EISSN 2687-2625

Academic

o
‘/4 Geriatrics

Society

Eur J Geriatr Geronto

uropean 2025

Journal o =

G eriatrics and

www.ejgg.org

December

G lerontology

ORIGINAL ARTICLES

The Effect of Suspension Training vs. Traditional Resistance Training in Older Adults: Randomized Controlled Trial
Fatma Cakar, Giilsah Sahin; Canakkale, Turkiye

The Turkish Version of Hydration Risk Assessment Tool in Older Patients: Cross-Cultural Adaptation and Psychometric Evaluation
Ezgi Atasoy, Merve Aliye Akyol, Burcu Akpinar Séylemez, Ozlem Kiiciikgticlii; izmir, Tiirkiye

Comparison of the Effects of Vestibular-Based and Calisthenics-Based Exercises on Cognitive Function and Dual Task in Ambulatory Older
Adults Living in Nursing Home: A Randomized Controlled Trial
Mert Volkan Sahin, Ugur Cavlak; istanbul, Tiirkiye

Sarcopenia and Arrhythmia Risk: An Electrocardiographic Analysis in Older Adults

Onur Erdogan, Tugba Erdogan, Serdar Ozkék, Zeynep Fetullahoglu, Duygu Erbas Sacar, Deniz Seyithanoglu, Omer Kiimet, Mehmet Akif Karan, Giilistan Bahat; istanbul, Van,
Tarkiye

Sarcopenia in People Aging with HIV: A Cross-Sectional Study From Tiirkiye

Bilge Gaglar, Emre Durcan, Ridvan Karaali, ilker inanc Balkan, Sibel Yildiz Kaya, Gékhan Aygiin, Nege Saltoglu, Pinar Kadioglu, Hakan Yavuzer, Bilgiil Mete, Omer Fehmi Tabak;
istanbul, Tiirkiye

Internet Use and Digital Technology Needs of Older People Living in Rural Areas-A Sample of Bartin/Tiirkiye

Ozge Ozgiir, Sule Nur Tug, Yasemin Sayili, Hatice Gékge; Bartin, Tiirkiye

BRIEF REPORT

Healthy Ageing in Nepal: Key Challenges and Possible Solutions
Bhakta Bahadur KC, Grish Paudel, Laxmi Kumari Oli, Keshav Raj Paudel, Lal Bahadur Rawal; Nepalgunj, Nepal; Queensland, Sydney, Australia

&) galenos




Geriatrics and
Gerontology

Academic

(J
Furopean APy ceritics
Journal of

Society

2025

Volume: 7 Issue: 3

Editorial Board

Editor in Chief

Zeynel Abidin Oztiirk

Gaziantep University Medical Faculty, Department of Geriatrics,
Gaziantep, Turkiye

E-mail: zaodr@yahoo.com.tr

ORCID: 0000-0002-1717-2824

Editor

Zekeriya Ulger

Gazi University Faculty of Medicine, Department of Internal Medicine,
Division of Geriatrics, Ankara, Tlrkiye

E-mail: zekeriyaulger@yahoo.com

ORCID: 0000-0002-6325-496X

Associate Editor

Volkan Atmis

Ankara University Faculty of Medicine, Department of Internal Diseases,
Division of Geriatrics Ankara, Tirkiye

volkanatmis@hotmail.com

ORCID: 0000-0002-0080-6448

Gozde Sengiil Aycicek

Etlik City Hospital, Clinic of Geriatrics, Ankara, Ttrkiye
E-mail: gzdsengul@gmail.com

ORCID: 0000-0003-0528-8851

Cafer Bala

Hacettepe University Faculty of Medicine, Department of Internal
Diseases, Ankara, Turkiye

E-mail: cafer.balci@hacettepe.edu.tr

ORCID: 0000-0002-1478-1106

Asli Tufan Cingin

Marmara University Faculty of Medicine, Department of Internal
Diseases, Division of Geriatrics, istanbul, Ttrkiye

E-mail: aslitufan@yahoo.com

ORCID: 0000-0002-7522-8275

Muhammet Cemal Kizilarslanoglu

University of Health Sciences Tirkiye, Konya City Hospital, Clinic of
Internal Diseases, Division of Geriatrics, Konya, Turkiye

E-mail: drcemalk@yahoo.com.tr

ORCID: 0000-0002-7632-6811

Hacer Dogan Varan

Gazi University Faculty of Medicine, Department of Internal Medicine,
Division of Geriatrics, Ankara, Tirkiye

E-mail: drhacerdogan84@hotmail.com

Publisher Contact

Address: Molla Giirani Mah. Kacamak Sk. No: 21/1 34093 istanbul, Tiirkiye
Phone: +90 (530) 177 30 97

E-mail: info@galenos.com.tr [ yayin@galenos.com.tr

Web: www.galenos.com.tr

Online Publication Date: December 2025

Publisher Certificate Number: 14521 E-ISSN: 2687-2625

International periodical journal published three times in a year.

Editorial Board

Vahid Rashedi
University of Social Welfare and Rehabilitation Sciences, Department of Aging, Tehran, Iran
ORCID: 0000-0002-3972-3789

Selahattin Fehmi Akgicek
Ege University, Medical Faculty, Department of Geriatrics, Izmir, Tlrkiye
ORCID: 0000-0003-2583-4709

Sevgi Aras
Ankara University, Medical Faculty, Department of Geriatrics, Ankara, Turkiye
ORCID: 0000-0002-5356-303X

Dursun Aras
Saglik Bilimleri University, Ankara Training and Research Hospital, Ankara, Tirkiye
ORCID: 0000-0001-6020-8098

Glines Arik

Saglik Bilimleri University, Ankara Numune Training and Research Hospital, Department of
Geriatrics, Ankara, Turkiye

ORCID: 0000-0002-4766-3982

Teslime Ath
Ankara Glven Hospital, Department of Geriatrics, Ankara, Turkiye
ORCID: 0000-0001-7359-4856

Aysegiil Atmaca
19 Mayis University, Medical Faculty, Department of Endocrinology, Samsun, Turkiye
ORCID: 0000-0003-1547-8544

) ) Giilistan Bahat Oztiirk
Istanbul University Istanbul Medical Faculty, Department of Geriatrics, Istanbul, Tarkiye
ORCID: 0000-0001-5343-9795

Erglin Bozoglu

Saglik Bilimleri University, Gllhane Training and Research Hospital, Department of Geriatrics,
istanbul, Turkiye

ORCID: 0000-0002-9689-9211

Olivier Bruyere
University of Liege Medical Faculty, Department of Public Health, Liége, Belgium
ORCID: 0000-0003-4269-9393

Alessandra Coin

Geriatrics Clinic, Azienda Ospedale Universita Padova Italy
e-mail: alessandra.coin@unipd.it

ORCID: 0000-0003-1687-4493

Address for Correspondence

Academic Geriatrics Society

Giiven Carsisi Enez Sok. 2/176 Altindag - Ankara, Tiirkiye
info@ejgg.org

Reviewing the articles’ conformity to the publishing standards of the Journal,
typesetting, reviewing and editing the manuscripts and abstracts in English and
publishing process are realized by Galenos.

A-l




European
Journal of

Geriatrics and
Gerontology

Erkan Coban

Akdeniz University, Medical Faculty, Department of
Geriatrics, Antalya, Turkiye

ORCID: 0000-0001-6281-0541

Asli Curgunlu

istanbul Bilim University, Medical Faculty, Department of
Geriatrics, Istanbul, Tlrkiye

ORCID: 0000-0001-6281-0541

Ulev Deniz Suna Erdingler

istanbul University Cerrahpasa Medical Faculty,
Department of Geriatrics, istanbul, Turkiye
ORCID: 0000-0003-1208-4750

Ozcan Erel

Ankara Yildirim Beyazit University, Department of
Biochemistry, Ankara, Tirkiye

ORCID: 0000-0002-2996-3236

Sibel Eyigor

Ege University, Medical Faculty, Department of Physical
Medicine and Rehabilitation, izmir, Trkiye

ORCID: 0000-0002-9781-2712

Doron Garfinkel

Geriatric-Palliative Consultant, Sheba Medical Center
& Deputy Head, Homecare Hospice, Israel Cancer
Association

E-mail: dgarfink@netvision.net.il

ORCID: 0000-0002-3171-9881

Kiirsat Giindogan

Erciyes University Medical Faculty, Department of Internal
Medicine, Kayseri, Tirkiye

ORCID: 0000-0002-8433-3480

Mahmut Edip Giirol

Harvard University Medical School, Department of
Neurology, Boston, United States

ORCID: 0000-0002-2169-4457

Alfonso J Jentoft

Hospital Universitario Ramén y Cajal (IRYCIS), Department
of Geriatrics, Madrid, Spain

ORCID: 0000-0001-7628-4861

Berrin Karadag
ACU University, Medical Faculty, Kadikéy Acibadem
Hospital, Department of Geriatrics, Istanbul, Turkiye

Yulia Kotovskaya

Peoples’ Friendship University of Russia, Department of
Cardiology and Personolized Medicine, Moscow, Russia
ORCID: 0000-0002-1628-5093

Milta Little
Saint Louis University School of Medicine, Department of
Geriatrics, St. Louis, United States

Academic
Geriatrics
Society

2025

Volume: 7 Issue: 3

4

Editorial Board

Selim Nalbant

Maltepe University Medical Faculty, Department of
Geriatrics, istanbul, Turkiye

ORCID: 0000-0002-4936-3705

Nirankar Singh Neki

Unit Head, Dept.of Medicine, Govt. Medical College,
Amritsar, India

ORCID: 0000-0001-6883-1415

Nele Van Den Noortgate

University Hospital Ghent , Department of Geriatrics,
Gent, Belgium

ORCID: 0000-0001-5546-5380

Karolina Piotrowicz

Jagiellonian University Medical Faculty, Department of
Internal Medicine and Gerontology, Krakdw, Poland
ORCID: 0000-0002-4760-8588

Cornel Christian Sieber

Friedrich-Alexander University, Department of Geriatrics,
Erlangen, Germany

ORCID: 0000-0002-9364-6921

ibrahim Sahin

indnii University, Medical Faculty, Department of
Endocrinology, Malatya, Turkiye

ORCID: 0000-0002-6231-0034

ilker Tasgi

Saglik Bilimleri University, Gllhane Training and Research
Hospital, Department of Geriatrics, istanbul, Tiirkiye
ORCID: 0000-0002-0936-2476

Mustafa Ender Terzioglu

Akdeniz University, Medical Faculty, Department of
Geriatrics, Antalya, Turkiye

ORCID: 0000-0002-4614-7185

Eva Topinkova

Charles University in Prague, Medical Faculty, Department
of Geriatrics, Staré Mésto, Czechia

ORCID: 0000-0002-6786-4116

Maurits Vandewoude

University of Antwerp, Department of Geriatrics,
Antwerpen, Belgium

ORCID: 0000-0002-5473-6932

Ahmet Yalgin
Ankara University, Medical Faculty, Department of
Geriatrics, Ankara, Turkiye

Dilek Gogas Yavuz

Marmara University, Medical Faculty, Department of
Endocrinology, istanbul, Tirkiye

ORCID: 0000-0001-6018-5594

Hakan Yavuzer

istanbul University Cerrahpasa Medical Faculty,
Department of Geriatrics, istanbul, Ttrkiye
ORCID: 0000-0003-2685-6555

Radmila Matijevic

The University of Novi Sad Faculty of Medicine, Novi Sad,
Serbia

E-mail: radmilam.ns@gmail.com

ORCID: 0000-0002-4993-9399

Mirko Petrovic

Ghent University, Department of Internal Medicine and
Paediatrics, Section of Geriatrics, Belgium

E-mail: Mirko.Petrovic@UGent.be

ORCID: 0000-0002-7506-8646

Graziano Onder

Department of Cardiovascular, Endocrine-metabolic
diseases and Aging, Istituto Superiore di Sanita,
Rome, Italy

E-mail: graziano.onder@iss.it

ORCID: 0000-0003-3400-4491

George Soulis

Outpatient Geriatric Assessment Unit of Henry Dunant
Hospital Center, Athens, Greece

E-mail: geosoulis@yahoo.com

ORCID: 0000-0002-2291-5733

Nathalie van der Velde

Amsterdam UMC, Location AMC & Amsterdam Public
Health Institute, Department of Internal Medicine, Sub-
department of Geriatrics, Amsterdam, Netherlands
E-mail: n.vandervelde@amsterdamumc.nl

ORCID: 0000-0002-6477-6209

Jerzy Gasowski

Jagiellonian University Medical College, University
Hospital, Department of Internal Medicine and Geriatrics,
Krakéw, Poland

E-mail: jerzy.gasowski@gmail.com

ORCID: 0000-0002-8025-5323




Selahattin Fehmi Akgicek

Ege University Faculty of Medicine, Department of
Geriatrics, izmir, Tiirkiye

ORCID: 0000-0003-2583-4709

Sevgi Aras

Ankara University Faculty of Medicine, Department of
Geriatrics, Ankara, Turkiye

ORCID: 0000-0002-5356-303X

Dursun Aras

University of Health Sciences Turkiye, Ankara Training and
Research Hospital, Department of Cardiology Ankara,
Trkiye

ORCID: 0000-0001-6020-8098

Gilines Arik

University of Health Sciences Turkiye, Ankara Numune
Training and Research Hospital, Clinic of Geriatrics,
Ankara, Turkiye

ORCID: 0000-0002-4766-3982

Teslime Ath
Guven Hospital, Clinic of Geriatrics, Ankara, Turkiye
ORCID: 0000-0001-7359-4856

Aysegiil Atmaca

Ondokuz Mayis University Faculty of Medicine,
Department of Endocrinology, Samsun, Tirkiye
ORCID: 0000-0003-1547-8544

Zeynep Dilek Aydin

Suleyman Demirel University Faculty of Medicine,
Department of Geriatrics, istanbul, Tlrkiye
ORCID: 0000-0002-4462-8970

Giilistan Bahat Oztiirk

istanbul University Faculty of Medicine, Department of
Geriatrics, Istanbul, Turkiye

ORCID: 0000-0001-5343-9795

Ergiin Bozoglu

University of Health Sciences Turkiye, Gulhane Training
and Research Hospital, Clinic of Geriatrics, istanbul,
Trkiye

ORCID: 0000-0002-9689-9211

Olivier Bruyére

University of Liege Medical Faculty, Department of Public
Health, Liége, Belgium

ORCID: 0000-0003-4269-9393

Mustafa Cankurtaran

Hacettepe University Faculty of Medicine, Department of
Geriatrics, Ankara, Turkiye

ORCID: 0000-0002-8213-7515

Alessandra Coin

Azienda Ospedale Universita Padova, Geriatrics Clinic,
Padova, Italy

ORCID: 0000-0003-1687-4493

Erkan Coban

Akdeniz University Faculty of Medicine, Department of
Geriatrics, Antalya, TUrkiye

ORCID: 0000-0001-6281-0541

Asli Curgunlu

istanbul Bilim University Faculty of Medicine, Department
of Geriatrics, istanbul, Ttrkiye

ORCID: 0000-0001-6281-0541

European
Journal of

Geriatrics and
Gerontology

Advisory Board

Hiiseyin Doruk

Baskent University Faculty of Medicine, Department of
Geriatrics, Ankara, Turkiye

ORCID: 0000-0003-3534-2628

Alper Déventas

istanbul University- Cerrahpasa Faculty of Medicine,
Department of Geriatrics, Istanbul, Tlrkiye

ORCID: 0000-0001-5509-2625

Ulev Deniz Suna Erdingler

istanbul University- Cerrahpasa Faculty of Medicine,
Department of Geriatrics, Istanbul, Turkiye

ORCID: 0000-0003-1208-4750

Ozcan Erel

Ankara Yildinm Beyazit University Faculty of Medicine,
Department of Biochemistry, Ankara, Turkiye

ORCID: 0000-0002-2996-3236

Sibel Eyigor

Ege University Faculty of Medicine, Department of Physical
Medicine and Rehabilitation, izmir, Trkiye

ORCID: 0000-0002-9781-2712

Doron Garfinkel

Geriatric-Palliative Consultant, Sheba Medical Center
& Deputy Head, Homecare Hospice, Israel Cancer
Association, Ramat Gan, Israel

ORCID: 0000-0002-3171-9881

Kiirsat Glindogan

Erciyes University Faculty of Medicine, Department of
Internal Medicine, Kayseri, Tiirkiye

ORCID: 0000-0002-8433-3480

Mahmut Edip Giirol

Harvard University Faculty of Medicine, Department of
Neurology, Boston, United States

ORCID: 0000-0002-2169-4457

Meltem Giilhan Halil

Hacettepe University Faculty of Medicine, Department of
Geriatrics, Ankara, Turkiye

ORCID: 0000-0001-7597-8140

Alfonso J Jentoft

Hospital Universitario Ramon y Cajal (IRYCIS), Department
of Geriatrics, Madrid, Spain

ORCID: 0000-0001-7628-4861

Ozgiir Kara

Ankara Yildinm Beyazit University Yenimahalle Training
and Research Hospital, Clinic of Geriatrics, Ankara, Ttirkiye
ORCID: 0000-0002-4204-0014

Berrin Karadag

ACU University Faculty of Medicine, Kadikéy Acibadem
Hospital, Department of Geriatrics, istanbul, Tiirkiye
ORCID: 0000-0002-6716-112X

Mustafa Kemal Kilig

University of Health Sciences Turkiye, Ankara Training and
Research Hospital, Clinic of Geriatrics, Ankara, Tirkiye
ORCID: 0000-0001-7101-0503

Yulia Kotovskaya

Peoples’ Friendship University of Russia, Department of
Cardiology and Personolized Medicine, Moscow, Russia
ORCID: 0000-0002-1628-5093

Academic
Geriatrics
Society

2025

Volume: 7 Issue: 3

4

Milta Little
Saint Louis University Faculty of Medicine, Department of
Geriatrics, St. Louis, United States

Selim Nalbant

Maltepe University Faculty of Medicine, Department of
Geriatrics, istanbul, Turkiye

ORCID: 0000-0002-4936-3705

Nirankar Singh Neki

Unit Head, Department of Medicine, Govt. Medical
College, Amritsar, India

ORCID: 0000-0001-6883-1415

Nele Van Den Noortgate

University Hospital Ghent, Department of Geriatrics, Gent,
Belgium

ORCID: 0000-0001-5546-5380

Hasan Oztin

Erzurum Regional Training and Research Hospital, Clinic of
Geriatrics, Erzurum, Turkiye

ORCID: 0000-0002-8983-0021

Karolina Piotrowicz

Jagiellonian University Medical Faculty, Department of
Internal Medicine and Gerontology, Krakéw, Poland
ORCID: 0000-0002-4760-8588

Biilent Saka

istanbul University Faculty of Medicine, Department of
Geriatrics, Istanbul, Tlrkiye

ORCID: 0000-0002-4714-4189

Fulden Sarag

Ege University Faculty of Medicine, Department of
Geriatrics, izmir, Tiirkiye

ORCID: 0000-0001-9281-2492

Cornel Christian Sieber

Friedrich-Alexander University Faculty of Medicine,
Department of Geriatrics, Erlangen, Germany
ORCID: 0000-0002-9364-6921

Sevnaz Sahin

Ege University Faculty of Medicine, Department of
Geriatrics, Izmir, Turkiye

ORCID: 0000-0001-5457-901X

ibrahim Sahin

indnii University Faculty of Medicine, Department of
Endocrinology, Malatya, Tirkiye

ORCID: 0000-0002-6231-0034

ilker Tasgi

University of Health Sciences Turkiye, Gilhane Training
and Research Hospital, Clinic of Geriatrics, istanbul,
Turkiye

ORCID: 0000-0002-0936-2476

Mustafa Ender Terzioglu

Akdeniz University Faculty of Medicine, Department of
Geriatrics, Antalya, Tirkiye

ORCID: 0000-0002-4614-7185

Eva Topinkova

Charles University in Prague Faculty of Medicine,
Department of Geriatrics, Staré Mésto, Czechia
ORCID: 0000-0002-6786-4116




European
Journal of

Geriatrics and
Gerontology

Maurits Vandewoude

University of Antwerp Faculty of Medicine, Department of
Geriatrics, Antwerpen, Belgium

ORCID: 0000-0002-5473-6932

Murat Varl

Ankara University Faculty of Medicine, Department of
Geriatrics, Ankara, Turkiye

ORCID: 0000-0003-1176-5255

Ahmet Yalgin

Ankara University Faculty of Medicine, Department of
Geriatrics, Ankara, Turkiye

ORCID: 0000-0001-9472-2212

Academic
Geriatrics
Society

2025

Volume: 7 Issue: 3

4

Advisory Board

Pinar Tosun Tasar

Erzurum Atatlrk University Faculty of Medicine,
Department of Geriatrics, Erzurum, Tirkiye
ORCID: 0000-0002-7296-5536

Burcu Balam Yavuz

Hacettepe University Faculty of Medicine, Department of
Geriatrics, Ankara, Turkiye

ORCID: 0000-0002-4430-6146

Dilek Gogas Yavuz

Marmara University Faculty of Medicine, Department of
Endocrinology, istanbul, Tirkiye

ORCID: 0000-0001-6018-5594

Hakan Yavuzer

istanbul University-Cerrahpasa, Cerrahpasa Faculty of
Medicine, Department of Geriatrics, istanbul, Turkiye
ORCID: 0000-0003-2685-6555

Mehmet Yiirliyen

University of Health Sciences Turkiye, Bakirkdy Dr. Sadi
Konuk Training and Research Hospital, Clinic of Geriatrics,
istanbul, Tirkiye

ORCID: 0000-0001-8678-3090

Please refer to the journal’s webpage (https://www.ejgg.org/) for “Ethical Policy” and “Instructions to Authors”.

The editorial and publication processes of the journal are shaped in accordance with the guidelines of the ICMJE, COPE, WAME, CSE and EASE.
European Journal of Geriatrics and Gerontology is indexed in the Emerging Sources Citation Index, TUBITAK/ULAKBIM, Scopus, EBSCO, Gale,
ProQuest, Embase, J-Gate, CABI, Tiirk Medline, CNKI and Tirkiye Citation Index.

The journal is published online.

Owner: The Turkish Academic Geriatrics Society

Responsible Manager: Zeynel Abidin Oztiirk




(J A d )
Furopean Ai bcéﬁaﬁﬂc
Journal of

Society

Geriatrics and 2025

Gerontobgg Volume: 7 lIssue: 3

CONTENTS

ORIGINAL ARTICLES

142  The Effect of Suspension Training vs. Traditional Resistance Training in Older Adults: Randomized

Controlled Trial
Fatma Cakar, Gllsah Sahin; Canakkale, TUrkiye

150 The Turkish Version of Hydration Risk Assessment Tool in Older Patients: Cross-Cultural Adaptation and
Psychometric Evaluation
Ezgi Atasoy, Merve Aliye Akyol, Burcu Akpinar Soylemez, Ozlem Kiiclikgucll; Izmir, Turkiye

159  Comparison of the Effects of Vestibular-Based and Calisthenics-Based Exercises on Cognitive Function
and Dual Task in Ambulatory Older Adults Living in Nursing Home: A Randomized Controlled Trial
Mert Volkan Sahin, Ugur Cavlak; Istanbul, Turkiye

169  Sarcopenia and Arrhythmia Risk: An Electrocardiographic Analysis in Older Adults
Onur Erdogan, Tugba Erdogan, Serdar Ozkok, Zeynep Fetullahoglu, Duygu Erbas Sacar, Deniz Seyithanoglu,
Omer Kiimet, Mehmet Akif Karan, Giilistan Bahat; istanbul, Van, Tiirkiye

178  Sarcopenia in People Aging with HIV: A Cross-Sectional Study From Tiirkiye
Bilge Cadlar, Emre Durcan, Ridvan Karaali, ilker inanc Balkan, Sibel Yildiz Kaya, Gokhan Aygiin, Nese Saltoglu, Pinar Kadioglu, Hakan
Yavuzer, Bilgiil Mete, Omer Fehmi Tabak; istanbul, Tiirkiye

186 Internet Use and Digital Technology Needs of Older People Living in Rural Areas-A Sample of Bartin/
Tirkiye
Ozge Ozgur, Sule Nur Tug, Yasemin Sayili, Hatice Gokge; Bartin, Tirkiye

BRIEF REPORT

193  Healthy Ageing in Nepal: Key Challenges and Possible Solutions
Bhakta Bahadur KC, Grish Paudel, Laxmi Kumari Oli, Keshav Raj Paudel, Lal Bahadur Rawal; Nepalgunj, Nepal; Queensland, Sydney,,
Australia

INDEX

2025 Referee Index
2025 Author Index
2025 Subject Index



ORIGINAL RESEARCH s —

DOI: 10.4274/ejgg.galenos.2025.2024-3-4
Eur J Geriatr Gerontol 2025:7(3):142-149

The Effect of Suspension Training vs. Traditional Resistance
Training in Older Adults: Randomized Controlled Trial

©® Fatma Cakar?, ® Giilsah Sahin2

TCanakkale Onsekiz Mart University School of Graduate Studies, Training and Movement Sciences Master's Program, Canakkale, Tiirkiye
2Canakkale Onsekiz Mart University Faculty of Sport Sciences, Department of Coaching Education, Canakkale, Tiirkiye

Abstract T

Objective: The objective of this study is to compare the effects of traditional resistance training (RT) vs. suspension training (ST) on functional
performance, body composition, and cognitive functions in older adults.

Materials and Methods: Participants were categorized into three groups: the ST group (ST, n=8, age: 71), the traditional RT group (RT, n=8, age:
70), and the control group [(C), n=7, age: 70]. All measurements, assessments, and test evaluations were performed at the baseline, the sixth week,
and the twelfth week. The training programs were conducted two days per week. The ST group was included in a program consisting of exercises
with the suspension apparatus, whereas the RT focused on RT with body weight and free weights. The C was not included in the training program.

Results: The arm strength was greater in the ST group than in the C group (p=0.007). Muscle mass (p=0.029), basal metabolic rate (BMR) (p=0.034),
agility and dynamic balance (p=0.012), leg strength (p=0.005), arm strength (p=0.002), and cognitive function (p=0.006) were significantly different
in the ST group compared to the C group (p<0.05). The balance (p=0.005) and BMR (p=0.030) were significantly improved in the ST group compared
to the RT group (p<0.05).

