate, even with technologies that bring viable strategies to maintain
independence, prevent disability, and increase access to quality care. Research is also limited on the use of technology to enhance
motivation and help individuals align their perception with physiological fall risk. We developed a novel, 8-week Physio-Feedback
Exercise Program (PEER), which includes (1) technology-based physio-feedback using a real-time portable innovative
technology—the BTrackS Balance Tracking System, which is reliable and affordable, allows for home testing, and provides
feedback and tracks balance progression; (2) cognitive reframing using the fall risk appraisal matrix; and (3) peer-led exercises
focusing on balance, strength training, and incorporating exercises into daily activities.

Objective: This study consists of 3 aims. Aim 1 is to examine the effects of the technology-based PEER intervention on fall
risk, dynamic balance, and accelerometer-based physical activity (PA). Aim 2 is to examine the effects of the PEER intervention
on fall risk appraisal shifting and negative self-perceptions of aging. Aim 3 is to explore participants’ experiences with the PEER
intervention and potential barriers to accessing and adopting the technology-based PEER intervention to inform future research.

Methods: This is an intention-to-treat, single-blinded, parallel, 2-arm clustered randomized controlled trial study. We will
collect data from 340 low-income older adults at baseline (T1) and measure outcomes after program completion (T2) and follow-up
at 3 months (T3) and 6 months (T4). Participants will be enrolled if they meet all the following inclusion criteria: aged ≥60 years,
cognitively intact, and able to stand without assistance. Exclusion criteria were as follows: a medical condition precluding exercise
or PA, currently receiving treatment from a rehabilitation facility, plan to move within 1 year, hospitalized >3 times in the past
12 months, and does not speak English or Spanish.

Results: As of August 2023, the enrollment of participants is ongoing.

Conclusions: This study addresses the public health problem by optimizing a customized, technology-driven approach that can
operate in low-resource environments with unlimited users to prevent falls and reduce health disparities in low-income older
adults. The PEER is a novel intervention that combines concepts of physio-feedback, cognitive reframing, and peer-led exercise
by motivating a shift in self-estimation of fall risk to align with physiological fall risk to improve balance, PA, and negative aging
self-perception.
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Introduction

Background
In 2020, there were 37.2 million people living in poverty in the
United States, approximately 3.3 million more than in 2019 [1].
Every 19 minutes, an American individual dies from a fall, and
every 11 seconds, an older individual is treated in an emergency
department for a fall [2]. Falls and fear of falling (FOF) are
significantly higher in racially diverse low-income older adults
than in the general older population [3-5]. There is an association
between poverty, fall injury, and mortality, resulting in health
disparities [6,7]. Falls cause 95% of hip fractures, 40% of
admissions to facility-based care, and 40% of fall victims to
lose mobility and independence [8]. In 2018, the direct costs of
fatal falls were >US $754 million, and nonfatal falls were US
$50 billion, but only US $9 billion was paid by Medicaid [9].
As the number of low-income older adults increases sharply
and inequalities continue to grow, this is now a widely
recognized problem that requires urgent and significant action
[10]. The lack of health care coverage, low education, low
motivation, and inconvenience remain barriers to participating
in fall prevention programs [11,12]. Low-income status
contributes to negative aging self-perceptions [13] and is
associated with a high perceived barrier to care [14]. A higher
level of concern over falling and FOF were more prevalent in
low-income older adults and functional independence in daily
activities [12]. Low-income status is independently associated
with FOF, which induces activity restriction [15] and functional
decline [16]. People who live in low-income communities are
less likely to engage in physical activity (PA) [17-19]. The lack
of PA is related to falls and poor quality of life [20,21].

Addressing maladaptive fall risk appraisal (FRA) can be
challenging owing to self-report bias and cognitive deficit. We
developed an FRA matrix, a graphical grid categorizing
perception (levels of FOF) and body function (level of balance)
into four groups: (1) rational FRA (low FOF and normal
balance), (2) incongruent FRA (low FOF despite poor balance),
(3) irrational FRA (high FOF despite normal balance), and (4)
congruent FRA (high FOF and poor balance) [22,23]. On the
basis of our previous works [24-26] and other studies [27],
approximately 64% to 79% of older adults had maladaptive
FRA. Older adults in maladaptive FRA groups were 2 to 3 times
more likely to fall than those in adaptive FRA [24,25]. Those
with irrational FRA serve as a barrier, creating a high FOF that
inhibits low-income older adults from staying physically active.
High FOF restricts mobility and daily activities and increases
fall risk [28], with chronic FOF predicting an increased risk of
functional decline [16]. Individuals with FOF overestimated
their gait performance and showed deficits in motor imagery
of gait [29]. They may not exhibit increased FOF and

subsequently fall if they accurately appraise their physical
abilities [27]. Evidence, including our data, indicates that an
intervention program must help older adults reframe FRA and
maintain PA [27,30]. We found that the FRA matrix is
associated with moderate to vigorous PA (MVPA), Centers for
Disease Control and Prevention (CDC) fall risk score,
self-reported strength and flexibility, difficulty walking several
city blocks, and left-hand average handgrip strength [31].

