
Updates on Sarcopenia 
Advances in the Prevention, Diagnosis, 

and Management

Edited by Élvio Rúbio Gouveia, Andreas Ihle, 
Marcelo de Maio Nascimento and Bruna R. Gouveia





Updates on Sarcopenia - 
Advances in the Prevention, 
Diagnosis, and Management

Edited by Élvio Rúbio Gouveia, 
Andreas Ihle, Marcelo de Maio Nascimento 

and Bruna R. Gouveia

Published in London, United Kingdom



Updates on Sarcopenia - Advances in the Prevention, Diagnosis, and Management
http://dx.doi.org/10.5772/intechopen.111255
Edited by Élvio Rúbio Gouveia, Andreas Ihle, Marcelo de Maio Nascimento and Bruna R. Gouveia

Contributors
Chanelle Montpetit, Clio Yuen Man Cheng, Jiaming Chen, Katdel Istifanus Dafup, Leticia Andreina 
Lozada Tobar, Maryse Fortin, Michael H. Weber, Ning Xi, Santiago David Silva Tobar, Vivian W.Q. Lou, 
Xin Ma

© The Editor(s) and the Author(s) 2026

The rights of the editor(s) and the author(s) have been asserted in accordance with the Copyright, 
Designs and Patents Act 1988. All rights to the book as a whole are reserved by INTECHOPEN LIMITED. 
The book as a whole (compilation) cannot be reproduced, distributed or used for commercial or 
non-commercial purposes without INTECHOPEN LIMITED’s written permission. Enquiries concerning 
the use of the book should be directed to INTECHOPEN LIMITED rights and permissions department 
(permissions@intechopen.com).

Violations are liable to prosecution under the governing Copyright Law.

Individual chapters of this publication are distributed under the terms of the Creative Commons 
Attribution 3.0 Unported License which permits commercial use, distribution and reproduction of 
the individual chapters, provided the original author(s) and source publication are appropriately 
acknowledged. If so indicated, certain images may not be included under the Creative Commons 
license. In such cases users will need to obtain permission from the license holder to reproduce 
the material. More details and guidelines concerning content reuse and adaptation can be found at 
http://www.intechopen.com/copyright-policy.html.

Notice

Statements and opinions expressed in the chapters are these of the individual contributors and not 
necessarily those of the editors or publisher. No responsibility is accepted for the accuracy of 
information contained in the published chapters. The publisher assumes no responsibility for any 
damage or injury to persons or property arising out of the use of any materials, instructions, methods 
or ideas contained in the book.

First published in London, United Kingdom, 2026 by IntechOpen
IntechOpen is the global imprint of INTECHOPEN LIMITED, registered in England and Wales, 
registration number: 11086078, 167-169 Great Portland Street, London, W1W 5PF, United Kingdom

For EU product safety concerns: IN TECH d.o.o., Prolaz Marije Krucifikse Kozulić 3, 51000 Rijeka, 
Croatia, info@intechopen.com or visit our website at intechopen.com.

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library

Updates on Sarcopenia - Advances in the Prevention, Diagnosis, and Management
Edited by Élvio Rúbio Gouveia, Andreas Ihle, Marcelo de Maio Nascimento and Bruna R. Gouveia
p. cm.
Print ISBN 978-0-85466-980-6
Online ISBN 978-0-85466-979-0
eBook (PDF) ISBN 978-0-85466-981-3

If disposing of this product, please recycle the paper responsibly.

http://dx.doi.org/10.5772/intechopen.111255
mailto:permissions%40intechopen.com?subject=
http://www.intechopen.com/copyright-policy.html
mailto:info%40intechopen?subject=
http://intechopen.com


Élvio Rúbio Gouveia is an Associate Professor in the Department 
of Physical Education and Sport at the University of Madeira 
and an integrated member of the Interactive Technologies Insti-
tute (Robotics and Engineering Systems Laboratory), where 
he serves as Principal Investigator. He collaborates with the 
Interdisciplinary Center for the Study of Human Performance at 
the University of Lisbon. He is an associate member of the Swiss 

Center of Expertise in Life Course Research (LIVES) and the Center for the Inter-
disciplinary Study of Gerontology and Vulnerability (CIGEV) at the University of 
Geneva. He holds a Ph.D. in Sports Sciences from the University of Madeira. His 
research focuses on healthy aging, sports training, and assistive technologies, with 
more than 200 articles in peer-reviewed journals.

Andreas Ihle is a Professor at the University of Geneva, Swit-
zerland. He received his MSc in Psychology from the University 
of Dresden, Germany, and his Ph.D. in Psychology from the 
University of Geneva. His interdisciplinary research focuses on 
better understanding human development across the lifespan, 
such as explaining the enormous inter- and intraindividual 
differences in cognitive functioning, health, well-being, activity 

engagement, reserve accumulation, and vulnerability from early childhood to 
late adulthood. On these topics, he has published several articles in international 
peer-reviewed journals. He is a reviewer for a wide variety of scientific journals and 
funding agencies. 

Marcelo de Maio Nascimento holds a Ph.D. in Human Move-
ment Sciences (Cologne University of Physical Education/
Germany). Professor at the Faculty of Physical Education of the 
Federal University of the São Francisco Valley (UNIVASF), in 
the Northeast region of Brazil. Researcher in the area of Ger-
ontology of Human Movement, with emphasis on cognition, 
depression, and frailty. Currently, he is the coordinator of the 

University of the Third Age (UNATI/UNIVASF). 

Bruna Raquel Gouveia (BRG) is an Adjunct Professor at the 
Saint Joseph of Cluny Higher School of Nursing, where she 
coordinates the Master\’s Program in Rehabilitation Nursing. 
She is a researcher at ITI – LARSyS and CIGEV at the University 
of Geneva. She has been the Regional Director of Health in the 
Autonomous Region of Madeira since 2023, coordinating the 
design of the region\’s health policies. Her research has focused 

on human development and aging, as well as the evaluation of complex interven-
tions in rehabilitation and health. Currently, BRG is conducting epidemiological 
research and developing and implementing innovative health technologies. One 
example was the use of smart information systems for COVID-19 epidemiological 
surveillance in Madeira.

Meet the editors





Preface IX 

Chapter 1 1 
Quantitative Methods for User-Centered Sarcopenia Identification and 
Management 
by Clio Yuen Man Cheng, Vivian W.Q. Lou, Xin Ma, Jiaming Chen and Ning Xi 

Chapter 2 17 
The Multifaceted Impact of Skeletal Muscle Morphology and Function   
on Spine Pathologies 
by Chanelle Montpetit, Michael H. Weber and Maryse Fortin 

Chapter 3 37 
Perspective Chapter: Chronic Kidney Disease–Related Sarcopenia Diagnosis   
in Patients undergoing Hemodialysis 
by Santiago David Silva Tobar and Leticia Andreina Lozada Tobar 

Chapter 4 49 
Perspective Chapter: The Strategy of Motivation Technique in Sarcopenia   
Prevention 
by Katdel Istifanus Dafup 

Contents 





Preface 

Sarcopenia, the progressive loss of skeletal muscle mass, strength, and function, 
has moved from the margins of geriatric research to the center of contemporary 
medicine. Once dismissed as an inevitable feature of advancing age, it is now rec-
ognized as a treatable muscle disease with profound consequences for falls, frailty, 
surgical outcomes, hospitalization, chronic disease, and mortality. The gap between 
what is known about sarcopenia and what is consistently done in clinical practice, 
however, remains too wide. This book was conceived to help close that gap. Rather 
than aspiring to encyclopedic coverage, it offers a focused, contemporary, and clini-
cally oriented selection of contributions that show where the field stands today and 
where it is heading. The chapters are organized into three thematic sections: founda-
tional concepts and general approaches to sarcopenia; sarcopenia in distinct clinical 
contexts, including falls in community-dwelling older adults, degenerative spinal 
disease, and chronic kidney disease on hemodialysis; and the technological frontier, 
where wearable sensors, instrumented balance platforms, and machine-learning 
analytics are extending diagnosis beyond the specialized laboratory. 

Three editorial commitments run through the book: fidelity to current interna-
tional consensus while remaining attentive to its limitations; deliberate inclusion of 
perspectives and original data from regions and populations; and emphasis on the 
clinical translation of evidence into assessment, intervention, and the preservation 
of autonomy for older adults. The intended audience reflects the interdisciplinary 
nature of the topic: geriatricians, internists, surgeons, nephrologists, rehabilitation 
specialists, nutritionists, exercise scientists, public-health professionals, postgraduate 
students, and policy-makers concerned with healthy aging. Sincere thanks are due to 
the contributing authors, participants, institutions, reviewers, and editorial teams 
who made the book possible. The aspiration is straightforward: that earlier, smarter, 
and more equitable approaches to sarcopenia may extend the years of life worth 
living. 

Élvio Rúbio Gouveia 
Department of Physical Education and Sport, 

University of Madeira, 
Madeira, Portugal 

Andreas Ihle 
University of Geneva, 
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Chapter 1

Quantitative Methods for 
User-Centered Sarcopenia 
Identification and Management
Clio Yuen Man Cheng, Vivian W.Q. Lou, Xin Ma, Jiaming Chen 
and Ning Xi

Abstract

This study aimed to develop a faster and simpler user-centered approach for 
sarcopenia identification and management using a novel balance sensor system and 
wearable robots. The study design was a cross-sectional study. The research was 
conducted based on a community-based study in Hong Kong. A total of 144 commu-
nity-dwelling older adults were included. Sarcopenia was defined according to the 
guidelines published by the Asian Working Group for Sarcopenia 2019. Appendicular 
skeletal muscle mass was calculated using the Lee equation. Among the 46 features 
extracted from the balance sensor system, 15 displayed a sensitivity >0.8 through a 
machine-learning approach. The area under the receiver operating characteristics 
curve of the logistic model in discriminating sarcopenia was 0.68. This study demon-
strated that a novel balance sensor system proved useful in sarcopenia identification 
in older adults. Furthermore, the balance sensor data were valuable in informing the 
development of wearable robots for sarcopenia management.

Keywords: older adults, physiological, behavioral, functional, quantitative methods, 
electromyography, balance sensor

1. �Introduction

Sarcopenia has been recognized as a disease by the World Health Organization 
(WHO) under the International Statistical Classification of Diseases and Related 
Health Problems (ICD), with the code ICD-10-CM (M62.84) [1]. The recognition 
of sarcopenia as a disease has prompted extensive research endeavors aimed at 
determining optimal approaches for its screening, diagnosis, and management [2, 3]. 
Despite concerted efforts, there was no standard definition of sarcopenia until 2024 
[4]. According to the latest Delphi consensus from the Global Leadership Initiative in 
Sarcopenia (GLIS), the conceptual definition of sarcopenia “comprises the concurrent 
combination of reduced muscle mass and muscle strength” [5]. In a broader sense, 
sarcopenia is a generalized disease of skeletal muscle with a higher prevalence among 
older adults. It has been estimated to influence 10–16% of older adults worldwide, 
particularly in the Asia and Pacific region [6].
1
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Muscle mass depletion in older adults can result in the reduction of up to one-third 
of their former muscle mass, which is recognized to contribute to gait disorders and, 
ultimately, incidents of falls [7]. Age-related changes in skeletal muscle composition 
manifest in a reduced quantity of muscle fibers observed in elderly individuals, par-
ticularly notable within the lower limbs, compared to their younger counterparts [8]. 
Sarcopenia has been considered a significant contributor to musculoskeletal impair-
ments, encompassing disruptions in muscle innervation and neuronal control [9]. 
Consequently, these factors ultimately impact postural stability, rendering the execu-
tion of functional activities that necessitate strength for balance and postural control 
challenging [10]. A prior meta-analysis revealed that low muscle mass was associated 
with worsening activities of daily living (ADL) and instrumental activities of daily 
living (IADL), impacting community-dwelling older adults to maintain independence 
in late life [11].

Muscle strength reduction imposes a range of negative consequences that signifi-
cantly impact individuals’ lives. As age-related muscle loss occurs, it leads to a decline 
in physical strength and functional abilities, making daily activities increasingly 
challenging [11]. Simple tasks such as standing up from a chair, climbing stairs, or 
carrying objects become more difficult, elevating the risk of falls and injuries [12]. 
Sarcopenia also contributes to decreased mobility and balance [13], further limit-
ing independence and increasing reliance on assistance from others. Furthermore, 
the decrease in muscle mass and strength can lead to a reduced metabolic rate [14], 
increasing the likelihood of weight gain and the risk of chronic conditions like obe-
sity, diabetes, and cardiovascular diseases. Additionally, sarcopenia is associated with 
an increased susceptibility to frailty [15], decreased bone density [16], and a compro-
mised immune system [17], heightening vulnerability to infections and prolonging 
recovery times. The psychological impact of sarcopenia should not be overlooked, 
as it can result in diminished self-esteem [18], heightened dependency [19], and a 
diminished sense of overall well-being [20].

Traditionally, sarcopenia is assessed using methods such as dual-energy X-ray 
absorptiometry (DXA) for measuring muscle mass, handgrip strength tests for 
evaluating muscle strength, and the Short Physical Performance Battery (SPPB) for 
assessing physical performance [5, 21]. However, these methods have limitations, 
including a lack of specificity in capturing functional aspects, limited accessibility in 
different settings, unsuitability for diverse populations, and the inability to capture 
longitudinal changes [22, 23]. Overcoming these challenges and developing improved 
assessment techniques is crucial for accurate and comprehensive evaluations of sarco-
penia, leading to better management and interventions for those affected. In light of 
these negative consequences, early identification in community-dwelling older adults 
is necessary, and novel tools that can be easily applied and operated in daily practice 
are useful.

Despite the advancements in the definition and recognition of sarcopenia, there 
remains a significant gap in the literature regarding the development and valida-
tion of accessible, cost-effective, and easy-to-use tools for early identification and 
assessment of sarcopenia in community-dwelling older adults. Existing methods 
are often resource-intensive, lack functional specificity, and are not suitable for 
diverse populations or settings. This study aims to address these gaps by proposing 
a novel assessment tool that is both practical and effective for use in daily practice. 
Our proposed tool is designed to be easily operable, cost-effective, and capable 
of capturing functional aspects of sarcopenia that are critical for early diagnosis 
and intervention. By validating this tool, we hope to provide a reliable method for 
2
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healthcare providers to identify sarcopenia early in community-dwelling older 
adults, thereby improving management outcomes and reducing the burden of 
sarcopenia-related complications.

2. �Methods

2.1 �Design and participants

This study employed a cross-sectional design. Participants were asked to complete 
a self-administered survey about their self-reported signs suggestive of sarcopenia, 
which includes five components: strength, walking, rising from a chair, climbing 
stairs, and falls. Muscle strength, physical performance, and muscle mass were 
measured with the assistance of trained research assistants and postgraduate students 
in university laboratories.

Participants were recruited from the community-dwelling older population in two 
distinct waves. Initially, between July and August 2021, we enrolled 91 healthy older 
adults to serve as the reference group. Inclusion criteria for participation included: 
(1) aged 65 or above, (2) SARC-F score (a measure of sarcopenia potential) below 
4, (3) residing in the community in Hong Kong (i.e., not residing in any long-term 
care facilities), (4) absence of self-reported cognitive impairments, (5) able to engage 
in a laboratory setting independently, and (6) willing to participate voluntarily. To 
ensure safety during the experiment, individuals with self-reported osteoporosis and/
or a history of spine, knee, hip, or ankle joint surgeries were excluded. Subsequently, 
between December 2021 and December 2022, we recruited 66 older adults as the 
user group. Similar inclusion and exclusion criteria were applied to the user group as 
those stipulated for the reference group, with the exception that 40 of them reported 
a SARC-F score ≥ 4. Ethical approval was obtained from the Human Research Ethics 
Committee of the University (EA1903040). All participants were informed that their 
involvement was entirely voluntary and that they could decline or withdraw at any 
time. All participants signed an informed consent form.

After a careful data quality check, we removed seven participants from subsequent 
analyses. Sensitivity analyses were conducted between the removed cases (n = 7) and 
the included cases (n = 144), and results indicated no significant differences (p > .05) 
in demographics, muscle strength, physical performance, and muscle between the 
two groups.

2.2 �Diagnostic indicators for sarcopenia

According to the latest guideline of the Asian Working Group for Sarcopenia 
(AWGS), muscle strength, physical performance, and muscle mass are three impor-
tant indicators to define sarcopenia. Particularly, “sarcopenia” refers to older adults 
with low muscle mass and low muscle strength or low physical performance; and 
“severe sarcopenia” refers to older adults with low muscle mass, low muscle strength, 
and low physical performance [21].

Muscle mass, or the appendicular skeletal muscle mass (ASM), was estimated 
using the Lee equation, following a height-adjustment model [24]: ASM = (0.244 × 
body weight + 7.8 x height + 6.6 × gender – 0.098 × age – 4.5)/height2, where gen-
der = 0 for women and one for men. The recommended cutoff for low height-adjusted 
muscle mass was <7.0 kg/m2 for men and < 5.7 kg/m2 for women.
3
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Muscle strength was assessed following the standard procedure using a hand 
dynamometer [25]. Participants were required to perform three measurements using 
both hands, and the highest recorded value out of the six measurements was consid-
ered. The threshold for determining low muscle strength was set at <28 kg for men 
and <18 kg for women.

