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Frailty status can be improved by intervention. Both exergaming and combined exercise have been
proposed for improving physical performance in community-dwelling elderly. However, whether frailty

. status can be improved by exergaming is unclear. Moreover, whether Kinect-based exergaming training

: can exert a stronger effect on improving frailty status than combined exercise needs to be established.

. The aim of this study was to investigate the effects of Kinect-based exergaming on improving frailty

. status and physical performance in the prefrail and frail elderly by comparing its effects with those of

: combined exercise. Fifty-two prefrail and frail elderly were recruvited and randomized to the Kinect-

. based exergaming group (EXER group) or combined exercise group (CE group), emphasizing resistance,

. aerobic, and balance training for 36 sessions over 12 weeks. Our results showed that both groups

. improved the frailty status (EXER group: p=0.016, effect size =2.29; and CE group: p=0.031, effect

. size=2.67). Three out of 5 physical characteristics of the frailty phenotype, namely, weakness, slow

. walking speed, and low activity level, were significantly reversed by both exergaming and combined

. exercise. However, the exergaming training also significantly reversed exhaustion. Furthermore,

. compared with the CE group, the EXER group showed greater improvement in dynamic balance

. control, as indicated by the forward reaching test (p =0.0013, effect size = 0.40) and single leg stance

. test (p=0.049, effect size =0.42). Thus, Kinect-based exergaming exerted effects that were at least

. as beneficial as those of combined exercise in improving frailty status and the frailty phenotype. We

. recommend the use of exergaming aided by Kinect in the prefrail and frail elderly.

. “Frailty” is an aging syndrome between normal aging and dependence. Frailty is diagnosed when the functions of
- multiple organs in the body gradually decline, and the biological reserve falls below a certain level'. There are two
© main definitions of the frailty phenotype. One definition is characterized by a multi-domain phenotype including
. physical, cognitive, psychological, and social deficits®. The other definition, based on Fried’s classification, focuses
. on the physical phenotype and lists five physical characteristics of the frailty phenotype, namely, unintentional
. weight loss, muscle weakness, exhaustion, slow walking speed, and a low level of physical activity®. Physical exer-
. cise has been shown to improve physical performance and prevent the progression of physical frailty>*. Therefore,
. we choose Fried’s frailty phenotype definition as our outcome to compare the effects of the different interventions
. on physical frailty prevention. According to this definition, the presence of 1-2 characteristics is defined as pre-
. frailty, and the presence of 3-5 characteristics is defined as frailty®. According to a systematic review, the preva-
. lence of prefrailty in the community-dwelling older population ranges from 38-53%, and the prevalence of frailty
© ranges from 4-17%?S. In Taiwan, the prevalence of frailty is 11% to 14.9% in community-dwelling older adults.

: Frail older adults have a high risk of becoming physically dependent; however, their frailty status can be
: improved®®. Therefore, strategies to improve physical performance and frailty status are important. Exercise is
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Figure 1. Flowchart of this study.

one evidence-based intervention that can be applied to delay functional dependence and improve physical func-
tioning in the elderly. Aerobic, resistance, balance, and flexibility exercises have been recommended for older
people®. Combined exercise, composed of multiple types of exercises, is feasible for older people to engage in
to achieve health benefits®. Evidence has shown that combined exercise can improve gait and balance, increase
muscle strength, and reduce fall risks among community-dwelling older adults!-!2. However, few studies have
assessed the effect of combined exercise on frailty prevention as the main outcome measure.

Exergaming is the process of playing a computer game that is controlled by body movements and that provides
augmented feedback in real time while a person performs specific cognitive and motor tasks. Moreover, exergam-
ing is effective at retaining participants’ interest and motivation'®. Therefore, this new type of intervention has
been proposed as a complementary tool for improving the health of the elderly.

Kinect is a recently developed exergaming device that has the advantage of low cost. In addition, Kinect can
capture the joint movements of the whole body and is thus similar to virtual reality in its ability to allow the user
to interact directly with a computer-simulated environment, unlike a Wii exergaming device'*. Previous findings
suggested that Kinect could be a useful tool for therapy'®. Evidence showed that Kinect-based exergaming train-
ing can improve single leg standing and functional abilities in community-dwelling elderly'®. However, studies
about the effects of Kinect-based exergaming on physical performance and frailty status in prefrail and frail
elderly are still lacking. Moreover, whether Kinect-based exergaming training can exert a stronger effect than
combined exercise needs to be established for future applications.

Therefore, the purpose of this study was to investigate the effects of Kinect-based exergaming and combined
exercise training on improving the frailty status and physical performance of the prefrail and frail elderly.

Results
As shown in the flowchart (Fig. 1), 110 individuals were initially screened for participation in this study. Among
them, 61 qualified individuals were randomly assigned to either the exergaming group (EXER group, 31 partici-
pants) or the combined exercise group (CE group, 30 participants). Of the 61 participants, nine did not complete
the study due to low levels of motivation (4 in the EXER group and 5 in the CE group). Therefore, a total of 52
participants (27 in the EXER group and 25 in the CE group) completed all the interventions and assessments.
None of the participants reported any adverse events.

The demographic characteristics of the participants are presented in Table 1. There were no significant differ-
ences in the demographic parameters of the two groups. Moreover, there was no significant difference between
the two groups regarding all the outcome measures during the pre-intervention assessments (Tables 2 and 3).

Primary outcomes. The results of the primary outcomes are shown in Table 2. No significant differences
between groups were observed in frailty scores (p =0.075). Furthermore, there was no significant group effect on
the frailty reversal rate (p=0.262) or the frailty phenotype reversal rate (p=0.091-0.899).