Older adults with FOF overestimated their gait performance
and showed deficits in motor imagery of gait [29]. Older adults
may exhibit less FOF and subsequently fall if they accurately
appraise their physical abilities [27]. In addition, maladaptive
FRA can result in activity withdrawal, decline in physical and
cognitive abilities, and increased social isolation [23]. Therefore,
adaptive FRA is a key component of activity participation and
maintenance of self-reliance [32]. Several types of interventions
focus on reducing FOF [33-41]; however, some degree of FOF
can increase conscious awareness and reduce fall risk by
encouraging individuals to avoid exposure to unnecessary risks
[42]. Low-income older adults with better-perceived physical
health may experience less FOF [43].

In addition, existing fall prevention intervention technologies
do not enable participants and practitioners to interact and
collaborate [44] even with technologies that bring viable
strategies to maintain independence, prevent disability, and
increase access to quality care. Acceptability, privacy issues,
technology costs, implementation costs, and barriers have rarely
been addressed [44]. Research is also limited on the use of
technology to enhance motivation and help individuals align
their perception with physiological fall risk [45]. Offering
additional advantages, technology-based exercise interventions
have good adherence and may provide a sustainable method of
promoting PA and preventing falls [45,46].

We developed a novel, 8-week Physio-Feedback Exercise
Program (PEER) [32], which includes (1) technology-based
physio-feedback using a real-time portable innovative
technology—the BTrackS Balance Tracking System (BBS),
which is reliable [47,48] and affordable, allows for home testing,
provides feedback, and tracks balance progression; (2) cognitive
reframing [49] using the FRA matrix; and (3) peer-led exercises
[50] focusing on balance, strength training, and incorporating
exercises into daily activities. Our pilot study supports the
feasibility and acceptability of using BBS technology in
low-income communities to screen individuals with maladaptive
FRA. It also supports using the results to tailor interventions to
improve PA and reduce falls [31,51,52]. The findings highlight
reducing sedentary time to help shift from irrational to rational
groups and increasing MVPA time to help shift from congruent
and irrational to rational FRA groups. We found a significant
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difference in sedentary time between the rational and irrational
groups (P=.04). This indicates that if a person exhibits high
FOF despite their normal balance (irrational), they tend to be
more sedentary compared with people with low FOF and normal
balance (rational). Importantly, we showed that the FRA matrix
and 4-group quadrant design (irrational, incongruent, congruent,
and rational) allows stratified analysis, which provides a more
efficient overall fall risk assessment, which has rarely been
reported in the literature.

Aims and Hypotheses
Aim 1 is to examine the effects of the technology-based PEER
intervention on fall risk, dynamic balance, and
accelerometer-based PA.

The hypotheses are as follows:

• H 1.1: The PEER group will reduce the fall risk compared
with the control group.

• H 1.2: The PEER group will improve the dynamic balance
compared with the control group.

• H 1.3: The PEER group will improve accelerometer-based
PA compared with the control group.

Aim 2 is to examine the effects of the PEER intervention on
FRA shifting and negative self-perceptions of aging.

The hypotheses are as follows:

• H 2.1: The PEER group will have a more adaptive shifting
compared with the control group.

• H 2.2: The PEER group will have a more positive shift in
their perceptions of aging compared with the control group.

Aim 3 is to explore participants’ experiences with the PEER
intervention and potential barriers to access and adoption of the
technology-based PEER intervention to inform future research.
A purposive sample of 30 participants from the PEER group
will participate in semistructured one-on-one interviews to
explore their perceptions of barriers to access and adoption of
technology and intervention.

Methods

Study Design
This is an intention-to-treat, single-blind, parallel, 2-arm
clustered randomized controlled trial study. We will collect data
at baseline (T1) and measure outcomes after program completion
(T2) and follow-up at 3 months (T3) and 6 months (T4) to test
our hypotheses. We include a retention period of 6 months to
determine whether fall risk, dynamic balance, PA, altered
maladaptive FRA (FRA shifting), and negative self-perceptions
of aging are maintained without ongoing intervention. This
study is registered on ClinicalTrials.gov (NCT05778604).

Settings
The intervention will be offered in low-income, independent
living communities, units, and apartments in Orlando, Florida.
Florida has a large aging population with drastically different
income levels and degrees of socioeconomic status [53]. The
diversity of potential participants is also high, as Florida’s

population is approximately 17% African American, 3% Asian,
26% Hispanic or Latinx, and 54% non-Hispanic White [54].

Study Participants
A sample of 340 participants will be enrolled if they meet all
the following inclusion criteria:(1) aged ≥60 years, (2)
cognitively intact based on Mini-Mental State Examination
score ≥24 [55], and (3) able to stand without assistance.
Exclusion criteria were as follows: (1) a medical condition
precluding exercise and PA, such as feeling pressure when
performing PA; (2) currently receiving treatment from a
rehabilitation facility; (3) plan to move within 1 year; (4)
hospitalized >3 times in the past 12 months; and (5) does not
speak English or Spanish.

Power Analysis and Sample Size
The sample size estimate was based on the primary outcomes
of fall risk (CDC fall risk score) and PA (normalized MVPA)
for aim 1 and the secondary outcome of FRA shifting (BBS
score) for aim 2. The difference in the normalized mean MVPA
between the PEER group (mean 3.67, SD 2.54) and the control
group (mean 5.38, SD 2.68) and the difference in the fall risk
score between the PEER group (mean 2.72, SD=3.23) and the
control group (mean 2.21, SD=2.06) are considered markers of
PA and fall risk, respectively. Considering a clinically relevant
normalized difference in MVPA of 1.7 (SD 2.60) and a fall risk
score difference of 0.50 (SD 2.56), the medium effect size Cohen
d=0.25, intraclass correlation (ICC) of 0.8, and a significance
level of are used for the calculation of the sample size. A sample
size of 120 participants per arm is needed to reach 80%
statistical power to detect the difference between the PEER and
control groups on repeated measures of normalized MVPA. A
sample size of 120 participants per arm is needed to reach 80%
statistical power to detect the difference between the PEER and
control groups on repeated measures of normalized MVPA.