Physical performance was measured using the SPPB [26, 27]. The SPPB evaluates 
different aspects of physical outcomes in the lower extremities. It includes assess-
ments of static balance in various positions (side-by-side, semi-tandem, and full tan-
dem) for a duration of up to 10 seconds each. Additionally, it measures the ability to 
perform a 5-time sit-to-stand and determines the gait speed over a 4-meter distance. 
The scores on the SPPB range from 0 to 12, with higher scores indicating better physi-
cal function in the lower extremities. Low physical performance is defined as having a 
4-meter gait speed of <1.0 m/s, a time of ≥12 s for completing the five repeated chair 
stands, or an SPPB score ≤ 9 [21].

2.3 �Balance sensor system design

Our team has developed a novel measurement approach utilizing a balance sensor 
system based on the FTIR principle [28]. This system, depicted in Figure 1, has been 
designed to accurately measure the pressure distribution beneath an individual’s 
feet. The system comprises two transparent glass optic-wave guides and a high-
resolution wireless camera. By directing LED light into the edges of the glass plates, 
the disrupted internal reflection upon foot contact enables the camera to capture 
diffused light at the points of contact. These images are then wirelessly transmitted to 
a computer, enabling real-time visualization of the pressure distribution. The sensor’s 
innovative design incorporates glass plates set at a 45-degree angle, incorporating 
mirrors to reflect images to the camera. This design not only enhances image clarity 
but also ensures a more compact and user-safe device.

Figure 1. 
Balance sensor design.

4
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When pressure is exerted on the surface of inhomogeneous and microscopically 
deformable latex rubber, its conformity to the contacting glass surface is enhanced, 
resulting in an increased contact area. Consequently, this enlargement leads to a linear 
rise in the density of near-contact spots, as demonstrated in Figure 2. In the setup 
employing the FTIR technique, the intensity of diffused light directly corresponds to 
the microscopic contact area between the latex and the glass. This intensity is cap-
tured as pixel values by a charged-coupled device (CCD) camera, where the diffused 
light intensity is proportionately reflected.

To quantitatively describe the relationship between the intensity of diffused light 
(I) and the applied pressure (P), a power function model is chosen. The fitting of this 
model to the collected data is illustrated in Figure 3. By calculating the differences 
(residuals) between the observed values and the model’s predictions and optimizing 
the parameters a and b to minimize the sum of squares of these residuals, the optimal 

Figure 2. 
Ball contact model of later rubber and glass plate.

Figure 3. 
The relationship between I and P using a power function.

5
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model parameters can be determined. This approach, known as the “Least Squares” 
principle, is employed to identify the model parameters that best describe the 
observed relationship. The left graph in the diagram represents the theoretical model, 
while the right graph presents the results obtained from this modeling approach.

2.4 �Experiment procedure and balance sensor features

During the experiment, participants were instructed to remove their shoes and 
socks and stand barefoot on the designated plates, allowing the balance sensor to 
detect even subtle changes in balance and pressure distribution. They were asked 
to maintain a still stance, gaze straight ahead, and keep their hands alongside their 
bodies for 30 seconds. This specific posture ensured accurate recording of shifts in the 
center of pressure, providing valuable insights into participants’ balance and stability. 
The collected data played a crucial role in evaluating the effectiveness and sensitivity 
of the balance sensor.

Variables Descriptions

ellipse_area_
gravity_center_X_
gravity_center_Y

The area of the confidence ellipse for the gravity center coordinates (X, Y).

range_of_excursion_
gravity_center_X

The range of the gravity center X coordinates, indicating the maximum 
horizontal movement.

gravity_center_X_
rms

The root mean square of the gravity center X coordinate, a measure of the 
magnitude of variations.

gravity_center_X_
sample_entropy

The sample entropy of the gravity center X coordinate indicates the 
complexity or unpredictability of the X coordinate.

gravity_center_X_
band_power

The band power of the gravity center X coordinates, reflecting the power 
within a specific frequency band.

path_length The total path length of the movement represents the distance traveled by the 
gravity center.

velocity The average velocity is calculated as the total path length divided by the total 
time of the movement.

acceleration The average acceleration is calculated as the change in velocity over the time 
interval.

gravity_center_X
_mean

The mean of the gravity center X coordinate, represents the average horizontal 
position.

gravity_center_X
_median

The median of the gravity center X coordinate, represents the middle value in 
the distribution of X coordinates.

gravity_center_X
_std

The standard deviation of the gravity center X coordinate, measuring the 
variability or dispersion around the mean X coordinate.

gravity_center_X
_max

The maximum value of the gravity center X coordinates, indicating the 
furthest right position reached.

gravity_center_X
_min

The minimum value of the gravity center X coordinates, indicating the 
furthest left position reached.

gravity_center_X
_iqr

The interquartile range (IQR) of the gravity center X coordinate, measuring 
the middle 50% range of the data.

Table 1. 
Selected features related to the center of pressure (CoP) and center of gravity (CoG).

6



Quantitative Methods for User-Centered Sarcopenia Identification and Management
DOI: http://dx.doi.org/10.5772/intechopen.1005848

7

For safety purposes, handles were provided on both sides of the setup to assist 
participants in maintaining balance and offering support if they felt unsteady during 
the test. Trained research assistants closely monitored the procedure, ready to inter-
vene and provide assistance if any participant experienced discomfort or instability. 
The center of pressure (CoP), represented by coordinates on the X and Y axes, was 
analyzed using the digitized output signals from the balance sensor. The time series 
data captured the path of the CoP relative to the origin of the sensor, with the final 
30 seconds of the test period (900 points) used to compute measures in both the 
time and frequency domains. By combining the balance sensor with a biomechanical 
model, a comprehensive set of 46 features related to the CoP and the center of gravity 
(CoG) was extracted across both domains, as detailed in Table 1.

Support Vector Machines (SVM) represent a robust classification method that 
exhibits resilience when dealing with instances where data points are initially 
nonlinearly separable [29, 30]. By leveraging the kernel trick, SVM facilitates the 
projection of input data into a feature space of higher dimensionality, thereby 
simplifying the separation of data points. Within this transformed space, the 
algorithm identifies a hyperplane that optimizes the margin between the closest 
points from distinct classes, referred to as support vectors. These vectors play 
a pivotal role as they establish the boundaries of the decision surface. Once the 
optimal hyperplane is determined, it is then mapped back to the original space to 
classify new data points. SVM demonstrates notable efficacy in high-dimensional 
scenarios characterized by distinct class separability. However, challenges arise 
when confronted with extensive datasets or situations in which class boundaries 
overlap, attributable to the computational demands and the complexities involved 
in identifying an effective separation margin.

3. �Results

3.1 �Participant characteristics

The data for this study were collected from a sample of 144 older adults residing in 
the community, with ages ranging from 65 to 84 years (M = 69.44 years, SD = 3.78). 
Approximately two-thirds of the participants were female (n = 92) and married 
(n = 92). Among these 144 older adults, 23 (16.0%) were classified as sarcopenia 
according to the AWGS guideline [21]. Table 2 summarizes the demographic 
characteristics.

Non-sarcopenia
(n =121)

Sarcopenia
(n = 23)

Statistics

Age (M, SD) 69.56 (3.82) 68.78 (3.55) t(142) = .91

Gender*** X2 (1) = 15.47

Female 69 (57.0%) 23 (100.0%)

Male 52 (43.0%) 0 (0.0%)

Marital status X2 (1) = 5.07

Never married 10 (8.3%) 4 (17.4%)

Married 76 (62.8%) 16 (69.6%)

7
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3.2 �Diagnostic characteristics

The descriptive results of diagnostic characteristics according to the AWGS [21] 
are presented in Table 3.

3.3 �Balance sensor features validation

After completing the experiment using the balance sensor system, the prevalence 
of sarcopenia within the participant group was determined. Our analysis focused 
specifically on the sensitivity of various features concerning sarcopenia classification. 
Notably, 15 features displayed a sensitivity exceeding 0.8, as depicted in Figures 4 
and 5.

To provide a visual representation of these findings, we constructed box plots and 
ROC curves that illustrate the discriminative power of sensor features in sarcopenia 
classifications, consistent with AWGS guidelines [21] (see Figure 6).

Furthermore, our study employed the SVM algorithm to analyze and identify 
selected features of the elderly, utilizing short 10-second and 30-second videos 
from a dataset comprising 144 older adults. The SVM algorithm was specifically 
tailored to maximize classification accuracy with a focus on fall history, a critical 
risk factor in geriatric care. Notably, under a random state of 56, the SVM model 
exhibited a sensitivity of 82.9% in correctly identifying individuals with a fall 
history. This sensitivity improved to 87% under a random state of 78, highlighting 
the model’s strong capability in detecting true positive cases, which is essential for 

Non-sarcopenia
(n =121)

Sarcopenia
(n = 23)

Statistics

Widowed 18 (14.9%) 3 (13.0%)

Separated 5 (4.1%) 0 (0.0%)

Divorced 12 (9.9%) 0 (0.0%)

Education X2 (4) = 3.29

Primary or below 22 (18.2%) 5 (21.7%)

Secondary 57 (47.1%) 14 (60.9%)

Postsecondary 22 (18.2%) 2 (8.7%)

Undergraduate 12 (9.9%) 1 (4.3%)

Postgraduate 8 (6.6%) 1 (4.3%)

Financial situation X2 (3) = 2.34

Very insufficient 4 (3.3%) 0 (0.0%)

Insufficient 27 (22.4%) 4 (17.4%)

Sufficient 85 (70.2%) 19 (82.6%)

Very sufficient 5 (4.1%) 0 (0.0%)

Experienced fall(s) 38 (31.4%) 6 (26.1%) X2 (1) = .548

Note: * p < .05, ** p < .01, *** p < .001.

Table 2. 
Participant characteristics by sarcopenia status (N = 144).
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Non-sarcopenia
(n = 121)

Sarcopenia
(n = 23)

Statistics

Muscle mass

Skeletal muscle mass (kg/m2), (M, SD)*** 7.52 (1.49) 4.98 (.35) t(142) = 8.110

High: m: ≥7 kg/m2; f: ≥5.7 kg/m2 117 (96.7%) 0 (0.0%) X2 (1) = 118.612

Low: m: <7 kg/m2; f: <5.7 kg/m2 4 (3.3%) 23 (100.0%)

Muscle strength

Maximum handgrip strength (kg), (M, SD)*** 25.23 (8.81) 17.79 (4.95) t(142) = 3.929

High: m: ≥28 kg; f: ≥18 kg 82 (67.8%) 11 (47.8%) X2 (1) = 3.360

Low: m: <28 kg; f: <18 kg 39 (32.2%) 12 (52.2%)

Physical performance

SPPB total score (0–12) 10.59 (1.82) 10.09 (2.02) t(142) = 1.184

High: >9 91 (75.2%) 15 (65.2%) X2 (1) = .993

Low: ≤9 30 (24.8%) 8 (34.8%)

Average 4-m gait speed (m/s), (M, SD) .83 (.26) .73 (.21) t(142) = 1.676

High: ≥1.0 m/s** 33 (27.3%) 1 (4.3%) X2 (1) = 5.631

Low: <1.0 m/s 88 (72.7%) 22 (95.7%)

Average time for 5-time sit-to-stand (s) 10.95 (5.08) 11.97 (3.88) t(140) = −.913

High: <12 s* 79 (65.3%) 10 (43.5%) X2 (1) = 3.895

Low: ≥12 s 42 (34.7%) 13 (56.5%)

Physical performance@*** X2 (1) = 5.631

High 33 (27.3%) 1 (4.3%)

Low 88 (72.7%) 22 (95.7%)

Note.*p < .05.
**p < .01.
***p < .001.
@Low physical performance is defined as a 4-m walk speed <1.0 m/s, or a Short Physical Performance Battery (SPPB) 
score ≤9, or a 5-time sit-to-stand completion time ≥12 s.

Table 3. 
Behavioral level quantitative assessments by sarcopenia status (N = 144).

Figure 4. 
Sensitivity of the selected features related to the center of pressure (CoP).
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Figure 6. 
Box plots and ROC curves that delineate the sensor features’ discriminative power over sarcopenia classifications.

effective fall risk assessment. Conversely, the specificity, indicating the model’s 
accuracy in identifying individuals without a fall history, was recorded at 97.5% 
under a random state of 36 but decreased to 85.3% under a random state of 34. 
This variation in specificity underscores the model’s sensitivity to changes in test-
ing conditions and underscores the importance of meticulous model tuning and 
validation. The robust performance of the SVM across diverse testing scenarios 
demonstrates its potential utility in geriatric care, particularly in the realm of fall 
prevention strategies. The high sensitivity and specificity achieved under different 
conditions provide a solid foundation for further research and the development of 
advanced predictive tools in this domain.

4. �Discussion

The present study aimed to investigate the potential utility of a novel balance 
sensor system in user-centered sarcopenia identification. By analyzing various 
diagnostic characteristics and participant characteristics, valuable insights were 
obtained regarding the identification and management of sarcopenia in older adults. 
The findings from the study suggest that the balance sensor system can serve as a use-
ful, faster, and simpler approach for identifying sarcopenia in community-dwelling 
older adults. The sensitivity analysis of selected features related to the CoP and CoG 
demonstrated promising results, with 15 features exhibiting high sensitivity, indicat-
ing their potential for accurate sarcopenia classification.

Figure 5. 
Sensitivity of the selected features related to the center of gravity (CoG).
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These results have significant implications for user-centered sarcopenia manage-
ment, particularly in the context of wearable robot development. Wearable robots 
have shown promise in assisting older adults with mobility and strength-related tasks. 
By leveraging the data obtained from the balance sensor system, wearable robots 
can be developed to provide personalized and targeted interventions for individuals 
with sarcopenia [31–33]. While the balance sensor system cannot directly monitor 
muscle mass, strength, and physical performance measures in real-time, the extracted 
features provide valuable information regarding balance and postural control. These 
features can be indicators of underlying muscle weakness and functional decline 
associated with sarcopenia.

In the context of wearable robot development, the data obtained from the bal-
ance sensor system can contribute to personalized interventions targeting specific 
aspects of balance and postural control. By leveraging the identified features, 
wearable robots can be designed to provide targeted exercises and assistance aimed 
at improving balance, stability, and overall physical function. It is important to 
note that the balance sensor system is still in its development stage and should be 
used in conjunction with other assessment methods to comprehensively evaluate 
sarcopenia. Direct measurements of muscle mass and strength, such as SPPB and 
handgrip dynamometry, remain essential for accurate diagnosis and monitoring of 
sarcopenia progression.

The practical implications of these findings are substantial for the management of 
sarcopenia. The balance sensor system offers a noninvasive, quick, and user-friendly 
tool that can be used in various settings, including clinics and community centers, to 
screen for sarcopenia in the general public. Healthcare professionals can incorporate 
this tool into routine assessments to identify individuals at risk of sarcopenia early 
and tailor interventions accordingly. Given its simplicity and speed, the balance sen-
sor system can facilitate more frequent monitoring, thereby enabling timely adjust-
ments to treatment plans. Furthermore, older adults could use the balance sensor 
system for daily monitoring, thus, reducing fall risks and balance-related injuries. 
Ultimately, to enhance quality of life and reduce medical costs.

Future research should focus on further validating the balance sensor system 
in larger and more diverse populations to ensure its generalizability. Additionally, 
integrating balance sensor data with other direct measurements of muscle mass 
and strength could provide a more comprehensive assessment of sarcopenia. 
Research should also explore the development of algorithms that can combine 
data from multiple sources to improve the accuracy of sarcopenia diagnosis and 
monitoring.

The study has several limitations. Firstly, the sample size was relatively small and 
may not be representative of the broader population of older adults. Secondly, the 
balance sensor system, while showing promise, is still in the development stage and 
requires further refinement and validation. Thirdly, the study did not include direct 
comparisons with established diagnostic tools for sarcopenia such as DXA, which 
could provide a more comprehensive validation of the balance sensor system’s effec-
tiveness. Lastly, the system cannot currently monitor muscle mass and strength in 
real-time, which limits its standalone diagnostic capability.

In summary, while the balance sensor system may not directly monitor muscle 
mass, strength, and physical performance measures in real-time, it provides valuable 
information related to balance and postural control. When combined with other 
assessment methods, the system can contribute to user-centered sarcopenia manage-
ment and inform the development of wearable robots to enhance balance, stability, 
11



Updates on Sarcopenia – Advances in the Prevention, Diagnosis, and Management

12

and overall physical function. Further research is necessary to explore the integration 
of balance sensor data with other measurements for a comprehensive approach to 
sarcopenia assessment and intervention.

5. �Conclusions

This study sheds light on the potential of a balance sensor system as a valuable tool 
for user-centered sarcopenia identification and management. The findings highlight 
the importance of analyzing diagnostic characteristics and participant characteristics 
in assessing sarcopenia and guiding interventions. While the balance sensor system 
provides specific features related to balance and postural control, it can contribute to 
the development of personalized interventions through wearable robot technology. 
Future research should focus on integrating the balance sensor data with other assess-
ment methods, such as direct measurements of muscle mass and strength, to provide 
a more comprehensive evaluation of sarcopenia. Additionally, further exploration is 
needed to optimize the use of machine-learning algorithms for accurate sarcopenia 
classification and fall risk assessment. By advancing these areas, we can enhance 
geriatric care, promote healthy aging, and develop effective strategies for managing 
sarcopenia in older adults.
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Chapter 2

The Multifaceted Impact of Skeletal 
Muscle Morphology and Function 
on Spine Pathologies
Chanelle Montpetit, Michael H. Weber and Maryse Fortin

Abstract

Skeletal muscle morphometry, quality, and function serve as crucial prognostic 
indicators across various medical and surgical fields. Sarcopenia, the progressive loss 
of muscle mass and function, significantly contributes to frailty in individuals with 
spine pathologies. Abnormalities in spinal muscle mass and function (e.g., sarcope-
nia) are not only associated with the development of spine-related disorders but also 
negatively affect quality of life and postoperative outcomes. Tailored treatments and 
effective pre and post-operative rehabilitation strategies are imperative to mitigate 
complications, enhance quality of life, and expected survival in patients with diverse 
spinal pathologies. The intricate relationship between spine pathologies, sarcopenia, 
and factors like patient-reported health-related quality of life, frailty, surgery-related 
adverse events, and cost-effectiveness necessitates a comprehensive approach from 
spine care providers. Recognizing the broader implications of muscle loss on physical 
function, pain levels, and quality of life is essential for spine care providers to opti-
mize both non-operative and operative care.