Conclusion: Physical therapists and trainers may use a suspension method as an alternative to traditional methods for older adults. This method may
provide trainers with the opportunity to improve strength, balance, and cognitive function with a single training method.

Keywords: Agility, aging, balance, cognition, resistance, suspension

excessive training loads and enhance functional performance
more safely in older adults.

Introduction

Resistance training (RT) is suggested as a beneficial treatment

for sarcopenia and its effects (1-10). It also affects fat
mass, balance, physical function, and muscle mass (11-19).
However, some studies indicate that it does not significantly
enhance physical function (20-23). Explosive RT with heavy
loads is also recognized as more effective for muscle growth
and strength in older adults (4, 24-26). However, many
older adults engage in RT to maintain their daily activities
and physical function rather than to increase muscle mass.
For this reason, different approaches are needed to avoid

Suspension training (ST), also known as total resistance eXercise
(TRX) (total RT), is more effective for core muscle activation (27-
29) and has the potential to improve functional performance
(27, 29-31). ST involves two straps that hang from a fixed point,
with each strap's length adjustable for various exercises. Older
adults can safely participate in this training method without
any additional loads. Previous studies have highlighted that ST
is an effective alternative method for RT (32,33). This method
can potentially contribute to improving both physical function

Address for Correspondence: Giilsah $Sahin, Canakkale Onsekiz Mart University Faculty of Sport Sciences, Department of Coaching Education,

Canakkale, Turkiye
E-mail: sahing@comu.edu.tr ORCID: orcid.org/0000-0003-0900-9290
Received: 27.03.2024 Accepted: 29.05.2025 Publication Date: 26.12.2025

Cite this article as: Cakar F, Sahin G. The effect of suspension training vs. traditional resistance training in older adults: randomized controlled trial.

Eur J Geriatr Gerontol. 2025;7(3):142-149

@@@@ Copyright® 2025 The Author(s). Published by Galenos Publishing House on behalf of Turkish Academic Geriatrics Society.
CETmTE [his is an open access article under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.

142


https://orcid.org/0000-0003-0849-6015
https://orcid.org/0000-0003-0900-9290

Eur J Geriatr Gerontol 2025;7(3):142-149

Cakar and Sahin. Physical Performance and Aging

and body composition components (33,34). However, it is still
uncertain whether ST is more effective than RT for older adults
(30,32,34).

Cognitive functions naturally decline with age (35). This decline
may be due to reduced muscle strength and alterations in brain
structure and function (36). Additionally, cognition is linked
to balance ability and muscle mass. Alzheimer's disease and
cognitive impairment are also correlated with these factors
(37,38). Although some research suggests that aerobic fitness
is associated with changes in brain structure and cognitive
function (39), RT is also known to have the potential to enhance
cognition (40-44). However, studies have shown that some
resistance exercises do not improve cognitive function (45,46).

Finally, RT is effective in improving some abilities and functions.
However, lifting weights and gradually increasing resistance could
pose risks, particularly for this age group. Furthermore, RT is not
enough to improve balance and cognitive functions. Therefore,
we hypothesized that ST might also influence cognition and
balance without added loads. Thus, we aimed to provide data
on ST for physiotherapists, physical trainers, and researchers
working with the older population. The objective of this study is
to compare the effects of RT vs. ST on functional performance,
body composition, and cognitive functions in older adults.

Materials and Methods

Participants

All participants were reached by announcement at the Healthy
and Active Aging Studies Research Center. They were aged 65-
80 years, had no physical disabilities, did not use any assistive
devices, reported participation in RT, had not undergone surgery
in the past year, had trained for two years and had an Mini Mental
State Examination Score of 23 or higher. Additionally, they do
not use medication or supplements (protein, vitamin D/calcium,
and vitamin B) that might contribute to increased strength were
included in this study (Table 1). Participants used medications
that might enhance muscle strength, had a physical disability,
used an assistive device, had not trained for the past two years,
had not reported participating in RT, had surgery within the last
year, or used supplements such as protein, vitamin D/calcium,
and vitamin B were excluded from the study.

Participants were randomly assigned to three groups. After
randomization, the control group (C) was instructed to maintain
their usual daily activities during the research. At baseline,
40 participants were included. However, some participants
dropped out for various reasons, such as moving to another city,
unexplained reasons, boredom, short-term illnesses, caring for
grandchildren, or going on vacation (Figure 1). The participants
were randomized into ST (n=8, female:6, male:2), RT (n=8,
female:6, male:2), and C (n=7, female:4, male:3).

Procedure

Participants were involved in all tests and measurements at
baseline six weeks, and post-training. The Montreal Cognitive
Assessment Scale (MoCA) Turkish version was used to evaluate
cognition (47,48). The sit-to-stand test was used to assess leg
functional strength (49). They were instructed to complete
sit-stand cycles within 30 seconds. The arm curl test was used
to evaluate functional strength. The participant was asked to

‘ Table 1. Participants’ demographic status ‘

n %
Marital status
Married 17 73.9
Others (single, divorce, death) 6 26.1
Job Retired 23 100
Education status
< University degree 6 26.1
> University graduate 17 73.9
Income status
<5000 TL 6 26.1
>5001 TL 17 73.9
Diseases
None 10 435
Hypertension 9 39.1
Diabetes 2 8.7
Vertigo 2 8.7
Regular medicine use status
Yes 8 34.8
None 15 65.2

’ Participants included evaluation, n=50 |

J ~

‘ Participants with inclusion criteria, n=40 ‘

J

|ST,n=15,RT,n=15,C,n=10 |

y

luded at the baseline n=40 |

y

| ST, n=10, RT, n=11, C, n=8 ‘

|

| Partici included mid-

Participants not meeting inclusion
criteria, n=10

’ Participants left voluntarily, n=11

ement, n=29 I

J ™

| ST,n=8, RT,n=8, C,n=7 |

J

| Participants included post-measurement, n=23 I

Participants left voluntarily, n=6

Figure 1. Participants diagram

RT: Resistance training, ST: Suspension training, C: Control group
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fully bend their arm while holding dumbbells. The total arm
curls were recorded in 30 seconds (dumbbell: 1 kg for women,
2 kg for men). Agility was assessed using the get-up-and-go
test, and the participants were instructed to rise from the
chair, walk to the end of the 2.5 m distance, and then return
to sit down (49). The Turkish version of the Berg Balance Scale
(BBS) was used for balance assessment (50). Body mass index
(BMI), basal metabolic rate (BMR), fat mass, muscle mass, body
fat percentage, and free fat mass (FFM) were evaluated using
the bioelectrical impedance method (InBody 270, Co., Ltd.).
Participants were instructed to avoid heavy exercise the day
before and to finish their nutritional routines at least two hours
before the test. All training programs and measurements were
conducted at the Canakkale Onsekiz Mart University Healthy
and Active Aging Studies Research Center, Healthy and Active
Aging Studies Research Center. This study was approved by
Canakkale Onsekiz Mart University Faculty of Medicine, Clinical
Research Ethics Committee (decision number: 2022-03, date:
02.02.2022). Participants signed a written consent form. All
participants were informed about the study and potential risks.

Interventions

Suspension Training: The ST consisted of exercises performed
with TRX brand training equipment. Each strap was adjusted
to each participant for different exercises. In the first week,
researchers explained to the participants how to use this
equipment safely. The training included squats, leg curls, rowing,
chest press, butterfly, and arm curl exercises with TRX (Table 2).

Traditional Resistance Training: The RT included wall squats
or single-leg squats, chair squats, elastic band knee flexion and
extension, butterfly and arm curls with dumbbells, and chest
presses with dumbbells (Table 2). All RT was applied in groups.

All training programs were conducted two days/week and lasted
40 minutes (including a warm-up~10 minutes and relaxing
exercises 5 minutes).

The Rate of Perceived Exertion (RPE) scale was used to adjust the
training load. The RPE scale was increased from the 2-3 range
to the 4-5 range during the training period. In the first week,
the exercises started with two sets of six repetitions, and by
week 12, the sets were increased from 4 to 12 reps. The training
variables (frequency, intensity, volume, and rest period) for all
methods are presented in Table 2.

Statistics

The Shapiro-Wilk test was used to analyze the conformity of the
data to the normal distribution. Differences between parameters
that did not show normal distribution (arm curl, get-up-and-
go) were analyzed using the Kruskal-Wallis test. Age, body mass,
height, muscle mass, fat mass, body fat %, BMR, FFM, BMI, sit
to stand, BBS Score, and MoCA Score results were analyzed
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using one-way ANOVA. The post-hoc Tukey test was used for
differences between groups for parameters that follow a normal
distribution. Differences between groups for parameters that
did not follow a normal distribution were analyzed using the
Mann-Whitney-U test. The paired samples t-test and Wilcoxon
signed-rank test were used to determine the significance of the
difference between baseline and post-period data within the
group. The effect size (ES) was calculated by Cohen ES (>0.2 a
small, 0.5 moderate, >0.8 large) (51). The significance level was
set at <0.05. The SPSS 26.0 software was used in all analyses.

Results

There was no significantly different between ST, RT and C groups
in age variable (ST =71.37+4.56, RT =70.87+3.97, C =70.00+3.21),
height (ST=162.12+6.79, RT=161.62+5.52, C =164.00+6.58), and
body weight (ST =72.25+8.20, RT =70.37+4.27, C =73.00+2.70) at
the baseline (p>0.05). At the baseline, the age, body composition,
physical and cognitive function scores were similar between the
three groups (p>0.05, Table 3).

The BMI, BMR, FFM, fat mass, body fat %, muscle mass, and
body mass were similar between baseline and week six in all
groups (p>0.05, Table 3). Additionally, BBS, “get-up-and-go”,
and “sit to stand" were not different between groups (p>0.05,
Table 3). However, there was a significant difference in the
arm curl test, and MoCA scores from baseline to week six in all
groups (p<0.05). The arm curl score was higher in both training
groups compared to the C group. Furthermore, the cognitive
function score was higher in the ST group than the C group
(p<0.05, Table 3).

No significant differences were observed among the groups in
body mass, BMI, fat mass, body fat %, and FFM (p>0.05, Table
4). However, we observed significant differences in muscle mass,
BMR, MoCA, BBS, the sit to stand test, arm curl test, and get-
up-and-go test scores of older individuals. We observed that
the increase in muscle mass in the ST group was greater than
that of the C group (ST =27.50 kg, C =23.00 kg). Additionally,
the BMR in the ST group was higher than that in the RT and C
groups (ST =1492.12 kcal, RT =1331.62 kcal, C =1329.71 kcal).
BBS in the ST was higher than in the RT (ST =53.62, RT =51.00).
Get-up-and-go test (ST =5.25 sec, C =6.28 sec), arm curl test (ST
=19.50 reps, C =13.42 reps), sit to stand test (ST =17.50 reps, C
=14.85 reps), and MoCA Score were higher than the C group (ST
=29.87, C =28.71).

There was a significant difference in arm curl (ES =0.25), sit-
to-stand (ES =0.60), BBS Score (ES =1.79), get-up-and-go (ES
=0.76), and MoCA Score (ES =0.86) between groups (p<0.05).
Muscle mass, BMR; get-up-and-go; sit to stand; arm curl, and
MoCA Scores were significantly higher in the ST than in the C
group (p<0.05, Table 4). The arm curl score was significantly
better in the RT group than in the C group. The BBS score and
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BMR were significantly higher in the ST than the RT group
(p<0.05, Table 4).

Changes for the ST Over Time

We analyzed the data to assess differences between baseline and
post-training periods. Significant improvements were observed
in muscle mass (t=-4.339, p<0.05), fat mass (t=7.483, p<0.001),
body fat % (t=9.000, p<0.001), FFM (t=-6.481, p<0.001), BMR
(t=4.154, p<0.05), the get-up-and-go test (t=5.000, p<0.05),
arm curl test (t=-3.454, p<0.05), and sit to stand test (t=-7.071,
p<0.001). Additionally, there were notable improvements in the

BBS Score (t=-3.476, p<0.05) and the MoCA Score (t=-4.583,
p<0.05) when compared to other groups over time (Table 5).

Changes for the RT Over Time

In the RT Group, significant changes were noted in muscle mass
(t=-2.497, p<0.05), body fat % (t=2.600, p<0.05), FFM (t=-3.100,
p<0.05), BMR (t=-2.761, p<0.05), get-up-and-go test (t=4.583,
p<0.05), arm curl test (t=-5.137, p<0.001), and sit to stand test
score (t=-5.400, p<0.001) (Table 5).

‘ Table 2. Suspension and resistance training programs

Suspension training

Resistance training

Rest between
sets/rest between
exercises (min.)

-Squat -Chair squat
-Leg curl -Knee curl (with band)
Weeks -Rowing -Leg extension (with band)
1 -1 -Chest press -Butterfly (with dumbbell) 93 1x 13
-Butterfly -Arm curl (with dumbbell) 6-8
-Arm curl -Bench press (with dumbbell)
-Squat -Chair squat
-Leg curl -Leg curl (with band)
Weeks | -Rowing -Leg extension (with band)
n-v -Chest press -Butterfly (with dumbbell) 9.3 1x 13
-Butterfly -Arm curl (with dumbbell) 6-8
-Arm curl -Bench press (with dumbbell)
-Squat -Chair squat
-Leg curl -Leg curl (with band)
Weeks -Rowing -Leg extension (with band)
V-VI -Chest press -Butterfly (with dumbbell) 3-4 2 x 25
-Butterfly -Arm curl (with dumbbell) 8-12
-Arm curl -Bench press (with dumbbell)
Tests Il - all tests and evaluations
-One leg squat -Wall squat
-Leg curl -Leg curl (with band)
Weeks -Rowing -Leg extension (with band)
VII-VIII -Chest press -Butterfly (with dumbbell) 45 2 x 25
-Butterfly -Arm curl (with dumbbell) 8-12
-Arm curl -Bench press (with dumbbell)
-One leg squat -Wall squat
-Leg curl -Leg curl (with band)
Weeks -Rowing -Leg extension (with band)
IX-X -Chest press -Butterfly (with dumbbell) A4S 3x 25
-Butterfly -Arm curl (with dumbbell) 8-12
-Arm curl -Bench press (with dumbbell)
-One leg squat -Wall squat
~Leg curl -One leg sqgat
Weeks -Rowing ~Leg curl (W.lth bahd)
XI=XII _Chest press -Leg extenspn (with band) 1 x
Butterfly -Butterfly (with dumbbell) 4-5 8-12 2/5
_Arm curl -Arm curl (with dumbbell)
-Bench press (with dumbbell)
Test Il - all tests and evaluations
RPE: Rate of Perceived Exertion, rep: Repetitions, Min.: Minimum
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Changes for the C Over Time

The fat mass (t=-2.500) showed a significant change over time
(p<0.05, Table 5).
Discussion

The main finding of the present study was that both training
methods improved certain body composition components,

cognition score, and physical function in older adults. Another
finding is that ST had a more significant impact on the BBS,
MoCA cognitive function, body composition, and physical
function compared to other groups. Considering the ES, ST is
more effective for balance (ES =1.79), cognitive function (ES
=0.86), and agility (ES =0.76) (Table 4).

A significant increase in BBS was observed for the ST group
(p<0.05, Tables 3 and 4). ST engages more muscle groups and

Table 3. Differences between the baseline and after six weeks

Baseline

Week VI

Baselie  (Weekw
___-__-

Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD
Fk(;,(;y Mass — 172.25+8.20 70.37+4.27 73.00+2.70 0.505 | 72.25+8.31 71.00+3.74 | 75.14+5.17 0.512
BMI (kg/cm?) 27.62+2.32 27.87+2.99 28.14+2.67 0.933 | 27.12+1.55 27.75+2.76 28.14+2.67 0.708
?ﬁg‘fde Mass | 94.1243.18 24.37+2.55 24.00+2.70 0.966 | 26.12+3.52 24.75+2.60 | 24.00+2.44 0.374
Fat mass (kg] 25.50+4.92 26.25+4.94 26.28+4.53 0.936 | 24.37+5.39 25.62+4.56 26.85+4.45 0.619
Body fat % 37.00+4.84 38.37+5.31 36.28+4.27 0.700 | 33.75+5.67 38.00+4.78 35.004+5.25 0.275
FFM (kg) 45.50+6.00 45.50+2.77 46.71+2.98 0.821 | 45.75+5.77 45.62+2.55 47.85+4.33 0.566
BMR (kcal) 1347.00+161.24 | 1263.75+76.014 | 1365.57+45.08 | 0.171 | 1435.62+168.33 | 1308.3772.21 | 1363.42+48.98 | 0.098
MoCA (Score) | 29.12+0.64 28.50+0..41 28.28+1.38 0.375 | 29.50+0.53 29.00+0.75 28.42+0.90 0.044*
BBS (Score) 49.50+3.58 50.37+1.99 50.57+2.07 0.709 | 50.37+2.13 50.75+1.75 51.71+1.25 0.346
(Sr'etptlggts)”d 12.5041.19 13.2541.28 13.57+1.81 0.346 | 15.37+1.18 15624159 | 14.00+2.38 0.189
Arm curl *x
(rep/30 o 16.75+2.81 15.62+2.66 14.71+3.03 0.222 | 18.00+2.00 18.62+1.76 13.85+2.67 0.004
Sgt['s‘]‘*p'a”d' 6.5040..75 6.37+0.51 6.42+0.53 0.792 | 5.62+0.74 5.75+0.46 6.14+0.69 0.286
*Non-parametric Kruskal Wallis test, **p<0.05
SD: Standard deviation, ST: Suspension training, RT: Resistance training, FFM: Free Fat mass, BMI: Body mass index, BMR: Basal metabolic rate, BBS: Borg Balance Score, MoCA:
Montreal Cognitive Assessment Scale, s: Second, rep: Repetitions, C: Control group

‘ Table 4. Comparisons of all groups following 12 weeks

g [ N S E—
‘ Mean + SD Mean + SD Mean + SD

Body mass (kg) 72.12+8.40 70.87+3.83 75.42+5.47 0.441 -

BMI (kg/em?) 27.37+1.30 27.75+2.43 28.57+2.76 0.582 -

Muscle mass (kg) 27.50+3.58 26.12+3.18 23.0+2.38 0.034** 0.80

Fat mass (kg) 23.50+5.15 24.87+4.48 27.00+4.50 0.376 -

Body fat % 32.50+5.18 36.75+6.58 33.287.54 0.392 -

FFM (kg) 48.50+6.09 47.75+2.86 49.71+4.23 0.714 -

BMR (kcal) 1492.12+150.10 1331.62+75.47 1329.7+08.28 0.017** 0.25

MoCA (Score) 29.87+0.35 29.37+0.74 28.71+£0.75 0.008™ 0.86

BBS (Score) 53.62+1.30 51.0+1.60 51.85+1.46 0.006* 1.79

Sit to stand (rep/30 s) 17.50+1.19 16.62+1.68 14.85+1.34 0.006** 0.60

Arm curl (rep/30 s)* 19.50+1.19 19.12+1.72 13.4+ 2.76 0.001- 0.25

Get-up-and-go (s)* 5.25+0.46 5.62+0.51 6.28+0.75 0.022** 0.76

*Non-parametric Kruskal Wallis test, *p<0.05, -p£0.001

SD: Standard deviation, ST: Suspension training, RT: Resistance training, C: Control, FFM: Free fat mass, BMI: Body mass index, BMR: Basal metabolic rate, BBS: Borg Balance

Score, MoCA: Montreal Cognitive Assessment Scale, s: Second, rep: Repetitions, ES: Effect size
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creates an unstable environment. This feature may explain why
ST is more effective for neuromuscular control and balance
compared to RT. Yu et al. (52) found that resistance exercises did
not affect the BBS of older adults. Previous research shows RT
alone does not effectively improve balance performance (23).
Due to reduced balance, although force production declines
in unstable conditions, RT on unstable surfaces is crucial for
maintaining joint stability in the limb and trunk muscles. The
relatively unstable position of ST significantly contributes to
balance development and strength gains (33,53). Thus, the
impact of ST on balance scores can be attributed to the unique
characteristics of this training method. We hypothesized that ST
could produce different results due to its nature (Table 5). We
recognize that our sample size is relatively small and requires
validation through future studies with larger samples. However,
we emphasize that our results have the potential to introduce
new methods and practical applications in geriatric sciences.

Exercise is known to increase cell proliferation in the
hippocampus (54) and to support cerebral blood flow, thereby
enhancing neurogenesis and learning (55). Previous research
has shown that RT is effective for cognitive function (56). In
this study, a relatively small improvement was observed in the
cognitive function scores of older adults in both training groups
(p<0.05, Table 3). However, the results of this study showed
that the scores of older adults in the ST group were higher
than those in the other groups. Unlike the basic movement
components, ST is performed in a suspended position. While this
feature contributes to the physical functioning of older adults,
it may also affect cognitive processes by causing strain on
neural and learning pathways. Exercise activates more neurons,
and a stimulating environment provides greater benefits for the

Table 5. Differences between the baseline and after 12 weeks
for each group

ST group | RT group | C group
Body mass (kg) 0.826 0.227 0.080
BMI (kg/cm?) 0.685 0.802 0.078
Muscle mass (kg) 0.003* 0.041* 0.529
Fat mass (kg) 0.000- 0.083 0.047*
Body fat % 0.000- 0.035* 0.126
FFM (kg) 0.000- 0.017* 0.075
BMR (kcal) 0.004* 0.028™ 0.310
MoCA (Score) 0.003** 0.111 0.200
BBS (Score) 0.010* 0.217 0.136
Sit to stand (rep/30 s) 0.000- 0.001- 0.093
Arm curl (rep/30 s)* 0.011* 0.001- 0.063
Get-up-and-go (s)* 0.002** 0.003** 0.736
*Non-parametric Mann Whitney U test, **p<0.05, -p<0.001, ~p£0.001.
ST: Suspension training, RT: Resistance training, C: Control group, FFM: Free fat
mass, BMI: Body mass index, BMR: Basal metabolic rate, MoCA: Montreal Cognitive
Assessment Scale, BBS: Borg Balance Score, s: Second, rep: Repetitions

brain (57).

Cognitive function is based on learning, repetition, memory, and
the coordination of these processes. When cognitive stimulation
is insufficient, no further neuron formation occurs (54). It is
thought that ST may have encouraged learning and increased
scores due to its unusual, somewhat complex, and relatively
challenging structure. Interestingly, a notable increase in
cognitive function was observed in the sixth week of the study
(Table 3). However, there is no clear data on the correlation
between exercise duration and cognitive function (58). We
believe that this early development, indirectly influences the
score due to exercise-induced neural adaptation (learning).
MoCA is a simple and independent cognitive screening tool
that is known for its superior sensitivity (47). Although the
participants have a healthy cognitive state in this study, this
difference suggests it may have a more significant impact on
those with cognitive decline.

These results are consistent with previous studies that observed
significant improvements after three months (59), twelve
months (60), and six months (61). Although a longer exercise
program does not result in greater cognitive benefits (62),
future studies are necessary to identify the mechanisms that
affect cognitive function in the older population.

The arm strength, leg strength, muscle mass, and agility
improved significantly in two training groups (Table 3). However,
a more significant difference was observed in older adults when
ST was compared with the C group. Additionally, arm strength
was identified as a second parameter that showed improvement
after the sixth week (p<0.05, Table 3). It is believed that the early
increase in arm strength may result from older adults' limited
training of their arm muscles. Similar to our research, Soligon et
al. (32) found that both training methods had comparable effects
on muscle mass, strength, and functional performance. The ST
method can significantly enhance functional performance as
it promotes greater activation of core muscles compared to RT
(28). Jiménez-Garcia et al. (31) reported that TRX training was
effective in improving BMI, hand grip strength, and walking
speed in older adults.

Study Limitations

This research has a few limitations. First, the sample size was
relatively small. However, some studies demonstrate that ST
can improve physical strength, balance, and overall quality
of life among participants in a small sample size (32,63).
Second, participants’ dietary habits were not controlled in
this study. They were only informed about supplements as
part of the inclusion criteria and advised to maintain their
usual dietary habits. Lastly, the effects of exercise on body
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composition can vary significantly between genders. However,
due to an inadequate gender distribution in the sample group,
a comparison between genders could not be conducted.
Therefore, future studies should consider dietary habits and
gender factors in older populations.

Conclusion

ST recommended as a safe method to improve physical
function for adults aged 65 to 80 who prefer to avoid
traditional RT. Physical therapists and trainers may use ST as
an alternative to traditional methods for older adults. This
method gives trainers the opportunity to improve strength,
balance, and cognitive function. However, further studies are
needed to evaluate the sustainability of training effects in the
older population.
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Abstract T

Objective: Dehydration is a common and serious issue among older adults, with significant implications for their health and well-being. Preventing
dehydration in older adults requires a multifaceted approach that involves early identification of risk factors, accurate detection methods, targeted
interventions, and ongoing monitoring to ensure adequate hydration. For this reason, the study was designed to assess the validity and reliability of
the Turkish adaptation of the Northumbria Assessment of Hydration (T-NoAH) among older patients.

Materials and Methods: A methodological and descriptive approach was utilized in this investigation. After establishing linguistic validity, the
study was conducted with a convenience sample of 360 older patients within 24 hours of admission to the hospital, using a descriptive information
form and T-NoAH for data collection. The analyses performed included exploratory factor analysis, confirmatory factor analysis (CFA), discriminant
validity assessment, internal consistency evaluation via Cronbach’s alpha, item-total correlation analysis, examination of ceiling and floor effects,
and Hotelling's T-squared test. Predictive accuracy was examined in the sample using a receiver operating characteristic curve, with serum osmolality
as the reference test.

Results: The tool had sufficient linguistic validity. The instrument consisting of 8 items and one factor was identified. This factor explained 39.24%
of the total variance. Model fit indices were >0.90, as per CFA. Cronbach's alpha was determined to be 0.73. There was no response bias identified,
and there were no floor or ceiling effects. The optimal cut-off point (5 or more) showed sensitivity (70%) and specificity (89%) (area under the
curve =0.795, 95% confidence interval, p<0.001) compared to non-dehydration group.

