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Purpose: This study evaluates the feasibility of delivering a virtual (online) falls prevention
intervention for older adults with mild cognitive impairment (MCI).

Methods: Community-dwelling older adults with MCI (mean age = 76.2 years, 72%
women) were randomized to either a Tai Ji Quan (n = 15) or stretching group (n = 15)
and participated in 60-minute virtual exercise sessions, via Zoom, twice weekly for 24
weeks. The primary outcome was the incidence of falls. Secondary outcomes were the
number of fallers and changes from baseline in the 4-Stage Balance Test, 30-second chair
stands, and Timed Up and Go Test under both single- and dual-task conditions.

Results: The intervention was implemented with good fidelity, an overall attendance rate of
79%, and 13% attrition. Compared with stretching, Tai Ji Quan did not reduce falls
(incidence rate ratio = 0.58; 95% confidence interval [CI], 0.32 to 1.03) or the number of
fallers (relative risk ratio = 0.75; 95% CI, 0.46 to 1.22) at week 24. The Tai Ji Quan group,
however, performed consistently better than the stretching group in balance (between-group
difference in change from baseline, 0.68 points; 95% CI, 0.12 to 1.24), 30-second chair
stands (1.87 stands; 95% CI, 1.15 to 2.58), and Timed Up and Go under single-task (—1.15
seconds; 95% CI, —1.85 to —0.44) and dual-task (—2.35; 95% CI, —3.06 to —1.64) conditions.
No serious intervention-related adverse events were observed.

Conclusion: Findings from this study suggest the feasibility, with respect to intervention
fidelity, compliance, and potential efficacy, of implementing an at-home, virtual, interactive
Tai Ji Quan program, delivered in real-time, as a potential balance training and falls
prevention intervention for older adults with MCI. The study provides preliminary data to
inform future trials.
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Introduction

Falls among community-dwelling older adults are a major public health problem. '~
The magnitude of the problem, however, is greater among those who experience
cognitive impairment, including Alzheimer’s disecase and related dementias
(ADRD) and mild cognitive impairment (MCI). Studies show that between 30%
and 50% of community-dwelling older adults with cognitive impairment have
reported falling,> > and they also have a higher likelihood of falling (2-5 times
higher risk) compared to those who are cognitively unimpaired.”® In addition, this
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population experiences other high-risk factors related to
falling, with poor outcomes for balance, gait, dual-task
activities, and cognitive function.>’*

Research shows that exercise, especially balance-based
training interventions, prevents falls in community-
dwelling older adults.'®'? Evidence, however, is less con-
clusive for those who have cognitive impairment.'* !>
There are currently few exercise interventions that are
efficacious, easily accessible, and specifically tailored for
this population.'”” The much-needed effort to develop
effective interventions is further hampered by the on-
going global coronavirus disease (COVID-19) pandemic.
This unprecedented public health crisis has left many older
adults with cognitive impairment, who are at highest risk
for severe illness from coronavirus infection,'® constrained
at home with few resources and limited opportunities to
continue physical activity in the community, thus increas-
ing their risk for falls and worsening their physical
performance.

Motivated by these public health challenges, we
designed a study to explore the feasibility of an online
(virtual) balance training exercise program targeting older
adults with cognitive impairment. Specifically, on the basis

J718 we evaluated the feasibility of

of our prior work
delivering a virtual dual-task Tai Ji Quan intervention
and assessed the potential efficacy of the intervention for
reducing falls and improving balance, mobility, and dual-
task performances in community-dwelling older adults

with MCIL.

Methods
Study Design and Participants

The study involved a single-blinded, randomized, parallel-
group feasibility trial. Individuals who qualified per the
study eligibility criteria were randomized to either a Tai Ji
Quan or stretching group and participated in virtual exer-
cise classes for 24 weeks. The study protocol was
approved by the Institutional Review Board of the
Oregon Research Institute and conducted in accordance
with the Declaration of Helsinki. Informed consent was
obtained from each participant. This feasibility study was
performed with data analyzed between April 2020 and
March 2021 as a supplement to a randomized controlled
trial registered at ClinicalTrials.gov (NCT04070703).

