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Preface

At a time characterized by unprecedented global aging, the challenges posed by an 
aging population are great and underline the increasing importance of gerontological 
disciplines.

The world is experiencing a profound demographic shift, with older adults making 
up a growing proportion of the global population. This demographic shift brings 
with it a host of complex challenges, ranging from health care and social welfare to 
economic sustainability and public policy. With people living longer than ever before, 
 innovative approaches to tackling age-related issues are urgently needed.

Against this background, the geriatric and gerontological disciplines are proving to 
be important pillars in tackling the complex problems of an aging society. Geriatrics, 
which deals with the medical and clinical aspects of aging, plays a central role in 
the specialized care of older adults, the treatment of age-related diseases, and the 
promotion of healthy aging. Gerontology, the multidisciplinary study of aging, 
encompasses various fields such as psychology, sociology, public health, and politics 
and offers comprehensive insights into the social, psychological, and environmental 
 determinants of aging.

In the face of rapid demographic change and evolving healthcare needs, the relevance 
of geriatric and gerontological research and practice has never been greater. By foster-
ing interdisciplinary collaboration, advancing scientific knowledge, and providing 
information for evidence-based interventions, these disciplines are instrumental in 
shaping policies and practices that promote the well-being and quality of life of older 
people worldwide.

Advances in Geriatrics and Gerontology – Challenges of the New Millennium represents 
a significant milestone in the ongoing dialogue on geriatric care and research. Indeed, 
this volume embodies the spirit of innovation and research that characterizes geriatric 
and gerontological research.

In these pages, you will embark on a journey through seven carefully crafted chapters, 
each offering a unique perspective on the multifaceted landscape of aging. From the 
winding paths of neuropsychology to the transformative potential of comprehensive 
geriatric assessments, physical activity interventions, and other critical topics, this 
volume encapsulates the breadth and depth of research in the field.

As editor, I would like to commend the dedication and expertise of our authors, 
whose invaluable insights have made this volume a cornerstone of the contemporary 
literature on geriatrics. Their tireless commitment to a better understanding of aging 
and its complex interrelationships is evident in the comprehensiveness of the topics 
covered.
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I am committed to fostering interdisciplinary dialogue and promoting the dissemina-
tion of groundbreaking research findings. Advances in Geriatrics and Gerontology – 
Challenges of the New Millennium is an example of this commitment and serves as a 
catalyst for collaboration and innovation within the global scientific community.

My sincere thanks to the authors, reviewers, and editorial team whose combined 
efforts have made this publication possible.

I hope that this volume will stimulate further research, generate new ideas, and 
ultimately help to improve the quality of life of older people around the world.
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Chapter 1

Sirtuins and Melatonin: Linking 
Chronobiology to Inflammation 
and Aging
Anca Ungurianu, Cristina Manuela Drăgoi, 
Alina Crenguța Nicolae, Ion-Bogdan Dumitrescu, 
Daniela Grădinaru and Denisa Margină

Abstract

In recent years, the intricate interplay between sirtuins and melatonin has emerged as 
a fascinating area of research, with profound implications on various aspects of human 
health. This comprehensive chapter delves into the complex relationship between sirtu-
ins and melatonin, as well as their essential roles in the regulation of circadian rhythms, 
inflammation, and aging. The attention is primarily directed to their impact on a range 
of critical health focal points, including cardiovascular diseases, central nervous system 
disorders, metabolic imbalances, musculoskeletal disorders, neoplasms, and the over-
arching process of aging, detailing all the complex biochemical mechanisms and physio-
logical pathways that validate the intimately tailored functional relationship between the 
indoleamine hormone synthesized in the pinealocytes and the NAD+-dependent histone 
deacetylases. These two components interact in complex ways, influencing processes 
such as cellular homeostasis, oxidative stress, and inflammatory cascade regulation. 
Age-related reductions in SIRT1 expression, influenced by melatonin levels, can deeply 
impact cellular functions. By elucidating the complex connections between sirtuins, 
melatonin, and chronobiological processes, we contribute to a deeper understanding 
of the fundamental mechanisms that trigger inflammation and aging-related diseases, 
and in the meantime underscore the promising avenues for future research and clinical 
interventions aimed at enhancing human health and extending the quality of life.

Keywords: sirtuin, melatonin, inflammation, aging, metabolic diseases

1. Introduction

Melatonin is mainly known for its involvement in sleep and circadian rhythm 
regulation, among other neuroendocrine processes [1], with reported anti-
inflammatory, antioxidant, and antitumor effects [2, 3]. Melatonin is a hormone 
synthesized by the pineal gland that subsequently enters the bloodstream, enabling 
its distribution throughout various bodily systems. Moreover, it has the capability to 
penetrate the third ventricle of the brain via the pineal recess [4]. Melatonin receptors 
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are mainly found throughout the central nervous system (CNS) and in immune 
cells, with various effects. Aside from its well-known role in circadian rhythm and 
sleep regulation, melatonin also acts as an anti-excitatory molecule in the CNS and is 
involved in the regulation of metabolic pathways, modulation of hormone secretion 
and of pro- and anti-inflammatory cytokines release, and it can even directly activate 
monocytes [4, 5]. Moreover, it maintains redox homeostasis by upregulating antioxi-
dant enzymes, downregulating reactive oxygen- (ROS) and reactive nitrogen species 
(RNS)-generating enzymes, and also via its mitochondria-protective effects [4, 6–8].

Sirtuins are NAD+-dependent enzymes with numerous physiological functions, 
regulating energy metabolism, inflammation, stress response, DNA repair, cell 
survival, and also being involved in circadian rhythms [9, 10]. Moreover, recent 
literature data links the sirtuin family to neurodegenerative, inflammation, and 
aging-associated diseases [11]. In humans, this enzyme family comprises seven 
isoforms, with different subcellular distribution and functions. Three enzymes are 
nuclear—SIRT1, SIRT6 and SIRT7, three mitochondrial—SIRT3, SIRT4, and SIRT5, 
and one cytosolic—SIRT2 [9]. However, SIRT1 often shuttles to the cytoplasm, while 
SIRT2 and SIRT3 can migrate to the nucleus, under certain conditions [9, 11]. The 
nuclear sirtuins are transcriptional and epigenetic regulators, stabilizing chromatin 
and deacetylating histones and non-histone proteins, such as transcriptional fac-
tors or DNA repair proteins [12–14]. They also modulate stress and oxidative stress 
response, maintain telomere integrity, and regulate apoptosis [9]. SIRT2 intervenes 
in several cellular processes, including cell cycle, apoptosis, DNA repair, metabolism, 
and senescence [11]. The mitochondrial sirtuins are mainly involved in metabolic 
regulation, energy metabolism, and mitochondrial function, maintaining redox and 
energy homeostasis [11].

Thus far, two sirtuin isoforms, SIRT1 and SIRT3, seem to be essential for the nor-
mal functioning of the circadian system, via multiple cellular pathways [4]. SIRT1 
was established as a secondary mediator of melatonin’s cellular actions, as numer-
ous in vivo and in vitro studies confirmed its upregulation by melatonin [15]. Also, 
melatonin signaling in a SIRT1-mediated way is supported by the lack of melatonin 
effects in the case of SIRT1 inhibition or knockdown [16]. SIRT1 was reported to 
interact with the core circadian oscillator complex BMAL1:CLOCK (basic helix-
loop-helix ARNT-like 1: circadian locomotor output cycles kaput), as to intervene 
in the positive feedback loop involving nicotinamide phosphoribosyltransferase 
(NAMPT) and nicotinamide adenine dinucleotide (NAD+), influencing the expres-
sion of the period circadian regulator 2 (Per2) gene, a central player in circadian 
rhythm regulation [17–19]. SIRT3 can also intervene in the NAD+ cycle, linking 
circadian rhythms to mitochondrial oxidative metabolism [20]. SIRT3 plays a pivotal 
role in mitochondrial antioxidant defense, increasing the expression of superox-
ide dismutase 2 (SOD 2) and catalase, two enzymes of paramount importance in 
counteracting the deleterious effects of oxidative stress [21, 22]. Moreover, intracel-
lularly, melatonin is primarily concentrated in the mitochondria, its concentration 
in this organelle being higher than in any other [23]. Mitochondrial melatonin is 
not released in the systemic circulation and its synthesis is independent of light 
exposure [24]. Both melatonin and SIRT3 were reported to fight against oxidative 
stress by enhancing the expression of antioxidant enzymes [24–28], and melatonin’s 
antioxidant effects seem to be SIRT3-mediated [29]. Consequently, its mitochon-
drial accumulation goes hand in hand with its antioxidant and antitumor actions, 
contributing to the maintenance of redox homeostasis and combatting malignant 
cell transformation [23].
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Melatonin can act both as a pro-inflammatory and an anti-inflammatory molecule. 
This duality might come as a surprise, however, just as with other hormones, its 
function may vary under different conditions and when concerning various cell types 
[16, 30]. Its pro-inflammatory effect can be deemed beneficial when considering its 
action as an immune stimulatory agent concerning leukocytes and their ability to 
fight off pathogens [30–32] while proving detrimental in autoimmune maladies. The 
anti-inflammatory effects usually take center stage as they can be the basis of mela-
tonin-based therapies in diseases with a low-grade inflammatory component, such as 
neurodegenerative or metabolic diseases, or characterized by high-grade inflamma-
tion, such as ischemia-reperfusion or brain injury and sepsis [16, 33, 34].

In this chapter, we aimed to construct a summary of the current state of under-
standing on a wide topic concerning the link between melatonin’s effects and sirtuin 
signaling, concerning regulation of circadian rhythms, inflammation, and aging, in 
the most prevalent noncommunicable diseases currently associated with increased 
mortality and morbidity, selecting the most relevant, novel, and comprehensive 
research previously published by other scientists. The attention was primarily 
focused on their impact on cardiovascular diseases, central nervous system disorders, 
metabolic imbalances, neoplasms, and the process of aging, detailing the complex 
biochemical mechanisms involved.

2. Cardiovascular diseases

The imbalance of melatonin, which is one of the master regulators of the internal 
clocks in humans, is clearly associated with an increased risk of diseases, correlated 
with impaired sleep and aging-associated pathology, mainly cardiovascular, meta-
bolic, and neurodegenerative disease [35–42].

One of the main pathways responsible for the correlation between melatonin and 
age-related chronic disease is represented by sirtuins [36, 37]. The interplay between 
the circadian machinery and sirtuins promotes cardiac health in a complex biochem-
istry of regulatory systems, mainly by modulating metabolic homeostasis and cell 
death or survival genes and influencing energy metabolism [43]. Recent research 
suggested that sirtuins in general, but SIRT1 in particular, have a crucial role in con-
necting the cellular metabolism to the circadian/internal clock [43, 44].

SIRT1 is directly implicated in the mechanistic development of cardiomyocytes, 
being responsible for regulating the voltage-gated cardiac sodium ion channels, 
reducing the risk of atherosclerotic plaque build-up, protection against oxidative 
damage, and lowering thrombotic risk [43, 45].

Melatonin is an amphiphilic molecule, so it can be found in all subcellular com-
ponents, with a high concentration in cellular and subcellular membranes [8, 24, 
46, 47]. As a result, it has the ability to act as a stabilizer of membrane processes 
acting against lipid peroxidation and oxidative impairment of mitochondrial DNA 
[28, 48, 49]. Melatonin is concentrated in the mitochondria and, as a consequence, it 
improves the electron transport chain efficiency and stimulates ATP production [50]. 
Its subcellular localization is somewhat overlapping with SIRT isoforms, supporting 
the intertwining of their signaling pathways; for example, recent data argues that 
melatonin and SIRT3 may act synergistically in regulating free radical generation and 
shielding mitochondria from oxidative damage [24].

Melatonin acts through different signaling pathways, either membrane- or organ-
elle-focused, influencing the dynamics of physiological processes and protecting from 
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pathological shifts. One of the key pathways modulated by melatonin concerning its 
protective actions is represented by modulating SIRT1 expression [9, 11]. Melatonin 
induces the transcriptional activation of nuclear factor erythroid 2-related factor 2 
(Nrf2) and, consequently, antioxidant response element (ARE) through a SIRT1-
dependent mechanism [51, 52]. Nrf2 is transcription factor that is able to bind to DNA 
and regulate the gene expression concerning antioxidant defense, as part of a master 
antioxidant and cytoprotective pathway, also inhibiting inflammation-enhancing 
signaling, such as the NLR family pyrin domain containing 3 (NLRP3) inflammasome 
[53–55].

Moreover, melatonin as well as its metabolites acts as ROS scavengers, stimulating 
the synthesis of antioxidant enzymes [7, 25, 28, 56]. Owing to its antioxidant action, 
melatonin was able to protect against ischemia-reperfusion injury in all organs, the 
activation sirtuins being most likely involved [10]. In a model of ischemia-reperfusion 
injury, the protective effects exerted by melatonin were dependent on the mitochon-
drial SIRT3. Melatonin’s action was correlated with the stimulation of the adenosine 
monophosphate-activated kinase (AMPK)—peroxisome proliferator-activated 
receptor gamma coactivator 1-alpha (PGC-1α)—SIRT3 signaling, the activation of 
mitochondrial SOD and the enhancement of Nrf2 and mitochondrial transcription 
factor A (TFAM) expression [24, 57]. AMPK has a pivotal role in energy metabolism 
and homeostasis, adapting cell response to stress and nutrient availability. Recently, 
it was reported that AMPK functions as a redox sensor, also influencing autophagy, 
cell proliferation, and apoptosis, seemingly being involved in cardiovascular health 
and disease [58, 59]. PGC-1α is a key regulator of mitochondrial metabolism, being 
central to quite a few cellular pathways combating oxidative stress and inflammation 
[60]. This molecule is a crucial factor in the cellular stress response in the ischemic 
myocardium [60, 61]. TFAM is a mitochondrial DNA-binding protein vital for the 
maintenance of the mitochondrial genome, involved in the inflammatory stress 
response. An altered TFAM function was linked to pathological changes, especially 
in neurodegenerative diseases and aging [62, 63]. SIRT3 inhibition hinders mito-
chondrial SOD2 upregulation, leading to oxidative stress, which prevents melatonin’s 
ability to protect the myocardium from free radical destruction [64].

Melatonin attenuates sepsis-induced myocardial injury by inhibiting caspase-3-in-
duced apoptosis via SIRT1 activation [65]. Caspase-3 is a protease involved in tissue 
differentiation and regeneration, neural development, and, most famously, cell apop-
tosis, being possible target in the therapy of cardiovascular diseases, neurodegenera-
tive disorders, and malignancies [66, 67]. Melatonin also exerts anti-inflammatory 
SIRT1-dependent effects, as the downregulation/inhibition of SIRT1 was reversed 
under the effect of melatonin in a H2O2-induced pro-inflammatory cell model [68]. 
On the other hand, experimental research shows that melatonin upregulates sirtuins, 
with a consequent downregulation of transcription for pro-inflammatory proteins 
and kappa-light-chain-enhancer of activated B cells (NF-κB) by suppressing the 
activation of toll-like receptor 4 (TLR4) and NLRP3 inflammasome [4, 69]. TLR4 
activation leads to pro-inflammatory signaling (i.e., NF-κB) and synthesis of pro-
inflammatory cytokines [70, 71]. NLRP3 inflammasome is a protein complex that 
assembles in response to cellular stress, promoting inflammation; its chronic aberrant 
activation is part of the etiopathogenesis of numerous diseases characterized by low-
grade inflammation [72].

Furthermore, melatonin downregulates inflammation-associated enzymes such 
as inducible nitric oxide synthase (NOS) and cyclooxygenase 2 (COX-2), leading 
to lower levels of pro-inflammatory molecules, also contributing to an increase 
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anti-inflammatory cytokines (e.g., interleukin 10, IL-10), thus exerting a protective 
effect against cardiovascular, metabolic, and autoimmune disease, which are all asso-
ciated with oxidative stress and inflammation [73–76]. In a model of apolipoprotein 
E-deficient mice, melatonin decreased endothelial impairment, as well as the loss of 
SIRT1 and endothelial NOS activities, lowered tumor protein p53 and endothelin-1 
expression. Administering melatonin formulated as a long-release dose and was more 
effective in counteracting endothelial dysfunction through multiple mechanisms, 
including SIRT modulation [46, 77].

Human studies confirm the correlation between melatonin, sirtuins, and the risk 
of cardiovascular disease. A clinical trial published in 2017 showed that the time of 
day (morning vs. afternoon) when patients underwent isolated aortic valve replace-
ment interventions clearly influenced the overall survival, with a direct advantage 
of patients involved in afternoon intervention, who were characterized by fewer 
post-interventional events; also, that hypoxia-reoxygenation tolerance of the human 
myocardium is higher in the afternoon [35, 78]. These results confirm the observa-
tions regarding the higher incidence rate of cardiovascular events (myocardial infarc-
tion, stroke, arrhythmias, and sudden cardiac deaths) in the morning than in the 
evening. Also, from a chronotherapeutic perspective, the efficacy of antihypertensive 
treatments is higher when administered in the afternoon, according to both animal 
and human studies [41, 79–81].

There are several studies supporting the synergistic effects of melatonin and sir-
tuins, with cardiovascular beneficial outcome through antioxidant and anti-inflam-
matory mechanisms; in experimental/preclinical studies mimicking severe pathology, 
such as cardiac ischemia-reperfusion of normal and diabetic rats, endoplasmic 
reticulum stress in cardiomyocytes, lipopolysaccharide (LPS)-treated microglial cell 
lines, in brain injury by cecal ligation/puncture in mice, these results are confirmed 
[10, 51, 69, 82, 83]. This synergy is also supported by results showing that melatonin 
effects are antagonized by sirtuin inhibitors or by silencing the protein.

3. CNS disorders

CNS disorders encompass a wide variety of diseases from neurodegenerative 
diseases, such as Alzheimer’s, Parkinson’s, or multiple sclerosis, to neuropsychiatric 
disorders, such as depression, anxiety, or substance abuse, all being associated with 
a decreased quality of life [84–86]. Their etiopathogenesis is very complex, with 
multiple processes and alterations being involved, including neuroinflammation, dis-
ruption of autophagy, protein and lipid metabolism, redox, and energy and circadian 
homeostasis [86–88].

SIRT1 is widely expressed in the CNS, with anti-inflammatory and neuroprotec-
tive actions in numerous neurodegenerative diseases experimental models [1], and its 
recent link to melatonin signaling opens a new research path in the therapy of neuro-
degenerative diseases [89].

One of the mechanisms of melatonin’s neuroprotective effect involves the increase 
of SIRT1 expression and the activation of SIRT1/Nrf2 pathway and the inhibition of 
the NLRP3 inflammasome [90, 91]. These might prove pivotal in the melatonin-based 
therapeutic approaches of some CNS disorders, seeing as the NLRP3 inflamma-
some is involved in the development or progression of neurodegenerative diseases 
[92], ischemia-reperfusion injury [93], traumatic brain injury [94], and cerebral 
tumors [95].
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Neuroinflammation can be triggered by numerous factors, such as cellular dam-
age or pathogens, and results into extracellular matrix damage and immunological 
reactions that can ultimately lead to neuronal oxidative damage and neurotransmitter 
dysfunction [1]. Further, the decrease in melatonin results in circadian dysregulation, 
decreased antioxidant defense, and alteration of normal mitochondrial function-
ing [26].

Inflammation is central to the pathogenesis of major depressive disorder (MMD) 
[91]. SIRT1 plays an important role in numerous cellular processes, including 
inflammation, in the hippocampus and central cortex [11], being recently linked to 
depression [96]. Mediation of inflammation by SIRT1, mainly via NF-κB and NLRP3 
inflammasome downregulation, was shown to alleviate depression and anxiety-
related behavioral deficits [91, 97, 98]. The NF-κB family of transcription factors is 
a key regulator of inflammation, immune responses, and cell proliferation, which, 
along with the NLRP3 inflammasome, contributes to amplifying inflammation 
[99–101].

Mitochondrial changes seem to play a crucial role in the development of MDD [26], 
and sirtuins are key regulators of mitochondrial processes, seeing as three of the seven 
family members are mitochondria-based [9]. The enhancement of the SIRT1–PGC-1α 
pathway is another signaling route via which melatonin exerts its protective effects, this 
time mitochondria being the main target, as PGC-1α is known as the master mitochon-
drial regulator, increasing their biogenesis and function [26]. SIRT1 enhancement by 
melatonin as a secondary signaling pathway [89] could correct some of the oxidative, 
mitochondrial, and neurotransmitter imbalances characteristic for depression and other 
neuropsychiatric disorders [102, 103], and contribute to uncovering more of the cellular 
pathways involved in melatonin’s antidepressant-like effect [104, 105].