Keywords: spine pathologies, musculoskeletal health, skeletal muscle quality, 
patient-reported health-related quality of life, muscle function, sarcopenia

1. �Introduction

1.1 �Sarcopenia epidemiology

Sarcopenia, a term derived from the Greek language meaning “loss of flesh,” is 
a silent yet challenging adversary in the field of public health [1]. Coined by Irwin 
Rosenberg in the 1980s, sarcopenia was defined as the age-related reduction in 
muscle tissue that can lead to a decline in functional capacity [1]. The European 
Working Group on Sarcopenia further refined the definition in 2019, describing 
sarcopenia as a “progressive and generalized skeletal muscle disorder that is associ-
ated with increased likelihood of adverse outcomes including falls, fractures, physical 
disability and mortality” [2]. However, there is a lack of a universally established 
definition which poses challenges in the assessment of sarcopenia, especially in the 
context of spinal pathologies. Although aging naturally leads to a decline in skel-
etal muscle mass and strength, the severity and rate of this loss vary significantly 
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between individuals [3]. Sarcopenia goes beyond this age-related phenomenon, 
encompassing various factors contributing to its etiology [3].

The prevalence of sarcopenia differs across populations and demographic groups, 
providing a complex perspective of the disease’s global impact, including its implica-
tions for spinal health [3, 4]. Studies consistently highlight a higher prevalence among 
the elderly, with estimates suggesting that a significant proportion of individuals 
over the age of 60 experience some degree of muscle degradation, potentially impact-
ing the musculature that supports the spine [3]. In communities with older, more 
complex, or severely ill individuals, the incidence of sarcopenia was found to be 
higher, introducing additional considerations for spinal health in these populations 
[4, 5]. The development of sarcopenia is influenced by a myriad of factors that extend 
beyond the ticking hands of time. Genetic disposition, physical activity levels, nutri-
tional factors, and chronic medical conditions are among the multifaceted risk factors 
contributing to the onset or worsening of the condition [3]. Age-related changes in 
muscle fibers, motor units, and neuromuscular junctions, which are integral to spinal 
stability, predispose individuals to develop sarcopenia [3]. Hormones such as estro-
gen, testosterone, growth hormone (GH), and insulin-like growth factor-1 (IGF-1) 
play a vital role in maintaining muscle mass and function, suggesting that disrup-
tions in these hormones can not only contribute to sarcopenia, but also impact the 
health of muscles supporting the spine [3, 4]. Additionally, malnutrition, insufficient 
protein intake, age-related changes in appetite and metabolism, sedentary lifestyles, 
and physical inactivity are all linked to decreased muscle mass and an increased risk 
of sarcopenia [3]. Lastly, certain medical conditions can contribute to sarcopenia 
by inducing inflammatory processes, limiting physical activity, and altering muscle 
metabolism [3, 4]. Sarcopenia is a multidimensional condition driven by complex 
changes, ultimately impacting the health of the spine [3].

Beyond its physiological toll, sarcopenia imposes a substantial economic burden 
on healthcare systems worldwide, and its implications extend to the realm of spinal 
health. The costs associated with the diagnosis, treatment, and management of sarco-
penia are compounded by the secondary consequences of related health issues, such 
as falls, fractures, and hospitalizations [3]. According to estimates, a 10% decrease in 
the prevalence of sarcopenia could result in an annual reduction of 1.1 billion dollars 
in healthcare costs in the United States alone [5]. As the global population ages and 
the incidence of spine pathologies rises simultaneously, an impending economic 
burden is poised to escalate, necessitating proactive solutions.

The challenge of addressing the economic burden is compounded by the lack of 
a universally accepted definition, leading to variations in assessment criteria [6]. 
Various methods are used to evaluate sarcopenia, specifically relevant in the context 
of spine pathologies. Imaging techniques such as magnetic resonance imaging (MRI) 
scans, computerized tomography (CT) scans, dual-energy-X-ray absorptiometry 
scans, and bioelectrical impedance analysis, assess skeletal muscle mass by measuring 
cross-sectional area or volume [3, 5]. Muscle strength is assessed through handgrip 
strength and isokinetic strength testing [3, 5]. Functional performance tests (e.g., 
Timed Up and Go, Chair Stand Test) evaluate overall physical function [3, 5]. Serum 
biomarkers (i.e., creatinine and myostatin) serve as indicators of muscle health 
[7]. Lastly, composite indices, known as sarcopenia indices, combine measures of 
muscle mass, strength, and physical performance for a comprehensive evaluation [8]. 
Despite the common use of these methods, the lack of a universally accepted defini-
tion has led to variability in assessment criteria, with considerations for population 
differences (e.g., older adults, individuals with spine pathologies). Researchers and 
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clinicians must navigate these nuances and select appropriate measures based on the 
context, while ongoing efforts aim to establish standardized criteria for sarcopenia 
assessments.

1.2 �Skeletal muscle health in healthcare

Skeletal muscle, often relegated to a supporting role in health, is emerging as a 
fundamental component of medicine and surgery, carrying significant implications 
for patient outcomes and treatment efficacy [9]. Accounting for approximately 40% 
of the human body, skeletal muscle extends far beyond its obvious function as a 
locomotor system [10]. Its significance permeates all aspects of health, influencing 
metabolism, immune function, and overall physiological well-being [10]. The role of 
skeletal muscle gains particular importance as it plays a crucial role in supporting the 
spine’s structure and function [9, 11, 12]. The muscles surrounding the spine, includ-
ing the paraspinal muscles, contribute to spinal stability and proper alignment [9, 13].

Medical and surgical outcomes hinge on skeletal muscle health, as it impacts 
patient resilience, recovery, and long-term prognosis [14]. Skeletal muscle health 
serves as a barometer of systematic well-being and spinal health. Research indicates 
that compromised skeletal muscle health is often associated with spinal conditions, 
reducing the effectiveness of treatments and surgical outcomes [15]. Reduced muscle 
mass and function around the spine are indicative of underlying issues, ranging from 
chronic spinal diseases to nutritional deficiencies [13, 14]. Consequently, physicians 
specializing in spinal care should leverage skeletal muscle assessments to gauge the 
disease severity, monitor progression, and develop tailored treatment plans that 
address the spine and its supporting musculature [9].

Beyond diagnostics, healthy spine muscles play a preventive role in various health 
complications, contributing to quality of life [13]. Surgical interventions, ranging 
from routine procedures to complex spinal surgeries rely on skeletal muscle health 
[14]. Preoperative muscle assessments are crucial for physicians to evaluate surgical 
risk, particularly in patients with pre-existing conditions. Skeletal muscle health is 
also vital for postoperative recovery, wound healing, and surgical success [16]. During 
the postoperative phase, the health of spine skeletal muscles influence the speed and 
efficacy of rehabilitation, shaping the overall trajectory of recovery.

Spine muscle health profoundly impacts functional outcomes in both medical and 
surgical contexts. Spine muscular strength and endurance are integral components of 
daily activities and independent living [13, 14]. Postoperative rehabilitation heav-
ily relies on restoring spine and core muscle function, emphasizing the connection 
between musculoskeletal health and activities of daily living [17]. Beyond its ana-
tomical role, skeletal muscle serves as a dynamic indicator of health and a key factor 
in the success of spine medical interventions. As healthcare evolves, prioritizing 
and understanding spine muscle health will undoubtedly lead to better patient care, 
improved surgical outcomes in spinal procedures, and a more holistic approach to 
spinal health management.

1.3 �Sarcopenia, frailty and spine pathologies

Frailty and sarcopenia, while interconnected, have different scopes. Frailty refers 
to the state of decreased physiological reserve, where the body systems no longer 
maintain a state of homeostasis, ultimately leading to vulnerability to stressors and 
risk of adverse health outcomes [16, 18]. This multidimensional condition extends 
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beyond physical factors, incorporating psychological, social, and cognitive elements 
[2, 16, 18]. While often associated with aging, frailty can also result from chronic 
disease, malnutrition, or other factors that compromise an individual’s ability to with-
stand stressors or maintain normal functioning [18]. Conversely, sarcopenia focuses 
on muscle loss and weakness, the physical component of frailty [2]. Sarcopenia, situ-
ated within the larger framework of frailty, can be used to guide healthcare strategies, 
including treatment decisions, rehabilitation approaches, and surgical risk assess-
ments for individuals with spine-related pathologies [18]. In the context of spine care, 
sarcopenia and frailty are crucial considerations as they reflect a decline in health, 
serving as a predictive indicator for adverse outcomes.

Central to the dynamic between frailty and spine pathologies is the phenomenon 
of muscle loss, commonly known as sarcopenia. Physiological changes in muscle com-
position and function become increasingly pronounced with age [3]. These changes 
collectively contribute to a gradual loss of muscle mass and strength [3]. As muscles 
weaken, the spine, reliant on muscular support for stability and function, becomes 
more susceptible to degenerative changes and the development of pathologies [9, 12].

Spine pathologies, ranging from cancer to degenerative disc disease, significantly 
impact overall health. The localized pain and discomfort are just the tip of the ice-
berg. Impaired mobility and restrictions in daily activities contribute to a cascade of 
negative effects on an individual’s quality of life, physical and emotional well-being, 
and overall function [19, 20]. In individuals with spine conditions, sarcopenia acts as 
a catalyst further exacerbating the challenges they face [20]. The cumulative health 
consequences highlight the need for a comprehensive approach to spinal health, 
acknowledging the complex relationship between musculoskeletal health, frailty, and 
sarcopenia.

Building upon this information, the chapter will provide a comprehensive 
understanding of the relationship between sarcopenia and spine-related pathologies, 
including the consequences of sarcopenia, post-treatment/surgical adverse events, 
various treatments, and the future direction of sarcopenia management in spine-
related pathologies.

2. �Link between abnormalities in muscle mass and function with the 
development of spine-related pathologies

The link between abnormalities in muscle mass and function with the develop-
ment of spine-related pathologies is rooted in the complex relationship between 
the musculoskeletal system and spinal structures. Muscle mass, a cornerstone of 
the musculoskeletal system, plays a pivotal role in providing support, stability, and 
functional mobility to the spine [9]. Skeletal muscles act as dynamic stabilizers, work-
ing in concert with ligaments and bones to maintain spine alignment [11]. Changes 
in muscle mass, commonly observed in conditions like sarcopenia, set the stage for 
a cascade of musculoskeletal challenges, particularly in the context of spine-related 
disorders [13]. The complexity of muscle alterations, including atrophy, fatty infiltra-
tion, and connective tissue changes, is acknowledged, with the recognition that a 
single imaging-based biomarker may not be universally applicable [6]. However, the 
paraspinal and psoas muscles have been heavily implicated in various spinal patholo-
gies [10, 13, 15].

Weak and atrophied muscles struggle to adequately support the spine, placing 
significant stress on the vertebrae, intervertebral discs, and other spinal structures [21]. 
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The lack of muscular support contributes to the development and progression of spine 
pathologies including degenerative disc disease, lumbar spinal stenosis, and chronic 
low back pain [9, 12, 13]. Additionally, muscle groups that are either excessively tight or 
weak can alter the biomechanics of the spine, leading to postural conditions like lordosis 
or kyphosis [22]. These postural abnormalities not only compromise the structural 
integrity of the spine, but also predispose individuals to pain, reduced mobility, and an 
increased risk of injuries [22]. By addressing the relationship between muscle abnormal-
ities and spine-related pathologies, individuals may prevent the onset of musculoskel-
etal issues and foster resilience in the face of complex musculoskeletal challenges [14].

3. �Consequences of sarcopenia on spine-related pathologies

3.1 �Physical function

Sarcopenia can significantly impact physical function in individuals with spine 
pathologies, increasing the risk of disability, falls, and fractures [1, 4, 5, 23, 24]. Muscle 
weakness, particularly in the lower back and core muscles, compromises spinal sup-
port, leading to postural issues and functional limitations [3, 22]. Functional limita-
tions, such as difficulty walking, lifting objects, and climbing stairs are frequently 
experienced by those with sarcopenia [3]. Furthermore, the nexus between sarcopenia 
and decreased bone mineral density significantly increases the risk of fractures, 
particularly vertebral fractures, among individuals with spine-related pathologies [18]. 
Additionally, decreased paraspinal muscle mass and strength impair protective reflexes, 
increasing the risk of fractures, especially vertebral fractures, further affecting physical 
function [24]. Studies highlight the importance of assessing paraspinal muscle quality 
in predicting outcomes following spine surgery [25]. These findings highlight the need 
for targeted exercise interventions, proper nutrition, and comprehensive strategies to 
address the multifaceted impact of sarcopenia on physical function.

3.2 �Psychological factors

Sarcopenia significantly impacts psychological factors in individuals with spine-
related pathologies, extending its influence beyond physical health to various aspects 
of mental well-being. Muscular changes associated with sarcopenia may contribute to 
increased pain perception and discomfort in individuals with spine pathologies [26]. 
Heightened pain perception and disability may induce stress and decrease quality of 
life, independence, and overall well-being, contributing to mental health conditions 
such as depression and anxiety [3, 5]. Numerous studies emphasize the relationship 
between psychological factors and sarcopenia in patients with lumbar spinal stenosis 
and chronic low back pain [27–29]. Thus, healthcare professionals treating spine-
related pathologies should consider psychosocial factors such as pain catastrophizing, 
kinesiophobia, and their influence on pain and disability outcomes [30]. Recognizing 
and addressing the psychological aspects of sarcopenia in individuals with spine 
pathology is crucial for providing comprehensive care, promoting mental health, and 
improving overall health outcomes.

3.3 �Quality of life

Sarcopenia, particularly within the context of spine pathology, significantly 
compromises the quality of life for affected individuals [4]. The consequences of 
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sarcopenia are profound, characterized by functional limitations stemming from 
muscle loss and weakness, hindering movement and daily activities [4]. The decrease 
in movement and increase in risks of falls and fractures negatively affect indepen-
dence and autonomy [1]. Furthermore, chronic pain is exacerbated by sarcopenia, 
as weakened muscles fail to adequately support the spine leading to increased dis-
comfort and psychological distress, including symptoms of depression and anxiety 
[4, 12, 13, 24]. Pain may also adversely impact sleep quality, triggering a vicious cycle 
affecting energy levels, mood, and daily function [31]. Additionally, the economic 
burden associated with sarcopenia-related complications, such as falls and fractures, 
increases healthcare use and costs, contributing to stress and further affecting overall 
quality of life [24]. Studies, such as those by Iwahashi et al. highlight the relationship 
between sarcopenia, spine pathology, and quality of life, emphasizing the need for 
comprehensive treatment approaches that address physical, psychological, and social 
dimensions [26].

4. �Linking sarcopenia, spine pathologies, adverse events

4.1 �Treatment-related adverse events

Sarcopenia emerges as a critical factor influencing treatment-related adverse 
events in individuals with spinal pathologies. Studies consistently indicate an elevated 
risk of moderate to severe treatment-related adverse events in patients with sarco-
penia, particularly in the context of spinal cancer, cautioning against postoperative 
chemotherapy for this population [32, 33]. Notably, low skeletal muscle mass is a 
significant indicator of incomplete cisplatin-based chemoradiation and dose-limiting 
toxicities [34]. The relationship between low skeletal muscle mass and toxicity is 
attributed to the predominant distribution of drugs like cisplatin into the fat-free 
mass, where skeletal muscle mass is a major contributor [35]. Moreover, cancer 
patients with sarcopenia report higher rates of pain, nausea, vomiting, dyspnea, 
insomnia, fatigue, and appetite loss, contributing to a lower overall quality of 
life [31].

Spine surgery is another prevalent treatment in diverse spinal diseases [9, 12]. 
Despite efforts to pinpoint potential risk factors associated with complications in 
spine surgery, only a limited number of prognostic factors have been identified [9]. 
Back muscle morphometry (i.e., atrophy, fatty infiltration), widely recognized as 
a prognostic factor in various medical and surgical fields, has garnered attention. 
In the context of spine surgery, alterations in paraspinal muscle composition are 
acknowledged contributors to adverse events. Multiple systematic reviews highlight 
the association between paraspinal muscle health and postoperative outcomes [9, 12]. 
Increased fatty infiltration and atrophy in the paraspinal muscles (i.e., multifidus, 
erector spinae) were associated with increased risk of adjacent segment disease 
or degeneration, proximal junctional kyphosis, sagittal imbalance, pedicle screw 
loosening, and bone nonunion [12]. In cases where spine surgery is deemed necessary, 
evaluating paraspinal muscle health before the procedure could serve as an approach 
to categorizing patients based on their risk of experiencing post-surgical complica-
tions [9, 12].