The target population was community-dwelling older
adults with MCI. To participate, individuals had to meet
the following inclusion criteria: (a) be 65 years of age or

older, (b) have had a complaint of memory loss (reported
by the participant and corroborated by an informant), (c)
recorded a score of <0.5 on the Clinical Dementia Rating
(CDR) scale' and >24 on the Mini Mental State
Evaluation (MMSE),*° (d) not participated in a rigorous
and structured physical activity or exercise program in the
past 3 months, and (¢) have medical clearance from
a healthcare provider. Individuals who could not commit
to the 24-week study period, were physically weak or
unable to ambulate, or refused to accept group assignment
were excluded.

Procedures

Participants were recruited primarily through promotions
in local newspapers and through mass mailings. Additional
recruitment methods included word of mouth, postings on
social media, and existing research databases of indivi-
duals who had participated in prior research projects.
Because the study took place during the COVID-19 pan-
demic, subject recruitment and outcome assessment activ-
ities were conducted primarily via phone communications
and online via Zoom. Recruitment and enrollment activ-
ities were conducted in two phases described in detail
below.

In Phase 1, a research assistant made telephone contact
with those who responded to the study promotion. This
initial contact confirmed eligibility criteria regarding age,
memory status, levels of habitual physical activity, and
time availability. An independent interview was also con-
ducted with an informant, who provided information
regarding the respondent’s cognitive status based in part
on a CDR assessment.'” In Phase 2, respondents were
further evaluated, via a Zoom session, on additional elig-
ibility criteria, including administration of the CDR and
MMSE. Those who qualified then underwent a virtual
baseline assessment conducted by a trained assessor.
Those who met all inclusion criteria, were clear about
research procedures, provided informed consent, and com-
pleted baseline assessment were then randomized.

Randomization and Masking

Eligible individuals were randomly assigned in a 1:1 ratio,
via a computer-generated randomization sequence, to
receive one of the two interventions, with a block size of
4 or 6 to prevent anticipation of assignment to a specific
study group. Allocation concealment was ensured since
the randomization was performed by a research assistant
who was not involved in the assessment or intervention.
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Study participants were not blinded to the intervention
group allocation. However, outcome assessors were
masked to group allocation throughout the study period.

Intervention Protocol Set-Up

Participants in both interventions (described in detail
below) received two 1-hour online exercise sessions per
week, delivered on Mondays and Wednesdays or Tuesdays
and Thursdays. Exercise instructors trained by the first
author taught all sessions. The intervention lasted 24
weeks, with a total of 48 exercise sessions planned for
each group. The study set an a priori goal of 75% or
greater for class attendance rate (=36 sessions of the
total) and a 15% attrition rate over the entire intervention
period. An orientation on the use of Zoom was provided to
each participant at baseline.

The two interventions were delivered online via Zoom,
with a class size for each intervention set between 4 and 8
participants in order to optimize viewability in Zoom’s
Gallery View. We also constrained the instructor’s teach-
ing movements to a square (marked on the floor) not
exceeding 4 feet by 4 feet in order to provide (a) onscreen
viewability, (b) instructional clarity, and (c) effective home
space utilization and movement safety. On the participant
end, we set an optimum physical distance of 8—10 feet for
personal computer users and 6-8 feet for iPad or smart
phone users for better viewability. On each class day,
participants were given a secured Zoom link via an
e-mail to allow them access to the scheduled online exer-
cise session.

Intervention

Tai Ji Quan

Participants received an augmented dual-task Tai Ji Quan
training program based on Tai Ji Quan: Moving for Better
Balance,”' an evidence-based balance training falls pre-
vention program for community-dwelling older
adults."”**** The protocol involved 10-15 minutes of
preparatory exercises, 45-50 minutes of core training
(learning, practicing) in the movements contained in an
8-form routine (“Move a Ball,” “Part Wild Horse’s Mane,”
“Repulse Monkey,” “Brush Knees,” “Fair Lady Works the
Shuttle,” “Grasp Peacock’s Tail,” “Waving Hands like
Cloud,” and “Single Whip”), and 1-2 minutes of closing
exercises. Training focused on practicing symmetrical and
coordinated forms/movements that emphasized movement
and breathing synchronization, trunk rotation, bilateral

weight shifts, controlled displacement of the body’s center

of mass over the varying sizes of the base of support,
and multidirectional
stepping.
Additional training features involved form-based rota-

dynamic eyes-head movements,

(anterior-posterior and medial-lateral)
tional ankle sway and self-induced reactive postural recov-
ery exercises.'’