In addition, the sample size was also based on the following:
(1) at least 3 sites per arm; (2) an initial hypothesis that at least
10% (34/340) of the irrational, incongruent, and congruent FRA
would shift to rational FRA after PEER completion; (3) an
approximate study adherence rate of 80% [56], and (4) an
estimated study dropout rate of approximately 40% (136/340)
over time. Therefore, the sample size was increased from 120
to 170 per arm, resulting in a total of 340 participants. On the
basis of our pilot study [26], we estimate that approximately
60% (204/340) of the low-income older adults will meet all
inclusion and exclusion criteria and will be interested in
participating in this study. We estimate that a minimum of 567
low-income older adults will be screened to identify 340
low-income older adults for enrollment, and approximately 240
low-income older adults (120 per arm) are needed to complete
the study. Given the sample size of 120 per arm, a significance
level of P=.05, and 80% power, considering a clinically relevant
BBS mean score difference of 8 (SD 12), the effect size Cohen
d=0.36 can be achieved to compare the intervention effect based
on secondary outcomes.

Recruitment, Randomization, and Procedures
Research sites will be recruited through a partnership with local
communities, personal contacts, referrals, and phone calls. The
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unit of randomization is an independent living senior
community, which is defined as a company-owned facility with
a design for low-income independent adults aged ≥55 years and
without health care services provided on campus. Research sites
will be selected based on the prespecified criteria, including the
number of residents, geographic proximity (urban vs suburban),
and ability to implement the intervention. We plan to recruit 6
sites (3 intervention sites and 3 control sites). Collectively,
approximately 10 sites and 800 low-income individuals are
available for screening, and we can add sites, as they are
abundant in the area. The participating sites will be randomized
to either the intervention or control group in a 1:1 ratio. RX
(coinvestigator and statistician) will use a computerized
pseudorandom number generator to determine the randomization
order in advance. The project director (PD) will reveal the
randomization of the sites before the study [57]. Following
randomization, we will recruit participants using standard
strategies, including placing flyers on information boards and
participating in open-house sessions or health fairs for
face-to-face recruitment. Participants will also be recruited from
their units by email. We will screen participants by a phone call
to determine their initial eligibility, and those eligible will be
invited for the baseline assessment. The research staff will
explain the study and complete the consent process. The PEER
intervention sites will be required to select 6 to 7 volunteers
called peer coaches (PCs) to lead the exercise group, and the

PCs will be eligible if they report having a regular PA routine
or having an educational background in health care; are aged
>55 years; can read, write, and understand English and Spanish;
and are committed to delivering the protocol for 8 weeks. JS
(coinvestigator) and the principal investigator (PI) will provide
two, 3-hour sessions to train the PCs in balance and strength
training, safety in the exercise, and participant motivation in
collaboration with a successful PC from our pilot study. Each
PC will be matched to 8 to 10 low-income older adults in the
PEER group according to the place of residence and will
supervise low-income older adults in groups while they are
engaged in group exercises. This procedure was successful in
our pilot study.

Intervention
The PEER consists of 3 components with 3 steps.

Step 1: Technology-Based Physio-Feedback
The research assistant (RA) presents the BTrackS software
(Balance Tracking Systems, Inc) to display the participant’s
BBS scores with interpretations and then categorizes the
participants into 4 groups (irrational, incongruent, congruent,
and rational) according to the FRA matrix and plots the position
in 1 of the 4 quadrants on the FRA matrix chart (Figure 1). The
RA will provide physio-feedback to the participants at baseline
(T1) and after program completion (T2).

Figure 1. Technology-based physio-feedback. CDC: Centers for Disease Control and Prevention; FRA: fall risk appraisal.

Step 2: Cognitive Reframing
Cognitive reframing will be based on the FRA matrix. We will
present the FRA matrix, and activities will be tailored based on
the quadrant that the participant fits (Figure 1):

• Quadrant 1 (irrational): focus on increasing balance
confidence and maintaining exercise.

• Quadrant 2 (incongruent): focus on individual fall risk
factors from the CDC fall risk checklist, enhance fall risk
awareness, and participate in the exercise.

• Quadrant 3 (congruent): focus on individual fall risk factors
from the CDC fall checklist and participate in the exercise.

• Quadrant 4 (rational): encourage to maintain exercise.