Sarcopenia is also linked to broader treatment-related adverse effects such as 
physical disability, poor quality of life, falls, fractures, and increased mortality in 
individuals [23]. These findings reinforce the importance of considering sarcopenia 
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and muscle health in the comprehensive management of individuals with spinal 
pathologies, particularly when designing treatment strategies.

4.2 �Postoperative outcomes

Sarcopenia emerges as a critical factor influencing postoperative outcomes in indi-
viduals with spine pathologies undergoing surgical interventions. Studies highlight 
the potential complications associated with sarcopenia, including delayed recovery, 
functional decline, increased hospital stay, and rehabilitation difficulty [36–38]. 
The impact is seen across various surgeries, from emergency laparotomies, lumbar 
arthrodesis, and spine cancer. In emergency laparotomies, sarcopenia, assessed 
through skeletal muscle mass index, is linked to poor physiological reserve, periop-
erative risk, and morbidity in diverse cancer groups [36]. Additionally, the association 
between sarcopenia and complications after lumbar arthrodesis, such as urinary 
tract infections and hospital readmissions, coupled with higher complication rates 
in patients with sarcopenia undergoing surgery for spine cancer, highlights the 
importance of comprehensive preoperative assessments [39, 40]. Sarcopenia plays a 
critical role in shaping postoperative outcomes in various spine-related interventions, 
prompting the need for tailored preoperative strategies to mitigate associated risks.

4.3 �Increased mortality

Sarcopenia is associated with increased mortality and adverse outcomes in various 
spinal-related pathologies. Studies show its independent predictive value for overall 
survival and recurrence-free survival in cervical spine cancer patients, regardless of 
treatment modality [41, 42]. Studies evaluating spinal metastasis patients undergoing 
surgery emphasize the significance of assessing frailty and sarcopenia, with psoas 
muscle size identified as a robust predictor of both 90-day and overall mortality [43]. 
Moreover, the assessment of sarcopenia, determined by the third lumbar vertebrae 
using the total psoas area and vertebral body area on CT scans, proves to be a practi-
cal and independent predictor of early postoperative mortality and adverse events in 
patients with metastatic spinal disease, highlighting its utility in guiding therapeutic 
decision-making [44]. Additionally, a meta-analysis focusing on spinal metastasis 
patients reveals a significant association between sarcopenia, assessed through CT 
scans, and overall survival, reinforcing its role as an indicator of increased mortality 
risk and a potential guide for treatment decisions [45]. The rising incidence of spinal 
metastases, affecting approximately 30% of metastatic disease patients, underscores 
the importance of novel biomarkers like sarcopenia, in predicting mortality and 
complementing existing prognostic tools for surgical treatment decisions [46].

5. �Spine-related sarcopenia treatments

5.1 �Importance of tailored treatments

A multidisciplinary and personalized approach to treating spine pathologies and 
sarcopenia is imperative for optimizing patient outcomes and minimizing potential 
adverse events [3]. Older age, for instance, may correlate with reduced physi-
ological resilience and an increased susceptibility to treatment-related side effects 
[3, 14]. Moreover, an advanced clinical stage often indicates a more aggressive disease, 
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mandating tailored therapeutic strategies to address its unique challenges. Conditions 
like hepatic and renal diseases can impact drug metabolism and clearance, necessitat-
ing careful consideration of treatment strategies. Additionally, low socioeconomic 
status can present barriers to accessing and adhering to care. The identification of 
contributing factors underscores the importance of a comprehensive assessment that 
extends beyond the traditional medical parameters. This approach aligns with the 
paradigm shift towards patient-centered care, recognizing the diverse factors that 
influence treatment response and overall quality of life.

5.2 �Effective rehabilitation strategies

Although research suggests that interventions targeting sarcopenia can signifi-
cantly improve overall well-being, quality of life, and strength, [23, 47–49], the explo-
ration of effective rehabilitation strategies for sarcopenia in spine-related pathologies 
remains largely unexplored. While the detrimental impact of sarcopenia on adverse 
and post-operative outcomes is well-documented, the pre-operative phase offers a 
potential avenue for interventions to mitigate its effects. The scarcity of comprehen-
sive studies highlights the need for focused research initiatives to develop innovative 
approaches addressing sarcopenia pre-operatively, ultimately enhancing patient 
outcomes and quality of care. Drawing from prior research, successful rehabilitation 
strategies for sarcopenia in spine-related pathologies encompass targeted exercise, 
nutritional support, and lifestyle modifications [3, 20, 23, 50–53]. Thus, adopting a 
multidimensional approach emerges as a potentially optimal form of rehabilitation.

5.2.1 �Exercise interventions

Individuals with spine-related pain frequently find themselves trapped in a 
cycle of pain and reduced activity, resulting in deconditioning [3, 54]. Exercise 
can be a powerful tool to break this cycle. Research demonstrates its effectiveness 
in improving quality of life, mental health, and pain, irrespective of sarcope-
nia [47, 55]. Notably, the positive impact of exercise extends to molecular, cellular, and 
tissue levels, promoting tendon strength, tissue quality during healing, and support 
for cartilage and bone [56].

Certain types of physical activity, meeting standard levels recommended by the 
American Heart Association, may not effectively sustain lean mass [20]. However, 
resistance exercises, involving body weight, free weights (i.e., barbells, dumb-
bells), or exercise tools (i.e., machines, elastic bands) significantly contribute to 
musculoskeletal well-being and serve as a preventive measure against sarcopenia, 
osteoporosis, and the associated risks of falls and fractures [57]. Resistance train-
ing and multimodal exercises have demonstrated positive outcomes in addressing 
spinal sarcopenia by enhancing muscle mass, strength, and overall physical perfor-
mance [4, 23]. An intervention tailored for elderly women with spinal sarcopenia 
incorporated back extensor strengthening exercises coupled with protein supplemen-
tation [58]. Post-intervention results revealed a significant improvement in physical 
function, although there were non-significant increases observed in lower extremity 
muscle mass and back extensor strength. Additionally, numerous studies suggest 
high-intensity resistance and impact exercise to effectively reduce pain, disability, 
and gait disturbances while improving lumbar spine bone mineral density, and skel-
etal muscle mass regardless of sarcopenia [4, 55]. Engaging in high-intensity resis-
tance training produces strain patterns on the bone and yields a significant osteogenic 
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response [55–57]. On the other hand, research suggests that lower-intensity exercise 
such as walking can be just as effective as other exercise interventions in improving 
physical quality of life and reducing pain and disability for individuals with chronic 
low back pain and lumbar cancer [59, 60].

Stabilization and motor control exercises, focusing on deep abdominal muscle 
activation, have emerged as promising interventions for addressing various spine-
related pathologies [13, 61]. Core stabilization and motor control exercises have 
yielded significant improvements in pain, disability, and lumbar spine paraspinal 
muscle morphology and function among patients with low back pain [13, 61]. A study 
comparing core stabilization exercises with strength training exercises in patients 
with low back pain revealed superior improvements in proprioception, balance, and 
disability in individuals completing core stabilization exercises [62]. These exercises 
likely enhance sensory-motor integration and postural control by targeting muscles 
such as the transversus abdominis and lumbar multifidus [62].

Pilates, a form of exercise emphasizing core strength, flexibility, and body 
awareness, has gained popularity as a therapeutic option for individuals with spine 
pathologies. Its focus on core stabilization, spinal alignment, controlled movements, 
and breathing techniques may alleviate symptoms associated with conditions like low 
back pain, scoliosis, and lumbar disc herniation [48, 63, 64]. Research suggests that 
Pilates may effectively address spinal deformities, and improve posture, core stability, 
pain, function, and quality of life in individuals with spine pathologies [47, 48].

Tai Chi, a traditional Chinese martial art, is increasingly recognized for its 
potential therapeutic benefits in managing spine pathologies. Research indicates that 
Tai Chi training leads to significant improvements in muscle strength, endurance, 
postural balance, and flexibility, particularly in the thoracolumbar spine region [65]. 
The improvement in pain and disability may be attributed to a decrease in pain cata-
strophizing [66]. Additionally, individuals who practice Tai Chi have been observed 
to exhibit fewer degenerative conditions in the lumbar vertebrae and discs, suggesting 
a potential role in delaying age-related bone loss and strengthening muscles in the 
lumbar region [67].

Yoga, a mind-body practice, has garnered attention as a therapeutic interven-
tion for various spine pathologies, particularly chronic non-specific low back pain 
and osteoporosis [68, 69]. Focusing on stability, flexibility, and varied movements 
(i.e., spine flexion and extension) may alleviate pain, improve posture, strengthen 
muscles, enhance balance, slow the natural aging process of intervertebral discs, and 
promote overall spinal health [69, 70]. The holistic approach addresses not only physi-
cal symptoms but also psychological well-being, stress reduction, and mindfulness, 
which are essential components of spine pathology management [71].

While many exercise modes show promise in spine pathology management, 
further high-quality research is needed to establish protocols for various pathologies 
and determine whether interventions can elicit significant muscle morphological and 
functional changes.

5.2.2 �Physical therapy

Physical therapy plays a crucial role in the management of spine-related patholo-
gies, offering a comprehensive approach to improving pain, function, and quality 
of life for patients [72, 73]. Through patient education, manual therapy techniques, 
modalities (i.e., heat, cold, electrical), and tailored exercises, physical therapists aim 
to address the underlying causes of spine-related pathologies. These interventions 
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often target posture, range of motion, flexibility, mobility, strength, and endurance 
to promote healing, target deficiencies, reduce strain on the spine, and prevent future 
injury. A randomized controlled trial showed significant improvements in symptoms, 
function, walking distance, pain, disability, and physical activity for patients with 
lumbar spine stenosis receiving frequent supervised physical therapy sessions [72]. 
Equipping patients with knowledge and the right tools through physical therapy 
empowers them to actively participate in their recovery and improve spinal health.

5.2.3 �Complementary medicine

Massage therapy may offer benefits in reducing pain and improving function 
in spine-related pathologies. A review suggested short-term benefits for acute and 
subacute pain and disability, but effects on chronic pain were mixed, with it being 
less effective than manipulative therapy in some studies [74]. The precise mecha-
nisms underlying the therapeutic effects of massage therapy on spine pathologies 
are not fully understood but its role in promoting relaxation and circulation likely 
plays a significant role. Acupuncture offers similar benefits, providing short-term 
pain relief and improving disability for chronic neck pain, low back pain, and even 
osteoporosis [75, 76]. Studies on acupuncture for osteoporosis suggest positive effects 
on bone quality and symptom reduction [76]. Preliminary evidence from animal 
research points towards potential mechanisms for acupuncture, including its impact 
on hormone levels, inflammatory responses, and bone-related signaling pathways. 
However, challenges remain in translating these findings to clinical practice and fully 
understanding the molecular mechanisms. Manipulations and mobilizations for spine 
pathologies reveal varying degrees of effectiveness and safety. While a systematic 
review and meta-analysis revealed spinal manipulative interventions significantly 
reduced pain and disability in chronic low back pain [77], another review yielded 
mixed results, indicating benefits in some cases, but no differences in others [78]. 
Though promising for managing spine-related pathologies, complementary medicine 
requires further research to optimize treatment protocols and solidify effectiveness.

5.2.4 �Nutritional interventions

Nutritional interventions play a crucial role in addressing sarcopenia in spine-
related pathologies, offering promising avenues for treatment [4]. A narrative review 
by Candow et al. emphasized the potential of creatine monohydrate supplementa-
tion, particularly when combined with resistance training, as an effective treatment 
for sarcopenia and related conditions in older adults [50]. The review suggests that 
creatine, when used in conjunction with resistance training, exhibits favorable effects 
on aging muscle and bone, positioning it as a promising intervention for sarcopenia, 
frailty, and cachexia. Vitamin D, as explored by Haeri et al., has been associated 
with positive outcomes for bone microarchitecture and gait speed in older women 
with osteoporosis [51]. The study indicates a significant positive correlation between 
vitamin D levels and spine trabecular bone, as well as gait speed. This suggests that 
maintaining adequate vitamin D levels is linked to improved bone health and physical 
function, showcasing the potential of nutritional strategies in managing sarcopenia 
in the context of osteoporosis. Furthermore, a systematic review by Abdelhamid et al. 
investigated the effects of dietary omega-3 and omega-6 polyunsaturated fatty acids 
on musculoskeletal outcomes and functional status in adults over the age of 40 [52]. 
While the evidence is limited, omega-3 is suggested to have protective effects on 
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bone and muscle, whereas omega-6 may have pro-inflammatory effects detrimental 
to musculoskeletal health. The review underscores the importance of understanding 
how nutritional factors, including fatty acids, contribute to musculoskeletal health 
during aging. In a different context, examining dietary patterns in patients with 
gastrointestinal cancer, Velho et al. identified a dietary pattern high in fat and fish 
associated with reduced odds of sarcopenia [53]. This suggests that specific dietary 
choices may impact the development of sarcopenia, emphasizing the role of nutrition 
in mitigating the condition. Studies also suggest that antioxidants such as resveratrol, 
β-hydroxy-β-methyl butyrate, and green tea catechins can improve satellite cell func-
tions during rehabilitative loading after disuse, further emphasizing the role of nutri-
tion in preserving musculoskeletal health [20]. This evidence collectively underscores 
the significance of tailored nutritional interventions as part of a multidimensional 
approach to managing sarcopenia in spine-related pathologies.

5.2.5 �Pharmacological interventions

The management of sarcopenia in spine-related pathologies may involve exploring 
pharmacological interventions [4, 79]. Current recommendations primarily rely on 
physical activity and nutritional interventions, leaving a critical gap in addressing 
sarcopenia within spine-related conditions pharmacologically [79]. The urgency to 
develop new drugs capable of restoring both muscle mass and function is empha-
sized by the limited success of existing approaches. Trials have investigated selective 
androgen receptor modulators, myostatin antibodies, and other agents, yet their 
clinical efficacy remains unclear [20]. Additionally, pharmacological interventions 
for spine-related conditions, such as degenerative disc diseases and osteoporosis, 
present challenges. The use of nonsteroidal anti-inflammatory drugs (NSAIDs) and 
benzodiazepines for back pain and degenerative disc disease may offer pain relief, 
but surgery becomes necessary in severe cases, bringing its own set of challenges 
[79]. Osteoporosis, on the other hand, is primarily managed with bisphosphonates, 
although their long-term use is limited by significant side effects [79]. Despite 
advancements, the current pharmacological field faces obstacles, necessitating ongo-
ing research and the development of novel therapies to address the complex nature of 
spine-related pathologies comprehensively.

5.2.6 �Regenerative approach

Recent advancements in regenerative approaches for treating spinal sarcopenia 
involve innovative strategies such as stem-cell-based therapies, biological scaffolds, 
and platelet-rich plasma. Stem-cell-based strategies, as explored in animal studies, 
encompass the use of various cell types, including satellite cells, muscle-derived stem 
cells, and embryonic stem cells, to address skeletal muscle repair [20]. Preclinical 
studies have shown the promising potential of stem cell-based therapies, specifically 
those involving muscle-derived stem cells, in enhancing muscle repair, positioning 
them as a viable option for treating spinal sarcopenia. Biological scaffolds, composed 
of mammalian extracellular matrix, offer a promising therapeutic option by preserv-
ing skeletal muscle function and preventing spinal sarcopenia [20]. This approach 
aids in site-appropriate remodeling of skeletal muscle, correcting myofiber alignment 
and maintaining mechanical properties crucial for tissue function. Additionally, 
platelet-rich plasma shows promise in modulating molecular factors crucial for effec-
tive muscle injury repair and regeneration [20]. While these regenerative approaches 
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hold potential, further research, particularly human trials, is essential to fully com-
prehend their effectiveness in managing spinal sarcopenia.

6. �Comprehensive approach

Spine care providers, through a comprehensive approach that spans both non-
operative and operative care strategies, acknowledge the diverse nature of spinal 
pathologies and the need for tailored interventions. The integration of Enhanced 
Recovery After Surgery (eRAS) protocols seamlessly aligns with this comprehensive 
perspective, constituting an interdisciplinary strategy to elevate patient care by 
integrating evidence-based methodologies from pre-operation to post-operation [80]. 
The interventions embedded in eRAS protocols are grounded in the fundamental 
principle that patient outcomes can be substantially enhanced by effectively manag-
ing pain, promoting early ambulation, attending physical therapy, and addressing 
nutritional needs to prevent catabolism and immune dysfunction. By addressing not 
only the physical manifestations of spine-related pathologies but also considering 
patient-reported quality of life and potential adverse events, spine care providers 
elevate the standard of care while striving for cost-effective solutions without com-
promising efficacy.

7. �Future research

Addressing the relationship between skeletal muscle morphology, function, 
and spinal pathologies opens promising avenues for future research. Exploring the 
role of exercise modalities, nutritional interventions, and emerging therapeutics in 
preserving muscle health and improving spinal pathologies presents a promising 
path forward. Identifying potential treatment and prevention strategies based on 
evidence-based findings could revolutionize clinical approaches, offering novel inter-
ventions aimed at mitigating the impact of sarcopenia on spine health and improving 
the quality of life for individuals affected by these conditions. This perspective will 
not only enrich the current understanding of sarcopenia, musculoskeletal health and 
spine-related pathologies, but also foster innovation and guide future advancements 
in the field of musculoskeletal health.