Neurodegenerative disease diagnosis had a sharp escalation in the last decades, 
increasing elderly morbidity and mortality [35]. Inflammation is part of normal 
aging; however, it is also part of the pathogenesis of several maladies, including 
neurodegenerative diseases [4]. This type of neuroinflammation is not of an infec-
tious cause but entails moderate, slowly progressing microglia activation, supported 
by oxidative stress and mitochondria dysfunction, encompassing immune cells, 
astrocytes, and neurons [4].

Brain inflammation is a hallmark of neurodegenerative diseases, most notably 
Alzheimer’s disease (AD) [4]. Both AD and Parkinson’s disease (PD) are associ-
ated with an altered circadian rhythm, alongside impaired homeostasis of redox 
and inflammatory processes [4, 106]. AD is the most prevalent form of dementia 
in the elderly, being characterized by modified sleep patterns, abnormal melatonin 
secretion, and circadian dysregulation [26, 107, 108], shifting sleeping habits being 
reported early in its progression [35]. SIRT1 is an important link between circadian 
rhythm and redox homeostasis [35]. Melatonin is intimately linked to SIRT1 function 
in aging cells [109, 110]. Age-associated NAD+ and SIRT1 deficiency, changes which 
are observed in neurodegenerative diseases also, are associated with mitochondrial 
dysfunction, autophagy, and circadian rhythm alterations, which can be reversed 
by melatonin [4, 111]. In preclinical and in vitro neurodegenerative diseases models, 
melatonin proved beneficial [112], while in clinical settings results varied [112], but 
the majority of studies reported improved sleep quality and reduced daytime sleepi-
ness, stabilizing the circadian rhythm, and slowing down the progression of cognitive 
impairment [113–117].

Traumatic brain injury is a worldwide leading cause of mortality and morbidity, 
with debilitating long-term sequels. Sleep alterations are among the most common 
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long-term post-injury implications. Animal studies showed that melatonin improved 
cognition as well as behavior; it also reduced post-injury cognitive decline and the 
risk of developing dementia, while human studies are scarce [118, 119]. The devel-
opment of secondary injury following traumatic brain injury is dependent on the 
inflammatory response in the cerebral cortex, the NLRP3 inflammasome playing a 
central part [120–122]. SIRT1 was reported to have a protective role against traumatic 
brain injury, seeing as it mitigates oxidative stress and ROS production, which can, 
in turn, activate the NLRP3 inflammasome [1]. Further, resveratrol, a well-known 
SIRT1 activator [11], attenuated inflammation and oxidative stress by suppressing 
the NLRP3 inflammasome in a SIRT1-dependent manner [120]. Taking into consider-
ation the melatonin-SIRT1 relationship, this neurohormone is a possible candidate as 
an additional therapeutic option in traumatic brain injury [118, 119].

4. Metabolic imbalances

Metabolic diseases, such as diabetes mellitus, metabolic syndrome, and obesity, 
have exponentially increased in the last decades, posing a serious threat to human 
health. They are characterized by inflammation and oxidative stress, along with 
impairments of cell metabolism, energy homeostasis, insulin secretion and function, 
and microbiota alterations [123–126].

Melatonin is involved in energy metabolism pathways and regulates epigenetic 
processes in neuronal cells, being biochemically interconnected with signaling path-
ways responsible for adjusting energy metabolism, such as insulin/insulin-like growth 
factor 1 (IGF-1), Forkhead box O (FoxO), and sirtuin pathways [110, 127–131]. 
Alterations of the expression and activity of circadian rhythm components are com-
monly found in patients with neurodegenerative, metabolic disorders, and cancer [37, 
127, 132]. Also, melatonin levels and CLOCK expressions are reduced in patients with 
neurodegenerative and metabolic disorders [133–139].

All these pathological impairments have an underlying component of 
 oxidative stress and mitochondrial function failure. Sirtuins, and especially SIRT1, 
as well as the peroxiredoxin protein family, are directly involved in the relation-
ship between redox homeostasis and circadian rhythm, regulated by melatonin 
[37, 127, 132–139].

Metabolic syndrome and diabetes are associated with oxidative stress and inflam-
mation, reunited under the umbrella of inflammaging, and would clearly benefit 
from the melatonin/SIRT synergy [69], seeing as melatonin is a key player in energy 
sensing/energy expenditure and body weight regulation. Animal studies showed 
that removing the pineal gland from rats led to a body weight increase that could be 
reversed by exogenous melatonin administration, along with a decrease of visceral 
fat; the results were found in animals fed either high fat or high fructose diets [140, 
141]. Also, rat pinealectomy was associated with decreased insulin sensitivity and 
reduced glucose transporter type 4 (GLUT4) gene expression [142, 143]. In animal 
models, melatonin, as well as selective melatonin receptor agonists, induced a reduc-
tion of body weight and blood pressure, increased insulin sensitivity, and restored 
lipid homeostasis [34, 144]. These preclinical reports, among others [145, 146], 
highlight the potential of melatonin therapy in improving glucose metabolism and 
contribute to diabetes mellitus prevention [145, 146].

Impairments of melatonergic signaling due to genetic polymorphism support 
the development of a prediabetic status, type 2 diabetes, elevated cholesterol, 
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triglycerides, and coronary heart disease; mice knocked out for the melatonin recep-
tor MT1 or with pinealectomy exhibit insulin resistance [137, 142, 143, 147]. These 
metabolic alterations were reversed by melatonin, which decreased pro-inflammatory 
signaling (TNF-α, IL-1β) and inducible NOS by suppressing NF-κB expression in a 
SIRT-dependent manner [44, 148, 149].

Human studies confirm the metabolic protective action of melatonin, report-
ing antihyperlipidemic effects and a reduced insulin release (via pancreatic 
β-cells receptors), also contributing to alleviating metabolic syndrome via SIRT 
regulation, enhancing antioxidant and anti-inflammatory pathways [139, 150]. In 
type 2 diabetic patients low-circulating levels of melatonin were found, as well as 
increased mRNA for the melatonin membrane receptor [150, 151], while genetic 
variations of melatonin receptors are associated with impaired levels of fasting 
blood glucose and increased risk of type 2 diabetes, and also with polycystic ovary 
syndrome [45, 152–154]. Also, coronary artery disease patients show decreased 
melatonin levels; exogenous melatonin was effective in reducing blood pressure 
and cardiovascular rhythm alterations, preserving the availability of nitric oxide 
and yielding anti-remodeling cardiac effects, thus providing cardiovascular pro-
tection in metabolic syndrome patients [45, 137, 155]. Controlled clinical studies 
confirmed the antihypertensive properties of melatonin, and also underlined its 
ability to improve lipid profiles, with an increase of HDL, in metabolic syndrome 
patients [156].

5. Musculoskeletal disorders

Skeletal muscle is essential for posture and movement, but it is also directly 
involved in glucose uptake, thermal regulation, and nutritional balance, among 
other important physiological roles [157–159]. Therefore, deterioration of skeletal 
muscle mass is associated with impaired glucose homeostasis, and not only with 
posture/movement-associated difficulties (falls, fractures, disability) [160]. 
Moreover, skeletal muscle ailments are considerably increasing in aging, thus  
bringing up the costs of healthcare and having a negative impact on the quality of 
life [159].

Melatonin was reported to support muscle activity through its ability to main-
tain mitochondrial function, alongside oxidative stress reduction and inhibition of 
cardiolipin peroxidation [15, 24, 69]. Cardiolipin is a dimeric phospholipid found 
in the inner mitochondrial membrane that undergoes oxidation and translocation 
to the cytosolic side of the outer mitochondrial membrane under oxidative stress 
conditions, signaling a dysfunctional mitochondria [161, 162]. In Refs., [163, 164] 
dystrophic muscle diseases are biochemically characterized by inflammation, redox 
imbalance, and mitochondrial dysfunction, and could benefit from melatonin treat-
ment [160, 165]. This is attributable to its lipophilic nature, making it possible to pass 
through cells and mitochondrial membranes and the blood-brain barrier, as well as its 
effect as a calcium homeostasis regulator during muscle contraction [166, 167]. When 
administered as a nutraceutical in preclinical, but also in clinical studies, it improved 
muscle metabolism and strength [163, 164]. These positive effects are also pointed out 
in age-related sarcopenia and muscle weakness [160].

Chronic melatonin administration in rat and mouse models of muscle injury 
reduced apoptosis, increased twitch force, and accelerated the regeneration of satel-
lite cells. Women with fibromyalgia benefit from melatonin administration which 
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induces reduction of symptoms such as chronic muscular pain, cognitive dysfunc-
tions, and sleep disorders [159, 168, 169].

Calpain is a receptor of calcium, found in the cytoplasm of skeletal muscle cells 
in an inactive form, being controlled by intracellular calcium ion concentration and 
calpain inhibitory protein. An increase in the skeletal muscle cells’ cytoplasmic Ca2+ 
concentration activates calpain, resulting in the hydrolysis of skeletal muscle fibers, 
leading to reduced contractility. Melatonin was reported to inhibit calpain, but more 
in-depth studies are required to establish its clinical potential [170–172].

In Refs., [159, 168, 169] literature data reveal melatonin to be a promising agent 
for muscle regeneration and maintenance, with a possible use in chronic diseases, 
especially those associated with aging, sirtuins being just one of the signaling path-
ways involved. Nevertheless, further studies, both preclinical and clinical, are needed 
to establish its muscle-protective mechanisms and clinical use aspects.

6. Neoplasms

Malignancies have an ever-increasing prevalence and a cancer diagnosis has a 
severe impact on the quality of life and mental well-being of patients [173]. The anti-
tumor effect of melatonin was reported in different types of cancer, interfering with 
various cancer hallmarks, mitigating cancer initiation, progression, and metastasis 
[174, 175].

The disruption of circadian rhythm due to exposure to excessive light or frequent 
long-distance travel entails an alteration of melatonin synthesis and secretion, with an 
associated increased risk of cancer development [176, 177]. In vitro studies in breast 
cancer cells showed that exposure to white fluorescent light led to decreased melato-
nin levels and increased tumor growth [178], while the blood of volunteers exposed 
to white fluorescent light during nighttime had lower melatonin levels and proved a 
better tumor growth medium [178].

Melatonin administration decreased proliferation parameters and induced a 
reduction in tumor growth, concomitantly downregulating SIRT1 [179]. The down-
regulation or inhibition of SIRT1 led to increased pro-oxidant and antitumor activity 
[180, 181], while its activation decreased melatonin’s anticancer action [182].

The relationship between SIRT1 and melatonin in cancer cells is opposite to that 
in nontumor cells, melatonin acting as an inhibitor of SIRT1 activity [44]. This might 
come as a surprise, but seeing as SIRT1 is overexpressed in some types of cancer [183, 
184], a context-specific role for melatonin in regulating the activity of this sirtuin is 
plausible [185]. The dual role of melatonin concerning SIRT1 regulation in normal 
and malignant cells seems to entail its ability to either stimulate or inhibit the activity 
of SIRT1. Moreover, this regulation might not only target cell proliferation but also 
the control of circadian regulation genes, such as BMAL1 or Per2, which are key play-
ers in maintaining tissue homeostasis [90, 185].

7. Aging

Aging is a ubiquitous phenomenon that encompasses numerous biological changes 
that, in time, lead to the decline of an organism [186]. In humans, aging entails a 
gradual accumulation of physical and cognitive alterations, with an increased risk of 
developing various maladies, such as cardiovascular, metabolic, or neurodegenerative 
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diseases and malignancies [186–188]. These often cause a marked decline in the qual-
ity of life, being associated with higher morbidity and mortality.

Aging is associated with an alteration of circadian rhythm synchrony and 
reduced secretion of melatonin [1, 35]. Also, a reduction of SIRT1 activity was 
observed in senescence, while its inhibition abolished a number of melatonin’s cel-
lular effects [69]. Lower SIRT1 levels were observed in the suprachiasmatic nucleus 
(SCN) of aging mice, affecting the functioning of the core circadian oscillator 
BMAL1:CLOCK, while its overexpression prevented aging-depending circadian 
rhythm alterations and its silencing in young animals decreased BMAL1 and Per2 
gene expression [189].

Low-grade inflammation is a major component of physiological aging, especially 
considering its association with the alteration of brain function, neurodegeneration, 
and mood disorders [137, 190]. The contribution of inflammation to the aging process 
is known as inflammaging [4, 16]. Apart from playing a central role in longevity, 
regulating cellular processes as cell cycle, apoptosis, or DNA repair, SIRT1 is involved 
in modulating antioxidant and anti-inflammatory processes [11]. SIRT1 seems to be 
an important factor in trying to assess the extent of melatonin’s effects on aging and 
aging-associated low-grade inflammation [1]. Moreover, melatonin enhances the 
antioxidant defense of senescent cells, regulating redox homeostasis. A central player 
in this effect is SIRT1, whose upregulation results in the increased expression of 
antioxidants via Nrf2 and FOXO pathways, modulating mitochondrial ROS produc-
tion and autophagy, while inhibiting NF-κB signaling [35].

Despite all these, some conflicting results regarding the effect of melatonin treat-
ment on SIRT2 activity were reported in preclinical models of aging. One research 
group found no effect on SIRT2 in neurons from the dentate gyrus [191], while 
another group observed that melatonin treatment led to a decrease in SIRT2 activity 
in the hippocampus of adult rats [192], and in the colon and hippocampus of aged rats 
[193, 194], reducing oxidative stress parameters and pro-apoptotic proteins.

Both the pro-inflammatory effect of melatonin, as well as the anti-inflammatory, 
must be considered when addressing its potential use in mitigating some aging-
associated signs and symptoms [69]. Most data are supportive of its beneficial, 
anti-inflammatory actions. However, some reports concerning autoimmune diseases, 
such as rheumatoid arthritis or multiple sclerosis, bring to the fore its possible detri-
mental effects [195–197]. Its protective actions fall mainly under the umbrella of the 
above-mentioned and well-documented antioxidant and anti-inflammatory effects, 
along with its stimulation of the immune system, promoting healing and maintaining 
homeostasis [187, 188, 198, 199]. A special melatonin-mediated pathway, central to 
the aging process, is the enhancement of SIRT1 activity.

8. Discussion

Melatonin, a hormone primarily synthesized in the pineal gland, has emerged 
as a critical regulator of circadian rhythms and a multifunctional molecule with 
antioxidant, anti-inflammatory, and neuroprotective properties, involving numerous 
cellular signaling pathways (Figure 1).

The anti-inflammatory activity of melatonin involves both immunological and 
non-immunological processes [16]. The latter mainly includes protection against 
oxidative stress by promoting antioxidant defense and decreasing the formation of 
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reactive oxygen and nitrogen species, and the preventing mitochondrial dysfunction 
[16]. It contributes to an anti-inflammatory pathway involving sirtuin activation, 
namely SIRT1, Nrf2 upregulation, and nuclear factor NF-κB downregulation [1, 69]. 
Also, it was reported to downregulate COX-2 and neuronal NOS, to prevent TLR4 and 
NLRP3 inflammasome activation [16]. These resulted in an increased secretion of 
anti-inflammatory cytokines and decreased production of ROS and pro-inflamma-
tory cytokines [1, 16].

Exploring the melatonin-sirtuins interaction holds significant promise in advanc-
ing our understanding of their joint impact on human health. On the other hand, 
sirtuins, a family of deacetylase enzymes, play fundamental roles in cellular processes 
such as gene expression, DNA repair, and stress response. The interplay between 
melatonin and sirtuins has been implicated in a spectrum of biological phenomena, 
ranging from circadian rhythm regulation to cellular homeostasis and physiological 
aging. Investigating the intricate crosstalk between melatonin and sirtuins has the 
potential to unlock novel insights into the mechanisms governing these processes and 
different pathological milieu modulation.

Moreover, understanding how melatonin influences sirtuins activity and vice 
versa could pave the way for the development of innovative therapeutic strategies 
targeting a wide array of health conditions, including sleep disorders, cardiovascular 
and metabolic diseases, neurodegenerative disorders, and cancer. These melatonin-
sirtuins studies not only shed light on the fundamental principles of circadian biology 
and cellular physiology but also offer promising avenues for enhancing human health 
and well-being.

Figure 1. 
An overview of the SIRT1-mediated melatonin effects in noncancerous and malignant cells. ROS-reactive oxygen 
species, AO-antioxidant, BMAL1:CLOCK-basic helix-loop-helix ARNT-like 1: circadian locomotor output 
cycles kaput, Per2-period circadian regulator 2 gene, PGC-1α-peroxisome proliferator-activated receptor gamma 
coactivator 1-alpha, Nrf2-nuclear factor erythroid 2-related factor 2, FOXO-Forkhead box O, NF-κB-kappa-
light-chain-enhancer of activated B cells, NLRP3-NLR family pyrin domain containing 3 inflammasome.
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9. Outlook

Melatonin is considered one of the master regulators of the circadian rhythm, 
being intensively studied for its pleiotropic effects concerning redox imbalance, 
inflammation, immune response, aging, cell proliferation, and even fertility. The 
present chapter aims to critically analyze the latest scientific information regarding 
the interplay between sirtuins and melatonin in order to better understand the role 
of this complex system and its potential modulation in preventing/treating various 
afflictions. As a result, we pointed out that sirtuin signaling is directly involved in 
the cardio- and neuroprotective effects attributed to melatonin, as well as its ability 
to support musculoskeletal function and regeneration and to restore metabolic and 
energy homeostasis. Regarding malignancies, the relationship between SIRT1 and 
melatonin in cancer cells is opposite to that in non-tumor cells, with an overall antitu-
mor action. All these reported effects are integrated as important pathways, justifying 
the protective effect of melatonin in aging-associated pathology through SIRT-
mediated pathways. In this complex picture, there is an acute need for further studies 
to substantiate all these scientific claims, since there is a great imbalance between in 
vitro, preclinical and clinical studies, for each of the above-mentioned effects. Also, 
a systematic review of the latest literature data, encompassing the cellular pathways 
through which melatonin modulates physio-pathological processes, focusing on the 
interconnection with sirtuins, is highly needed considering the current heterogeneous 
research output.
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Abstract

As the global population ages, distinguishing between the effects of chronic 
diseases and inherent aging challenges becomes paramount. The intersection of 
geriatric neuropsychology and gerontology provides a comprehensive framework 
to navigate these complexities. We will explore the foundational aspects of geriatric 
neuropsychology, surveying prominent theories of brain aging, structural and 
functional changes, and the intricate relationship between aging and neurodegenera-
tive diseases. Acknowledging the relevance of frailty as a critical marker, the chapter 
emphasizes the importance of a comprehensive geriatric evaluation to guide nuanced 
interventions. A pivotal focus is then directed toward non-invasive neuromodulatory 
treatments, particularly transcranial magnetic stimulation (TMS), and its application 
in mitigating age-related cognitive decline. This exploration is contextualized within 
the broader framework of the medicine of complexity, recognizing the interconnect-
edness of various physiological and psychological factors in aging.

Keywords: ageotype, brain aging, comprehensive geriatric evaluation, neurogenesis, 
Hebbian plasticity, transcranial magnetic stimulation

1.  Introduction

Aging, regardless of the specific age category it characterizes, should not be 
equated with a state of illness. Instead, it must be recognized as a natural phenom-
enon intricately linked with progressive physiological and psychological trans-
formations in the organism. This aging process, marked by heightened biological 
vulnerability, can amplify the predisposition to various illnesses [1].

The process of aging is inherently diverse, with everyone undergoing a unique 
aging journey [2]. Aging is a gradual and continuous natural mutation involving the 
gradual decline of various bodily functions [2]. The life-span perspective recognizes 
functional changes as inherent to the human aging process, distinguishing between 
pure aging and its continuum toward pathological aging [3, 4].
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Distinct aging patterns, or ageotypes, have been identified based on molecular 
pathway changes over time, including metabolic, immune, hepatic, and nephrotic 
ageotypes [5]. This molecular classification provides a personalized assessment of 
aging, reflects lifestyle and medical history, and offers insights into potential health 
risk factors.

Multimorbidity and polypharmacotherapy weaken the body, predisposing indi-
viduals to accelerated aging and frailty, which is considered the most challenging 
expression of aging [1, 2]. Frailty is an integrated and multidimensional condition 
where biological, functional, psychological, and social factors interact, posing risks 
for deteriorating mental health and cognitive decline [6–9]. Cognitive frailty specifi-
cally refers to the co-occurrence of mild cognitive impairment and physical frailty 
without a major neurocognitive disorder diagnosis [10].

1.1  The imperative of distinguishing effects: Chronic diseases vs. aging challenges

The biological process of aging is characterized by a complex interplay of molecu-
lar, cellular, and systemic changes, encompassing alterations in genetic expression, 
cellular functions, and tissue integrity. These changes occur gradually over time, lead-
ing to a progressive transformation of both physiological and psychological dimen-
sions. On a molecular level, aging involves intricate mechanisms such as telomere 
shortening, genomic instability, and mitochondrial dysfunction, contributing to 
cellular senescence and ultimately influencing the entire organism [11].