However, significant within-group effects were noted for the frailty scores (p < 0.001, effect size =1.7)
and frailty reversal rate (p = 0.016, effect size =2.29) in the EXER group. Seven of the 16 frail elderly (43.7%)
improved to a prefrail status, and 8 of the 11 prefrail elderly (72.7%) improved to a robust status. The reversal rates
of the characteristics of the frailty phenotype were also significant after exergaming exercise, except for uninten-
tional weight loss (p = 0.008, effect size = 2.50 for weakness; p=0.002, effect size =2.10 for slow walking speed;
p =0.002, effect size =2.00 for exhaustion; p=0.008, effect size = 2.25 for low activity level). For the CE group,
significant within-group effects were noted for the frailty scores (p < 0.001.effect size = 1.37) and frailty reversal

SCIENTIFIC REPORTS |

(2019) 9:9353 | https://doi.org/10.1038/s41598-019-45767-y 2


https://doi.org/10.1038/s41598-019-45767-y

www.nature.com/scientificreports/

Combined
Exergaming group | exercise group
N=27) (N=25) P-value
Age (years) 79.6+8.5 84.1+5.5 0.068
Gender (female/male) 19/8 17/8 0.853
Height (cm) 156 £5.2 159+10.5 0.415
Body weight (kg) 52.6+£6.0 575488 0.185
BMI 21.5+£22 225+2.4 0.331
Fall history in the past one year | 8 9 0.653
Frailty score 3.0+£13 3.0+1.4 0.994
Frailty status
Prefrail/frail 11/16 9/16 0.726
Frailty phenotype (%)
Weakness 20 (74.1%) 21 (84.0%) 0.381
Slow walking speed 21(77.8%) 19 (76.0%) 0.879
Unintentional weight loss 3(11.1%) 5(20.0%) 0.375
Exhaustion 20 (74.1%) 14 (56.0%) 0.171
Low activity level 18 (66.7%) 15 (60.0%) 0.618

Table 1. Baseline demographic characteristics of the participants (N = 52). Data are presented as the
mean £ SD or number.

rate (p=0.031, effect size =2.67). Six of the 16 frail elderly (37.5%) improved to a prefrail status, and 4 of the 9
prefrail elderly (44.4%) improved to a robust status. The reversal rates of the characteristics of the frailty pheno-
type were significant after CE training for weakness (p = 0.008, effect size =2.63), slow walking speed (p =0.031,
effect size =2.10), and low activity level (p =0.016, effect size =2.14).

The results of the secondary outcomes are shown in Table 3. Significant within-group effects were noted for
the 30-second sit-to-stand (p < 0.001, effect size =1.76), single leg stance (p = 0.028, effect size = 1.02), functional
reach (p < 0.001, effect size =1.36), timed up and go (p = 0.005, effect size = 0.67), walking speed (p=0.001,
effect size = 0.59), grip strength (p < 0.001, effect size =0.89), and FES-I (p < 0.001, effect size = 1.88) tests in
the EXER group. Significant within-group effects were noted for the 30-second sit-to-stand (p < 0.001, effect
size =1.37), walking speed (p = 0.043, effect size =0.64), grip strength (p < 0.001, effect size =1.37), and FES-I
(p <0.001, effect size = 1.05) tests in the CE group. The analysis also showed significantly greater improvement in
the single leg stance (p = 0.0049, effect size =0.42) and functional reach (p =0.013, effect size = 0.40) tests after
12 weeks of EXER training than after CE training.

Discussion

In the present study, we found significant improvements in the frailty scores and statuses, along with improve-
ments in physical performance with Kinect-based exergaming for the prefrail and frail older adults. According to
a systematic review, frail elderly benefit from exercise interventions'’. Most studies have focused on the effect of
exercise on improving physical performance, while few studies have investigated the effect on frailty status and
elements of frailty phenotypes. Separating the elements of frailty is important for understanding the effect of the
intervention on individual components of the frailty phenotype instead of the overall frailty status. Frailty trajec-
tories have shown that older adults change their status naturally without any mediating intervention. However,
frailty status can be improved through interventions. Francisco et al. reported that frailty scores were reversed
from 3.6 to 1.6 after 6 months of multicomponent exercises, while the frailty scores control group (without any
intervention) remained unchanged (3.8) in the frail elderly. Kim et al.’® also reported that exercise can decrease
frailty scores after 3 months of traditional intervention in community-dwelling frail women. Although our study
period is not long enough to compare the natural trajectories of frailty, the improved frailty scores in our EXER
group (3.0 to 1.8) and CE group (3.0 to 2.1) proved that frailty status can be improved in a short time period (3
months) through intensive interventions. In the present study, a significant improvement in frailty scores and in
the frailty reversal rates (43.75% frail elderly reverted to a prefrail status, and 72.7% prefrail elderly reverted to a
robust status) were noted after Kinect-based exergaming training. These results provide clinical evidence about
using this innovative intervention in prefrail and frail populations.

Fried described five physical characteristics of the frailty phenotype, namely, unintentional weight loss, weak-
ness, exhaustion, slow gait speed, and a low physical activity level. In the present study, 4 out of these 5 physical
characteristics of the frailty phenotype, namely, weakness, exhaustion, slow gait, and low physical activity level
were significantly reversed after exergaming training. Among those 4 physical characteristics, exhaustion was not
significantly reversed after combined exercise.

