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Abstract

Introduction: Frailty, characterized by declines in physical, psychological, and social functions, presents challenges to aging populations. While multicomponent
exercise programs have shown efficacy, accessibility can be limited. Virtual Reality (VR) technologies, including Metaverse integration, show promise for frailty
management. Studies have demonstrated positive impacts from VR on physical function in older adults, but research on Metaverse technologies specifically for frailty
remains limited.

Aim: This systematic review aimed to explore the utilization of Metaverse technology in frailty management among older individuals.

Methods: The systematic review adhered to PRISMA guidelines, searching databases for studies from January 2013 to December 2023. Inclusion criteria focused on
Metaverse use for frailty in individuals = 65 years old. Two researchers screened articles, leading to the evaluation of full-text papers.

Results: Despite screening 35 articles, none were suitable for data extraction, indicating a gap in the literature regarding the application of Metaverse technologies
to frailty management.

Conclusion: While Metaverse technologies hold promise for personalized frailty interventions, research in this area is limited. Future studies should focus on evaluating
the effectiveness of Metaverse interventions and promoting collaboration between healthcare providers and technology developers to advance frailty management in
older individuals.

Highlights:

*  Frailty, a decline in physical, psychological, and social functioning with age, poses challenges for older individuals.

* VR exercise programs show promise in managing frailty, but accessibility can be limited by various factors.

* The Metaverse, integrating VR and AR technologies, offers immersive experiences with the potential for frailty management.
*  Despite potential benefits, current literature lacks studies on Metaverse technologies specifically for frailty management.

*  Future research should explore the effectiveness of Metaverse interventions in improving outcomes for older individuals with frailty.
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Abbreviations

AL Artificial Intelligence; BEAR: Balance Exercise Assist
Robot; IoT: Internet of Things; PRISMA: Preferred Reporting
Items for Systematic Review and Meta-Analyses; QOL: Quality
of Life; VR: Virtual Reality

Introduction

Frailty refers to a state of decline in physical, psychological,
and social functioning associated with aging. This condition
is primarily seen in older individuals and is characterized by
reductions in muscle mass and strength, decreased endurance,
low activity levels, fatigue, and weight loss [1]. Frailty
represents more than simply getting older, instead implying a
deterioration in the health status of the individual, an increased
risk of diseases, potential loss of independence, and a decline in
Quality of Life (QOL) [2-5]. Physical frailty relates to declines
in bodily functions [1], while psychosocial frailty is linked
to psychological and social aspects such as social isolation,
loneliness, and depression [6]. Managing frailty requires
suitable interventions, including regular physical activity,
strengthening social support networks, adequate nutrition,
and medical care, as needed [7]. In particular, multicomponent
exercise programs, including various exercises and adherence
strategies, have been effective in managing frailty [8,9].
However, accessibility to such programs can be limited by
factors like supervision requirements, geographic distance,
availability, and costs. Alternative programs and behavior
change strategies are therefore needed for sustainable frailty
management in older people.

Recently, interest has been growing in utilizing VR
technologies as an innovative approach to rehabilitation. A
2023 meta-analysis by Lee, et al. [10] investigated the effects of
interactive VR training programs on walking speed and balance
in older people with frailty, finding that such interventions can
significantly improve outcomes. VR exercise programs, such
as those using Nintendo Wii Fit games, Kinect system-based
virtual exergaming, and the Balance Exercise Assist Robot
(BEAR), have achieved improvements in gait speed and balance
[11-16]. VR exercise programs provide real-time visual and audio
feedback as the user interacts with virtual objects by calibrating
the accuracy of motions, postures, speeds, and duration
of activity [17]. The fusion of VR gaming technologies and
exercise programs provides accessible health care that enables
positive behavioral modifications and promotes independence
at home and in the community [18]. The advantages of VR
exercise programs include all-weather usability, flexible
designs, and customizable settings for individualized training
[19,20]. Ongoing advances in VR technology are spearheading
innovative approaches to healthcare and rehabilitation.