Conclusion: This tool is a short, easily understandable and applicable measurement for assessing older patients' hydration risk. It can be used by
nurses to evaluate the risk of dehydration in older patients and to implement and evaluate effective interventions according to risk situations.

Keywords: Hydration, older adults, psychometrics, risk assessment

both long-term care residents and community-dwelling older
adults. The study conducted in Tiirkiye found that dehydration
affected 319% of 300 older patients admitted to a geriatric
clinic (7). Aging-related changes, including increased body
fat and decreased muscle mass, result in reduced body water

Introduction

Dehydration is a common health issue among older adults,
leading to significant economic and social challenges
(1-3). Studies provide evidence for the view that dehydration
is prevalent among hospitalized older patients and is linked to

higher mortality rates (4,5). A meta-analysis showed that 24%
of older individuals dehydrated based on directly measured
osmolality levels exceeding 300 mOsm/kg, which is regarded as
the most accurate assessment method. The study by Parkinson
et al. (6) revealed a high likelihood of dehydration among

percentage from its level of 60% in adulthood (8,9). The aging
process is characterized by declines in physical, cognitive, and
social functions, impacting various aspects of well-being,
thereby affecting adequate fluid intake (10,11). Reduced thirst
sensation, presence of incontinence, side effects of medications,
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and chronic conditions contribute to inadequate fluid intake
among older adults, leading to disruptions in fluid balance and
often resulting in dehydration (5,12,13).

Dehydration is a significant risk factor for challenging health
issues in older adults, highlighting the importance of addressing
proper hydration in this population to prevent adverse outcomes.
Related health problems include electrolyte imbalances, urinary
tract infections, kidney issues, pressure ulcers, constipation,
medication toxicity, respiratory infections, cognitive decline,
muscle weakness, and falls (5,13,14). The study by Lacey et al.
(15) revealed that older adults with dehydration have a 40%
increased risk of mortality over 8 years and a two-times higher
risk of disability over 4 years compared to those with adequate
hydration. Schettino et al. (16) observed that dehydration,
identified through biochemical parameters, was linked to the
onset of venous thromboembolism during hospitalization.
Dehydration tends to worsen rather than improve after hospital
admission, highlighting the critical importance of effective
hydration management in hospitalized patients. This underscores
the necessity of early implementation of strategies during
hospitalization to mitigate adverse outcomes and complications
associated with inadequate hydration. Therefore, with the aging
population, prevention of this problem has become increasingly
important globally (3,17). Using a screening tool to identify
older adults at risk of dehydration can facilitate the restoration
of adequate fluid balance, prevent potential complications or
fatal outcomes, and reduce healthcare costs (5,18,19). Thus,
it is critically important to be able to conduct a rapid and
uncomplicated assessment of older patients' hydration status.

In clinical practice, dehydration associated with insufficient
fluid intake in older adults is typically evaluated through direct
measurement of serum or plasma osmolality (20). However, the
test for serum osmolality, considered the gold standard, isinvasive
method. Such invasive approaches may not always be practical
or sustainable for regular hydration assessment, particularly
in older adults. Some studies suggest that, in older adults
with adequate renal function, urine color and specific gravity
can serve as simple, cost-effective, and efficient indicators of
hydration status (21). However, factors such as medication use,
dietary influences on urine color, limitations in patients' ability
to accurately observe changes, and impaired renal function in
conditions like chronic kidney disease may affect the reliability
of these measurements. Consequently, evidence-based research
emphasizes that these parameters alone are insufficient for
diagnosing dehydration (17,20).

In younger adults, signs such as reduced skin turgor, sunken
eyes, and dry mucous membranes are considered more clinically
relevant indicators of dehydration. However, in older adults,
age-related changes in skin and mucosa reduce the diagnostic
value of these clinical signs (6). Therefore, relying solely on

skin or mucosal changes for dehydration diagnosis is not
recommended (22,23). The early identification of older adults
at risk of dehydration, using an appropriate screening tool,
can facilitate the restoration of optimal fluid balance, prevent
complications and mortality, and contribute to cost savings in
healthcare (17,19).

A review of the literature reveals that some Dehydration
Screening Tool (DST) have limited diagnostic accuracy in detecting
dehydrated older adults (17,24,25). To assess dehydration risk
in community-dwelling and institutionalized older adults,
the DST was developed. Developed by Vivanti et al. (26), this
instrument includes 11 items, covering four physical indicators
of dehydration (such as a decrease in systolic blood pressure,
dryness of the tongue, skin turgor, and variations in body weight)
along with seven items evaluating thirst perception, pain, and
mobility status. The tool classifies individuals as "dehydrated” or
“not dehydrated” based on these criteria (27).

Rosi et al. (19) evaluated a diagnostic approach based on the
Geriatric DST-modified, which includes survey questions on
drinking behavior, pain, and mobility, as well as clinical signs
such as axillary dryness, body mass index, and dry mouth. The
tool showed a sensitivity of 0.62 and a specificity of 0.47 when
assessed against calculated serum osmolarity. Although this
screening tool offers higher diagnostic accuracy compared
to standalone methods, it does not represent a definitive
breakthrough in hydration assessment (22).

Recentliterature hasexplored non-invasive hydration assessment
methods, such as smartphone imaging and wearable devices, in
the general population, highlighting the need for further pilot
studies on their applicability and long-term reliability (28).

In Tirkiye, no widely accepted, validated, and reliable
hydration risk screening scale is currently available for use in
clinical settings for older adults at risk of dehydration. The
Water Balance Questionnaire, developed by Malisova et al.
(29), was adapted into Turkish and underwent a validity and
reliability study, conducted by Sen and Aktac (30) in 2021.
This questionnaire is recognized as a dependable and valid
instrument for evaluating hydration status in the general
population. In contrast, the Northumbria Hydration Assessment
Tool (NoAH) was specifically designed to assess hydration risk in
older adults by considering their health parameters. It is a brief,
easy-to-administer screening tool suitable for clinical settings.
The NoAH tool enables the identification of older individuals at
risk of inadequate fluid intake, allowing for the implementation
of appropriate interventions and the prevention of dehydration.
NoAH protocol, introduced by Oates et al. (31), is suggested as
an easy-to-use screening method to evaluate insufficient fluid
intake in this age group and promote adequate hydration. This
tool can facilitate the restoration of adequate fluid balance,
prevent potential complications or fatal outcomes, and reduce
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healthcare costs. This scale offers not only a quick and easy-
to-use tool for nurses but also potential benefits in practice
because nursing interventions can be determined according to
the hydration risk assessment scores.

Nurses, particularly those in direct patient care, play a crucial
role in recognizing and early detection of hydration status in
older adults, which is essential for planning interventions and
preventive measures to mitigate complications. In Tirkiye, it is
essential to identify a screening tool designed which nurses can
use to assess hydration status in older adults for early detection
of dehydration and effective intervention planning. The study
aimed to evaluate the validity and reliability of the Turkish
version of the NoAH (T-NoAH) for older adults. This assessment
tool is crucial for identifying hydration status and implementing
appropriate interventions to ensure adequate hydration levels
and prevent complications.

Materials and Methods
Aim
This research aimed to translate the T-NoAH into Turkish and

to evaluate the psychometric characteristics of the T-NoAH in
older patients within 24 hours of their hospital admission.

Design

The psychometric characteristics of the T-NoAH were evaluated
through a descriptive, methodological, and cross-sectional
study design. The study followed recognized reporting standards
for developing and validating scales in health, social sciences,
and behavioral research (32). The NoAH was first translated
into Turkish, then back-translated into English, followed by
linguistic validation to ensure the translation's accuracy and
consistency. Subsequently, its construct validity and reliability
were evaluated.

Linguistic Validation

The tool's original creator, Dr. Lloyd Oates, gave permission to
translate the NoAH and assess the psychometric properties of
the T-NoAH. The tool was independently translated into Turkish
by the research team from the original version in English. The
translation process involved back-translation from Turkish into
English to ensure accuracy and equivalence. This translation
process was conducted by two bilingual professional translators
who had no prior knowledge of the tool (33). The team met to
examine the translations during the last phase of adaptation.

The English translation was compared with the original version,
and Dr. Lloyd Oates validated the back-translation via email.
No alterations were made to any items in the tool. For content
validity evaluation, input was gathered from seven experts: two
nursing academicians (one specialist in psychometric research
and the other with expertise in both psychometrics and geriatric
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nursing), three clinical nurses (two with six years of experience
in geriatric care and one with five years in neurology), and two
geriatric specialists. Each expert rated the items on a four-point
scale, ranging from 1 (inappropriate) to 4 (appropriate).

Construct Validation and Reliability Assessment

Setting and Sample

For scale development and validation studies, it is generally
recommended to have a sample size of 10 participants per survey
item or a sample size of between 200 and 300 observations (32).
In this study, at least 160 older adults were required to perform
exploratory factor analysis (EFA) and confirmatory factor analysis
(CFA), equating to approximately 20 responses per item for the
8-item scale. The research was carried out in Tiirkiye between
April and June 2024 in medical wards specializing in neurology,
cardiology, pulmonary medicine, and general internal medicine.

The participants were 360 older patients who were recruited
within 24 hours of admission to hospital. The samples were
chosen using convenience sampling. The criteria for inclusion
in the study were as follows: volunteering to participate in
the study, being 65 years of age or older, being hospitalized
in medical wards, being within the first 24 hours of admission
to the clinic, and being literate in Turkish. The following were
the exclusion criteria: having visual or hearing disability, not
knowing Turkish, and being illiterate.

Patients' sodium (Na), blood glucose, and blood urea nitrogen
laboratory values at the time of their arrival at the clinic were
obtained from their medical records. Various free online tools
were available for calculation (34). Serum osmolality values
were used to assess discriminant validity.

Data Collection

Data were collected using a descriptive information form
alongside the T-NoAH.

Sociodemographic Data

The form was created to collect descriptive information about
older patients, including age, sex, marital and formal education
status, hospitalization clinic, and serum osmolality. In the
current European Society for Clinical Nutrition and Metabolism
guideline, it has been shown that serum osmolality is the gold
standard for evaluating the dehydration status of older adults,
and a calculated serum osmolality =295 mOsm/L is sufficient to
detect dehydration (35). In this study, serum osmolality served
as the measure for evaluating discriminant validity.

Northumbria Assessment of Hydration

The NoAH tool was created by Dr. Christopher Price and his
team at Northumbria Healthcare NHS Foundation Trust. The
tool was designed to assess the risk of dehydration in older
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patients admitted to hospitals. It was part of an effort to
create a nurse-led protocol to identify dehydration risks and
implement timely interventions (31). The development involved
contributions from healthcare professionals like Oates, Riddell,
and Plank. The NoAH tool, revised by Oates and Price (24) in
2017, is a nurse-led assessment designed to help staff evaluate
the risk of inadequate oral fluid intake in hospitalized patients
aged 65 and older, ensuring that they remain well-hydrated.
This tool consists of 4 screening questions (designed to exclude
patients receiving palliative care, those on intravenous fluid
therapy, those unable to eat orally, or those with oral fluid
restrictions, respectively) and 8 risk assessment questions. If
the answer to one of these four screening questions is positive,
the risk assessment is abandoned. The first 6 items of the risk
assessment questions are scored between 0 and 1. [tems 7 and
8 are scored between 0 and 2. The overall score is calculated
by adding the results of 8 risk assessment items, with possible
scores ranging between 0 and 10. Risk categories are defined as
low (0 or 1 point), moderate (2-4 points), and high (5 or more
points). Each risk category is represented by a specific colour and
geometric shape for clarity: a green circle for low risk, an amber
square for moderate, and a red triangle for high. The screening
tool recommends specific nursing interventions according to
category. All patients were visited personally before the study,
were informed about the study, and were provided signed
consent. Psychometric properties of the screening tool are not
included in the published protocol (31). Researchers met with
each patient before the survey began to give information about
the study and obtain written consent.

Ethics

The primary author of the original questionnaire granted written
authorization for the psychometric assessment of the T-NoAH.
The study received approval from the Dokuz Eylil University
Non-invasive Research Ethics Committee (decision number:
2024/12-08, date: 27.03.2024). In addition, all patients gave
their informed consent to participate after being fully briefed
on the study's objectives and methodology.

Statistics

Analysis of Moment Structures 25.0 and Statistical Package for
the Social Sciences 24.0 were used to conduct the analysis. We
determined a confidence interval of 95% (p<0.05).

Seven experts confirmed the content validity. Expert feedback
was assessed using the item Content Validity Index (I-CVI) and
the scale-level content validity index (S-CVI) (36,37). To calculate
the [-CVI, the number of experts who rated each item as "3" or
"4" was divided by the total number of experts. The S-CVI was
determined by summing the proportions of items that received
ratings of 3 or 4 from the experts. The Kendall W analysis was
used to assess the level of expert agreement. Construct validity

was evaluated through EFA, CFA, and discriminant validity. The
study sample was randomly split using participant entry codes.
One half was analyzed with EFA to explore the measurement
model, while CFA was performed on the other half to verify
the model. The suitability of the data for factor analysis was
assessed using the Kaiser-Meyer-Olkin (KMO) measure and
Bartlett's test of sphericity. The suitability of the data for factor
analysis was assessed using the KMO measure and Bartlett's test
of sphericity. EFA with Varimax rotation was applied to identify
the main components of the domains. The skewness and kurtosis
indices were used to evaluate the assumption of normality in
the data. Factors and items were deemed sufficiently retained
when their eigenvalues were equal to or greater than one,
and their factor loadings were at least 0.20. For CFA, the
following variables were examined: degrees of freedom, Pearson
chi-square (y%), Goodness-of-Fit Index (GFl), Root Mean Square
Error of Approximation (RMSEA), and Comparative Fit Index
(CFI) (36,38,39).

The tool's reliability was evaluated through Cronbach's alpha
(19,20,21), item-total correlations, analysis of ceiling and floor
effects, and Hotelling's T-squared test to detect response bias
(37,40). The number of patients who could obtain the lowest
score (floor, 0/10) and the highest score (ceiling, 10/10) on the
tool was totaled to determine the floor and ceiling effects.
These numbers were then calculated as a percentage of the total
sample. The reliability analysis was performed using Cronbach's
coefficient, and a result of 0.60 or higher was considered
satisfactory (36).

The predictive accuracy of the T-NoAH to discriminate
dehydration risk was determined through analysis of the area
under the receiver operating characteristic curve. p<0.05 was
considered statistically significant. Values for the area under
the curve (AUC) <0.70 were considered low, 0.70< AUC <0.90 as
moderate, and AUC >0.90 as high, following recommendations
by Henderson (41) in 1993. Specifically, a sensitivity of 0.70,
combined with a specificity not lower than 0.50, is frequently
regarded as the acceptable threshold necessary for a screening
instrument to be clinically useful (42).

Results

Linguistic Validation

Following the translation and back-translation process, the
items closely matched the originals, and no modifications were
required (Supplementary Material 1).

The scores given for each item by seven experts for language and
content validity showed no statistically significant differences
(Kendall W=0.20, p=0.16). I-CVI for eight items ranged from
0.85to 1, and S-CVI was 0.99. As a result, all items were retained.
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Construct Validation and Reliability Tests

The mean age of patients (n=360) was 74.99+7.57 years
(range=65-94); 50.6% (n=182) were male, 64.4% (n=232)
were married, and 52.8% (n=190) were literate or had an
elementary education level. The largest group of patients was in
the cardiology service (28.3%, n=101) (Table 1). Patients in this
survey were classified for dehydration risk as follows: low risk,
n=96 (26.7%), medium risk, n=151 (41.9%), high risk, n=113
(31.4%). The mean risk score was 3.43+2.55 (range=0-10).

The KMO coefficient was found to be 0.78 and had a Bartlett's
sphericity test 2 of 349.64 (p<0.001), indicating the suitability
of the data for factor analysis. Within the EFA, one factor was
identified. This factor explained 39.24% of the total variance.
Factor loadings of the tool ranged from 0.21 to 0.86 (Table 2).

Model suitability was demonstrated by the CFA applied to
the one-factor solution. CCFl= 0.96, GFI =0.96, y2/degree of
freedom (df) =1.169, p<0.001, and RMSEA =0.06 were the
determined model fit indices. CFA indicated satisfactory factor
loadings, which ranged between 0.35 and 2.87 (Figure 1). When
discriminant validity was examined, it was found between
the two groups (t=-10.554, p<0.001). Dehydrated patients

‘ Table 1. Descriptive characteristics of the sample (n=360) ‘

Sex
Female 178 49.4
Male 182 50.6
Marital status
Married 232 64.4
Single 128 35.6
Education
[lliterate 30 8.3
Literate/elementary school 190 52.8
High school 85 23.6
University 55 15.3
Clinies
Pulmonary medicine 86 23.9
Neurology 76 21.1
Cardiology 102 28.3
General internal medicine 96 26.7
Hydration risk groups
Low risk 96 26.7
Medium risk 151 41.9
High risk 13 31.4
X SD
Age (years) 74.99 7.57
X: Mean, SD: Standard deviation
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(serum osmolality >295 mOsml/L) had higher T-NoAH risk scores
(5.25+2.58) than non-dehydrated patients (2.47+1.94).

The overall Cronbach’s alpha was 0.73. No response bias was
indicated by Hotelling's T-squared test result of 629.26, p<0.001.
There were no floor or ceiling effects found (=11.1%). All item-
total correlation values were acceptable, varying between 0.31
and 0.86 (Table 3).

Table 2. Exploratory factor analysis with Varimax rotation for
T-NoAH (n=180)

ltems* Factor
loadings

1. Is the patient receiving thickened fluids? 0.71
2. Does the patient have a severe visual problem? 0.57
3. Would the patient be unable to communicate their
0.67

needs?
4. s the patient prescribed furosemide or

; 0.22
bumetanide?
5. Is the patient prescribed antibiotics? 0.21

6. Does the patient have a dry tongue and/or mouth? | 0.52

7. Does the patient appear to be confused? 0.86

8. Please observe the patient and identify if they can
locate a drink, pick it up, take a drink. Could she/he 0.81
complete this?

38.24

Explained variance (%)

*The Turkish version of the tool was administered to the patients.
T-NoAH: Turkish adaptation of the Northumbria Assessment of Hydration
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Figure 1. Confirmatory factor analysis of T-NoAH

T-NoAH: Turkish adaptation of the Northumbria Assessment of Hydration
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The Predictive Accuracy

The optimal cut-off point (5 or more) showed sensitivity
(70%) and specificity (89%) (AUC=0.795, 95% Cl, p<0.001)
compared to the non-dehydration group (Figure 2). T-NoAH has
acceptable psychometric properties, to screen the dehydration
risk in Turkish older adults.

Table 3. Item-total correlation scores (n=360) ‘

Item-total
Items* correlation
()"
1. Is the patient receiving thickened fluids? 0.58
2. Does the patient have a severe visual problem? 0.50
3. Would the patient be unable to communicate their
0.65
needs?
4. Is the patient prescribed furosemide or
; 0.36
bumetanide?
5. Is the patient prescribed antibiotics? 0.31
6. Does the patient have a dry tongue and/or mouth? | 0.54
7. Does the patient appear to be confused? 0.86
8. Please observe the patient and identify if they can:
Locate a drink, pick it up and take a drink? Could 0.82
she/he complete this?
*p<0.001
ROC Curve
1,0
/
/
/
i

Y

Sensitivity

0,29

0,0 T T T T
00 02 04 06 08 10

1 - Specificity
Diagonal segments are produced by ties.
Figure 2. ROC test analysis (dehydrated and non-dehydrated). ROC test

analysis showed a sensitivity of 70% and a specificity of 89%, with a
cut-off of 5. The area under the ROC curve is 0.795 (95% Cl: p<0.001)

ROC: Receiver operating characteristic, Cl: Confidence interval

Discussion

Dehydration poses a significant concern for older adults
admitted to hospitals, impacting both individual health
outcomes and healthcare system costs (4,5,16). Recognizing
the risk of inadequate oral fluid intake in older adults during
hospitalization and implementing strategies to address this
issue are vital for optimizing patient outcomes and reducing
healthcare burdens.

The validity and reliable scales are needed to reveal hydration risk
in older patients. The development of a nurse-led risk assessment
protocol, NoAH, by Oates et al. (31) in 2017, is a significant
advancement in addressing the issue. This protocol aims to
provide a standardized approach to assess the risk of dehydration
in hospitalized older adults, allowing for early identification
and intervention to prevent adverse outcomes associated with
dehydration. The original study showed that involving staff in
the development of NoAH increased their awareness of hydration
issues and encouraged them to improve care. The main objective
of this paper was to report the reliability and validity of the
T-NoAH in a sample of older adult Turkish patients.

The scale was initially developed in English, and its psychometric
characteristics were not reported in the existing publication. To
our knowledge, the psychometric properties of the scale have
not been examined in another language. This first examination
of the psychometric properties of the NoAH in a different
language and cultural context presents a unique challenge due
to the lack of comparative variables. According to the results, the
questionnaire was well-understood and considered appropriate
by the target sample, with no issues reported regarding the
questions. The study on the T-NoAH scale demonstrated that all
content validity scores exceeded the minimum required levels,
indicating its capability to effectively measure the intended
concept (39). This suggests that the T-NoAH scale is a valid tool
for assessing the targeted construct.

The study on the T-NoAH scale, similar to the original (31),
maintained an 8-item, single-factor structure with significant
correlations observed among the items. This consistency in
the factor structure and item correlations suggests that the
T-NoAH scale is capable of effectively measuring the intended
concept in a manner consistent with the original study. The
current study concluded that the instrument's factor structure
provided an appropriate fit, with all factor loadings and fit
indices derived from CFA within the specified ranges. This
suggests that the current scale effectively measures the
intended concept, with the factor structure aligning well with
the underlying construct. The lack of CFA in the initial study
hindered the ability to compare variables. A crucial role in the
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validation process was played by establish whether the concept
being measured by the T-NoAH scale is distinct from other
constructs (32). The study aimed to assess whether the T-NoAH
risk scores were statistically different between dehydrated and
non-dehydrated groups, and dehydrated groups indeed had
higher scores. The discriminant validity results from the study
on the tool suggest that it can provide valid data on hydration
risk assessment for older patients. However, it is important to
note that the questionnaire alone may not be sufficient to
detect dehydration.

The study on the T-NoAH tool found reliable results with a
Cronbach's alpha of 0.73. Results from the Hotelling T-squared
test showed no significant risk of response bias, suggesting that
participants answered the questions based on their personal
views rather than outside influences (37,43). The floor and
ceiling effect of 11.1% observed in the study is significantly
lower than the commonly accepted limit of 20%, suggesting
the lack of substantial bias in responses towards the lowest
or highest possible scores, and indicating a more balanced
distribution of responses across the scale.

The Cronbach's alpha value of 0.73, while slightly below the
commonly accepted threshold of 0.80, remains within an
acceptable range for newly validated clinical screening tools,
particularly those designed for brief risk assessment (44,45).
Several factors may have contributed to this reliability score.
Despite the moderate Cronbach's alpha value, the T-NoAH
demonstrates strong structural validity and discriminatory
power, supporting its clinical applicability for early hydration
risk assessment in older adults.

T-NOAH is a useful tool for dehydration risk screening. The
optimal cut-off for screening was 5, with 89% specificity and
70% sensitivity.

Study Limitations

Participants in the survey were older adults over the age of
65 who were admitted to medical wards, including neurology,
cardiology, pulmonary medicine, and general internal medicine,
in Tiirkiye. The use of a non-random sampling approach in
this study may limit the generalizability of the findings due
to potential bias. Additionally, the scale was designed to be
administered within the first 24 hours of hospitalization,
preventing a test-retest reliability analysis and leaving the long-
term stability of the scale unknown. Furthermore, as older adults
were informed about the survey before participation, response
bias may have been introduced. To enhance the reliability and
validity of the tool, future research should consider employing
a larger and more diverse sample size, as well as assessing
potential variations in the tool's duration.
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Moreover, the study focused on evaluating the psychometric
properties of the T-NoAH scale rather than assessing
hydration risk in specific patient groups; therefore, reasons for
hospitalization were not initially included. Only patients' current
diagnoses were recorded, which may have limited the scope of
analysis. Future studies could further investigate the impact of
hospitalization reasons, specific diagnoses, and comorbidities
on hydration risk, allowing for a more refined adaptation of the
T-NoAH scale for targeted patient populations.

Lastly, a key limitation of the study is that it evaluates
hydration risk only within the first 24 hours, whereas long-term
hydration monitoring is crucial for patient care. Overcoming
these limitations in future studies may offer a deeper and
more complete insight into assessing hydration risk among
hospitalized older adults.

Conclusion

The results demonstrate that T-NoAH offers a strong single-
factor structure and produces accurate and dependable
conclusions about the risk of dehydration for older patients
within 24 hours of hospital admission. As the number of older
people with dehydration in Tiirkiye and around the world rises,
using T-NoAH will be beneficial for nurses in evaluating older
patients' risks of dehydration, and determining appropriate
interventions. Given its practicality, ease of use, and rapid
results, it is anticipated that this measuring tool will be used
with increasing frequency by health professionals.
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Abstract T

Objective: This study aimed to assess the effects of vestibular-based exercises (VBEs) and calisthenics-based exercises (CBEs) on cognitive function
and dual-task performance in older adults.

Materials and Methods: Thirty older adults were divided into two groups: VBE (n=15) and CBE (n=15). Standardized Mini Mental State Test
(SMMST) and two dual-task tests were used to evaluate participants: (1) participants were asked to count from 1 to 20 while walking Dual Task 1
(DT 1), and (2) participants used their foot to track a set of stimulators placed on the ground Dual Task 2 (DT 2). Participants took Part in an 8-week
exercise program (3 days per week).

Results: Both groups showed significant improvements (p<0.05), with no differences in DT 1 scores (p>0.05). The VBE group had greater improvements
in SMMST scores (p<0.05), while the CBE group showed more significant gains in DT 2 (p<0.05). Both VBEs and CBEs were effective in enhancing
cognitive function, with VBEs outperforming CBEs in enhancing cognitive function, and CBEs excelling in dual-task performance.

Conclusion: Both types of exercises can be easily integrated into geriatric rehabilitation programs to improve cognitive function and dual-task
performance of older people.

