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ABSTRACT

Exergame training, in which video games are used to promote exercise, can be tailored to
address cognitive and physical risk factors for falls and is a promising method for fall
prevention in older people. Here we performed a randomized clinical trial using the
smart+step gaming system to examine the effectiveness of two home-based computer
game interventions, seated cognitive training and step exergame training, for fall prevention
in community-dwelling older people, as compared to a minimal-intervention control group.
Participants 65 years or older (n=769, 71% female) living independently in the community
were randomized to one of three arms: cognitive training using a computerized touch pad
while seated; exergame step training on a computerised mat; or control (provided with an
education booklet on healthy ageing and fall prevention). The rate of falls reported monthly
over 12 months, the primary outcome of the trial, was significantly reduced in the exergame
training group compared to the control group (IRR=0.74, 95%CI=0.56 to 0.98), but was not
statistically different between the cognitive training and control groups (IRR=0.86,
95%CI=0.65 to 1.12). No beneficial effects of the interventions were found for secondary
outcomes of physical and cognitive function and no serious intervention-related adverse
events were reported. The results of this trial support the use of exergame step training for
preventing falls in community-dwelling older people. As this intervention can be conducted
at home and requires only minimal equipment, it has the potential for scalability as a public
health intervention to address the increasing problem of falls and fall-related injuries.

Australian and New Zealand Clinical Trial Registry identifier: ACTRN12616001325493.

Funding National Health and Medical Research Council of Australia.

Page 2 of 43


https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=370903

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

INTRODUCTION

Falls in older people are a significant public health issue, contributing to mobility-related
disability and loss of independence, and are the second leading cause of unintentional injury
deaths worldwide.! Given the ageing of populations worldwide, the number and impact of
falls is projected to grow, creating demands on health care systems that will be difficult to
meet? as well as devastating impacts on individuals and their support circle. Effective fall
prevention strategies that can be readily scaled for widespread implementation are

therefore urgently needed.

There is robust evidence from Cochrane and other systematic reviews indicating exercise,
and in particular balance training, can prevent falls in older people.> % However, uptake,
adherence and methods for ongoing delivery remain a challenge.” In addition, few fall
prevention interventions have explicitly addressed the training of cognitive functions,
despite consistent findings that reduced cognitive function is associated with balance, gait
and mobility impairments and is an independent risk factor for falls.® Indeed, there is
growing evidence that cognitive training can improve mobility and gait speed” 8 in addition

to cognitive functions.” 1°

Interactive computer games can deliver cognitive training (also known as brain training)
while presenting motivating characteristics such as entertaining goal-directed tasks,
progressive challenges, immediate feedback and target scores to maximise adherence.
Gamified training is a promising method for delivering evidence-based fall prevention
exercise as it can facilitate exercise adherence!! and can be tailored to address cognitive and
physical risk factors for falls.!> 13 Several small trials of exergame training have found

improved dynamic balance,* balance confidence,®> and cognitive functions including
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processing speed, attention, visuo-spatial skills and executive functioning in older people.®
7 There is preliminary evidence that exergames may prevent falls in older people.'®
However, no definitive, appropriately powered, randomised controlled trial has been
conducted to determine whether exergame training or cognitive training can prevent falls in

older people.

To address this research gap, we developed the smart+step in-home computerised gaming
system that can be played either using a touch pad while seated (cognitive training) or by
stepping on target panels on a step mat (exergame training). We hypothesised that both
training programs would reduce falls and improve physical and cognitive functions in

community-living older people.

RESULTS

One thousand and nine people were screened for eligibility between 27 October 2016 and
10 May 2019 (Figure 1). Of these, 769 were included and randomly assigned to either
exergame training (n=252), cognitive training (n=262) or control group (n=255). Fifty-three
participants withdrew from the study during the 12-month trial period (exergame training,
n=21; cognitive training, n=23; control group, n=9) and 61 participants in the intervention
groups discontinued the intervention but continued to contribute falls (primary outcome)
data (exergame, n=42; cognitive, n=23). Those who withdrew were on average 2.5 years
older than those that completed the study, yet not different in gender or number of medical

conditions. Table 1 presents baseline characteristics of the three groups, which were similar
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in age, sex, years of education, body mass index, number of medical conditions and

medications taken, hence no adjustments were made to the analyses.

Effect on Primary Outcome — Rate of Falls

The number of falls reported during the 12 month follow up period were 163 for the
exergame training group, 197 for the cognitive training group, and 231 for the control
group. Table 2 reports the rate of falls across the three groups. The exergame training group
had a significantly lower rate of falls than the control group (IRR=0.74, 95%Cl=0.56-0.98).
The rate of falls in the cognitive training group was lower than in the control group but this
difference was not statistically significant (IRR=0.86, 95%CI=0.65-1.13). Post-hoc comparison
showed no significant difference in falls between the exergame training group, relative to

the cognitive training group (IRR=0.86, 95%CI=0.64-1.16).

Effect on Secondary Outcomes

Fall-related outcomes

The number of fallers in each group for each faller category are reported in Table 2. The
proportion of people who reported one or more falls during the 12-month follow-up period
was 36.0% for the exergame training group, significantly lower than the control group
(48.2%). The proportion of fallers was not significantly different between cognitive training
(42.0%) and the control group (48.2%). The proportion of people who reported multiple falls

during the 12-month follow-up period was reduced but not statistically significant for the
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exergame training group (13.9%) relative to the control group (20.0%). However, the
proportion of multiple fallers was significantly lower for the cognitive training group (12.6%)
relative to control (20%). The proportion of people who reported an injurious fall during the
12-month follow-up period did not differ significantly between the exergame training
(25.0%) and control groups (31.0%), or between the cognitive training group (29.8%) and
the control group (31.0%). The proportion of people reporting falls resulting in a fracture did
not differ between the exergame training (2.8%) and control groups (2.4%), or between the

cognitive training group (4.2%) and the control group (2.4%).

Physical outcomes

Table 3 presents group data for baseline and six-month reassessment of physical and
cognitive performance secondary outcomes. There were no significant differences in simple
hand reaction time, choice stepping reaction time, inhibitory or Stroop stepping, standing
balance (postural sway), leaning balance (coordinated stability), gait or dual-task gait
(velocity, variability) and mobility (timed up and go test, short physical performance battery)

between exergame training and control groups, or between cognitive and control groups.

Cognitive outcomes

As shown in Table 3, there were no significant differences in neuropsychological
performance tests of selective attention and processing speed (Trail Making Test B-A),

verbal fluency (Controlled Oral Word Association Test), working memory (Digit Span Test),
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or global cognition (ACE-R) between exergame training and control groups, or between
cognitive training and control groups, at the 6-month reassessment. There was a significant
improvement in attention and response inhibition (Victoria Stroop Test efficiency time) for
the cognitive training group, compared to control (between group mean difference of 0.292;

95%Cl=0.080-0.505).