Step 3: Peer-Led Exercises
Peer-led exercises focus on balance, strength training, and
incorporating exercises into daily activities. A trained PC will
lead the group-based exercises for 60 minutes (8-10 per group).
Exercise training includes 4 sets of warm-ups, strength for the
upper and lower body, balance (standing and moving), and
stretching of the upper and lower body. Our training sessions
follow the guidelines established by the American College of
Sports Medicine, which take into account the frequency,
intensity, time, and type of exercise recommended for each
individual level of progression. These levels are classified as
beginner, intermediate, and advanced [58,59]. On the basis of
these guidelines, a duration of 91 to 120 minutes of exercise
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per week is the most effective in improving overall balance
performance [60]. Therefore, the dose of exercise that will be
tested in the PEER group is 120 minutes for 8 weeks (60 min/wk
for group exercise led by the peer and at least 30 min twice a
wk for individual exercise). We will offer a booklet with
exercise instructions in both English and Spanish, featuring
illustrations to guide users through each exercise set. The
booklet contains a diverse range of exercises that can be easily
incorporated into daily routines, such as cooking. The
participants will be instructed to keep a weekly log of their
exercise activities, noting the type and duration of each activity
they performed at home.

Treatment Fidelity and Monitoring
The PI and PD will oversee the treatment fidelity and monitoring
plan. We will use a modified Treatment Fidelity Assessment
Tool based on National Institutes of Health’s Behavioral Change
Consortium treatment fidelity research [61]. In total, 5%
(17/340) of the intervention sessions will be randomly observed
by the PI using the modified Treatment Fidelity Assessment
Tool, including treatment design, training, delivery of treatment,
receipt of treatment, and enactment of treatment skills [61,62].
It is evaluated on a 3-point scale (1=present, 2=absent but should
be present, and 3=not applicable). Problems identified, including
deviation from the protocol, will be discussed with the research
team, assessors, and interventionists biweekly. Retraining will
be provided if adherence is <90%. A continual process
evaluation plan will be used in this study. The plan is based on
the guidelines of the Medical Research Council framework [63],
which includes three components: (1) implementation, (2)
mechanisms of impact, and (3) contextual factors. The
implementation of the PEER intervention will be evaluated
based on fidelity (whether the PEER was delivered as intended),
completeness (quantity of the PEER implemented), adaptation
(alterations made), and reach (characteristics of the population
reached). The mechanisms of impact (how the delivered PEER
produced change) and contextual factors (how context affects
implementation and outcomes) will be assessed in this study.
Adherence to the PEER intervention will be monitored by phone
calls by a PC. Adverse events will be monitored throughout the
study period. Low-income older adults will be instructed to
contact RAs, the PI, or the PD if they have falls, near falls, or
a change in status that led to medical attention. Contact will be
recorded by the RAs. The low-income older adults will be asked
to identify reasons for adherence as well as nonadherence. A
project logbook, registration checklists, participant records, and
self-reports will be used to collect these data.

End Points
The intervention will be delivered per protocol until 1 of the
following end points is met (whichever occurs first): (1) unable
to participate in PEER activities (eg, exercise), (2) past 8 weeks
of enrollment, and (3) other exclusion criteria are met (eg, severe
cognitive problems).

Control Group
The control group or enhanced usual care will receive an
information pamphlet about falls (English or Spanish version)
developed by the CDC Stopping Elderly Accidents, Deaths,

and Injuries–Older Adult Fall Prevention. These pamphlets
provide details on fall risk, ways to prevent falls, how to check
for safety, postural hypotension, chair rise exercise, what they
can do to avoid falls, ensure safety, and manage postural
hypotension [2]. The control group will be encouraged to discuss
fall prevention with their primary care provider and continue
their regular activities for 6 months. They will be offered the
PEER intervention when the study concludes. They will receive
monthly phone calls from the RA to record a monthly fall
incidence log.

Outcome Measures and Data Collection

Primary Outcome Measures

Fall Risk

Fall risk will be assessed using the CDC’s Stopping Elderly
Accidents, Deaths, and Injuries fall risk checklist. It consists of
12 statements related to physical and psychological fall risk
factors, with responses of either yes or no. If a person scores
≥4 points, it suggests that there is a risk of falling [2]. The
sensitivity of this checklist for discriminating fallers and
predicting future fallers among community-dwelling older adults
is 73% to 80% [64].

Dynamic Balance

Dynamic balance will be assessed using the “Timed Up and
Go” (TUG) and “Sit to Stand” (STS) tests suggested by the
CDC [2] and the American Geriatric Society [65]. It is important
to conduct >1 balance test, as some participants may be
identified as at risk on one and not another [64]. The TUG test
is a commonly used method for evaluating functional mobility
and predicting the risk of falling [66,67]. The TUG test has been
validated among older adults in the community [68]. The TUG
test has been proven to be effective in assessing older adults at
risk of falling, with a sensitivity and specificity of 87% [69].
The STS is reliable for various populations [70,71]. For the
TUG test, participants will stand up from a standard armchair,
walk at a normal pace for 3 m, return, and sit down again [72].
Participants who complete the TUG test in <12 seconds will be
classified as having a low fall risk [73]. Then they will complete
the STS. To begin, the participant should sit in the center of the
chair, crossing their hands at the wrists and placing them on the
opposite shoulder. They should keep their feet flat on the floor,
their back straight, and their arms against their chest. Then, they
should repeat the motion of standing up and sitting back down
for 30 seconds. The results will be scored based on their age
and sex as suggested by the CDC [2].