Weak grip strength in later life is a risk factor for health outcomes, including higher disability, mortality and
morbidity!*?. Grip strength testing is increasingly used in clinical settings for the assessment of sarcopenia and
frailty in elderly people?!. Kim et al. found no significant improvement in grip strength after a traditional exercise
intervention'. However, different results were noted in the present study. In our program, we included many
upper extremity resistance exercises, such as TheraBand exercises and catching, squeezing and resisting a rubber
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Frailty score 30+1.3 1.8+15 <0.001 3.0+1.4 21+13 <0.001 0.075
Frailty status (%)
Frailty elderly 16 (59.3%) 9(33.3%) 16 (64.0%) 10 (40.0%) 0.442
Prefrail elderly 11 (40.7%) 10 (37.0%) 9 (36.0%) 11 (44.0%)
Robust elderly 0(0%) 8(29.6%) 0(0%) 4(16.0%)
Frailty reverse rate 43.8% 0.016 37.5% 0.031 0.262
Frailty phenotype (%) Reversal rate Reversal rate
Weakness 20 (74.1%) 12 (44.4%) 40% 0.008 21 (84.0%) 13 (52.0%) 38.1% 0.008 0.901
Slow walking speed 21(77.8%) 11 (40.7%) 47.6% 0.002 19 (76.7%) 13 (52.0%) 31.5% 0.031 0.301
Unintentional weight loss | 3 (11.1%) 3(11.1%) 0% 1.000 5(17.2%) 3(10.0%) 40% 0.500 0.464
Exhaustion 20 (74.1%) 10 (37.0%) 50% 0.002 14 (53.8%) 11 (40.0%) 28.6% 0.25 0.092
Low activity level 18 (66.7%) 10 (37.0%) 44.4% 0.008 15 (60.0%) 8(32.0%) 46.7% 0.016 0.898

Table 2. Comparisons of frailty scores, frailty status, reversal rates, and frailty phenotype (N =52). Data are
presented as the mean + SD.

Physical performance
Back scratch (cm) 15.4£189 15.3+16.5 0.980 19.0£7.6 16.6 £10.4 0.357 0.654
Chair sit and reach (cm) 43483 3.0+10.7 0.594 9.3+6.5 55+4.7 0.206 0.852

(Ttki‘;te};;“m“d sit-to-stand test 9.945.1 13,0458 <0001 | 89449 11.8454 <0001 | 0.824

Functional reach test (cm) 20.3+£8.2 259+09.1 <0.001 22.74+549 242+7.1 0.316 0.013
Single leg stance (seconds) 39+3.6 9.4+82 0.028 54+7.7 51+3.7 0.676 0.049
Stepping (steps) 752+29.4 74.2+29.5 0.886 97.8+25.4 86.6+30.6 0.258 0.928
Timed up and go (seconds) 17.0+8.4 15.1+8.7 0.005 16.6 9.9 15.4+8.2 0.196 0.668
Grip strength (kg) 15.4+£5.0 182454 <0.001 13.7+5.5 17.0£5.6 <0.001 0.563
Walking velocity (m/s) 0.61+0.33 0.74£0.29 0.001 0.62+£0.24 0.68+£0.27 0.043 0.215
Fall efficacy scale (FES-I) 44.0£10.1 37.3+9.5 <0.001 40.2+8.2 357+74 <0.001 0.084

Table 3. Comparisons of physical performance and FES-I. Data are presented as the mean + SD.

ball in both the EXER and CE groups, while most of the programs in the other studies focused on lower extremity
strengthening exercises?’. Training-induced gains through resistance training may lead to increases in the mass
and intrinsic contractile characteristics of muscles. In our results, both the EXER and CE groups demonstrated
similar training effects on grip strength. Therefore, upper extremity resistance training should be incorporated to
improve grip strength and possibly general health in the elderly population.

Gait speed is significantly associated with transitions in an individual’s frailty status®. Slow gait speed is the
strongest predictor of chronic disability and injurious falls*»**. According to our results, gait speed improved
by 0.13 m/s after exergaming training and by 0.06 m/s after combined exercise. The clinically significant change
in gait speed is 0.05m/s in older adults®®. Therefore, improvements in gait speed in both groups were clinically
important. Older adults are more likely to adhere to a physical activity program if the program is well designed
and enjoyable?. The improvement in low activity levels implies that our programs, both exergaming and CE,
may motivate participants to spend more time doing daily activities, which might prevent a sedentary lifestyle.
Exhaustion is a key physical characteristic of Fried’s frailty phenotype. There are a number of physical and psy-
chological causes of exhaustion, including sleep apnea, depression, hypotension, and B12 deficiency. From the
results of this self-reported questionnaire, exergaming training programs significantly reversed exhaustion, which
further indicates that this interactive and motivating program can improve self-reported well-being.

A previous systematic review stated that multifaceted (exercise combined with nutrition such as protein sup-
plementation) intervention is more efficient than mono-domain (exercise alone) intervention in improving mus-
cle mass?®? and reversing unintentional weight loss®’. According to the Asia Pacific clinical practice guidelines
for the management of frailty, protein and caloric supplementation is conditionally recommended for weight
loss®!. Therefore, the nonsignificant reversal rate of unintentional weight loss in our present study may be due to
the emphasis on mono-domain exercise training instead of a multifaceted intervention.

In this study, we demonstrated that Kinect-based exergaming training can exert at least the same effects on
improving frailty scores and reversing frailty status as combined exercise training in the prefrail and frail elderly.
In addition, the dynamic balance abilities indicated by the forward reach distance and one leg stance duration were
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significantly better after exergaming training than after the combined training. Recently, the relationships between
frailty and dynamic balance have been established, indicating that impaired balancing ability may contribute to
frailty®>*. Dynamic standing balance tasks are used to discriminate between frail, prefrail, and robust elderly**.
Dynamic balance is also an important indicator for fall risk. It is reported that a high fall risk threshold for sin-
gle leg stance is 6 seconds and the recurrent fall risk criterion for forward reaching distance is 25.4 cm®-%". In the
EXER group, the average single leg stance duration improved from 3.9 to 9.4 seconds and the forward reach distance
improved from 20.3 to 25.9 cm. After exergaming, six more subjects (from 4 to 10) passed the high fall risk threshold
for single leg stance and 6 more subjects (from 8 to 14) passed the recurrent fall risk criterion for forward reaching
distance. However, the number of subjects that passed the high fall risk threshold didn’t increase compared to the
baseline, and only 2 more subjects (from 7 to 9) passed the recurrent fall risk criterion after control training. These
results indicate that exergaming training improves balance performance and reduces possible fall risk.