Crucially, it is imperative to emphasize that aging, in its essence, is not synonymous 
with a pathological state. Aging should be conceptualized as a dynamic, natural 
phenomenon that reflects the intricate orchestration of biological processes over the 
lifespan of an organism. The complexity arises from the fact that aging and chronic 
diseases, prevalent in the elderly population, share commonalities in their manifesta-
tions. This includes physiological declines, such as decreased organ function and 
immune system efficacy, which can be attributed to both aging and the development 
of chronic conditions [12, 13].

The challenge lies in discerning between age-related changes and those induced 
by specific chronic diseases, given their propensity to exhibit overlapping clinical 
characteristics. For instance, cognitive decline, a common feature of aging, can also 
manifest in neurodegenerative conditions like Alzheimer’s disease. Distinguishing 
these nuances is crucial for accurate diagnosis and tailored interventions.

The field of geriatric neuropsychology plays a pivotal role in unraveling these 
complexities. It involves in-depth assessments of cognitive functions, neurobiologi-
cal markers, and psychosocial factors to differentiate between age-related cognitive 
changes and pathological conditions [14]. Advanced imaging techniques, such as 
functional magnetic resonance imaging (fMRI) and positron emission tomography 
(PET), provide insights into the structural and functional alterations occurring in the 
aging brain, aiding in the identification of age-related patterns versus disease-related 
changes [15, 16].

1.2  The intersect of geriatric neuropsychology and gerontology

Geriatric neuropsychology and gerontology represent two interdisciplinary fields 
that converge to provide a comprehensive understanding of the complexities associ-
ated with aging. Gerontology, as a broader discipline, explores aging from a holistic 
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perspective, considering the social, cultural, psychological, intellectual, and biologi-
cal aspects of the aging process [17–19].

In the realm of gerontology, the focus extends beyond the individual to encom-
pass the societal implications of an aging population. The interdisciplinary nature 
of gerontology integrates insights from sociology, anthropology, and public health 
to examine the impact of aging on communities, healthcare systems, and societal 
structures. This perspective is crucial for addressing the challenges and opportunities 
presented by an aging demographic on a global scale.

Geriatric neuropsychology, on the other hand, zooms in on the intricate relation-
ship between aging and the brain. It investigates how the physiological changes 
associated with aging affect cognitive functions, emotional well-being, and overall 
mental health. This field employs a range of specialized assessments, including cogni-
tive tests, neuroimaging, and psychosocial evaluations, to unravel the complexities of 
age-related changes in the brain [18].

The intersection of geriatric neuropsychology and gerontology is where these two 
disciplines harmonize, creating a synergistic approach to understanding the multi-
faceted aspects of aging. Geriatric neuropsychology contributes valuable insights into 
the cognitive and neurological dimensions of aging, shedding light on how changes in 
the brain impact an individual’s overall well-being.

For instance, in studying cognitive aging, geriatric neuropsychologists explore 
how age-related changes in brain structure and function may manifest in cogni-
tive decline, memory impairment, or other neuropsychological conditions. This 
information is then integrated into the broader gerontological framework, enabling 
a more comprehensive understanding of how cognitive health influences an indi-
vidual’s ability to engage with their social environment and maintain autonomy in 
daily activities.

The cooperation between geriatric neuropsychology and gerontology is vital in 
customizing interventions to meet the distinct requirements of the aging demo-
graphic. By amalgamating insights from these two fields, researchers and practitio-
ners can formulate comprehensive approaches aimed at fostering cognitive health, 
emotional well-being, and the overall quality of life for older individuals. This con-
vergence serves as a pivotal junction, propelling the progression of our understanding 
and elevating the standard of care.

2.  Foundational aspects of geriatric neuropsychology

In delving into the intricate domain of geriatric neuropsychology, it becomes 
imperative to unravel the foundational aspects that underpin our understanding of 
the dynamic interplay between aging and the intricate workings of the human brain. 
This inquiry guides us toward the fundamental principles and theories that eluci-
date the intricate terrain where neurological processes intersect with the challenges 
presented by the process of advancing age.

2.1  Surveying prominent theories of “brain aging”

Brain aging encompasses a complex array of molecular and structural changes that 
collectively influence cognitive function and neurological well-being. Contemporary 
research has significantly advanced our comprehension of these intricacies, shedding 
light on tangible alterations observed in the aging brain [20, 21].
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At its core, brain aging involves a gradual decline in cognitive abilities and neu-
rological functions. Genetic predispositions and environmental factors intricately 
interact, shaping an individual’s susceptibility to age-related neurodegeneration. 
Molecular mechanisms such as telomere shortening, increased oxidative stress, and 
chronic neuroinflammation have emerged as pivotal contributors to cellular senes-
cence and diminished neural plasticity, hallmarking the aging brain [22, 23].

Cutting-edge neuroimaging technologies have played a pivotal role in discerning 
the structural and functional modifications occurring in the aging brain. fMRI and 
PET have enabled the observation of connectivity patterns, alterations in synaptic 
integrity, and changes in regional brain activity. These tools provide tangible evidence 
of age-related neural degeneration, allowing researchers to correlate cognitive decline 
with specific anatomical and functional variations [24]. Concrete changes observed 
in brain aging include atrophy in certain brain regions, particularly the hippocampus 
and prefrontal cortex, areas crucial for memory and executive functions [25, 26]. 
Additionally, altered patterns of neurotransmitter activity, diminished synaptic den-
sity, and the presence of beta-amyloid plaques are indicative of age-related cognitive 
decline, often associated with conditions like Alzheimer’s disease [27].

Our contemporary understanding of brain aging is marked by a detailed explora-
tion of molecular processes, structural modifications, and observable changes in neural 
functioning. This nuanced approach not only refines our grasp of cognitive aging but 
also holds promise for developing targeted interventions to mitigate age-related cogni-
tive decline and enhance the overall neurological health of the aging population. One 
of the key findings pertains to the concept of brain reserve, which refers to the brain’s 
inherent ability to withstand and compensate for age-related changes or pathological 
conditions without exhibiting noticeable cognitive decline [28, 29]. Another key con-
cept is that of cognitive reserve, where individuals with enriched cognitive experiences 
exhibit greater resilience against age-related cognitive decline (see Table 1) [28, 30].

Importantly, continuous intellectual engagement and cognitive stimulation 
throughout life contribute to enhanced neuroplasticity, acting as a protective factor 
against the impact of aging on cognitive functions.

2.2  Structural and functional changes in the aging brain

The aging process entails a nuanced interplay of structural and functional modi-
fications within the brain, influencing its overall cognitive architecture. Delving into 
these changes provides a comprehensive understanding of the intricacies associated 
with aging-related cognitive variations.

2.2.1  Structural alterations

• Gray matter decline: Aging is marked by a discernible reduction in gray matter 
volume, particularly pronounced in regions crucial for memory and cognitive 
functions. The hippocampus, integral to memory formation, and the prefrontal 
cortex, responsible for executive functions, are notably affected [31, 32]. These 
structural changes may contribute to the observed decline in specific cognitive 
abilities.

• White matter integrity and connectivity: Concurrently, alterations in white mat-
ter integrity and connectivity patterns occur. The white matter, consisting of 
nerve fibers, experiences changes that impact the speed at which information is 
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Brain reserve Cognitive reserve

Brain reserve refers to the brain’s 
inherent ability to withstand and 
compensate for age-related changes 
or pathological conditions without 
exhibiting noticeable cognitive 
decline.

Definition Cognitive reserve is the mind’s ability to 
maintain optimal cognitive functioning 
and resilience against age-related changes 
or neurological damage.

It involves the structural and 
functional resilience of the brain, 
enabling the maintenance of 
cognitive function in the presence of 
damage or degeneration.

Components It involves the dynamic interplay between 
lifelong cognitive experiences, intellectual 
pursuits, and neural adaptability.

Brain reserve is influenced by 
various factors, including genetic 
predispositions, neural plasticity, 
and the efficiency of neural 
networks.

Influence Cognitive reserve significantly influences 
an individual’s capacity to withstand 
cognitive decline or neurological 
disorders.

The brain’s robust structural and 
functional resilience enables the 
preservation of cognitive function, 
even when confronted with damage 
or degeneration. This resilience is 
particularly notable in the intricate 
network of brain connections, 
known as functional connectome, 
and is exemplified by the brain’s 
ability to operate effectively in a 
resting state, sustaining essential 
cognitive functions despite potential 
structural challenges.

Manifestation Individuals with a history of mentally 
stimulating activities and diverse 
cognitive engagements are likely to 
exhibit a greater ability to cope with and 
compensate for the effects of aging or 
neurological challenges.

Individuals with a higher brain 
reserve may experience a delay in 
the onset of cognitive symptoms or 
a slower progression of cognitive 
decline in the face of aging or 
neurological diseases.

Outcome The preservation of cognitive abilities and 
the promotion of overall brain health are 
key outcomes associated with a higher 
cognitive reserve.

Engaging in intellectually 
stimulating activities and 
maintaining a cognitively enriching 
lifestyle are believed to contribute to 
the development and enhancement 
of brain reserve over the lifespan.

Contributing factors Cognitive reserve is shaped by a myriad 
of factors, including the extent of lifelong 
cognitive engagement, educational 
background, occupational complexity, 
and socio-intellectual activities. 
Furthermore, genetic predispositions, 
cultural exposures, and the quality of 
interpersonal relationships contribute 
significantly to the development and 
enhancement of cognitive reserve 
throughout an individual’s lifespan.

Table 1. 
Key aspects of cognitive and brain reserve: Understanding the capacities and influences that contribute to 
maintaining optimal cognitive functioning and resilience, as well as the brain’s inherent ability to withstand age-
related changes or pathological conditions, with associated contributing factors and outcomes.
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processed across different brain regions. Disruptions in white matter connectiv-
ity can influence the efficiency of communication between brain areas, affecting 
cognitive processing [33, 34].

2.2.2  Functional shifts

• Neural activity dynamics: Functionally, the aging brain undergoes shifts in neural 
activity. Various studies report both increases and decreases in activity within 
different brain regions during different cognitive tasks. These fluctuations may 
reflect adaptive responses or compensatory mechanisms as the brain adjusts to 
aging-related changes [35–37].

• Neurotransmitter decline: Accompanying these shifts is a decline in neu-
rotransmitter activity, crucial for transmitting signals between neurons. 
Neurotransmitters like dopamine, serotonin, and acetylcholine play vital roles 
in cognitive functions such as attention, memory, and mood regulation. Their 
reduction can impact inter-neuronal communication and contribute to cognitive 
variability [21, 38, 39].

Understanding these intricate structural and functional changes is pivotal for 
developing targeted interventions aimed at preserving cognitive abilities in older 
individuals. Ongoing research endeavors strive to unravel the complexities of the 
aging brain, fostering innovative strategies to enhance cognitive well-being and qual-
ity of life in the elderly.

2.3  Intricate relationship between aging and neurodegenerative diseases

The intricate relationship between aging and neurodegenerative diseases unveils 
a complex interplay of biological processes that significantly impact the trajectory 
of cognitive health in older individuals. Aging itself is accompanied by structural 
and functional changes in the brain, as seen in the decline of gray matter volume 
and alterations in neural activity. Neurodegenerative diseases, on the other hand, 
represent a distinct category of disorders marked by the progressive degeneration 
of specific neural structures, leading to cognitive decline. While aging is a natural 
and universal process, the risk of neurodegenerative diseases increases with age. 
Conditions such as Alzheimer’s and Parkinson’s diseases exemplify the convergence 
of aging-related changes and pathological processes, resulting in exacerbated cogni-
tive impairment. Understanding this intricate relationship is crucial for developing 
comprehensive approaches to support cognitive well-being in the elderly and to 
differentiate age-related cognitive changes from those associated with neurodegen-
erative disorders, allowing for timely interventions and improved quality of life.

2.4  Brain reserve and cognitive reserve: Buffering cognitive decline

Brain reserve and cognitive reserve play crucial roles in mitigating cognitive 
decline as individuals age. Brain reserve, indicative of the brain’s inherent robust-
ness, empowers it to endure age-related changes or pathological conditions without 
displaying noticeable cognitive impairment [28, 29]. Meanwhile, cognitive reserve 
involves the mind’s ability to sustain optimal cognitive functioning by actively 
participating in intellectually stimulating activities and diverse cognitive experiences 
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throughout one’s life [28, 30]. These reserves act as protective mechanisms, allowing 
individuals to effectively manage and compensate for the cognitive effects of aging. 
Engaging in continuous learning, pursuing intellectually challenging tasks, and 
maintaining social and cognitive activities contribute significantly to the fortification 
of cognitive reserve. A comprehensive understanding of the functions of the brain 
and cognitive reserve provides valuable insights for developing strategies aimed at 
promoting cognitive health, delaying cognitive decline, and ultimately enhancing the 
overall quality of life for aging individuals.

Imagine an individual who, throughout their life, consistently engaged in men-
tally challenging activities, pursued diverse learning experiences, and maintained a 
socially active lifestyle. This person, with a well-developed cognitive reserve, pos-
sesses a greater capacity to navigate the challenges of aging without experiencing 
a pronounced decline in cognitive functions. The brain reserve, acting as a robust 
shield, enables this individual to withstand age-related structural and functional 
changes without significant cognitive impairment. This example underscores the 
practical implications of actively fostering brain and cognitive reserve. By incor-
porating intellectually stimulating activities into their daily lives, individuals can 
potentially delay the onset of cognitive decline and sustain a higher level of cognitive 
functioning in later years. The buffering effect provided by these reserves offers a 
tangible pathway toward promoting cognitive health and enhancing the overall well-
being of aging individuals.

3.  Relevance of frailty as a critical marker

Frailty stands as a pivotal marker in the aging process, representing a state of 
heightened vulnerability to negative health outcomes due to a reduction in functional 
reserves across multiple organ systems [40–42]. Its significance extends beyond 
physical aspects, influencing various dimensions of an individual’s well-being, includ-
ing cognitive health.

Frailty is not merely a consequence of aging but rather a comprehensive reflection 
of an individual’s physiological and psychological state. It encapsulates the dynamic 
interplay between biological, cognitive, and socio-economic factors, making it a 
valuable marker for assessing the overall health status of an aging individual [43, 44]. 
Understanding frailty provides insights into the complexities of the aging process, 
allowing for targeted interventions that address the multifaceted needs of older adults.

Frailty, as a critical marker in the aging process, plays a substantial role in influ-
encing cognitive decline, with scientific evidence highlighting its intricate association 
with neurocognitive outcomes. Numerous studies have demonstrated a clear link 
between frailty and an increased risk of cognitive impairment and neurocognitive 
disorders in the elderly [45, 46].

Research by Robertson and colleagues [47] found that frail individuals exhibit a 
higher likelihood of developing mild cognitive impairment (MCI) compared to their 
non-frail counterparts. The study, spanning a longitudinal analysis of aging cohorts, 
revealed that the presence of frailty significantly accelerated the progression from 
MCI to more severe cognitive impairments, such as Alzheimer’s disease and related 
dementias.

Moreover, a comprehensive meta-analysis conducted by Panza et al. [48] empha-
sized the role of frailty as a predictor of an incident major neurocognitive disorder. 
The review encompassed diverse population-based studies, consistently establishing 
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frailty as an independent risk factor for the onset of major neurocognitive disorders. 
The mechanisms underlying this association involve a complex interplay of vascular, 
inflammatory, and neurodegenerative processes, amplifying the impact of frailty on 
cognitive trajectories [48].

Understanding the intricate relationship between frailty and cognitive decline not 
only provides valuable prognostic insights but also opens avenues for targeted interven-
tions. Interventions aimed at mitigating frailty, such as personalized exercise programs 
and nutritional interventions, have shown promise in preserving cognitive function 
and slowing down the progression of cognitive decline in frail individuals [49, 50]. In 
addition, today’s developments pave the way for non-invasive neuromodulatory treat-
ments capable of enhancing brain reserve or mitigating potential pathological outcomes 
through neuromodulation interventions. Recognizing frailty as a crucial determinant 
of cognitive health underscores the importance of comprehensive geriatric assessments 
and interventions to enhance the overall well-being of older adults.

4.  Comprehensive geriatric evaluation: guiding nuanced interventions

Comprehensive geriatric evaluation stands as a cornerstone in tailoring nuanced 
interventions for the aging population, addressing the multifaceted aspects of health 
in older individuals. The significance of comprehensive geriatric evaluation lies 
in its ability to provide a thorough understanding of an elderly individual’s health 
status, encompassing physical, cognitive, and socio-economic dimensions [51, 52]. 
This holistic assessment involves a multidisciplinary approach, integrating medical, 
psychological, and functional evaluations [53]. Components may include detailed 
medical histories, functional assessments, cognitive screenings, and social support 
evaluations, ensuring a comprehensive grasp of an individual’s unique needs [54].

Within the framework of evaluation, addressing frailty emerges as a crucial com-
ponent. Identifying frailty allows for targeted interventions that consider an individ-
ual’s vulnerability and tailor care plans accordingly. Frailty assessments often involve 
evaluating physical strength, mobility, nutrition, and psychosocial factors, providing 
a comprehensive understanding of an individual’s overall health and potential areas of 
intervention. This comprehensive evaluation not only informs personalized care plans 
but also sets the stage for exploring innovative interventions, including non-invasive 
neuromodulatory treatments.

The subsequent paragraph will delve into the promising realm of non-invasive 
neuromodulation as a potential avenue for enhancing cognitive well-being within the 
geriatric population.

5.  Non-invasive neuromodulatory treatments

Non-invasive neuromodulation is an advanced field that targets brain activity 
to induce changes in behavioral or motor-sensory functions without necessitating 
invasive procedures [54]. This methodology encompasses various techniques, includ-
ing transcranial direct current stimulation (tDCS) or alternating current stimulation 
(tACS), characterized by small, painless electrical discharges, and transcranial 
magnetic stimulation (TMS), which employs electromagnetic waves. The primary 
distinction among these methodologies lies in the equipment used and the depth 
of action. tDCS involves the application of low-level, constant electrical current to 
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the brain via electrodes placed on the scalp, which is known for its painless nature 
and its ability to modulate neuronal activity, making it a promising tool for various 
applications in cognitive enhancement, motor rehabilitation, and psychiatric disor-
ders [55], while tACS delivers rhythmic electrical stimulation to the brain at specific 
frequencies. This method has shown potential in modulating neural oscillations and 
has been investigated for its role in enhancing cognitive functions, such as memory 
and attention, as well as for its therapeutic potential in neurological and psychiatric 
conditions [56]. TMS, on the contrary, is a non-invasive stimulation technique that 
employs electromagnetic waves to stimulate specific brain regions [57].

Indeed, all these methodologies derive their proven efficacy from the concept of 
neuroplasticity. According to this hypothesis, numerous nervous system disorders 
stem from an imbalance between stressors (which target specific structures based 
on individual vulnerability rooted in genetic predisposition) and neuroplasticity 
factors (the central nervous system’s ability to generate new cells and connections) 
[58]. Physical, magnetic, light, and electrostatic stimuli function by activating the 
structures involved in neurogenesis [59, 60]. The stimulation those techniques provide 
is aligned with the principles of Hebbian plasticity, where repeated activation of neu-
ronal pathways strengthens synaptic connections [58]. This phenomenon, known as 
Hebbian learning, underscores the adaptability of the nervous system in response to 
stimuli [61]. Consequently, the application of neuromodulation techniques harnesses 
the principles of Hebbian plasticity to promote neurogenesis, aiming to counteract 
the detrimental effects of stressors and foster a resilient nervous system [62].

