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ABSTRACT

Introduction: The global shift towards an aging population presents significant challenges, particularly concerning
frailty among older adults. Frailty, characterized by diminished strength and resilience, increases vulnerability to
diseases and hospitalization.

Health Issues: Traditional diagnostic tools for frailty are costly and involve radiation risks, necessitating non-
invasive, cost-effective methods like ultrasound. Frail older adults require intensive medical care, increasing
healthcare costs and burdening systems.

Scientific Challenges: Research must adopt a multidimensional approach, considering physical, psychological, and
social factors of frailty. There is a pressing need to develop accessible diagnostic tools and translate research
findings into clinical practice. Integrating ultrasound with machine learning enhances diagnostic accuracy and
predictive capabilities, facilitating personalized care.

Social Implications: Frailty reduces the quality of life for older adults, places emotional and financial burdens on
families, and exacerbates health inequalities. It also leads to social isolation, diminishing the participation of older
adults in community activities.

Future Directions: An integrated response involving public health policies, technological innovations, and education
is necessary. Developing community health programs, implementing continuous health monitoring tools, and
conducting awareness campaigns can significantly improve frailty management.

Conclusions: Tackling frailty is not only a health imperative but also a social and ethical responsibility. By addressing
the intertwined health, scientific, and social challenges of frailty, we can ensure healthy and equitable aging for all,
reflecting our commitment to improving the quality of life for older adults.
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INTRODUCTION

The global demographic shift towards an aging
population is one of the most significant changes in the
21st century [1]. It is projected that 22% of the world’s
population will be aged 60 years or older by 2050. This
shift presents significant challenges for healthcare
systems, communities, and society as a whole [2].
Frailty among older adults is a central issue in this
context, with profound implications for health, scientific
research, and social structures [3].

Health challenges

Frailty is characterized by a decline in strength,
endurance, and physiological function, which increases
vulnerability to diseases, hospitalization, and mortality.
Addressing frailty is a critical healthcare challenge.

1. Complex Diagnosis: Diagnosing frailty is often
complex because it does not always manifest
clearly and can be mistaken for normal aging.
Traditional diagnostic tools, such as dual-energy X-
ray absorptiometry (DXA) and computed
tomography (CT), are costly and involve radiation
risks, limiting their routine use in clinical practice.
There is a pressing need for noninvasive, cost-
effective, and accurate diagnostic methods to
identify frailty early and efficiently [4].

Healthcare System Burden: Frail older adults
require intensive and multidisciplinary medical care,
placing heavy demand on healthcare resources.
Frequent and prolonged hospitalizations due to
frailty-related complications significantly increase
healthcare costs [5]. This situation calls for a robust
system capable of managing and supporting the
complex needs of frail older adults, reducing hospital
readmissions, and enhancing quality of care.

Need for Personalized Interventions: Treatments
and rehabilitation programs must be tailored to the
specific needs of each patient, considering their level
of frailty and coexisting conditions [6, 7]. However,
the lack of effective tools to assess and monitor frailty
complicates the implementation of personalized care
plans. Innovative approaches are necessary to
develop and deploy interventions that can improve

addressing several of the current limitations in frailty
assessment [10].

1. Non-Invasive and Accessible: Unlike DXA and
CT, ultrasound does not involve radiation, making
it safer for repeated use, especially in older adults.
It is also more accessible and cost-effective,
facilitating broader implementation in clinical and
community settings.

Detailed Muscle Assessment: Ultrasound allows
the measurement of muscle thickness, cross-
sectional area, and quality, which are crucial
indicators of muscle health and frailty. These
measurements can help to identify sarcopenia (loss
of muscle mass and strength) early, which is a key
component of frailty. Healthcare providers can
better understand the progression of frailty by
evaluating the muscle architecture and detecting
changes over time.

Real-Time Monitoring: Ultrasound provides real-
time imaging, enabling immediate assessment and
monitoring. This capability is particularly beneficial
in tracking the effectiveness of interventions aimed
at improving muscle health and reducing frailty.
Regular ultrasound evaluations can guide
personalized treatment plans, ensuring that they are
responsive to the patient’s current condition [10,
11].

Integration with Machine Learning: The
Integration of ultrasound data with machine
learning algorithms enhances the diagnostic
accuracy and predictive power of frailty. Machine
learning can analyze complex patterns in ultrasound
images and correlate them with clinical outcomes,
aiding the development of sophisticated predictive
models. These models can help identify individuals
at a higher risk of frailty and tailor interventions
accordingly [12].