The significantly greater improvement in dynamic balance after exergaming training than after combined
training may further support the advantages of exergaming. It is known that Kinect-based exercise gaming is
enjoyable and competitive Participants were then able to make adjustments according to real-time auditory and
visual feedback, thus enhancing their skills and motor performance. The gaming programs can also be combined
with physical and cognitive demands in an attractive and interactive way. Therefore, we speculate that the cogni-
tive function of participants after exergaming training may be improved in addition to their physical performance
improvement.

A previous study stated that Wii-based exergaming significantly improved lower extremity strength and bal-
ance in community-dwelling elderly®®. In this study, prefrail and frail elderly also benefited from Kinect-based
exergaming exercise. The lower extremity muscle strength, endurance, agility, dynamic balance, walking speed,
and grip strength were all significantly improved after exergaming training according to our results. These
improvements may extend to reducing the participants’ concerns about falling, as indicated by the FES-I score in
the present study. Furthermore, FES-I not only assesses basic daily activities at home but also includes measure-
ments of social activities outside the home, such as walking in a crowd, on slippery and uneven surfaces, as well
as up and down a slope. Taken together, the Kinect-based exergaming training can be a choice of training for the
prefrail and frail elderly to improve their frailty status and physical performance, and possibly decrease the risk
of falling risks.

There are several limitations to this study. First, the lack of follow-up assessment after 12 weeks of interven-
tion limits the inference of the long-term or maintenance effect of the treatment. Second, our participants were
recruited from elderly care centers. Regular physical and cognitive training were provided in some centers, which
may confound the intervention effect. Third, some important variables such as comorbidities and depression
were not assessed in this study, which may affect our results. Fourth, marginal age differences were noted between
the groups although these differences were not statistically significant. The relatively younger EXER group may
benefit from the treatment more compared to the relatively older CE group. Finally, different frailty populations
were defined by different frailty criteria. Thus, the results for our populations, defined by the Fried criteria, may
not be generalizable to populations defined by other frailty tools.

Conclusion

Our results demonstrated that Kinect-based exergaming is at least as beneficial as combined exercise in the pre-
frail and frail elderly. A 12-week Kinect-based exergaming program effectively improves frailty status and frailty
characteristics in the prefrail and frail elderly, and such effects may be due to improvements in physical perfor-
mance. These findings support the potential therapeutic use of exergaming aided by Kinect for the prefrail and
frail elderly.

Methods

Participants. This study protocol was approved by the Institutional Human Research Ethics Committee of
National Yang-Ming University. The approved protocol was followed throughout the study period. This trial
was registered at http://www.clinicaltrials.in.th/ (TCTR20180531001 on 24-May-2018) and conformed to the
CONSORT checklist(supplementary information). Participants were recruited from daycare centers for the
elderly in Taiwan. All participants met the following inclusion criteria: (1) age between 65 to 90 years old and (2)
the presence of at least one of the 5 following physical characteristics defined by Fried: unintentional body weight
loss, exhaustion, weakness, slow gait speed, and low physical activity level®.

1. Unintentional body weight loss was defined as having unintentionally lost more than 1.5kg in the past 3
months. In the present study, weight loss of 4.5kg was modified to 1.5kg because our intervention duration
was only 3 months.

2. Exhaustion was defined as the participant agreeing with one of the following two statements: “I felt too
tired to do anything” or “Ilacked the motivation to do anything”, for at least 3 days in the past week.

3. Weakness was defined as the grip strength of the dominant hand (mean of three measurements) using
a hand-held dynamometer. The cutoff grip strengths were as follows: for males with BMIs < 24, grip
strength <29kg; for males with BMIs 24.1-28, grip strength < 30kg; for males with BMIs > 28, grip
strength <32kg; for females with BMIs <23, grip strength <17kg; for females with BMIs 23.1-26, grip
strength < 17.3 kg; for females with BMIs 26.1-29, grip strength < 18 kg; for females with BMIs > 29, grip
strength <21kg.

4. Slow walking speed was defined by a cutoff value for the time it took the participant to walk 4.57m at a
usual pace. For males taller than 173 cm, the cutoff time was 6 seconds; for males shorter than 173 cm, the
cutoff time was 7 seconds; for females shorter than 159 cm, the cutoff time was 7 seconds; and for females
taller than 159 cm, the cutoff time was 6 seconds.
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5. Alow physical activity level was defined as burning fewer than 594 kcal per week for men and 295 kcal per
week for women, and the calories burned were calculated according to the Taiwan short form of the Inter-
national Physical Activity Questionnaire (IPAQ) modified for the elderly.

The exclusion criteria were as follows: (1) the presence of unstable medical conditions, such as neurological or
cardiopulmonary diseases, that may interfere with participation in the exercise intervention and (2) severe visual
impairment that may interfere with the exercise intervention. All participants provided signed informed consent
before participation.

Experimental procedures. This study was a single-blinded (assessor) parallel-randomized controlled trial.
Participants meeting the criteria were randomly assigned to either the experimental group or the control group
via a sealed envelope. The study was performed in accordance with the Declaration of Helsinki. Participants in
the experimental group participated in a Kinect-based exergaming exercise program for 60 minutes sessions,
three times a week for 12 weeks (EXER group). Those in the control group participated in a combined exercise
program for 60 minutes sessions, three times a week for 12 weeks (CE group). Exercise training was supervised by
an experienced physical therapist in a small group (3-4 people) for both the EXER and CE groups. The outcomes
were measured at baseline and after completing the 36 exercise sessions by the same assessor who was blinded to
the group assignment.

Intervention. Combined exercise (CE) group. The exercise program followed the guidelines suggested for
older populations by the American College of Sports Medicine. This program included 20 minutes of resistance
exercises, 20 minutes of aerobic exercises, and 20 minutes of balance exercises.

1. Resistance exercise: The resistance exercises focused on both the upper and lower extremities. Upper
extremity resistance training emphasized shoulders (abductors, adductors and rotators), elbows (flexors and
extensors), and wrists and fingers (flexors and extensors). Lower extremity resistance training emphasized mus-
cles that are important for balance and gait control. TheraBands were used during exercise, starting with 1.1 kg of
resistance (yellow TheraBand) and then gradually increasing to 3.1kg (green TheraBand). Participants performed
3 sets of 10 to 15 repetitions for each activity with natural breathing during the exercises.