Within a dual-task framework, the progressive core
training involved concurrent, interactive cognitive-
physical exercises aimed at challenging multiple cognitive
domains (memory, executive function, spatial orientation,
and processing speed). Drill features incorporated recal-
ling forms/movements (based on either verbal or visual
instructions); linking a form number (eg, Form 2) with the
corresponding name (eg, Part Wild House’s Mane) or vice
versa; practicing forms with verbalization of movement,
word spelling, and narrow base of support (eg, feet
together, semi-tandem stance); performing complex tasks
involving obstacle negotiation and navigation (eg, doing
forms around a chair, forms performed in different direc-
tions); engaging in forms switching, order reversing and
retrieval; and performing “Do what I say” or “Do what
I do” interference effect exercises. As part of the protocol,
we also incorporated an additional set of training elements,
including (a) 5-6 mini-therapeutic movements,”' (b)
seated form practice, and (c) sit-to-stand and stand-to-sit

form exercises.

Stretching

Participants in this group received stretching exercises,
with the majority of activities performed in a seated
position.'” Each exercise session began with a set of
warm-up exercises, such as arm, neck, and leg circles;
trunk rotation; and light walking. The core part of the
training session consisted of a variety of combined seated
and standing static (active) stretches involving the upper
body (neck, arms, back, shoulders, and the chest) and
lower extremities (quadriceps, hamstrings, calves, and
hips), along with slow and gentle trunk rotations. Each
session ended with abdominal breathing exercises that
emphasized inhaling and exhaling to maximum capacity
as well as progressive relaxation of major muscle groups.

Measurements
Primary Outcome
The primary outcome was the incidence of falls, ascer-
tained via monthly phone calls, over the 24-week period.
Participants were asked to record any fall on a falls calen-
dar and to report any fall event (defined as “when you land
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on the floor or the ground, or fall and hit objects like stairs
or pieces of furniture, by accident”) including any injur-
ious falls."” Data on falls were collected starting from the
date of the first intervention class and continuing until 24
weeks later (ie, the end of the intervention period) or until
a participant withdrew or was lost to follow-up.

Secondary Measures

These included measures of (a) number of fallers, derived
from the falls calendars and monthly phone calls by
research staff, (b) 4-Stage Balance Test,”* (c) 30-second
chair stands,?” and (d) Timed Up and Go”® Test performed
under both single- and dual-task conditions. Measures in
(b) through (d), described below, were collected at base-
line and 6-month follow-up via Zoom.

The 4-Stage Balance Test asks the participant to per-
form, for 10 seconds each, four progressively more chal-
lenging standing positions involving (a) parallel stance, (b)
semi-tandem stance, (¢) tandem (heel-toe) stance, and (d)
one-legged stance. For scoring purposes, a score of 1
(success) was recorded for each testing position if the
participant was able to complete the task for 10 seconds;
0 (failure) if the participant could not complete the task for
10 seconds. Scores (range: 0—4) were summed across the
four testing conditions, with high values indicating better
balance. The 30-second chair stands test was administered
using a standard chair with the total number of chair stands
recorded within 30 seconds. The Timed Up and Go Test
(under the single-task condition) measured the time (in
seconds) it took for a participant to complete an 20-foot
walk that involved (a) standing up from a chair, (b) walk-
ing (10 feet forward) at normal pace to a line on the floor,
(c) turning, (d) walking back (10 feet) to the chair, and (e)
sitting down. The test protocol was repeated under a dual-
task condition where the participant was asked to walk
while performing an arithmetic task (ie, starting at the
number 81 and sequentially subtracting 5 from the result-
ing number). No instructions were provided for prioritiza-
tion of one of the tasks (walking or cognitive task) during
the dual-task trial. Lower scores on both single- and dual-
task conditions indicated better performance.