The emergence of the Metaverse, as an integration of
VR and Augmented Reality (AR) technologies, offers further
opportunities for immersive experiences and applications
in healthcare and rehabilitation. Unlike traditional VR, the
Metaverse integrates digital and physical worlds, economies,
social lives, identities, and assets, using technologies like
high-speed communication networks, Internet of Things

(IoT), AR, VR, cloud computing, edge computing, blockchain,
and artificial intelligence (AI) [21]. In a healthcare-related
Metaverse, users navigate three-dimensional spaces using
avatars and engage in real-time interactions worldwide.
The avatar, as a digital twin representing a virtual version
of a physical existence, dynamically connects with its real-
world counterpart [22]. Within the Metaverse, users navigate
through three-dimensional compositions using the avatar
as an alter ego. Through avatars, users can engage in real-
time interactions with others worldwide and participate in
various entertainment experiences or activities. Metaverse
technologies may thus have the potential to have greater
impacts on frailty management compared to VR exercise
programs. A systematic review was conducted to investigate
the utilization of Metaverse technologies in the management
of frailty among older individuals.

Material and methods

The methodology employed in this systematic review
adhered to the Preferred Reporting Items for Systematic
Review and Meta-Analyses (PRISMA) guideline [23]. This
investigation is registered to the PROSPERO International
Prospective Register of Systematic Reviews (registration
number: CRD42024501053). This systematic review of the
literature was conducted in January 2024, utilizing data from
PubMed, Web of Science, Ichu-shi Web of Japanese Journals,
Science Direct, and Cochrane Library databases. To ensure the
inclusion of the latest evidence in the field, the present review
analyzed manuscripts and articles published from January 2013
to December 2023. Selection from this period was made to strike
a balance between comprehensiveness and currency. This time
frame allowed for the inclusion of the most recent and relevant
studies, ensuring that the review reflects the latest advances
and understanding in the field. In addition, a decade-long
period was considered sufficient to capture significant research
trends and developments, without overwhelming the review
process with older studies that may no longer be as relevant due
to changes in technology, methodologies, or understandings of
the subject matter. In formulating the inclusion criteria, the
PICOS (P = population, I = interventions, C = comparator, O =
outcome, and S = study design) format was adopted.

Inclusion criteria were as follows: 1) use of the Metaverse
for improving or preventing frailty; and 2) papers with main
targets = 65 years old. Exclusion criteria were as follows: 1)
papers lacking availability of the full text; and 2) papers
classified as guidelines.

The search strategy employed three categories of keywords
(Table 1), with keywords within each category combined using
the “OR” Boolean operator. Subsequently, to retrieve relevant
papers, the results of these searches were combined using the

Table 1: Keywords used for the search strategy

Elderly Frail
Older adults Frailty
Metaverse :
Older people Prefrail

Age z 65 years Prefrailty
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“AND” Boolean operator. The search was limited to the Title/
Abstract search field and filtered for articles available only in
English or Japanese.

Following the initial search, a total of 35 articles were
identified from Science Direct, and none from PubMed, Web of
Science, Ichu-shi Web of Japanese Journals, or Cochrane Library
databases. These findings were analyzed and screened by two
experts from the research team, comprising a rehabilitation
medicine researcher and an engineering researcher. This
collaborative effort allowed us to consider both geriatric and
technical perspectives. The initial screening was based on the
titles and abstracts of identified articles. The same experts
then evaluated the full text of each selected paper. In the
case of conflicting opinions, consensus was reached through
discussion among the two experts.

Results

The initial search for titles and abstracts from a pool of 35
records identified through Science Direct led to the exclusion of
21 papers due to various mismatches in the target population,
outcomes, or publication type. Specifically, 8 papers targeted
incorrect populations, 7 reported irrelevant outcomes, and
6 were excluded based on their publication type. This left 14
papers eligible for full-text evaluation. However, upon detailed
review, none of the papers were deemed suitable for data
extraction. The reasons for exclusion at this stage were: two
papers mentioned Metaverse technologies in healthcare but

were specifically aimed at managing frailty [22,24], 10 papers
did not focus on Metaverse technologies as required by our
study criteria, and two were excluded due to the unavailability
of the full text (Figure 1).