2. Aerobic exercise: The aerobic program was a sequence of whole-body activities, including stepping exercises
in the seated and standing positions, stepping on and off of a stool, and standing up from and sitting in a chair.
The training intensity was set to 50-75% of the maximal heart rate (220—age), and the perceived exertion rates
were recorded during the exercises to modify the intensity. The ideal perceived exertion was a score of 13 to 14
(“somewhat hard”).

3. Balance exercise: The balance exercises combined dynamic and static balance training. The dynamic balance
exercises included slow and fast symmetric weight shifting, catching and throwing balls, walking in a straight line,
walking sideways, walking backwards, and figure of eight walking. Static balance training included standing with
various materials and bases for support, and single leg standing with eyes open and closed.

Exergaming (EXER) group. Kinect systems (Microsoft Corporation, Redmond, WA, USA) were used for the
exergaming group. The Kinect sensors incorporate infrared light and capture and track changes in limb segment
motion during exercise to create a virtual 3D full-body map.

Tano and LongGood software packages, due to their various games, were integrated into the Kinect hard-
ware for the present study. Through avatar technology, a virtual environment was presented on a screen (size:
230cm x 230cm) in front of the participants. Participants adjusted their own movements instantaneously accord-
ing to feedback from the virtual character on the screen. Each session included 20 minutes of Tai-Chi, 20 minutes
of resistance and aerobic combination training and 20 minutes of balance training. The details of this program
are as follows:

1. Tai-chi exercise: The movement form Tai-chi was adopted from the traditional “Yang style Tai Chi” and was
simplified to 24 forms. In this study, the Tai-chi started with a warm-up session, consisting of simple motions to
help the elderly relax their muscles and joints. Then, the exercise session emphasized moving the arm and leg in
circular motions with low speed and focusing on breathing and muscle coordination. It also emphasized weight
shifting and squatting to improve balance, stability, and muscle strength.

2. Resistance and aerobic exercises: The PAPAMAMA program was used for upper/lower extremity strength-
ening and endurance exercises. The principle of adjusting the intensity followed the same rules as the program
used in the CE group.

3. Balance game: In this study, we chose window cleaning, firework hitting, and goldfish grasping games
for balance training. When playing these games, participants interacted with the virtual objects on the screen.
Participants needed to shift their center of mass with upper/lower extremity movements to reach toward a target
in a given location quickly and accurately. In addition, we also chose obstacle crossing and stair stepping games
for balance training. During these games, participants needed to lift their legs to cross obstacles or to climb up
and down steps at a predetermined speed.

Outcome measures. Primary outcomes. The frailty score, frailty status, frailty reversal rate, and frailty
phenotype reversal rate were our primary outcomes. The frailty score has been validated in different popula-
tions in Taiwan®". The frailty score corresponds to the number of the five characteristics of the frail phenotype
(unintentional body weight loss, exhaustion, slow walking speed, weakness, and low activity level) an individual
displays. One point is allocated if the participant displays one physical characteristic of the frailty phenotype, with
the total score ranging from 0 to 5. Frailty status is classified into one of the following 3 statuses: robust (score 0),
prefrailty (score 1-2), and frailty (score 3-5), according to the frailty scores. Both the number of participants in
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each frailty status category and the number of participants displaying each characteristic of the frailty phenotype
were calculated. The frailty reversal rate was defined as the fraction of individuals in the frailty status at baseline
who improved to the robust or prefrailty status'®. The equation is expressed as follows: (the number of individuals
who were in the frailty status at baseline and improved to the prefrailty or robust status/the total number of indi-
viduals in the frailty status at baseline) * 100%.

To investigate the effect of training on each frailty phenotype, the frailty phenotype reversal rate was also
defined as the fraction of participants displaying each frailty phenotype at baseline who no longer displayed it
after the intervention'®. The equation is expressed as follows: (the number of participants who displayed each
frailty phenotype at baseline and no longer displayed it after intervention/the total number of participants who
displayed that frailty phenotype at baseline) *100%.

Secondary outcomes.  The relationship between physical performance and physical frailty has been established*'.
For example, the Short Physical Performance Battery (SPPB), which is a composite index for testing physical per-
formance, has good concurrent validity and reliability to other measures of physical frailty*>. Therefore, we chose
the following common physical performance indicators as secondary outcomes: (1) back scratch, (2) chair sit and
reach, (3) 30-second sit-to-stand, (4) 2-minute step, (5) single leg stance, (6) functional reach, (7) timed up and
g0, (8) walking speed, and (9) grip strength. The Falls Efficacy Scale International (FES-I), which assesses the fear
of fall during daily activities and social-related activities, was also included as a secondary outcome*.

Data analysis. All analyses were performed using SPSS 20.0 software (SPSS Inc. Chicago, IL, USA).
Descriptive statistics, including the distribution of variables, were generated for all variables in the form of the
mean = standard deviation or the number (%). Independent t-tests or Chi-square tests were applied to examine
the baseline differences in various characteristics between the CE and EXER groups. Two-way analysis of variance
(ANOVA) with repeated measures was used to determine the effects of the intervention on frailty scores, phys-
ical performance and FES-I. The model effects were group (CE, EXER), time (pre, post), and their interaction.
The between-group comparison was the group (CE, EXER), and the within-group comparison was the change
over time (pre, post). The post-hoc Tukey test was used for those variables with group x time interaction effects.
Chi-square and McNemar tests were used to perform the intergroup and intragroup comparisons of the cate-
gorical variables. Effect size (sum of squares between/sum of squares total) was also calculated for the variables
with significant group differences. The effect size is presented as the odds ratio (OR) for categorized variables and
Cohen’s d for continuous variables.