Other Measures

At enrollment, participants completed a self-survey that
collected their demographic, health status, medical and
chronic conditions, and fall-related information. Other
information included self-reported weight, height, and
blood pressure.

Assessment Procedures

One day prior to baseline assessment, an e-mail was sent to
each participant with a link connecting the participant to
a secured Zoom session. On the day of the assessment,
both the participant and study assessor signed on to the
Zoom session, which began with a general orientation by
the assessor about the assessment activities to be performed
and detailed instructions on performance using screen shar-
ing on Zoom. Participants were also asked to locate an
armless chair to be used during the assessment and then
perform the 4-Stage Balance Test, 30-second chair stands,
and Timed Up and Go Test. The protocol was kept consistent
between the two assessment points (baseline and follow-up).

Intervention-Related Process Assessment
We evaluated intervention fidelity by assessing the extent
to which instructors successfully implemented the follow-
ing prespecified program protocol components:** (a) 60-
minute session delivered twice weekly over a 24-week
period, (b) instructor’s adherence to the teaching protocols
specified in an instructional teaching plan, and (c) class
participation rate of 75% or better. Information on inter-
vention class attendance was collected at each online ses-
sion by a research assistant. Adverse events were also
monitored throughout the intervention period. A serious
adverse event was defined as any undesirable experience
associated with the prescribed exercise intervention pro-
grams. These included death, falls that resulted in an
injury, hospitalization, or important medical events such
as a heart attack that required treatment in an emergency
room. The cause of each event, either intervention-related
or non-intervention-related, was documented.

Statistical Analysis
Baseline characteristics of the study population and study
outcome measures were summarized by intervention group
using descriptive statistics, such as means, standard devia-
tions (SDs), and percentages. To assess between-group
equivalence at baseline, demographic descriptors were
compared across groups by using analysis of variance for
continuous variables and the y* (or Fisher’s Exact Test) for
categorical variables. The descriptive information on num-
ber of falls, person-months of follow-up, and fallers was
tabulated across the intervention groups.

Because all secondary outcomes were assessed via
Zoom, we also performed a 16-week test-retest on the
4-Stage Balance Test, 30-second chair stands, and the
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Timed Up and Go Test under the single-task condition. In
addition, we conducted preliminary validity analyses of
baseline scores that examined (a) the correlation between
Zoom-ascertained physical performance measures and in-
person assessment of Short Physical Performance Battery
(SPPB)?” and Functional Reach®® in a subsample of 18
participants for whom we had the data available based on
both assessment approaches and (b) the association
between the Zoom-ascertained Timed Up and Go scores
and fall status (ie, a faller) on the whole sample.

Due to the exploratory nature of the study, power
calculations were not conducted a priori. In our primary
analysis of the falls count outcome, we used negative
binomial regression to estimate absolute differences in
the incidence rate ratio (IRR) with its corresponding 95%
confidence interval (CI) comparing the Tai Ji Quan inter-
vention with the stretching exercise intervention. The
number of fallers in the two intervention groups was
compared by examining the relative risk ratio (RR) of
fallers, using modified Poisson regression models for

binary outcomes. Faller status was compared using 0
falls versus 1+ falls. Using an intention-to-treat protocol,
we analyzed the secondary (continuous) outcomes with
estimates and their 95% Cls generated from the linear
mixed-effects models. Incomplete data resulting from pre-
mature intervention dropouts (n = 2) were handled through
the last observation carried forward method. All primary
and secondary outcome analyses were conducted with and
without adjustment for prespecified baseline covariates
(including age, sex, health status, number of chronic dis-
ease conditions, and medications). Two-sided P values of
<0.05 were considered statistically significant. Analyses
were conducted using SPSS version 23 (IBM Corp).

Results

Of the 55 participants contacted and pre-screened for
eligibility, 30 were qualified and randomized (15 to Tai
Ji Quan and 15 to stretching) (Figure 1). There were no
statistically significant differences in demographic vari-
ables between the two study groups at baseline (Table 1).