5.1  Transcranial magnetic stimulation (TMS): mitigating age-related cognitive 
decline

TMS emerges as a leading non-invasive neuromodulatory technique, demonstrat-
ing efficacy in modulating neural activity and potentially ameliorating cognitive 
decline associated with aging [63, 64]. TMS is a non-invasive neuromodulatory 
technique that involves the application of rapidly changing magnetic fields to specific 
brain regions. This process induces electrical currents in the targeted areas of the 
brain, leading to the depolarization or hyperpolarization of neurons. By modulating 
neuronal activity, TMS has been shown to promote neuroplasticity [57] and influence 
neuronal connectivity. Research suggests its potential to enhance cognitive functions, 
making it a compelling intervention in the quest to preserve cognitive health in older 
individuals [63]. Exploring case studies and empirical evidence further bolsters the 
case for TMS in geriatric neuropsychology. Investigations into the application of 
TMS to older adults reveal promising outcomes, including improvements in memory, 
attention, and executive functions. The non-invasiveness of TMS, coupled with its 
relatively low side effect profile, enhances its appeal as a viable option for age-related 
cognitive challenges. Unlike invasive procedures, TMS does not require surgery or 
anesthesia, and it is generally well-tolerated by individuals. This makes it an attrac-
tive option for older adults, who may be more vulnerable to the risks associated with 
invasive interventions. As non-invasive neuromodulation continues to advance, TMS 
stands out as a beacon of hope in the endeavor to tailor interventions that promote 
cognitive health, independence, and an enriched quality of life for the elderly. The 
exploration of TMS efficacy in geriatric neuropsychology underscores the evolving 
landscape of innovative treatments dedicated to addressing the unique needs of an 
aging population, offering new possibilities for enhancing cognitive function and 
overall well-being in older individuals.
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6.  Conclusions

Aging unfolds as a complex interplay of physiological changes, rendering the 
elderly more susceptible to various health challenges. Thus, within the realm of 
geriatric neuropsychology, the need to discern between the distinct trajectories of 
aging and chronic diseases becomes paramount. This imperative recognition lays the 
foundation for developing targeted interventions, acknowledging the nuanced intri-
cacies of the aging process, and enabling a more personalized and effective approach 
to geriatric care. The synergistic collaboration between geriatric neuropsychology 
and gerontology emerges as a fundamental reference point for shaping interventions 
tailored to the unique needs of the aging population. By integrating perspectives 
from both disciplines, researchers and practitioners can develop holistic strategies 
that not only promote cognitive health, emotional well-being, and overall quality of 
life for older individuals but also leverage innovative approaches such as transcranial 
magnetic stimulation (TMS) and Hebbian plasticity. This union represents a crucial 
nexus, catalyzing the advancement of our knowledge and enhancing the care and 
support provided to the elderly in the continually evolving landscape of the twenty-
first century.
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Abstract

The Ministry of Health of the Republic of Indonesia has issued Comprehensive 
Geriatric Assessment (P3G) guidelines in 2017, but data regarding its use in health 
care institutions are still limited. Community health centers as the spearhead of pri-
mary care always accept geriatric patients and should utilize CGA. The objective is to 
find out the results of using a comprehensive assessment guide for geriatric patients at 
the Medan City Health Center and Deli Serdang Regency Health Center in 2018. This 
research was conducted using a descriptive method with a cross-sectional design, 
the respondents taken were elderly people seeking treatment at three health centers, 
namely Sukaramai Health Center, Medan City, Bandar Khalipah Health Center 
and Tanjung Rejo Health Center, Deli Serdang Regency in the period August and 
September 2018. The number of respondents was taken using the Slovin method, data 
collection was carried out through questionnaire interviews and data analysis using 
SPSS. There were 120 respondents, 60.8% of respondents experienced mild- moder-
ate dependence. In the IADL examination, 89.2% were still able to carry out activi-
ties independently. The results of checking the risk of falling showed that 57.5% of 
respondents experienced a low risk. On the GDS examination, 67.5% of respondents 
did not experience depression. In the Mini-Cog examination, 78% of respondents 
had normal cognitive function. On the MMSE examination, 80.8% of respondents’ 
cognitive function was still normal. On the AMT examination, 73.3% of respondents 
did not experience memory problems. In the MNA screening examination, 66.7% of 
respondents did not have nutritional problems. Conclusion: Most of the elderly who 
come to the health center are in the age range 60–74 and still have good functional 
abilities.
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1. Introduction

Elderly health maintenance aimed to keep the elderly healthy and productive 
socially and economically. For this reason, it is necessary to have health service 
facilities to facilitate the elderly so that they can live independently and productively 
socially and economically. Apart from the right to health, seniors also have the same 
rights in social, national and state life. Efforts to improve the welfare of the elderly are 
directed so that the elderly are still empowered so that they can play a role in develop-
ment activities by taking into account the functions, skills, age and physical condition 
of the elderly [1].

One of the successful impacts of health development is the reduction in birth 
rates, morbidity and mortality rates as well as an increase in the life expectancy of the 
population. Based on data, Life Expectancy (UHH) in Indonesia has increased from 
time to time. From 68.6 years in 2004 to 70.6 years in 2010. In 2022 it will increase 
to 72 years. This condition resulted in an increase in the number of elderly people. 
According to the results of the 2010 Population Census, the elderly population in 
Indonesia is 18.04 million people or 7.6% of the total population. In 2025 it is esti-
mated that the number of elderly people will increase to 36 million people [2].

Figure 1. 
Flow of services for elderly patients in primary care health facilities.
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The increasing number of elderly people will also affect the number of depen-
dency burdens. The old dependency ratio is a number that indicates the degree of 
dependence of the elderly on the productive age population. This figure is a com-
parison between the number of elderly people (60 years and over) and the number 
of productive people (15–59 years). To reduce the burden of dependency, the efforts 
made so that the elderly can live independently and remain productive must be 
increased. Naturally the process of getting old causes a person to experience physical 
and mental, spiritual, economic and social changes. One of the very basic problems in 
the elderly is health problems so that health coaching is needed in the pre-elderly and 
elderly groups, even from an early age (Figure 1) [3].

Primary health care facilities as the leading unit in public and individual health 
services are available in all districts and even every village in Indonesia. In this regard, 
Primary Health Service Facilities are expected to be able to carry out promotive, pre-
ventive, curative and rehabilitative efforts and hospital transition care for the elderly 
[4]. Elderly health services in Primary Health Care Facilities must be carried out in a 
professional and quality manner, complete, integrated and integrated with due regard 
to the elderly aspects of the elderly [5].

The Ministry of Health of the Republic of Indonesia has published the 2017 
Comprehensive Elderly Assessment (P3G) guidelines for use in comprehensive elderly 
health checks at first-level health care facilities. P3G is part of the Comprehensive Elderly 
Management (CGM) with a multidimensional assessment approach, in the form of 
medical, psychosocial, functional abilities and limitations of elderly patients. In general, 
Indonesian sociodemographics, the ratio of the percentage of elderly women is higher 
than that of men (53.3, 46.7). In order to improve the quality of elderly health services in 
primary health care facilities, a handbook for elderly health services is needed [6].

2. Elderly health services at primary health service facilities

Primary health service facilities are health service facilities that carry out com-
munity health efforts and individual health efforts at the first level, by prioritizing 
promotive and preventive efforts, to achieve the highest degree of public health in 
their working area [7]. The implementation of elderly health services in Primary 
Health Service Facilities is carried out in a comprehensive manner with the following 
principles [8]:

1. Providing good and quality service

2. Prioritize services for the elderly and provide safe and easily accessible facilities

3. Provide support/guidance to the elderly and their families on an ongoing basis in 
maintaining and improving their health, so that they remain healthy, indepen-
dent and active

4. Carry out services proactively to be able to reach as many elderly targets as pos-
sible in the working area of the Primary Health Service Facilities through service 
activities outside the building;

5. Coordinating with cross-programs using a life cycle approach as one of the ap-
proaches to realizing healthy, independent and active elderly; And
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6. Collaborating with cross-sectors, including social organizations and the busi-
ness world on a partnership basis, to provide services and coaching in order to 
improve the quality of life for seniors.

7. Elderly services at Primary Health Care Facilities are provided to elderly patients 
in accordance with the competence of general practitioners at Primary Health 
Care Facilities

2.1 Definition of elderly

Elderly or geriatrics comes from the words geros (old) and iatrea (maintenance); 
so it is clear that the science of old age is part of medicine and gerontology which 
specifically studies health and diseases in the elderly. Elderly patient also refers to the 
condition that he is 60 years and over. Elderly patients have a number of characteris-
tics that differentiate them from adults in general [9].

2.2 Elderly characteristics

Elderly patients have several characteristics, namely multipathology, atypical 
appearance of symptoms and signs, decreased physiological reserve, usually accom-
panied by impaired functional status and in Indonesia generally with nutritional 
disorders. Multipathology refers to the notion that an elderly patient has more than 
one disease at the same time. The diseases he suffers are usually accumulations of 
degenerative diseases that have been attached to him for years and due to certain acute 
conditions result in the patient having to be hospitalized or being forced to lie at home 
(bedridden). This multipathological condition causes the symptoms and signs that 
appear in a patient to be unclear [10].

2.3 Symptoms and signs

signs and symptoms of elderly patients are usually not typical. For example, an 
elderly patient with pneumonia rarely shows the full range of symptoms, such as 
fever, cough, shortness of breath and leukocytosis. Symptoms that often appear 
are loss of appetite, general weakness and on physical examination, disturbances 
of consciousness such as apathy or delirium can be seen. Likewise, elderly patients 
with a premorbid history of osteoarthritis in several large joints who have congestive 
heart failure, often come to the emergency department with complaints of ‘falling’. 
On further anamnesis, there were no complaints of shortness of breath, dyspnoea 
d’effort or paroxysmal nocturnal dyspnea. In addition to changes in consciousness 
and ‘falls’, the presenting symptoms of elderly patients are often milder than the 
actual severe condition.

Due to the course of age, the function of the elderly organs will decrease. This 
decrease in physiology will have the consequence of decreasing the reserve power 
of the physiology. For example, an elderly patient suffering from pneumonia is 
usually accompanied by decreased non-specific immune systems such as decreased 
respiratory ciliary activity and cough reflex. Both of these make it impossible for 
elderly patients to be treated only with antibiotics and mucolytics; several efforts are 
needed to increase the non-specific resistance of the body such as tapping, breathing 
exercises and postural drainage. Another example, for example, is a decrease in the 
number of kidney glomeruli that causes drug administration in elderly patients to 
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require consideration of dose adjustments (because drug excretion is mostly through 
the kidneys) [11].

Elderly patients also often come for treatment with impaired nutritional status. 
Malnutrition is often not noticed by patients and their families until the patient actu-
ally falls into a state of poor nutrition. Body mass index describes nutritional status 
more accurately. Deficiency of vitamins and minerals often accompanies undernutri-
tion and malnutrition [12].

These various characteristics cause a doctor or nurse to have high sensitivity in com-
piling a list of diagnoses or a list of patient health problems in order of priority. A medical 
diagnosis alone will not adequately describe the patient’s health problems. Conditions of 
immobilization, inability to transfer the body independently, difficulty eating, com-
munication disorders are some examples of health problems that often escape medical 
diagnosis, even though they greatly affect the overall success of treatment [13].

2.4 Principles of management of elderly patients

In the management of health problems in the elderly, it is necessary to pay atten-
tion to the characteristics of elderly patients that can affect clinical appearance, the 
management program provided, including drug administration, as well as the risks of 
potential complications. Functional status is a very useful monitoring tool in assess-
ing the severity of the disease and the success of treatment [14].

2.5 Principles of drug administration

Starting from a low dose and increasing gradually until you get the desired effect 
(Start Low and Go Slow), except for giving antibiotics. As far as possible the patient 
should not take too much medicine; even though there is no agreement on the term 
polypharmacy itself, at least if there is one type of drug that is not properly indicated 
then monitoring of adverse effects should be carried out. The more drugs consumed, 
the higher the iatrogenic risk that may occur. It often happens that patients submit 
subjective complaints which turn out to be side effects of the drugs given, so doctors 
must carry out periodic reviews of the drugs the patient is taking [14].

2.6 Pharmacokinetics

Drug pharmacokinetics greatly influence the effect of treatment in elderly 
patients. A decrease in the composition of body fluids and an increase in the central 
fat component will affect the concentration of the drug in the target organs. For drugs 
that are fat soluble (lipophilic), they will be dissolved and bound longer in tissues 
(especially the central nervous system) thereby extending the half-life; the clinical 
implication is that the dose of lipophilic drugs should be sparing. For water-soluble 
(hydrophilic) drugs, the concentration in plasma will increase so that the dose needs 
to be lowered [15].

Drug metabolism occurs in the liver via conjugation or oxidation pathways [16]. 
Oxidation pathways that use cytochrome P-450 enzymes will experience a decrease 
in activity with increasing age. So that drugs that will be metabolized through this 
pathway need to pay attention to the amount of dose. The conjugation pathway 
usually does not decrease in activity as a person ages. Once metabolized, the drug 
will be excreted through the kidneys. The number of glomeruli and kidney function 
will gradually decrease according to a person’s age so that drugs that are excreted only 



Advances in Geriatrics and Gerontology – Challenges of the New Millennium

48

through the kidneys have a risk of accumulation. Drugs that besides having renal and 
liver (bile) excretion pathways will have a lower risk [14].

2.7 Pharmacodynamics

After the drug enters the blood circulation it will be bound to albumin. Each drug 
has a different affinity for albumin. The higher the affinity, the lower the concentra-
tion in plasma and the lower the binding to albumin, the higher the free level in 
plasma. This will affect the distribution and pharmacodynamics or drug effects in 
body tissues [14].

3. Health services for the elderly

Health services for the elderly who come to the Primary Health Care Facilities 
should be provided in a special room so that the elderly do not have to queue together 
with other public patients. However, if the condition of the Primary Health Service 
Facility is not possible, it can be carried out in the general examination room with the 
condition that elderly patients must be prioritized [5].

4. Comprehensive geriatric assessment

Every elderly who visits a primary health care facility on their first visit or con-
tact with a health worker will carry out a plenary assessment program using the 
Comprehensive Geriatric Assessment or Pengkajian Paripurna Pasien Geritri (P3G), 
which is an interdisciplinary diagnostic process, to determine medical problems and 
capabilities, functional abilities, psychosocial and environment for elderly patients. 
Because the characteristics and syndromes in elderly patients are different, a special 
bio-psycho-social oriented approach is needed for each elderly patient which is 
absolutely necessary for complete management [6].

This plenary assessment itself is a basic instrument that must be owned by every 
doctor, nurse, nutritionist, physical therapist and others who manage elderly patients 
according to their respective competencies. With P3G health workers carry out a 
thorough assessment of the elderly from biological, cognitive, psychological and 
social aspects to determine management problems for the elderly and plan according 
to the needs and available manpower can be added. P3G is carried out by a team led by 
a doctor with other members namely nurses, nutrition workers, and trained commu-
nity health workers [17].

Completeness in question is actually not only limited to what must be studied but 
also concerns other aspects. These aspects are: doctors do not only carry out treatment 
(curative aspect) but also need to carry out various disease prevention, as well as 
prevention of complications (preventing decubitus, preventing deep vein thrombosis 
in immobilization cases). The next aspect is taking a rehabilitative approach for cases 
with disabilities, for example coughing disorders, expectoration disorders of sputum, 
swallowing disorders and position change disorders. In the end, doctors must also 
make promotive efforts such as maintaining range of motion in immobilization, 
stimulating physical and mental activity, increasing family knowledge about caring 
for elderly patients at home and so on [18].
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4.1 Elements of elderly plenary assessment in primary health care facilities

Elderly patients must be managed according to lege artis rules. In the identity 
component, in addition to personal identity, economic, social, environmental issues 
must also be asked, with whom the patient lives or who is the closest person to contact 
if something happens, etc. In the anamnesis component, in addition to the main com-
plaints and medical history, a history of surgery, medical history (both from doctors 
and over-the-counter drugs), family history of illness, simple nutritional history and 
system history should be asked. System anamnesis is very important because often the 
main complaint is not in accordance with the main problem which is the priority of 
management (which is life threatening). In addition, it is very likely that the elderly 
and elderly patients will not express their complaints unless asked [19].

4.2 Vital signs examination

Examination of vital signs is highly recommended to really pay attention to the 
degree of decrease or change in consciousness (if any). Examination of blood pres-
sure and heart rate should be done in a lying position and sitting and standing (if 
possible); Orthostatic hypotension is more common in elderly patients [20].

4.3 Physical examination

The physical examination is carried out according to the systematics of the organ 
systems starting from the cardiovascular system, respiratory system, gastrointesti-
nal system, genitourinary system, musculoskeletal system, hematological system, 
endocrinology metabolic system and neurologic examination [21].

4.4 Nutritional status assessment

Assessment of nutritional status begins with early detection using MNA, followed 
by recording nutritional intake, measuring BMI (if the patient can still stand upright), 
or measuring fathom length, knee height, or sitting height (if the patient cannot stand 
straight). Mini Nutritional Assessment (MNA) is one of the instruments to detect the 
risk of malnutrition or the presence of malnutrition in the elderly group. Examination 
with the MNA Instrument consists of two stages, namely the first stage (screening), 
and the second stage (assessment). If the score in the first stage <11, will proceed to 
the second stage. Furthermore, a person is classified as: malnourished if the total score 
is <17, and at risk of malnutrition if the total score is between 17–23.5 [22].

Body mass index (BMI) or Quetelet index is a method used to determine a person’s 
nutritional status. BMI is a prediction bodyhuman based on a person’s weight and 
height. The ideal normal standard used for people mature aged over 20 years is BMI 
between 18.5 to 24.9. A person is said to be overweight if the BMI is between 25.0 and 
29.9. If BMI < 18.5 means underweight and BMI ≥30 means obesity [23].

In some cases, BMI can help doctors determine a person’s overall health status 
and risk of developing chronic disease. But, still doctorit is not only possible to rely 
on BMI as a consideration factor because BMI is not completely a reliable assessment 
for every different body type. BMI figures need to be known because they can be a 
signal about a person’s health condition. A low BMI can indicate that someone has it 
malnutrition. It is possible that his body is not capable of absorption nutrition well or 
the person is not getting intake calories sufficient to support its activities. Conversely, 
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if the BMI number is higher, it indicates that a person is at risk heart disease, diabetes 
and cancer higher than someone with a normal BMI. Knowing this, doctors can refer 
patient on dietitian registered to help patients achieve their ideal body weight and 
reduce the risk of developing various health problems [24].

4.5 Functional status check

Examination of functional status is intended to determine a person’s ability to 
carry out activities of daily living independently. For example, getting up from a lying 
position, sitting, walking, bathing, urinating, dressing, preening, eating, going up 
and down stairs and defecating. Due to the acute illness that attacks, usually elderly 
patients will experience a decrease in functional status, for example from independent 
to mild or moderate dependence, from mild dependence to moderate to severe depen-
dence, even total dependence. In determining the degree of dependence of a person, 
it should be noted that the data obtained from direct information must be adjusted 
to data from the family living with the patient as well as from direct observation by 
health workers. Determination of this functional status must be done carefully, prefer-
ably by involving the family and being observed alone. The determination needs to be 
made several times to evaluate the progress or setbacks that may occur [25].

Functional status was examined using Barthel’s ADL index and Lawton’s 
Instrumental Activities of Daily Living (IADL). The Barthel scale is ordinal scale 
used to measure ability to perform daily life activities or activities of daily living 
(ADL). Each activity item is scored on this scale with a number of points assigned 
to each level or rating. ADL uses ten variables that describe a person’s mobility. A 
higher number is associated with a greater likelihood of being able to live at home 
more independently. Instrumental Activities of Daily Living (IADL) Lawton useful for 
assessing a person’s ability to perform daily tasks such as using the telephone, washing 
clothes, and handling finances. The IADL measures eight domains, can be assigned 
within 10–15 min [26].

4.6 Fall risk assessment in elderly patients

Fall is defined as a sudden, uncontrolled, unintentional displacement of the body 
onto the ground or other object. A near fall is a sudden loss of balance that does not 
result in a fall or other injury. This can include a person who slips or trips but is able 
to regain control before the fall. Based on existing data, the incidence of falls in the 
elderly is increasing from year to year, which is caused by environmental factors and 
illnesses. Therefore, it is necessary to carry out prevention efforts by assessing the 
risk of falling in elderly patients using the above instruments. To carry out a fall risk 
assessment, it can be done by using the Fall Risk Assessment questionnaire for Elderly 
Patients. Medical personnel need to identify the symptoms/criteria as stated in the 
questionnaire. If the patient has these symptoms/criteria, then the patient gets a score 
according to the scale listed.

If not, then the patient gets a value of 0.
Furthermore, all scores are summed up and classified according to the level of 

risk, namely:

• Low risk if score 1–3 Perform low risk interventions

• High risk if score ≥ 4 Perform high risk interventions
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Patients with a high risk of falling should be given a fall prevention program in the 
form of:

1. Give the patient a bracelet indicating the risk of falling that is worn when the 
patient is in a public facility

2. Egrief prevents falls in patients and families.

3. Patients at high risk of falling should be referred to a physician trained in geriat-
rics for further management.

4. Treatments that can be given are: addressing the risk factors found include:

a. Using overcome: where this is caused by hypertension so hypertension needs to 
be controlled more regularly

b. Visual disturbances (cataracts) are treated by being referred to an ophthal-
mologist for cataract surgery

c. Strengthen muscle strength with training

4.7 Supporting examinations, carried out as needed

From the results of the plenary assessment, the elderly will then be divided into 
several groups:

1. Seniors are healthy and independent;

2. Healthy seniors with mild dependence;

3. Healthy elderly with moderate dependency;

4. Elderly with heavy/total dependency;

5. Post-hospital elderly (first two weeks);

6. Seniors who need nutritional care; or

7. Seniors in need accompaniment (having psycho-cognitive problems).

Based on these groups, appropriate programs for the elderly will be carried out, 
including:

Group a (healthy and independent elderly) and group b (healthy elderly with mild 
dependence) can directly participate in the Elderly program in a certain room.