Sample size. G*power 3.0 was used to determine the sample size needed for the present study. The frailty
score was the primary outcome in this study, and we set the effect size to 0.25, with an alpha level of 5%, power of
80% and a repeated measures ANOVA model. The calculation indicated that 66 participants in total were neces-
sary to achieve sufficient power. However, after recruiting 61 participants, 52 of which completed the study, the
effect size n2 was 0.85 and the power was 99% for the 27 participants in the EXER group, and the effect size 12
was 0.66 and the power was 94% for the 25 participants in the CE group. Finally, a total of 52 participants were
included in our study because this number was sufficient to achieve statistical power.

References

1. Walston, J. et al. Research agenda for frailty in older adults: toward a better understanding of physiology and etiology: summary
from the American Geriatrics Society/National Institute on Aging Research Conference on Frailty in Older Adults. ] Am Geriatr Soc.
54,991-1001, https://doi.org/10.1111/j.1532-5415.2006.00745.x (2006).

2. Gobbens, R. J., Luijkx, K. G., Wijnen-Sponselee, M. T. & Schols, J. M. Toward a conceptual definition of frail community dwelling
older people. Nursing outlook 58, 76-86, https://doi.org/10.1016/j.outlook.2009.09.005 (2010).

3. Tarazona-Santabalbina, E J. et al. A Multicomponent Exercise Intervention that Reverses Frailty and Improves Cognition, Emotion,
and Social Networking in the Community-Dwelling Frail Elderly: A Randomized Clinical Trial. Journal of the American Medical
Directors Association 17, 426-433, https://doi.org/10.1016/j.jamda.2016.01.019 (2016).

4. Travers, J., Romero-Ortuno, R., Bailey, ]. & Cooney, M. T. Delaying and reversing frailty: a systematic review of primary care
interventions. The British journal of general practice: the journal of the Royal College of General Practitioners 69, e61-e69, https://doi.
org/10.3399/bjgp18X700241 (2019).

5. Fried, L. P. et al. Frailty in older adults: evidence for a phenotype. ] Gerontol A Biol Sci Med Sci. 56, M146-156 (2001).

6. Collard, R. M., Boter, H., Schoevers, R. A. & Oude Voshaar, R. C. Prevalence of frailty in community-dwelling older persons: a
systematic review. ] Am Geriatr Soc. 60, 1487-1492, https://doi.org/10.1111/j.1532-5415.2012.04054.x, Epub 02012 Aug 04056 (2012).

7. Chang, C. 1., Chan, D. C,, Kuo, K. N., Hsiung, C. A. & Chen, C. Y. Prevalence and correlates of geriatric frailty in a northern Taiwan
community. ] Formos Med Assoc. 110, 247-257, https://doi.org/10.1016/S0929-6646(1011)60037-60035 (2011).

8. Chodzko-Zajko, W. . et al. American College of Sports Medicine position stand. Exercise and physical activity for older adults. Med
Sci Sports Exerc. 41, 1510-1530, https://doi.org/10.1249/MSS.1510b1013e3181a1510c1595¢ (2009).

9. Villareal, D. T., Smith, G. L, Sinacore, D. R., Shah, K. & Mittendorfer, B. Regular multicomponent exercise increases physical fitness
and muscle protein anabolism in frail, obese, older adults. Obesity (Silver Spring). 19, 312-318, https://doi.org/10.1038/
0by.2010.1110, Epub 2010 May 1020 (2011).

10. Kang, S., Hwang, S., Klein, A. B. & Kim, S. H. Multicomponent exercise for physical fitness of community-dwelling elderly women.
J Phys Ther Sci. 27, 911-915, https://doi.org/10.1589/jpts.1527.1911, Epub 2015 Mar 1531 (2015).

11. Zhuang, J., Huang, L., Wu, Y. & Zhang, Y. The effectiveness of a combined exercise intervention on physical fitness factors related to falls
in community-dwelling older adults. Clin Interv Aging 9, 131-40, https://doi.org/10.2147/CIA.S56682, Epub 52014 Jan 56610 (2014).

12. Cadore, E. L. et al. Multicomponent exercises including muscle power training enhance muscle mass, power output, and functional
outcomes in institutionalized frail nonagenarians. Age (Dordr). 36, 773-785, https://doi.org/10.1007/s11357-11013-19586-z, Epub
12013 Sep 11313 (2014).

13. Shih, M. C., Wang, R. Y., Cheng, S.]. & Yang, Y. R. Effects of a balance-based exergaming intervention using the Kinect sensor on
posture stability in individuals with Parkinson’s disease: a single-blinded randomized controlled trial. ] Neuroeng Rehabil. 13, 78,
https://doi.org/10.1186/5s12984-12016-10185-y. (2016).

14. Henderson, A., Korner-Bitensky, N. & Levin, M. Virtual reality in stroke rehabilitation: a systematic review of its effectiveness for
upper limb motor recovery. Top Stroke Rehabil. 14, 52-61, https://doi.org/10.1310/tsr1402-1352 (2007).

SCIENTIFIC REPORTS |

(2019) 9:9353 | https://doi.org/10.1038/541598-019-45767-y 7


https://doi.org/10.1038/s41598-019-45767-y
https://doi.org/10.1111/j.1532-5415.2006.00745.x
https://doi.org/10.1016/j.outlook.2009.09.005
https://doi.org/10.1016/j.jamda.2016.01.019
https://doi.org/10.3399/bjgp18X700241
https://doi.org/10.3399/bjgp18X700241
https://doi.org/10.1111/j.1532-5415.2012.04054.x
https://doi.org/10.1016/S0929-6646(1011)60037-60035
https://doi.org/10.1249/MSS.1510b1013e3181a1510c1595c
https://doi.org/10.1038/oby.2010.1110
https://doi.org/10.1038/oby.2010.1110
https://doi.org/10.1589/jpts.1527.1911
https://doi.org/10.2147/CIA.S56682
https://doi.org/10.1007/s11357-11013-19586-z
https://doi.org/10.1186/s12984-12016-10185-y.
https://doi.org/10.1310/tsr1402-1352

www.nature.com/scientificreports/

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Clark, R. A. et al. Validity of the Microsoft Kinect for assessment of postural control. Gait Posture. 36, 372-377, https://doi.
org/10.1016/j.gaitpost.2012.1003.1033, Epub 2012 May 1023. (2012).