Keywords: Aging, cognitive disorders, dual task, exercise, geriatric physical therapy, healthy aging

the ages of 65 and 74 years as youngest-old, (2) those between
ages 75 and 84 years as middle-old, (3) those aged over as
oldest-old (1,2). These classifications are used in public health
and demographic studies to address the needs of different age
populations (3). During old age, changes begin to occur in various

Introduction

The aging process is a natural one in which decline is observed
in sensory, motor, coordination, and cognitive functions.
According to the World Health Organization (WHO), old age

is defined as "the gradual decrease in the ability to adapt to
environmental factors". According to the WHO, healthy ageing
involves enhancing and preserving the functional abilities
that support well-being in later life. The WHO outlines various
stages of aging, typically categorized into specific age groups.
Although there are different ways to classify elderly adults, a
common classification is as follows: (1) elderly adults between

functions of the body. With aging, the weakening of muscle
strength, a decrease in pulmonary functions, disorders in the
cardiovascular system, loss of postural control, and balance can
be observed. Neurological changes may also occur. In addition
to slowing down in motor responses, cognitive disorders such as
decreased sensory stimulation, losses in memory and learning,
and disorganization of thought may also occur. The resulting
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cognitive deficiencies can sometimes cause balance disorders
(4,5,6). Changes in structure, function, and blood flow in an
aging brain are other factors that lead to cognitive impairments
(7). With aging, decline in physical and cognitive functions is
inevitable. Individually planned exercise programs, regardless
of age and health status, improve physical fitness and improve
cognitive functions along with neurochemical changes in the
central nervous system, by increasing cerebral blood flow. In
addition to weight-bearing exercises, calisthenics exercises are
also recommended for elderly individuals, including walking,
running, cycling, yoga, swimming, and aquatic exercises
(1). Exercise improves individuals both physiologically and
psychologically. It ensures the continuation of independence in
the elderly. It is stated that exercise prevents the negative effects
of aging on health and contributes to a person's independent
living (8). Studies have shown that physical activity has an
effect on cognitive functions in elderly individuals. In a study
conducted by Stuck et al. (9), it was reported that cognitive
dysfunctions are very important among the factors that
cause a decrease in functional activity level. A study reported
that the physical activity levels of elderly people with poor
cognitive functions were more limited (10,11). Exercises are
at the forefront in the rehabilitation of vestibular problems.
Since the 1940s, exercises have been used for the treatment
of complaints of decreased balance and dizziness in peripheral
vestibular disorders (12). Vestibular rehabilitation is generally
used to improve posture, walking stability, and balance, to
ensure independence in walking and daily living activities, to
improve the individual's visual ability during head movements,
to reduce the patient's social isolation and increase social
participation, and to increase neuromuscular control (12,13).
It has been observed that aerobic exercises are more effective
in improving cognitive functions in elderly female individuals
with mild cognitive impairment than stretching exercises
(14). Studies conducted by various researchers have reported
that activities such as aerobic exercises, strength training,
and balance exercises improve cognitive functions (15,16). In
a meta-analysis examining the effect of aerobic exercise on
cognitive functions, it was observed that aerobic exercises
improved cognitive functions in elderly individuals (17). Sertel
et al. (5), in their study reported that deterioration in cognitive
functions and increased depression level negatively affected
balance. A systematic review indicated that while physical
activity is generally associated with cognitive benefits, findings
from randomized controlled trials remain inconsistent (18).
Up-to-date information is needed to investigate the effects of
new training methods developed in recent years on cognitive
function. When the literature was examined, no research was
found comparing the effects of vestibular-based exercises
(VBEs) and calisthenics-based exercises (CBEs). Therefore, we
decided to plan a study examining this issue. The main purpose
of our study was to examine the effects of VBEs and CBEs on

160

cognitive level and dual-task activities in elderly individuals,
and to compare them in terms of effectiveness. This study has
two main goals. First, it aims to evaluate the impact of VBEs
and CBEs on cognitive function. Second, it seeks to describe
the effects of these exercises on dual-task performance in older
adults.

Two main hypotheses were formulated for this study:

Hypothesis 1 (H,): Two different exercise programs (VBE and
CBE) can improve cognitive function and dual task performance
in older people.

Hypothesis 2 (H,): These two exercise programs have advantages
over each other in improving cognitive function and dual-task
performance in older adults.

Material and Methods
Study Design and Participants

Ethical approval was obtained from the Research Ethics
Commission at Biruni University, istanbul, Tiirkiye (decision
number: 2022/76-14, date: 02.12.2022) and all the participants
provided a written informed consent. The study began with 30
ambulatory older adults (aged 65-85) (Figure 1); all of them
were enrolled participants in the Zeytinburnu Semiha Sakir
Nursing Home, istanbul, Tirkiye. This study was conducted in
the period of 7 months (December 2022-June 2023).

Participants eligible for this study were men and women between
the ages of 65 and 85 residing in a nursing home who were
capable of independently managing daily activities, including
using a cane or elbow crutches. Additionally, participants had to
volunteer to take partin the study. The exclusion criteria included
individuals with any orthopedic, neurological, or psychiatric
conditions that would prevent them from participating in the
assessment or exercise program of the study. Fifteen individuals
were excluded from the study due to medical conditions-most
frequently untreated hypertension and balance issues-while an
additional 17 declined to participate (Figure 1).

Based on the inclusion criteria and medical assessment, a total
of 30 participants aged 65-85 years were randomly assigned
to one of two groups: VBEs group (n=15) performing VBEs (8
weeks, 3 times per week) or CBEs group (n=15) performing CBEs
(n=15) (8 weeks, 3 times per week). Participants in both groups
were divided into smaller groups (each group consisted of 5
older adults) when performing the exercises.

Type of Randomization

Randomization was performed with a 1:1 distribution using
the "simple random method”, which aims to generate a 1:1
distribution over a given sample size using a random selection
process in which each individual has an equal chance of being
selected. We preferred this method because of its simplicity and
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Participation Flow Diagram (CONSORT)

[ Enrollment ]

Assessed for eligibility (n=72)

Excluded (n=42)
+ Not meeting inclusion criteria (n=1)
+ Declined to participate (n=41)

L 4

Randomized (n=30)

:

——

Allocation ]

Allocated to VBEs Group (n=15)
+ Received allocated intervention (n=15)
« Did not receive allocated intervention (n=0)

Allocated to CBEs Group (n=15)
+ Received allocated intervention (n=15)

+ Did not receive allocated intervention (n=0)

-

+ [ 8 Weeks Trainin I -
8

x

Discontinued intervention (n=0)

Discontinued intervention (n=1)

Analysis E

Analysed (n=15)
+ Excluded from analysis {n=0)

Figure 1. Flowchart of the study design

VBE: Vestibular-based exercises, CBEs: Calisthenics-based exercises

applicability. A total of 30 participants began engaging in the
exercise regimens, but the full training cycle was completed by
15 participants from the VBEs group and 14 participants from
the CBEs group (one participant could not complete the training
program) (Figure 1).

Inclusion criteria were female and male participants between
65 and 85 years of age living in the senior home where the
study was conducted, able to walk independently with or
without a stick, and free of orthopedic, neurological, disease,
or psychiatric.

Outcome Measures

Qualification was conducted by a physiotherapist (PT) and
included a medical-history interview and analysis of medical
records, after which potential participants were excluded
if required on this basis. Demographic data belonging to the
participants were recorded by the researcher, who is a PT
working in the senior home (M.V.S.). The socio-demographic

Analysed (n=14)
+ Excluded from analysis (n=0)

characteristics of all participants such as age, gender, height,
body weight, body mass index (BMI) scores, education level,
and length of stay in the nursing home were recorded on a
structured form by the authors for this study. After that, the
participants completed the The Standardized Mini-Mental
Status Examinitaion (SMMSE) in a quiet and well-lit room
under the supervision of the PT one by one. The other outcome
measurements were performed under the same PT in the
following order in the same room condition mentioned earlier:
Dual Task 1 (DT 1) and Dual Task 2 (DT 2). All tests were conducted
twice, before commencing the exercise program, (before the
first week of the VBEs or CBEs programs) and immediately after
(9t week of the study). The following parameters were analyzed.

The Standardized Mini-Mental Status Examination

This test, the most commonly used by clinicians and researchers,
was originally developed by Folstein et al. (19) to assess
mental status. A standardized version was later developed (20).
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The maximum score is 30, with scores of 24 and below
indicating evaluation within the dementia framework. The
Turkish adaptation was conducted (21), and the revised version
was studied by Keskinoglu et al. (22). The cut-off point for the
revised version is 22-23 for the educated elderly, whereas the
cut-off point for the uneducated elderly is 18-19. This test
assesses cognitive functions across five sections: orientation,
registration, attention and calculation, recall, and language. The
maximum score is 30, with scores of 24 and below indicating
that evaluation should consider the possibility of dementia.

Dual Task 1 (Motor + Cognitive) Test: A 10-Meter Walking

The 10-m walk test with the added complexity of a cognitive task
is often referred to as "dual-task walking" or “cognitive-motor
interference” tasks. This test is commonly used to assess both
physical performance (walking speed) and cognitive function
(such as attention and working memory) simultaneously. The
participant's walking speed in the 10-m area is assessed using
a stopwatch. The participant is instructed to walk within the
designated area, with timing starting when their foot touches
the starting line and stopping when they cross the finish line.
The measurement is taken, and the result is recorded in meters
per second (m/s). The participant was asked to count from 1 to
20 while walking (23,24,25).

Dual Task 2 (Cognitive+ Motor) Test: The Trail Making Test-
Part B

Originally developed by psychologists in the United States
Army, the Trail Making Test - Part B is a commonly used tool in
neuropsychological assessment. The test demands both visual-
spatial processing and motor coordination. It is divided into
two sections: Part A and Part B. Part A measures processing
speed through tasks involving visual scanning, whereas Part
B assesses cognitive flexibility and the ability to alternate
between sequences. Due to its higher demands on visual-spatial
and executive functioning, Part B is more complex and typically
takes longer to complete than Part A (26,27). In addition, Part
B is more difficult than Part A because it requires more motor
speed, agility, and attention. That is why we chose Part B of
the test for this study. Participants tracked a set of stimulators
placed on the ground with their foot. Participants were first
allowed a trial, then the test began.

Training

Exercise sessions (~45 minutes each) were carried out in groups
of 5 participants three times a week for 8 weeks. Each exercise
session was carried out three days a week in the gymnasium
of the nursing home where the participants lived, accompanied
by music and under the supervision of a PT. In the VBEs group,
participants engaged in 12 easy-to-perform non-strenuous
exercises performed in low body positions, which involved
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participants rotating their eyes, heads, and bodies in the
sagittal, transverse, and frontal planes (Appendix A). The CBEs
participants performed 12 easy-to-perform exercises (Appendix
B). Training sessions were performed to music as a small group
consisting of 5 persons supervised by a PT, who is working in
the senior home where the study was conducted: warm-up
(5 minute), exercise training (35 minute), and cool-down (5
minute). During the 8-week exercise program, we did not use
any strengthening exercise protocol for progression because we
did not aim to increase muscle strength. As the exercise program
progressed, the number of repetitions was gradually increased
(15t-2" weeks: 6x; 3-5" weeks: 8x; 7"-8™" weeks: 12x). The
8-week exercise programs consisted of three sets with a
2-minute break in each session. Sessions began with a 5-minute
warm-up followed by the main part of the training program
(35 minutes), in which a series of VBEs or CBEs, and 5-minute
cool down exercises were performed on a stable floor in a well-
lit gym. Each session consists of three sets with 2 minutes rest
between sets, completed in 45 minutes.

Statistics

The distribution of the data was examined with the Shapiro-
Wilk test. An Independent Samples t-test was used to compare
two normally distributed independent groups. The Pearson chi-
square or the Fisher's exact chi-square tests were applied to
determine the homogeneity of categorical variables between
two groups. The Dependent Samples t-test was applied for
comparisons of two dependent groups assuming a normal
distribution, and the Wilcoxon test was applied for comparisons
of two dependent groups not assuming a normal distribution.
The repeated measures ANOVA test was applied to evaluate the
changes before and after between groups. For variables with a
normal distribution, descriptive statistics were presented as mean
+ standard deviation (SD), whereas non-normally distributed
variables were reported using median and range (minimum-
maximum). All statistical analyses were performed using IBM
SPSS Statistics version 26.0, with a significance threshold set at
a=0.05. This study was completed with a total of 29 participants
in the two groups. Post-hoc analysis was performed. Based on
the post-hoc analysis, a sample size of 29 gives 90% power to
detect a difference of +1.9 between the null hypothesis mean of
22.4 and the alternative hypothesis mean of 24.3 with a known
SD of 2.5 and a significance level (alpha) of 0.05 using a two-
sided one-sample t-test (28,29).

Results

Of the 30 ambulatory older adults who have mostly graduated
from primary school, 21 (70%) of the participants are men and
9 (30%) are women. Table 1 shows the demographic distribution
of the groups. The participants in the two groups were
homogeneous except for the gender distribution (p>0.05). The
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average age of the participants is about 75 years. This means
that the participants in the study ranged from the youngest age
group to the middle-aged group, according to the WHO.

A comparison of the descriptive statistics of the results of the
Standardized Mini Mental Status Test (SMMT), DT 1, and DT 2
tests is shown in Table 2. This table shows us that both groups
(VBEs and CBEs) showed significant improvement in terms of
the outcome measurements [Standardized Mini Mental State
test (SMMST), DT 1, DT 2] used to evaluate the participants
(p<0.05). These results supported the idea that H, was proven.

Table 3 shows the comparison of the test results of the groups
before and after the 8-week training program. There were
significant differences among the four outcome measurements
(p<0.05) except for DT 1 (p>0.05). However, for SMMT, the
change was significantly more extensive in the VBEs group
than in the CBEs group. The changes in DT 2 test results were
significantly higher in the CBEs group than in the VBEs group
(p<0.05). These results supported the idea that H,, which stated
that the two exercise regimes have advantages over each other,
was proven.

Discussion

The results of this study, which was conducted to determine
and compare the effects of two different vestibular and
calisthenics-based physical exercise training (VBEs vs. CBEs)
on cognitive function and dual task performance in elderly
individuals, showed that improvements in cognitive function
and dual task performance can be achieved with VBEs and CBEs
without the use of expensive technological systems. When the
results of VBEs and CBEs were compared with each other, VBEs,
which included more complex figures, showed superiority over

CBEs in improving mental function according to the SMMST
score. On the other hand, CBEs showed enhanced performance
in dual-task involving cognitive and motor tasks.

Cognitive problems have been the subject of numerous studies
so far. These studies aimed to devise and implement programs
to help older adults improve their cognitive function and to
prevent cognitive decline. The researchers are particularly
interested in the positive effects of physical exercise, well known
to health providers. Similarly, PTs working with older adults with
or without physical problems have tried to find optimal training
methods to improve their physical functioning. However, the
aging process is not only a natural process affecting the physical
functioning of the elderly, but also a process in which decline is
observed in cognitive functions.

As elderly people who are living in a senior home, are frequently
resistant to the idea of continuing to exercise and using
complicated technologic systems to be more active, a set of
simple exercises aimed at improving the main components of
health, including the physical and cognitive components should
be designed. Based on this idea, we planned this study, which
covers exercises that can be done easily by elderly people living
in nursing homes and can be integrated into daily physiotherapy
programs.

There are many tests or tools available to assess cognitive
function in older people. The SMMSE and Trail Making test
parts A and B used in this study are widely used. They have also
been included in studies with a high degree of reliability, such
as meta-analyses and systematic reviews. da Silva et al. (30)
also used studies that included the SSME and Trail Making test
Parts A and B in the assessment of cognitive function in their

‘ Table 1. Descriptive parameters and statistical tests by groups

Noroe s s, |

Gender n (%) n (%)

Male/female 10 (66.7)/5 (33.3) 10 (73.3)/4 (26.7) 12
Education level

Literate 1 (6.7%) 3 (20%)

Primary school 6 (40%) 9 (60%)

Middle school 3 (20%) 2 (13.3%) 0.359°
High school 4 (26.7%) 1 (6.7%)

University level 1 (6.7%) -

Variable Mean + SD Mean + SD

Age, year 74.67+5.87 75.13+4.70 0.812°
Height, cm 167+7.84 169.07+8 0.481°
Weight, kg 77.80+9.17 80.47+11.17 0.481°
BMI, kg/m? 27.90+2.99 28.19+4.02 0.827°
Length of staying in nursing home, year 6.73+2.39 6+3.04 0.650°
VBE: Vestibular-based exercises, CBE: Calisthenics-based exercises, *: Chi-square test, °: Independent Samples t-test, BMI: Body mass index, SD: Standard deviation
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‘ Table 2. Comparison the results before and after the 8-week training program belonging to the VBEs and CBEs groups

VBEs (n=15) Mean + SD Mean + SD

SMMST 23.13+2.44 25.27+2.37 0.001°¢

DT 1 15.19+4.19 12.88+4.01 0.001°¢

DT 2 208.60+58.48 196.07+60.31 0.001¢

CBEs (n=14) Mean + SD Mean + SD

SMMST 21.47+2.10 23.21+£2.25 0.001¢

DT 1 18.20+4.37 15.84+4.37 0.001¢

DT 2 255.33+43.72 238.93+43.97 0.001¢

VBE: Vestibular-based exercises, CBE: Calisthenics-based exercises, SMMT: Standardized Mini Mental Status Test, DT 1: Dual Task 1, DT 2: Dual Task 2, ©: Depended Samples
t-test, ¢: Wilcoxon test, SMMST: Standardized Mini Mental State Test

‘ Table 3. Comparison the results before and after the 8-week training program by the VBEs and CBEs groups

VBEs' CBEs?
Variabl Y diff 1-2
-

SMMST
Before training 23.13+2.44 21.47+2.10

— 1.771 0.044
After training 25.27+2.37 23.2142.25
DT 1
Before training 15.194+4.19 18.20+4.37

— 2.776 0.084
After training 12.88+4.01 15.84+4.37
DT 2
Before training 208.60+58.48 255.33+43.72 -43.131 0.035
After training 196.07+60.31 238.93+43.97
VBE: Vestibular-based exercises, CBE: Calisthenics-based exercises, SMMT: Standardized Mini Mental Status Test, DT 1: Dual Task 1, DT 2: Dual Task 2, ©: Repeated Measures
ANOVA, SMMST: Standardized Mini Mental State Test

systematic review. In the meta-analysis conducted by Northey
et al. (31), it was observed that these tests used for cognitive
assessment showed improvements in cognitive function.
Recently, motor-motor, motor-cognitive, or cognitive-cognitive
dual-task tests have been widely used in geriatric assessment
programs. Assessing the dual-task abilities of older people
and training them with dual-task activities may increase the
likelihood of success of functional exercise training. There
are many studies in the literature on this topic. In our study,
the 10-meter walk test (motor + cognitive) and Trail Making
test Part B (cognitive + motor) were also used, performing a
cognitive task. The authors' selection of such widely used tests
is one of the strengths of this study.

The WHO Physical Activity Sedentary Behaviours Guide,
published in 2020, states that reqular physical activity in adults
aged 65 and over has beneficial effects such as reduced all-
cause mortality and improvements in many systems, including
cognitive health.

In the related literature (18,32), there are also many studies,
including aerobics, strength training, resistance training, yoga,
clinical pilates, Tai Chi, which confirm that many exercises
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improve physical and cognitive function, and brain structure
in older people. Siqueira et al. (33) reported that square-
step exercises, which they used differently from the exercise
methods we used in our study, improved both physical and
cognitive function in older people. A review examining the
impact of aerobic exercise, resistance training, and Tai Chi on
cognitive function in older adults without diagnosed cognitive
impairmentfound notable improvements. Specifically, resistance
training led to greater gains in reasoning abilities compared to
stretching or toning exercises, while Tai Chi was associated with
enhanced attention and processing speed relative to inactive
control groups (32). Zhang et al. (34) reported that engaging in
muscle-strengthening activities was associated with cognitive
health in middle-aged and older adults, independent of aerobic
exercise. However, most of these studies used sophisticated
techniques and expensive equipment. This study is important
because it shows that these simple and cost-free exercises
can also be used in the daily care of ambulatory older people
living in senior homes to improve their cognitive and physical
function. That is the strength of this study.

The core of vestibular rehabilitation such as the Cawthorne-
Cooksey exercises (35,36,37) involves exercises and
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interventions that stimulate and challenge the vestibular
system to promote neural plasticity and adaptation. These
exercises are carefully designed to gradually desensitize
patients to movement and balance challenges, improve gaze
stability, and enhance postural control. The ultimate goal is
to restore optimal function and improve the patient's overall
quality of life. Developed in the 1940s by Cawthorne and
Cooksey (35), the exercises are widely used as an effective
vestibular rehabilitation intervention. In this study, we have
selected some simple exercises based on the Cawthorne-
Cooksey exercises, which are commonly used to improve
posture, gait stability and balance, to ensure independence
in walking and activities of daily living, to improve the
individual's visual ability during head movements, to reduce
social isolation while increasing social participation, and to
improve neuromuscular control.

There are many studies in the literature reporting the beneficial
effects of vestibular stimulation exercises, such as those
described in a study by Wiszomirska et al. (38). These exercises
should be part of interventions to improve balance in older
adults. The structured VBEs used in this study involve simple
exercises that stimulate the vestibular organ. This set of exercises
does not require a lot of energy or time; moreover, it stimulates
cognitive function. Participants who performed VBEs showed
positive changes to the SMMSE compared to participants doing
CBEs. We believe this is due to the complex movements of VBEs,
which include posture, gait stability and balance, independence
in walking and activities of daily living, visual ability during
head movements, and neuromuscular control. These findings
promised new ideas to integrate VBEs into a physiotherapy
program, that actuates the vestibular organs by means of
movements of the head and body in different planes. To our
knowledge, there are no studies reporting the effect of VBEs
on cognitive function in the relevant literature. Therefore, we
could not compare the results obtained from this study with
the literature.

Calisthenics, a form of exercise that emphasizes bodyweight
movements, has been shown to significantly improve physical
functioning in ambulatory older adults. Research indicates that
engaging in regular calisthenics activities enhances balance,
strength, and overall mobility, which are critical for maintaining
independence in this population (39). A study by Kearney et al.
(40) found that older adults who participated in a structured
calisthenics program exhibited improvements in functional
fitness measures, including increased lower body strength and
balance, leading to a reduced risk of falls. Additionally, the
progressive nature of calisthenics allows older individuals to
tailor their workouts according to their individual capabilities,
promoting adherence and sustained physical activity (41). Overall,
integrating calisthenics into the exercise regimens of ambulatory
older adults can contribute positively to their physical functioning

and quality of life. Different from the related literature, we
aimed to show the effects of CBEs performed for 8 weeks on the
cognitive function and dual task of the elderly. As predicted in
our hypothesis H,, CBEs improved the cognitive (SSMET score)
and dual tasks (10-metre walk test, and Trail Making test Part B)
scores of the elderly. In addition, CBEs were more effective than
VBEs in improving dual task cognitive + motor scores (the Trail
Making test Part B) in the elderly. Participants who did CBEs for
8 weeks improved their SSME score, but not as much as those
who did VBEs. That is, participants who performed VBE showed
superior improvement in terms of progression in the SSME score.
However, participants who performed CBEs showed greater
improvements in dual task-cognitive + motor test scores based on
the Trail Making test Part B. These results support our hypothesis
H,. Although the CBEs, which are frequently integrated into
exercise programs, are known to improve physical function, their
effect on cognitive function has not been investigated. This is
also true for the VBES. The results of this study can be considered
instructive in terms of showing that both exercise programs can
improve cognitive functions in the elderly.

Study Limitations

The most powerful aspect of this study is that there were no
significant differences in age, height, weight, or BMI between
the groups of participants who completed the two training
programs. This made the comparison between the two groups
stronger. In addition, the two exercise programs, simple and
cost-free exercises undertaken by the participants, could
show improvements in both cognitive function and dual-
task performance in older adults, and the hypotheses were
supported by the results obtained. However, this study has some
limitations: (1) we had to conduct this study in only one nursing
home with 72 older adults; so we could not ensure gender
equality. Therefore, our results may not be generalizable to the
whole elderly population due to the relatively small number
of participants and the fact that we couldn't show the gender
differences; (2) Another limitation of this study is that the
exercise training program was not applied for a longer duration,
and its long-term effects could not be evaluated. These limit the
generalizability of the results.

Conclusion

The results of this study indicate that there is a need for much
more research with more participants to explore the effects
of VBES and CBE on cognitive function and dual tasking in
older adults and to compare male and female older adults.
Practitioners working in this field should be aware of the benefits
of developing and implementing these types of exercises, which
are easy for older adults to incorporate into their daily routines
in order to promote a healthier lifestyle and improve health-
related quality of life.

165



Sahin and Cavlak. Vestibular vs. Calisthenics Based Exercises to Improve Cognitive Function

Eur J Geriatr Gerontol 2025;7(3):159-168

Ethics

Ethics Committee Approval: Ethical approval was obtained from
the Research Ethics Commission at Biruni University, istanbul,
Tiirkiye (decision number: 2022/76-14, date: 02.12.2022)

Informed Consent: All the participants provided a written
informed consent.

Footnotes

Authorship Contributions

Concept: M.VS., U.C., Design: M.V.S., U.C., Data Collection or
Processing: M.V.S., U.C., Analysis or Interpretation: M.V.S., U.C.,
Literature Search: M.V.S., U.C,, Writing: M.V.S., U.C.

Conflict of Interest: No conflict of interest was declared by
the authors.

Financial Disclosure: The authors declared that this study
received no financial support.

Acknowledgements

The authors would like to thank all the staff of Zeytinburnu
Semiha Sakir Nursing Home, istanbul, Tiirkiye, for their
support in conducting the study and the participants for their
cooperation during the study. The authors also thank Assoc.
Prof. Aysegiil Yabaci Tak for her help in analyzing the collected
data.

References

1. Lee SB, Oh JH, Park JH, Choi SP, Wee JH. Differences in youngest-old,
middle-old, and oldest-old patients who visit the emergency department.
Clin Exp Emerg Med. 2018;5:249-255.

2. Alterovitz SS, Mendelsohn GA. Relationship goals of middle-aged, young-
old, and old-old Internet daters: an analysis of online personal ads. J Aging
Stud. 2013;27:159-165.