General and Psychological Health

Table 4 presents group data for general health and psychological health questionnaires,
taken at baseline, six- and 12-months post-randomisation. Compared to control, the
exergame training group had improved falls efficacy (Icon-FES) and less disability (LLFDI) at
six months, and reduced depressive symptoms (PHQ-9) and less disability (LLFDI) at 12
months. There were no significant differences between exergame training and control
groups in measures of general health and disability (WHODAS 2.0) or anxiety symptoms
(GAD-7) at the six- or 12-month follow up. For the cognitive training group, there were no
significant differences in any of the measures of general and psychological health at six and

12 months, compared to control.

Subgroup Analyses

Results of all planned subgroup analyses are reported as extended data (Extended Data
Table 1). A significant interaction was evident for previous faller status (did or did not

experience a fall in the 12 months prior to enrolment) for the effect of cognitive training on
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the rate of falls: previous fallers had a significantly reduced rate of falling relative to the
control group (IRR=0.63, 95%Cl=0.44-0.92), whereas previous non-fallers did not (IRR=1.26,
95%CI=0.86-1.84). No significant interaction was evident for previous faller status for the
effect of exergame training on the rate of falls, and no significant interactions were evident

for physical status, and cognitive status (Extended Data Table 1).

Pre-specified Process Outcomes

Adverse Events

No serious intervention-related adverse events were reported during the trial. Twelve
participants reported acute minor adverse events associated with the intervention. Four
participants reported hip pain, three reported knee pain and one reported foot pain
associated with the step training, all of which resolved with rest and change to stepping
technique. One participant reported wrist and thumb pain and one reported shoulder, neck
and upper limb pain associated with the cognitive training. Also, within the cognitive
training group, one participant reported dizziness while playing the most immersive game
and was subsequently instructed to avoid this game, and another reported the recurrence

of symptoms related to stress and subsequently withdrew from the study.

Adherence to the intervention

Regarding adherence to the intervention, including those who withdrew during the trial,

participants in the exergame training group trained for an average 79.7 (SD=47.1) minutes
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per week with an average 3,635 (SD=2,425) mins of total training over 12-month
intervention. Reasons for non-participation included participants taking holidays away from
their homes and training time lost due to equipment breakages, the latter occurring more
so in the exergame training group. Averaged across the 12-month intervention period,
20.6% of exergame training participants reached the goal of 120 mins per week and 50.8%
of participants reached the minimum dose of 80 mins per week. Participants in the cognitive
group trained for an average 94.7 (SD=43.2) minutes per week with an average 4,463
(SD=2,304) mins of total training over 12 months. Averaged across 12 months, 27.1% of
participants in the cognitive training group reached the goal of 120 mins per week and
65.3% of participants reached the minimum dose of 80 mins per week. 127 people in the
exergame training and 111 people in the cognitive training group received a phone call at

some point during the 12-month study, to encourage improved participation.

System usability and enjoyment

Regarding system usability (System Usability Scale, from 0 to 100), the exergame training
group reported an average score of 80.4 (+15.8) at 6 months and 83.3 (£13.9) at 12 months.
The cognitive training group reported an average usability score of 82.4 (+12.9) at 6 months
and 82.5 (+13.8) at 12 months. On the Physical Activity Enjoyment Scale (possible range 0-
50), participants in the exergame training group rated the program an average score of 41.4
(£9.5) at 6 months and 41.5 (+9.9) at 12 months. Participants in the cognitive training group
rated their enjoyment of the program an average score of 38.1 (+10.2) at 6 months and 37.0

(£10.6) at 12 months.
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DISCUSSION

This is the first fall prevention exergame trial to move beyond fully supervised interventions
conducted in research laboratories and health clinics and implement an unsupervised
exergame intervention in older people’s homes. We found exergame training reduced the
rate of falls (with and without adjustment for weekly physical activity levels) and risk of falls
in community-dwelling older people, and cognitive training reduced the proportion of
multiple fallers and the rate of falls in those who fell in the previous year. Few beneficial
effects of the two interventions on secondary outcomes were evident, although participants
in the exergame training group reported reduced concerns about falls, fewer disability
limitations, and fewer depressive symptoms at retest, and participants in the cognitive
training group showed a significant improvement in efficiency in the Victoria Stroop Test of
attention and response inhibition. We also report no significant difference between
exergame training and cognitive training for the primary outcome, but caution that this is an
exploratory analysis that the trial was not powered for and was not pre-specified in our

statistical analysis plan.

The exergame training intervention reduced falls by 26% over 12 months, a reduction
consistent with previous interventions that have encompassed moderate-high intensity
balance training,* 1° and supervised virtual reality, exergame and cognitive-motor
interventions.?% 2! In addition, the fall rate remained significantly reduced when adjusting
for physical activity levels to account for varying exposure and real-life experience?? and
there was a reduced proportion of fallers in the exergame training group. Thus, it appears

that this exergame intervention, which included challenging cognitive and stepping
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exercises, was effective in preventing falls for relatively healthy community-living older

people.

Participants in the exergame training group also reported reduced concern about falling,
fewer disability limitations, and fewer depressive symptoms, compared to the control
group. These findings reflect psychological and self-perceived capacity gains associated with
the exergame training, important factors impacting the quality of life of older people.?3
Similarly, Mirelman and colleagues?® found improvements in quality of life measures (SF-36
physical and mental health) alongside a reduced rate of falls following a virtual reality
treadmill training, compared to treadmill training alone and suggest these gains to be
associated with the additional motor-cognitive challenge of virtual reality training.
Interventions that successfully improve fall-related self-efficacy and reduce concerns about
falling are likely to have meaningful health and quality of life benefits?®> however these

results should be considered with caution, given the multiple comparisons.

A meta-analysis of exergame interventions examining physical outcomes (48 studies, 1098
participants) has reported small benefits in overall physical function performance and
moderate benefits in balance, strength and endurance.'* In contrast, the current trial found
no significant differences between the exergame and control groups in physical and
cognitive performance outcome measures, assessed on a subsample of participants at six
months. These findings differ from previous studies including our pilot trials that showed
exergame training can improve balance, cognitive processing speed, attention, visuospatial
skills and executive functioning.'* 1 24 This divergence of results may also reflect the current
study being undertaken in a more able and healthy group, in which changes in function are

harder to detect.
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This study included a seated cognitive training intervention as there is strong evidence that
reduced cognition is a significant risk factor for falls® and preliminary evidence that cognitive
training can improve fall-related physical functions.'? Cognitive training did not significantly
reduce the rate of falls, however, cognitive training participants were less likely to report
multiple (2 or more) falls during follow-up, relative to the control group. This may suggest
cognitive training is an appropriate fall prevention strategy for recurrent fallers who have
poorer sensorimotor function??, slower walking speed?®, cognitive impairment?’, and
frailty?2. In addition, a planned sub-group analysis revealed the cognitive training
significantly reduced the rate of falls in participants who reported falling in the year prior to
study enrolment. It is possible that cognitive training has greater benefit in preventing falls
for older community dwelling people with lower physical, functional and/or cognitive
capacity, but we acknowledge that this finding needs to be treated with appropriate

caution.

In terms of secondary outcome measures, the cognitive training group showed a significant
improvement in efficiency on the Victoria Stroop Test of attention and response inhibition,
compared to the control group, suggesting some cognitive benefit following cognitive
training. However, the intervention was not effective in improving other measures of
cognitive function or any physical function, disability, general and psychological health

measures.