Discussion

This systematic review aimed to explore the utilization
of Metaverse technologies in managing frailty among older
individuals. Following an extensive search of multiple
databases and a meticulous screening process, two articles were
identified that mentioned Metaverse technology in healthcare,
but Metaverse technology was applied to the management of
frailty. Thus, no suitable studies were identified for inclusion in
the proposed final analysis. This finding highlights a significant
gap in the current literature regarding the applications of
Metaverse technologies to frailty management.

Two articles were identified in our study that used
Metaverse technology, but not for the management of
frailty. Song, et al. [22] discussed Metaverse-based personal
healthcare-related technologies, exploring four major
research areas of VR-aided therapy: post-traumatic stress
disorder; anxiety and fear-related disorder; diseases of the
nervous system; and pain management [25]. Dwivedi, et al.
[24] provided a multidisciplinary perspective on emerging
technologies, describing the Metaverse beyond terms used for
marketing. They discussed the advantages and challenges of
healthcare in the Metaverse, noting that while the technology

= 35 records identified from: Records removed before screening:
8 Science Direct (n =35) Duplicate records removed (n = 0)
= PubMed (n = 0)
E.'E' Webof Science (n=0)
- Ichu-shi Web {n = 0)
é Cochran Library (n = 0)
4
Records (titles and abstracts) screened Reports excluded [n = 21):
(n=135) Wrong target (n = &)
Wrong outcome (=7}
Wrong publication type (n = &)
sO
=
-
¥
L)
= r
-
W
Full-text articles assessed for eligibility
- 14 & o # Reports excluded (n = 14):
(n=14) Mot used for managing frailty (n =2)
Not focusing on Metaverse
technologies (n = 10)
Lacking availability of full text (n = 2}
E ¥
=
,—3 Studies included in review (n=0)
E Reports of included studies (n = 0)

Figure 1: Flowchart of search strategy.
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offers convenience, challenges remain such as a need for
institutional arrangements for issues like surrogate treatment
for drugs [24]. In addition, they emphasized the importance
of handling medical information carefully, including user
permission and privacy [21]. Despite these challenges, the
Metaverse offers innovative solutions, such as monitoring
the habits and problems of users and conducting psychiatric
group therapy [26], reducing time burdens, and solving space
problems. Furthermore, hierarchical segregation and tagging
in the Metaverse for complex organ surgeries reduce errors,
creating an effective tool for medical research and treatment
[27,26].

Several factors may have contributed to the lack of studies
on Metaverse technologies in managing frailty among older
individuals. First, the concept of the Metaverse is relatively
new and rapidly evolving, with healthcare applications still
being explored and developed. As such, limited research may
have been conducted specifically on the use of Metaverse
technologies for frailty management. In addition, the complexity
and interdisciplinary nature of the Metaverse, combining
elements of VR, AR, and digital twins, may pose challenges
for researchers and healthcare providers in designing and
implementing studies in this area. Furthermore, the inclusion
criteria of the systematic review may have contributed to the
limited number of eligible studies. The restriction to papers
with main targets aged 65 years and older may have excluded
relevant studies involving younger populations or those with
broader age ranges. In addition, the requirement for the
availability of full texts may have excluded studies published
in non-traditional formats or languages other than English or
Japanese.

Despite the lack of identified studies, the potential for
Metaverse technologies to facilitate frailty management
remains promising. The immersive and interactive nature
of the Metaverse could provide engaging and personalized
interventions for older individuals with frailty [28]. For example,
virtual environments could be designed to simulate daily living
activities, allowing individuals to practice tasks that improve
physical function and reduce fall risks in a safe and controlled
setting. In addition, the social aspects of the Metaverse could
facilitate social interactions and combat psychosocial frailty
by connecting older adults with peers and support networks.
Future research in this area should focus on designing well-
controlled studies to evaluate the effectiveness of Metaverse
interventions in improving physical, psychological, and social
outcomes in this population [29]. Collaborations between
healthcare providers, researchers, and technology developers
will be essential in advancing the field of Metaverse-based
frailty management and improving QOL for older individuals.