8. �Conclusions

The intricate relationship between sarcopenia and spine pathologies unveils a 
multifaceted impact that extends beyond mere musculoskeletal concerns. From 
compromised spinal stability to diminished bone density, the consequences of 
sarcopenia reverberate through the intricate biomechanics of the spine. Sarcopenia 
serves not only as a diagnostic tool but also as a modifiable variable, playing a pivotal 
role in shaping pre-operative, non-operative care, and post-operative outcomes, as 
well as influencing rehabilitation strategies. The relationship between muscle loss, 
spinal health, adverse events, and quality of life highlights the need for a comprehen-
sive approach that encompasses research, healthcare, and public health initiatives to 
manage and prevent these conditions. As the healthcare industry strives for a com-
prehensive understanding of the complex connection between sarcopenia and spine 
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Chapter 3

Perspective Chapter: Chronic 
Kidney Disease–Related Sarcopenia 
Diagnosis in Patients undergoing 
Hemodialysis
Santiago David Silva Tobar and Leticia Andreina Lozada Tobar

Abstract

Sarcopenia syndrome is a muscle disease characterized by the loss of muscle mass 
and quality, according to the European Working Group on Sarcopenia in Older People 
(EWGSOP). In the general population, sarcopenia is closely associated with aging, 
reduced quality of life, and increased mortality, conditions that aggregate to chronic 
kidney disease (CKD) and hemodialysis treatment. Sarcopenia and kidney disease 
wasting (KDW) syndrome are correlated by an interaction of genetic, mechanical, 
hormonal, inflammatory, and nutritional factors that injure the metabolic muscular 
system, resulting in cachexia, a severe form of protein-energy wasting. The aim 
of this review is to comprehensively examine the concept, pathophysiology, and 
diagnostic criteria of sarcopenia as it pertains to patients with CKD and those under-
going hemodialysis. In this review, we analyzed the diagnosis and physiopathology 
of chronic kidney disease–related sarcopenia (CKD-RS) in patients undergoing 
hemodialysis.

Keywords: sarcopenia, frailty, chronic kidney disease, hemodialysis patients,  
end-stage renal disease

1. �Introduction

The aim of this review is to analyze the diagnosis and physiopathology of  sarcope-
nia related to chronic kidney disease (CKD) in patients undergoing hemodialysis.

CKD is a syndrome characterized by uremic symptoms and alterations in the 
laboratory analyses due to abnormalities of kidney structure or/and function (esti-
mated glomerular filtration rate < 60 ml/min/1.73m2), present for a time > 3 months, 
according to the definition of Kidney Disease: Improving Global Outcomes (KDIGO) 
guidelines [1].

Sarcopenia is defined by the European Working Group on Sarcopenia in Older 
People 2 (EWGSOP2 in 2018) as a progressive skeletal muscle disorder that impairs 
muscle function (quality) and mass (quantity) predisposing patients to a major likeli-
hood of falls, fractures, physical disability, and mortality [2–5].
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Due to the high prevalence of muscle wasting, malnutrition, and inflammation 
in CKD and hemodialysis patients, sarcopenia is commonly correlated with kidney 
disease wasting (KDW) syndrome, characterized by a loss of body protein mass and 
fuel reserves in CKD patients [2].

Sarcopenia and KDW syndrome are correlated by an interaction of genetic, 
mechanical, hormonal, inflammatory, and nutritional factors that injure the meta-
bolic muscular system, resulting in cachexia, a severe form of protein-energy wasting 
(PEW) [2, 3].

Patients, with CKD in any stage included in hemodialysis, have some grade of 
sarcopenia that in combination with aging, multiple comorbidities, catabolic uremic 
state, dietary restrictions, and reduced functional capacity generates major mortality 
in relation to the general population without CKD or hemodialysis [3].

Diagnosis and classification of sarcopenia in the general population, CKD, and 
hemodialysis patients are based on the clinical characteristics of this syndrome: 
analysis of decreased muscle strength (muscle failure) with handgrip method, a 
score of muscle quantity (muscle mass) or quality, and altered tests of physical 
performance [3, 4].

In the last year, some studies have developed a sarcopenia risk prediction scheme 
in patients undergoing and in hemodialysis for early identification and timely 
intervention in high-risk groups based on points according to age, C-reactive pro-
tein, body mass index, mid-upper arm muscle circumference, and serum phosphorus 
levels. However, more studies are necessary for validation in CKD and hemodialysis 
patients.

2. �Epidemiology

A meta-analysis that included cross-sectional or cohort studies of North and South 
American, European, African, Asian, and Australian participants including 692.056 
non-CKD participants with a mean age of 68 years and using a different score of 
diagnosis and classifications of sarcopenia (Asian Working Group for Sarcopenia, 
EWGSOP, Foundation for the National Institute of Health, and International Working 
Group on Sarcopenia) demonstrated a prevalence of sarcopenia in the general popula-
tion to be between 10 and 27% [6].

A systematic review and meta-analysis with observational and cohort studies of 
Asia and Europe, including 58.404 non-CKD individuals aged ≥ 60 years, using the 
EWGSOP score, demonstrate a prevalence of 10% (95% CI: 8–12%) in men and 10% 
(95% CI: 8–13%) in women [7].

A cross-sectional study determined that a prevalence of sarcopenia in 76 Beijing 
Jishuitan Hospital patients of 18 years or more undergoing hemodialysis treat-
ment was between 28.5% and 40.3% and was associated with poor outcomes [8]. 
Sarcopenia was determined by handgrip strength method (HGS), short physical 
performance battery (SPPB) performance, and appendicular skeletal muscle mass 
index (ASMI) [8].

The same study demonstrated that the risk factors associated with the apparition 
of sarcopenia were older age (OR: 1.061, P < 0.003); lower body mass index (BMI) 
(OR: 0.837, P = 0.008), albumin (OR: 0.765, P = 0.004), prealbumin (OR: 0.987, 
P = 0.001), predialysis blood urea nitrogen (BUN) (OR: 0.842, P < 0.001), predialy-
sis creatinine (OR: 0.993, P < 0.001), and phosphorus (OR: 0.396, P = 0.047); and 
lower CSA of the thigh (OR: 0.58, P = 0.035), third lumbar (L3) trunk (OR: 0.37, 
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P = 0.004), gluteus minimus and medius (OR: 0.28, P = 0.001), and gluteus maximus 
(OR: 0.28, P = 0.001) [8, 9].

According to these principal studies, prevalence of sarcopenia in hemodialysis 
patients is higher than that in the general population without hemodialysis (two times 
higher approximately). It is frequent in ages >60 years and has no difference with sex.

Some comparative studies indicate that physical inactivity and dietary patterns 
impact the onset of sarcopenia due to the decrease in muscle fiber size that begins at 
age 35 in sedentary individuals [10].

Another important factor for the onset of sarcopenia is the hormonal and inflam-
matory mechanisms present in chronic diseases and advanced age, leading to protein 
degradation [10].

3. �Definition

EWGSOP2 defined sarcopenia as a progressive skeletal muscle disorder that 
impairs muscle function (quality) and mass (quantity) predisposing patients to a 
major likelihood of falls, fractures, physical disability, and mortality [5].

This new concept emphasizes the muscle function or quality, which is more 
important than the muscle quantity or mass parameter in the diagnosis of 
sarcopenia in the case of general population and CKD patients including those in 
hemodialysis [5].

This concept helps to identify and care for patients at risk of sarcopenia and 
establishes the basis for new and advanced definitions [5].

On the other hand, sarcopenia in the context of CKD is denominated as chronic 
kidney disease–related sarcopenia (CKD-RS) and includes hemodialysis and perito-
neal dialysis patients. It is conceptualized as a progressive skeletal muscle disorder 
that impairs muscle function (quality) and mass (quantity) in the context of CKD 
and hemodialysis [3].

CKD is a syndrome characterized by uremic symptoms and alterations in the 
laboratory analyses due to abnormalities of kidney structure or/and function (esti-
mated glomerular filtration rate < 60 ml/min/1.73 m2), present for a time > 3 months, 
according to the definition of KDIGO guidelines.

4. �Pathophysiology

A healthy skeletal muscle depends on an adequate mechanism of degeneration, 
inflammation, regeneration, and remodeling-repair interrelated and time-dependent 
phases [11].

1.	Degeneration phase: in this phase is secondary to necrosis of the skeletal muscle 
as a result of different injuries, a product of myofiber proteolysis for influx of 
intracellular calcium [11, 12].

2.	Inflammatory phase: a product of myofiber necrosis, there is a high inflamma-
tory response from both innate and adaptive immunities. Indeed, neutrophils, 
the first cell implicates, release free radicals and proteases, which generate the 
elimination of cellular debris and stimulate pro-inflammatory cytokines includ-
ing homing macrophage cells (M1 and M2 types) [11, 12].
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M1 macrophages, the abundant inflammatory cells, are responsible to produce 
pro-inflammatory cytokines, such as interleukin 12 (IL-12), tumor necrosis factor 
(TNF)-alpha, interleukin 1 (IL-1), and interleukin 6 (IL-6), and low amount of the 
anti-inflammatory interleukin 10 (IL-10). Indeed, they are capable of damaging host 
tissue [12].

M2 macrophages produce a high amount of anti-inflammatory interleukin 10 (IL-
10), insulin-like growth factor-1 (IGF-1), and low pro-inflammatory interleukins, 
which can module the inflammatory responses, scavenge cellular debris, and promote 
angiogenesis and tissue remodeling and repair [12].

3.	Regenerative phase: myoblasts constitute a pool of undifferentiated reserve 
muscle cells, and they are activated, proliferated, and then differentiated in skel-
etal muscle cells in response to the release at the injured site of growth factors, 
such as insulin-like growth factor-1 (IGF-1), hepatocyte growth factor (HGF), 
epidermal growth factor (EGF), transforming growth factors (TGF-a and TGF-
b), and platelet-derived growth factors (PDGF-AA and PDGF-BB) [12].

Indeed, a high number of myoblast cells guarantee a major likelihood of mature 
skeletal muscle regeneration. Satellite cells play a principal role in this phase including 
muscle homeostasis [11, 12].

The mitotic capacity of the satellite cells has a limit and depends on the telomere 
shortening. As a result, during the proliferation phase, there is an inability to repair 
the muscle fiber [12].

4.	Remodeling and repair phases: characterized by the regeneration of connec-
tive tissue, angiogenesis process, and function of skeletal muscle fibers that are 
damaged [11]. This is possible because of the formation of scar tissue, a product 
of the muscle injury, and the overproduction of all types of collagens secondary 
to the activation and overgrowth of extracellular matrix and transformation of 
growth factor-b1 (TGF-b1), which has been demonstrated to participate in the 
activation of the fibrosis cascade in the case of muscle injury [12].

Relationship of these phases to pathophysiology of CKD-RS is the association with 
a loss of skeletal muscle regeneration for a decreasing number of myoblasts, product 
of KDW characterized by a loss of body protein mass and fuel reserves in CKD and 
hemodialysis patients [11, 13].

This generates a lost of muscle mass, secondary to the following:

•	 High muscular fiber destruction (degeneration phase), product of a negative 
balance of protein homeostasis.

•	 Increased catabolism.

•	 Increment of pro-inflammatory cytokines (inflammatory phase) released by M1 
macrophages.

•	 The direct association with the uremia syndrome, characterized by an imbalance 
in fluid/electrolytes, and acid-base homeostasis includes abnormal hormone 
function, a product of elevated serum urea and deterioration of the kidney 
filtrate [11, 13].
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Further in CKD-RS, an abnormal muscle regeneration phase (characteristic 
of normal aging) in early ages exists, secondary to a high activation of myostatin, 
a growth differentiation factor that is produced and released by myocytes of the 
skeletal muscle and acts on muscle cells to inhibit muscle growth and mass and that 
may be a pharmacologic target. Myostatin is inhibited to follistatin protein released by 
the liver in response to the exercise [13, 14].

In addition, hypogonadism is common in CKD and is associated with reduced 
muscle mass and strength and, thus, may be a target for skeletal muscle intervention 
in CKD [13]. Increased catabolism is attributed to different factors: uremic toxins, 
chronic inflammation, insulin resistance, hormonal imbalance, malnutrition, vitamin 
D deficiency, oxidative stress, and increased ubiquitination.

Vitamin D deficiency can upregulate the ubiquitin-proteasome (UPS) pathway 
leading to protein degradation and, subsequently, skeletal muscle atrophy [14].

The renin-angiotensin-aldosterone system is upregulated in CKD and 
impairs muscle regeneration and increases UPS proteolytic pathways. The UPS 
pathway degrades and digests ubiquitinated proteins through the activation of 
nuclear forkhead box members (FOXOs). In CKD, FOXO1 has been shown to 
play a role in CKD-related muscle wasting and could be a potential therapeutic 
target in future clinical studies. It is also important to note that patients with 
CKD often have comorbidities such as cardiomyopathy that also share pathways 
with sarcopenia such as oxidative stress and ghrelin, leptin, and cytokine release 
(Figure 1) [14].

Hemodialysis and CKD patients also are susceptible to KDW, a severe form of 
protein–energy wasting, secondary to the occurrence of PEW and cachexia, which 
increases the chance of sarcopenia [2].

Figure 1. 
Chronic kidney disease sarcopenia–related pathophysiology. Abbreviations: CKD-S: Chronic kidney disease 
sarcopenia related, Ang II: Angiotensin II; ILGF1: Insulin-like growth factor-1. Taken and modified to: Ref. [13].
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5. �Sarcopenia assessment and diagnosis

Sarcopenia in general population, CKD-RS, and hemodialysis patients is char-
acterized by changes in a person’s muscle quality that lead to a decreased muscle 
strength and muscle mass, which usually occurs at the beginning of the aging process 
or due to some chronic pathology, particularly inflammatory ones, such as CKD [15].

For this reason, diagnosis is given by measuring muscle strength and mass as the 
main parameter, as described in Table 1.

Various techniques to assess muscle quality are mostly available in clinical settings; 
physical performance was also considered part of the diagnosis but is now used to 
categorize the severity of sarcopenia.

EWGSOP proposed validated tools and tests for sarcopenia diagnosis in the 
general population without CKD and hemodialysis, which may be applied in hemodi-
alysis patients because there is no consensus actually for this population [5].

Based on this, four criteria can be identified that must be recognized to diagnose 
sarcopenia in CKD-RS and hemodialysis patients [5]:

1.	Screening of sarcopenia cases, through the use of the SARC-F questionnaire (low 
to moderate sensitivity and very high specificity) to predict a decreased muscle 
strength in ambulatory patients, or the Ishii score for the use at a hospital level [5].

2.	Evaluate a case of positive screening sarcopenia, must be performed through 
the measurement of the decreased muscle strength in both the upper and lower 
limbs [5].

3.	Confirm the sarcopenia diagnosis: there are several examinations with more 
complex and expensive devices that can be performed, such as bioelectrical im-
pedance (BIA), dual-energy X-ray absorptiometry (DXA), magnetic resonance 
imaging, and muscle biopsy [5].

4.	Finally, to determine the severity, physical performance tests related to locomo-
tion are carried out, not only the muscles but also the nervous function and the 
balance part are assessed (Table 2) [5, 18].

6. �Discussion

Sarcopenia syndrome is a muscular disease characterized by a loss of muscular 
mass and quality, resulting in low strength and function [3].

Operational definition of sarcopenia in general population and CKD-RS

1.	 Probable sarcopenia: demonstrated by a decrease in muscle strength

2.	 Confirmed sarcopenia: low muscle quantity or quality demonstrated with additional assessment method

3.	 Severe sarcopenia: definitions 1 and 2 and very low physical performance demonstrated

Taken and modified to: Ref. [4].

Table 1. 
Criteria for diagnosis of sarcopenia in CKD and hemodialysis patients [4].
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We recommend the concept of CKD-RS to mention a CKD patient undergoing 
renal replacement treatment (hemodialysis or peritoneal dialysis) with a diagnosis of 
sarcopenia.

Sarcopenia has a prevalence between 10 and 27% in older age population 
without renal kidney disease (> 60 age); however, in CKD and renal replacement 

Evaluate Measure tool Research studies Positive Cutoff points

To screen SARC-F questionnaire
Ishii screening tool
Blood test

SARC-F
Serum albumin

≥4 points
< 3,5 mg/dl

To evaluate a case of 
positive case

Grip strength
Chair stand test (chair rise 
test)

Grip strength
Chair stand test  
(5 times sit-to-stand)

M: <27 kg W:<16 kg
>15 s

To confirm  
diagnosis

Appendicular skeletal 
muscle mass (ASMM) 
by dual-energy X-ray 
absorptiometry (DXA)
Whole-body skeletal 
muscle mass (SMM) 
or ASMM predicted by 
bioelectrical impedance 
analysis (BIA)
Lumbar muscle cross-
sectional area by CT or 
MRI

ASMM by DXA
Whole-body SMM or 
ASMM by magnetic 
resonance imaging 
(MRI, total body 
protocol)
Mid-thigh muscle 
cross-sectional 
area by computed 
tomography (CT) or 
MRI

M:<20 kg W:<15 kg

To determine 
severity

Gait speed
Short physical 
performance battery 
(SPPB)
Timed-up-and-go test 
(TUG)
400-meter walk or long-
distance corridor walk 
(400-m walk)

Gait speed for 4.5 m 
(15 ft)
SPPB
TUG
400-m walk

Maximum duration
Men:
Height ≤ 173 cm ≥ 7 s
Height > 173 cm ≥ 6 s
Women:
Height ≤ 159 cm ≥ 7 s
Height > 159 cm ≥ 6 s
≤ 8 points
≥20 s
Noncompletion 
or ≥ 6 min for 
completion

Anthropometric 
measurements to 
confirm diagnosis

Arm circumference
Tricipital skin fold
Arm muscle area

Prospective 
observational study 
Jiang. et al. [16]

[17] Men
< 26.3 cm
Women
<25.2 cm
Men >65 years old
<6 mm
Women >65 years old
< 14 mm
Men
< 24.5 cm
Women
<19.6 cm

Abbreviations: M: men; W: women; Kg: kilograms; s seconds. m: meters.
Taken and modificated to: Ref. [4].