Elderly belonging to group c (healthy elderly with moderate dependence) and 
group d (elderly with severe/total dependence) must take part in a home care service 
program if necessary involving caregivers or possibly need to be referred to hospital.

For group e (elderly after first two weeks of treatment), group f (elderly who need 
nutritional care), and group g (elderly who need assistance, have psycho-cognitive 
problems) with independent functional status can be served in the activity room, 
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while the elderly with a mild to moderate degree of dependence must be monitored by 
a doctor while participating in the program in the activity room [27].

4.8 Assessment of psychosocial status

Assessment of the psychosocial status of the elderly experiencing various psycho-
logical problems that need to be considered by doctors, nurses, families and health 
workers. Handling problems early will help the elderly in implementing problem-
solving strategies. Changes in psychosocial status that often occur in the elderly are 
mature, dependent, self hater, angry, arrogant, and others [28].

4.9 Social status assessment

Assessment of social status is to assess the treatment of people around the elderly 
who are very influential on the physical and mental health conditions of the elderly 
such as mistreatment/abuse, and neglect of the elderly (neglected). In addition, an 
assessment of social status can find family potential that can be utilized to help the 
patient’s recovery [29].

4.10 Services for healthy seniors

Cognitive status examination is a screening for dementia (senility); the simplest 
modality is Abbreviated Mental Test (AMT), categorizing it into mild, moderate 
and severe cognitive impairment. To check cognitive status can also be assessed by 
Mini Cog and clock drawing test. Dementia is a condition of continuous progressive 
mental function decline, getting worse over time, including decreased memory of 
things that have just happened, decline in language proficiency, intellectual decline 
(thinking power), which interferes with daily activities and is generally accompanied 
by changes in behavior and personality. The two most common types of dementia are 
dementia of the Alzheimer’s type and vascular (post-stroke) dementia.

decreased short-term memory (recent memory), thinking power, value power, 
orientation abilities, language skills and other cognitive functions. the patient often 
appears apathetic or indifferent, but may appear alert and reasonable, despite poor 
memory. Decreased function of basic daily activities (dressing, bathing, cooking, etc.) 
Loss of emotional control: easily confused, prone to crying or easily offended (angry). 
Examination of memory and thinking power, can be done in several ways, including:

Mini Cog: the ability to recall the names of three objects immediately after saying 
them and after a while (approx. 3 min). examination of the clock drawing test or 
clock drawing test (CDT). AMT test examination. MMSE examination. Note: If the 
situation is not possible then one of the instruments above can be selected [30].

5. Research finding

5.1  Research on the description of a complete study of geriatric patients at the 
Medan City Health Center and Deli Serdang Regency in 2018

A descriptive study with a cross-sectional design, determining the number 
of respondents using the Slovin formula and using the Comprehensive Geriatric 
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Assessment questionnaire instrument. The authors conducted this by involving 
several primary health care facilities in two districts and cities, namely Medan City 
and Deli Serdang District, North Sumatra Province. The research population is the 
elderly aged ≥ 60 years. who went to Primary Health Facilities in 2018 involving 120 
elderly respondents. the study was carried out for six months. The study popula-
tion was elderly aged ≥ 60 years. who went to the Sukaramai District Health Office 
in Medan City, Bandar Khalipah Primary health center Deli Serdang district and 
Tanjung Rejo Primary health center Deli Serdang district on 27 August 2018–20 
September 2018.

Sociodemographics, it was found that the ratio of elderly women was higher than 
that of men (53.3% :46.7%). Statistics in Indonesia state that the elderly population 
over 60 years is dominated by women compared to men. The sociodemographics 
of the respondents were 60–74 years (90%), 75–90 years (8.3%) and >90 years old 
(0.9%) (Table 1).

ADL examination showed the results of respondents with a mild-moderate depen-
dence level of 61%, 37% were independent and 2% were totally dependent. Based on 
the IADL examination, it was found that the independent level was 89.2%. Based on 
the examination of the risk of falling in this study, it was found that 54.2% had a low 
risk of falling. Research confirms that in patients who come for treatment at Primary 
Health Care Facilities are still able to walk on their own. However, this study did not 
confirm whether the respondent came alone or was accompanied by his family for 
treatment at a primary health facility.

Based on the GDS examination, in this study 62.5% did not experience depressive 
disorders. One of the factors that supports the high number of elderly people with-
out depression in this study can be caused by high social activity and interpersonal 
relationships among fellow residents. Where residents work together and interact in 
everyday life. Getting high social and environmental support will make the elderly 
feel more comfortable and happier, so that they can keep them from the risk of 
depression.

Based on the Mini-Cog examination in this study, 73.3% did not experience a 
decrease in cognitive impairment. Based on the MMSE examination, in this study 
it was found that 83.5% of respondents did not experience cognitive impairment. 
Based on the AMT examination in this study, it was found that 77.1% did not experi-
ence memory impairment/normal. Based on the MNA examination, in this study it 
was found that 66.7% were in the category of good nutrition and the risk category of 
undernutrition was 33.3% [6] (Table 2).

Category Subcategory Count Percentage

Sample size 120 100

Sex Male 56 46.7

Female 64 53.3

Age Elderly (60–74 years old) 109 90.8

Old (75–90 years old) 10 8.3

Very old (>90 years old) 1 0.9

Table 1. 
Characteristics of respondents.
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Category Age

60–74 (%) 75–90 (%) >90 (%) Total (%)

ADL

Independent 38.5 30 0 37.5

Mild Moderate Dependence 61.5 60 0 60.8

Total Care 0 10 100 1.7

IADL

Unable to do at all 0 0 0.8 0.8

Need help all the time 0 0.8 0 0.8

Need some help 7.5 1.7 0 9.2

Independent 83 5.8 0 89

Total care

Risk of falling

No risk 9 0 0 9

Low risk 65 4 0 69

High risk 35 6 1 42

GDS

Normal 75 6 0 81

Probable depression 34 4 1 39

Indicative of depression 0 0 0 0

Mini Cog

Normal 88 6 0 94

Probable cognitive impairment 21 4 1 26

MMSE

Normal 91 6 0 97

Mild cognitive impairment 17 3 0 20

Severe cognitive impairment 1 1 1 3

AMT

Normal 84 4 0 88

Moderate impairment 25 6 1 32

MNA

Normal 76 4 0 80

At risk 33 6 1 40

Table 2. 
Frequency distribution of comprehensive geriatric assessment.
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Chapter 4

Frailty, Polypill and Quality of Life 
in Elderly
Sunil Kumar and Nishtha Manuja

Abstract

Frailty is an age-related state of increased susceptibility of functional decline that 
may be reversed or at least slowed progressiveness. It is characterized by impairments 
in a number of physiological systems and is linked to a higher risk of morbidity or 
unexpected hospitalization. It is a newly recognized geriatric syndrome in clini-
cal practice, and excess healthcare expenses from consultations, polypill use, and 
hospitalization are some of its correlations. When under stress, frailty results in a 
loss of autonomy in everyday activities and death. Elderly adults frequently have 
many comorbid ailments, which exposes them to multiple medications or polypill 
therapy. This is linked to a higher chance of negative drug reactions, which leads to 
more hospitalizations, high morbidity, mortality, and higher healthcare system costs. 
It’s crucial to recognize these conditions in order to offer primary care patients early 
intervention and/or interdisciplinary management, which fits well with the physical 
and psychosocial model for their well-being.

Keywords: frailty, polypill, hospitalization, quality of life, prescription cascade

1. Introduction

The cutoff age for elderly is 60 years in the majority of nations, including India. 
Our society today considers the “young old” to be between 60 and 74 years old, 
the “middle old” to be between 75 and 84 years old, and the “old old” to be over 
85 years old [1].

According to WHO, currently 1 in 10 people are 60 years or older; by 2050, that 
number will increase to 1 in 5 and 1 in 3 by 2150 [2]. One in five Europeans and one 
in every twenty Africans are 60 years of age or older. There will be less time to adapt 
to the effects of population ageing in developing countries because aging occurs more 
quickly there than in industrialized ones. Current global life expectancy is 66 years; 
however, in the least developed areas, males can expect only 14 years and women 
16 years of additional life, respectively, while in the more developed areas, life expec-
tancy at 60 is 18 years and 22 years, respectively [3]. India is home to more than 100 
million senior people, according to the most recent census. Even though the number 
could rise to 170 million by 2025 and life expectancy would grow from the present 
66–72 years, little is known about the health of this population and its medical needs. 
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In the years 2009–2013, women had a life expectancy at birth of 69.3 years compared 
to men’s 65.8 years [4].

Frailty is a reduced physiological reserve of several organs that makes elderly 
people more vulnerable to shocks and more likely to experience negative outcomes 
[5]. The term “frail” is used to describe frail old individuals who are highly susceptible 
to unfavourable outcomes, such as falls, deteriorating disabilities, hospitalization, and 
mortality. Frailty, however, is not the same as old age or illness. When under stress, 
frailty results in a loss of autonomy in everyday activities and death. Physical weak-
ness is thought to be potentially recoverable at this time. Due to the fact that frailty 
indices are beneficial for risk classification, forecasting the need for institutional care, 
and planning for necessary services, it is important to objectively detect frailty in 
aged individuals [2, 3].

In clinical practice and research, several frailty definitions and evaluation tech-
niques have been created, and this has been the subject of many reviews and compar-
ative studies [4, 5]. Particularly, Fried et al.’s frailty phenotype has gained recognition 
on a global scale. The fundamental benefit of Fried’s approach is that it just calls for 
the evaluation of five factors: physical activity, grip strength, tiredness, and weight 
loss [4]. Although this is reasonable in terms of primary care, there is a problem with 
the way the measure was put together as non-frail, pre-frail, and frail.

The cumulative deficit model, which is based on a variety of factors including 
symptoms, signs, diseases, disabilities, and abnormal test values, together known as 
deficits, determines frailty [6]. The initial model had 92 variables, but later research 
has shown that this may be cut down to around 30 more manageable variables 
without losing predictive validity [7]. The variables can be used to create a frailty 
index (FI) score, which is a straightforward computation of each variable’s presence 
or absence as a percentage of the whole.

Figure 1. 
Biopsychosocial factors associated with fraility.
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In order to manage cases at the primary care level based on the concept of frailty, 
which fits well with the physical and psychosocial model, research should be conducted 
with the goal of identifying at-risk groups of elderly people in order to provide early 
intervention and/or multidisciplinary case management [8]. This ideal has, however, 
made it clear that there aren’t any frailty measurements that are suitable for use in basic 
care. In fact, general practitioners still require simple tools for detecting frailty.

The biopsychosocial factors are also associated with complexities of the frailty that 
interrelate and lead to clinical and functional manifestations in older adults. These 
factors are interlaced with each other as shown in Figure 1. In biological component, 
physical health, disability, genetic vulnerability and poor sleep quality account for 
major factors. In social component- family circumstances, friends, relationships. And 
in psychological, self-esteem and anxiety are important factors.

2. Frailty: definition and pathophysiology

The term “frail” is used to describe frail old individuals who are highly susceptible 
to unfavorable outcomes, such as falls, deteriorating disabilities, hospitalization, 
and mortality. Frailty, however, is not the same as old age or illness. Therefore, even 
for patients with advanced single- or multi-organ disease processes, frailty, as a way 
to summarize health status, could provide additional relevant clinical information. 
Frailty is characterized by a need for assistance with daily living activities (ADLs), 
such as dressing, feeding, bathing, using the restroom, and moving around. Frailty 
and impairment usually coexist, and the likelihood is higher as age rises. The scenario 
could get more complex due to cognitive impairment [9].

Fried et al.’s definition of frailty syndrome, which includes three or more of the 
following symptoms: weakness, slow walking speed, self-reported weariness, limited 
physical activity, and unintended weight loss, is the most frequently accepted [2].

Abnormalities in numerous physiological and biochemical systems have been 
linked to fragility. These include low levels of insulin-like growth factor-1 and 
dehydroepiandrosterone-sulfate, anemia, low albumin, higher levels of inflammatory 
markers, particularly interleukin-6 and tumour necrosis factor, high hemoglobinA1c, 
and nutritional deficiencies. However, new research has shown that rather than a 
single biomarker, frailty is most closely linked to a mix of immunological and physi-
ological abnormalities. This is in line with the theory that aging is the result of a 
complex system suffering a cumulative loss of redundancy over time. The likelihood 
of frailty appears to depend more on a critical mass of anomalies than on any single 
mechanism.

3. Elderly and disability

Although aging is largely a reflection of people living longer and generally in 
better health, it is also linked to chronic and degenerative diseases, which are more 
prevalent as people get older. Disability can negatively affect elderly people’s quality 
of life and is a significant health marker that can have a huge social impact due to 
recurrent institutionalization and higher medical care. Additionally, as age increases, 
their chances of becoming disabled increases, and their chances of recovering from 
disability diminish [10]. The phrase “disability and elderly” covers a wide range of 
conditions, each with their own specific needs.
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The International Classification of Functioning, Disability and Health (ICF) 
classifies impairments, activity limitations, and participation restrictions under the 
general heading of disability [11]. A constraint or lack of capacity to do a task in the 
manner or within the parameters deemed typical for a human being has been classi-
fied as a disability [12]. “Types of disability” are frequently characterized using just 
one component of disability, such as sensory, physical, mental, or intellectual impair-
ments. Other times, health issues are confused with disability [12, 13].

Elderly people with disabilities can be divided into three categories: those who 
can manage their daily activities with the aids, those who have multiple health issues 
and severe limitations in their mental and/or physical functioning and need very high 
levels of care, and those who are functionally disabled in one or two activities of daily 
lifes or have mild cognitive impairments [14]. There is proof that older populations 
are more likely to experience several comorbidities, which can result in disability [15]. 
It has been well established in numerous studies from India that morbidity affects the 
physical functioning and psychological well-being of elderly populations; the neces-
sity “to develop geriatric health care services in developing countries on the basis of 
existing morbidity profile” must be emphasized [16, 17]. Elderly people have been 
found to exhibit a variety of morbidity patterns, including hypertension, diabetes, 
arthritis, constipation, cataracts, and hearing loss, dyspepsia/heartburn, backache, 
dyspnoea, syncope, altered bowel habits, and blurring of vision. However, studies 
had lacked a clear definition of disability and were unable to quantify the impact of 
advancing age and associated morbid conditions as its main etiologies [16].

4. Frailty and falls

Any geriatric condition is more likely to manifest in weak older persons, and there 
is growing evidence that links frailty especially to falls. A framework for examining 
why and how the frail older person is at danger of falling is provided by viewing 
frailty as the breakdown bipedal ambulation, which requires neurological control of 
different muscles on joints with sensory feedback signals and commands from the 
motor cortex. Therefore, it should not come as a surprise when weak people (who are 
equivalent to a system that has lost redundancy) experience falls because they become 
unable to integrate various inputs in the face of seemingly insignificant stressors.

It is important to note that the fall is not a diagnosis but can be a manifestation of 
“multiple underlying disease like visual impairment (cataract, corneal opacity), pos-
tural hypotension, degenerative joint disease, giddiness, and depression, the effects 
of certain medications on homeostasis, and/or environmental hazards or obstacles 
that interfere with safe mobility” [17].

5. Measurement of frailty in general practice

Frailty is recognized by a number of techniques as a clinical syndrome or 
 phenotype (a group of symptoms that frequently co-occur to define a certain medi-
cal disease). Summative impairment lists and algorithms that are based on clinical 
judgment are typical of them. Frailty is defined by a number of factors, including 
physical inactivity and weight loss, gait speed, hand grip, visual impairment, fatigue, 
resistance, ambulation, as well as the inability to get up from a chair without using 
arms five times and a decreased energy level. Slow gait speed has been utilized alone 
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as a frailty indicator despite its high correlation with functional decline and impair-
ment. Presence of three or more of the five criteria like weight loss, tiredness, weak 
grip strength, slow walking speed, and low physical activity has been described as 
frailty phenotype is the most well-known and frequently used one originally defined 
by Fried et al. [2]. This phenotype was recently utilized to describe frailty as the 
most common condition causing death in community-dwelling older individuals. It 
has been validated as a predictor of unfavourable outcomes in major epidemiologi-
cal investigations. The Fried et al. model is very strong since it recognizes frailty 
as a wasting condition and is clinically consistent and reproducible. On inpatient 
wards, however, a large number of very ‘vulnerable’ elderly patients are unable 
to take performance-based assessments and cannot be categorized by phenotypic 
 measurements [3].

The fundamental benefit of Fried’s approach is that it just calls for the evaluation 
of five factors: physical activity, grip strength, fatigue, and weight reduction [2]. 
Although this is reasonable in terms of primary care, there is a problem with the way 
the measure was put together. According to Fried’s definition, frailty can be divided 
into three groups based on the total number of individual criteria that are met in 
each group (0: non-frail, 1 or 2: pre-frail, and 3, 4 or 5: frail). Retrospectively, using 
the lowest twentieth percentile criterion, individual criteria that are measured on 
a continuous scale (such as grip strength, walking speed, and physical activity) are 
dichotomized. There are also further stratifications. This calls for extensive statisti-
cal knowledge. Primary care physicians are not usually equipped with the necessary 
statistical knowledge or a reference sample, both of which are necessary for this. It is 
debatable if impairments of cognition and mood are left out of these models because 
frailty in the clinical world encompasses more than just weakness, slowness, and 
waste [4, 5].

Frailty can be measured as a multidimensional risk state that can be determined by 
the quantity rather than the type of health issues by seeing aging as the accumulation 
of impairments. The Frailty Index (FI) model develops an index as a percentage of 
deficits using a well-defined approach [13]. They have received strong validation in 
large, community-based research as a method of quantifying health state, with strong 
correlations to institutionalization, deteriorating disability, and death. A measure of 
frailty status can be obtained from data normally gathered during the examination of 
an older person because FIs can be created from various numbers and types of impair-
ments. There are now studies looking into the clinical applicability and predictive 
validity of a FI produced from Comprehensive Geriatric Assessment.

6. Screening tools for frailty

One technique for detecting frailty is the Frailty Index (FI) which is a collection 
of health weaknesses, such as symptoms, signs, impairments, and diseases. The 
patient’s FI score, which ranges from zero to one, is determined by the percentage of 
deficiencies present [18]. Different numbers and types of deficits may be employed in 
a FI with at least 30 deficits without significantly affecting the FI’s features, allowing 
for use in and comparison of various datasets. Other frailty instruments, including 
the Tilburg Frailty Indicator, are more promising, according to other writers, who 
claim that the FI hasn’t been validated in this context, is of limited utility due to its 
perceived complexity, and has only moderate discriminative power [19]. Others 
have asserted that the FI is a substantial predictor of unfavourable health outcomes, 
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that it includes all crucial frailty indicators, that it is simple to calculate from regular 
administrative healthcare data, and that further research is needed to determine the 
FI’s benefits in primary care [19].

7. Do we know how to detect and measure frailty?

At the turn of the century, a variety of models, explanations, and tools were put 
forth to operationalize the concept of frailty and identify those who were feeble. Two 
strategies were developed as a result of prospective, quantitative research on siz-
able samples of community-dwelling individuals; both strategies were presented in 
seminal publications released in 2001. The multisystem loss of physiological reserve 
that distinguishes frailty as a risk for a variety of unfavourable outcomes is referred to 
as the frailty phenotype and was first described by Fried et al. [20].

Fried’s frailty phenotype may have a wide diffusion because it has a good face 
validity and only a few measurement-required factors. However, it has come under 
fire for limiting frailty to the physical components of health and ignoring mental 
health issues, which are common in old age and may heighten frailty, such as mood 
disorders or cognitive impairments [6]. But the five measures suggested by Fried et al. 
are probably also reflective of mental health: weariness is measured using items from 
a depression screening questionnaire, and new studies have shown links between 
frailty and cognitive impairments.

The “accumulation of deficits” concept, as defined by Mitnitski and Rockwood, 
is based on a frailty index that is calculated from numerous health-related indica-
tors [11]. It alludes to the idea of advanced biological age in relation to the danger of 
passing away. The Canadian Study of Health and Aging data used in the development 
of this model included more than 90 distinct variables, including medical diagnoses, 
self-reported health issues or symptoms, physical manifestations, lab test outcomes, 
and functional challenges with ADLs. The frailty index, which is defined as their 
arithmetic total, is a variable-neutral measure. The selection of variables is based on 
three guiding principles: they point to health issues whose prevalence rises with age, 
they address multiple systems, and they do not reflect conditions that are always pres-
ent in old age (and thus would not distinguish between people of the same chrono-
logical age). As long as there are enough factors included—at least 30 to 40—the set 
of variables chosen to compute the index of frailty may theoretically vary between 
different samples [13]. The “accumulation of deficits” hypothesis does not offer any 
hints as to the physiological processes producing frailty. But the wide variety of health 
deficiencies used to calculate the frailty index accommodate for the complexity of 
frailty, including its physical and psychological components.