Assessed for Eligibility (n=55)

Excluded (n =25)

* weak physical conditions or unable to ambulate (n=5)
* physically active (n=3)

* under 65 years of age (n=3)

* unable to commit to the study period (n=6)

* refusal to randomization (n=1)

* unwilling to participate in virtual exercise classes (n=1)
* other reasons (n=6)

Randomized (n=30)

/\

Allocated to Tai Ji Quan (n=15)
* Received allocated intervention (n=15)

Allocated to Stretching (n=15)

* Received allocated intervention (n=15)

Lost to follow-up (n=2)
* health'illness (n=1)
* noncommittal’time conflict (n=1)

Lost to follow-up (n=2)
* health/illness (n=2)

l

Completed primary and secondary
outcome assessments (n=14)

Completed primary and secondary
outcome assessments (n=14)

Analyzed (n=15)

Analyzed (n=15)

Figure | Flow of Participants through the Study.
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Table | Baseline Demographic and Clinical Characteristics of
the Study Population

Characteristic Tai Ji Quan Stretching
(n=15) Exercise (n = 15)
Age, mean (SD), y 76.13 (6.2) 76.20 (6.3)
Sex, No. (%)
Men 6 (40.0) 3 (20.0)
Women 9 (60.0) 12 (80.0)
Race, No. (%)
White 14 (93.3) 13 (86.7)
Others 1 (6.7) 2 (133)
Educational level, No. (%)
High school diploma or 6 (40.0) 7 (46.7)
lower
College degree or higher 9 (60.0) 8 (53.3)
Self-reported health status,
No. (%)
Poor or very poor 4 (26.7) 5(33.3)
Good or fair 9 (60.0) 7 (46.7)
Very good or excellent 2 (13.3) 3 (20.0)
Resting blood pressure, mean
(SD), mm Hg
Systolic 135.87 (3.20) 135.07 (3.38)
Diastolic 81.00 (2.85) 79.67 (2.16)
Self-reported falls in previous
6 months, No. (%)
0 5(333) 6 (40.0)
| 8 (53.3) 7 (46.7)
2 1 (6.7) 2 (133)
>3 1 (6.7) 0 (0)
Self-reported chronic
conditions, No. (%)
| 8 (53.3) 7 (46.7)
2 5(333) 6 (40.0)
23 2 (134 2 (13.3)
Self-reported medication use,
No. (%)
None 2 (13.3) 2 (133)
| 6 (40.0) 8 (53.3)
2 3 (20.0) 3 (20.0)
>3 4 (26.7) 2(134)
MMSE 25.07 (0.80) 25.27 (1.03)
GDS, mean (SD) 4.67 (1.23) 4.53 (0.74)

Abbreviations: MMSE, Mini-Mental State Examination; GDS, Geriatric Depression
Scale.

Twenty-eight participants (93%) provided full follow-up
data on primary and secondary study outcome measures at
week 24.

Participant Characteristics

The mean (SD, range) age of the study population was
76.2 years (6.2, 66-90 years), and 21 (72%) of the parti-
cipants were women. A majority of the study participants
(90%) were white. Nineteen participants (63%) reported
having at least 1 fall in the 6 months before the interven-
tion, 15 (50%) reported having 2 or more chronic condi-
tions, and 12 (40%) were taking 2 or more medications.
The average MMSE score for the study population was
25.18 (SD = 0.19).

Intervention Fidelity, Adherence, and
Attrition

The intervention was successfully delivered via Zoom in
participants’ homes. Of the total 30 participants, 22 (72%)
used a personal computer and 8 (18%) used an iPad.
Program fidelity was well maintained during implementa-
tion in that (a) all instructors successfully delivered the
content of the 24-week program per the protocol and (b)
a class participation rate of 75% or better was achieved
(overall rate of 79%; 80% in the Tai Ji Quan group; 79%
in the stretching exercise group). The mean (SD) number
of completed sessions was 38 (8.5) (median, 39 sessions;
range, 1648 sessions) (38 sessions [9.3] in the Tai Ji
Quan group and 37.8 sessions [7.8] in the stretching exer-
cise group; P=0.87). Four participants withdrew from the
interventions (three of them due to health reasons and one
was non-committal). The overall attrition rate was 13%.
The median time to stop the intervention for these drop-
outs was 5.88 months (range: 5.25 to 6 months).