PA Measures

PA participants will have their activity levels monitored using
ActiGraph GT9X Link wireless activity monitors for 7
consecutive days. These devices, which are triaxial
accelerometers, will be worn on the nondominant wrist by all
participants. The GT9X Link has a sample rate of 30-100 Hz
and a dynamic range of ±8G. It also has a rechargeable battery
that lasts up to 14 days and can store up to 4 GB of data for 180
days. Information is collected every minute. A sensor checks
if the device is being worn or not. The GT9X Link gives
accurate 24-hour measurements of PA, such as steps taken,
energy expended, intensity, and the user’s position. Measuring

JMIR Res Protoc 2023 | vol. 12 | e51899 | p. 5https://www.researchprotocols.org/2023/1/e51899
(page number not for citation purposes)

Thiamwong et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


PA through accelerometry is a reliable method (ICC=0.98),
especially when assessing free-living individuals [74]. It has
been validated through comparison with measurements of direct
observation, energy expenditure, and sedentary behavior [75,76].

Secondary Outcome Measures

FRA Shifting

FRA shifting consists of (1) maladaptive shifting, which is
moving from the rational quadrant into any other quadrant, and
(2) adaptive shifting, which is moving from irrational,
incongruent, or congruent into the rational quadrant [77]. We
use the FRA matrix, a graphical grid categorizing levels of FOF
(mind) and levels of balance (body) into four quadrants [22,23]:
(1) rational: low FOF (short Falls Efficacy Scale-International
[FES-I] ≤10) and normal balance (BBS ≤30), (2) incongruent:
low FOF (short FES-I≤10) despite poor balance (BBS>30), (3)
irrational: high FOF (short FES-I>10) despite normal balance
(BBS≤30), and (4) congruent: high FOF (short FES-I>10) and
poor balance (BBS>30).

Levels of FOF

Levels of FOF will be assessed using the short FES-I. It is a
7-item self-report questionnaire (English and Spanish version)
that provides information on the level of concern about falls for
a range of activities of daily living [78]. On a 4-point Likert
scale, low-income older adults will be asked to rate their
concerns about the possibility of falling when performing 7
activities such as dressing. The scores range from 7 to 28 [79].
Higher total FES-I scores indicate higher FOF [78]. Scores of
7 to 10 indicate low concern about falling, whereas scores of
11 to 28 indicate high concern about falling [80,81]. The short
FES-I has been validated in community-dwelling older adults
[80]. Cronbach α=.97 and ICC=0.979 among older adults [82].

Levels of Balance

Levels of balance will be assessed using the BBS. During the
BBS, a piece of sturdy furniture or a standard walker will be
placed within the participant’s reach to reduce the risk that FOF
will contaminate performance and enable even frail people to
participate. Individuals will stand as still as possible on the
BTrackS Balance force plate with their hands on the hips and
eyes closed [83]. After the test, there are three results: (1)
baseline, postbaseline, and percentage of changes; (2)
comparison with sex and age group; and (3) levels of fall risk.
In comparison with the age group, the software uses the BBS
Normative Database to compare the individual with others in
their age group. The BBS score is dependent on age and sex
but not body size so that the percentile rankings can be
determined across various age groups and for men and women
separately [84]. A scale from 0 to 100 represents the percentile
ranking of the BBS. A score of 0 to 30 indicates a low fall risk
(normal balance) [84].

Negative Self-Perceptions

Negative self-perceptions will be measured using the Brief
Aging Perceptions Questionnaire, which consists of 17 items
[84]. In the proposed study, we will calculate an overall negative
perception score (range 17-85, as in the study by Fawsitt et al
[85] and Freeman et al [86]) by summing all negative scales

after reverse scoring positive subscales. In our pilot study
(N=48), this measure’s Cronbach α was .64.

Additional Measures of Interest

Social Determinants of Health
Social determinants of health from the PhenX tool kit include
protocols related to demographics or participants’characteristics
including age, sex, education, history of falls, the number of
comorbidities, access to health services, health literacy, and
access to health technology [87].

Depression
Depression will be measured using the Patient Health
Questionnaire-9. The Patient Health Questionnaire-9 (English
and Spanish) is a valid and reliable tool for screening depression
in older adults [88,89]. It has high internal consistency
(Cronbach α=.89) [88,89]. Participants will score how often
each symptom (eg, feeling tired) was present within the last 2
weeks. The total scores range from 0 to 27, with scores ≥10
indicating moderate depression [88].

Anxiety
Anxiety will be measured using the Geriatric Anxiety
Inventory-Short form, which consists of 5 items, investigates
3 dimensions of anxiety (somatic, cognitive, and affective), and
is rated on a 4-point Likert scale, ranging from 0 (not at all) to
3 (all the time) [90-92]. It has adequate internal consistency and
validity for screening anxiety in older adults [93].

Incidence of Falls
We will measure the number of falls and near falls. A fall is
defined as an unexpected event in which an individual comes
to rest on the ground, floor, or a lower level. An injurious fall
is defined as hospitalization for or receipt of outpatient care
because of a fall [94,95]. A near fall is a stumble event or loss
of balance that would result in a fall if sufficient recovery
mechanisms were not activated. At least 2 compensatory
mechanisms (eg, unplanned movement of the arms, legs, and
trunk tilt) should be activated [96]. The number of falls and
near falls will be assessed using a monthly fall log by
low-income older adults and follow-up phone calls by RAs.

Exercise Adherence
A weekly exercise log is designed from our pilot work to record
activity including the types and duration of exercise that
low-income older adults performs at home. A weekly exercise
log will be handed to the PC at the group exercise in the week
after.