Kayama, H. et al. Efficacy of an Exercise Game Based on Kinect in Improving Physical Performances of Fall Risk Factors in
Community-Dwelling Older Adults. Games Health J. 2, 247-252, https://doi.org/10.1089/g1084h.2013.0006, Epub 2013 Jul 1017
(2013).

de Labra, C., Guimaraes-Pinheiro, C., Maseda, A., Lorenzo, T. & Millan-Calenti, J. C. Effects of physical exercise interventions in
frail older adults: a systematic review of randomized controlled trials. BMC Geriatr. 15, 154, https://doi.org/10.1186/s12877-12015-
10155-12874 (2015).

Kim, H. et al. Effects of exercise and milk fat globule membrane (MFGM) supplementation on body composition, physical function,
and hematological parameters in community-dwelling frail Japanese women: a randomized double blind, placebo-controlled,
follow-up trial. PLoS One. 10, 0116256, doi:0116210.0111371/journal.pone.0116256. eCollection 0112015 (2015).

Syddall, H. E. et al. Mortality in the Hertfordshire Ageing Study: association with level and loss of hand grip strength in later life. Age
Ageing. 46, 407-412, https://doi.org/10.1093/ageing/afw1222 (2017).

Dodds, R. M. et al. Global variation in grip strength: a systematic review and meta-analysis of normative data. Age Ageing. 45,
209-216, https://doi.org/10.1093/ageing/afv1192, Epub 2016 Jan 1019 (2016).

Syddall, H., Cooper, C., Martin, E, Briggs, R. & Aihie Sayer, A. Is grip strength a useful single marker of frailty? Age Ageing. 32,
650-656 (2003).

Moritani, T. & deVries, H. A. Neural factors versus hypertrophy in the time course of muscle strength gain. Am J Phys Med. 58,
115-130 (1979).

Rothman, M. D., Leo-Summers, L. & Gill, T. M. Prognostic significance of potential frailty criteria. ] Am Geriatr Soc. 56, 2211-2216,
https://doi.org/10.1111/j.1532-5415.2008.02008.x (2008).

Fallah, N. et al. Transitions in frailty status in older adults in relation to mobility: a multistate modeling approach employing a deficit
count. ] Am Geriatr Soc. 59, 524-529, https://doi.org/10.1111/j.1532-5415.2011.03300.x (2011).

Shimada, H., Makizako, H., Doi, T., Tsutsumimoto, K. & Suzuki, T. Incidence of Disability in Frail Older Persons With or Without
Slow Walking Speed. ] Am Med Dir Assoc. 16, 690-696, https://doi.org/10.1016/j.jamda.2015.1003.1019, Epub 2015 Apr 1024
(2015).

Perera, S., Mody, S. H., Woodman, R. C. & Studenski, S. A. Meaningful change and responsiveness in common physical performance
measures in older adults. ] Am Geriatr Soc. 54, 743-749, https://doi.org/10.1111/j.1532-5415.2006.00701.x (2006).

Bauman, A., Merom, D., Bull, F. C., Buchner, D. M. & Fiatarone Singh, M. A. Updating the Evidence for Physical Activity:
Summative Reviews of the Epidemiological Evidence, Prevalence, and Interventions to Promote “Active Aging”. Gerontologist. 56,
$268-280, https://doi.org/10.1093/geront/gnw1031 (2016).

Rydwik, E., Lammes, E., Frandin, K. & Akner, G. Effects of a physical and nutritional intervention program for frail elderly people
over age 75. A randomized controlled pilot treatment trial. Aging Clin Exp Res. 20, 159-170 (2008).

Vojciechowski, A. S. et al. Effects of physical training with the Nintendo Wii Fit Plus((R)) and protein supplementation on
musculoskeletal function and the risk of falls in pre-frail older women: Protocol for a randomized controlled clinical trial (the
WiiProtein study). Maturitas. 111, 53-60, https://doi.org/10.1016/j.maturitas.2018.1002.1013, Epub 2018 Feb 1020 (2018).
Dedeyne, L., Deschodt, M., Verschueren, S., Tournoy, J. & Gielen, E. Effects of multi-domain interventions in (pre)frail elderly on
frailty, functional, and cognitive status: a systematic review. Clin Interv Aging. 12, 873-896, https://doi.org/10.2147/CIA.S130794,
eCollection 132017 (2017).

Dent, E. et al. The Asia-Pacific Clinical Practice Guidelines for the Management of Frailty. ] Am Med Dir Assoc. 18, 564-575, https://
doi.org/10.1016/j.jamda.2017.1004.1018 (2017).

Rockwood, K., Rockwood, M. R., Andrew, M. K. & Mitnitski, A. Reliability of the hierarchical assessment of balance and mobility
in frail older adults. ] Am Geriatr Soc. 56, 1213-1217, https://doi.org/10.1111/j.1532-5415.2008.01773.x, Epub 02008 May 01722
(2008).

Davis, D. H., Rockwood, M. R., Mitnitski, A. B. & Rockwood, K. Impairments in mobility and balance in relation to frailty. Arch
Gerontol Geriatr. 53, 79-83, https://doi.org/10.1016/j.archger.2010.1006.1013, Epub 2010 Aug 1011 (2011).

Martinez-Ramirez, A. et al. Frailty assessment based on wavelet analysis during quiet standing balance test. ] Biomech. 44,
2213-2220, https://doi.org/10.1016/j.jbiomech.2011.2206.2007, Epub 2011 Jun 2230 (2011).