Data Ascertainment, Test-Retest
Reliability, and Validity
All study participants successfully completed their online
assessment at baseline with no major issues encountered
(eg, Internet connection, movement space, or safety con-
cerns). Similarly, 28 participants completed their outcome
assessment at 6 months. Due to health reasons, two parti-
cipants who dropped out of the study were unable to
complete their end point assessment. Blinding was 100%
maintained during baseline and follow-up assessment. For
the online assessment ascertained via Zoom, we had
a 3-month test-retest coefficient of 0.85 for 4-Stage
Balance Test, 0.84 for repeated chair stands, and 0.89 for
the Timed Up and Go Test under the single-task condition.
With respect to validity, the Zoom-ascertained mea-
sures were moderately correlated with the in-person
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assessment of SPPB and Functional Reach. Specifically,
for SPPB, r = —0.69 for Timed Up and Go, r = —0.81 for
30-second chair stands, and r = 0.75 for 4-Stage Balance
Test. For Functional Reach, r = —0.71 for Timed Up and
Go, r = -0.79 for 30-second chair stands, and r = 0.66 for
4-Stage Balance Test. We also found that, controlling for
age, sex, health, number of chronic disease conditions, and
medications, participants who scored high on the Zoom-
ascertained Timed Up and Go measure were associated
with greater risk of being a faller relative to those who
scored low on the measure (odds ratio = 6.67, p < 0.05).

Adverse Events

No intervention-related major adverse events were
observed among the study participants. Two participants
underwent surgery for a medical condition; one participant
was admitted into hospital with pneumonia for two nights;
all three participants subsequently returned to the classes

and successfully completed their assigned intervention.

Primary Outcome

At 6 months, 41 falls were recorded among 21 of the 30
participants (72%) (15 falls in the Tai Ji Quan group and 26
falls in the stretching exercise group). The Tai Ji Quan group
had 89.25 person-months of follow-up whereas the stretching
group had 89.75 person-months of follow-up, with an inci-
dence rate of 17 falls per 100 person-months in Tai Ji Quan
and 29 falls per 100 person-months in stretching (mean differ-
ence =—0.12,95% CI, —0.25 t0 0.01, P=10.07). Table 2 shows
falls-related information ascertained from the two study
groups.

Binomial regression of unadjusted analyses showed no
statistical difference in the incidence rate between Tai Ji
Quan and stretching (IRR, 0.58; 95% CI, 0.32 to 1.03).
The estimates of the intervention effects between the two
groups showed no change after adjusting for the prespeci-
fied covariates (IRR, 0.67; 95% CI, 0.35 to 1.29).

Secondary Outcomes

At 6 months, there were fewer fallers in the Tai Ji Quan
group than in the stretching group (9 versus 12, respec-
tively). However, there was no statistical difference in the
number of fallers between the two intervention groups (RR
= 0.75; 95% CI, 0.46 to 1.22). Participants in the Tai Ji
Quan intervention performed significantly better than
those in the stretching intervention on tests of physical
and dual-task performances: 4-Stage Balance Test (mean
difference, 0.68, P = 0.02), 30-second chair stands (mean

Table 2 Incidence of Falls and Number of Fallers During the 24-
Week Intervention by Intervention Group

Falls Tai Ji Quan Stretching P-value
(n=15) Exercise
(n=15)
Total falls, No. (mean, 15 (1.00, 26 (1.73, 0.07°
SD) £1.0) £1.10)
No. of falls, No. (%)

| 4 (26.7) 2 (133)

2 8 (26.7) 12 (40.0)

3 3(6.7) 12 (26.7) 0.28°
No. of injurious falls 2 (13) 3 (20) 0.57¢
(%)°
Person-months of 89.25 89.75
follow-up, mean
Incidence rate (person- 0.17 0.29 0.07
months)

Faller; No. (%) 9 (60) 12 (80) 0.43¢

Notes: *Based on the difference in means. “Based on Pearson Chi-square test.
“Based on Fisher's Exact Test. “Defined as those that resulted in sprains, strains,
contusions, or abrasions.

difference, 1.87, P < 0.001), Timed Up and Go Test under
single-task condition (mean difference, —1.15, P = 0.002),
Timed Up and Go Test under dual-task condition (mean
difference, —2.35, P < 0.001). Results on these perfor-
manced-based measures are summarized in Table 3.