3. World Health Organization. (2016). Global strategy and action plan on
ageing and health 2016-2020. WHO. [Internet]. Available from: https://
www.who.int/ageing/health-systems/gsap/en/. Accessed: 01.01.2024.

4. Huri M, Kayihan H. Investigation of relationship between independence
in activities of daily living and cognitive function variables in geriatric
individuals. Ergoterapi ve Rehabilitasyon Dergisi. 2014;2:1-9.

5. Sertel M, Tarsuslu Simsek T, Titlin Yiimin E. Investigation of the relationship
between cognitive status, depression level, and balance in elderly. Journal
of Exercise Therapy and Rehabilitation. 2016;3:90-95.

6. Abit Kocaman A, Kirdi N, Aksoy S, Elmas 0, Balam Yavuz B. The effect of
square-step exercise training on postural control, cognitive function and
gait in the elderly: a pilot study. Turk J Physiother Rehabil. 2020; 31:11-20.

7. Alvis BD, Hughes CG. Physiology considerations in geriatric patients.
Anesthesiol Clin. 2015;33:447-456.

8. Taskiran A, Kaya . Analysis of the effect of a 12-week sportive recreative
program applied on the aged residing in nursing home on some
anthropometric and physiological parameters. Sportif Bakis Spor Egitim
Bilim Derg. 2015;2:23-30.

9. Stuck AE, Walthert JM, Nikolaus T, Buila CJ, Hohmann C, Beck JC. Risk
factors for functional status decline in community-living elderly people: a
systematic literature review. Soc Sci Med. 1999;48:445-469.

166

20.

21.

22.

23.

24,

25.

26.

27.

28.

. Christensen H, Jorm AF, Henderson AS, Mackinnon AJ, Korten AE, Scott LR.

The relationship between health and cognitive functioning in a sample of
elderly people in the community. Age Ageing. 1994;23:204-212.

. Birtane M, Tuna H, Ekuklu G, Uzunca K, Ak¢i C, Kokino S. Examination of

the factors affecting the quality of life in Edirne nursing home residents [in
Turkish]. Turk J Geriatr. 2000;3:141-145. Available from: https://acikerisim.
trakya.edu.tr/items/94292¢7b-7622-4a72-9e09-9¢14759646€5

. Batuk M, Aksoy S. Vestibular rehabilitation. Turkiye Klinikleri J ENT Spec

Top. 2015;8:95-8.

. Karan A, Alptekin HK, Capan N, Diracoglu D, Saral i, Aydin S, Aksoy C. The

efficacy of vestibular electrical stimulation on patients with unilateral
vestibular pathologies. Turk J Phys Med Rehabil. 2017;63:149-54.

. Baker LD, Frank LL, Foster-Schubert K, Green PS, Wilkinson CW, McTiernan

A, Plymate SR, Fishel MA, Watson GS, Cholerton BA, Duncan GE, Mehta
PD, Craft S. Effects of aerobic exercise on mild cognitive impairment: a
controlled trial. Arch Neurol. 2010;67:71-79.

. Radak Z, Hart N, Sarga L, Koltai E, Atalay M, Ohno H, Boldogh I. Exercise

plays a preventive role against Alzheimer's disease. J Alzheimers Dis.
2010;20:777-783.

. Makizako H, Tsutsumimoto K, Doi T, Hotta R, Nakakubo S, Liu-Ambrose

T, Shimada H. Effects of exercise and horticultural intervention on the
brain and mental health in older adults with depressive symptoms and
memory problems: study protocol for a randomized controlled trial
[UMIN000018547]. Trials. 2015;16:499.

. Young J, Angevaren M, Rusted J, Tabet N. Aerobic exercise to improve

cognitive function in older people without known cognitive impairment.
Cochrane Database Syst Rev. 2015;2015:CD005381.

. Saez de Asteasu ML, Martinez-Velilla N, Zambom-Ferraresi F, Casas-Herrero

A, I1zquierdo M. Role of physical exercise on cognitive function in healthy
older adults: a systematic review of randomized clinical trials. Ageing Res
Rev. 2017;37:117-134.

. Folstein MF, Folstein SE, McHugh PR. "Mini-mental state" A practical

method for grading the cognitive state of patients for the clinician. J
Psychiatr Res. 1975;12:189-198.

King M, Steele Gray C, Kobewka D, et al. Continuity of care for older adults
in a Canadian long-term care setting: a qualitative study. BMC Health Serv
Res. 2022;22:1204.

Celikel E, et al. The Mini-Mental State Examination Turkish version: a study
of validity and reliability [in Turkish]. J Turk Neurol Soc. 1997;6:42-47.
Available from: https://www.who.int/ageing/health-systems/gsap/en/

Keskinoglu P, Ucku R, Yener G, Yaka E, Kurt P, Tunca Z. Reliability and validity
of revised Turkish version of mini mental state examination (rMMSE-T)
in community-dwelling educated and uneducated elderly. Int J Geriatr
Psychiatry. 2009;24:1242-1250.

Montero-Odasso M, Bergman H, Phillips NA, Wong CH, Sourial N, Chertkow
H. Dual-tasking and gait in people with mild cognitive impairment. The
effect of working memory. BMC Geriatr. 2009;9:41.

Atas Balci L, Sogukkanli K, Burcu S, Hanoglu L. Effects of single-task, dual-
task and successive physical-cognitive training on fall risk and balance
performance in older adults: a randomized trial. J Exerc Ther Rehabil.
2022;9:1-11.

Tasvuran E, Cetin S, Erel S. Effects of individual progressive single- and dual-
task training on gait and cognition among older healthy adults: a randomized-
controlled comparison study. European Geriatric Medicine. 2020;12:10.

Reitan RM. The relation of the trail making test to organic brain damage. J
Consult Psychol. 1955;19:393-394.

Tombaugh TN. Trail making test A and B: normative data stratified by age
and education. Arch Clin Neuropsychol. 2004;19:203-214.

Machin D, Campbell MJ, Fayers P, Pinol A. Sample size tables for clinical
studies. 2nd ed. Oxford: Blackwell Science; 1997.


https://acikerisim.trakya.edu.tr/items/94292c7b-7622-4a72-9e09-9e14759646e5
https://acikerisim.trakya.edu.tr/items/94292c7b-7622-4a72-9e09-9e14759646e5
https://www.who.int/ageing/health-systems/gsap/en/

Eur J Geriatr Gerontol 2025;7(3):159-168

Sahin and Cavlak. Vestibular vs. Calisthenics Based Exercises to Improve Cognitive Function

29.

30.

31.

32.

33.

34.

Zar JH. Biostatistical analysis. 2nd ed. Englewood Cliffs (NJ): Prentice-Hall;
1984.

da Silva FC, lop RDR, de Oliveira LC, Boll AM, de Alvarenga JGS, Gutierres
Filho PJB, de Melo LMAB, Xavier AJ, da Silva R. Effects of physical exercise
programs on cognitive function in Parkinson's disease patients: a systematic
review of randomized controlled trials of the last 10 years. PLoS One.
2018;13:e0193113.

Northey JM, Cherbuin N, Pumpa KL Smee DJ, Rattray B. Exercise
interventions for cognitive function in adults older than 50: a systematic
review with meta-analysis. Br J Sports Med. 2018;52:154-160.

Kelly ME, Loughrey D, Lawlor BA, Robertson IH, Walsh C, Brennan S. The
impact of exercise on the cognitive functioning of healthy older adults: a
systematic review and meta-analysis. Ageing Res Rev. 2014;16:12-31.

Siqueira VAAA, Shigematsu R, Sebastido E. Stepping towards health: a
scoping review of square-stepping exercise protocols and outcomes in older
adults. BMC Geriatr. 2024;24:590.

Zhang Y, DeFina LF, Leonard D, Chen B, Hébert ET, Barlow CE, Pavlovic A,
Kohl HW. Associations of muscle-strengthening activity and cognitive
function in community-dwelling middle-aged and older adults. J Aging
Health. 2024:8982643241307757.

35.

36.

37.

38.

39.

40.

41.

Cawthorne T, Cooksey A. Rehabilitation of patients with vestibular lesions.
Br Med J. 1947;2:273-275. British Medical Journal (BMJ): Available from:
https://www.bmj.com/

Roy B, Sur M, Nath P. Cawthorne Cooksey exercise and its clinical
implications: an updated narrative review. Int J Otolaryngol Res. 2024;6:10-
17.

Hillier SL, McDonnell M. Vestibular rehabilitation for unilateral peripheral
vestibular dysfunction. Cochrane Database Syst Rev. 2011:CD005397.

Wiszomirska |, Kaczmarczyk K, Bfazkiewicz M, Wit A. The impact of a
vestibular-stimulating exercise regimen on postural stability in women over
60. J Exerc Sci Fit. 2015;13:72-78.

Schoenfeld BJ, Ogborn D, Krieger JW. Effects of resistance training
frequency on measures of muscle hypertrophy: a systematic review and
meta-analysis. Sports Med. 2016;46:1689-1697.

Kearney D, Tully MA, Gormley J. Effect of exercise on mobility and balance
in older adults: a systematic review and meta-analysis. J Aging Phys Act.
2018;26:391-404.

Yeung DC, Yung PS, Lee JY. The role of body-weight exercises in
rehabilitation: isolating factors of motivation, adherence, and functional
performance. J Rehabil Res Dev. 2018;55:115-24.

167


https://www.bmj.com/

Sahin and Cavlak. Vestibular vs. Calisthenics Based Exercises to Improve Cognitive Function Eur J Geriatr Gerontol 2025;7(3):159-168

Appendix A: Vestibular-based exercises (45 minutes - three sets with 2 minutes rest between each set)

Warm up exercises (5 minutes)

® Diaphragmatic breathing combined with raising and lifting both shoulders

® Diaphragmatic breathing with trunk rotation while holding arms in a 90-degree position and elbows extended
® Deep breathing while lifting fingertips upward

® 2 minutes of free walking

The training program (35 minutes)

Tracking the finger with the eye (right and left)

Looking up with the eyes while keeping the head still

Looking down with the eyes while keeping the head still

Neck flexion and extension
Neck rotation to both sides (right and left)

Picking up an object from the ground in a sitting position

Repeating the 4" and 5" neck movements in the sitting position

Repeating the 1%, 2", and 3" eye movements in the sitting position

Transferring objects from hand to hand under the knees while standing

Getting up from the sitting position and sitting again (5 repetitions with eyes open, 5 repetitions with eyes closed)

Throwing and catching a tennis ball above eye level

Standing and turning to the right and left

Cool down exercises (5 minutes)

® Diaphragmatic breathing combined with raising and lifting both shoulders

® Diaphragmatic breathing with trunk rotation while holding arms in a 90-degree position and elbows extended
® Deep breathing while lifting fingertips upward

® 2 minutes of free walking

Appendix B: Calisthenics exercises (45 minutes - three sets with 2 minutes rest between each set)

Warm up exercises (5 minutes)

® Diaphragmatic breathing combined with raising and lifting both shoulder

® Diaphragmatic breathing with trunk rotation while holding arms in a 90-degree position and elbows extended
® Deep breathing while lifting fingertips upward

® 2 minutes of free walking

The training program (35 minutes)

Outward circling with the arm (unilateral-left) in standing

Outward circling with the arm (unilateral-right) in standing

Outward circling with the arms (bilateral) in standing

Flexion and extension of both shoulders in standing

Trunk rotation to the right and left with arms at shoulder level flexed at 90 degrees with extended elbows in standing

Elbows flexion and in extension at shoulder level at 90 degree flexion in standing

Elbow flexion and extension with arms at shoulder level at 90 degrees abduction in standing

Half squat

Marching with left & right steps & side stepping with right and left leg

Standing tip-toes exercise

Unilateral hip extension (keeping the knee in extension) (right and left)

Sit to stand exercise

Cool down exercises (5 minutes)

® Diaphragmatic breathing combined with raising and lifting both shoulders

® Diaphragmatic breathing with trunk rotation while holding arms in a 90-degree position and elbows extended
® Deep breathing while lifting fingertips upward

® 2 minutes of free walking

168



ORIGINAL RESEARCH s —

DOI: 10.4274/ejgg.galenos.2025.2025-6-7
Eur J Geriatr Gerontol 2025:7(3):169-177

Sarcopenia and Arrhythmia Risk: An Electrocardiographic
Analysis in Older Adults

© Onur Erdogan', ® Tugba Erdogan2, ® Serdar Ozkok2, ® Zeynep Fetullahoglu2, ® Duygu Erbas Sacar3, ® Deniz Seyithanoglu2,
©® Omer Kiimet4, ® Mehmet Akif Karan2, ® Giilistan Bahat2

TUniversity of Health Sciences Tiirkiye, Mehmet Akif Ersoy Thoracic and Cardiovascular Surgery Training and Research Hospital, Clinic of
Cardiology, [stanbul, Tiirkiye

2jstanbul University, Istanbul Faculty of Medicine, Department of Internal Medicine, Division of Geriatrics, Istanbul, Tiirkiye

3University of Health Sciences Tiirkiye, Kosuyolu High Specialization Education and Research Hospital, Clinic of Internal Medicine, Division of
Geriatrics, [stanbul, Tirkiye

4University of Health Sciences Tiirkiye, Van Training and Research Hospital, Clinic of Cardiology, Van, Tiirkiye

Abstract T

Objective: Sarcopenia and cardiac arrhythmias are common in older adults and may have similar processes such as inflammation, fibrosis,
mitochondrial dysfunction, and oxidative stress. These processes can cause myocardial remodeling and electrical instability. This study was designed
to examine the link between sarcopenia and electrocardiographic (ECG) markers of arrhythmia.

Materials and Methods: In this cross-sectional, retrospective study, 283 older adults living in the community aged 60 years or older who underwent
comprehensive geriatric assessment were included. Sarcopenia was defined per the European Working Group on Sarcopenia in Older People 2
criteria, using handgrip strength with population-specific thresholds (men <35 kg, women <20 kg), and skeletal muscle mass index (SMMI) [SMMI
= SMM/body mass index (BMI). Standard 12-lead ECGs were analyzed for arrhythmic patterns and conduction abnormalities, including P-wave
dispersion (PWD), corrected QT interval (QTc), Tp-e/QTc ratio, Tp-e interval, fragmented QRS, frontal QRST angle, first-degree atrioventricular
block, bundle branch block, premature ventricular and atrial contractions, and atrial fibrillation (AF). Multivariate logistic regression identified
independent associations.

Results: Sarcopenia was present in 35.7% of participants and was associated with older age, female sex, obesity, frailty, and functional impairment.
ECG abnormalities were more frequent in individuals with sarcopenia, including AF (p=0.038), fragmented QRS (p=0.032), and increased PWD
(p=0.010). In multivariate analysis, fragmented QRS [odds ratio (OR): 2.464, 95% confidence interval (Cl): 1.068-5.683, p=0.035], obesity (OR: 2.030),
frailty (OR: 1.970), and age (OR: 1.104) were independently associated with sarcopenia. When PWD replaced fragmented QRS, it also showed a
significant association (OR: 1.018; 95% Cl: 1.001-1.037; p=0.042).

Conclusion: Sarcopenia is independently associated with ECG abnormalities suggestive of atrial and ventricular electrical remodeling, especially
fragmented QRS and PWD.

Keywords: Sarcopenia, arrythmia, electrocardiography, atrial fibrillation

the older population. The presence of arrhythmias is linked to
increased incidence of heart failure, cerebrovascular events, and

Introduction

Cardiac arrhythmia prevalence rises significantly with ageing,

contributing to elevated morbidity and mortality in older adults
and placing a growing burden on healthcare systems (1-3).
Arrhythmias can range from benign to life-threatening, with
atrial fibrillation (AF) being the most commonly observed in

sudden cardiac mortality, all of which result in notable strain on
healthcare resources (4). Before clinical symptoms of arrhythmia
appear, the heart often undergoes subtle structural and electrical
remodeling, which can disrupt its normal electrical conduction
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system. This subclinical electrical dysfunction may remain
undetected for years before manifesting as an arrhythmia.
Timely identification of patients at high-risk is critical for early
intervention and improved outcomes. Several clinical risk factors
predisposing for cardiac arrhythmias include hypertension
(5), diabetes mellitus (6), coronary artery disease (7), valvular
heart disorders (8), and chronic kidney disease (9). However, the
underlying molecular mechanisms predisposing older adults to
arrhythmogenesis remain incompletely understood.

Sarcopenia, a progressive and generalised skeletal muscle
disorder, has been increasingly recognized as a potential
contributor to adverse outcomes in older individuals, including
falls, disability, and mortality (10). Multiple interconnected
biological mechanisms have been implicated in sarcopenia, such
as chronic systemic inflammation, mitochondrial dysfunction,
oxidative damage, impaired regenerative capacity of satellite
cells, increased apoptotic activity, endocrine alterations, and
physical inactivity (11,12). These processes can also adversely
affect cardiac structure and function. Notably, mitochondrial
dysfunction and chronic inflammation are implicated in cardiac
fibrosis and electrophysiological remodeling-both recognized
substrates for arrhythmogenesis (13,14).

Given the shared biological mechanisms that underlie both
sarcopenia and cardiac electrical remodeling, it is plausible
that sarcopenia may contribute to the development of
arrhythmogenic substrates. We hypothesized that this
constellation of factors may be associated with specific
electrocardiographic  (ECG) abnormalities reflecting atrial
and ventricular conduction disturbances. This study aimed
to investigate whether sarcopenia serves as an independent
factor associated with arrhythmias and arrhythmia-related ECG
parameters.

Materials and Methods

Population and Setting

A retrospective, cross-sectional design was adopted for the
study, which included community dwelling older adults aged
60 and over, who were evaluated at the geriatrics outpatient
clinic at our university hospital and underwent a comprehensive
geriatric assessment between January 2022-April 2024. Only
those patients who demonstrated adequate cognitive function
to provide accurate information and who voluntarily agreed
to participate via informed consent were enrolled in the study.
Demographic information and clinical data were obtained via
in-person interviews. We excluded patients who had conditions
that could interfere with accurate assessments using bioelectrical
impedance analysis (BIA), such as the presence of edema or an
implantable pacemaker, as well as conditions affecting handgrip
strength (HGS) assessments, such as osteoarthritis. In addition,
patients with known heart failure, ischemic ST-T changes on
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ECG, or significant valvular heart disease were excluded. These
conditions were excluded as they could lead to ECG alterations
and potentially confound the interpretation of ECG findings.
Each participant gave written informed consent for the research.
The study was approved by the istanbul University, Istanbul
Faculty of Medicine Ethics Committee (protocol number:
2024/2147, date: 15.11.2024) and was done in accordance with
the principles outlined in the Helsinki Declaration.

Assessment of Sarcopenia

The presence of sarcopenia was diagnosed per the guidelines
published by the European Working Group on Sarcopenia in
Older People 2 (EWGSOP2). Confirmed sarcopenia was diagnosed
with concurrent presence of low muscle mass (LMM) and low
muscle strength in the absence of secondary causes (e.g., stroke,
vascular diseases, or osteoarthritis) (10).

Muscle strength was assessed through HGS test using a
hydraulic hand dynamometer (Jamard), following an established
protocol by a geriatric physiotherapist from the same healthcare
profession had previously been certified in these assessments
(15). Participants were requested to perform the HGS test 3
times for each hand by squeezing the hand dynamometer with
maximum strength. The measurements were performed while
the patients were seated, with the elbow flexed at 90 degrees
and the wrist positioned neutrally. The highest grip strength
recorded was considered the final measurement. We applied
population-specific cut-off values for HGS, which were set at
35 kg for males and 20 kg for females (16).

BIA with the Tanita BC-532 model was employed to assess body
composition, following an 8-hour fasting period. Fat-free mass
(FFM) was derived from BIA, and skeletal muscle mass (SMM)
was subsequently calculated using the formula: SMM (kg) =
FFM x 0.566 (17).

Body mass index (BMI) was calculated as weight (in kg) divided
by height squared (in m’). SMM index (SMMI) was derived from
the total SMM divided by BMI. Although EWGSOP2 advises
employing standard cut-off values for appendicular SMM, it
does not define specific limits for total SMMI. Instead, they
suggest employing population-specific cut-offs when available
(18). Following this guidance, the LMM thresholds were
determined using mean values minus two standard deviations
from a reference group of younger individuals, adhering to
EWGSOP recommendations. The resulting thresholds for SMMI
were found to be 0.823 kg/BMI and 1.049 kg/BMI for men and
women, respectively (19).

Clinical Data

Frailty was determined with the Frail scale, comprising five items
evaluating fatigue, resistance, ambulation, illness, and loss of
weight (20). The total score ranges from 0 to 5, with scores 3 to 5
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designating frailty, scores 1 to 2 designating pre-frailty, and a score
of 0 representing a robust condition.

The six-item Katz et al. (21) activities of daily living (ADL) scale
(score range: 0-6) and the eight-item Lawton Instrumental ADL
(IADL) scale (score range: 0-8) (22) were used for assessment
of fuctionality. For each item, 1 point was assigned for
independence and 0 for dependence. Participants scoring
6 on the ADL and 8 on the IADL scales were considered fully
independent; those with scores less than 6 on ADL and/or less
than 8 on IADL were classified as having impaired functioning
(23).

Nutritional evaluation was done with the Mini Nutritional
Assessment Short-Form (MNA-SF), which categorizes scores
as follows: 0-7 reflects malnutrition, 8-11 signifies a risk of
malnutrition, while score greatrer than 11 denotes normal
nutritional status. A score of <11 on the MNA-SF was used as
the criterion to define undernutrition (24,25).

Electrocardiogram

A 12-lead surface ECG (Schiller Cardiovit AT-102) with a
recording speed of 25 mm/s and a voltage amplitude of 10
mm/mV was obtained while the patient was lying supine. All
measurements were digitally scanned and magnified 400
times using Adobe Photoshop to reduce potential errors. Two
seperate cardiologists who were blinded to the patients' clinical
information performed the measurements. Standard 12-lead
electrocardiogram was obtained to evaluate QT, corrected QT
intervals (QTc), fragmented QRS, P-Wave dispersion (PWD),
Tp-Tend interval, Tp-Tend/QTC ratio, and the frontal QRS-T
angle. Complete bundle branch block (BBB) patterns, first-
degree atrioventricular (AV) block, premature ventricular (PVC)
and atrial contractions (PAC), and AF were also evaluated and
documented as part of the ECG analysis. The QT interval was
measured as the distance from the start of the QRS complex
to the end of the T wave from leads of V1-V6, DII, DIII, and aVF
with an electronic caliper. Additionally, Bazett's formula (QTc
= QT/VRR) was applied to correct the QT interval for heart rate
(26).

Fragmented QRS refers to the appearance of an R' wave or the
R or S wave notching in the absence of a typical BBB (27). PWD
refers to the difference between the longest (P ) and shortest
(P .) P-wave durations observed on an ECG (28). In patients
with AF, P wave parameters, including PWD, were not assessed
due to the absence of consistent atrial activity.The Tp-e interval
is defined as the duration from the peak of the T wave to its
endpoint (29). This measurement was taken from the precordial
leads, with an average calculated from at least three readings
for each lead and measurement. The ratio of Tp-Tend to QTc was
calculated (30).

The frontal QRST angle was determined by taking the absolute
difference between the QRS and T axes in the frontal plane. If
this difference exceeded 180°, the QRST angle was adjusted to
reflect the smallest angle, calculated as the absolute difference
subtracted by 360° (31).

Interobserver variability was analyzed to determine the
reliability of ECG measurements.

Statistics

For all statistical analyses, IBM SPSS Statistics (version 21.0)
was used. P-values under 0.05 were accepted as statistically
significant. All variable entries were cross-checked by a second
researcher for accuracy. Both the Kolmogorov-Smirnov test
and visual examination of histograms were done to evaluate
the normality for continuous variables. Normally distributed
continuous variables were reported in terms of mean and
standard deviation, while skew- distributed continuous
variables were documented as median (interquartile range).
Categorical variables were reported in counts and percentages.
Group comparisons between patients with and without
sarcopenia were conducted using the independent samples
t-test for normally distributed continuous variables, and the
Mann-Whitney U test for non-normally distributed variables.
For the analysis of categorical data, either chi-square or Fisher's
exact test was used depending on the expected cell frequencies.
To identify independent predictors of sarcopenia, multivariate
logistic regression analyses were performed. The presence of
multicollinearity among the independentvariables was evaluated
through correlation analyses, including Pearson, Spearman,
and Kendall's tau-b. Independent variables with correlation
coefficients greater than 0.7, indicating multicollinearity, were
not included in the same regression analysis. Findings were
expressed in terms of odds ratios (ORs) along with their 95%
confidence intervals (Cls). The intraclass correlation coefficient
(ICC) was used to assess interobserver reliability, based on
a two-way mixed-effects model with absolute agreement.
ECG measurements from a randomly selected subgroup of 30
participants were independently evaluated by two blinded
cardiologists. An ICC >0.75 was considered to indicate good
agreement.

Results

A total of 283 older adults living in the community (mean
age: 73.55+6.68 years; 67.500 female) were included in the
study. Sarcopenia was diagnosed in 101 participants (35.7%).
Patients with sarcopenia were significantly older (75.93+6.30
vs. 72.23+6.40 years, p<0.001) and had a higher prevalence of
frailty (41.4% vs. 16.2%, p<0.001) and obesity (47.5% vs. 34.6%,
p=0.042). Patients with sarcopenia were more likely to be
female (79.2% vs. 61.0%, p=0.002), while current smoking was
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more prevalent among individuals without sarcopenia (40.1%
vs. 24.2%, p=0.009). Patient diagnosed with sarcopenia showed
significantly low HGS and SMMI (both p<0.001) (Table1).

In terms of ECG parameters, the sarcopenia group had a
significantly higher prevalence of AF (p=0.038) and fragmented
QRS complexes (p=0.032). PWD, an established marker of
atrial electrical remodeling, was also significantly increased
in participants with sarcopenia (p=0.010). There were no
statistically significant differences between groups in terms of
QTc interval, frontal QRS-T angle, Tp-e interval, Tp-Te /QT, or
Tp-e/QTc ratio. Conduction abnormalities were also assessed.
BBB was detected in 16 participants (4 with left BBB and 12
with right BBB), and first-degree AV block was present in 33
participants. Additionally, extrasystoles were identified in 18
individuals (8 atrial and 10 ventricular). Although conduction
abnormalities-including BBB, first-degree AV block, and PVC-
were more frequent in patients with sarcopenia, they were not
statistically associated with sarcopenia (Table 2).