Vellas, B. J. et al. One-leg balance is an important predictor of injurious falls in older persons. Journal of the American Geriatrics
Society 45, 735-738 (1997).

Behrman, A. L., Light, K. E., Flynn, S. M. & Thigpen, M. T. Is the functional reach test useful for identifying falls risk among
individuals with Parkinson’s disease? Archives of physical medicine and rehabilitation 83, 538-542 (2002).

Williams, B., Allen, B. & Hu, Z. Real-Time Fall Risk Assessment Using Functional Reach Test. 2017, 2042974, https://doi.
org/10.1155/2017/2042974 (2017).

Jorgensen, M. G., Laessoe, U., Hendriksen, C., Nielsen, O. B. & Aagaard, P. Efficacy of Nintendo Wii training on mechanical leg
muscle function and postural balance in community-dwelling older adults: a randomized controlled trial. ] Gerontol A Biol Sci Med
Sci. 68, 845-852, https://doi.org/10.1093/gerona/gls1222, Epub 2012 Oct 1031 (2013).

Hsu, H. C. Relationship between Frailty and Cognitive Function among Older Adults in Taiwan. ] Frailty Aging 3, 153-157, https://
doi.org/10.14283/jfa.12014.14217 (2014).

Woo, J. et al. Frailty Screening in the Community Using the FRAIL Scale. ] Am Med Dir Assoc. 16,412-419, https://doi.org/10.1016/j.
jamda.2015.1001.1087, Epub 2015 Feb 1024 (2015).

Buckinx, F et al. Relationship between frailty, physical performance and quality of life among nursing home residents: the SENIOR
cohort. Aging clinical and experimental research 28, 1149-1157, https://doi.org/10.1007/s40520-016-0616-4 (2016).

Pritchard, J. M. et al. Measuring frailty in clinical practice: a comparison of physical frailty assessment methods in a geriatric out-
patient clinic. BMC geriatrics 17, 264, https://doi.org/10.1186/s12877-017-0623-0 (2017).

Helbostad, J. L. et al. Validation of the Falls Efficacy Scale-International in fall-prone older persons. Age Ageing. 39, 259, https://doi.
org/10.1093/ageing/afp1224, Epub 2009 Dec 1022 (2010).

Acknowledgements
This work was supported by grants from the Ministry of Science and Technology (MOST 105-2314-B-227-
009 and MOST 106-2314-B-010-040-MY3).

Author Contributions
Conceived and designed the experiments: Y.Y.L. and R.Y.W. Performed the experiments: Y.Y.L. Analyzed the data:
Y.Y.L. and .H.C. Wrote the paper: Y.Y.L. and R.Y.W. All authors reviewed the manuscript.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-019-45767-y.

Competing Interests: The authors declare no competing interests.

SCIENTIFIC REPORTS |

(2019) 9:9353 | https://doi.org/10.1038/s41598-019-45767-y 8


https://doi.org/10.1038/s41598-019-45767-y
https://doi.org/10.1016/j.gaitpost.2012.1003.1033
https://doi.org/10.1016/j.gaitpost.2012.1003.1033
https://doi.org/10.1089/g1084h.2013.0006
https://doi.org/10.1186/s12877-12015-10155-12874
https://doi.org/10.1186/s12877-12015-10155-12874
https://doi.org/10.1093/ageing/afw1222
https://doi.org/10.1093/ageing/afv1192
https://doi.org/10.1111/j.1532-5415.2008.02008.x
https://doi.org/10.1111/j.1532-5415.2011.03300.x
https://doi.org/10.1016/j.jamda.2015.1003.1019
https://doi.org/10.1111/j.1532-5415.2006.00701.x
https://doi.org/10.1093/geront/gnw1031
https://doi.org/10.1016/j.maturitas.2018.1002.1013
https://doi.org/10.2147/CIA.S130794
https://doi.org/10.1016/j.jamda.2017.1004.1018
https://doi.org/10.1016/j.jamda.2017.1004.1018
https://doi.org/10.1111/j.1532-5415.2008.01773.x
https://doi.org/10.1016/j.archger.2010.1006.1013
https://doi.org/10.1016/j.jbiomech.2011.2206.2007
https://doi.org/10.1155/2017/2042974
https://doi.org/10.1155/2017/2042974
https://doi.org/10.1093/gerona/gls1222
https://doi.org/10.14283/jfa.12014.14217
https://doi.org/10.14283/jfa.12014.14217
https://doi.org/10.1016/j.jamda.2015.1001.1087
https://doi.org/10.1016/j.jamda.2015.1001.1087
https://doi.org/10.1007/s40520-016-0616-4
https://doi.org/10.1186/s12877-017-0623-0
https://doi.org/10.1093/ageing/afp1224
https://doi.org/10.1093/ageing/afp1224
https://doi.org/10.1038/s41598-019-45767-y

www.nature.com/scientificreports/

Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International
Cam | icense, which permits use, sharing, adaptation, distribution and reproduction in any medium or

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2019

SCIENTIFIC REPORTS |

(2019) 9:9353 | https://doi.org/10.1038/s41598-019-45767-y 9


https://doi.org/10.1038/s41598-019-45767-y
http://creativecommons.org/licenses/by/4.0/

	Effects of Kinect-based exergaming on frailty status and physical performance in prefrail and frail elderly: A randomized c ...
	Results

	Primary outcomes. 

	Discussion

	Conclusion

	Methods

	Participants. 
	Experimental procedures. 
	Intervention. 
	Combined exercise (CE) group. 
	Exergaming (EXER) group. 

	Outcome measures. 
	Primary outcomes. 
	Secondary outcomes. 

	Data analysis. 
	Sample size. 

	Acknowledgements

	Figure 1 Flowchart of this study.
	Table 1 Baseline demographic characteristics of the participants (N = 52).
	Table 2 Comparisons of frailty scores, frailty status, reversal rates, and frailty phenotype (N = 52).
	Table 3 Comparisons of physical performance and FES-I.