Scientific challenges
Research on frailty faces several scientific challenges

that need to be addressed to advance the understanding
and management of this condition.

the health and well-being of frail individuals [8, 9]. 1. Multidimensional Understanding: Frailty is a

multifaceted  syndrome involving  physical,

The role of ultrasound in frailty psychological, and social aspects. Further research

must integrate these dimensions to develop a

Ultrasound  technology represents a promising holistic understanding of frailty. This requires

advancement in frailty diagnosis and management. Its interdisciplinary collaboration and comprehensive

use in evaluating muscle health provides critical studies that examine how various factors contribute
insights that are both noninvasive and cost-effective, to the onset and progression of frailty [12].
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2. Development of Diagnostic Tools: There urgent
need to develop non-invasive, accessible, and
precise diagnostic tools. Technologies such as
ultrasound and machine learning algorithms show
great potential in this area. Ultrasound, for example,
offers a noninvasive and cost-effective way to
measure muscle thickness and quality, which are
critical indicators of frailty [12-15]. Machine
learning can analyze large datasets to identify
patterns and correlations, aiding the development of
predictive models for frailty [12].

3. Translational Research: Research findings must
be effectively translated into clinical practice. This
requires collaboration among scientists, healthcare
providers, and policymakers to implement new
diagnostic and treatment strategies [14, 15].
Translational research bridges the gap between
laboratory discoveries and real-world applications,
ensuring that advances in understanding frailty lead
to tangible benefits for patients [16].

Social implications

The impact of frailty extends beyond health and
scientific research and affects the social fabric in several
ways.

1. Quality of Life: Frailty significantly reduces the
quality of life of older adults, limiting their ability
to perform daily activities and enjoy an autonomous
and dignified life. Addressing frailty is crucial for
improving the overall well-being and life
satisfaction of the elderly population [17].

2. Family Burden: Families of frail individuals often
face substantial emotional and financial burden.
Caregivers may experience stress, burnout, and
economic hardships. Providing adequate support for
caregivers is essential to alleviate their burden and
ensure that they can provide effective care for their
loved ones [18].

3. Health Inequalities: Frailty can exacerbate health
inequalities because vulnerable populations with
fewer resources have less access to appropriate
diagnostics and treatments. Addressing these
disparities is crucial for ensuring equitable
healthcare for all older adults, regardless of their
socioeconomic status [19].

4. Social Participation: The integration and active
participation of older adults in society is vital.
Frailty can lead to social isolation, reducing
interactions, and contributions to the community.
Promoting social inclusion and participation of the

elderly is essential for enhancing their quality of
life and societal engagement [20].

Need for an integrated response

Addressing frailty in older adults requires an integrated
response involving multiple  stakeholders and
approaches:

1. Public Health Policies: Developing and
implementing public health policies that promote
prevention, early detection, and effective
management of frailty are essential. Investing in
community health programs that support older
adults and their families can significantly impact
the management of frailty [5, 12].

2. Technological Innovation: Fostering research
and the development of new diagnostic and
therapeutic technologies is crucial. Implementing
digital tools to continuously monitor and manage
the health of older adults in a personalized
manner can lead to better outcomes and quality of
care [12, 21].

3. Education and Awareness: Raising awareness of
frailty and the importance of healthy aging through
educational campaigns is vital. Training and
supporting healthcare professionals to improve
frailty management in clinical practice can enhance
the care provided to frail older adults [22].

CONCLUSIONS

Frailty in older adults is a complex issue that requires a
multi-dimensional  approach. Intertwined  health,
scientific, and social challenges require innovative,
collaborative solutions. By addressing frailty effective-
ly, we can improve the quality of life of older adults,
ensure healthy and equitable aging, and reduce the
burden on families and healthcare systems. Tackling
frailty is not just a health imperative, but also a social
and ethical one that reflects our values and priorities as
a society.

ACKNOWLEDGMENTS
The authors thank the Escuela de Doctorado e
Investigacion (EDI) of the Universidad Europea de

Madrid for the management of logistics during the
research.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of interest.