Over the 12 months of the trial, participants in the exergame training group undertook an
average 80 minutes of training per week, while the cognitive training group averaged 95
minutes per week. These figures indicate a high level of adherence??, particularly because

they reflect actual time spent training based on the record of active game play. Such valid
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and precise measures are a major advantage over unverified self-completed exercise rolls
and all-or-nothing measures of exercise group participation based on class attendance that
are commonly reported. Further, adherence data reflect time spent in balance challenging
exercise, which is essential for fall prevention effects but represents a far smaller proportion
of intervention time in traditional programs.'® We acknowledge that when an exercise
programme is rolled out to the community there may not be capacity for telephone follow-

up, such that average adherence might be lower.

The smart#step interventions included gaming features (e.g. high scores, rankings, medals)
to provide enjoyable and engaging training experiences and enable the progression of both
cognitive and physical challenge. Both the exergame and cognitive training programs proved
feasible to administer in that all participants could use the systems, play multiple games and
progress through game difficulty levels. Furthermore, reported usability was over 80% for
both training groups, while participants rated step training enjoyment approximating 85%
and cognitive training around 75%. Finally, no major adverse events related to the
interventions were reported, suggesting both step and seated training are safe modes of

home-based exercise for older people.

The design of this trial was optimal for examining the efficacy of both the stepping and
seated delivery of this smart+step intervention against a control group, as all aspects of
training with respect to game play, game availability and progression were identical. Other
strengths included the large sample size, the automated, accurate recording of intervention
adherence, and attempts to minimize the risk of bias through assessor blinding, concealed
allocation to groups, gold standard ascertainment of falls, and intention-to-treat analysis.

Further, this is the first adequately powered trial of cognitive training on fall outcomes and
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the first fall prevention exergame trial to move beyond fully supervised small-scale
interventions conducted in laboratories or clinics and implement a minimally (digitally)
supervised exergame intervention in people’s homes. The pragmatic design of the trial
should allow ready generalization of the findings and our previous pilot trials have shown
this home-based training is safe and feasible for people with multiple sclerosis®® and
Parkinson’s disease3!. The cost-effectiveness of delivering these interventions will be

presented in a future companion paper following collation of data from health agencies.

The limitations associated with this study should be considered. First, the primary outcome
was self-report despite this being the gold standard approach.?? Second, it was assumed
that participants followed instructions by not allowing other people to use the system,
which would artificially inflate training duration. Third, the sample primarily comprised well-
educated and high functioning older people, so the findings cannot be generalized to frailer
older people. Fourth, more participants withdrew from the exergame training group,
compared to the other groups, which likely reflects the requirement to be physically active
and/or the increased effort required to set up the mat for training. Furthermore, the
custom-made prototype equipment, which incorporated wireless technology for the step
mat, rendered it more likely to connectivity issues and breakages than the touchpad, which
might have contributed to the relatively reduced average weekly training duration reported
in the exergame training group. Fifth, the occasional significant findings in secondary
outcomes should be interpreted with caution given the multiple comparisons and chance of
Type | error. Finally, participants were not blinded to their intervention, therefore the level

of expectancy for preventing falls may have differed between the groups, which may

Page 14 of 43



314

315

316

317

318

319

320

321

322

contribute to a placebo effect3? that might impact the findings. Future studies with

convincing placebo interventions would help to understand this effect.

The study findings suggest that a home-based exergame step training program provides a
safe and effective means for preventing falls in older people living in the community.
Cognitive training also appeared to reduce recurrent falls and falls in those with a history of
falls in the past year. As these interventions can be conducted unsupervised and with
minimal equipment, they have the potential for scalability as public health interventions to
increase the exercise opportunities available to address the increasing problem of falls and

fall-related injuries in older people.
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356  TABLES:

357 Table 1. Baseline characteristics of participants randomised to exergame step training,
358  cognitive training and control groups. Values are means (SD) unless otherwise stated.
Variable Exergame Cognitive Control group
training group | training group
n=252 n=262 n=255
Age (years) 72.6 (5.7) 72.6 (5.5) 72.5 (5.5)
Female gender, n (%)* 178 (70.6) 189 (72.1) 182 (71.4)
Body mass index 27.1(5.1) 27.1(4.8) 26.9 (4.9)
Years of education 16.0 (4.2) 16.2 (4.7) 16.0 (4.2)
Accommodation, house, unit or | 240 (95.2) 249 (95.0) 240 (94.1)
flat, n (%)"
Number of medical conditions”, | 2 (2) 2(2) 2(2)
median (IQR)
Number of prescription 3(4) 2(4) 2(3)
medications, median (IQR)
12-month fall history, n (%) 99 (39.3) 90 (34.4) 94 (36.9)
Hours per week of physical 33.8(20.9) 34.0(18.5) 33.4(19.1)
activity (IPEQ)
Quality of life (EuroQOL EQ-5D) | 1.2 (0.4) 1.2 (0.4) 1.2 (0.4)
359  * Gender self-reported by study participants, options were: Male; Female.
360 " Accommodation options were: House / Unit / Flat; Retirement village.
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361 #Summed from the presence of heart disease, hypertension, diabetes, stroke, arthritis,
362  osteoporosis, and cancer history.

363 IPEQ, Incidental and Planned Exercise Questionnaire
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364

365
366
367
368

Table 2. Effects of exergame step training and cognitive training, compared to control, on fall-related outcomes.

Exergame Training Cognitive Training Control Exergame Training vs Cognitive Training vs
Group Group Group Control Control
n=252 n=262 n=255 RR or IRR (95%Cl) RR or IRR (95%Cl)
Rate of falls, mean (sd)* 0.68 (1.28) 0.81 (1.55) 1.20 (3.62) 0.74 (0.56-0.98), 0.86 (0.65-1.13)
Person years of follow-up, number 231.2 242.7 246.6
Number of withdrawn participants 21 23 9
Days to withdrawal, median (IQR) 13 (38) 91 (138) 80 (69)
Fallers, number (%) 91 (36.0) 110 (42.0) 123 (48.2) 0.75 (0.61-0.92) 0.87 (0.73-1.05)
Multiple fallers, number (%) 35(13.9) 33 (12.6) 51 (20.0) 0.69 (0.47-1.03) 0.63 (0.42-0.94)
Injurious fallers, number (%) 63 (25) 78 (30) 79 (31) 0.81 (0.61-1.07) 0.96 (0.74-1.25)
Fracture fallers, number (%) 7 (2.8) 11 (4.2) 6(2.4) 1.18 (0.40-3.46) 1.78 (0.67-4.75)

Rate of falls per physical activity, mean (sd)” 0.033 (0.085)

0.043 (0.166)

0.052 (0.115)

0.67 (0.49-0.93)

0.79 (0.58-1.08)

* Rate calculated as total number of falls reported divided by months of follow-up.

A Rate calculated as total number of falls divided by average weekly hours of physical activity.
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369

370

Table 3: Effects of exergame step training and cognitive training, compared to control, on secondary outcomes of physical and cognitive performance. Group

descriptive statistics are presented for baseline and 6-month follow-up and are presented as mean (SD). Significant effects are shown in bold.