In all multivariate logistic regression models, sarcopenia served
as the dependent variable, while age, gender, obesity, frailty, and
impaired instrumental |IADL were considered as independent
variables. In the first model, fragmented QRS was also included
and was independently associated with sarcopenia (OR: 2.464;
95% Cl: 1.068-5.683; p=0.035), along with age (OR: 1.104; 95%
Cl: 1.055-1.156; p<0.001), obesity (OR: 2.030; 95% CI: 1.125-
3.661; p=0.019), and frailty (OR: 2.464; 95% Cl: 1.068-5.683;
p=0.035) (Table 3). In the second model, fragmented QRS was
replaced by PWD, and PWD was associated with sarcopenia
(OR: 1.018; 95% Cl: 1.001-1.037; p=0.042), while age, obesity,
and frailty remained significant (Table 3). In the third model,
fragmented QRS was replaced by AF, but AF was not associated
with sarcopenia (OR: 3.736; 95% Cl: 0.823-16.967; p=0.088)
(Table 3).

Interobserver  analysis demonstrated high  consistency
between the two independent cardiologists. The ICCs for all
ECG parameters ranged from 0.86 to 0.94, reflecting good to
excellent interobserver agreement.

‘ Table 1. Demographic and clinical characteristics of the patients

Male 92 (32.5%) 71 (39.0%) 21 (20.8%)

Female 191 (67.5%) 111 (61.0%) 80 (79.2%)

Age (mean + SD) 73.55+6.68 72.23+6.40 75.93+6.30 <0.001
Weight (mean + SD) 72.63+13.52 72.84+14.58 72.26+11.44 0.665
BMI (mean + SD) 29.17+5.23 28.22+5.39 30.87+4.46 <0.001
Obesity (n, %) 111 (39.2%) 63 (34.6%) 48 (47.5%) 0.042
Atrial fibrillation (n, %) 10 (3.5%) 3 (1.6%) 7 (6.9%) 0.038
Ischemic heart disease (n, %) 61 (21.6%) 41 (23.6%) 20 (21.3%) 0.670
Diabetes mellitus (n, %) 91 (32.2%) 58 (33.3%) 33 (35.1%) 0.770
Hypertension (n, %) 194 (68.6%) 126 (72.4%) 68 (72.3%) 0.990
Impaired ADL (n, %) 46 (16.3%) 23 (12.6%) 23 (22.8%) 0.027
Impaired IADL (n, %) 87 (30.7%) 43 (23.6%) 44 (43.6%) <0.001
Frailty (n, %) <0.001
Frail 70 (25.2%) 29 (16.2%) 41 (41.4%)

Prefrail 130 (46.8%) 87 (48.6%) 43 (43.4%)

Robust 78 (28.1%) 63 (35.2%) 15 (15.2%)

Undernutrition (n, %) 94 (33.5%) 61 (33.7%) 33 (33.0%) 0.905
Smoking (n, %) 92 (32.5%) 69 (40.1%) 23 (24.2%) 0.009
Alcohol status (n, %) 20 (7.1%) 16 (9.5%) 4 (4.2%) 0.121
HGS (mean + SD) 23.66+8.25 26.55+8.00 18.44+5.77 <0.001
Low HGS (n, %) 173 (61.1%) 72 (39.6%) 101 (100.0%) <0.001
SMMI (BMI) (mean + SD) 0.88+0.18 0.93+0.19 0.77+0.12 <0.001
Low SMMI (BMI) (n, %) 163 62 (34.1%) 101 (100.0%) <0.001
5 missing variable

SD: Standard deviation, BMI: Body mass index, HGS: Hand grip strength, SMMI: Skeletal muscle mass index; ADL: Activities of daily living, IADL: Instrumental activities of
daily living
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Discussion

A significant correlation was observed in this research between
sarcopenia and ECG-based markers reflecting arrhythmogenic
potential in geriatric patients. Specifically, individuals with
sarcopenia exhibited higher rates of fragmented QRS complexes,
AF, and increased PWD-thereby indicating subclinical electrical
remodeling in both atrial and ventricular myocardium. In
addition, fragmented QRS and PWD were independently
associated with sarcopenia.

The gradual deterioration of both muscle mass and muscle
strength in sarcopenia is increasingly viewed as part of a
broader systemic condition, rather than solely a musculoskeletal
issue. Growing evidence links sarcopenia to increased
cardiovascular risk, such as myocardial infarction, AF, heart
failure, and peripheral artery disease (32-35). However, studies
on its association with cardiac arrhythmias-particularly atrial
and ventricular conduction abnormalities-are still limited. To

address this gap, we evaluated several ECG parameters reflecting
arrhythmogenic risk in older adults with sarcopenia, including
QT/QTc intervals, fragmented QRS complexes, PWD, Tp-e
interval, Tp-e/QTc ratio, and frontal QRS-T angle. Among these,
fragmented QRS, PWD, and AF were associated with sarcopenia,
suggesting myocardial electrical remodeling. Similarly, findings
from the Bushehr Elderly Health Program support our results,
reporting associations between sarcopenia and major ECG
aberrations, like Q-QS waves, left ventricular hypertrophy, BBB,
AF/flutter, and major ST-T changes. These findings collectively
suggest that sarcopenia may contribute to electrical and
structural remodeling of the aging heart, predisposing to
arrhythmias (36).

Fragmented QRS indicates heterogeneous depolarization of the
ventricular myocardium, which may arise from conditions such
as ischemia, fibrosis, or scarring. The presence of fQRS suggests
structural abnormalities in the myocardium, often associated
with fibrosis, which can disrupt normal electrical conduction and

‘ Table 2. ECG parameters according to sarcopenia

AF (n, %) (3.5%) 3 (1.6%) 7 (6.9%) 0.038
1° AV block (n, %) 33 [11.70/0) 18 (9.9%) 15 (14.9%) 0.213
Complete bundle branch block (n, %) | 16 (5.7%) 9 (4.9%) 7 (6.9%) 0.488
PVC (n, %) 10 (3.5%) 5 (2.7%) 5 (5.0%) 0.336
PAC (n, %) 8 (2.8%) 6 (3.3%) 2 (2.0%) 0.716
Pmax(ms] (mean + SD) 104.88+18.81 103.35 (+19.04) 107.78 (+£18.13) 0.062
P (ms) (mean + SD) 56.26+14.79 56.98+14.14 54.97 (+15.96) 0.306
P-wave dispersion (ms) (mean + SD) | 48.72+16.63 46.51+16.52 51.92+16.11 0.010
QTc (ms) (mean + SD) 417.02+24.63 416.54+25.04 417.91 (+£23.97) 0.655
Frontal QRS-T angle [median (IQR)] 31 (14-60) 30 (13-62) 33 (14-59) 0.736
Fragmented QRS (n, %) 32 (11.3%) 15 (8.2%) 17 (17.0%) 0.032
Tp-Te interval (ms) (mean + SD) 79.42+18.99 79.93+19.24 78.52 (+18.62) 0.558
Tp-Te/QT (mean + SD) 0.20+0.04 0.2 (+0.05) 0.2 (+0.05) 0.673
Tp-Te/QTc (mean + SD) 0.19+0.04 0.19 (+0.45) 0.19 (+0.44) 0.461
SD: Standart deviation, AF: Atrial fibrillation, AV: Atrioventricular, PVC: Premature venticular contractions, PAC: Premature atrial contractions, IQR: Interquartile range, ECG:
Electrocardiographic, max: Maximum, min: Minimum

‘ Table 3. Results of multivariate logistic regression analyses for sarcopenia

Model 1 OR (95% CI) Model 2 OR (95% CI) Model 3 OR (95% CI)

1.104 (1.055-1.156) <0.001 1.092 (1.042-1.144) <0.001 1.097 (1.049-1.148) <0.001
SCX 1.719 (0.908-3.252) 0.096 1.507 (0.767-2.961) 0.234 1.751 (0.927-3.305) 0.084
Obesity 2.030 (1.125-3.661) 0.019 2.347 (1.265-4.354) 0.007 1.978 (1.103-3.548) 0.022
Frailty 1.970 (1.286-3.019) 0.002 1.921 (1.236-2.986) 0.004 2.124 (1.385-3.259) 0.001
Impaired IADL 1.267 (0.667-2.408) 0.470 1.331 (0.678-2.612) 0.406 1.100 (0.577-2.099) 0.771
Fragmented QRS 2.464 (1.068-5.683) 0.035 - - - -
P-wave dispersion - - 1.018 (1.001-1.037) 0.042 - -
AF - - - - 3.736 (0.823-16.967) 0.088
Dependent variable: sarcopenia, independent variables: age, gender, obesity, frailty, impaired IADL, Fragnented QRS/P dispersion/AF
OR: Odds ratio, IADL: Instrumental activities of daily living, AF: Atrial fibrillation, Cl: Confidence interval, AF: Atrial fibrillation
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predispose individuals to various arrhythmogenic events (37,38).
In our cohort, fORS was significantly more prevalent among
patients with sarcopenia (17.0% vs. 8.2%) and independently
associated with sarcopenia (OR: 2.464), supporting the
hypothesis that sarcopenia and myocardial remodeling may
share common pathophysiological mechanisms. These include
low-grade prolonged inflammation, oxidative stress, endocrine
alterations and mitochondrial dysfunction, all well-recognized
features of sarcopenia that may also contribute to myocardial
fibrosis and conduction abnormalities (3,39,40).

Similarly, increased PWD observed in individuals with sarcopenia
may reflect atrial conduction heterogeneity and structural
remodeling, which are known precursors of AF (28). Although we
observed a higher prevalence of AF in patients with sarcopenia,
it was not independently associated with sarcopenia in our
analysis-potentially due to the limited number of AF cases in
our cohort. Nonetheless, our findings are aligned with those of
Tang et al. (40), who reported that both probable and confirmed
sarcopenia were associated with a significantly elevated long-
term risk of AF, independent of genetic predisposition and
cardiovascular risk factors.

Sarcopenia and cardiac arrhythmias, though affecting different
organ systems, share several pathophysiological mechanisms
that may contribute to their co-occurrence, particularly in
older adults. Chronic low-grade inflammation, a hallmark of
sarcopenia, has also been implicated in myocardial remodeling
and fibrosis (13), which in turn can alter electrical conduction
and promote arrhythmogenesis.

Evidence suggests that interleukin-6 and tumor necrosis factor-o
as major inflammatory mediators, are actively involved in
promoting apoptosis of cardiomyocytes and structural changes
in the extracellular matrix. This inflammation-induced fibrotic
process disrupts atrial conduction properties and helps maintain
a substrate favorable for arrhythmia development (41).

Furthermore, mitochondrial dysfunction-an established factor
in both sarcopenia and cardiac arrhythmias-also compromises
myocardial energetics. Mitochondrial dysfunction is strongly
linked to electrophysiological and structural abnormalities
observed in cardiac arrhythmias. As the primary source of
adenosine triphosphate (ATP) production, mitochondria serve
a fundamental function in meeting the constant energy
demands of cardiac electrical activity. In arrhythmias, the
balance between myocardial energy supply and demand
becomes disrupted, frequently in association with impaired
mitochondrial function, resulting in diminished ATP synthesis
and increased production of reactive-oxygen-species. One
of the primary sources of excessive reactive oxygen species is
mitochondrial oxidative stress. Elevated mitochondrial oxidative
stress can interfere with the normal operation of key ion
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channels-such as potassium, calcium, and sodium channels-as
well as ryanodine receptors, thereby increasing susceptibility to
cardiac arrhythmias. In parallel, disruptions in ion homeostasis,
cell membrane excitability, and myocardial architecture can
arise due to pathological alterations in gap junctions and
inflammatory signaling pathways. These changes collectively
compromise the heart's electrical stability and contribute to
arrhythmogenesis (42,43).

Endocrine alterations such as reduced anabolic hormone levels
(e.g., testosterone, insulin-like growth factor) and dysregulated
renin-angiotensin-aldosterone signaling may also contribute
to both sarcopenia progression and the development of
myocardial fibrosis, thus linking muscle degradation to
increased arrhythmic vulnerability. Taken together, these
overlapping mechanisms suggest that sarcopenia may not
merely coexist with arrhythmias but may actively contribute to
their pathophysiology.

Our previous study demonstrated an independent association
between sarcopenia and left ventricular diastolic dysfunction
(LVDD), suggesting that sarcopenia may contribute to
myocardial structural and functional impairment beyond
traditional risk factors (44). Given that LVDD is a well-known
substrate for atrial remodeling and a significant risk factor for
arrhythmias such as AF, it is plausible that the link between
sarcopenia and arrhythmias identified in this study may be
partially attributable to alterations in diastolic function. These
findings collectively highlight the need to further investigate
the interconnected pathways linking sarcopenia, myocardial
remodeling, and arrhythmogenesis.

Although QTc interval, Tp-e interval, Frontal QRS-T angle,
and Tp-e/QTc ratio are documented markers of ventricular
repolarization and arrhythmia risks, we did not find significant
associations with sarcopenia in our cohort. QTc prolongation and
increased Tp-e durations have been linked to life-threatening
arrhythmias and sudden cardiac death (45). The Tp-e/QTc ratio
similarly indicates arrhythmia risk, especially in those with
structural heart disease. The absence of a significant relationship
in our study might be attributed to the multifactorial nature of
ventricular repolarization, influenced by factors like myocardial
integrity, electrolyte balance, autonomic tone, medication use,
and subclinical ischemia, all of which were not fully controlled
in our retrospective design. Moreover, our relatively stable,
community-dwelling older population without overt structural
heart disease may have limited variability in repolarization
parameters. Detecting subtle changes in QTc or Tp-e may also
require larger samples or high-resolution ECGs. While these
markers remain clinically relevant, their association with
sarcopenia warrants further prospective investigation.

This study is among the first to comprehensively evaluate
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multiple ECG parameters-including both atrial and ventricular
markers of arrhythmic risk-in older adults with and without
sarcopenia. The use of EWGSOP2 criteria for sarcopenia
diagnosis and standardized ECG measurements performed
by blinded cardiologists enhances the methodological rigor.
Furthermore, the inclusion of community-dwelling older adults
reflects a real-world clinical population, which strengthens the
generalizability of our findings. A standardized and accurate
evaluation of sarcopenia is fundamental for drawing meaningful
conclusions in both observational and interventional studies.
In our study, SMM was adjusted by BMI rather than height?,
as BMI-based adjustment is considered more appropriate in
populations with high adiposity. Height2-adjusted indices may
underestimate sarcopenia prevalence in obese individuals by
failing to account for body weight. Given the high proportion
of obese participants in our cohort and the growing evidence
linking BMI-based muscle indices to functional outcomes, we
selected this method to better reflect clinically relevant muscle
deficits (46).

Study Limitations

However, certain limitations need to be noted. First, the
retrospective and cross-sectional nature of the study limits
the drawing of any causal relationship between sarcopenia
and ECG abnormalities. Second, our sample size, although
adequate for detecting differences in major ECG parameters,
may have been underpowered to detect subtle alterations in
repolarization indices such as QTc or Tp-e intervals. Third, we did
not assess certain potential confounders, including medication
use or electrolyte levels, which could influence ECG findings.
Fourth, we assessed muscle mass using BIA, which is generally
considered less accurate than dual-energy X-ray absorptiometry.
However, BIA is accepted as a valid and practical method of
SMM estimation due to its advantages: portability, wide
availability, rapidity, non-invasiveness, cost-effectiveness, and
ease of use. Moreover, previous studies have demonstrated that
BIA shows a good correlation with magnetic resonance imaging
for assessing muscle mass. Importantly, the threshold values
used to define LMM in our study were derived from population-
specific reference data and were established using the same BIA
device model employed in our study, thereby enhancing internal
consistency and applicability to our cohort (18).

Conclusion

In conclusion, the present study demonstrates a significant
association between sarcopenia and certain ECG markers of
arrhythmogenic risk, including fragmented QRS complexes,
increased PWD, and a higher prevalence of AF. These findings
suggest that sarcopenia may contribute to subclinical
myocardial electrical remodeling and highlight the need
for increased arrhythmic surveillance in this vulnerable

population. While no significant associations were observed
with repolarization-related parameters, future research should
aim to better elucidate the electrophysiological consequences
of sarcopenia through prospective studies with larger and more
heterogeneous populations, and to determine whether early
identification of such ECG changes could guide preventive
strategies for arrhythmia-related adverse outcomes. Given
the observed association between sarcopenia and specific
ECG abnormalities, reqular ECG screening may be considered
in sarcopenic older adults to enable timely identification and
management of potential arrhythmias.
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At aC T

Objective: This study aims to determine the prevalence and risk factors of sarcopenia in people living with human immunodeficiency virus (PLWH)
aged 50 years and over.

Materials and Methods: Ninety individuals who live with human immunodeficiency virus (HIV) aged 50 years and over, who were under follow-
up in our outpatient clinic between May 2021 and October 2021, were included in the study. Demographic, clinical, laboratory data, and drug
information of the patients, were reviewed from medical records. Sarcopenia tests were conducted, and fracture risk assessment tool scores of the
patients were calculated.

Results: In our study, the prevalence of sarcopenia in PLWH aged 50 years and over was found to be 40% (8.9% definite sarcopenia, 31.1% probable
sarcopenia). No association was found between elapsed time since diagnosis of HIV infection, initial CD4 T lymphocyte count, rate of antiretroviral
therapy (ART) usage, duration of ART usage, ART regimens with sarcopenia. In our study, 10-year probability of major osteoporotic fracture risk and
hip fracture risk was significantly higher in the male group with sarcopenia compared to the non-sarcopenic group.

Conclusion: The prevalence of sarcopenia in PLWH aged 50 years and over, was found to be higher compared to the general population. It was
observed that individuals with sarcopenia had a higher risk of fractures. Since sarcopenia is associated with falls, fractures, disability, hospitalization,
and mortality, screening for sarcopenia in PLWH aged 50 years and over may be beneficial in preventing adverse outcomes.
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Introduction

With the extension of life expectancy resulting from
antiretroviral therapy (ART), age-related comorbidities have
become more frequently observed in people living with human
immunodeficiency virus (HIV). Geriatric syndromes, such as frailty,
osteoporotic fractures, and physical and cognitive impairments,
tend to emerge at comparatively younger ages. Consequently,
HIV is thought to exhibit a phenotype of “accelerated aging” (1).
Some studies indicate that this "accelerated aging” phenotype

may be attributed to chronic inflammation associated with HIV
and prolonged exposure to specific antiretroviral drugs (2).

Accelerated muscle mass and function loss is another indicator
of the aging phenotype in individuals living with HIV (1). Data
on the prevalence of sarcopenia in these patients are limited.
Similar to other chronic diseases, sarcopenia in this population
is more prevalent and tends to occur at a younger age compared
with individuals in the general population (3,4).
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A systematic review and meta-analysis led by Oliveira et al. (5),
which reviewed 13 studies, reported a sarcopenia prevalence
of 24.1% among people living with HIV (PLWH).The findings
indicated that PLWH had a sixfold increased risk of sarcopenia
relative to HIV-negative controls. Additionally, sarcopenia
occurs around 15 years earlier in PLWH compared with HIV-
negative individuals. (5). Despite these findings, current
sarcopenia guidelines do not yet identify HIV as a recognized
risk factor. (6)

Risk factors for sarcopenia in PLWH include increasing age,
female sex, and reduced body mass index (BMI), and prolonged
exposure to HIV infection (2). Furthermore, long-term exposure
to nucleoside reverse transcriptase inhibitors (NRTIs)—known
for their mitochondrial toxicity, such as zidovudine, didanosine,
and stavudine—has also been identified as a risk factor for
sarcopenia (7).

As life expectancy rises among PLWH, the prevalence of
sarcopenia is anticipated to increase. In HIV-negative individuals,
sarcopenia results in health issues such as falls, morbidity,
mortality, and disability. These problems may be more frequent
among PLWH than in HIV-negative individuals. Consequently,
sarcopenia is anticipated to pose a notable socioeconomic
challenge among PLWH. Therefore, diagnosing, preventing, and
treating sarcopenia in PLWH is crucial (5).

This study aimed to assess sarcopenia status and identify risk
factors in PLWH aged 50 years and older.

Materials and Methods
Patients Included in the Study

This observational study, conducted at a single center with a
cross-sectional design, evaluated 90 individuals aged 50 years
and older living with HIV between May 2021 and October
2021. Participants were followed up at the istanbul University-
Cerrahpasa, Cerrahpasa Medical Faculty Hospital, Infectious
Diseases and Clinical Microbiology outpatient clinic from 2008
to 2021. All participants provided signed informed consent prior
to study participation. The study was approved by the Ethics
Committee of istanbul University-Cerrahpasa (decision number:
E-83045809-604.01.02-70371, date: 04.07.2021).

Inclusion criteria: PLWH aged 50 years and older. Exclusion
criteria: individuals under the age of 50 and those receiving
steroid therapy.

Method

Patient data were retrieved from outpatient records and
systematically recorded in standardized information forms.
This information comprised demographic data, underlying
comorbidities, acquired immune deficiency syndrome (AIDS)-
defining illnesses, and initial CD4 T lymphocyte, and HIV RNA

levels at the time of HIV diagnosis. Additionally, it included
current CD4 T lymphocyte and HIV RNA levels, complete blood
counts, biochemical results, and details of ART administered to
the patients.

Sarcopenia diagnoses were based on guidelines from the
European Working Group on Sarcopenia in Older People
(EWGSOP2). The strength, assistance with walking, rising
from a chair, climbing stairs, and falls (SARC-F) questionnaire,
incorporating five components-SARC-F served as a screening
tool for sarcopenia. Each component was scored on a scale of
0 to 2 points. The total SARC-F score ranged from 0, indicating
the best outcome, to 10, indicating the worst.

Anthropometric measurements such as bodyweight, height,
BMI, and calf circumference, were recorded. Height (in
centimeters) and weight (in kilograms) were measured while
patients wore light clothing and no shoes. A threshold value
of less than 31 centimeters was used for calf circumference (8).
BMI was categorized as underweight for values less than 18.5
kg/m2, normal weight for values between 18.5 and 24.9 kg/m2,
overweight for values of 25 kg/m2 or greater, and obese for
values of 30 kg/m2 or more (9).

The TANITA TBF-300 bioimpedance analysis (BIA) system was
employed to measure the muscle mass of patients. Measurements
were conducted in the morning, following a fasting period of at
least four hours. Fat-free mass (FFM) was assessed using BIA,
and total skeletal muscle mass (SMM) was derived through
the formula SMM = FFMx0.566. To account for body size,
skeletal muscle index (SMI) was calculated as SMM divided by
height squared (SMM/height?) (10). Threshold values for SMI
in diagnosing sarcopenia are typically established for elderly
patients. However, as most participants in our study were under
65 years old, we adopted the threshold values specified by Yazar
and Olgun-Yazar (11) for the Turkish population: 10.5 kg/m2 for
males and 8.89 kg/m2 for females. Values below these thresholds
were classified as "low muscle mass".

To assess muscle strength, we conducted grip strength tests using
a Jamar brand hand dynamometer. For each arm, we performed
three separate measurements and recorded the highest value.
Measurements below 27 kg for males and 16 kg for females
were classified as "low muscle strength” (8).

Physical performance was assessed by measuring overall walking
speed. Patients participated in a 6-meter walking test, during
which the time taken to complete the distance was recorded
in seconds using a stopwatch. A walking speed greater than
0.8 m/s was classified as normal for both males and females. In
contrast, a walking speed of 0.8 m/s or less indicated “decreased
muscle function” (8).

Patients were categorized based on muscle strength, muscle
mass, and physical performance. Participants demonstrating
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only reduced muscle strength were considered to have probable
sarcopenia, whereas those with concurrent declines in both
muscle strength and muscle mass were identified as having
definite sarcopenia. Those with concurrent reductions in muscle
strength, muscle mass, and physical performance were defined
as having severe sarcopenia (8).

To estimate fracture risk in patients, the fracture risk assessment
tool (FRAX) score was calculated. The version of the FRAX tool
adapted for Turkey was accessed through the website (https://
www.shef.ac.uk/FRAX/tool.aspx?country=6). A 10-year risk of a
major osteoporotic fracture of 20% or more, or a hip fracture
risk of 3% or higher, was deemed high (12).

Statistics

Continuous variables are presented as mean + standard deviation
and median (minimum-maximum) values, while categorical
variables are displayed with frequencies and percentages. To
determine whether continuous variables followed a normal
distribution, the Shapiro-Wilk test was employed. Comparisons
between two groups were conducted using the independent
two-sample t-test for normally distributed data and the Mann-
Whitney U test for non-normal data. For comparisons across
three or more groups, one-way ANOVA was utilized for data with
a normal distribution, while the Kruskal-Wallis test was used
for data that did not follow a normal distribution. Comparisons
between categorical variables were conducted using the chi-
square test or Fisher's exact test. Factors associated with
sarcopenia were assessed using univariate logistic regression
analysis. Analyses were interpreted as statistically significant
when the p-value was below 0.05. Statistical analyses were
performed using IBM SPSS (Version 21, Chicago, IL) and NCSS
(Version 21.0.3, LLC, Kaysville, Utah, USA).

Results

The study enrolled 90 individuals who met the predefined
inclusion criteria. Participants had a median age of 56 years,
ranging from 53 to 62 years. Of the total participants, 84%
(n=76) were male and 16% (n=14) were female. All female
participants in the study were postmenopausal.

Time elapsed since HIV diagnosis had a median of 3.9 years, with
a range of 2.2 to 8.1 years. The median baseline CD4 count was
283 cells/mms3, ranging from 100 to 458 cells/mm3. HIV RNA
levels were undetectable in 90% of patients. AIDS-defining
illnesses were observed in 14.8% of cases. A total of 92.2%
of patients were on ART, with a median duration of 3.6 years,
ranging from 2 to 7.1 years. Among these regimens, 68.9% were
based on tenofovir disoproxil fumarate (TDF).

According to the EWGSOP2 criteria, definite sarcopenia was
identified in one female (7.1%) and seven male patients (9.2%).
Probable sarcopenia was found in five females (35.7%) and 23
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males (30.3%). No sarcopenia was observed in eight females
(57.2%) and 46 males (60.5%).