All current frailty assessment tools were fundamentally validated by showing 
their potential correlation with unfavourable outcomes in population-based cohort 
studies. The frailty index generally predicts death better than the frailty phenotype. 
However, because it contains impairment indicators in its definition, it cannot be used 
to forecast the likelihood of functional deterioration.

The definition and validation of screening tools have received a lot of attention, 
but despite this, we still know very little about these two features outside of the 
frequently noted greater levels of frailty in women and in low socioeconomic groups 
[6, 15]. As a result, socioeconomic factors should be researched separately as suscepti-
bility factors since they may interact with frailty to cause unfavourable health conse-
quences. Early phases of frailty should be the most appropriate focus for intervention 
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since they correspond to preclinical (or undetected) chronic diseases and functional 
decline and are more likely to be reversed.

The ability of frailty screening tools to properly predict negative outcomes at the 
individual level is still an open subject. These tools have been validated in population-
based research and indicate prospective relationships with unfavourable outcomes. 
Frailty screening tools used in clinical practice to determine treatments must be 
specific and sensitive in order to avoid denying appropriate care to healthy individu-
als who are mistakenly labelled as pre-frail or frail [20]. The tools that are now in use 
often have excellent sensitivity but low specificity. Once age, sex, and chronic ill-
nesses were taken into consideration in the population, it was discovered that a group 
of the most prevalent frailty markers had very little predictive value. Although it is 
appealing to use primary care data to quantify frailty, current evidence suggests that 
the frailty index is only weakly capable of forecasting unfavourable outcomes [21].

8. How we can prevent frailty?

The difference between an older person’s chronological age and biologic age—and 
the requirement to treat older patients adequately by taking the second into account 
rather than the first—are at the core of geriatrics clinical practice. Although one or 
more chronic conditions are typically present in older patients, their number, com-
binations, severity, and impact on functional capacities are very diverse at any given 
age. As a result, although the prevalence of chronic diseases is highest in older age, 
chronological age does not always correspond to the risk of disability and death. An 
older person’s fragility is frequently portrayed as a degree of inherent vulnerability. 
Although it tends to rise with age, it is unrelated to chronological age.

Many dependent older people are both frail and impaired because frailty can be 
the beginning of a developing dependency in activities of daily living (ADL). Frailty, 
however, does not always lead to old age infirmity, and not everyone who is fragile is 
always functionally dependent.

Although there are no known methods to reverse frailty, epidemiological 
research into the causes linked to its onset provide light on potential interventional 
methods. Because co-morbidities such cerebrovascular, chronic renal, and cardio-
vascular disease are linked to frailty, preventing these diseases early on may help to 
lower the prevalence of frailty in old life [22]. Quitting smoking in particular may 
offer advantages over simply preventing one disease. Smoking has been directly 
associated with the development of frailty because it is a potent inflammatory 
stimulation that brings on the inflow and activation of inflammatory cells. Despite 
the well-established link between inflammation and frailty, anti-inflammatory 
medications or foods with anti-inflammatory properties do not appear to be able 
to stop or delay the onset of frailty, according to observational and epidemiological 
research conducted to far [23].

Additionally, obesity and, in particular, the buildup of abdominal fat, are linked 
to greater frailty, as well as larger waist circumference are more likely to be fragile, as 
compared to older adults who are underweight [24]. Therefore, abdominal obesity in 
elderly individuals with low BMIs may be a new area of management. Physical activ-
ity may improve function without affecting weight loss due to decreased belly adipos-
ity and enhanced oxidative activity [24]. Because they are sophisticated therapies 
that have the potential to change the accumulation of deficiencies across numerous 
systems, exercise, healthy eating, and improved education are of special interest as 
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therapeutic methods for frailty. More research should be done to determine whether 
elderly patients who are frail would benefit from lengthier rehab stays in facilities that 
provide individualized exercise programs and nutritional assistance.

9. Prescribing in frail older people

The cost and quantity of prescription pharmaceuticals have increased as a result 
of the introduction of recommendations for the management of chronic diseases. 
The bioavailability of prescription drugs is impacted by altered pharmacokinetic 
responses that are related to frailty. Drug distribution is impacted by increases in 
body fat and decreases in lean body mass; low albumin levels diminish drug binding 
and hinder the activity of enzymes involved in drug metabolism [18]. Older persons 
also have pharmacodynamic changes that raise their risk of adverse drug reactions 
(ADRs), such as greater sensitivity to benzodiazepines and warfarin [19, 20].

Although co-morbidity or disability are not the same thing as frailty, many elderly 
persons who are frail have a number of chronic illnesses, functional impairment, and 
are given extensive prescription regimens. The drawbacks of polypill go beyond the 
dangers of taking individual medications. A greater chance of non-compliance and 
a noticeably increased risk of adverse drug reactions are linked to the use of more 
drugs. Regardless of the medication’s reasons, older persons taking five or more drugs 
had a noticeably greater risk of delirium and falls. It has been demonstrated that 
when frailty is expressed as a co-morbidity index, ADRs rise in elderly people who 
are fragile. More research is needed to understand the independent impacts of frailty, 
although it is likely that a more robust person with a number of co-morbidities will 
tolerate ADRs better than a frailer person with a comparable list of co-morbidities. 
When prescribing drugs for elderly patients who are frail, goals of care should be 
carefully examined, even if the fundamental approach and concepts behind drug 
prescription should be identical for all patients. In people with short life expectancies, 
the hazards of secondary prevention can outweigh their advantages.

10. Are polypill necessary?

The shift in the elderly population’s demographics poses a considerable challenges 
among physicians because older age is linked to a number of chronic ailments as 
hypertension, diabetes mellitus, arthritis, chronic heart disease, renal diseases, etc. 
Because of this, elderly people frequently take several drugs throughout the course 
of the day, a practice known as polypill. It can be characterized as the administration 
of more prescriptions than are clinically required and/or the usage of several medica-
tions, typically referred to as five or more prescribed drugs per day, which represents 
needless or undesirable drug use. Numerous research conducted worldwide have 
revealed that older persons often take 2–9 drugs each day. It was discovered that 
between 11.5 and 62.5% of older adults took improper medications [25].

Unfortunately, the signs and symptoms of polypill are typically demented and 
include: fatigue, sleepiness, or decreased alertness; constipation, diarrhoea, or 
incontinence; loss of appetite; confusion; falls; depression; or lack of interest in daily 
activities. They can also include: weakness; tremors; visual or auditory hallucinations; 
anxiety; or excitability; and/or dizziness.
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In order to prevent any potential negative consequences, a patient who is older 
should have their polypill evaluated. To identify polypill and its negative effects, an 
interdisciplinary team should conduct a thorough medication review and risk assess-
ment. Several tools, including Assess Review Minimize Optimize Reassess, Screening 
Tool to Alert Doctors to the Right Treatment, and Screening Tool to Older Person’s 
Potentially Inappropriate Prescriptions, can be used to carry it out. Evaluation of the 
cause and effect of medication errors leading to ADRs is aided by the ADR probability 
scale and the Trigger tool for monitoring Adverse Drug Events in Nursing Homes. 
According to studies, Comprehensive Geriatric Assessment can help individuals take 
fewer prescriptions and daily medication doses overall.

The drug regimens of older people should be reviewed periodically in order to 
decrease the incidence and negative effects of polypill. If possible, a single agent or 
medication should be provided rather than a number of medications to address a par-
ticular condition. Where clinically warranted, medication dosages should be begun at 
a lower level and increased gradually as needed. Drugs that may be administered once 
or twice a day are preferable to those that must be administered three times a day. 
Drugs that are thought to be problematic should be stopped. If a medicine is used and 
neither a therapeutic benefit nor a clinical indication can be shown, the drug should 
be stopped. When many healthcare professionals prescribe the same medication for 
the same condition or disease, unnecessary medications should be discovered and 
removed. safer medications should drugs should be substituted with the higher risk 
medications.

Finding and avoiding polypill can assist elderly patients have better results and 
improve their quality of life. To prevent the negative consequences that polypill may 
have on an aged patient, medication review is crucial.

Increased risk of medication nonadherence, negative drug responses, drug inter-
actions, and geriatric syndromes (falls, urine incontinence, cognitive impairment) 
are all consequences of polypill.

11. The prescription rules

1. Is it appropriate?

 Taking care of a new symptom as some symptoms (such as constipation—laxa-
tives; vertigo—meclizine) appear to prompt a reflex prescription.
However, take into account the following before beginning a medication:

2. Is something reversible?

 Dizziness brought on by a reduction in postural blood pressure so check for 
antihypertensive treatment, rather than starting new prescription for dizziness. 
Constipationmay be brought on by opioid analgesia, insist on any non-drug 
interventions (Example: increasing fibre to treat constipation). Before subject-
ing the patient to a number of medications, diagnosis must be confirmed, and 
disease-modifying therapies should not be withheld only to prevent polypill. 
Tight and meticulous treatment should not be considered to reduce disease-
related mortality if the patient already has a short life expectancy (for example, 
cholesterol medicine in a patient with severe dementia or decreasing cholesterol 
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and controlling blood sugar). The patient must be aware of the purpose of the 
treatment.

3. Do any conditions preclude its use where encounters likely to occur?

 Review the medication list and request information regarding the use of herbal 
and over-the-counter drugs. Computer prescribing, which automatically warns 
to potential concerns, is helpful in preventing drug-drug interactions.

4. What dosage should be started?

 Start low and go slow. Drug dosages are often better tolerated at lower doses and 
can be increased if there are no unfavourable side effects. For instance, 1.25 mg 
of ramipril is better than 10 mg with a postural drop in blood pressure when 
taking ACE inhibitors for heart failure. The benefits continue to rise as the dose 
is optimized.

5. How will the impact’s evaluation be done?

 Plan a follow-up appointment and look for medication’s effectiveness (e.g., 
has a dopamine agonist helped bradykinesia? Setting up precise therapy goals 
and carefully interviewing the patient and their family or carers are necessary 
when administering medication for less objective conditions (such as pain 
or cognition). When taking a statin, for example, check blood tests to deter-
mine effectiveness by lipid panel. Any negative side effects that the patient 
reports voluntarily, that are elicited by direct questions (such as a headache 
caused by dipyridamole), or that are necessary should be checked by blood 
tests (such as thyroid function while taking amiodarone). Side effects can be 
imperceptible and simple to miss. For instance, a patient with dementia may 
experience decreased hunger or attention for many different reasons. Even 
seemingly safe drugs like aspirin or iron can have an impact on hunger, and an 
antidepressant that was once successful can have a dulling effect on atten-
tion. A careful re-evaluation and a trial without the medicine are frequently 
beneficial.

6. Do not use it as a general rule.

 In geriatric medicine, a lot of prescribing is based on practical judgment and 
personally tailored assessments. There are always situations where it is necessary 
to break the rules in the best interests of the particular patient, even though most 
of what is detailed in the preceding pages is acceptable for most people.

Prescription cascades should be identified to prevent inappropriate polypill as 
shown in Figure 2.

First question should be thought of, “Is the patient reporting a symptom that could 
represent an adverse drug event?”. Furthermore, “Is a new drug being considered to 
address an adverse event that may be related to a previously prescribed drug ther-
apy?” “Could the initial drug be substituted for a safer alternative or could the dose 
be reduced, potentially eliminating the need for the subsequent drug therapy?”. If so, 
“Does the patient need the initial drug therapy or could it be stopped?”
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Experience is necessary for this method, and the patient should always be moni-
tored to determine how the decision affected them.

Although polypill has drawbacks, it is not universally viewed as a bad thing. It can 
also be harmful to deny individuals access to medicines because they are too old or 
already on too many medications.

Co-prescribing a medication to treat the anticipated bad impact may be justified 
when side effects are very probable but the treatment is unquestionably indicated, 
for instance: Opiates and laxatives, Steroids and bisphosphonates, An ACE inhibitor 
or furosemide together with a potassium-sparing diuretic, Nonsteroidal medications 
and a stomach-protecting substance.

Drug interactions for some diseases should be avoided since they are highly likely, 
but they may be tolerated for other diseases. For instance:

Although beta-blockers should not be used without caution in cases of asthma 
because of their positive effects on lowering cardiovascular risk, these warnings 
should not be taken as gospel. Since COPD frequently masquerades as “asthma” 
and has low beta-receptor responsiveness, cautious beta-blockade that is started in 
the hospital while keeping an eye on lung function may be suitable. Cardiovascular 
disease is common in diabetics, and the advantages of beta-blocker typically outweigh 
the risks. Although fludrocortisone (for postural blood pressure drop) will increase 
hypertension and produce ankle edema, it may be reasonable to accept the risk of 
hypertension if the postural drop is so severe that the patient is unable to move. If this 
is the best treatment option for a patient with chronic venous insufficiency, amlodip-
ine may make their ankle edema worse.

12. Conclusion

Long life is not always equal to quality and good living, so focus should be on 
the health span, rather than the lifespan to decrease the burden of old age. WHO 
defines healthy aging as the “process of developing and maintaining the functional 

Figure 2. 
Example of prescription cascade to avoid polypill. Non steriodal anti inflammatory drugs (NSAIDS), Calcium 
channel blockers (CCB).
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ability that enables wellbeing in oldage.” Understanding the decline in functional 
ability of each biological system and identifying common biological targets and 
strategies based on the hallmarks of aging are key to delay in gage-associated decline. 
Identifying and avoiding the polypill can lead to better outcomes in the elderly 
patients and also helps in improving the quality of life by frequent prescription review 
to avoid adverse effects thence frailty.
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Asian Population
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Abstract

Sarcopenic obesity (SO) is a condition observed in older adults, marked by a 
simultaneous presence of low muscle mass and high body fat mass. The document 
highlights the complex interplay of aging, hormonal changes, pro-inflammatory 
pathways, myocellular mechanisms, and oxidative stress as contributors to SO. It 
discusses the need for a standardized definition, as various criteria have been pro-
posed over the years. The prevalence of SO varies in different populations, and its 
screening involves assessing body mass index (BMI) or waist circumference along 
with validated questionnaires. The document emphasizes the importance of accurate 
diagnostic methods, including measuring muscle mass, strength, and physical perfor-
mance. The adverse health consequences of SO include increased risk of disability, 
cardiometabolic abnormalities, fractures, depression, mortality, and reduced quality 
of life. Lastly, the management of SO involves a multifaceted approach that focuses 
on gaining muscle mass while losing fat mass, primarily through resistance training, 
essential amino acid supplementation, dietary protein intake, and other emerging 
treatments.

Keywords: sarcopenic obesity, short physical performance battery (SPPB), 
appendicular lean mass, myosteatosis (MS), myofibrosis (MF)

1. Introduction

Normal aging is linked with 1% muscle loss from 30 years of age, which tends 
to accelerate after 70 years of age. In young adults, lean muscle mass, comprising 
around 50% of their overall bodyweight, declines to approximately 25% by the time 
they reach 75–80 years of age. After the age of 40, the rate of muscle loss can be as 
high as 8% per decade, and it increases to about 15% per decade after the age of 70. 
Individuals with diabetes experience a more significant reduction in muscle mass 
compared to others.

Hormones like total testosterone, which improves muscle protein synthesis, 
decrease by 1% per year, and the levels of dehydroepiandrosterone sulfate, a precursor 
to testosterone, also reduce with aging. Hyperthyroidism and chronic illness are also 
linked with muscle loss and reduced physical functioning. Sarcopenia was officially 
acknowledged as a medical condition in 2016 and was given a specific code in the 
International Classification of Diseases, tenth revision (ICD-10).
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With age, apart from the development and progression of sarcopenia, the occur-
rence and prevalence of obesity also rise due to unhealthy diet and sedentary lifestyle 
[1]. The combination of high muscle mass and low fat mass is generally considered as 
healthy while the reverse as unhealthy. In obese individuals, metabolic change due to 
sedentary lifestyle, adipose tissue derangement, comorbidities, and so on can result in 
similar situation. A novel body composition category called sarcopenic obesity (SO) 
has emerged in recent times, characterized by the simultaneous presence of obesity 
and sarcopenia, encompassing both muscle mass and function [2]. This condition, 
also known as sarcopenic obesity, is gaining recognition as a clinical entity due to its 
substantial impact on patient-centered outcomes. It has multifactorial etiology, and 
its prevalence increases with age. SO is gaining attention because it is associated with 
many other age-related diseases that present as altered intercellular communication, 
dysregulated nutrient sensing, and mitochondrial dysfunction. Older adults identi-
fied with low muscle to fat ratio (MFR) have been found to have poor functional 
performance and high cardiometabolic risk. Higher cholecystectomy incidence is seen 
to be associated with low muscle mass, low muscle strength, sarcopenia, and sarco-
penic obesity. Preliminary results suggest that SO may be associated with telomere 
shortening and may represent an important risk factor for accelerated aging than 
sarcopenia and obesity alone. Four body composition phenotypes have been proposed 
in older populations: normal, sarcopenic, obese, and sarcopenic obese. SO affects 
around 5–6% of Indian adults annually. SO is more common in older adults than in 
young adults. Both sarcopenia and obesity may individually cause threat for adverse 
health outcomes. But when combined, these two conditions can cause health threats 
that can be synergistically amplified. Studies have shown that SO is a better predictor 
of physical disability than sarcopenia or obesity alone.

The management of Sarcopenic Obesity involves implementing effective dietary 
and exercise strategies to counteract the negative outcomes. Additionally, there 
are various potential and developing treatments for SO, such as pharmacological 
interventions (including testosterone supplementation, selective androgen receptor 
modulators, myostatin inhibitors, and anti-obesity drugs), electrical acupuncture, 
whole-body electro-myo-stimulation, and the use of A2B agonists.

Conclusion: Sarcopenic obesity is emerging as a new and distinct category of obesity 
across the globe, which is clinically important. A theoretical methodological work (with a 
special focus on Asian population) aiming at providing practical-application guidelines is 
proposed.

2. Sarcopenic obesity (SO): an emerging challenge

Sarcopenic obesity is a new category of obesity in older adults who have high 
adiposity with low muscle mass. With aging, a progressive increase in fat mass, 
which normally peaks at about age 65 years in men and later in women, is observed. 
Aging is also associated with body fat distribution changes, visceral abdominal fat 
increase, and subcutaneous abdominal fat decrease. Moreover, in the elderly, ectopic 
fat deposition within non-adipose tissue such as the skeletal and cardiac muscle, liver, 
and pancreas has been observed. This phenomenon occurs even without significant 
changes in body mass index (BMI) or body weight. However, sarcopenia may arise 
in individuals with obesity at any age. The presence of obesity can cause a decline in 
muscle mass and function on its own, primarily because of the detrimental effects of 
metabolic disorders associated with adipose tissue. These disorders include oxidative 
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stress, inflammation, insulin resistance, and a higher occurrence of chronic noncom-
municable diseases.

2.1 Definition

BMI does not distinguish between fat mass and lean mass. In 2000, Baumgartner 
introduced the term of sarcopenic obesity (SO), a condition characterized by the 
coexistence of low muscle mass and a high body fat mass [3]. But it may underesti-
mate sarcopenia in overweight and obese subjects, thus leading to an underdiagnosis 
of SO. Hence, more definitions of SO have been proposed.

In 2009, the European Working Group on Sarcopenia in Older People (EWGSOP) 
put forward a clinical definition of sarcopenia to facilitate its identification in older 
individuals. This definition suggested that sarcopenia should be diagnosed based 
on the simultaneous presence of two factors: low muscle mass and impaired muscle 
function, indicated by either low strength and/or low physical performance. The 
International Working Group on Sarcopenia proposed a similar definition in 2011, 
based on a low appendicular or whole-body fat-free mass combined with poor 
physical functioning [4]. In 2014, the Foundation for the National Institutes of Health 
Sarcopenia Project recommended defining sarcopenia using specific cut points for 
low lean mass (appendicular lean mass adjusted for BMI: 0.789 for men and 0.512 
for women) and for muscle weakness (grip strength: 26 kg for men and 16 kg for 
women) [5]. However, to date, there is no universally accepted definition or clas-
sification for sarcopenia, or for sarcopenic obesity [6]. Studies have shown that SO 
is a better predictor of physical disability than sarcopenia or obesity alone. In 2022, 
European Society for Clinical Nutrition and Metabolism (ESPEN) and the European 
Association for the Study of Obesity (EASO) defined Sarcopenic obesity as the co-
existence of obesity and sarcopenia (includes mass and function) [2].