Table 2. 
Screening and diagnosis assessment for chronic kidney disease–related sarcopenia [4, 5].

43



Updates on Sarcopenia – Advances in the Prevention, Diagnosis, and Management

8

treatment patients, the prevalence is higher (28.5–40.3%) and is associated with 
poor outcomes [8].

With the high prevalence of frailty in this population, other syndromes inter-
related with sarcopenia increase the possibility of high mortality and poor outcomes 
too. A prospective observational study determined a prevalence of 67.5 % of frailty in 
patients at the beginning of dialysis [18].

This high prevalence in older ages and in CKD patients independent of age is due to 
a high muscular fiber destruction for a negative balance of protein homeostasis with an 
increased catabolism, inadequate mechanism of degeneration, inflammation, regenera-
tion, and remodeling-repair phases on the skeletal muscle [10, 14].

Another important cause in aging patients is the muscular alterations related with 
the senescence (shorting telomere present on the satellite muscular cells and regen-
erative skeletal muscle function) with abnormal neuromuscular integrity and muscle 
fat content, a product of an alteration in the homeostasis of the endocrine system, 
sex hormones, inadequate nutrition, malabsorption, muscle disuse, and concomitant 
diseases and cachexia [4, 12].

The most important mechanism of sarcopenia in CKD is the uremia syndrome 
responsible for a negative balance of protein homeostasis, followed by an abnormal 
muscle regeneration phase (characteristic of normal aging) in early ages, secondary 
to a high activation of myostatin (protein responsible to inhibit the skeletal muscle 
growth) [13].

Increased catabolism is the most important mechanism in renal replacement treat-
ment patients attributed to different factors, such as uremic toxins, chronic inflam-
mation, insulin resistance, hormonal imbalance, malnutrition, vitamin D deficiency, 
and oxidative stress [14].

Hemodialysis and peritoneal dialysis patients also are susceptible to KDW, a severe 
form of protein-energy wasting, that aggregates more risk of sarcopenia and finally 
cachexia [2].

Thus, CKD patients are more susceptible to sarcopenia syndrome independent of 
the age, secondary to a lot of intrinsic (previously reviewed) and extrinsic factors.

Extrinsic factors are added to the intrinsic factor, such as comorbidities: hyper-
tension, diabetes, cardiac diseases, inflammatory diseases, infections, and immu-
nosuppression. In patients on renal replacement therapy, is add the extracorporeal 
treatment and the vascular access (catheter dialysis, peritoneal catheter or arteria-
venous fistula), that predispose to a major probability of infections, hypercatabolic 
and hyperinflammatory state.

Currently, scales used for sarcopenia screening and diagnosis are the SARC-F 
score and the modified SARC-assisted CalF score, reviewed in a meta-analysis that 
discovered a sensitivity of SARC-F low to moderate (28.9–55.3%) and so was its 
specificity (68.9–88.9%). Although SARC-CalF is associated with higher specificity 
(87.7–91.3%), its sensitivity is not satisfactory (45.9–57.2%) [19].

Furthermore, a lot of studies have developed a risk prediction nomogram for 
sarcopenia in hemodialysis patients, based on different parameters such as C-reactive 
protein, body mass index, mid-upper arm muscle circumference, old age (> 60), 
serum phosphorus (< 1.13 mmol/L), low body mass index (< 18.5 kg/m2), calf circum-
ference, and serum creatinine [19].

However, these nomograms need more studies to validate and guarantee a better 
sensibility and specificity for the diagnosis of CKD-RS. At the same time, other scales 
such as SARC-F and SARC-assisted CalF score need more studies to consider applica-
tion in the general population including CKD and hemodialysis patients.
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Exist other scales with good validation such as The Asian Working Group for 
Sarcopenia (AWGS) 2019, used in a lot of investigation studies for development nomo-
grams for sarcopenia in hemodialysis patients, that we consider is not applicable to our 
population because the variation of body mass index and muscle mass parameters.

Consequently, we recommend for the diagnostic of CKD-RS patients undergoing 
hemodialysis and without the methods proposed by The European Working Group on 
Sarcopenia in Older People (EWGSOP), which despite being validated in the general 
population without CKD and hemodialysis, may be able to applicate in these patients 
because for the time there’s not a consensus for this population [5].

Thus, the following steps are necessary for a proper diagnosis: first screening sar-
copenia (SARC-F questionnaire in ambulatory patients or the Ishii score for hospital-
ized patients), evaluating a case of positive screening sarcopenia (measurement of the 
decreased muscle strength in upper and lower limbs), confirming sarcopenia diagno-
sis BIA, DXA, magnetic resonance imaging, and muscle biopsy), and determining the 
severity (physical performance tests) [5, 20].

In the majority of cases, it is not possible to confirm CKD-RS with BIA, DXA, mag-
netic resonance imaging, or muscle biopsy, because it is either expensive or not avail-
able. However, the screening and confirmation with measurement of the decreased 
muscle strength for the distinct methods are sufficient to confirm the diagnosis.

Finally, the diagnosis of sarcopenia through a precise diagnostic test, applicable 
for CKD and renal replacement treatment patients, is primordial, due to the high 
prevalence in this population group and the high susceptibility to other comorbidities.

More validation studies related to the diagnosis of CKD-RS scores are necessary. 
Therefore, the implementation of other clinical diagnostic criteria such as serum 
albumin and anthropometric measurements such as arm circumference and tricipital 
skinfold should be considered, which could be useful in these cases.

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 4

Perspective Chapter: The Strategy 
of Motivation Technique in 
Sarcopenia Prevention
Katdel Istifanus Dafup

Abstract

Because of the difficulties in sarcopenia management caused by the scarce  
pharmacologic agents for cure, and the influence of lifestyle in rendering the disease 
course reversible, prevention of sarcopenia becomes a primary care need. The inter-
ventions prone to reducing the development of sarcopenia are non-pharmacological, 
mainly requiring lifestyle modification—a primary care intervention. The sarcopenic 
elderly require self-motivation to sustain their independence in lifestyle practice, as 
many struggle with apathy; without motivation, they may relapse even after attaining 
cure. Hence, “Motivational Interviewing (MI)” is an emerging promising behavioural 
technique for sarcopenic elderly to initiate and maintain a positive lifestyle. Primary 
care physicians play a role in identifying those at risk and initiating this behavioural 
technique as a prevention strategy; also, by making early diagnosis, the primary care 
physician refers the sarcopenic for specialist care and classifies those with comorbidi-
ties or severity for coordination of a comprehensive care.

Keywords: sarcopenia, motivational interviewing, lifestyle changes, primary care, 
prevention, motivation, patient, therapist

1. �Introduction

The prevention of sarcopenia is a need in primary care [1, 2]. This is important 
so because Primary Care, as reported by the WHO in 2021, is the healthcare space 
that offers the initial care of patients in a coordinated, continuous, comprehensive 
and patient-centric manner. This makes primary care a significant domain in health 
promotion and disease prevention—including the prevention of sarcopenia [3]. Due 
to the several undesirable effects ascribed to sarcopenia on the elderly, and the dif-
ficulties in its management in general, this chapter highlights the merits of sarcopenia 
prevention and introduces the concept of a behavioural technique in prevention; 
while buttressing the primary care setting as a suitable care point for this task [4].

Preventing sarcopenia becomes necessary in primary care, firstly because there 
are hardly any pharmacologic agents for cure [1, 5]. As of now, the prime treatment 
for sarcopenia is non-pharmacotherapy. However, there are prospects of reliable and 
sustainable outcomes with pharmacotherapy for the sarcopenic elderly [6]. “Clinical 
trials of new drugs targeting multiple molecules are ongoing” [6]. Pharmacotherapy is 
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the use of drugs to effect clinical improvement in the course of sarcopenia or posi-
tively modify its progression [6]; while non-pharmacological treatment entails the 
use of other forms of treatment not requiring the use of drugs or medicine [6, 7]. In 
sarcopenia management, non-pharmacologic prevention and treatment have been 
based on lifestyle modification and the use of dietary supplements [6]. These lifestyle 
measures for reducing the onset or progression of sarcopenia are mostly physical 
exercise and dietary control. Those measures are interventions in primary care, often 
requiring the role of primary care physicians [1, 8]. Primary care is the initial medical 
attention at the potential, or earlier onset, or progression of the disease [9]. Thus, 
lifestyle measures confer great benefits in sarcopenia care, whether in the prevention 
or treatment of its severity [1, 5]. Lifestyle is termed as the deliberate practice of a 
routine that affects the long-term social course of a habit or behavioural pattern, like 
substance, alcohol or tobacco use, dietary habits, and physical activity and sedentari-
ness, thereby impacting the overall health of people [1]. “Physical activity is defined 
as any movement produced by the contraction of skeletal muscles causing increases in 
energy expenditure” while “sedentary behavior refers to activities that do not substantially 
increase energy expenditure above the resting level” [5]. Various researchers have sug-
gested the effects of lifestyle modification on distinct measures of sarcopenia like 
muscle mass or strength and physical performance [1, 5, 8, 10, 11].

Secondly, primary care is at the heart of sarcopenia prevention because the pre-
vention can be effective with the primary care physician due to his/her acquaintance 
with the health behaviour pattern among patients, performing a significant role in 
prevention [1, 2]. Furthermore, the need for the primary care provider’s acquaintance 
is because the disease course, being influenced by lifestyle, is reversible [1, 2, 12].

In the early onset of sarcopenia development known as the pre-sarcopenia, there is 
the manifestation of a reduction in skeletal muscle build of the affected elderly [10]. 
If not managed, pre-sarcopenia may cause the development of sarcopenia, leading to 
a high risk of geriatric frailty and falls [10]. There is a disturbing experiential connec-
tion between geriatric frailty and sarcopenia. This fragility is known to cause debility 
and loss of self-abilities with an increased risk of geriatric untimely deaths. These 
conditions can all be averted if pre-sarcopenia is tackled by preventing the manifesta-
tion of sarcopenia features to forestall lingering bodily deterioration [10]. However, 
after a cure, patients with sarcopenic presentations who get treated may revert to 
their old pre-sarcopenic state [3]. This could happen because when one does not have 
self-motivation for personal improvement, the individual is mostly highly physically 
inactive, committed to unhealthy diets, consuming alcohol and, or using tobacco. That 
individual, for instance, may not indulge in frequent social events, partake in recre-
ational activities which increase physical activity and harbour innumerable health 
benefits [3]. The effect of ageing on mental health has been strongly suggested to have 
a relationship with the apathy the geriatric display towards lifestyle change which is 
a necessity in the prevention and treatment of sarcopenia [3]. Some of the reasons 
for the ambivalence to lifestyle modification in the elderly stem from: loneliness and 
hopelessness leading to social isolation; loss of independence leading to the feeling loss 
of self-identity; physical symptoms relating to chronic pain leading to physical and 
emotional exhaustion; neurological changes leading to cognitive decline; the fear of 
the overall ageing process leading to anxiety about death and dying; and, loss of loved 
ones leading to worsening loneliness, depression and being somnolent [3].

Consequently, an approach to counselling linking improvement or maintenance 
of physical well-being to behaviour change called “Motivational Interviewing (MI)” 
has been studied and strongly suggested to be beneficial for patients to recover 
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“self-efficacy” for lifestyle change [1, 3]. Hence, a sarcopenic individual requires 
self-motivation to address ambivalence and sustain independence in lifestyle practice 
which would advance the quality of prevention [3, 9]. Many geriatrics struggle with 
apathy or a loss of motivation [3, 13]. Without self-motivation, even those who attain 
a cure may relapse [3]. Many health-based studies have proposed the merits of MI 
in the prevention and treatment of several enduring health conditions, and those 
requiring lifestyle change among the elderly [13, 14]. By that implication, many senior 
citizens who need to make dire lifestyle changes to manage their prevailing chronic 
medical conditions would require MI. Hence with MI, the elderly can imbibe life-
style modifications much genuinely easier by using MI as a means for attaining and 
sustaining self-efficacy [2].

This chapter seeks to highlight the role of the primary care physician in the 
management of sarcopenia; and point to the benefits of MI—behavioural counselling 
technique in primary care management of chronic diseases that could be adopted, 
with benefits, as a primary care technique in sarcopenia prevention and treatment 
strategy for assisting especially, the susceptible elderly.

2. �Prevention of sarcopenia is better than cure

The prevalence of sarcopenia is of epidemiologic proportion owing to its related-
ness with exposure to specific risk factors [5]. Senility is reportedly a major risk 
from ageing dynamics relating to physiological changes affecting the human body 
systems [1, 5, 8]. From late youthful age to the onset of elderly age, there is a projected 
yearly gain of roughly 0.45 kg (1 lb) of fat and shedding of about 0.23 kg (0.5 lb) of 
muscle [5]. Also, from the onset of ageing, there is an estimated yearly loss of 2% of 
muscle bulk with a concomitant annual loss of muscle strength of about 3% [5]. The 
consequences of these losses are a reduction in muscle bulk together with deposition 
of fat tissue triggering a physique configuration known as “sarcopenic obesity which 
is related to changes in skeletal muscle tissue and low muscle quality disarrangements of 
myofilaments, accumulation of reactive oxidative species, and reduction in satellite cell 
activity and number” [5]. Hence, sarcopenia prevalence is reportedly high among the 
elderly and increases with age [1, 2, 5], possibly reaching a proportion as high as 1 
in 2 by age 80 years [5], with a higher male-to-female ratio [1–3]. Furthermore, as 
the universal life expectancy rises, the frequency of geriatrics in human populations 
seems to be on the rise, the world over [5]. Therefore, the frequency of sarcopenia is 
also potentially on a surge [5]. Similarly, there is a potential increase in its burden on 
requirements for human, financial and health resources [5, 11]. The financial burden, 
for example, can be regarded from various unswerving facts like the bills of medical 
care of a sarcopenic; while secondarily, the economic burden arises from the sarco-
penic being unproductive [5]. Yet, at present, there is no cure for sarcopenia [8, 15]. 
Consequently, developing strategies to prevent sarcopenia continues to be of greater 
importance, and a potentially more rewarding approach than focusing on its cure 
[5, 15]. This aligns with the common axiom in public health practice that “prevention 
is better than cure”. This suggests that disease deterrence is fundamental in the future 
of individuals, including the elderly healthy living. Thus, it portends a lot of sense to 
deter the occurrence of sarcopenia rather than to suffer the menace it inflicts on the 
individual, family, and society.

Aside from the above mentioned, ageing—a notable non-modifiable risk fac-
tor of sarcopenia, there are modifiable lifestyle conditions like physical inactivity, 
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inadequate nutrition, cigarette smoking, and alcohol consumption, implicated in the 
development of sarcopenia [1, 5]. The existence of lifestyle factors in its aetiology, 
with scarce drugs for its treatment, suggests the merit of primary care intervention 
for prevention of the condition… Also, in order to prevent complications of chronic 
diseases like sarcopenia, lifestyle intervention has been reported as a necessity [2]. 
The subsequent discussion highlights how modification of those lifestyle factors could 
impact the outlook of sarcopenia management in primary care.

An important lifestyle factor of sarcopenia prevention in primary practice includes 
“physical activity” which comprises of “intentional movements for health benefits such 
as brisk walk or biking, as well as daily activities such as standing up from a chair and 
climbing stairs”. Thus, when individuals execute solely routine physical activities like 
to stand and walk slowly, or lift light items, they are tagged “inactive”. However, the 
primary care physician could advise the addition of “intentional movements” to the 
routine physical activities to yield improved well-being for the sarcopenic elderly. 
Another way to improve physical activity is by “exercise” which is an intentional 
movement that is “intentionally fashioned in a recurring physical motion executed at will 
for the maintenance or improvement of bodily fitness, functioning, and wellbeing” [5]. The 
lifestyle of physical activity guarantees that the elderly gains increased muscle mass 
and strength, and becomes less prone to the onset of sarcopenia [5]. Another activity-
related lifestyle factor to sarcopenia development is sedentariness, which refers to a 
behaviour of doing bodily movements of about equal level of energy expenditure as 
the resting level activities like sleeping, sitting, lying down, and watching television 
[5]. Sedentariness is an implicated factor in the development of life-long illnesses, 
frailty, as well sarcopenia. Thus, in the elderly, being immobile favours loss of muscle 
bulk especially in the distal extremities by interrupting protein metabolism, favour-
ing the catabolic rather than the anabolic process of skeletal muscle protein synthesis 
[5]. This is just as reported by a study in which immobilised animals showed skeletal 
muscle damage in old animals compared to young ones in relation to activation of 
several proteolytic systems which were activated in the animals’ muscles following 
inactivity [3].