Discussion

In this feasibility study, we showed that a dual-task Tai Ji
Quan balance-training intervention designed for commu-
nity-dwelling older adults with MCI was successfully
implemented using a virtual format. While the intervention
had no statistically significant impact on fall-related out-
comes (incidence of falls and number of fallers) compared
with the low-impact stretching control exercise, partici-
pants in the Tai Ji Quan training group were shown to
have improved balance, mobility, and dual-task
performances.

For the first time, we demonstrated that a Tai Ji Quan-
based falls prevention intervention was deliverable to
community-dwelling older adults with MCI via Zoom
technology. We also showed that the 24-week intervention
had good program fidelity, acceptable compliance among
participants, and an overall low attrition rate. We received
no major complaints while conducting our virtual classes,

and there were no major intervention-related adverse
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Table 3 Secondary Outcomes of Balance, Chair Stands, and Walking Performances (Under Single- and Dual-Task Conditions) at

Baseline and 6 Months and Group Differences in Change

Outcome Tai Ji Quan Stretching Between-Group Difference in Mean Changes
(n=15) Exercise (n = 15) from Baseline (95% CI)

4-Stage Balance Test, mean (SD), points

Baseline 2.39 (0.49) 2.47 (0.52)

6 months 3.13 (0.52) 2.53 (0.52) 0.68 (0.12 to 1.24)
30-second chair stands, mean (SD), No. of stands

Baseline 11.00 (1.00) 11.40 (1.12)

6 months 13.07 (0.80) 11.60 (1.06) 1.87 (1.15 to 2.58)
Timed Up and Go Test (under single-task
condition), mean (SD), seconds

Baseline 13.38 (0.55) 13.41 (0.73)

6 months 11.86 (0.56) 13.04 (0.89) —1.15 (—1.85 to —0.44)
Timed Up and Go Test (under dual-task
condition), mean (SD), seconds

Baseline 16.05 (0.80) 16.29 (0.98)

6 months 14.33 (1.11) 16.92 (1.21) —2.35 (—3.06 to —1.64)

events reported throughout the feasibility trial. In addition,
we showed the feasibility of ascertaining physical and
dual-task outcome data virtually, with good test-retest
reliability and evidence for preliminary validity. These
observations, along with the promising preliminary find-
ings on falls and other performance outcomes, indicate the
potential for delivering a virtual exercise program as either
a home-based falls prevention strategy or an exercise
intervention that can be used in response to a public health
crisis, such as the ongoing COVID-19 pandemic, where
the implementation of shelter-in-place and social distan-
cing policies has imposed unintended personal life hurdles
and major social constraints on older adults, including
those with ADRD and MCIL.**-*°

Contrary to previous findings,'” the twice weekly, 24-
week intervention resulted in no reduction in the incidence
of falls among Tai Ji Quan participants compared to the
stretching control participants. This result may be attribu-
ted to the fact that, as a feasibility trial, the study had
a limited sample size and, consequently, was statistically
underpowered to detect a clinical difference between the
two study conditions. In addition, the current study did not
specifically target older adults at high risk of falling,
a population that likely would have had greater potential
to benefit from our intervention. Nevertheless, our findings
showed a promising trend in lowering the number falls and
number of fallers among Tai Ji Quan participants relative
to stretching participants. The data we collected are

sufficient to provide a scientific premise for further refine-
ment of the intervention and to power future falls preven-
tion trials targeting older adults with cognitive impairment
at high risk of falling.