2.2 Etiology and pathogenesis of SO

SO is a result of many complex interrelated mechanisms as mentioned below:

i. Aging: Many changes in body composition on aging due to lifestyle and 
reduced physical activity result in increased accumulation of fat, leading to SO 
phenotype.

ii. Hormonal changes: Hormonal changes that occur with aging result in insulin 
resistance, reduced thyroid hormone, increased cortisol levels, reduced growth 
hormones (GH), reduced insulin growth factor I (IGF-I), decreased sex 
steroids, and so forth, resulting in development of SO phenotype.

iii. Pro-inflammatory pathways: Aging results in increased levels of pro-inflam-
matory cytokines like TNF-α, IL-6, IL-1, and so forth. These inflammatory 
mediators cause muscle atrophy (increased catabolism) and adipocyte hyper-
trophy (infiltration of immune cells), both leading to SO.

iv. Myocellular mechanisms: One of the important parameter leading to SO is 
intramyocellular deposition of lipids (IMCLs), which promotes lipogenesis, 
inflammation, muscle insulin resistance, oxidative stress, and mitochondrial 
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dysfunction. This leads to impaired myocyte satellite cells differentiation/
proliferation, leading to sarcopenia due to obesity.

v. Oxidative stress: Oxidative stress (OS) leads to an accumulation of ROS/RNS, 
accompanied by cellular damage. OS leads to infiltration of immune cells in 
the adipose tissue, leading to obesity and IR. OS also causes damage to the 
myocyte/satellite cells, leading to sarcopenia. Thus, OS can lead to sarcopenic 
obesity (Figure 1).

3. Sarcopenia in Asian populations: a distinct entity

Asian people have been seen to have lower muscle mass, weaker grip strength, slower 
gait speed, and greater body fat mass with central distribution; however, the intensity 
of age-associated muscle mass decline in the older Asian population remains compara-
tively unaltered, but the decline rate in muscle strength or physical performance with 
aging was more noteworthy. Additionally, Asian people showed greater elevation in fat 
mass and higher incidence of central obesity with aging, particularly in women.

3.1 Prevalence of sarcopenic obesity

The prevalence of sarcopenic obesity exhibits significant variation depend-
ing on the definitions used, assessment methods employed, and the specific 

Figure 1. 
Pathophysiology leading to Sarcopenic obesity.
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populations under consideration.SO prevalence generally varies from 0 to 25% in 
older adults in different studies. The prevalence of sarcopenia in Indian population 
is approximately 39% [7]. A study conducted in Indian population in 2015 by ICMR 
concluded that the prevalence rate of obesity and central obesity varies from 11.8 to 
31.3% and 16.9 to 36.3%, respectively [8]. SO affects around 5–6% of Indian adults 
annually.

4. Screening

It is based on concomitant presence of an elevated body mass index (BMI) or waist 
circumference (WC) with ethnicity specific cutoff points. Validated questionnaires, 
for example, SARC-F in older subjects [9]. The Asian Working Group for Sarcopenia 
(AWGS) recommends several preliminary screening methods for sarcopenia. These 
include measuring calf circumference (less than 34 cm in men and less than 33 cm in 
women), utilizing the SARC-F scale (≥4), or employing the SARC-Calf scale (≥11). 
During hospitalization, DXA or BIA can be used to enhance the accuracy of skeletal 
muscle mass (SMM) measurements (Table 1).

5. Diagnosis and method of assessment

According to the consensus of the Asian Working Group for Sarcopenia (AWGS) 
[11], the diagnosis of this ailment necessitates analysis of

a. Muscle mass

b. Muscle strength

c. Physical performance

5.1 Body composition

a. Dual-Energy X-ray Absorptiometry (DEXA),

b. Bioelectrical Impedance Analysis (BIA),

c. Ultrasound, computed tomography, and magnetic resonance imaging

In fact, both Dual Energy X-ray Absorptiometry (DXA) and Bioelectrical imped-
ance analysis (BIA), the body composition methods which are usually recommended 
for definition of sarcopenia, are not able to recognize either myosteatosis (MS) or 
myofibrosis (MF) and also do not take into account muscle function in terms of 
strength and performance, and it is important because both muscle strength and 
performance decline quicker than muscle mass with aging.

To accurately diagnose SO, quantitative assessment of SMM and fat mass (FM) 
is vital. Computed Tomography (CT) and Magnetic Resonance Imaging (MRI) are 
considered as gold standard for accurate diagnosis of SMM and FM, but their use is 
limited due to high cost, limited availability, and radiation exposure in case of CT 
(Table 2).
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5.2 Skeletal muscle functional parameters

• Hand-grip strength (HGS),

• Knee extensor strength (adjusted for body mass in relevant populations),

• Chair-stand tests (5-time sit-to-stand test and the 30-second chair stand test)

• Gait speed test (GS) EWGSOP threshold <0.8 m/s

• Timed up and go (TUG)

• Short physical performance battery (SPPB)

Muscle functional cutoff points need to be validated as reference values for sex, 
ethnicity, and age stratum. Moreover, studies suggest the necessity to adjust hand-
grip strength (HGS) to body mass.

SARC-F screen for sarcopenia: component question scoring
Strength: How much difficulty do you have in lifting and carrying 10 pounds?

• None 0

• Some 1

• A lot or unable 2

Assistance in walking: How much difficulty do you have walking across a room?

• None 0

• Some 1

• A lot, use aids, or unable 2

Rise from a chair: How much difficulty do you have transferring from a chair or bed?

• None 0

• Some 1

• A lot or unable without help 2

Climb stairs: How much difficulty do you have climbing a flight of 10 stairs?

• None 0

• Some 1

• A lot or unable 2

Falls: How many times have you fallen in the past year?

• None 0

• 1ess than 3 falls 1

• 4 or more falls 2

Data suggests that a SARC-F score of ≥4 best predicts the need for further, more comprehensive evaluation.

Table 1. 
Validity of SARC-F Score: The SARC-F scale has demonstrated internal consistency and validity in identifying 
individuals at risk of experiencing negative outcomes associated with sarcopenia in various studies, including 
AAH, BLSA, and NHANES [10].
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5.3 Biomarkers for sarcopenia

Several Biomarkers have been studied. Irisin, a myokine that is released by skeletal 
muscles, is a potential biomarker for sarcopenia. Low irisin levels (<9.49 ng/mL) in 
T2DM patients is an independent risk factor for SO.

6. Staging

• Stage-I: No complications attributable to altered body composition and skeletal 
muscle functional parameters;

• Stage-II: Presence of at least one complication attributable to altered body 
composition and skeletal muscle functional parameters (e.g., metabolic diseases, 
disabilities resulting from high FM and-or low muscle mass, and cardiovascular 
and respiratory diseases).

7. Adverse health consequences of SO

7.1 SO has been associated with major clinical implications

Increased risk of disability, mobility limitations, and overall impaired physical 
capacity; elevated risk of cardiometabolic abnormalities such as insulin resistance, 
dyslipidaemia, hypertension, type 2 diabetes, and low-grade inflammation; increased 
risk of fractures; depression and compromised overall psychological health; poor 
outcomes in cancer; increased mortality risk; reduced health-related quality of life; 

Technique Benefits Limitations

Dual energy 
X-ray 
absorptiometry 
(DEXA)

Rapid
Noninvasive
Minimal radiation
High precision
Simultaneously measures SMM and FM

Portability
Cost
Limited access
Dependent on patient hydration
Does not distinguish between fat & lean mass

Computed 
axial 
tomography 
(CAT)

Identifies and quantifies myosteatosis
High precision
Differentiates between fat and lean mass

Portability
Cost
Limited access
Radiation

Magnetic 
resonance 
imaging (MRI)

No radiation
Identifies and quantifies myosteatosis
High precision
Differentiates between fat and lean mass

Portability
Cost
Limited access
Long duration of test

Muscle tissue 
Ultrasound 
(US)

Low cost
No radiation
Real time imaging
Inflammation and infiltration of muscle 
tissue can be differentiated

Dependent on type of ultrasound device and 
examiner’s skill

Table 2. 
Diagnosis techniques for Sarcopenic obesity.
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and institutionalization and expanded healthcare costs. However, the cross-sectional 
design of related studies fails to provide solid information on causal relationships. 
This highlights the need for longitudinal studies to elucidate the real impact of SO on 
the onset and progression of specific diseases (Figure 2).

8. Management of sarcopenic obesity

Two approaches need to be pursued at the same time:
Gaining SMM while losing FM: The effects of any intervention should focus on 

changes in body composition and functional parameters and not be measured as 
changes of body weight alone. If the treatment strategy is limited to only weight loss 
interventions, there can be inevitable health risks for elderly individuals, mainly 
related to the concomitant loss of bone and skeletal muscle mass and exacerbation of 
osteosarcopenia [12].

Therefore, it is very important to focus on body fat loss and maintenance or 
accretion of muscle mass, so as to maintain strength, function, and resting metabolic 
rate (RMR). Combined therapy of nutrition along with exercise is the most accepted 
strategy for these goals [13].

8.1 Resistance training

Resistance training is one the most accepted training for older adults that can 
improve body composition without weight loss.

Fiatarone and colleagues showed that an eight-week training program of resis-
tance training led to an increase in muscle mass in even frail, institutionalized 
90-year-old men and women [14]. Weight training (resistance training) for three days 

Figure 2. 
Sarcopenic obesity: causes and consequences (CVD: cardiovascular disease).
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a week increases muscle mass, with a decrease in fat mass in healthy men and women 
aged 50–75 years, with body weight remaining unchanged [15].

Resistance training also induces changes in muscle fiber in healthy men and 
women aged 60 years or older.

Along with severe calorie restriction, resistance training is beneficial. Calorie 
restriction usually leads to a reduction in both fat and lean mass. Resistance exercise, 
when prescribed along with calorie restriction, can help prevent muscle loss. As a 
result, this can lead to a decrease in fat mass along with maintaining muscle mass.

8.2 Essential amino acids (EAA) supplementation

EAA supplementation along with resistance exercise can enhance muscle protein 
synthesis and can improve body composition by increasing lean mass, not fat mass [16]. 
In men and women aged 25–35 years, ingestion of essential amino acids before intense 
resistance exercise resulted in significant increase in muscle protein synthesis and an 
increase in lean mass [17]. Similarly, 12 weeks of resistance training with the consump-
tion of protein supplement (17 g of essential amino acids) twice a day by healthy young 
men stimulated greater gain in lean mass compared with resistance training alone [18]. 
Administration of 15 g of essential amino acids to healthy middle-aged men, along with 
resistance training program, resulted in attenuation of loss of muscle and gains in fat.

8.3 Dietary protein

Even without resistance exercise, a high protein diet may itself provide an anabolic 
environment for promoting retention or accretion of muscles over time. A study 
conducted by Solerte and colleagues concluded that in older men and women aged 
64–84 years with sarcopenia, oral supplementation with 16 g per day of essential 
amino acids was sufficient to increase lean mass in 8 months [19]. This effect per-
sisted over time and resulted in a decrease in TNFα, which is found to be elevated in 
sarcopenic process. Protein supplementation also prevents muscle loss during calorie 
restriction, with minimal energy deficit. Higher consumption of high-quality protein 
(aiming for 1–1.2 g/kg/d or even higher intake 1.2–1.5 g/kg/d) than the current RDA 
might be advantageous for older adults and malnourished medical in patients [20]. It 
is also seen that when an individual consumes insufficient diet, the loss of protein can 
be lessened or even stopped by the addition of carbohydrates or fats to the food and is 
regarded as the “protein-sparing action” of carbohydrates and fats.

8.4 Treatment strategies

See Table 3.

8.5 Newer emerging treatments

Electrical acupuncture and whole-body electro-myo-stimulation, in conjunction 
with nutritional supplementation, are emerging and effective approaches to bring 
about alterations in body composition. Whole body vibration therapy has also found 
to be a safe and convenient technique to cause neuromuscular activation and simulate 
the contraction of skeletal muscle. A recent study has demonstrated that the adenos-
ine A2B receptor (A2B) is highly expressed in muscle tissue and brown adipose tissue 
(BAT) and may be a target for SO.
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9. Unmet needs, challenges, and knowledge gaps

• To establish a robust and standardized definition of SO.

• To establish reliable techniques to assess body composition for diagnosing SO.

• Further elucidate on descriptive epidemiology of SO, beyond weight loss, mor-
bidity, and mortality, focusing more on patient-centric outcomes like physical 
functionality and quality of life.

• At present, no specific dietary plans have been tested in populations suffering 
from SO. Several aspects like the type of protein, optimal concentration of amino 
acids to be given, and specificity of the amino acids needs to be established.

• To acquire more knowledge regarding optimal frequency, duration, and intensity 
of exercise (aerobic and resistance). Also, to evaluate if diet and exercise can be 
combined with pharmacotherapies such as testosterone supplements.

10. Conclusions and future directions

The convergence of two conditions – a growing aging population and increasing 
obesity rates – has led to an increase in the prevalence of SO, which is defined as the 
concurrent presence of sarcopenia and obesity in the same individual. SO can lead to 
an increase in risk of disability, CV disorders, hospitalization, and impaired quality 

Treatment modality Mechanism Comments

Testosterone and 
Selective androgen 
receptor modulators 
(SARM)

Increase muscle mass by increasing 
IGF-1
decreasing inflammatory markers

Conflicting results
Early studies showed good results in cancer 
patients

Myostatin inhibitors Enhance skeletal muscle growth.
Inhibiting SMM loss

Promising results in cancer related SMM 
loss

Mesenchymal stem 
cells

Precursors for skeletal muscle tissue Promising result as an early treatment for 
sarcopenia
Cost, regulatory, and ethical constraints.

Anamorelin (oral 
ghrelin analogue)

Anabolic effects
Anti-inflammatory properties

Safe, well tolerated in cancer patients with 
cachexia

Anti-obesity 
medications

Promote weight loss.
Minimal effects on SMM

Approved for non-geriatric population
Not known in older adults

Bariatric surgery Results in weight loss Unknown safety and efficacy in older 
patients
May exacerbate weight loss-induced 
sarcopenia and osteoporosis

Neuromuscular 
activation

Enhances muscle contraction 
efficiency and functions

Mixed data on efficacy and safety

Table 3. 
Novel treatment strategies.
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of life and mortality. Because of such negative effects of SO, its effective diagnosis, 
prevention, and treatment emerge as a top priority among researchers and clinicians.

Sarcopenic obesity (SO) carries significant implications for public health, as it is 
connected to frailty, falls, disability, and heightened risks of morbidity and mortality.

The thin fat Indian phenotype, characterized by higher body fat composition and 
lower muscle mass (sarcopenia), makes individuals of Asian Indian descent more sus-
ceptible to muscle loss and metabolic disorders. Compared to their white or African 
counterparts. The rising prevalence of this condition among younger populations is a 
cause for concern.

To further advance the current knowledge, the scientific community should try 
to establish a robust definition and a reliable assessment/diagnostic method, conduct 
more patient-centric trials, and, finally, obtain concluding evidences with the help of 
trials for dietary and resistance training interventions.

© 2023 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 6

Movement and Aging
Emilia Patricia Zarco, Anne Gibbone and Hanna Matatyaho

Abstract

Movement is a fundamental function of life. Human beings move through the 
act of breathing before they learn language and speak. Movement is central to all of 
life’s processes: growth and development, energy production and utilization, and 
environmental adaptation. This chapter will explore the power of human movement 
and how it can be harnessed to address the challenges of aging. Movement in this 
chapter refers to physical activity and exercise. The challenge of aging for the future 
is not simply prolonging human life at any cost or by any means but rather extending 
self-sufficiency and quality of life. Aging adults need to keep on moving to keep their 
independence, self-care and improve their quality of life. The chapter will present 
current knowledge and new insights from contemporary research as we explore how 
physical activity and exercise can help address challenges of aging in these areas: 
musculoskeletal health, pain, immune system and brain health.

Keywords: movement, physical activity, exercise, health promotion, aging

1. Introduction

Movement comes from the word “movere” which means to move. It is the act 
or process of moving. In a broader perspective, it is change or development. This 
chapter will focus on physical activity and exercise as movement. The World Health 
Organization (WHO) defines physical activity as any bodily movement that is 
produced by the contraction of skeletal muscle and that increases energy expenditure 
above a basal level. It refers to all movements including during leisure time, for trans-
port to get to and from places or as part of a person’s work. The US Centers for Disease 
Control and Prevention (CDC) also defines exercise as a form of physical activity 
that involves planned, structured and repetitive bodily movement with the goal of 
improving or maintaining health or fitness. Although all exercise is physical activity, 
not all physical activity is exercise.

The challenge of aging for the future is not simply prolonging human life at any 
cost or by any means but rather extending self-sufficiency and quality of life [1]. 
Movement is critical to address the changes of aging that prevent self-sufficiency 
and affect quality of life. Physical activity is required for self-care and determines an 
individual’s level of independence or self-sufficiency. This challenge is compounded 
by the fact that 1.4 billion adults (27.5% of the world’s adult population) or more than 
1 in 4 adults do not meet the recommended level of physical activity to improve and 
protect their health [2]. Furthermore, both men and women become less active as 
they get older despite clear evidence that being active benefits older adults in relation 
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to preventing falls, remaining independent, reducing isolation and maintaining social 
links to improve psychosocial health [2].

The cost of physical inactivity is not only chronic diseases and premature deaths 
but a large economic burden. The WHO global status report on physical activity in 
2022 states that physical inactivity costs health care systems US$ 27 billion a year due 
to preventable non-communicable diseases (NCDs). In the US, half of all American 
adults have one or more preventable chronic diseases like obesity, type 2 diabetes, 
heart disease, many types of cancer, depression, anxiety and dementia resulting 
in approximately $117 billion in annual health care costs and about 10 percent of 
premature mortality [3]. Furthermore, WHO projects almost 500 million (499,208 
million) new cases of preventable NCDs between the years 2020–2030 if there is no 
change in the current prevalence of physical inactivity. The burden of new cases is 
highest among lower income countries (41 percent), with the Western Pacific Region 
predicted to be hardest hit. Globally, hypertension (47% prevalence accounting 22% 
health care cost), depression (43% accounting 28% health care cost) leads new cases 
of preventable NCDs. Dementia will account for 21% of health care costs due to the 
nature of its management and duration for which it is needed.

To explore how movement through increasing physical activity levels and engag-
ing in regular exercise will help address aging challenges, a narrative review of relat-
ing movement with the four areas of health were chosen as the focus of the literature 
search: musculoskeletal health, pain, immune system and brain health. From the 
authors’ discussion, these are the health areas that movement will impact directly or 
indirectly and will influence the aging populations’ independence, self-sufficiency 
and quality of life. A preliminary search to validate the idea of relating aging with the 
four areas was conducted in the ONEsearch database. The key words “aging” paired 
with each of the areas of focus: musculoskeletal health, pain, immune system and 
brain health was used, and only peer-reviewed articles were included. The inclusion 
and exclusion criteria were formulated and refined after the preliminary search. The 
inclusion criteria included the following: worldwide peer-reviewed articles from 2020 
and onward, English publications only, all types of research (quantitative and qualita-
tive primary and secondary studies and tertiary research) were considered, and no 
dissertation work was included.

The evidence about the health benefits of regular physical activity is well estab-
lished supported by studies that examined the role of physical activity in health 
and disease. There is evidence that even lower intensity activities demonstrate 
cardiometabolic and health benefits in an aging population [4]. A systematic review 
[13] found that 2.5 hour/week (equivalent to 30 min daily of moderate intensity 
activity on 5 days a week) compared with no activity was associated with a reduction 
in mortality risk of 19%, while 7 hour/week of moderate activity compared with no 
activity reduced the mortality risk by 24%. [5]. These studies clearly emphasize the 
importance of avoiding inactivity to delay death from all causes.

As one ages, being self-sufficient and pain free are among the utmost desires in 
sustaining a high quality of life [6]. Knowledge and practices that have been proven 
to regulate those goals have and continue to lead directly to movement [1]. Movement 
is dynamic and changes throughout the lifespan due to changes in musculoskeletal 
or nervous systems, fatigue, posture, injury, disease, or the environment. Changes 
related to age, include but are not limited to, changes in muscle fiber type, reduced 
vision, balance, range of motion, base of support, strength, reaction time and 
vestibular function in addition to increased postural sway, flexed posture, and pain. 
These changes influence functional mobility, balance and posture in older adulthood. 
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However, it is important to emphasize that these changes are controllable through 
movement training and exercise.