WWWw.aging-us.com

13178 AGING



FUNDING 9. Cuenca-Zaldivar JN, Monroy Acevedo A, Fernandez-
Carnero J, Sdnchez-Romero EA, Villafafie JH, Barragan
Award for Best Research Project awarded by the Ilustre Carballar C. Effects of a Multicomponent Exercise
Colegio Profesional de Fisioterapeutas de la Comunidad Program on Improving Frailty in Post-COVID-19 Older
de Madrid (Spain) in April 2023. Adults after Intensive Care Units: A Single-Group
Retrospective Cohort Study. Biology (Basel). 2022;
REFERENCES 11:1084.
https://doi.org/10.3390/biology11071084
1. United Nations, Department of Economic and Social PMID:36101461
Affairs, Population Division. World Population Prospects 10. Nagae M, Umegaki H, Yoshiko A, Fujita K. Muscle
2019. ultrasound and its application to point-of-care
https://population.un. org/wpp/ ultrasonography: a narrative review. Ann Med. 2023;
2. World Health Organization. Decade of healthy ageing: 55:190-97.
baseline report. Geneva: World Health Organization; https://doi.org/10.1080/07853890.2022.2157871
2020. PMID:36538042
3. Chang AY, Skirbekk VF, Tyrovolas S, Kassebaum NJ, 11. Sénchez Romero EA, Alonso Pérez JL, Mufioz
Dieleman JL. Measuring population ageing: an analysis Fernandez AC, Battaglino A, Castaldo M, Cleland JA,
of the Global Burden of Disease Study 2017. Lancet Villafafie JH. Reliability of Sonography Measures of the
Public Health. 2019; 4:e159-67. Lumbar Multifidus and Transversus Abdominis during
https://doi.org/10.1016/52468-2667(19)30019-2 Static and Dynamic Activities in Subjects with Non-
PMID:30851869 Specific Chronic Low Back Pain. Diagnostics (Basel).
o . . . . . 2021; 11:632.
4. Tagliafico AS, Bignotti B, Torri L, R055|.F. Sarcopenia: https://doi.org/10.3390/diagnostics 11040632
how to measure, when and why. Radiol Med. 2022; PMID:33915766
127:228-37.
https://doi.org/10.1007/s11547-022-01450-3 12. Ferndndez-Carnero S, Martinez-Pozas O, Pecos-Martin
PMID:35041137 D. Update on the Detection of Frailty in the Older
5. Artiles-Sanchez J, Fernandez-Carnero J, Sanchez- Adult: A Multlc'enter Cohort Big Dat.a—Based §tudy
, , Protocol, 01 April 2024, PREPRINT (Version 1) available
Rom,ero EA, Cuenca-Zaldivar JN, Martinez-Lozano P, at Research Square.
Mele'ndez-Ollva, E, AIor?so-Perez, JL, Villafaie JH. https://doi.org/10.21203/rs.3.rs-4190311/v1
Multicomponent  Exercise  Program to Avoid
Productivity Loss Due to COVID-19: A Prospective 13. Dent E, Martin FC, Bergman H, Woo J, Romero-Ortuno
Study With a Brief Report of 2-Year Follow-Up. Topics R, Walston JD. Management of frailty: opportunities,
in Geriatric Rehabilitation 2024; 40: 175-183. challenges, and future directions. Lancet. 2019;
. . 394:1376-86.
6. Vetrano DL, Palmer KM, Galluzzo L, Giampaoli S, https://doi.org/10.1016/50140-6736(19)31785-4
Marengoni A, Bernabei R, Onder G, and Joint Action PMID-31609229
ADVANTAGE WP4 group. Hypertension and frailty: a -
systematic review and meta-analysis. BMJ Open. 2018; 14. Picca A, Calvani R, Cesari M, Landi F, Bernabei R,
8:e024406. Coelho-Junior HJ, Marzetti E. Biomarkers of Physical
https://doi.org/10.1136/bmjopen-2018-024406 Frailty and Sarcopenia: Coming up to the Place? Int J
PMID:30593554 Mol Sci. 2020; 21:5635.
7. Ward DD, Ranson JM, Wallace LMK, Llewellyn https:-//d0|.org/10.3390/||m521165635
DJ, Rockwood K. Frailty, lifestyle, genetics and PMID:32781619
dementia risk. J Neurol Neurosurg Psychiatry. 2022; 15. Roberts S, Collins P, Rattray M. Identifying and
93:343-50. Managing Malnutrition, Frailty and Sarcopenia in the
https://doi.org/10.1136/jnnp-2021-327396 Community: A Narrative Review. Nutrients. 2021;
PMID:34933996 13:2316.
8. Bissolotti L, Rota M, Calza S, Sanchez Romero EA, https://doi.org/10.3390/nu13072316
Battaglino A, Villafafie JH. Relationship between Lower PMID:34371823
Limbs Performance and Spinal Alignment in 16. Walston J, Buta B, Xue QL. Frailty Screening and
Parkinson’s Disease Patients: An Observational Study Interventions: Considerations for Clinical Practice. Clin
with Cross Sectional Design. J Clin Med. 2022; 11:3775. Geriatr Med. 2018; 34:25-38.
https://doi.org/10.3390/jcm11133775 https://doi.org/10.1016/j.cger.2017.09.004
PMID:35807060 PMID:29129215
www.aging-us.com 13179 AGING