Exergame Training Group Cognitive Training Control Exergame Training vs Cognitive Training vs
n=111 Group Group Control Control
n=118 n=120 Adjusted mean Adjusted mean
Baseline 6 months Baseline 6 months Baseline 6 months difference between difference (95% Cl)
groups (95% Cl) between groups
Postural Sway (mm) 176 (109) 153 (82) 190 (115) 162 (85) 191 (129) 162 (99) 2.1(-0.6 to 4.8) 0.80 (-2.0 to 3.6)
Coordinated Stability (error score) 6.9 (9.2) 6.2 (7.9) 6.0 (7.8) 5.2 (6.7) 6.3 (8.5) 4.9 (6.5) -0.1(-0.474 t0 0.632) -0.1(-0.5t00.3)
Single Task Gait Velocity (cm/s) 125.6 (21.3) 123.8(18.9) 121.6(22.8) 121.4(20.5) 123.8(19.9) 124.5(18.9) 3.9(-14.4to22.1) 8.2 (-8.9 to 25.2)
Single Task Gait Variability (step 0.033(0.015) 0.034 (0.014) 0.038(0.019) 0.035(0.019) 0.031(0.012) 0.032(0.015) 0.0(-0.0t00.1) 0.0(-0.0t0 0.1)
time coefficient of variation)
Dual Task Gait Velocity (cm/s) 105.5(28.3)  100.3(27.9) 98.8(31.4) 99.7 (29.6) 102.7 (26.2)  102.5(27.5) 11.2(-8.5t030.9) 9.8 (-7.6t0 27.3)
Dual Task Gait Variability (step time ~ 0.068 (0.077) 0.083(0.079) 0.077(0.082) 0.080 (0.080) 0.075(0.082) 0.077(0.072) 0.0(-0.1to00.1) 0.0(-0.0to 0.1)

coefficient of variation)
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Short Physical Performance Battery  11.2 (1.2) 11.2 (1.2) 10.8 (1.3) 11.1 (1.1) 10.9 (1.2) 11.1 (1.1) -0.0(-0.3t0 0.3) 0.1(-0.2t0 0.4)
(score)

Timed Up and Go (s) 8.1(1.9) 7.8 (1.8) 8.3(2.2) 8.2 (2.1) 8.2 (1.9) 8.0 (1.9) -0.1(-0.7 to 0.4) 0.1(-0.4 to 0.6)
Hand Reaction time (ms) 224.3 (34.1) 232.5 (40.0) 227.5(34.4) 228.2 (30.8) 227.6 (36.1) 231.3(37.8) 37.6 (-10.8 to 86.0) -26.2 (-71.6 to 19.2)
Choice Stepping Reaction Time (s) 1.11 (0.13) 1.06 (0.13) 1.13 (0.14) 1.10 (0.13) 1.14 (0.15) 1.10 (0.14) -0.0 (0.2 t0 0.2) 0.1(-0.1t0 0.2)
Inhibitory Choice Stepping Reaction ~ 1.16 (0.13) 1.12 (0.13) 1.19 (0.15) 1.15 (0.14) 1.18 (0.15) 1.16 (0.14) -0.1(-0.3t0 0.1) -0.0(-0.2t0 0.1)
Time (s)

Stroop Choice Stepping Reaction 1.59 (0.33) 1.48 (0.27) 1.60 (0.33) 1.53 (0.26) 1.62 (0.37) 1.53 (0.27) 0.0 (-0.2 to 0.2) 0.1(-0.1to0 0.3)
Time (s)

Trails Making Test B—A (s) 48.1(31.0) 48.1(31.1) 49.7 (29.8) 46.2 (29.1) 48.3 (28.3) 48.5 (31.0) -1.4 (-11.2 to 8.3) 2.0(-7.3to 11.3)
Controlled Oral Word Association 47.5 (15.1) 49.7 (14.1) 44.5 (14.0) 47.5 (13.1) 44.7 (13.6) 48.0 (13.1) 0.8 (-5.6 to 7.1) 0.5 (-5.7 to 6.6)
Test (correct answers)

Digit Span Test Forwards (number of 8.8 (2.6) 9.0 (2.5) 9.1(2.4) 8.9 (2.4) 8.6 (2.4) 8.9 (2.5) 0.3(-1.4t01.9) 0.2(-1.6t0 1.9)
recollections)

Digit Span Test Backwards (number 6.5 (2.2) 7.0(2.5) 6.7 (2.4) 7.0(2.3) 6.5 (2.5) 6.9 (2.5) 04(-1.1t01.8) -0.5(-1.9t0 0.9)

of recollections)
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Victoria Stroop Test (c/d efficiency 1.62 (0.66) 1.43 (0.47) 1.61 (0.62) 1.50 (0.51) 1.55 (0.62) 1.38 (0.46) 0.2(-0.0t0 0.4) 0.3(0.1to0 0.5)

time)
Victoria Stroop Test errors (c) 2.1(2.9) 1.1(1.3) 1.9 (2.7) 1.2 (1.8) 1.6 (2.4) 0.9(1.3) -0.2 (-0.4 t0 0.0) -0.0(-0.3t0 0.2)
Addenbrooke’s Cognitive 94.3 (4.0) 95.3 (4.5) 93.9 (4.1) 95.0 (4.0) 93.9 (4.4) 94.6 (4.4) 0.2(-0.3t0 0.6) -0.2 (-0.7t0 0.2)

Examination Revised, ACE-R (score)
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372
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373

374

Table 4: Effects of exergame step training and cognitive training, compared to control, on secondary outcomes of self-reported general and psychological health. Group

descriptive statistics are presented for baseline and 6-month follow-up and are presented as mean (SD). Significant effects are shown in bold.

Exergame Training Cognitive Training Control Exergame Training vs Control Cognitive Training vs Control
Group Group Group Adjusted mean difference between Adjusted mean difference between
n=252 n=262 n=255 groups (95% Cl) groups (95% Cl)
Om 6m 12m Om 6m 12m Om 6m 12m 6m 12m 6m 12m