Data Collection
Demographic data (eg, age, sex, living status, and education
level), perceived general health, self-report of vision, medication
use, urinary incontinence, and the number of falls in the past 6
months will be assessed at baseline to provide context about
low-income older adults. A trained RA will perform all baseline
and follow-up assessments and will be blinded to the group
assignment. Low-income older adults will be instructed not to
inform assessors of their group status. All questionnaires and
tests (except the PA test) take approximately 60 to 90 minutes
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to complete, and no risks or discomfort were associated with
the balance and PA tests in our pilot studies.

Data Management and Integrity
Data files will be built on a password-protected computer using
REDCap (Research Electronic Data Capture; Vanderbilt
University), which will be housed on a secure university server
[97,98]. RX (coinvestigator) and RAs will be responsible for
data cleaning and will teach the data entry system to the study
team members who will be recording data in REDCap.
Following an initial audit, the data will be double entered, and
files will be matched to verify the accuracy of the data for the
first 5 participants, after which a random 5% (17/340) of the
total sample will be double checked periodically throughout the
study. The data will be systematically examined for out-of-range
values and inconsistencies. We anticipate no more than 5%
missing values on any 1 item, as data will be collected in person
on site and via phone calls. Missing data will be identified and
obtained during follow-up interviews or with follow-up contact
with participants. We will create an audit trail to identify and
correct issues, protect participants’ privacy, ensure
confidentiality, and maintain data integrity [99]. If causes of
error other than random variation are identified, we will modify
or adjust our procedures and train team members as needed.

Data Analysis
We will collect demographic information from the participants
for the study. We will compare baseline variables, such as
essential participant characteristics, primary, and secondary end
points, to summarize the differences between the 2 groups at
the start of the study (T1). For the analysis of categorical data
and continuous data, the chi-square test and 2-tailed t test will
be used. We use R (version 4.1.2; R Foundation) for data
analyses, with a significance level of P=.05.

Aim 1 is to examine the effects of the technology-based PEER
intervention on fall risk, dynamic balance, and
accelerometer-based PA.

The hypotheses are as follows:

• H 1.1: The PEER group will reduce the fall risk compared
with the control group.

• H 1.2: The PEER group will improve the dynamic balance
compared with the control group.

• H 1.3: The PEER group will improve accelerometer-based
PA compared with the control group.

Data will be analyzed according to the intention-to-treat
principle [100]. We will model the fall risk, dynamic balance,
and accelerometer-based PA as longitudinal outcomes consisting
of 4 measurements (baseline or T1, after program completion
or T2, follow-up at 3 months or T3, and follow-up at 6 months
or T4) using the longitudinal linear mixed model (LMM) [101].
The LMM allows all low-income older adults and their available
data to be included in the analysis, even for unequal group
sample sizes, and the group heterogeneity can be addressed in
the variance structure of random effects. It is hypothesized that
the PEER group will show improvement in all outcome
measures over time. To test hypothesis 1.1, between-arm
differences for fall risk scores, the likelihood ratio test (LRT)

[101] associated with LMM will be used from all follow-up
assessment visits. Similarly, the LRTs will be used to test
hypotheses 1.2 and 1.3 for between-arm differences for dynamic
balance and PA, respectively. The CDC-recommended scoring
scheme will be adopted to process fall risk, TUG, and STS data
[102]. For example, the average score of the number of STS
repetitions a person can complete is based on different age and
sex groups [102].

Raw acceleration data from ActiGraph will be downloaded and
converted to “.csv” files using ActiLife 6 Software (version
6.13.4; ActiGraph LLC). PA data will be processed using the
R package GGIR (version 2.4-0). GGIR R package used to
process multiday raw accelerometer data for PA research [103]
includes (1) auto-calibration of acceleration signals according
to local gravity [104], (2) detection of nonwear time, and (3)
calculation of the average magnitude of dynamic acceleration
corrected for gravity (ie, Euclidean Norm Minus One) over
5-second epochs and expressed in milli-gravitational units (mg)
[105]. Nonwear time and sustained abnormally high
accelerations will be imputed using the default settings [105].
The Euclidean Norm Minus One cut-off points will be used to
estimate the total time spent in sedentary behavior, light intensity
PA, and MVPA in participants.

For missing data treatment, the missing values will be imputed
using the method of multiple imputations [106]. The maximum
number of missing values within a scale will be based on the
guidelines provided by the scale developers or based on a limit
of 25% missing values. In the first analysis, all low-income
older adults will be included according to their original group
assignment [100]. Participants in the PEER group who
completed at least 5 of the 8 group-based sessions will be
included in the per-protocol analysis. Although every attempt
will be made to ensure that low-income older adults complete
all assessments, there may be some participant attrition over
time. The missing data mechanism is assumed to be missing at
random. The dropout patterns or missing data rates for the 2
arms will be examined to assess the differences. When possible,
the models should be modified to account for relevant factors
such as age, sex, general health perception, and the number of
falls in the 6 months leading up to the baseline. To determine
the impact of the PEER intervention during follow-up
evaluations, the group-by-time interaction term will be
incorporated into the model. Effect sizes (Cohen d) [107,108]
will be calculated based on the estimated means and the pooled
SD.

Aim 2 is to examine the effects of the intervention on FRA
shifting and negative self-perceptions of aging.

The hypotheses are as follows:

• H 2.1: The PEER group will have a more adaptive shifting
compared with the control group.

• H 2.2: The PEER group will have a more positive shift in
their perceptions of aging compared with the control group.