Conclusion

The absence of identified studies underscores a significant
gap in research on Metaverse technologies for managing frailty
in older individuals. Despite the promising potential, factors
such as the novelty of Metaverse and stringent inclusion criteria
may have contributed to this absence of evidence. Nevertheless,
the immersive and interactive nature of Metaverse platforms

suggested they could offer engaging and tailored interventions
for addressing frailty. Future research should focus on well-
designed studies to evaluate their effectiveness, fostering
collaboration between healthcare providers and technology
developers to advance frailty management in older individuals.

Acknowledgment
Funding

This research was based on data collected for a project
funded by the “Knowledge Hub Aichi”, Priority Research
Project IV from the Aichi Prefectural Government in September
2022.

Author contributions

E.T. designed this study, conducted the data collection,
and drafted the manuscript. K.N. and H.M. performed the data
analysis. T.F. and LK. provided supervision. Y.I. contributed
to Funding acquisition and Project administration. All
authors have read and agreed to the published version of the
manuscript.

References

1. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J,
Seeman T, Tracy R, Kop WJ, Burke G, McBurnie MA; Cardiovascular Health
Study Collaborative Research Group. Frailty in older adults: evidence for
a phenotype. J Gerontol A Biol Sci Med Sci. 2001 Mar;56(3):M146-56. doi:
10.1093/gerona/56.3.m146. PMID: 11253156.

2. Clegg A, Young J, lliffe S, Rikkert MO, Rockwood K. Frailty in elderly people.
Lancet. 2013 Mar 2;381(9868):752-62. doi: 10.1016/S0140-6736(12)62167-
9. Epub 2013 Feb 8. Erratum in: Lancet. 2013 Oct 19;382(9901):1328. PMID:
23395245; PMCID: PMC4098658.

3. Hoogendijk EO, Afilalo J, Ensrud KE, Kowal P, Onder G, Fried LP. Frailty:
implications for clinical practice and public health. Lancet. 2019 Oct
12;394(10206):1365-1375. doi: 10.1016/S0140-6736(19)31786-6. PMID:
31609228.

4. Morley JE, Vellas B, van Kan GA, Anker SD, Bauer JM, Bernabei R, Cesari M,
Chumlea WC, Doehner W, Evans J, Fried LP, Guralnik JM, Katz PR, Malmstrom
TK, McCarter RJ, Gutierrez Robledo LM, Rockwood K, von Haehling S,
Vandewoude MF, Walston J. Frailty consensus: a call to action. J Am Med
Dir Assoc. 2013 Jun;14(6):392-7. doi: 10.1016/j.jamda.2013.03.022. PMID:
23764209; PMCID: PMC4084863.

5. Shamliyan T, Talley KM, Ramakrishnan R, Kane RL. Association of frailty with
survival: a systematic literature review. Ageing Res Rev. 2013 Mar;12(2):719-
36. doi: 10.1016/j.arr.2012.03.001. Epub 2012 Mar 12. PMID: 22426304.

6. Freitag S, Schmidt S. Psychosocial Correlates of Frailty in Older Adults.
Geriatrics (Basel). 2016 Nov 1;1(4):26. doi: 10.3390/geriatrics1040026. PMID:
31022819; PMCID: PMC6371110.

7. Apostolo J, Cooke R, Bobrowicz-Campos E, Santana S, Marcucci M, Cano
A, Vollenbroek-Hutten M, Germini F, D’Avanzo B, Gwyther H, Holland C.
Effectiveness of interventions to prevent pre-frailty and frailty progression in
older adults: a systematic review. JBI Database System Rev Implement Rep.
2018 Jan;16(1):140-232. doi: 10.11124/JBISRIR-2017-003382. Erratum in:
JBI Database System Rev Implement Rep. 2018 May;16(5):1282-1283. PMID:
29324562; PMCID: PMC5771690.

8. Aguirre LE, Villareal DT. Physical Exercise as Therapy for Frailty. Nestle Nutr
Inst Workshop Ser. 2015;83:83-92. doi: 10.1159/000382065. Epub 2015 Nov
2. PMID: 26524568; PMCID: PMC4712448.