Depressive Symptoms 2.2 2.0 2.3 2.2 2.0 2.5 2.3 2.2 2.6 0.427 (-0.045 to 0.591(0.058to  0.345(-0.112to 0.376(-0.160 to
(PHQ-9) (2.5) (2.5) (29 (2.5 (2,50 (29 (250 (2.5 (2.8) 0.899) 1.124) 0.812) 0.0913)
Anxiety Symptoms 1.8 1.7 2.0 1.7 1.6 1.9 1.8 1.9 21 0.084 (-0.342 to 0.051(-0.437to  0.080(-0.337to  0.088 (-0.412 to
(GAD-7) (2.4) (2.4)  (2.8) (2.3) (2.2) (2.8) (2.4) (2.5 (2.8) 0.510) 0.538) 0.497) 0.589)
Falls Efficacy 16.6 15.0 16.6 16.4 14.9 16.6 17.0 15.4 169 -2.351(-4.395to0 -1.579(-3.922to  -1.493(-3.505  -1.379(-3.632to
(IconFES) (4.7) (39) (500 (5.2) (45) (54) (54) (5.00 (5.6) -0.308) 0.764) to 0.520) 0.873)
Disability (WHODAS 6.8 6.9 7.3 6.6 7.0 7.1 6.8 7.4 7.8 0.469 (-0.882 to 0.162 (-1.342to  0.529(-0.894to  0.421 (-1.007 to
2.0) (6.4) (72) (79 (6.7) (82) (79) (6.6) (7.8) (8.4) 1.820) 1.665) 1.953) 1.849)
Disability limitations 76.4 74.3 72.1 77.4 73.6 71.5 78.2 74.2 741  -15.01(-28.67to  -18.36(-31.93to -9.76(-23.35to  -3.64 (-17.81 to
(LLFDI) (16.7) (19.4) (18.5) (16.7) (19.6) (20.8) (16.5) (18.1) (17.7) -1.67) -4.78) 3.83) 10.52)
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375 N.B.: PHQ-9, Patient Health Questionnaire; GAD-7, Generalised Anxiety Disorder Scale; IconFES, Iconographic Falls Efficacy Scale; WHODAS 2.0, 12-item WHO Disability Assessment

376 Schedule; LLFDI, Late Life Function and Disability Instrument.
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FIGURES:

Figure 1. Trial profile. Numbers of participants who were recruited, randomized, excluded
and assessed for the primary outcome are shown.

*Participants discontinued training but continued to provide data for the primary outcome.
AWithdrawn participants were included in the analysis of primary outcome with number of

days follow up entered as the exposure term.

Figure 2. The smart+step gaming system. (A,B) lllustrations are shown for setup of the
system for exergame step training (A) and seated cognitive training. C) The range of
smart+step games including (clockwise from upper left); Stepmania; Anaconda; Greek

Village; Dot Muncher; Brick Stacker; La Cucaracha; Alien Invasion; and Toad Runner.

Page 26 of 43



391 REFERENCES

392 1. James SL, Lucchesi LR, Bisignano C, Castle CD, Dingels ZV, Fox IT, et al. The global
393  burden of falls: global, regional and national estimates of morbidity and mortality from the
394  Global Burden of Disease Study 2017. Inj Prev. 2020;26(Supp 1):i3-i11.

395 2. Florence CS, Bergen G, Atherly A, Burns E, Stevens J, Drake C. Medical Costs of Fatal
396 and Nonfatal Falls in Older Adults. J Am Geriatr Soc. 2018;66(4):693-8.

397 3. Hopewell S, Adedire O, Copsey BJ, Boniface GJ, Sherrington C, Clemson L, et al.

398  Multifactorial and multiple component interventions for preventing falls in older people
399 living in the community. Cochrane Database Syst Rev. 2018;7:CD012221.

400 4. Sherrington C, Fairhall NJ, Wallbank GK, Tiedemann A, Michaleff ZA, Howard K, et al.
401  Exercise for preventing falls in older people living in the community. Cochrane Database Syst
402  Rev.2019;1(1):Cd012424.

403 5. Osho O, Owoeye O, Armijo-Olivo S. Adherence and Attrition in Fall Prevention

404  Exercise Programs for Community-Dwelling Older Adults: A Systematic Review and Meta-
405  Analysis. J Aging Phys Act. 2018;26(2):304-26.

406 6. Muir SW, Gopaul K, Montero Odasso MM. The role of cognitive impairment in fall
407  risk among older adults: a systematic review and meta-analysis. Age Ageing.

408 2012;41(3):299-308.

409 7. Smith-Ray RL, Hughes SL, Prohaska TR, Little DM, Jurivich DA, Hedeker D. Impact of
410  cognitive training on balance and gait in older adults. J Gerontol B Psychol Sci Soc Sci.

411  2015;70(3):357-66.

412 8. Verghese J, Mahoney J, Ambrose AF, Wang C, Holtzer R. Effect of cognitive

413 remediation on gait in sedentary seniors. J Gerontol A Biol Sci Med Sci. 2010;65(12):1338-

414 43,

Page 27 of 43



415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

9. Hill NT, Mowszowski L, Naismith SL, Chadwick VL, Valenzuela M, Lampit A.
Computerized Cognitive Training in Older Adults With Mild Cognitive Impairment or
Dementia: A Systematic Review and Meta-Analysis. Am J Psychiatry. 2017;174(4):329-40.
10. Bonnechére B, Klass M, Langley C, Sahakian BJ. Brain training using cognitive apps
can improve cognitive performance and processing speed in older adults. Scientific Reports.
2021;11(1):12313.

11. Valenzuela T, Razee H, Schoene D, Lord SR, Delbaere K. An Interactive Home-Based
Cognitive-Motor Step Training Program to Reduce Fall Risk in Older Adults: Qualitative
Descriptive Study of Older Adults’ Experiences and Requirements. JMIR Aging.
2018;1(2):e11975.

12. Pichierri G, Wolf P, Murer K, de Bruin ED. Cognitive and cognitive-motor
interventions affecting physical functioning: a systematic review. BMC Geriatr. 2011;11:29.
13. Schoene D, Valenzuela T, Lord SR, de Bruin ED. The effect of interactive cognitive-
motor training in reducing fall risk in older people: a systematic review. BMC Geriatr.
2014;14:107.

14. Hai L, Hou H-Y, Zhou C, Li H-J. The Effect of Exergame Training on Physical
Functioning of Healthy Older Adults: A Meta-Analysis. Games Health J. 2022;11(4):207-24.
15. Fang Q, Ghanouni P, Anderson SE, Touchett H, Shirley R, Fang F, et al. Effects of
Exergaming on Balance of Healthy Older Adults: A Systematic Review and Meta-analysis of
Randomized Controlled Trials. Games Health J. 2020;9(1):11-23.

16. Schoene D, Lord SR, Delbaere K, Severino C, Davies TA, Smith ST. A Randomized
Controlled Pilot Study of Home-Based Step Training in Older People Using Videogame

Technology. PLOS ONE. 2013;8(3):e57734.

Page 28 of 43



438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

17. Schoene D, Valenzuela T, Toson B, Delbaere K, Severino C, Garcia J, et al. Interactive
Cognitive-Motor Step Training Improves Cognitive Risk Factors of Falling in Older Adults - A
Randomized Controlled Trial. PLoS One. 2015;10(12):e0145161.

18. ChenY, Zhang Y, Guo Z, Bao D, Zhou J. Comparison between the effects of exergame
intervention and traditional physical training on improving balance and fall prevention in
healthy older adults: a systematic review and meta-analysis. ] Neuroeng Rehabil.
2021;18(1):164.

19. Sherrington C, Michaleff ZA, Fairhall N, Paul SS, Tiedemann A, Whitney J, et al.
Exercise to prevent falls in older adults: an updated systematic review and meta-analysis. Br
J Sports Med. 2017;51(24):1750-8.

20. Mirelman A, Rochester L, Maidan |, Del Din S, Alcock L, Nieuwhof F, et al. Addition of
a non-immersive virtual reality component to treadmill training to reduce fall risk in older
adults (V-TIME): a randomised controlled trial. Lancet. 2016;388(10050):1170-82.