https://doi.org/population.un.%20org/wpp/
https://doi.org/10.1016/S2468-2667(19)30019-2
https://pubmed.ncbi.nlm.nih.gov/30851869
https://doi.org/10.1007/s11547-022-01450-3
https://pubmed.ncbi.nlm.nih.gov/35041137
https://doi.org/10.1136/bmjopen-2018-024406
https://pubmed.ncbi.nlm.nih.gov/30593554
https://doi.org/10.1136/jnnp-2021-327396
https://pubmed.ncbi.nlm.nih.gov/34933996
https://doi.org/10.3390/jcm11133775
https://pubmed.ncbi.nlm.nih.gov/35807060
https://doi.org/10.3390/biology11071084
https://pubmed.ncbi.nlm.nih.gov/36101461
https://doi.org/10.1080/07853890.2022.2157871
https://pubmed.ncbi.nlm.nih.gov/36538042
https://doi.org/10.3390/diagnostics11040632
https://pubmed.ncbi.nlm.nih.gov/33915766
https://doi.org/10.21203/rs.3.rs-4190311/v1
https://doi.org/10.1016/S0140-6736(19)31785-4
https://pubmed.ncbi.nlm.nih.gov/31609229
https://doi.org/10.3390/ijms21165635
https://pubmed.ncbi.nlm.nih.gov/32781619
https://doi.org/10.3390/nu13072316
https://pubmed.ncbi.nlm.nih.gov/34371823
https://doi.org/10.1016/j.cger.2017.09.004
https://pubmed.ncbi.nlm.nih.gov/29129215/

17.

Sanchez-Romero EA, Pecos-Martin D, Calvo-Lobo C,
Garcia-Jiménez D, Ochoa-Saez V, Burgos-Caballero V,
Fernandez-Carnero J. Clinical features and myofascial

https://doi.org/10.1371/journal.pone.0102299
PMID:25101981

. ) . . 21. Wang L, Li P, Hu Y, Cheng B, Ding L, Li L, Song J, Wei J,
pain syndrome in older adults with knee osteoarthritis Xu J. Relationship between preoperative malnutrition,
by sex and age distribution: A cross-sectional study. frailty, sarcopenia, body composition, and
Knee. 2019; 26:165-73. . . . .

. . anthropometry in elderly patients undergoing major
https://dof.org/10.1016/j.knee.2018.09.011 pancreatic and biliary surgery. Front Nutr. 2023;
PMID:30528723 10:1135854.

18. Sanchez Romero EA, Martinez Rolando L, Villafafie JH. https://doi.org/10.3389/fnut.2023.1135854
Impact of Lockdown on Patients with Fibromyalgia. PMID:36895271
ELECTRON J GEN MED. 2022; 13:em366. 22. Sinatti P, Sdnchez Romero EA, Martinez-Pozas O,
19. McMunn A, Nazroo J, Breeze E. Inequalities in health at Villafaiie JH. Effects of Patient Education on Pain and
older ages: a longitudinal investigation of the onset of Function and Its Impact on Conservative Treatment in
iliness and survival effects in England. Age Ageing. Elderly Patients with Pain Related to Hip and Knee
2009; 38:181-7. Osteoarthritis: A Systematic Review. Int J Environ Res
https://doi.org/10.1093/ageing/afn236 Public Health. 2022; 19:6194.
PMID:19029098 https://doi.org/10.3390/ijerph19106194
20. Sousa AC, Guerra RO, Thanh Tu M, Phillips SP, Guralnik PMID:32627729
JM, Zunzunegui MV. Lifecourse adversity and physical
performance across countries among men and women
aged 65-74. PLoS One. 2014; 9:€102299.
www.aging-us.com 13180 AGING


https://doi.org/10.1016/j.knee.2018.09.011
https://pubmed.ncbi.nlm.nih.gov/30528723
https://doi.org/10.1093/ageing/afn236
https://pubmed.ncbi.nlm.nih.gov/19029098
https://doi.org/10.1371/journal.pone.0102299
https://pubmed.ncbi.nlm.nih.gov/25101981
https://doi.org/10.3389/fnut.2023.1135854
https://pubmed.ncbi.nlm.nih.gov/36895271
https://doi.org/10.3390/ijerph19106194
https://pubmed.ncbi.nlm.nih.gov/35627729