Since reduced body movement and sedentariness are core factors of sarcopenia 
manifestation, physical activity and exercise are strategies in primary care for the 
prevention and treatment of sarcopenia [3]. For this, resistance exercise alone, or 
with aerobics, can be used to improve the muscle volume and strength in the elderly 
[3]. Aerobic exercise is one that “involves continued bulky muscles movement contrib-
uting less to muscle hypertrophy but increasing the thickness of the muscle fibers, and 
biomolecular activities” [3]. Through these “cardio” exercises like jogging, skipping, 
and brisk walking, there is a reduction of age-related damages in muscle catabolism 
which influences the insulin and mammalian target of rapamycin (mTOR) signalling 
pathways to induce a reduction in skeletal muscle adipose tissue, thereby causing 
improvement in muscle activity [3]. Thus, “aerobic training in older adults improves 
nutrient delivery to muscles, thereby inducing an increased anabolic effect of nutrient 
intake”. On the other hand, resistance exercise, which is “a form of exercise in which 
muscle contraction occurs against an external load”, displays a far-reaching result with 
regards to building muscle bulk and strength and reduces the progression of sarcope-
nia [3]. Examples of resistance training include heavy weight lifting, sprinting, and 
push-ups, which work by increasing muscle bulk by directly triggering muscle protein 
synthesis within just a few hours of a brief session of workout [3]. “During resistance 
workouts, enzymatic activation of mTOR leads to activation of extracellular signal-
regulated kinases 1/2 (ERK1/2) and mitogen-activated protein kinase (MAPK) leading to 
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downstream translation of factors prompting muscle protein formation” [3]. Overall, the 
success of resistance exercise stems from improvement in muscle bulk and strength in 
the sarcopenic geriatric. Additionally, an increase in muscle strength in older adults is 
reportedly achieved with as little as one resistance training session per week, similar 
to the way a resistance exercise would in a 3-day per week programme [3].

Inadequate intake from diverse factors relating to both physiologic and socioeco-
nomic realms in the elderly results in poor nutrition, which is another important risk 
factor in the development of sarcopenia [3]. Protein intake by the elderly is related 
to the mechanisms underlying sarcopenia via its influence on the skeletal muscle 
metabolism. The recommended dietary allowance (RDA) of protein is 0.8 g/kg/day, 
with greater requirements in geriatrics (1.14 g/kg/day) compared to the youths (0.8 g/
kg/day); yet, nearly half of seniors over 70 years fall short of the recommendation 
[3]. The high protein requirements in geriatrics are likely due to the phenomenon 
of “anabolic resistance”,—“a blunted response of muscle protein synthesis in the elderly 
relative to the young following ingestion of dietary protein”. Also, Leucine, an amino acid 
contained in some proteins, is vital in controlling muscle protein metabolic process by 
the translational control leading to activation of the mTOR signalling pathway and it 
is known as an “anti-atrophic agent” [2, 3]. The toxic level of leucine supplementation 
is uncommon therefore, supplementing it for the elderly is a possible future primary 
care strategy to prevent the development of sarcopenia [3]. Meanwhile, primary 
care nutritional education/advice for the elderly should be towards consumption of 
essential amino acids (EAAs) rich diets particularly leucine-rich dietary sources like 
beef, fish, and legumes [3]. The recommended least level, 1.2 g, of proteins/kg/day 
for the elderly could be augmented if there is catabolism or muscle loss. Aside from 
protein, there is also the information that vitamin D serves an imperative function in 
skeletal muscle tissue which preserves the integrity of type II fibres, thereby conserv-
ing bodily strength and preventing falls. The elderly are prone to vitamin D deficiency 
because their skin and kidneys lose the efficient ability for production and conver-
sion, respectively, of vitamin D. Hence, supplementing vitamin D in the elderly is 
another potentially key approach, in preventing and treating sarcopenia in primary 
care [3]. The primary care provider has the responsibility to advise dietary or nutri-
tional supplementation, or offer supplemental vitamin D pills to the required elderly; 
this should be combined with exercise intervention sarcopenia management [2].

Although alcohol consumption is believed to play a role in the development of 
sarcopenia, the pathway is purportedly indirectly by promoting loss of muscle bulk 
and strength in the elderly [3]. Thus, chronic alcohol consumption is a negative 
behaviour that recurrently causes features of low muscle mass and strength, muscle 
pain, cramps, difficulties in gait, and falls, and ultimately favouring onset of sarco-
penia [3]. “This phenomenon is known as alcoholic myopathy” [3]. Acute form of the 
myopathy could rarely manifest following binge drinking in undernourished alcohol-
ics presenting with muscle aches and wasting with the concomitant urinary loss of 
myoglobin leading to impaired renal function. Conversely, a commoner myopathy 
manifesting in about half of all chronic alcoholics is characterised by nutritional 
deficiencies and, or alcoholic hepatitis which could be ameliorated through absti-
nence within about a year. “This chronic alcoholic myopathy causes wasting of about 30% 
of muscle mass through programmed atrophy of type II muscle fibers” [3]. Therefore, 
counselling on reducing alcohol consumption may be a worthy primary care strategy 
for the prevention of sarcopenia [3].

Cigarette smoking is another lifestyle factor implicated in the development of 
sarcopenia as it relates to negative health habits like physical inactivity and nutritional 
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deficiencies [3]. Smoking is reported to fairly lessen appendicular skeletal muscle 
mass, and smokers with sarcopenia tend to smoke significantly more. Overall, 
tobacco smoking is a risk factor for sarcopenia and tobacco cessation counselling is an 
important sarcopenia prevention in the primary care setting [3].

Overall, behaviours relating to diet, exercise, consumption of alcohol and tobacco 
have significant bearing on the development of sarcopenia in the elderly, and its 
prevention and treatment. In order to delay the onset of sarcopenia or treat it, the 
choices of lifestyle must be considered seriously. While physiological and systemic 
bodily changes that ensue during ageing and accelerate the development of sarcopenia 
are not easily controllable, lifestyle factors are far more modifiable. Therefore, health 
education and counselling on lifestyle with regards to prevention of the development 
of sarcopenia in the elderly is of great importance in primary care management of the 
disorder [3, 15]. Since sarcopenia worsens the geriatrics’ quality of life in physical, 
functional, emotional, cognitive, and economic domains, to mention the least, pre-
ventive strategies in terms of primary care have been strongly recommended by some 
research and health organisations like the European Working Group on Sarcopenia 
in Older People (EWGSOP) [3] and European Society for Clinical and Economic 
Aspects of Osteoporosis and Osteoarthritis (ESCEO) [8]. Also, AWGS in 2019 recom-
mended that individuals diagnosed with “possible sarcopenia”, should start lifestyle 
interventions and receive related health education from primary healthcare provid-
ers [2]. The primary care provider is also encouraged to formulate institutionalised 
guidelines for sarcopenia screening and assessment tools as a preventive strategy since 
screening assists early detection of individuals at risk of sarcopenia [16].

3. �Prevention of sarcopenia: the primary care need

The primary care setting helps as the foremost service area for patients. It is a vital 
point where health promotion and disease prevention can be offered. This, therefore, 
underscores the necessity of sarcopenia care in the primary care setting which also 
represents the foremost location for continuous, comprehensive, and coordinated 
care that is individualistic and undifferentiated. Hence, the constraint of the first 
contact clinician to deal with a barrage of elderly problems risks sarcopenia develop-
ment. This challenge is however surmounted in primary care, by the development of 
several tools of varying sensitivity and specificity that assist in the assessment and 
preventive therapies of sarcopenia. Typically, referral to a higher level of care may be 
required because a good assessment has been made in primary care [1].

The diagnosis of sarcopenia is a great task in primary care and some higher set-
tings, classically because of the practice of requiring magnetic resonance imaging 
(MRI) and computed tomography (CT) scans for the non-invasive diagnosis. This 
poses a limitation in primary care practice due to the difficulty in availability, afford-
ability, and expert manpower requirements for the use of such gadgets. Consequent to 
the aforementioned challenges which also bedevil higher levels of care, anthropometry 
in primary care settings has been suggested as a worthwhile tool. This assists primary 
care physicians in recognising patients at risk of sarcopenia and identifying the need 
for collaborative care [1–8]. Not making an early diagnosis is a major impediment to 
the treatment of sarcopenia and it also deters the prospect of preventive intervention. 
Similarly, there is evidence suggesting that there is no particular biomarker specifi-
cally for sarcopenia diagnosis. However, only a combination of numerous biomarkers 
is suggested to help accurate diagnosis; and a good primary care practice curtails this 
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problem. The EWGSOP diagnostic criterion provides a detailed diagnostic process; 
however, it is multistep, time-consuming, and costly [10]. To curb this challenge of 
diagnostic intricacy in primary care, Beaudart et al. proffered a diagnostic context that 
is practicable and could be adopted in primary care [12]. Based on that guideline, sar-
copenia can be diagnosed in primary care based on: (a) best recommended tool which 
involves: speed gait and handgrip strength; or (b) best alternative tool which involves: 
anthropometric measurements and repeated chair stand test; or (c) less recommended 
tool which involves: DXA, CT-scan, MRI, BIA, lower limb muscle strength, timed 
up-and-go test, balance test, 6-minute walk test, 400 m walk test, stair climb test and 
Short Physical Performance Battery (SPPB) [8]. It is reported summarily, that: “the 
prime assessment of muscle bulk is by DXA, which if not accessible, some anthropometric 
parameters could be simply measured in the first contact care settings as important initial 
screening of those elderly with reduced muscle bulk. These patients should further be 
referred for advanced evaluation by the required specialist” [8].

With respect to the contemporary challenges in consensus regarding unremark-
able concerns relating to the limitation of time and availability of assessment tools for 
sarcopenia diagnosis in the primary care settings, the role of primary care physicians 
would be to offer assessment of risk for sarcopenia, undertake early diagnosis of 
sarcopenia, and to refer them to the specialists for treatment [8]. A new perspective 
now is the requirement for the family physician to offer behaviour change education 
and advice, and counselling intervention for prevention of sarcopenia in those at 
risk [17]. For this, it has been found that some evidence abounds about the success 
of motivational approaches in management of the elderly with such chronic disease 
conditions as sarcopenia. However, studies applying motivational strategies for 
sarcopenic elderly are scarce [17].

Furthermore, “secondary care” in sarcopenia management still depends on adher-
ence to lifestyle change as well as modification of its comorbid risks like hypertension, 
hypercholesterolemia, diabetes, and obesity [1, 5, 12, 18]. These comorbid conditions 
are non-communicable conditions also related to lifestyle that may co-exist with 
sarcopenia [1]. They are very common in primary care settings, and lifestyle modifi-
cation endeavours can likewise support their management just as sarcopenia manage-
ment by providing additional treatment benefits [3, 19]. The role of the primary care 
provider here is to assist the sarcopenic to have comprehensive care by coordinating 
the requirement for an interdisciplinary management in this case [1].

4. �Motivation technique, a primary care prevention of sarcopenia

Although people change their personalities slightly as they get older, this is dif-
ferent from the deliberate behavioural change required in lifestyle modification for 
disease prevention [18, 19]. A personality is the constitutional tendency of an indi-
vidual to display a set of habits while behaviour is an acquired set of habits based on 
repetitive actions that have been mastered over time [20]. The behavioural technique 
is a process of mentally analysing behaviour patterns, permitting individuals to dis-
cover their personalities and individual values [9, 10]. This has been used in clinical 
practice to evoke behavioural change that is necessary for disease prevention [18, 19]. 
Patients are made to discover and value what means the most to them at each stage of 
change [2]. Motivational techniques assist the potential sarcopenic to make behav-
ioural changes by aiming, targeting, and getting committed to a changed lifestyle 
which prevents the course of the disease and tolerably reduces the healthcare cost. 
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Largely, through motivation for change, the sarcopenic elderly begin a regular posi-
tive lifestyle [9]. To develop strategies to prevent and treat sarcopenia, the risk factors 
and causes of sarcopenia must be identified [10, 12]. Some of these risks are routine 
behaviours having a major impact on health and the onset of sarcopenia [10, 11]. The 
development of sarcopenia is also impacted by the complex changes of ageing related 
to lifestyle habits [10]. These habits include impaired nutrition, sedentariness, alcohol 
and tobacco use. These lifestyle factors have been reported to harm skeletal muscle 
strength and the development of sarcopenia [9, 10].

A common motivational technique used in primary care is “Motivational 
Interviewing” [13, 14]. “It is a behaviour change technique that has a specific focus on 
increasing confidence”, and solving the patient’s ambivalence in a collaborative way in 
order to increase physical activity in chronic diseases like sarcopenia [13, 14]. There 
has been a growing body of evidence about motivational interviewing ability to cause 
health behaviour change in chronic medical conditions [14]. Also, evidence abounds 
about the reliability of the technique in leading to a remarkable rise in physical activ-
ity among people with chronic health conditions [14].

The knowledge of the modifiable behavioural factors makes primary care a top 
point of care for sarcopenia. At this level, patient education, with discussions tai-
lored to attract the patient’s consideration to the calamitous problems of sarcopenia 
like loss of muscle strength, ease of trauma, frequent hospital admissions, and loss 
of activities of daily living [8, 9]. This education process necessitates an advanced 
level of enduring self-determination from the patient called motivation to change. 
Motivational interviewing is the crucial step for success in motivating the individual 
for health behaviour change [8, 21]. Being an evidence-based behavioural therapy, 
Motivational Interviewing (MI) is proposed for supporting health behaviour change 
[21]. MI was initially useful in supporting behaviour change in the treatment of sub-
stance dependency and alcoholism, but it has currently gained evidence of usefulness 
in the prevention and treatment of chronic disorders like obesity and type 2 diabetes 
mellitus; and now, it is presenting a promise of success in sarcopenia care by being 
effective in promoting behavioural change [21].

Physical activity as a behaviour is viewed as a set of planned actions like exercises 
at home or in the clinic, with the target of sarcopenia prevention by preventing 
muscle weakness or loss of bulk [9]. There have been reports from research strongly 
linking social components to behaviour change among geriatrics to enhance their 
enthusiasm [9]. For instance, organising group fitness programmes for the elderly or 
daily home-workout with family members are good approaches because many elderly 
relish physical exercises [9]. However, despite these tactics to improve participation in 
exercise activities, without the motivational technique—which pursues improvement 
in individual’s self-efficacy and motivation, physical activity would not be sufficiently 
initiated or maintained. On the other hand, participation in exercise activity would 
lead to remarkable preventive health outcomes [9].

Although there is a paucity of research on motivational techniques in the care 
of sarcopenia, evidence however abounds on the potential success of motivational 
approaches among the elderly with several lifestyle disorders. There exist other 
approaches to “motivate and empower” geriatrics to prevent the onset of frailty and 
sarcopenia by behavioural modification [13]. The motivation of the elderly can be 
performed using established behavioural models: cognitive-behavioural therapy, the 
health belief model, and motivational interviewing [13]. “Cognitive-behavioural ther-
apy is a directive approach to increase motivation by eliminating the negative thoughts that 
hinder functioning. This is because in the sarcopenic elderly, the mood of self-incompetence 
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can restrict execution of workouts, predominantly in elderly with comorbid conditions and/
or low physical/functional levels” [13]. Although cognitive-behavioural interventions 
have equally been suggested to express effectiveness in increasing physical activity 
also in older adults, the therapy focuses on changing undesirable thought patterns and 
behaviours. Whereas in motivational interviewing, a non-directive but more collab-
orative strategy is used to prompt a discussion about, as well as address, the patient’s 
ambivalence [13]. Another behavioural model used to motivate people to participate 
in exercise as a treatment for diabetes and frailty is the health belief model (HBM). 
HBM has been widely applied to other areas of health behaviours [13]. Of all these 
behavioural approaches, motivational interviewing is gaining usefulness in clinical 
practice because of its proven success in the prevention and treatment of various 
lifestyle conditions as it displays a more concerted strategy in which the therapist 
explores the client’s personal discouragements [17]. Therefore, motivational inter-
viewing requires skills/training of the care provider and more time resources than 
the other approaches [2, 14]. It is also noteworthy, however, that sociocultural factors 
may influence motivational interviews. For instance, the acceptance of motivational 
interviewing as a therapeutic process may be undermined by someone from a culture 
that believes in medication for every therapy [14]. Hence, the clinician must explore 
all areas of the client’s ambivalence for the motivation technique to be effective.

Similarly, in the area of nutritional control in the management of chronic health 
conditions like sarcopenia, the physician or dietetic prescribes a dietary plan. That 
plan is passed in the form of health advice or education; but unfortunately, without 
motivation, the patient may soon quit the plan. The relationship between nutrition 
and sarcopenia has been studied with success, leading to specific nutritional recom-
mendations [1, 9, 17]. Motivational interviewing, when compared with usual care 
which is based on patient education and advice, is reported to be more effective in 
changing the physical appearance of the patient [9, 14]. The motivational technique 
helps the sarcopenic client to progress through the “stages of change” and maintain 
positive behaviour that would culminate in positive health outcomes [2, 17, 21].

Evidence abounds of the benefits of motivational interventions for lifestyle 
changes ameliorating sarcopenia prevention and treatment. Motivation alone does 
not prevent or treat chronic diseases, but it builds on the individual’s power of will-
ingness to apply tactics of behaviour change for the prevention of chronic disorders 
in primary care. Consequently, it is wise for a clinician in primary care setting to be 
acquainted with the tenet of motivational interviewing.

5. �A guide to motivational interviewing (MI) in the prevention of sarcopenia

Although there is a scarcity of evidence on sarcopenia prevention among geriatrics 
using motivational techniques, there is evidence suggesting that improvements in 
diverse lifestyle changes take effect from motivational interviewing (MI). Evidence 
suggests that physical activity and dietary control increase with MI among the elderly 
population at risk of chronic disorders like sarcopenia, thereby improving their qual-
ity of life [17].