21. Yamada M, Higuchi T, Nishiguchi S, Yoshimura K, Kajiwara Y, Aoyama T. Multitarget
Stepping Program in Combination with a Standardized Multicomponent Exercise Program
Can Prevent Falls in Community-Dwelling Older Adults: A Randomized, Controlled Trial. J Am
Geriatr Soc. 2013;61(10):1669-75.

22. Klenk J, Becker C, Palumbo P, Schwickert L, Rapp K, Helbostad JL, et al.
Conceptualizing a Dynamic Fall Risk Model Including Intrinsic Risks and Exposures. J Am Med
Dir Assoc. 2017;18(11):921-7.

23. Cumming RG, Salkeld G, Thomas M, Szonyi G. Prospective study of the impact of fear
of falling on activities of daily living, SF-36 scores, and nursing home admission. J Gerontol A

Biol Sci Med Sci. 2000;55(5):M299-305.

Page 29 of 43



461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

24. Skjaeret N, Nawaz A, Morat T, Schoene D, Helbostad JL, Vereijken B. Exercise and
rehabilitation delivered through exergames in older adults: an integrative review of
technologies, safety and efficacy. International journal of medical informatics. 2016;85(1):1-
16.

25. Lord SR, Ward JA, Williams P, Anstey KJ. Physiological factors associated with falls in
older community-dwelling women. J Am Geriatr Soc. 1994;42(10):1110-7.

26. Callisaya ML, Blizzard L, Schmidt MD, Martin KL, McGinley JL, Sanders LM, et al. Gait,
gait variability and the risk of multiple incident falls in older people: a population-based
study. Age Ageing. 2011;40(4):481-7.

27. Taylor ME, Delbaere K, Lord SR, Mikolaizak AS, Close JC. Physical impairments in
cognitively impaired older people: implications for risk of falls. Int Psychogeriatr.
2013;25(1):148-56.

28. Bartosch PS, Kristensson J, McGuigan FE, Akesson KE. Frailty and prediction of
recurrent falls over 10 years in a community cohort of 75-year-old women. Aging Clinical
and Experimental Research. 2020;32(11):2241-50.

29. Nyman SR, Victor CR. Older people's participation in and engagement with falls
prevention interventions in community settings: an augment to the Cochrane systematic
review. Age Ageing. 2012;41(1):16-23.

30. Hoang P, Schoene D, Gandevia S, Smith S, Lord SR. Effects of a home-based step
training programme on balance, stepping, cognition and functional performance in people
with multiple sclerosis--a randomized controlled trial. Mult Scler. 2016;22(1):94-103.

31. Song J, Paul SS, Caetano MID, Smith S, Dibble LE, Love R, et al. Home-based step
training using videogame technology in people with Parkinson's disease: a single-blinded

randomised controlled trial. Clin Rehabil. 2018;32(3):299-311.

Page 30 of 43



485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

32. The prevention of falls in later life. A report of the Kellogg International Work Group
on the Prevention of Falls by the Elderly. Dan Med Bull. 1987;34 Suppl 4:1-24.

33. Boot WR, Simons DJ, Stothart C, Stutts C. The Pervasive Problem With Placebos in
Psychology: Why Active Control Groups Are Not Sufficient to Rule Out Placebo Effects.
Perspect Psychol Sci. 2013;8(4):445-54.

34, Sturnieks DL, Menant J, Valenzuela M, Delbaere K, Sherrington C, Herbert RD, et al.
Effect of cognitive-only and cognitive-motor training on preventing falls in community-
dwelling older people: protocol for the smart+/-step randomised controlled trial. BMJ Open.
2019;9(8):e029409.

35. Pfeiffer E. A short portable mental status questionnaire for the assessment of
organic brain deficit in elderly patients. J Am Geriatr Soc. 1975;23(10):433-41.

36. Richardson J, Atherton Day N, Peacock S, lezzi A. Measurement of the Quality of Life
for Economic Evaluation and the Assessment of Quality of Life (AQolL) Mark 2 Instrument.
Australian Economic Review. 2004;37(1):62-88.

37. Lamb SE, Jorstad-Stein EC, Hauer K, Becker C, Prevention of Falls Network E,
Outcomes Consensus G. Development of a common outcome data set for fall injury
prevention trials: the Prevention of Falls Network Europe consensus. J Am Geriatr Soc.
2005;53(9):1618-22.

38. Merom D, Delbaere K, Cumming R, Voukelatos A, Rissel C, Van Der Ploeg HP, et al.
Incidental and Planned Exercise Questionnaire for seniors: validity and responsiveness. Med
Sci Sports Exerc. 2014;46(5):947-54.

39. Lord SR, Menz HB, Tiedemann A. A physiological profile approach to falls risk

assessment and prevention. Physical therapy. 2003;83(3):237-52.

Page 31 of 43



508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

40. Podsiadlo D, Richardson S. The timed "Up & Go": a test of basic functional mobility
for frail elderly persons. J Am Geriatr Soc. 1991;39(2):142-8.

41. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG, et al. A short
physical performance battery assessing lower extremity function: association with self-
reported disability and prediction of mortality and nursing home admission. J Gerontol.
1994;49(2):M85-94.

42. Schoene D, Delbaere K, Lord SR. Impaired Response Selection During Stepping
Predicts Falls in Older People-A Cohort Study. J Am Med Dir Assoc. 2017;18(8):719-25.

43, Strauss E, Sherman O, Spreen O. A compendium of neuropsychological tests:
Administration, norms, and commentary, 3rd ed. New York, NY, USA: Oxford University
Press; 2006.

44, Trenerry MR, Crosson B, DeBoe J, Leber W. Stroop neuropsychological screening
test. Odessa, FL: Psychological Assessment Resources. 1989.

45, Pollack I, Johnson LB, Knaff PR. Running memory span. Journal of Experimental
Psychology. 1959;57(3):137-46.

46. Mioshi E, Dawson K, Mitchell J, Arnold R, Hodges JR. The Addenbrooke's Cognitive
Examination Revised (ACE-R): a brief cognitive test battery for dementia screening. Int )
Geriatr Psychiatry. 2006;21(11):1078-85.

47. Delbaere K, Smith ST, Lord SR. Development and initial validation of the
Iconographical Falls Efficacy Scale. ] Gerontol A Biol Sci Med Sci. 2011;66(6):674-80.

48. Spitzer RL, Kroenke K, Williams JB, Lowe B. A brief measure for assessing generalized
anxiety disorder: the GAD-7. Arch Intern Med. 2006;166(10):1092-7.

49, Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity

measure. J Gen Intern Med. 2001;16(9):606-13.

Page 32 0f 43



532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

50. Ustun TB, Chatterji S, Kostanjsek N, Rehm J, Kennedy C, Epping-Jordan J, et al.
Developing the World Health Organization Disability Assessment Schedule 2.0. Bull World
Health Organ. 2010;88(11):815-23.