To test hypothesis 2.1 (FRA shifting), the 4 FRA quadrants will
be determined by grid coordinates based on 2 continuous level
measures (BBS and short FES-I scores). We will classify
shifting into 2 types: maladaptive and adaptive shifting.
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Adaptive shifting is moving from irrational, incongruent, or
congruent to rational. The outcome is a percentage of
low-income older adults with baseline (T1) in irrational,
incongruent, or congruent quadrants who end up in the rational
quadrant after program completion (T2). Maladaptive shifting
is a movement from rational to any other quadrant, and the
percentage of low-income older adults will be calculated. After
program completion (T2), the baseline FRA categories (T1)
may remain the same or shift to a different FRA category. We
will form a 4×4 contingency table for the 4 FRA categories at
each follow-up time point (T3 and T4) to summarize the shifts.
The standard 4×4 table analysis will be performed to examine
the FRA shifting, either using a chi-square test or exact test,
depending on the actual counts observed in the 4×4 table. The
BBS and short FES-I scores will be collected in 4 planned visit
time points (T1, T2, T3, and T3). We will use the Generalized
Linear Mixed Model (GLMM) to analyze these 2 end points
for assessing the difference between the PEER intervention and
control arms on the shift of FRA categories [109]. Our
longitudinal data on the PEER effects of different types of
shifting on low-income older adults will contain repeated binary
measures of the shifting status over time. The binomial GLMM
with the logic link will allow us to assess the difference between
the 2 arms in FRA shifting, and the associated LRT [101] will
be used to test hypothesis 2.1 if a significant adaptive shifting
is detected in the PEER group compared with the control group.
The GLMM can address the group heterogeneity by specifying
the corresponding covariance structure in random effect terms.

To test hypothesis 2.2, positive shift in their perceptions of
aging, the longitudinal mixed model analysis of variance will
be used to test the effects of the intervention by comparing the
PEER group with the control group from all follow-up
assessment visits. Measurements, such as the negative
self-perceptions of aging, can be incorporated into the GLMM
model to investigate their potential role as mediators of FRA
shifting and examine the effects of the intervention.

Aim 3 is to explore participants’ experiences with the
intervention and potential barriers to access and adoption of the
technology-based PEER intervention to inform future research.

Rationale
A qualitative approach will allow us to explore the complex,
multilevel pathways through how the PEER intervention affect
at individual and peer-group levels. We may also identify
barriers to successful FRA adaptation and barriers to access and
adoption of the technology-based intervention that cannot be
identified in quantitative data but will be important to consider
in the future. Interviews with participants will provide insights
into the variability across settings and implementation factors
that will be instructive for program and policy planning.
Importantly, interviews will amplify the voices of low-income
individuals who traditionally hold less power in program
planning [110].

Design and Sample
We will use in-depth, one-on-one, semistructured interviews
with up to 30 participants from the PEER after the completion
of the intervention (T2). Semistructured interviews will help

ensure that key concepts are addressed while allowing flexibility
to adjust and rearrange questions to maximize interview flow
and useful data collected. Theoretical sampling will help us
gain the perceptions we need in terms of demographic and
experiential variation [111,112]. We will sample until saturation
of themes and content has occurred. The interviews (30-40
minutes) will be conducted by a trained interviewer either in
person or by phone or web conferencing and will be audio
recorded. The COREQ (Consolidated Criteria for Reporting
Qualitative Research) [113,114] will be used during all phases
of the process to optimize quality.

Interview Guide
The National Institute on Minority Health and Health Disparities
research framework [115] will help inform the development of
the interview guide and focus on the (1) three domains of
influence (biological, behavioral, and sociocultural) and (2) two
levels of influence (individual and peer groups) that are most
relevant to participant experiences and intervention evaluation.
Interview questions will focus on their experience of
participating in the PEER intervention, acceptability of PEER,
potential barriers to accessing and adopting PEER in the
community, and recommendations for future work. Consistent
with the standard qualitative methodology, interview guides
will be pilot-tested and adjusted based on findings from early
interviews [116].

Analysis
Data will be analyzed based on the analytic process of
interpretive description, which is used to develop findings for
clinical practice [117,118]. VL (coinvestigator) and the PI will
generate initial codes focusing on participants’experiences with
PEER and will meet to establish consensus on the coding and
using the NVivo software (version 12; QSR International) to
aid in sorting and organizing the data. Consistent with the
interpretive description, we will maintain an open stance toward
coding to understand participant experiences [118]. Coding will
continue until no new information is forthcoming from the data
and the categories appear “saturated” [112]. Field notes will be
coded to aid data interpretations and provide context, as they
will contain interviewers’ impressions and observations during
the interviews [111]. We will collate codes into themes, review
them for their fit to the data, and categorize and label themes.
We will conduct initial analyses on all data as soon as they are
collected to allow for theoretical adjustments to the questions
and guide sampling strategies for future interviews.

Domains of Quality
We will enhance quality via the following strategies:

• Maximal variation in sampling by ensuring variability on
the factors that likely influence participants’ experience
(age and context). We will enhance the credibility of the
data and seek out a range of responses to the PEER, both
positive and negative.

• Throughout the study, we will document all the
methodological decisions and the reasoning behind them
to maintain an accurate audit trail and ensure interpretive
rigor [111].
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• After identifying general themes and subthemes in the
qualitative data analysis process, the entire research team
will review and discuss a summary through peer debriefing
[119].