Participants were stratified into two main groups according
to their gender: female and male. Within both groups,
participants were stratified into two categories depending on
the presence or absence of sarcopenia. The sarcopenia group
included patients diagnosed with either probable or definite
sarcopenia. Three comparison groups were established:
sarcopenic females vs. non-sarcopenic females, sarcopenic
males vs. non-sarcopenic males, and sarcopenic females vs.
sarcopenic males.

The median BMI for sarcopenic females was 26 kg/m2, with a
range of 22.9 to 27.8 kg/m2, whereas non-sarcopenic females
had a median BMI of 31 kg/m2, ranging from 26.4 to 39.7 kg/m2.
There was a statistically significant difference in median BMI
between females with and without sarcopenia (p=0.005).

The groups did not differ significantly in terms of time since HIV
diagnosis, baseline CD4 count, ART usage rate, duration of ART
use, or ART regimens.

Table 1 presents the clinical, demographic, and immunological
data of the patients.

All patients were categorized into two groups based on their
initial CD4 count: <350 cells/mm3 and >350 cells/mm3. We then
compared sarcopenia tests between these groups.

In the group with an initial CD4 count of <350, the median
SARC-F score was 1, with a range of 0 to 9. Conversely, in the
group with an initial CD4 count of >350, the median score was
0, ranging from 0 to 3. The comparison between the two groups
yielded a statistically significant result (p=0.038). The mean
walking speed was 1.2+0.3 m/s in patients with an initial CD4
count <350, compared to 1.4+0.2 m/s in those with a CD4 count
>350. A statistically significant difference in mean walking
speed was observed between the two groups (p=0.045). Table 2
presents a comparison of sarcopenia tests based on initial CD4
levels.

We conducted a logistic regression analysis to examine variables
that might influence sarcopenia in patients. The results
indicated that several factors-BMI, gender, the time since HIV
diagnosis, duration of ART, baseline CD4 count, initial HIV
RNA levels, presence of an AIDS-defining illness at baseline,
and the duration of total use of TDF, TDF + protease inhibitor,
TDF + integrase inhibitor, and TDF + non-NRTI - did not affect
sarcopenia. Table 3 presents the findings from the univariate
logistic regression analysis of potential risk factors associated
with sarcopenia.

The study compared laboratory data among different sarcopenia
groups. The analysis revealed no significant differences in
laboratory parameters, including Vitamin D, urea, creatinine,
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Table 1. Clinical, demographic, and immunological characteristics of patients

Tota-I Male
median Female . .
. . . median (min-max) or %

(min-max) median (min-max) or %

or %
Variables Non-sarcopenic | Sarcopenic Non-sarcopenic | Sarcopenic

n=8 n=6 n=46 n=30

Age (years) 56 (53-62) 60.5 (52-66) 55.5 (52-67) 0.414 55 (50-67) 58 (50-73) 0.080
BMI (kg/m?) 26.1(23.9-28.7) | 31 (26.4-39.7) 26 (22.9-27.8) 0.005* 25.7 (19.8-34.3) | 25.4(19.1-33.6) | 0.678
BMI, n (%)
18.5-24.9 (normal) 32 (35.6) 0(0) 2 (33.3) 18 (39.1) 12 (40)
25.0-29.9 (overweight) 47 (52.2) 3 (37.5) 0 (0) 0.030 24 (52.2) 16 (53.3) 0.950
>30 (obese) 11 (12.2) 5 (62.5) 4 (66.7) 4(8.7) 2 (6.7)
Alcohol use, n (%) 19 (21.1) 0 (0) 0 (0) ub 9(19.6) 10 (33.3) 0175
Social drinker 18 (94.7) uD ub uD 9 (100) 9 (90) 1'000
>3 U/day 1(5.3) ub ub 0(0) 1(10) ’
Smoking, n (%) 44 (48.9) 1(12.5) 2 (33.3) 0.538 23 (50) 18 (60) 0.393
Cigarettes (pack/year) 13.6+17.5 1.8+5.3 6.6+10.3 0.491 13.1+16.3 19.1+20.6 0.180
(average + SD)
Chronic diseases, n (%) Malignancy | 8 (8.9) 2 (25) 0(0) 0.473 3 (6.5) 3 (10) 0.675
Hematological disease 3(3.3) 1(12.5) 0(0) 1.000 2(4.3) 0(0) 0.516
Rheumatological disease 5 (5.6) 0(0) 1(16.7) 0.429 1(2.2) 3 (10) 0.294
IBD 3(3.3) 0(0) 0(0) ub 2 (4.3) 1(3.3) 1.000
CAD 6 (6.7) 1(12.5) 0 (0.0) 1.000 5(10.9) ub 0.150
DM 1 (12.2) 2 (25) 1(16.7) 1.000 8(17.4) 0(0) 0.019
HT 20 (22.2) 3 (37.5) 2 (33.3) 1.000 10 (21.7) 5(16.7) 0.587
Hyperlipidemia 20 (22.2) 1(12.5) 1(16.7) 1.000 10 (21.7) 8 (26.7) 0.621
CRF 14 (15.6) 0(0) 1(16.7) 0.429 6 (13) 3 (23.3) 0.244
Time elapsed since diagnosis of HV'| 3955 8.1) | 55(13-17.7) | 85(1.6-17.6) | 0282 |39 (0-20) 2.9 (0-16.7) 0.416
infection (years)
Current HIV RNA, n (%)
Undetectable 81 (90) 8 (100) 5(83.3) 0.429 42 (91.3) 26 (86.7) 0.705
Initial CD4 count (cell/mm?) 283 (100-458) 181 (0-780) 279 (15-642) 0.852 292 (0-861) 313 (5-1140) 0.886
Current CD4 count (cells/mm3) 651 (381-872) 594 (379-1360) | 834 (112-1493) 0.897 614 (153-1428) | 659 (44-1206) 0.862
AIDS-defining disease, n (%) 15 (14.8) 2 (25) 0 (0) 0.473 7 (15.2) 6 (20) 0.588
ART use, n (%) 83 (92.2) 8 (100) 6 (100) ub 42 (91.3) 27 (90) 1.000
ART use duration (years) 3.6 (2-7.1) 5.4 (1.3-15.2) 6.3 (1.5-16) 0.439 3.6 (0-11.3) 2.9 (0-16.6) 0.848
TDF use, n (%) 62 (68.9) 6 (75) 6 (100) 0.473 30 (65.2) 20 (66.7) 1.000
Total TDF use (days) 730 (0-1522) 1037 (0-1551) 1050 (540-3684) | 0.438 702 (0-3301) 693 (0-3358) 0.914
TDF + PI (days) 0 (0-0) 0 (0-1095) 0 (0-3684) 0.746 0 (0-3285) 0 (0-3358) 0.639
TDF + INSTI (days) 0 (0-868) 242 (0-1551) 634 (0-1188) 0.893 99 (0-2166) 303 (0-1513) 0.732
TDF + NNRTI (days) 0 (0-0) 0 (0-374) 0 (0-3351) 0.751 0 (0-2541) 0 (0-2733) 0.431

HIV: Human immunodeficiency virus, RNA: Ribonucleic acid, AIDS: Acquired immune deficiency syndrome, ART: Antiretroviral therapy, NNRTI: Non-nucleoside reverse transcriptase

inhibitors, SD: Standard deviation, min: Minimum, max: Maximum
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Table 2. Sarcopenia tests according to initial CD4 levels
Initial CD4 <350/mm?

Variables

Initial CD4 >350/mm?3

n=55 n=29
average + SD median (min-max) average + SD median (min-max)
. . 1.3+1.8 0.5+0.9
SARC-F questionnaire 1(0-9) 0(0-3) 0.038
. 1.2+0.3 1.4+0.2
Walking speed (m/s) 12 (0.6-2) 12 (08-2) 0.045
11.3+1.2 11.2+1
) + +
SMI (kg/m?) 11.4 (9.7-15.7) 11.4 (8.6-12.9) 0.921
27.6+7.4 27.1+6.8
Muscle strength (kg) 27.9 (12.5-43.2) 25.6 (14-39.6) 0.753
SARC-F: Strength, assistance with walking, rise from a chair, climb stairs, and falls, SD: Standard deviation, min: Minimum, max: Maximum, SMI: Skeletal muscle index

Table 3. Univariate logistic regression of risk factors for
sarcopenia

Variables ‘ OR (95% ClI) ‘ p
BMI 0.907 (0.80-1.030) 0.132
Gender, male 0.870 (0.274-2.758) 0.812

Time elapsed since diagnosis of
HIV infection (years)

Initial CD4 0.784 (0.355-1.732) 0.548
Duration of ART use 1.057 (0.948-1.177) 0.319
Initial HIV RNA 1.045 (0.647-1.689) 0.858
Presence of AIDS-defining illness | 1.000 (0.323-3.101) 1.000
Total TDF use 1.300 (0.516-3.272) 0.577
Total TDF (years) 1.048 (0.897-1.223) 0.556
TDF + PI (years) 0.993 (0.813-1.214) 0.946
TDF + INI (years) 0.899 (0.684-1.180) 0.443
TDF + NNRTI (years) 1.178 (0.935-1.486) 0.165
Non-TDF (years) 1.122 (0.918-1.372) 0.261

Cl: Confidence interval, BMI: Body mass index, HIV: Human immunodeficiency
virus, RNA: Ribonucleic acid, AIDS: Acquired immune deficiency syndrome, TDF:
Tenofovir disoproxil fumarate, NNRTI: Non-nucleoside reverse transcriptase
inhibitors, ART: Antiretroviral therapy, OR: Odds ratio

1.015 (0.928-1.111) 0.740

albumin, calcium, magnesium, and hemoglobin, across the
groups.

Sarcopenia test results were compared among the different
sarcopenia groups. In sarcopenic females, the median SARC-F
score was 3 (range: 0-9), while non-sarcopenic females had a
median score of 1.5 (range: 0-4). For males, sarcopenic individuals
had a median score of 1 (range: 0-8), whereas non-sarcopenic
males had a median score of 0 (range: 0-3). No statistically
significant differences were observed between the groups.

The median body fat (%) and median fat mass (kg) values differed
significantly between sarcopenic and non-sarcopenic females
(both p=0.010). Non-sarcopenic females had higher median
body fat (%) and fat mass (kg) values at 40.2% (28.5-44.9)
and 32.8 kg (21.4-43.6), respectively, compared to sarcopenic
females, who exhibited median values of 33.8% (16.6-36.4)
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and 23.7 kg (11.2-25.7). In sarcopenic males, the median body
fat (%) was 21.1 (9.5-33.2). A significant difference in median
body fat (%) values was observed between sarcopenic males and
females (p=0.02).

The median total body water FFM values were significantly
higher in sarcopenic males compared to sarcopenic females
(p=0.017 for both).

Table 4 presents the results of sarcopenia tests conducted on the
study patients.

The FRAX scores were compared between sarcopenia groups.
Among sarcopenic females, 50% had normal FRAX scores, while
the other 50% had high scores. In contrast, 90% of sarcopenic
males had normal FRAX scores, with only 10% having high scores.
The incidence of high FRAX scores was significantly greater in
sarcopenic females than in sarcopenic males (p=0.045).

The median 10-year risk of major osteoporotic fractures was
5.5% (range: 3.5-20) for sarcopenic males, compared to 4.4%
(range: 2.8-15) for non-sarcopenic males. This difference was
statistically significant (p=0.019). For hip fracture risk, the
median was 0.8% (range: 0.2-16) in sarcopenic males and 0.5%
(range: 0.2-3.2) in non-sarcopenic males, which was found to be
statistically significant (p=0.007).

Table 5 presents the FRAX scores for both sarcopenic and non-
sarcopenic patients in the female and male groups.

Discussion

The prevalence of sarcopenia has recently become a concern
among PLWH (13). This study investigated the prevalence and
associated risk factors of sarcopenia amongPLWH, who are
experiencing longer life expectancies due to ART. According to
the EWGSOP?2 criteria, the prevalence of definite sarcopenia was
8.9%, while probable sarcopenia was 31.1%. No cases of severe
sarcopenia were identified among the patients. Specifically,
definite sarcopenia was observed in 7.1% of females and 9.2%
of males, whereas probable sarcopenia was observed in 35.7%
of females and 30.3% of males.
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‘ Table 4. Results of sarcopenia tests

Female Male
median (min-max) median (min-max)

- H - - S -

Variables Non-sarcopenic Sarcopenic n=6 Non-sarcopenic arcopenic

n=8 n=46 n=30
SARC-F questionnaire 1.5 (0-4) 3 (0-9) 0.237 0 (0-3) 1(0-8) 0.081
SARC-F, n (%)
<4 7 (87.5) 5(83.7) 46 (100) 27 (90)
>4 1(12.5) 1(163) 100014 (g) 3 (10) 0058
Walking speed (m/s) 1.2 (0.8-1.8) 1.2 (0.6-1.5) 1.3 (0.8-2) 1.2 (0.7-1.6)
Walking speed, n (%)
Normal 8 (100) 5(83.7) 46 (100) 28 (93.3)
Low 0 (0) 1(16.3) 0 (0) 2 (6.7)
Body fat (%) 40.2 (28.5-44.9) 33.8 (16.6-36.4) 0.010 20.3 (6.3-32.3) 21.1 (9.5-33.2) 0.731
Fat mass (kg) 32.8 (21.4-43.6) 23.7 (11.2-25.7) 0.010 15.6 (4.4-29.5) 17 (5.7-27.5) 0.930
TBW (kg) 34.9 (32.4-48.4) 35.4 (31.4-44) 0.897 44.8 (33.5-55.6) 42.7 (32.4-60.9) 0.244
FFM (kg) 47.6 (44.3-66.1) 48.4 (42.9-60.1) 0.897 61.2 (45.7-76) 58.3 (44.2-83.2) 0.245
SMI (kg/m?2) 10.8 (9-13.7) 9.9 (8.6-11.9) 11.5(9.7-13.1) 11.3 (9.7-15.7)
SMI, n (%)
Normal 8 (100) 5(83.3) 42 (91.3) 23 (76.7)
Low 0 (0) 1(16.7) 4(8.7) 7 (23.3)
Muscle strength (kg) 21.3 (16.1-25.9) 14.5 (12.5-15.8) 32.9 (27.8-43.2) 22.3 (15.7-26.9)
Muscle strength, n (%)
Normal 8 (100) 0 (0) 46 (100) 0 (0)
Low 0 (0) 6 (100) 0 (0) 30 (100)
Calf circumference (cm) 38 (33-45) 37 (35-44) 0.434 38 (32-44) 36.5 (27-44) 0.193
Calf circumference, n (%)
Normal : %(1)(])0] : {(1)?0] up 36(0[]100] 29 (96.7) 0.395
Low 1(3.3)
SARC-F: Strength, assistance with walking, rise from a chair, climb stairs, and falls, TBW: Total body water, FFM: Fat-free mass, SMI: Skeletal muscle index, FFM: Fat-free mass,
min: Minimum, max: Maximum

‘ Table 5. FRAX scores of patients

Female Male
median (min-max) median (min-max)

Variables

Non-sarcopenic | Sarcopenic

Non-sarcopenic | Sarcopenic

Risk of major osteoporotic fracture (%) 7.3 (4.4-10) 9.9 (4.3-22) 0.438 4.4 (2.8-15) 5.5 (3.5-20) 0.019
Risk of hip fracture (%) 0.9 (0.4-2.2) 2.2 (0.4-5.4) 0.219 0.5 (0.2-3.2) 0.8 (0.2-16) 0.007
FRAX score?, n (%)

Normal 8 (100) 3 (50) 45 (97.8) 27 (90)

High 0(0) 3 (50) 0.055 1(2.2) 3(10) 0.294
1: p=0.045 for the comparison between sarcopenic males and sarcopenic females.

FRAX: Fracture risk in patients, the fracture risk assessment tool, min: Minimum, max: Maximum

In the literature, sarcopenia prevalence varies by ethnicity,
diagnostic tests, age, and gender (11). For instance, a study by
Ontan et al. (14) on the general population in Tirkiye found
that the prevalence of probable sarcopenia was 21.1%, definite
sarcopenia was 13.7%, and severe sarcopenia was 16.2%
in individuals aged 65 and older, according to EWGSOP2.

Notably, the SMI thresholds used in that study (8.87 kg/m2 for
males and 6.42 kg/m?2 for females) were lower than those in our
study. Another study involving 456 participants over 65 years of
age in Turkiye reported a prevalence of probable sarcopenia at
19.7% in males and 9.8% in females, per ENGSOP2 criteria (15).
Although participants in that study had a higher average age
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(74.6 years) compared to our study (57.8 years), the prevalence
of probable sarcopenia was greater in our cohort.

Comparing our findings with other studies on definite sarcopenia
is problematic due to variations in threshold values and age
groups. Nevertheless, considering that other studies involved older
age groups and lower threshold values, the level of sarcopenia in
PLWH aged 50 and over can be deemed relatively high.

A review of the literature shows that the prevalence of sarcopenia
among PLWH ranges from 5% to 24% (7). A meta-analysis of 13
studies identified that PLWH have a sixfold higher risk of developing
sarcopenia compared to HIV-negative controls (5). Risk factors
contributing to sarcopenia include the duration of HIV infection,
the use of antiretroviral drugs (notably thymidine analog NRTIs
such as stavudine and zidovudine), smoking, alcohol consumption,
advanced age, low BMI, and decreased CD4 count (5).

Low BMI has been linked to sarcopenia in both the general
people living with HIV (PLWH) (16). In our study, we identified
an association between low BMI and sarcopenia specifically in
female patients.

The association between the duration of HIV infection and
sarcopenia remains controversial. Echeverria et al (2). found
that long-term exposure to HIV infection is associated
with sarcopenia. Conversely, de Almeida et al (16). reported
no association between the duration of HIV infection and
sarcopenia. Our study similarly found no association between
the duration of HIV infection and sarcopenia.

Several studies in the literature examine the association between
initial CD4 count and sarcopenia. Abdul Aziz et al. demonstrated
a relationship between high initial CD4 counts and sarcopenia,
whereas Echeverria et al. (2) found no such association (6,7).
In our study, we also observed no overall relationship between
initial CD4 count and sarcopenia. However, when dividing
patients into groups based on their initial CD4 count (<350 and
>350 cellsf/mms3), we found that the group with an initial CD4
count <350 cellsfmm3 exhibited significantly lower walking
speeds and higher SARC-F scores compared to those with an
initial CD4 count >350 cells/mms3.

Sarcopenia is recognized as a risk factor for falls and fractures
in the general population (17). Matsumoto et al. (18) identified
an association between high FRAX scores and sarcopenia.
Correspondingly, our study found that male patients with
sarcopenia had significantly higher 10-year major osteoporotic
and hip fracture risks compared to their non-sarcopenic
counterparts.

Study Limitations

Our study has several limitations. First, the absence of an HIV-
negative control group precluded comparisons between PLWH
and HIV-negative individuals. Second, as 92.2% of our patients

184

were using ART, we were unable to assess ART's effect on
sarcopenia. Lastly, the limited sample size necessitates further
research with larger populations to validate these findings.

Conclusion

In conclusion, our study identified a sarcopenia prevalence
of 40% among PLWH aged 50 years and older, with 8.9%
having definite sarcopenia and 31.1% classified as probable
sarcopenia. The prevalence of sarcopenia in PLWH may exceed
that of the general population. We found no association
between sarcopenia and factors such as the time elapsed since
HIV diagnosis, initial CD4 count, ART usage rate, duration, or
regimen. Screening for sarcopenia in PLWH aged 50 and over
may be advantageous in preventing the adverse outcomes
associated with this condition.
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Abstract T

Objective: Supporting older people emerge as an important problem. Encouraging digital health technologies is seen as one of the effective ways to
address this problem. This research aims to examine the current status of internet use by older people, the factors affecting this (including physical,
psychological, and social aspects), and the demand of older people for smart services.

Materials and Methods: The type of the study was determined as a descriptive quantitative study with a sample of 85 individuals aged 65 and over
living in villages affiliated with the center of Bartin, Tiirkiye.

Results: While 72.9% of the participants reported that they did not use the internet, 27.1% reported that they used the internet. A significant
portion of the participants found the use of smart bracelets and emergency call at home necessary or very necessary. The participants did not find

the "telemedicine”, "online health”, and "online psychosocial counseling” applications necessary. Finally, 83.5% of the participants reported that
they find the "older-friendly smartphone" application necessary or very necessary.

Conclusion: It is important to take these suggestions into consideration when making technological plans in old age.

Keywords: Older people, rural area, internet use, digital technology needs

Introduction

According to the data published by Tiirkiye Statistical Institute
(TURKSTAT) in 2021 (1), the population aged 65 and over
in Tiirkiye, which was 6 million 651 thousand 503 in 2016,
increased by 24.0% five years later and reached 8 million 245
thousand 124 older people in 2021. Again, according to the same
data, the ratio of the older population to the total population
was determined as 8.3% in 2016 and 9.7% in 2021. In terms of
population projections, the older population ratio is expected to
be 11.0% in 2025, 12.9% in 2030, 16.3% in 2040, 22.6% in 2060,
and 25.6% in 2080 (1). With the rapid aging of the population,
the demand for health and care services for older individuals
is undoubtedly increasing. Digital technologies can be seen
as a solution to enable older people to continue their lives
within their families or independently. Digital technologies can
provide benefits increasing the quality of daily life and access to

health/care services, as well as facilitating communication and
socialization for older individuals. Although older individuals
are more unfamiliar with digital technologies than young
people may seem like an obstacle, overcoming this obstacle
can make significant contributions to their independent
lives (2). Health problems that restrict or prevent basic
communication, mobility, and personal care activities in older
individuals increase with age (2). Despite the increase in the
older population, mobile applications are generally designed
for young and middle-aged people, and the older population is
neglected. However, internet use has become quite widespread
in recent years, and the number of users over the age of 60
in digital media has also increased. Studies have begun to
focus on developing assistive information and communication
technologies that will support independent living for older
individuals (3). Internet use among older people is limited.
For example, older individuals generally use the internet for
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entertainment (such as music, videos), information access (such
as news, health-related information,) and communication with
others. Compared to other age groups, it can be said that the
older people individuals primarily use the internet for health-
related reasons (4). While most older people learn how to use
the internet through their children or other young people, some
learn on their own (5). The physical and mental conditions of
people tend to gradually deteriorate in old age. The socialization
process is important for increasing the life satisfaction and
quality of older individuals. In this process, the older individual
socializes by learning through social interactions they engage in
to cope with the physical and mental changes they undergo (6).
Rapid changes in technology have increased the need for older
individuals to learn from younger family members compared
to the past. Older individuals, who are in a new socialization
process, are affected by both socialization tools and structural
factors when accepting technological innovations in the digital
field (6). Previous studies have shown that older individuals with
high levels of social support are more willing and inclined to learn
about the internet. In this sense, the use of digital technology
by older adults can be increased through family support and
encouragement (7), and digital technologies contribute to well-
being by reducing social isolation in older individuals (8). Using
the internet and digital technologies is particularly important
for older people who are becoming isolated in rural areas due
to the migration of the young population to urban centers.
However, previous studies generally include older people living
in cities or nursing homes, and the situation of older people
living in rural areas is often ignored (9).

This research aims to investigate the current status of internet
use among rural older people, their need for digital technologies,
and the factors that affect their behavior. The results are
important for increasing internet use among older people and
creating the necessary infrastructure to meet their health, care,
and social needs, improving their quality of life, and ensuring
that they benefit from internet and digital services.

Within the scope of the research; the level of internet use
among rural older people and how does it diversify, types of the
digital technologies that the rural older people use for health
and social care areas and the kinds of support and services that
the older people need in the field of internet use and digital
technology tried to be understood.

Materials and Methods

The type of the research is descriptive quantitative research. The
research data were collected with a questionnaire prepared by
the researchers to reveal the sociodemographic and internet

usage and digital technology needs. The study of Sun et al. (10)
was also used in the creation of the questionnaire, which has
multiple choice questions. While creating the questionnaire,
expert and stakeholder opinions were also consulted, a
preliminary study was conducted on a small group and it
was revised to determine whether there were any unclear/
incomprehensible questions. The researchers obtained consent
from the older people for this questionnaire, and the study was
approved by the Ethics Committee of Bartin University (protocol
number: 2023-SBB-0715, date: 16.11.2023).

The field study was conducted between September and
December 2024 with 85 older individuals who agreed to answer
the questions. The sample of the research was determined
by a single-stage random probability sampling based on the
main population rates. According to the last census, there are
a total of 137 villages affiliated with the central district of
Bartin. Among these villages, those with suitable transportation
facilities and population were selected, and the questionnaire
was applied face to face on a voluntary basis in villages close
to the center. The criteria determined for the older the
individuals participating in the research are: being 65 years old
and over, having sound mental will, strong verbal skills, and
volunteering for the research. The survey was conducted face-
to-face with 85 elderly people living in villages close to the
center. The researchers who participated in the field research
provided information about the digital technologies asked of
the participants during the survey, and clarified the unclear
questions. In addition, they ensured that the questions were
read and answered by those with reading/writing and hearing
difficulties.

Statistics

All data that entered the database were verified by the
researchers. Continuous variables were given as mean + standard
deviation for normally distributed variables. Data were analyzed
using only descriptive analysis. The analysis was carried out with
the statistical package SPSS Version 21.0 for Windows.

Results

The findings are discussed in two parts: the socio-demographic
characteristics of the participants and the participants' internet
use and digital technology needs.

Socioeconomic and Demographic Characteristics of Participants

Fifty-one females (60%) and thirty-four males (40%) participated
in the study (Graphic 1). The majority of the participants (77%)
were between the ages of 65-70, 15% were between 71-75 and
7.1% were between 76-80 (Graphic 2).
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Gender

Marriage status

M Female M Male

M Married ™ Widowed ™ Single/divorced
Graphic 1. Gender

Graphic 4. Marriage status
Age . o
Almost all of the participants (94.1%) live with their children or
relatives. The rate of those living alone is 5.9% (Graphic 5). The
income of the majority of the participants in the study (67.1%)
was between 5,000 to 10,000 TL; the others were between
10,000 to 15,000 TL (15.3%); O to 5,000 TL (12.9%); and 15,000
TL and above 20,000 TL (4.7%), respectively (Graphic 6).