51. Jette AM, Haley SM, Coster WJ, Kooyoomjian JT, Levenson S, Heeren T, et al. Late
Life Function and Disability Instrument: I. Development and Evaluation of the Disability
Component. The Journals of Gerontology: Series A. 2002;57(4):M209-M16.

52. Glynn RJ, Buring JE. Ways of measuring rates of recurrent events. BMJ.
1996;312(7027):364-7.

53. White IR, Horton NJ, Carpenter J, Pocock SJ. Strategy for intention to treat analysis in
randomised trials with missing outcome data. BMJ. 2011;342:d40.

54, Robertson MC, Campbell AJ, Herbison P. Statistical Analysis of Efficacy in Falls
Prevention Trials. J Gerontol A Biol Sci Med Sci. 2005;60(4):530-4.

55. Lamb SE, Bruce J, Hossain A, Ji C, Longo R, Lall R, et al. Screening and Intervention to
Prevent Falls and Fractures in Older People. N Engl J Med. 2020;383(19):1848-59.

56. Hill AM, McPhail SM, Waldron N, Etherton-Beer C, Ingram K, Flicker L, et al. Fall rates
in hospital rehabilitation units after individualised patient and staff education programmes:
a pragmatic, stepped-wedge, cluster-randomised controlled trial. Lancet.

2015;385(9987):2592-9.

Page 33 0f 43



551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

o571

572

METHODS

Study design

The detailed study protocol has been previously published.3* The trial is a pragmatic
assessor-blinded 3-arm parallel RCT that is designed to examine the effectiveness of the
computerized smarttstep system, delivered as seated cognitive training or exergame
training, compared to a minimal-intervention control group, on the rate of falls in older
people over 12 months.34 The protocol was approved by the UNSW Sydney Human Research
Ethics Committee in September 2015 (HC15203) and prospectively registered on the

Australian New Zealand Clinical Trial Registry in September 2016 (ACTRN12616001325493).

Participants

Between October 2016 and May 2019, healthy older people living in the community in
Sydney, Australia, were invited to participate via advertisements in newspapers, community
group circulars and flyers, and invitations sent to members of a health insurance company.
Eligibility criteria were reviewed during an initial screening telephone call following verbal
consent and included: age 65 years or older; English-speaking; living in the Sydney
metropolitan area; independent in activities of daily living; able to walk 10m without the use
of a walking aid; and willing to provide informed consent. Criteria for exclusion were: an
unstable medical condition that would preclude safe participation; a neurological condition
(such as Parkinson’s disease, multiple sclerosis, stroke); an acute psychiatric condition with
psychosis; cognitive impairment defined as greater than two errors on the Pfeiffer Short

Portable Mental Status Questionnaire3>; residing in residential aged care, or currently
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participating in a fall prevention trial. After screening for eligibility, participants provided
written informed consent before baseline collection of age, gender, body height and weight,
education, living arrangements, quality of life (EuroQOL EQ-5D)3¢, and medical history

(presence of medical conditions, medication use and fall history).

Randomisation and masking

Following all baseline assessments, participants were randomly allocated to one of three
groups by use of an in-house web-based application using permuted random blocks of
between six and 15 and an allocation ratio of 1:1:1. An investigator, not otherwise involved
in the randomisation or data collection, set up the study and randomisation parameters
within the application and generated the randomisations. Participants were registered into
the study within the application by an investigator not involved in study assessments or
intervention delivery and with the randomisation sequence concealed. The application
assigned each newly registered participant to the next allocated group. Allocation
concealment was ensured as the randomisation code was only released to non-blinded
research staff (those delivering the intervention) and after all baseline assessments had
been completed. The collection, entry and monitoring of primary and secondary outcome
data was undertaken by staff blinded to group assignment. Participants were not blinded,
due to the nature of the interventions. Statistical analyses for the primary outcome were
performed by an independent statistician blinded to group allocation and separately

replicated by a study investigator.
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Interventions

A full description of the interventions has been reported previously.3* Briefly, all participants
received an evidence-based education booklet on healthy ageing and fall prevention. The
provision of education material to the control group participants was followed-up with a
telephone call (or email when necessary) by a trained Research Assistant, to partially match

the staff contact received by participants in the intervention groups.

During an initial home visit, participants in the two active training intervention arms
(cognitive training and exergame step training) were provided with a smart+step mini
personal computer with custom software including eight games. The computer was
connected via HDMI cable to display on either the home television or a computer monitor
(provided as needed). The exergame training group also received a Bluetooth connected
(wireless) step mat and trained by playing games while standing and stepping onto target
panels (Figure 2A), which was designed to challenge balance via the requirement for rapid
shifts in body centre of mass during stepping. The cognitive training group received a
custom-built desktop touch pad and trained by playing the games by pressing target panels

with their hands (Figure 2B).

The smart#step games were newly developed and/or adapted from popular video games by
Neuroscience Research Australia (NeuRA) Software Engineers for the purpose of this
research and are not currently available for download or purchase. The smart+step games
were designed to challenge specific cognitive functions including working memory,
visuospatial skills, dual-tasking, inhibition and attention by including these tasks as elements
for successful game play, such as accurate hitting of targets, avoiding virtual obstacles,

solving spatial orientation problems and rapidly responding to stimuli. Game play was
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controlled by use of the intervention-dependent peripheral (touch pad or step mat), each
with sensing targets that corresponded to forward, backward, left and right moves. The
smart+step system games included customary gaming features including immediate in-
game feedback, game high scores and rankings, incremental game difficulty levels, and
medals for achieving target training dose. The prescribed games, dose and progression

(described below) were identical for both training groups.

Both cognitive and exergame training group participants received an initial installation (60-
120 minutes duration) and follow-up home visit (30-60 minutes duration) from research
staff (Exercise Science graduates) which included the in-home set up of all equipment,
training in the technical aspects of the smart+step system (start-up, shut-down, Wi-Fi
connection for monitoring of game play, and basic trouble shooting), game objectives, and
assessing safe use and progression. Participants were instructed to undertake 120 minutes
of training per week for 12 months. Weekly game play was capped at 150 minutes to help
ensure equal doses between the two intervention groups. Participants were encouraged to
progress to more challenging levels when confident to do so and to try to beat their highest
score (displayed at the end of each game), which was best achieved by playing at higher
difficulty levels. Beyond home visits, game difficulty levels were selected by the participant
for the remainder of the trial. Additional home visits were provided during the intervention
in the event of equipment failure or if participants had extended breaks from using the

system due to illness, injury or holidays, etc.

Monitoring
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Adherence to the interventions was monitored via automatic data transfer from each
participant’s smart+step personal computer to a centralised database over the internet.
Participants who were engaging in less than 80 minutes of training per week for two
consecutive weeks (and had not informed the research team of absence or illness) were
contacted by telephone to encourage improved participation. In such cases, a Research
Assistant would assist with goal setting (gradually incrementing weekly gameplay durations)
and help identify and address any barriers to training, with the aim of achieving 120 minutes

of training per week.