Citation: Takano E, Nishiyori K, Maruyama H, Fukuda T, Kondo |, et al. (2024) Metaverse technologies in managing frailty among older individuals: A systematic
review. Arch Gerontol Geriatr Res 9(1): 001-005. DOI: http://dx.doi.org/10.17352/aggr.000036



P PeertechzPublications

. Gonzélez-Bernal

https://www.healthdisgroup.us/journals/archive-of-gerontology-and-geriatrics-research ‘ a

Cadore EL, Rodriguez-Maiias L, Sinclair A, Izquierdo M. Effects of different
exercise interventions on risk of falls, gait ability, and balance in physically frail
older adults: a systematic review. Rejuvenation Res. 2013 Apr;16(2):105-14.
doi: 10.1089/rej.2012.1397. PMID: 23327448; PMCID: PMC3634155.

. Lee YH, Lin CH, Wu WR, Chiu HY, Huang HC. Virtual reality exercise programs

ameliorate frailty and fall risks in older adults: A meta-analysis. J Am Geriatr
Soc. 2023 Sep;71(9):2946-2955. doi: 10.1111/jgs.18398. Epub 2023 May 10.
PMID: 37165743.

.Daniel K. Wii-hab for pre-frail older adults. Rehabil Nurs. 2012 Jul-

Aug;37(4):195-201. doi: 10.1002/rnj.25. Epub 2012 Jun 18. PMID: 22744992.

. Gomes GCV, Simdes MDS, Lin SM, Bacha JMR, Viveiro LAP, Varise EM, Carvas

Junior N, Lange B, Jacob Filho W, Pompeu JE. Feasibility, safety, acceptability,
and functional outcomes of playing Nintendo Wii Fit Plus™ for frail older
adults: A randomized feasibility clinical trial. Maturitas. 2018 Dec;118:20-28.
doi: 10.1016/j.maturitas.2018.10.002. Epub 2018 Oct 4. PMID: 30415751.

JJ, Jahouh M, Gonzédlez-Santos J, Mielgo-Ayuso J,
Fernandez-Lazaro D, Soto-Camara R. Influence of the Use of Wii Games on
Physical Frailty Components in Institutionalized Older Adults. Int J Environ Res
Public Health. 2021 Mar 8;18(5):2723. doi: 10.3390/ijerph18052723. PMID:
33800315; PMCID: PMC7967453.

. Liao YY, Chen IH, Wang RY. Effects of Kinect-based exergaming on frailty

status and physical performance in prefrail and frail elderly: A randomized
controlled trial. Sci Rep. 2019 Jun 27;9(1):9353. doi: 10.1038/s41598-019-
45767-y. PMID: 31249332; PMCID: PMC6597702.

. Moreira NB, Rodacki ALF, Costa SN, Pitta A, Bento PCB. Perceptive-Cognitive

and Physical Function in Prefrail Older Adults: Exergaming Versus Traditional
Multicomponent Training. Rejuvenation Res. 2021 Feb;24(1):28-36. doi:
10.1089/rej.2020.2302. Epub 2020 Jun 18. PMID: 32443963.

. Ozaki K, Kondo |, Hirano S, Kagaya H, Saitoh E, Osawa A, Fujinori Y. Training

with a balance exercise assist robot is more effective than conventional
training for frail older adults. Geriatr Gerontol Int. 2017 Nov;17(11):1982-1990.
doi: 10.1111/ggi.13009. Epub 2017 Mar 10. PMID: 28295912.

.Hocking DR, Ardalan A, Abu-Rayya HM, Farhat H, Andoni A, Lenroot R,

Kachnowski S. Feasibility of a virtual reality-based exercise intervention and
low-cost motion tracking method for estimation of motor proficiency in youth
with autism spectrum disorder. J Neuroeng Rehabil. 2022 Jan 7;19(1):1. doi:
10.1186/s12984-021-00978-1. Erratum in: J Neuroeng Rehabil. 2022 Jun
24;19(1):62. PMID: 34996473; PMCID: PMC8742363.

. Lin AJ, Chen CB, Cheng F. Virtual Reality Games for Health Care. MATEC Web

Conf. 2018;232:01047.

19.

20.

2

e

22.

23.

24.

25

2

2

28.

29

o

N

Keshner EA, Fung J. The quest to apply VR technology to rehabilitation:
tribulations and treasures. J Vestib Res. 2017;27(1):1-5. doi: 10.3233/VES-
170610. PMID: 28387695.