Living arrangements
m65-70 7175 ®76-80

Graphic 2. Age

The majority of the participants in the study had primary
school or lower education (82%). The rest had secondary school
education (18%) (Graphic 3). While a large number of married
participants participated in the study (79%), 20.0% of the
participants were widowed. There was one and one divorced
participant (1%) (Graphic 4). B With children/relatives M Alone

Graphic 5. Living arrangements

Education

‘!

M Primary school or lower B Secondary school H5000-10000 ™ 10000-15000 ™ 0-5000 M 15000-20000

Graphic 3. Education .
Graphic 6. Income
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Almost all of the participants (96%) live in their own home
(Graphic 7). While 81% of the participants stated that they did
not have any chronic diseases, 19% reported that they had a
chronic disease (Graphic 8). Forty percent of the participants
have 3 children, 30.6% have 2 children, 14.1% have 4 children
and 2.4% have 1 child. 49.4% of the participants had 1-2 friends,
32.9% had 3-5 friends, 15.3% had more than five friends, and
2.4% reported that they had no friends. Most of the participants
(97.6%) answered “I never participate” in social activities, while
a small portion (2.4%) answered "l sometimes participate”.

House as property

HYes M No

Graphic 7. House as property

House as property

HYes M No

Graphic 8. Chronic diseases

The Participants’ Internet Use and Digital Technology Needs

While 72.9% of the participants reported that they did not
use the internet, 27.1% reported that they used the internet
(Graphic 9). Approximately half of the internet users (43.4%)
use the internet less than three days a week and mostly use
the internet for online chatting (78.2%) and following the news
(73.9%). Some of the participants also use the internet to listen
to music and watch videos (39.1%).

None of the participants uses the internet for gaming, online
shopping or health information. Also, none of the participants
used the internet for food safety, sports/fitness applications,
or diet information. Only 26% of the participants who use the
internet reported that they accessed health information via the
internet (Graphic 10). A small portion of the participants (21.7%)
use the internet to access drug information (Graphic 11).

Internet usage

B Yes ®mNo

729

27.1

Graphic 9. Internet usage

Internet to access health

- information
~

| ‘

o~

Graphic 10. Internet to access health information

HYes HNo

Internet to access drug
information

I 1.7
I /3.3

HYes M No

Graphic 11. Internet to access drug information

As seen in Table 1, more than half of the participants (64.7%)
find the use of “smart bracelets" necessary or very necessary.
A significant portion of the participants (76.4%) find the
“emergency call” at home necessary or very necessary. The
participants mostly do not find the telemedicine application
and online health application necessary. While 83.5% of the
participants find the online appointment registration system
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Table 1. Need for digital technologies (summary table)

Very necessary | Necessary Undecided ::ctez(s)ary S::Z;Z:};nm

n (%) n (%) n (%) n (%) n (%)
Smart bracelet 14 16.5 41 48.2 6 7.1 12 14.1 12 14.1
Emergency call at home 16 188 |49 576 |5 5.9 7 8.2 8 9.4
Telemedicine 7 8.2 N 12.9 16 18.8 23 27.1 23 329
Online health application 15 35 8 9.4 12 14.1 25 29.4 37 43.5
Online appointment registration system 37 43.5 34 40 3 3.5 5 5.9 6 7.1
Online health payment application 5 59 6 7.1 3 3.5 19 224 52 61.2
Online psychosocial counseling application 5 59 10 1.8 5 5.9 23 27.1 42 49.4
Older-friendly smartphone 45 52.9 26 30.6 3 3.5 3 3.5 8 9.4

necessary, 83.6% do not find the online health payment
application necessary. The participants generally do not find the
online psychosocial counseling application necessary (76.5%).
Finally, 83.5% of the participants reported that they find the
“older-friendly smartphone" application necessary or very
necessary (Table 1).

Discussion

The socio-demographic characteristics of the participants show
that the majority of the older individuals included in the study
are between the ages of 65-70 and married. Although the
gender ratios of the participants are close to each other, the
proportion of women is higher than that of men. It is a striking
result that almost all of the participants are married and their
spouses are alive. It is known that divorce rates are increasing in
society. The single-parent family rate in Turkiye, which was 7.6%
in 2014, increased to 10.1% in 2021 (1). Older people living in
rural areas provide a striking change in divorce rates is observed
among older people living in rural areas. Another important
result is the educational background of the participants. The
majority of the participants in the study had primary school or
lower education (82.4%). This result is particularly important in
terms of its relation to the use and need for the internet and
digital technologies. The fact that almost all of the participants
live with their children or relatives suggests that their social
support systems are strong and that they need less technological
assistance. In fact, the rate of those with chronic diseases is low
among rural older people (19%).

Seventy-two point nine per cent of the participants reported that
they did not use the internet. Meanwhile, 27.1% reported using
the internet This result is consistent with the research results
conducted by TURKSTAT (1) in Trkiye. According to the results
of the 2020 Household Information Technologies Usage Survey,
while the internet usage rate of the 16-74 age group in Turkiye
is 77.7%, only 27.1% of this rate is made up of. Approximately
half of the internet users (43.4%) use the internet less than
three days a week and mostly for online chatting (78.2%) and
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following the news (73.9%). Recent studies also have shown
that older adults can use the internet to communicate with
family members and friends, and also allows individuals to
enhance their face-to-face interactions with family members
and friends (11-13). Therefore, the internet in some way provides
communication facilities for older adults, which reduces social
isolation. Some of the participants also use the internet to listen
to music and watch videos (39.1%). It is significant that the
limited number of older individuals using the internet use it
less frequently and generally for communication purposes. This
result is very similar to the former research findings (13,14).
According to the recent research results, the internet has a
protective effect on the mental health of older adults. Mental
health can be enhanced by reducing alienation. It is necessary to
provide more internet opportunities for older people, especially
those in rural areas, to increase the accessibility of embodied
cultural capital and bridge the digital divide between urban and
rural older adults (15).

None of the participants use the internet for gaming, online
shopping or health information. Also, none of the participants
used the internet for food safety, sports/fitness applications, or
diet information. Only 26% of the participants who used the
internet reported that they accessed health information via the
internet. A small portion of the participants (21.7%) used the
internet to access drug information. Older individuals stated
that they received help from their children or relatives for
important health applications and other needed information,
and that they could not use these applications on their own.
These findings are consistent with the results of another study
that showed that internet usage differs for older people living
in rural and urban areas. According to the results of the former
research, older adults living in rural areas, compared to those in
urban areas, showed lower levels of all sub-types of technology
use (communication, financial, health, and media technology).
Additionally, non-users in rural areas exhibited more unfavorable
perceptions of technology than urban residents, which means
that substantial segments of older adults in rural areas are still
behind in accessing and adopting digital technology (16).
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More than half of the participants (64.7%) find the use of "smart
bracelets” necessary or very necessary. The participants living
in rural areas stated that they spend time in fields, gardens,
markets, etc., and that they are sometimes alone in these areas.
They are positive about the idea of smart bracelets for reaching
health services quickly in case of a possible accident. Asignificant
portion of the participants (76.4%) finds the “emergency call”
at home necessary or very necessary as well. The participants
mostly do not find the “telemedicine” application and "online
health application” necessary. The participants do not view
favorably on the concept of telemedicine or online health
assistance because they think that the doctor cannot reach a
full diagnosis without seeing the patient. They prefer to go to
the hospital. While 83.5% of the participants find the "online
appointment registration system" necessary, 83.6% do not find
the online "health payment application” necessary.

The participants use the appointment system to avoid waiting
in line at the hospital and their children usually make this
appointment. The participants think that online payment is not
necessary. Study participants stated limited trust in internet
platforms, citing the high incidence of online fraud in current
digital contexts as a primary concern. The participants mostly do
not find the online psychosocial counseling application necessary
(76.5%). Participants think that face-to-face conversations will
be better for the person and that the person will express himself
or herself more comfortably. For this reason, they do not look
favorably on the online psychosocial counseling application.
According to the findings of a survey conducted in the rural
areas of China, although older adults use smart services and
devices (e.g., smartphones) in their lives, they don't understand
the concept of “smart aging”. The main channels for information
are: the village committee and friends and relatives, followed by
television and radio, which shows the importance of geographic
and blood relations in rural older services. Also, the lack of
understanding of the concept of “smart aging” does not affect
the use of products (e.g., smartphones) in real life (17).

Finally, 83.5% of the participants reported that they find the
“older-friendly smartphone” application necessary or very
necessary. As a result of eye problems that occur as they age,
older people find it useful to make the phones they use more
visible for older people to use more understandable symbols,
and they see the development of such a technology as necessary.

These results show that rural older people, who live in villages
close to the center in rural areas, provide their own production
and mostly live with their families and relatives. They use the
internet and digital technologies to a limited extent, and when
necessary, they use them by getting help from their children or
relatives. It would be more accurate to read this result in two
ways. First of all, the strong social ties, their organic diet and
active lifestyles of rural older people reduce their need for the

internet or digital technologies, which is a positive and desirable
situation. On the other hand, technological developments make
online and digital services almost mandatory, in which case older
individuals who cannot use them effectively become dependent
on others.

Study Limitations

There are some limitations in our study. The participants were
selected from the villages near the city center. This may give rise
to selection bias. The results could not be generalized.

Conclusion

With the results of this study, it is considered important to
develop internet and digital technologies as older-friendly,
starting from the ones that rural older people need the most.
Ensuring their distribution with the support of central and local
authorities and providing appropriate guidance and training
to older people are crucial. More importantly, it is essential to
diversify the smartphones that almost everyone uses.
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Abstract T

The ageing population worldwide, including that in Nepal, is increasing rapidly. The older population faces a range of health and non-health-
related challenges. This review paper explored the concept of healthy ageing, identified the key challenges among the aged population, and
proposed a revised social ecological model (SEM) that could be customized and tailored in the context of Nepal to improve the overall health and
well-being of older populations. Despite existing policies like social security and elderly health care concession, implementation remains weak due
to a systemic gap. Tackling these challenges will require coordinated efforts from both state and non-state sectors in Nepal focusing on social
protection, healthcare accessibility, infrastructure adaptation, and shifts in societal attitudes. A multi-level SEM approach, encompassing individual,
interpersonal, community, organizational and policy intervention, is recommended to foster healthy ageing in Nepal and similar low-resource
settings.

Keywords: Ageing, challenges, health, Nepal, older population, socio-ecological model

communicable diseases, poor health and reduced quality of life
(6-8).

Introduction

The world's population is aging rapidly, with one in six people

expected to be 65 or older by 2050-up from fewer than one in
ten today. Nearly 80% of these older individuals will reside in
what are currently low- and middle-income countries (LMICs),
including Nepal (1). In Nepal, the aged population (60 years and
above) has increased from 8.1% in 2011 (2) to 10.2% in 2021
(3). As individuals age, their social and health needs increase.
The concept of healthy ageing is of great importance to enjoy
longevity and quality of life. Healthy ageing can be achieved
by creating favorable environments and opportunities for older
adults to improve their quality of life and support independent
living. While we celebrate the increased longevity (4,5) we must
also address the wide range of physical, mental, and social
challenges associated with ageing including chronic non-

Although the ageing and health agenda has gained momentum
under the United Nations' Sustainable Development Goals
(SDGs)-particularly SDG 3
promote well-being for all at all ages")-the formulation and

“(ensure healthy lives and
implementation of tailored policies in developing countries
remain underexplored, despite evidence highlighting the
necessity of integrating aging and health priorities into national
social policies and programs (9). Therefore, this article aims to
highlight the concept of healthy ageing, identify the existing
challenges among the ageing population, and propose a revised
social ecological model (SEM) to improve the overall health and
well-being of older populations in Nepal.
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Healthy Ageing

The World Health Organization defines healthy ageing as “the
process of developing and maintaining the functional ability
that enables well-being in older age" (10). This functional
ability of a person is determined by three factors: the person's
intrinsic capacity, relevant environmental characteristics, and
the interaction between them. Intrinsic capacity includes all of
an individual's physical and mental capacities for independent
living. The environmental characteristics consist of national
to local level policies, existing systems, and services delivered
related to transport, housing, social protection, parks, social
facilities, institution-based care and home-based care,
relationships with friends, family, and caregivers, and cultural
and social perception and values (11). Thus, healthy ageing is
fundamentally the creation of supportive environments and
opportunities that enable people to realize their aspirations
throughout the life course (12).

Challenges for Ageing Populations in Nepal

The government of Nepal has addressed many issues, including
socioeconomic barriers of older people, by reflecting in several
programs such as a social security fund, old age allowance,
and free health care for older people. However, older people
have encountered several challenges to enjoy healthy ageing in
Nepal. This section examines the challenges in detail.

The readiness of the health and social system in transitional
demographic and social status: Over the last decade, the
social status of the people has increased because of the easier
life, economic opportunities, employment, and services in urban
areas (13). According to the 2011 census of Nepal, the urban
population doubled from 14.2% in 2001 to 27% in 2011, with
the annual growth rate three and a half times more in urban
than rural areas (0.98) (14). The migration from low-income
regions to higher-income regions is considered social migration,
which is mostly happening in many countries (14). This trend
reflects social migration, where mostly the younger populations
leave their homes; often leaving older members in the rural
areas As a result, many older people cannot get the filial respect,
support, and care as much as they need.

Additionally, Nepal has seen a rapid shift from the joint to
nuclear family. The 2011 census revealed that households with
1 to 4 members became the most common, whereas five people
per households were highest size in 2001. This transition has
led to the social isolation of older adults, as their traditional
decision-making roles in the families and communities continue
to diminish (14).

On the other hand, older people who have recently migrated
with their younger families to the city are also facing many
problems. Most of the cities lack adequate parks, open spaces
for recreation, and age-friendly infrastructures, confining
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older people to their homes. Also, the unorganized traffic,
unmanaged footpath, and uncontrolled air pollution in the
cities have impacted people's ability to perform their outdoor
physical activities, such as jogging, running, cycling, and so on.
These problems collectively restrict opportunities for physical
activities, social interaction, that ultimately may result in
developing NCDs such as cardiovascular diseases, diabetes, and
even mental health problems among the older population.

The proportion of the older population aged 60 years and
above has increased in Nepal and is projected to more than
double, from 8% in 2011 to 18.6% by 2050 (15). Despite this
rapid ageing trend, current infrastructure, social systems, and
health systems are not adequate to respond to the social and
demographic challenges in Nepal (16).

Social security: The social security fund was established in
Nepal on 27 November 2018, making a milestone for ageing
population as more than 28% of the total 31% contribution
goes to the old-age pension (17,18). However, a major challenge
is enrolling all the workers, as many formal sectors have yet
to register. Additionally, almost two third of Nepal's active
workforce is working in the informal sector (19,20). These large
proportions of casual sector workers have not been enrolled,
and this cohort of older people would be deprived of obtaining
security in the future. Moreover, women are disproportionately
deprived of the old age pension as only a few are enrolled in the
formal employment sectors (21). Therefore, the current social
protection system for the older population is and will continue
to be a challenge. Furthermore, the inflation and cost of care
have increased dramatically over the past few decades, making
the current old age allowance of approximately 29 USD per
month in Nepal-is insufficient to cover the cost incurred (22).

Access and availability of health care for older people:
Although the government has introduced policies to provide at
least 50% concession for older people, implementation remains
weak, and most of the health care services and infrastructure
are not old age-friendly (23). For example, there are no assisting
services for older people with impairments like hearing loss and
poor vision.

Degenerative disorders and their consequences in the aged
population like difficulty in walking, pain in joints, mental
disorders, especially dementia and Alzheimer's diseases, fall
injury, incontinence of urine and stool, osteoporosis, and
osteoarthritis require specialized care from trained health
professionals (24). However, Nepal faces a severe shortage of
health care workforce specializing in geriatric care. Further, no
dedicated hospital for older people has been established so far
(25). Since most of the health care facilities are urban-centered,
the old-age population residing in rural areas is less likely to
use the health care services they need due to long distance and
geographical barriers.
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Stereotyping attitude and perception and behavior towards
the older people: In Nepal, ageing is considered as natural
process, leading to neglect by, family members and society. When
older people become ill, they often do not receive the same
levels of access to health care facilities as younger individuals.
For example, during the Coronavirus Disease 2019 pandemic,
people are less likely to worry if the deceased person is of older
age, reflecting a societal belief that illness and disorders are
inevitable in old age.

This deep-rooted attitude hinders efforts to improve the health
and quality of life of the older population. Evidence shows that
many older individuals in Nepal face abuse, discrimination, and
violence, whether mental, psychological, or even sexual within
families nursing homes, and public places. Studies conducted
in different parts of Nepal revealed that over 50% of the older
adults have experienced some form of abuse or mistreatment
(26-28). Alarmingly, 70-95% of these incidents go neglected
or unreported (29). These forms of mistreatment are strongly
associated with increased morbidity and mortality among the
elderly (30).

Possible Solutions to Address the Challenges

Given the increasing problem (both health and non-health
related) among the older age populations in Nepal, there has
been a critical need for developing a system that appropriately
acknowledges their needs and challenges at the upstream
(systems-level) and downstream (service-delivery level), thereby
providing effective measures. Consideration of the social-
ecological perspective and addressing the social determinants
of health, mainly for ageing populations, would be an approach
to addressing the challenges of ageing populations in Nepal. We
have proposed a SEM in the context of Nepal and the details
of SEM are outlined in the following section. The following are
some of the key recommendations that need urgent attention
in the context of healthy ageing in Nepal:

Social protection for the older population in Nepal: With
rising personal and healthcare needs among Nepal's growing s
ageing population comprehensive and integrated social security
programs are crucial. To ensure inclusivity, the informal sectors
must be enrolled into welfare schemes with timely payment
mechanism to guarantee accessibility for all older citizens

The change of social and engineering infrastructure: The
service outlets of new and old structures should be developed
or modified to make them convenient for older people. The
evidence shows that public buildings and outdoor spaces greatly
impact morbidity, mortality, and quality of life (31). To achieve
this, country-level policy and guidelines must be established to
reengineer those structures. As urbanization rapidly increases,
cities must become age-friendly to address the needs of the
growing aging population. For instance, parks with green and

open space should be built in every local suburb and community
for recreation and physical exercises (31). In addition, for those
who prefer to spend the rest of their lives in aged-care facilities
among peers, the government and the private sectors should
collaborate to develop well-organized aged-care homes with
high-quality routine and nursing care. There is also a need
to develop appropriate policies, strategies, and guidelines to
reqgulate and guide the aged care facilities in Nepal.

Reorienting the health system: National policies, strategies,
and programs must prioritize a shift from hospital-based long-
term care to home-based care services. Since health can be
created and maintained in the homes and communities, the
critical interventions needed are: the financial compensation
for family caregivers and enhanced health literacy to improve
home care while developing a professional caregiving
workforce. The periodic plan should emphasize multi-sectoral
engagement, involving relevant ministries, to ensure effective
implementation—including the allocation of a designated
percentage of hospital beds and/or wards for senior citizens
and the establishment of elderly community care centers, as
mandated by the 16™ national plan and its predecessors, to
accelerate inclusive service delivery (32). The Health Sector
Strategic Plan, which is developed every five years, should also
outline the strategic direction for reorienting the health system
to address the needs of the aged population.

Raising awareness about healthy ageing: A paradigm shift in
societal attitude is imperative to overcome the prevailing ageism
and reconstruct the sociocultural narrative surrounding ageing.
Multilevel awareness programs targeting behavior modification
towards the older populations are considered a robust strategy
to achieve this transformation (33). Such interventions must be
implemented across the social-ecological spectrum, from within
a person to broader societal and environmental levels, and
through diverse communication channels. The SEM emphasizes
understanding the multifaceted and interactive effects of
multiple factors including individual, familial, environmental,
and systemic that collectively determine the behaviors of every
individual, affecting levels from the individual to the broader
societal (34-36). This model identifies key leverage points for
intervention, enhancing the health and well-being of individuals,
families, communities, and society on a larger scale (36-38). The
structural interventions should include updating the curriculum
on ageing, and these updates could extend across primary
to tertiary education. Next, establish a legal accountability
mechanism to ensure the right of the older population to live
with dignity, with sanctions for non-compliance at familial or
community levels.

Empowerment and inclusion of older people: The older people
should be actively engaged in the decision-making processes
that directly affect them. To combat social isolation, they must
also be encouraged to participate in social and community
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functions. As older people have numerous experiences
throughout their lives, they must be provided the opportunities
to share their opinion at meetings and committees for local
development and finding solutions for various ongoing issues.

Proposed Social Ecological Model for Healthy Ageing

In the Nepalese context, we propose a revised SEM to improve
the overall status of older populations (Figure 1). The SEM
has been used broadly in the health sector (38-42), including
in the efforts to better understand and improve the health
and well-being of ageing populations (43-46). The SEM is a
theory-based framework that emphasizes the understanding
of multifaceted and interactive effects of factors that
influence behavior. SEM supports determining behavioral and
organizational leverage in efforts to enhance the health and
wellbeing of the individual, family, community, and society on
a larger scale (36-38). According to Urie Bronfenbrenner, the
renowned American developmental psychologist, biological
and genetic factors are key to human development; however,
the entire ecological system where human development occurs
needs to be acknowledged (47,48). The interplay between
the genetic/biological factors and factors within the social-
ecological systems is essential to well-being and development.
Bronfenbrenner described different social-ecological factors in
four systems that directly and indirectly affect development

and wellbeing. These include (i) micro-system, which relates
to human physical and social environments; (i) meso-system,
which explains external environments; (iii) exo-system or the
external factors that affect development and wellbeing, such
as social, political, and economic conditions; and (iv) macro-
system, which relates to beliefs and attitudes of the general
population, which then also have an influence on the factors
described within the micro, meso, and exo-system, as well as to
the overall development and wellbeing of individuals (48).

In general, five hierarchical levels of SEM have been
recommended and used in social science, psychology, and health
science. These levels include (i) Individual, (i) interpersonal,
(iii) community, (iv) organizational, and (v) policy/enabling
environments (41). In particular, for protecting and promoting
healthy ageing in the context of Nepal, depending on the nature
of the study and programs, we propose a recommended model
(Figure 1). The proposed model provides a basis for considering
health at the individual, family, community, or larger societal
levels, highlighting its importance. However, there is a need
to develop an effective approach to the health and social
well-being of the older population by a combination of all
interventions at all levels. In the context of Nepal, the SEM can
be considered as an integral part of the overall health and well-
being of the older population, which has interdependence and

PUBLIC POLICY
Political commitment to the older people, building older adults’
appropriate community, good governance, Subsidize rate policy,
Critical Illness Policy, Health Insurance, Free health care policy,
Health Promotion package for older people.

COMMUNITY/SOCIETY
Social security schemes, access to health care services and home care
centres, and its quality, security, older people friendly transportation
and roads, accessibility to green space and its quality (furniture, sitting
facilities, lighting), street design, cultural norms.

ORGANIZATIONAL
Counselling Centres, Walking destinations, Parks, Recreational
centres, non-formal education, older people health care homes,
Bridhhashram/ aged care, Health Care Facilities, Religious
institutions

INTERPERSONAL
Partner and family support, living children, Time spend with
friends, Involvement of Peer group, Household income, Food

| security, Healthy living condition, Informal care givers and their |
characteristics, Marital status, Values, Supportive Social
network/interaction, and participation in social activity.

INDIVIDUAL

Personal characteristics: Age, Gender, Level of
education, Ethnicity, living pattern, Health status

both physical and mental health, disease/co-
morbidities, disability, eating and drinking habit:
adoption of healthy diet. |
self-efficacy, self-care, family support, pension /
/source of income.

ehavioural characteristics: Smoking & al
consumption, physical activit

Figure 1. Proposed social ecological model of healthy ageing in low socioeconomic context
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reciprocal relationship among elements of each level. The basic
components of SEM and the ones proposed in the context of
Nepal are best used to improve the health and well-being of
ageing populations in many LMICs including Nepal. The major
elements of proposed SEM that could particularly be carefully
considered in the context of Nepal include:

Individual level: Provision of improving general and health
literacy of older populations; adoption of healthy behaviour
including diet, physical activity, and no smoking/alcohol;
empower older population for self-confidence, self-care and
enhance self-efficacy; provision of social security such as
subsidized/free health care, subsidized transportation cost, etc.

Interpersonal level: Ensure family support and provision of
physical, mental, emotional, and social supports; spending time
with friends and involvement of peers; food security and healthy
living conditions; provision of informal care when needed;
supportive social network/interaction, and participation in the
social activities.

Organizational level: Provision of parks and recreational centers
for older populations; older people friendly walking paths;
provision of non-formal education to older people; provision
of counseling when needed; introducing and strengthening
old age homes and older people health care homes; access to
and availability of cultural and religious activities for older
populations.

Community/society level: Provision of social security schemes;
ensure access to health care services; home care centers and
their quality; ensure social security; provision of older people
friendly transportation and roads; accessibility to green space
and its quality (furniture, sitting facilities, lighting).

Public policy level: Ensure political commitment to older people
to build a community appropriate for older adults; ensure
good governance and introduce a policy to subsidize care and
services for older people. Policy for critical illness; Introduce a
health insurance policy to ensure free health care and a health
promotion package for older people.

Conclusion

Nepal's rapidly increasing population face significant
challenges including limited healthcare access, inadequate
social security, age-unfriendly infrastructure, and deep-rooted
ageism. Addressing these issues requires urgent, multi-faceted
interventions. Nepal must strengthen political commitment
through policies that prioritize elderly well-being, such as
expanding pensions and subsidized healthcare. Additionally,
the health system should be reoriented toward long-term and
home-based care, with dedicated services for older adults.
Urban infrastructure must be adapted to be age-friendly,
featuring safe walkways and recreational spaces, while
intergenerational solidarity should be promoted to reduce social

isolation. Combating ageism through awareness campaigns
and education reforms is equally critical. To ensure sustainable
progress, Nepal should implement the proposed SEM, which
integrates interventions at individual, community, and policy
levels. Collective action from government, civil society, and
communities is essential to create an inclusive environment
where older adults can age with dignity and good health.
Moving forward, evidence-based and culturally sensitive
strategies must be prioritized to meet the unique needs of
Nepal's ageing population and foster a society that values and
supports its elderly citizens.
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