Our study produced evidence that a dual-task Tai Ji
Quan intervention, relative to a stretching control, signifi-
cantly improved the physical and dual-task performances
in older adults with MCI. These findings are largely con-

sistent with our prior work'”

and with the work of others
who have focused on other types of exercise intervention
adults  with

impairment.>' ¥ The findings, however, contrast with

programs targeting older cognitive
a previous Tai Ji Quan intervention study that ran for
a similar length of time (6 months) but showed no sig-
nificant impact on the Timed Up and Go Test.**
Although there has been an increasing number of falls
prevention trials targeting community-dwelling older
adults with cognitive impairment,'® ours is the first that
focuses on evaluating a dual-task intervention specifically
targeted at older adults with MCI, a precursor to ADRD.
We base our conceptual framework on the increasing
evidence suggesting that dual-task exercises can have
a positive impact on balance, postural control, and physi-
cal performance and, consequently, reduce the likelihood
of falling.*> >’ By design, our training method involves
physical Tai Ji Quan training augmented with a task-
specific, cognitively stimulating component that is not
made explicit in conventional Tai Ji Quan practice.*®
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Thus, our program offers a novel approach to ameliorating
the risk of falls among older adults with MCI, with impli-
cations for reducing the fall risk associated with ADRD.

Practical Implications

Although wider implementation of virtual delivery of falls
prevention interventions is promising with respect to inter-
vention feasibility, some potential challenges need to be
carefully considered. From a teaching perspective, instruc-
tors need to be trained to adapt their in-person class
teaching experience to a virtual environment because com-
puter hardware and software skills and the ability to appro-
priately modify spaces, audio capacity, and class sizes are
necessary for successful delivery of virtual classes. From
the viewpoint of participants, older adults with minimal
computer or smart phone experience may feel uncomfor-
table accessing this new exercise platform, which requires
completing various logistical tasks, ranging from tracking
the online (Zoom) class link, signing on to a session, and
positioning their device(s) for better viewing of the
instructor (or vice versa) to controlling audio, video, and
recording for high-quality instruction delivery and better
learning and practice experiences. Additional implementa-
tion challenges include working around issues such as
hearing difficulties (especially for those who use
a hearing aid), mirroring vs non-mirroring classes during
teaching, and muting and unmuting classes for clear com-
munication and effective engagement during teaching.

As a result, to improve teaching quality, enhance parti-
cipant learning experience, and maximize class motivation
and retention, it is recommended that an instructional pro-
tocol be established before wider implementation. This
should include (a) initial instructor training, (b) an orienta-
tion session for participants to familiarize them with the
virtual environment, (c) pilot testing of teaching protocols,
and (d) session recordings to encourage after-class practice.
Future implementation evaluation should also consider (a)
program need (demand) assessment for better reach into
populations in need of falls prevention interventions, (b)
intervention fidelity evaluation, (c) participants’ preferences
regarding in-person versus virtual classes and perceptions of
practical barriers to attending virtual exercise classes, and
(d) engaging care providers as part of the intervention.

Limitations

Given the preliminary nature of our study, several limita-
tions should be noted. First, falls data were ascertained
monthly via self-reports, a method that is known to be

subject to recall bias. Second, even though we did not
encounter any individuals who lacked access to the
Internet or to a viewing device, it is likely that in the
future there may be a small proportion of older adults
who may not have access to these resources and therefore
would not be able to participate in technology-driven
virtual exercise interventions. Third, we did not consider
enrolling older adults at high risk of falling (ie, persons
with multiple falls or impaired gait or balance). To
increase the clinical relevance of the program, future trials
should target persons at high risk of falling per current
clinical guidelines.**** Fourth, our study was conducted at
a time when outdoor activities were highly restricted due
to the COVID-19 pandemic. Although it is clear from
existing data that older adults fall in indoor and home
settings,*’ with the proportion increasing among persons
aged 75+ years of age,** it is likely that home-stay restric-
tions limited participants’ habitual or leisure outdoor activ-
ities, which consequently decreased their exposure to
community (hazardous) environments where the risk of
falls can be heightened. Thus, the findings in this study
may underestimate the potential impact of this intervention
on falls prevention. Lastly, as a feasibility study, our study
was not powered on the primary outcome of falls.
Nevertheless, our results provide useful information that
will enable us to power a future large-scale trial.

Conclusions

The results of our study indicate the feasibility and poten-
tial benefits of a specially tailored dual-task Tai Ji Quan
falls prevention intervention, delivered online via Zoom,
for community-dwelling older adults with MCI. A fully
powered randomized controlled trial with a clinical popu-
lation of older adults with cognitive impairment should be
undertaken to determine whether the program would result
in a reduction in falls and amelioration of the risk of falls,
thus informing clinical practice.
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