Outcomes

The prospectively registered primary outcome was the rate of falls over 12 months from the
date of randomisation. A fall was defined as ‘unintentionally coming to the ground or some
lower level and other than as a consequence of sustaining a violent blow, loss of
consciousness, sudden onset of paralysis as in stroke or an epileptic seizure’.3? In line with
recommended methods,3’ participants reported falls using monthly calendars for between
12 and 13 months from their baseline assessment. These data were collected monthly
regardless of any deviation or discontinuation of the intervention. If a calendar was not
returned within two weeks of the end of each month, participants were contacted by
telephone to obtain the falls data required. Falls data were checked, reviewed, locked and

analysed before group allocation was unmasked.

Secondary fall outcomes included the proportion of people who reported: 1) one or more

falls; 2) multiple falls; 3) an injurious fall; and 4) a fall resulting in facture during the 12
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months following randomisation, as well as the rate of falls per physical activity. This was
calculated for each participant by multiplying the days of follow-up by the average hours of
weekly physical activity reported using the Incidental and Planned Exercise Questionnaire
(IPEQ)38. Physical and cognitive performance secondary outcome measures were assessed in
a laboratory at baseline and six months post-randomisation in a subsample of 300
participants, collected during two blocks of time during the trial. Questionnaires of general
health and disability, psychological health and falls efficacy were administered at baseline,

six- and 12-months post-randomisation for all participants.

Balance was assessed while standing on a foam rubber mat for 30 seconds (standing
postural sway)3? and while leaning near to the limits of stability (coordinated stability)®.
Gait (velocity and variability) was assessed while walking at usual speed under single- and
dual-task conditions (counting backwards by 3s) over a 6m GAITRite system (CIR Systems,
Clifton, New Jersey, USA) for three trials each (average calculated). Mobility was quantified
using the Timed Up & Go test *° and the Short Physical Performance Battery; a composite
score of standing balance, chair rise ability and walking speed*!. Reaction time was
measured in a simple test involving a light stimulus and finger-press response3?. Stepping
performance was assessed using three stepping reaction time tests; the Choice-, Inhibitory-

and Stroop-Stepping Reaction Time tests*2.

Neuropsychological assessments of cognitive functions were undertaken, including the Trail
Making Tests (parts A and B) of selective attention and processing speed*?, the Victoria
Stroop Test of attention and response inhibition#4, the Controlled Oral Word Association
Test for verbal fluency*?, the Digit Span Test for working memory**, and the Addenbrooke’s

Cognitive Examination Revised (ACE-R) for global cognition“®.
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Psychological outcome measures were assessed using the Iconographical Falls Efficacy Scale
(IconFES) for concerns about falling*’, Generalised Anxiety Disorder Scale (GAD-7) for
anxiety symptoms*® and the nine-item Patient Health Questionnaire (PHQ-9) for depressive
symptoms*. Disability and function were measured using the 12-item WHO Disability
Assessment Schedule (WHODAS 2.0)°° and the Late Life Function and Disability Instrument

(LLFDI)5*,

Pre-specified process outcomes3* included the average weekly and total training duration to
indicate adherence to the interventions. Safety was assessed in terms of adverse events,
which were defined as any fall or injury related to the interventions or involving the
intervention equipment and were requested to be reported immediately and were also
gueried monthly using the falls calendars. User experience and acceptability was captured

with the System Usability Scale (SUS) and Physical Activity Enjoyment Scale (PACES).

All data were collected at Neuroscience Research Australia, Randwick, New South Wales,
from October 2016 until July 2020. The secondary outcomes reported here are an abridged

list of those in the clinical trial registry.

Statistical analysis

A sample size calculation found 750 participants were required to achieve 80% power to
find a 33% reduction in fall rate in the intervention groups compared to control (assuming
control group rate of 0.8 fall/person-year), significant at p<0.05 with expected over-
dispersion of 1.2 and a 20% dropout rate.3* Our pilot trials'® 7 indicated that a sub-sample

of 300 participants was required to provide 95% power to detect between-group differences
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in secondary physical and cognitive function outcome measures (effect size f = 0.38,

correlation = 0.76, a = 5%, 20% dropout).

The statistical analysis plan was prospectively registered on the OpenScience framework

(https://osf.io/ugk5s/) and is included as a Supplemental Note. Group allocation was coded

to maintain blinding and data were analysed with an intention-to-treat approach using Stata
(version 16, Stata Corp) and SPSS (version 25, IBM Corp). A Data Safety and Monitoring

Committee monitored the trial throughout.

The primary outcome of number of falls per person-year (unadjusted) was analysed by an
independent statistician (BT), blinded to group allocation, and replicated (SL) using negative
binomial regression, with days of follow-up included as an exposure term, to estimate the
difference in fall rates between comparison groups (cognitive training versus control,
exergame step training versus control) using Stata software (version 16, Stata Corp) to
report incidence rate ratios and 95% confidence intervals (Cls). This analysis takes into
account all falls during the trial, and the distribution of falls, which is Poisson-like but with a
wider, higher tail®? and has been recommended for evaluating the efficacy of fall prevention
interventions for its straightforward approach over survival analysis models and ease of

interpretation of incidence rate ratios>3®.

The secondary fall outcomes were examined using the relative risk statistic with 95% Cls for
dichotomous variables, while the rate of falls per physical activity was analysed using
negative binomial regression with days of follow up multiplied by average hours of weekly
physical activity®® entered as the exposure term. The effect of group allocation on the

continuously scored secondary outcome measures was examined with linear regression
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models with baseline scores entered as covariates. As the outcomes were categorised by
degree of importance (primary and secondary), p-values and confidence intervals were not

adjusted for multiplicity.

We report the results of three planned subgroup analyses using a test for statistical
interaction. Separately for both intervention groups, we assessed whether the effect size of
the intervention differed from control according to reported falls in the previous year (0O v
1+), baseline physical status based on median Physiological Profile Assessment3® (<0.28 v
>0.28), and baseline cognitive status based on median ACE-R* scores (<95 v 295). We did

not plan any sub-group analyses related to sex or gender.

Analyses were intention to treat in so far as all participants were analysed in the group to
which they were randomised and regardless of the level of compliance to the interventions.
No imputation of missing data for the primary or secondary falls outcome measures or
adjustments related to level of compliance/withdrawal were undertaken. Missing data for
the secondary physical and cognitive outcome measures were imputed using estimated

means single imputation as all were found to be missing at random.

Patient and Public Involvement

The smart#step training system was developed using consumer design principles. A group of
24 people aged 70 to 97 years who were part of the intervention group of a pilot study using
an earlier version of the system'® 7 were asked to report on their experience regarding
usability!! and results were used to refine the smart+step system. There was no other

formal patient and public involvement in the study.
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Data Availability

The data that support the findings of this study are not openly available due to reasons of
confidentiality. Upon reasonable request, individual de-identified participant data (including
data dictionaries) will be made available via a RedCap web-based database, after review and
approval of a methodologically sound proposal, with a signed data access agreement, in line
with Ethics Committee requirements. Please contact Corresponding Author, Daina Sturnieks
(d.sturnieks@neura.edu.au). These files will be available from the date of publication until
the date stated in the approved request. The study protocol is available as an open access
publication 3* and the statistical analysis plan is available on OpenScience Framework

(https://osf.io/ugk5s/).
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