Occasionally, there could be hindrances to the success of motivational techniques. 
Addressing these obstacles is the merit of motivational interviewing. For example, 
workout schedules require the consideration of the physical safety of a geriatric with 
regard to capability, availability of any workout gadget, and the nature of the environ-
ment. Non-ambulant elderly can benefit from chair exercises which is a combination 
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of cardio and strength which may also benefit those with orthopaedic problems like 
osteoarthritis and spondylosis. Motivational techniques for geriatrics with mental 
health conditions such as depression, anxiety, or cognitive impairment could be done 
together with a mental health therapist. An additional obstacle to workouts is fluctu-
ating blood glucose levels. Inactive elderly with type 2 diabetes mellitus commencing 
workout plans (either aerobic or strength) will experience noninsulin-dependent 
uptake of blood glucose because of muscular contractions. Hence, meal timing 
and drug prescription may need to be adjusted by the physician and the dietitian 
in conjunction with a geriatric exercise plan to prevent hypoglycemia. For this, the 
American Diabetes Association recommends a small carbohydrate snack be carried 
along. Patient careers and/or family members should be involved in the exercise plan 
to ensure safety and effectiveness [17, 21].

MI is a clinically acceptable therapy for persons requiring health behaviour 
change. Its initial usefulness was in solving substance use disorders but its contem-
porary usefulness has shown positive effects in diverse health problems requiring 
behaviour modification, especially in chronic diseases. The MI model views motiva-
tion as the element that evokes readiness to change but not as a personality trait [21]. 
MI technique is based on the following elements [22]:

a.	A set of principles called the “The Spirit of MI” by the originators, Miller and 
Rollnick

b.	A set of skills to tackle MI are referred to as the “Tools” for MI

c.	Steps in MI which are a set of walk-way that cause the real lifestyle modification

d.	Effective communication skills which is a set of caregiver-patient engagement 
through a partnership that evokes client adherence, collaboration, and satisfac-
tion with lifestyle changes.

e.	Practical interviewing skills are a set of tactics and methods to enhance com-
munication bonds and relax the client. These skills have a long-term benefit in 
therapeutic engagement and the potential to make the patient freer to disclose 
required information and be openhearted to discussions.

f.	Psychosocial risk factors are the psychological and social circumstances that tend 
to constitute barriers to the patient’s ability to embrace and sustain behavioural 
change. These factors can be assessed by the therapist through an established ques-
tion line, followed by other further questions frequently for extra clarification.

g.	Therapeutic alliance is about the clinician’s understanding of a particular patient’s 
perception, awareness, and knowledge of beliefs and coping practices about 
specific behavioural risk factors. A strong therapeutic alliance can have positive 
effects on treatment outcomes for patients [2, 3].

The following illustrative steps below can be followed hypothetically in a case of 
prevention of sarcopenia using the succeeding motivational interviewing elements in 
an ideal primary care setting:

The initial requirement is the “spirit” of MI by the therapist. The mnemonic 
“PACE” becomes handy in reminding the user of the four sets of qualities to be 
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demonstrated: partnership, acceptance, compassion, and evocation. In “partner-
ship”, the interviewer and patient collaborate. The general belief is that the clients 
are their own best therapists while the actual therapist works to assist with opening a 
discussion on possible preventive strategies but instructing the sarcopenic. In order 
to partner effectively with the patient, the therapist must be in “acceptance” of the 
client’s individuality, personality and beliefs. Although the therapist should not ignore 
any unhealthy lifestyle in the client, the therapist must be unconfrontational, non-
judgmental, and uncondemning of the patient. Instead, no matter the client’s illness 
experience, the therapist must express empathy. This expression of “compassion” from 
the clinician is one of the most valuable aspects of therapeutic counselling. Finally 
in the spirit of MI, the therapist dialogues on the need for changing behaviour. The 
therapist should “evoke” the client’s comprehension on the reasons and elements, to 
modify their lifestyle. The therapist can prompt inquisitiveness, in order to explore 
the client’s fears, ideas and expectations.

A further requirement for the effective use of MI is the set of five tools which 
the therapist requires to be skilful. They consist of: Expressing empathy by being 
concerned about the circumstances of the clients, understanding and accepting the 
patient’s context. This facilitates the councillor-client relationship and encourages a 
robust discussion. During the MI, the clinician displays Avoiding arguments skills. The 
therapist must be ready to handle conflicts in order to create an enabling environment 
for discussion. Also, by Supporting self-efficacy, the clinician may support or help to 
refine the patient’s choices for lifestyle change. As a result, the patients would develop 
confidence in their resolve to change. Additionally, skills in Developing goals entails 
the patient taking responsibility for a planned task. The interviewer does not apply 
coercion in task setting but assists the patients in developing positive thoughts and 
beliefs. When the therapist gives constructive suggestions to the client without coer-
cion in order to refine the client’s perceptions, the clinician is Rolling with resistance.

The real path treaded by the therapist delivering MI to cause the actual change 
process is called the steps, which is a set of successive patterns displayed by the thera-
pist. The interviewer begins by Establishing rapport by an open communication that 
natures mutual trust to relate with the client. Next is the need for Setting the agenda of 
the mutual interaction, aiming at realistic preventive or therapeutic task of motiva-
tion to change without coercion on the client. Assess readiness to change is a necessary 
step to classify the client’s motivation based on the trans-theoretical model of the 
stages of change. Knowledge of the client’s level of motivation (pre-contemplation, 
contemplation, action, or maintenance) assists the clinician with how to Re-adjust 
the focus of MI by ensuring that by the therapeutic encounter the gets motivated 
and moves from a lower to a higher stage of change. The clinician must identify the 
lifestyle that requires change. By doing so, the clinician assists the client to Identify 
uncertainty which can be an obstacle to the client’s motivation to change. The clinician 
then takes the responsibility to Encourage self-motivation in the patient by harbouring 
a positive mindset and clamouring for success.

Another element of motivational interviewing is Effective communication. This 
element assists the clinician in both patient assessment and motivational therapy 
because an effective communication strategy can engender a robust bonding between 
the therapist and the patient. By bridging any relationship gap, this element portends 
the potential of prompting patient disclosure of information as the consultation 
proceeds. An effective communication may be in the form of verbal or non-verbal 
communication. Non-verbal communication is based on gestures, hence it is also 
called body language and it is perceived to be a more potent and dependable means of 
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communication. Both communication types are usually in agreement and the thera-
pist should correctly reply to them at all times. This is because clients discuss more 
openly when they feel appropriately replied. The strategy of mimicking or matching 
the patients’ gestures renders them more comfortable with their actions when it is 
done logically, respectfully, not disdainful or demeaning manner. The body language 
of a patient is a valid communication in all settings. On the other hand, verbal com-
munication is the sum of all spoken exchanges between the patient and the therapist 
from the beginning to the end of the encounter. This communication type depends 
on the interviewing skills described by the OARS mnemonic. These skills can be 
improved upon with practice. In this method, through bonding with the clients, the 
clinician assists the patient to self-reflect and be open to discussion in the therapeutic 
process. The elements in this technique include these four: open-ended questions entail 
chaperoning the client into reflective thinking using open-ended questions which 
do not have preemptive answers. Affirmation is the process during which the inter-
viewer validates the client’s efforts and success thereby motivating the client to make 
an effort to accomplish more in the therapy process. In continuation, the therapist 
engages in reflective listening for further understanding of the discussion by giving a 
thought on the discourse with the client. The therapist then summarises the patient’s 
point of view to ensure nothing said is missing. Since the patients are considered their 
own experts, the clinician is therefore never to presume a patient’s thoughts or beliefs.

In Physiopedia [3], “Practical application of motivational interviewing”, it is 
strongly suggested that the therapist needs to be in charge of the therapeutic inter-
view. This can be achieved by signposting. Signposting is a verbal indicator of the 
direction taken as the therapist subjectively assesses the clients in order to help them 
move through different thoughts, stay focused, and be involved. For this, phrases 
and words are used to guide the patient through the consultation. Two main types 
of signposting are frequently used: (1) introductions/conclusions, and (2) outlining 
the main arguments or the direction of the argument in the discussion. Signposting 
skill is useful in keeping track of the planned agenda when the patient is going off 
topic. Also, clinical interviewers are expected to imbibe communication attributes 
like speaking slowly, and deliberately, asking brief questions, making one inquiry 
at a time, and using “words that heal”. Medical jargon should be avoided during 
therapeutic discussions with patients, and the concerns of the patient should be well 
understood alongside the volume of information about their health they can afford 
to handle. Some common mistakes that should be avoided in verbal communica-
tion include, but are not limited to the following: Bias: occasionally, individuals are 
receptive to ideas while others are not. During inquiries, the therapists should try 
not to show their bias while interviewing. For instance, when a yes answer is being 
anticipated, a question with a bias towards no is asked. Just like during interviewing 
about home workout schedule, a question like: “did you enjoy your exercises?” is 
rather closed-ended and inclined towards the affirmative, while a question like: “I 
know you are a busy one, how were you able to achieve some workouts this week?”, 
is open-ended and eliminates much bias. Brevity: This entails making inquiries using 
brief and direct queries to evade misperception and misconception. Open ended 
questions may be asked, but basically the patient is allowed to intensely communicate. 
Spontaneous Information: This is frequently required to grant the care provider the 
inkling about the client’s behaviour thereby helping to clarify the background of the 
client’s sarcopenia experience. Keywords: Occasionally the client’s response contain 
specific message; hence, it is wise to explore the key point early as the patients com-
municate their context. As soon as the therapist elucidates the keyword, signposting 
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is used to maintain the interaction in line with the planned agenda. Errors in Verbal 
Communication: It is important for the therapist to correctly infer the client’s opin-
ions. In doing this, the therapist needs to intermittently confirm the clarity of what 
is understood in the patient’s words. Consequently, the following three are key areas 
the therapist may need to clarify during the therapeutic communication: Unclear 
statements: This entails the therapist remembering to check whether the patient is on 
the same page as he or her by asking if the clients have any questions. Misinterpreting: 
Often, the therapist can be unfamiliar with the patient’s language occasionally leading 
to misunderstanding the patient’s communication. If the interview is not conducted 
in the patient’s main language, there may be additional communication challenges. 
The therapist needs also to maintain a neutral and sensitive position not condemning 
the patient’s views. Assuming: The care provider also, should not be haughty in the 
interaction. For example, if a patient complains that: “The pain never goes away”, 
then that serves as a good opportunity to delve into the 24-hour pain inventory of 
related factors. This helps provide a clear picture to the therapist of possible true red 
flag or if emotions/other factors are affecting the description of their experience.

Whereas the traditional behavioural therapeutic approaches emphasise much 
on features like intensity, duration, pattern, and nature of the health condition, 
it is however a worthy adventure in the MI approach to inquire about the patient’s 
beliefs related to their symptoms, as well as their perspectives about their illness 
experience—including the therapy, together with their fears and expectations with 
regards to recuperating. To this end, the motivational interviewer needs to bear in 
mind to assess the client’s psychosocial risk factors, another important element of MI 
counselling. During the assessment, the acronym, ABCDEFW, becomes handy for 
recalling the questions used in identifying potential psychosocial risk factors. The 
acronym means: “Attitudes and Beliefs; Behaviours; Compensation Issues; Diagnosis 
and Treatment; Emotions; Family; and Work”. The aforementioned features were 
described by Louis Gifford, 2014, suggesting that those psychosocial domains provide 
useful information about the patient behaviour and the illness behaviour characteris-
tics that need to be understood for proper therapy to be given.

The following questions can help to guide the attending primary care physician, 
who needs to first reflect on possible answers, prior to asking the patient from the 
beginning of the MI session [3]:

•	 What information would be essential?

•	 Why would that information be necessary?

•	 How can it be phrased for proper understanding?

•	 How would this understanding affect the examination or treatment?

•	 What are possible outcomes?

By asking “Immediate Response Questions”, the kind of inquiry that instigates 
the patient blurting out their concerns from their first answer, the physician then 
explores the patient’s thoughts, idea, fears and expectations regarding their symp-
toms experience through a thorough questioning to translate the patient’s actual 
worries into a therapeutic discussion. Below are some examples of helpful phrases 
and questions [3]:
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•	 How does that compare with…?

•	 Is there any difference between…?

•	 How may I assist you with…?

•	 What is your idea about…going on…?

•	 What is your expectation of what should be done for…?

•	 Why do you think so about…?

•	 What do you think would help you feel better?

•	 How do you foresee your condition in the near future with regard to…?

•	 What did you find most helpful for your…?

•	 How do you feel about being dependent on others for assistance because of your 
condition?

•	 What makes you to have hope?

•	 What is your expectation?

•	 Assuming that in a snap all your symptoms suddenly change and you improved 
what things that you have given up on would you do again?

•	 How has your health condition affected your social network?

•	 Is the condition making you bitter about anything or person? Tell me about it.

•	 Can you share with me you feel by anyone talking about your condition that: 
“you are just making it up” or “it’s in your head?”

Therapeutic alliance being another element of MI can have a strong positive effect 
on prognosis following behavioural therapy [3, 9, 11]. The therapist, being cognisant 
of the need for patients to deal with problems, perceive their problems in the right 
perspective, and despite their condition, navigate their activities of daily living, is 
prepared to effectively handle such patients [8, 12]. If the interaction ab initio is not 
effective, that divergent knowledge and beliefs may hamper with the therapeutic 
alliance [3]. Hence, it becomes necessary for therapists to appreciate the patient’s 
context—they must be aware of patient-specific beliefs and associated risks. This will 
guide the therapists in educating the patients to understand the biomedical perspec-
tive of their condition—the therapeutic neuroscience education (TNE) approach [3].

The interaction tactics used during a therapeutic engagement should enhance 
patients’ participation, and empower them to become engaged in both “problem-
posing” and “problem-solving” endeavours [12]. Motivational interviewing (MI) 
communication strategies should enhance the sarcopenic patient’s confidence, as well 
as their competence to make autonomous decisions [3]. It has been found that when 
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clinicians with good communication skills engage with patients in MI, “patients are 
more satisfied with the care they receive, and the patients remember and demonstrate 
better knowledge; also, the therapist experiences more job satisfaction and less 
burnout” [3].

To sum up, a spirit harbouring tools, walking in guided steps, engaging effective 
communication skills in an everyday engagement to circumvent psychosocial barriers 
in order to conjure a therapeutic alliance of positive effects, is what MI is all about. 
Being a patient-centric, goal-directed, behavioural therapeutic approach, MI has the 
prospects of being a useful sarcopenia prevention and treatment tool in primary care 
settings. Some scenarios of MI usefulness in the primary care of sarcopenia, as have 
been discussed above, comprise the following postulations:

•	 Increasing physical activity: through MI, the primary care physician motivates 
geriatric patients to engage in regular exercise thereby promoting their muscle 
strength and function.

•	 Maintaining a healthy lifestyle: MI motivates the patient to live healthy by adopt-
ing and maintaining habits like healthy nutrition and stress management which 
generally support muscle health.

•	 Treatment programme retainership: geriatrics on prescribed workout and 
dietary regimens who receive MI, are more likely to adhere, thus enhancing the 
effectiveness of sarcopenia management.

•	 Behavioural change: MI enables the geriatric to initiate, progress and maintain 
long-term lifestyle practices that culminate in slower or halted progression of 
sarcopenia, giving rise to a valid prevention.

•	 Patient self-efficacy: through the therapeutic neuroscience education approach, 
MI empowers patients with life skills to self-manage and be in control of their 
symptom experience in sarcopenia care.

•	 Early intervention: by being a primary care tool, the MI therapeutic approach is 
initiated in the early stage of sarcopenia or its risks, potentially delaying sarcope-
nia progression or onset respectively.

While MI shows promise in sarcopenia primary care, further research is needed to 
fully explore its effectiveness in these contexts.
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Edited by Élvio Rúbio Gouveia, Andreas Ihle, 
Marcelo de Maio Nascimento and Bruna R. Gouveia

Sarcopenia, the progressive loss of skeletal muscle mass, strength, and function, has emerged as 
one of the defining clinical challenges of an aging world. Once regarded as an inevitable feature 

of advancing age, it is now recognized as a treatable muscle disease that intersects with falls, 
frailty, hospitalization, postoperative complications, chronic disease, and mortality. Bringing 

together international contributions from clinicians, researchers, and engineers, this book 
offers a focused and timely overview of where the field stands today and where it is heading. The 

chapters trace the conceptual journey of sarcopenia, from its original formulation to the most 
recent diagnostic consensuses, and examine how the redefinition of muscle strength as the 

primary parameter for case-finding is reshaping clinical practice. Particular attention is given to 
the multifaceted relationship between muscle health and other systems, with detailed analyses 

of sarcopenia in chronic kidney disease and hemodialysis, in spinal pathologies and surgical 
outcomes, and in community-dwelling older adults at increased risk of falls. Complementing 

these clinical perspectives, the book also explores the next generation of assessment tools, 
including wearable sensors, instrumented balance platforms, and machine-learning approaches, 

that are extending the reach of diagnosis beyond the specialized laboratory. A consistent 
thread throughout the book is the urgent need for earlier detection, structured intervention 

pathways, and equitable access to care across diverse populations and resource settings. 
Original data from under-represented regions add real-world depth to the evidence base, while 
practical recommendations for prevention, diagnosis, and management are anchored in current 

international guidelines. This book will be of interest to geriatricians, internists, surgeons, 
nephrologists, rehabilitation specialists, nutritionists, exercise scientists, public-health 

professionals, and postgraduate students seeking an integrated, contemporary, and clinically 
oriented update on sarcopenia.
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