• We will encourage team members who are not directly
involved in the analysis to provide feedback and ask critical
questions about the methods, decisions, and interpretation.

• Inference transferability will provide a description of the
participants to allow for transferability of findings to similar
settings, contexts, and people [120].

Ethical Considerations
The Institutional Review Board of the University of Central
Florida granted ethics approval for this study (protocol
STUDY00003206) on October 14, 2022. All participants will
receive information before participation.

Results

As of August 2023, the enrollment of participants is ongoing.

Discussion

Principal Findings
Our developed PEER intervention is focused on providing
physio-feedback using technology, promoting cognitive
reframing, enhancing peer-led exercises, and incorporating
exercises into daily activities. We aimed to examine the
effectiveness of the technology-based PEER intervention on 3
primary outcomes (fall risk, dynamic balance, and
accelerometer-based PA) and 2 secondary outcomes (FRA
shifting and negative self-perceptions of aging). We
hypothesized that the PEER group will reduce the fall risk,
improve the dynamic balance, and improve accelerometer-based
PA compared with the control group.

Our pilot study found that the PEER intervention (n=19) had a
significant reduction in the CDC fall risk score from
preintervention to postintervention (effect size Cohen d=0.6;
P=.02) [32]. We also found that the PEER group had significant
improvement in the TUG (P=.001; Cohen d=1.0) and STS
(P<.001; Cohen d=0.95) tests [32]. In addition, in a pilot study
[77], 11% of participants in the PEER group (n=19) had adaptive
shifting compared with none in the control group (n=22). Up
to 32% of the participants in the control group had maladaptive
shifting compared with only 5.3% in the PEER group [77].

Existing fall prevention intervention technologies do not enable
participants and practitioners to interact and collaborate [44]
even with technologies that bring viable strategies to maintain
PA, prevent disability, and increase access to quality care. The
physio-feedback using portable technology is a vital component
of the PEER intervention for screening fall risk at home or in
their communities and initiating a fall risk communication
between older adults, their caregivers, and practitioners. The
physio-feedback and cognitive reframing strategies improve
older adults’ competence by aligning their physiological fall
risk with FOF or body and mind and increasing their fall risk
awareness [116]. Few studies focused on improving PA in
socioeconomically disadvantaged groups [121] despite

recommendations for action on the social determinants of health
for improving PA. Regular PA improved quality of life and
reduced fall risk and mortality [122]; however, a lack of
motivation to participate in PA is a crucial barrier. The peer-led
exercises with peer coaching strategies may help build a
connection and increase the motivation to participate in PA for
older adults [50].

Future Implications
This study addresses the public health problem by optimizing
a technology-driven, tailored approach that can operate in
low-resource environments with unlimited users to prevent falls
and reduce health disparities in low-income older adults. It also
supports using the results to tailor interventions to improve PA
and reduce falls [31,51,52]. If effective, this intervention can
provide an innovative, scalable, and accessible model for fall
prevention in diverse and underserved populations. The use of
a noninvasive technology that does not require special training
and can operate in low-resource environments may scale up the
intervention for low-income communities. The BBS can be used
for fall risk assessment, tailored interventions, and tracking the
changes in balance performance. Technology-based
physio-feedback regarding balance has a positive effect on
balance confidence and task selection, which could help reframe
unrealistic perceptions and lead to healthy behaviors. This study
is conducted by an interdisciplinary team and collaborates with
community-based and public health organizations, which will
ensure the research is relevant, contextually appropriate, and
will ultimately be translated into real-world settings.

Limitations, Potential Challenges, and Alternatives
There are several limitations and potential challenges including
(1) recruitment and retention, (2) respondent burden, (3) staffing,
and (4) lack of skills to use BBS technology.

Recruitment and Retention
Although the recruitment and retention of low-income older
adults in randomized controlled trial studies is often challenging,
our tailored strategies will address these issues by ensuring that
our bilingual RAs are well trained, providing information in
English and Spanish versions, and using a straightforward data
collection process.

Respondent Burden
During the intervention, the PCs and RAs will complete a
weekly exercise log and monthly fall or near falls logs. After
the 8-week intervention, the only data to be collected monthly
from participants will be the fall logs. These were used
successfully in our pilot study; we found no falls and 2 near
falls in the PEER group.

Staffing
Our staffing plan ensures coverage by study personnel for 8
weeks of the intervention and the 3- and 6-month follow-up
assessment.

Lack of Skills to Use BBS Technology
This study does not expect low-income older adults to test
themselves using the BBS. We will train an RA at each site to
run the test.
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Conclusions
More than half of all older adults have maladaptive FRA, leading
to reduced PA and a corresponding increased risk of falls. This
study focuses on fall interventions tailored to low-income older
adults who have a mismatch between physiological fall risk
(body) and perceived fall risk (mind). The PEER is a novel
intervention that combines concepts of physio-feedback,
cognitive reframing, and peer-led exercise by motivating a shift
in self-estimation of fall risk to align with physiological fall

risk to improve balance, PA, and negative aging self-perception
that no one has studied before. The major strength of this study
is the use of a noninvasive technology that does not require
special training and can operate in low-resource environments
with unlimited users. The PEER intervention can be
implemented on a large scale in community settings. Such an
approach may reach older individuals at risk who do not
participate in or are not referred to standardized conventional
training programs to help them prevent falls and reduce health
disparities.
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