Tieri G, Morone G, Paolucci S, losa M. Virtual reality in cognitive and motor
rehabilitation: facts, fiction and fallacies. Expert Rev Med Devices. 2018
Feb;15(2):107-117. doi: 10.1080/17434440.2018.1425613. Epub 2018 Jan
10. PMID: 29313388.

.Bhugaonkar K, Bhugaonkar R, Masne N. The Trend of Metaverse and

Augmented & Virtual Reality Extending to the Healthcare System. Cureus.
2022 Sep 12;14(9):e29071. doi: 10.7759/cureus.29071. PMID: 36258985;
PMCID: PMC9559180.

Song YT, Qin J. Metaverse and Personal Healthcare. Procedia Computer
Science. 2022; 210:189-97. doi: https://doi.org/10.1016/j.procs.2022.10.136.

Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement.
PLoS Med. 2009 Jul 21;6(7):e1000097. doi: 10.1371/journal.pmed.1000097.
Epub 2009 Jul 21. PMID: 19621072; PMCID: PMC2707599.

Dwivedi YK, Hughes L, Baabdullah AM, Ribeiro-Navarrete S, Giannakis M, Al-
Debei MM. Metaverse beyond the hype: Multidisciplinary perspectives on
emerging challenges, opportunities, and agenda for research, practice and
policy. Int J Inf Manag. 2022; 66(C):55. doi: 10.1016/j.ijinfomgt.2022.102542.

.Liu Z, Ren L, Xiao C, Zhang K, Demian P. Virtual Reality Aided Therapy

towards Health 4.0: A Two-Decade Bibliometric Analysis. Int J Environ Res
Public Health. 2022 Jan 28;19(3):1525. doi: 10.3390/ijerph19031525. PMID:
35162546, PMCID: PMC8834834.

Massetti M, Chiariello GA. The metaverse in medicine. Eur Heart J Suppl. 2023
Apr 21;25(Suppl B):B104-B107. doi: 10.1093/eurheartjsupp/suad083. PMID:
37091647; PMCID: PMC10120971.

MatwalaK, Shakir T,Bhan C,Chand M. The surgical metaverse. Cirugia Espafiola
(English Edition). 2023. doi: https://doi.org/10.1016/j.cireng.2023.11.009.

Kataria S, Kedia AK, Ravindran V. Metaverse: Evolving role in healthcare
delivery and implications. J R Coll Physicians Edinb. 2023 Sep;53(3):186-191.
doi: 10.1177/14782715231189900. Epub 2023 Aug 3. PMID: 37537948.

. Li'Y, Gunasekeran DV, RaviChandran N, Tan TF, Ong JCL, Thirunavukarasu AJ,

Polascik BW, Habash R, Khaderi K, Ting DS. The next generation of healthcare
ecosystem in the metaverse. Biomed J. 2023 Dec 2:100679. doi: 10.1016/j.
bj.2023.100679. Epub ahead of print. PMID: 38048990.

Discover a bigger Impact and Visibility of your article publication with

Peertechz Publications

Highlights

Signatory publisher of ORCID
Signatory Publisher of DORA (San Francisco Declaration on Research Assessment)

Articles archived in worlds’ renowned service providers such as Portico, CNKI, AGRIS,
TDNet, Base (Bielefeld University Library), CrossRef, Scilit, J-Gate etc.

Journals indexed in ICMJE, SHERPA/ROMEO, Google Scholar etc.
OAI-PMH (Open Archives Initiative Protocol for Metadata Harvesting)
Dedicated Editorial Board for every journal

Accurate and rapid peer-review process

Increased citations of published articles through promotions

Reduced timeline for article publication

Submit your articles and experience a new surge in publication services
https:/www.peertechzpublications.org/submission

Peertechz journals wishes everlasting success in your every endeavours.

Citation: Takano E, Nishiyori K, Maruyama H, Fukuda T, Kondo |, et al. (2024) Metaverse technologies in managing frailty among older individuals: A systematic
review. Arch Gerontol Geriatr Res 9(1): 001-005. DOI: http://dx.doi.org/10.17352/aggr.000036