2. Movement and musculoskeletal health

Musculoskeletal deficits are among the most detrimental effects of aging due 
to loss of muscular strength, flexibility, balance and functional ability [7]. Loss of 
muscle strength accelerates with age. By the age of 75–85 years, a typical person has 
lost about 45–50% of their muscle strength and by the age of 85, more than 55% [1]. 
Muscle strength plays a role in walking speed as weak muscles provide less power 
to support walking speed. Regular strength and neuromuscular training assists in 
reversing or slowing down a decline in walking speed due to the aging process. Joints 
are subject to the state of muscles, connective tissue and cartilage and concentrating 
on stretching and ROM exercises will aid in improving flexibility in older adults.

Sarcopenia, the loss of muscle mass, strength and function affects 10–50% of 
people over 60 years of age [8]. It is considered a precursor syndrome for the  physical 
manifestation of frailty leading to impaired mobility and reduced independence. It 
has been shown that older adults with sarcopenia have poorer bone health [9]. Over 
time osteoblast activity is reduced affecting bone loss and skeletal strength. Older 
adults engaging in high physical activity/low sedentary behaviors have greater 
skeletal muscle strength and muscle power [10]. Resistance training exercise helps to 
maintain muscle strength and size in older years. Inactive adults after the age of 60 
have less strength due to sarcopenia or loss of muscle mass and exercise clearly helps 
to maintain muscle mass needed for daily living activities and injury prevention [11]. 
Exercise, proper diet and endocrinological balance are recommended as interventions 
that are interconnected to improve musculoskeletal health and quality of life.

Obesity, which is involved in the development of many chronic diseases, also 
affects musculoskeletal health. Older adults with a BMI of 30 kg/m2 or greater 
significantly demonstrate functional limitations [12]. Being overweight and/or obese 
has been suggested to lead to alterations in the musculoskeletal system that place 
overweight individuals at higher risk of musculoskeletal pain and restricted range of 
movement [13]. There is a dose-response relationship between obesity and knee osteo-
arthritis (OA), meaning the greater an individual’s BMI, the greater the likelihood of 
developing OA [14]. Furthermore, obese adults with BMI over 35 perform poorly on 
tasks of executive function involving planning and mental flexibility when compared 
to normal individuals [15]. Older obese adult males showed deficits in cognitive 
functioning when completing cognitive tasks evaluating learning and visual memory 
[16]. The multidimensional nature of mobility issues among older adults with obesity 
requires a multidisciplinary approach to assessment and intervention with movement 
training (e.g., postural control and motor planning) as requirements.

Activities of daily living (ADL’s) are used as a gauge of functional independence. 
Physical activity improves physical function among individuals of all ages, enabling 
them to conduct their daily lives with energy and without undue fatigue. This is true 
for older adults, for whom improved physical function reduces risk of falls and fall-
related injuries and contributes to their ability to maintain independence. Among the 
elderly, fall-related injuries are a primary public health challenge [2]. Furthermore, 
projections of fall-related injuries continue to increase [17, 18]. Aging consequently 
worsens the efficacy of musculoskeletal systems and functional abilities [7]. Due to 
the increasing frequency of falls among the vastly growing population of older adults, 
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targeted interventions to minimize fall risks are of utmost priority. Physical activity 
in general for the elderly has proven reductions in the rate of fall related injuries [19, 
20]. However, correlating specific activity programs is challenging given the vast 
array of types of exercises, individual differences and limitations of high-quality 
clinical trials. Programs that focus on balance [21] and have high doses of physical 
activity have been proven successful in fall reduction [20]. Increased reaction time 
as one ages is a proven risk factor in falls [22]. Similarly changes in gait and mobility 
from aging are associated with functional decline [23] and gait kinematics have been 
linked to predicting fall risk [24–26]. Older adults exhibit several changes in gait and 
paired with increased reaction time and decreased strength, endurance and visual 
acuity, falls are a major public health issue. Identifying training programs that focus 
on decreasing the risk of falls are of tremendous value. Although neurophysiological 
changes as one ages will occur, reaction and response time reduction is curtailed by 
regular physical activity.

Functional mobility, which requires both strength and flexibility, is another 
musculoskeletal challenge among older adults. Regular physical activity, specifi-
cally stretching, has been shown to create instantaneous and long-lasting changes 
to maximal joint range of motion and improves flexibility and functional mobility. 
Several studies reported that stretching efficacy was not limited to the targeted joint 
being moved [27–29]. For example, unilateral stretching performed on one lower limb 
also increased the range of motion of the contralateral limb; stretching of the lower 
limb increased the maximal range of motion of the distant upper limbs and vice versa. 
The role of fascia and connective tissues provides an explanation of the efficacy of 
stretching beyond the targeted joint. Recent histologic findings showed that fascia 
contains contractile cells, free nerve endings, and mechanoreceptors and therefore 
plays a proprioceptive and mechanically active role that functions as a body-wide 
mechanosensitive signaling network [30]. Full body exercises that include full body 
stretching therefore offer more benefits for musculoskeletal health.

3. Movement and pain

As we age, pain is viewed as an inevitable part of life. Low back pain, for example, 
is one of the most common and complex musculoskeletal ailments. Reducing low 
back pain in many cases may be accomplished through improving strength, balance 
and flexibility. We begin with little aches and pains due to sports injuries, to more 
extreme injuries due to falls. In order to address pain, we begin by taking over the 
counter medication to numb the pain, but persistent pain sometimes occurs. In most 
cases, over-the-counter medication helps, and we continue with our daily living 
activities. According to the Consumer Healthcare Product Association (2023) approx-
imately 23% of U.S. adults use Acetaminophen weekly. The Mayo Clinic (2023) states 
that Acetaminophen is “usually recommended as the first line treatment for mild to 
moderate pain.” The struggle to manage pain is rather complex and has been discussed 
with much detail in the last decade, but pain management has been an integral part 
of medicine throughout history, where medication was almost always the preferred 
choice. In the 17th Century European doctors gave opium to their patients to relieve 
pain and by the 20th Century morphine and heroin were used to control pain [31]. 
While opioid use can be very effective in pain management relief, The American 
Society of Anesthesiologists states that it is also highly addictive. In fact, they report 
that “The risk of addiction is especially high when opioids are used to manage chronic 
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pain over a long period of time” [32]. Older adults should be given the lowest analge-
sic dose for the shortest possible time to adequately manage their pain.

But what is pain? Pain, as described by the International Association for the 
Study of Pain (IASP) is, “an unpleasant sensory and emotional experience associated 
with, actual or potential tissue damage, or described in terms of such damage” [33]. 
There are two major types of pain: acute pain and chronic pain. Acute pain comes on 
quickly, can be severe, but in most cases a temporary condition that does not last for 
a long period of time. Chronic pain lasts beyond normal tissue healing time, gener-
ally taken to be 12 weeks/3 months and limits quality of life because it contributes to 
disability, anxiety, depression, sleep disturbances, poor quality of life and healthcare 
costs [34].

Pain among older adults leads to functional impairment, sleep disturbance, 
reduced socialization, depression, reduced mobility and impaired or slowed reha-
bilitation. There is an estimated 70–80% reduction in the ability to perform activities 
of daily living among older adults with pain. They also exhibit decreased gait speed, 
weaker grip strength and decreased self-reported physical activity [35]. Frailty, a 
common clinical syndrome among older adults often display reduced functional 
reserve and pain related impairments profoundly impact cognition and independence 
[36]. Pain is the most common reason people seek health care and the leading cause of 
disability in the world. In 2011, one in every five adults worldwide suffers from pain 
and one in every 10 adults is diagnosed with chronic pain each year [37]. The 2020 
Global Pain Index reports that one third of the world’s population is in pain everyday 
[38]. Acute pain is experienced regularly by up to 49–83%of elderly individuals above 
the age of 60 living in care homes and 40% of elderly individuals living in the com-
munity [38]. The prevalence of chronic pain among US adults ranged at 20.5–21.8% 
[39]. According to the Center for Practical Bioethics (2021) more than 116 million 
Americans are impacted by chronic pain, resulting in high healthcare costs. A report 
published by John Elflein [40] who conducted a survey in 2021 with 29,482 partici-
pants over the age of 18, showed that 26.8% of adults between the ages of 45 and 64; 
30% of adults between the ages of 65 and 84; and 34.3% of adults 85 and over live 
with chronic pain in the United States. Chronic pain, especially in the elderly popula-
tion, is more prevalent as pain is a frequent side effect of chronic illness. Although 
the aforementioned study did not discuss the causes of pain, it did demonstrate that 
chronic pain increases with age. While each individual’s level and frequency of pain 
differs, as one ages, the duration of pain increases [41]. Stressful situations, depres-
sion and anxiety can exacerbate chronic pain because pain and these mental health 
states share overlapping nerve biological pain pathways in the brain. Prevalence of 
pain is common among the older age group highlighting the need for pain manage-
ment that goes beyond analgesics and considering alternative options [42].

For many years, the non-pharmacological treatment choice for pain included 
recommendations for rest and inactivity [34]. However, movement or physical 
activity programs and exercise regimens are increasingly promoted to reduce chronic 
pain and improve mental health and physical functioning. Although pain is a normal 
protective response to injury and potentially harmful stimuli, prolonged or dysfunc-
tional neuromuscular adaptations in response to pain may contribute to disability 
and chronicity in a variety of pain conditions [43]. Clinically, pain produces a large 
range of motor adaptations. This ranges from subtle motor compensations during 
task completion to complete avoidance of painful movements and/or activities [44]. 
Movement, individualized exercise programs and specific motor learning/functional 
tasks are often prescribed to help decrease pain and restore/improve function. 
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Studies provide evidence of the effectiveness of exercise for the treatment of pain. 
For example, exercise is effective for the management of chronic low back pain and 
for fibromyalgia strength, endurance training and stretching of the neck and upper 
extremities improve neck pain [45].

Physical therapy or physiotherapy is another non-pharmacological treatment 
for pain. Physical therapists or physiotherapists are considered movement experts 
who treat pain and improve quality of life through hands-on approaches: stretching, 
soft tissue release, joint mobilizations, fascial release, etc. Treatment also includes 
exercise-based approaches to strengthen muscles, improve balance and sharpen 
coordination. Physical therapy takes on a more holistic approach to pain relief because 
the interventions are based in the knowledge that all forces in the body affect each 
other. It works to restore the balance of coordination, flexibility and strength so that 
movement, blood flow and nerve functioning are facilitated. For example, pain due to 
a nerve pinch may happen because of compression from a muscle or fascia. Reducing 
the strain and restoring fluid movement through physiotherapy helps alleviate the 
pain. Many of the exercises used in a physical therapy session are encouraged to 
continue at home. Physical therapy works to restore movement and improve func-
tional mobility, eliminate pain and reduce the need for surgery and pain medicines 
like opioids.

Studies also support that those engaging in regular physical activity are associated 
with less frequent back pain and reduced incidence of musculoskeletal pain [46, 47]. 
Some studies show that regular physical activity may reduce pain sensitivity, and 
some demonstrate no change, but greater pain sensitivity has never been observed. 
It should be noted that some acute exacerbation of chronic pain when beginning an 
exercise program may happen and therefore the need to gradually increase physical 
activity is critical with the goal of eventually reaching recommended guidelines. 
Regular exercise leads to chronic adaptations that provide the greatest benefit to 
addressing pain. It is recommended that engaging in physical activity at a young age 
builds muscle, helps with range of motion, and improves overall movement.

4. Movement and the immune system

As we grow older, our immune system slows down, weakens, and loses the ability 
to fight against illness, such as infections, cancer, and appropriate wound healing 
[48]. Our immune system plays an important role in protecting us from harmful 
substances, germs, and cell changes. It is made up of two parts: the innate immune 
system and the adaptive immune system. Innate immunity responds immediately 
to an invading pathogen, is antigen-independent, and has no immunologic memory 
[49]. Innate immunity is known as the first line of defense against germs or foreign 
substances. Adaptive immunity is antigen-dependent and antigen-specific and has 
immunologic memory which enables for an immune response when it recognizes 
the same antigen [49]. Inflammation is the body’s immune response to any form of 
irritant.

A review conducted by Ghauri [50] showed that chronic pain negatively impacted 
the immune system. An immune response to chronic pain is the release of inflamma-
tory substances such as antibodies, cytokines, and chemokines. When the immune 
system attacks the body, it results in inflammation of joints, which may cause pain, 
stiffness, and difficulties with mobility [51]. Inflammation contributes too many 
age-related degenerative joint diseases such as frailty, osteoporosis, atherosclerosis, 



95

Movement and Aging
DOI: http://dx.doi.org/10.5772/intechopen.113974

type 2 diabetes, sarcopenia, and Alzheimer’s disease [52]. Inflammation can be acute 
or chronic: acute inflammation will respond immediately to trauma due to injury, 
whereas chronic inflammation is slow, and long-term lasting [53].

With age, the risk of inflammation increases due to an unhealthy lifestyle, such as 
an unhealthy diet or physical inactivity. A review of studies conducted shows that, 
“…lifestyle interventions such as exercise training and dietary modifications may 
provide a low cost and long-term alternative to limit inflammation and slow declines 
in the elderly.” [54].

According to Pahwa, et al., [53] 350 million people worldwide and almost 42 
million Americans, suffer from arthritis and joint diseases of which osteoarthritis and 
osteoporosis occur more in menopausal women than older men [55]. As osteoarthritis 
is the most common age-related disorder in the world [56], the deterioration of the 
connective tissues that holds the joints together is found to be a major contribu-
tor to the development of osteoarthritis, which results in the increase of stiffness 
of ligaments and tendons [57]. To slow down the progression of osteoarthritis or 
osteoporosis, an exercise program that consists of spinal extensor strengthening with 
progressive measured resistance is recommended to prevent falls and fractures [58]. 
In addition to resistance training, movement to improve range of motion and overall 
functional performance should become a part of every aging adult. The Arthritis 
Foundation states the “movement is the best medicine for osteoarthritis.”

Oxidative stress or reactive oxygen species (ROS) can cause chronic inflammation 
and affect a variety of physiological and pathological processes playing a role in age-
related diseases like sarcopenia, cancer, cerebrovascular and neurodegenerative dis-
eases. ROS induces cellular senescence eventually leading to cell death. Studies show 
that low to moderate levels of exercise-induced ROS production plays an essential role 
in exercise-induced adaptation of skeletal muscle [59]. Lack of exercise, suboptimal 
amount and quality of sleep, and poor diet all contribute to the accumulation of ROS. 
Homocysteine, an amino acid, influences ROS accumulation. There is evidence that 
elevated levels of homocysteine is associated with lower muscle strength in women 
and considered a risk factor for vascular and coronary heart disease. Recent stud-
ies report on the positive effects of Nordic walking (walking with poles mimicking 
the motion of cross- country skiing), reducing homocysteine levels and ensuring 
adequate supply of vitamin D. Vitamin D is essential for bone health and skeletal 
muscle function and continuously decreases over a lifetime. Vitamin D supplementa-
tion combined with outdoor activity in fresh air lowers homocysteine levels compared 
to supplementation alone.

There is growing evidence that depression is accompanied by increased levels of 
proinflammatory cytokines. This is based on a theory of a link between innate immu-
nity and the central nervous system leading to decreased synthesis of serotonin and 
increased cortisol levels, characteristics of depressive conditions. Several studies have 
shown the benefits of movement and showed that regular physical activity improves 
immunity and may limit the effects or delay immunological aging. Regular aerobic 
exercise increases immune system function to prevent and defend against infection 
through reducing age-related increase in proinflammatory cytokines.

Recent genomic and functional studies suggest that immune and inflamma-
tion pathways are involved in the pathogenesis of Alzheimer’s disease (AD) and 
Parkinson’s disease (PD), the most common age-related neurodegenerative disorders. 
Both of these diseases are characterized by chronic inflammation in the brain. The 
chronic neuroinflammation compromises the blood–brain barrier (BBB) integrity, 
increasing its permeability and leading to loss of immunological protection of the 
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central nervous system. There is body evidence that regular physical exercise has 
anti-inflammatory effects and reduces blood-brain barrier permeability reinforcing 
antioxidative capacity and reducing oxidative stress [60]. Furthermore, regular physi-
cal activity improves endothelial function and increases the density of brain capillar-
ies. Therefore, physical training should be a component of prevention programs to 
reduce the risk of neuroinflammatory diseases.

Gentle stretching helps resolve inflammation and reduce pain. Stretching exercises 
and guided exercise programs with a prominent stretching component like Yoga, Tai-
Chi and Essentrics have been found to decrease levels of circulating pro-inflammatory 
cytokines. Researchers from Harvard found that rats who were comfortably stretched 
for 10 minutes twice per day had better mobility (longer gait), less pain and reduced 
inflammatory infiltration in the connective tissues 2 weeks after pain injection. 
Furthermore, stretching also increased the rate of healing [30].

5. Movement and brain health

As we age, it is inevitable that not only our physical ability declines, but our 
cognitive ability declines, as well. As with physical impairment, cognitive impair-
ment can be prevented and delayed. But what is cognition? Cognition is defined as 
“the mental action or process of acquiring knowledge and understanding through 
thought, experience, and the senses.” [61]. Cognitive impairment in older adults can 
have many causes, including, but not limited to, the side effects of medication, infec-
tions, depression, dementia, and stress to name a few. A cohort study conducted by 
Kulsheshtha et al. [62] with 24,448 participants over the age of 45 found that there is 
an association between stress and cognitive impairment. Another study conducted in 
Sweden showed a significantly higher level of perceived stress in adults of advanced 
age [63]. Acute and chronic stress can result in oxidative stress, neuroinflammation 
and dysfunction of the blood–brain barrier leading to poor health outcomes. Anxiety 
and depression often accompany aging, increasing by up to 6% among those over the 
age of 65. Significant changes due to aging can cause feelings of insecurity, loss of self-
esteem, anxiety and depression. Regular exercise therapy reduces stress and depres-
sion. In fact, studies show that running therapy was shown to have more beneficial 
effects on biological aging than antidepressant medications. Many studies have also 
shown the benefits of exercise in cognition. A literature review conducted by van 
Uffelen et al. [64] showed that exercising programs that included strength, flexibility, 
and balance training, improved cognition in both healthy older adults as well as older 
adults with cognitive decline. A study by Lautenschlager [65] reported that physical 
activity reduces the risk of cognitive decline later in life. Aspects of cognitive function 
that may be improved include memory, attention, executive function (the ability to 
plan and organize; monitor, inhibit, or facilitate behaviors; initiate tasks; and control 
emotions).

The protection of the aging brain and the central nervous system from neurode-
generation poses significant challenges. In addition to apparent physical changes due 
to aging, there are often equally significant changes in the brain and in mental health. 
The brain shrinks in volume, particularly in the frontal cortex and its weight declines 
with age at a rate of around 5% per decade after age 40. The white matter found in the 
deeper tissues of the brain that contain nerve fibers wrapped by a fatty sheath called 
myelin deteriorates after around the age of 40. Memory loss is the most widely seen 
cognitive change associated with aging. There are four sections that comprise memory 
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functioning: episodic, semantic, procedural and working memory. Loss of episodic 
memory characterizes memory loss in Alzheimer’s disease. Several studies demon-
strated that physical activity, especially aerobic exercise performed by elderly people 
is protective against Alzheimer’s disease, slowing the decline in cognition and slows 
disease progression through reducing amyloid-B level deposition. On the other hand, 
sedentary life patterns and lack of physical activity increase the risk of dementia and 
Alzheimer’s disease [66].

There is a growing interest in the gut-brain axis and there is accumulating 
evidence that the gut microbiota is critical to health and disease. Dysbiosis, a term 
for poor gut health, is characterized by microbiota dysregulation and results in an 
unbalanced microbiome in the gut. A healthy microbiome (symbiosis) promotes 
overall health. The gut-brain axis is the bidirectional link between the central nervous 
system (CNS) and the enteric nervous system (ENS). It seems like an “unhealthy 
gut” can lead to an “unhealthy brain”. Dysbiosis is associated with neurodegenerative 
diseases including Alzheimer’s, Parkinson’s, Huntington’s, and multiple sclerosis. 
For example, a review conducted by Ref. [67, 68] highlighted the role of Vitamin D 
deficiency or hypovitaminosis D among patients with Parkinson’s disease due to a 
deterioration in the gastrointestinal function. Furthermore, the paper also states that 
neurodegenerative diseases and hypovitaminosis D led to frailty, a concept that has 
grown in importance in understanding the functional status of older adults’ health. 
Frailty is a condition of risk and vulnerability diminished resistance to stressors and 
is associated with poor gut health [68]. Meanwhile, there is compelling evidence 
that shows many different types of exercise not only enhance cognitive functioning 
but provide a promising role for neurodegenerative diseases [1]. Exercise has been 
shown to increase the diversity of the microbiota, balancing beneficial and patho-
genic bacterial communities and enhance colon health. Regular physical activity also 
increases butyrate-producing bacteria critical for maintaining the mucosal barrier, 
modulating immune response, preventing infections and regulating energy expendi-
ture. Furthermore, exercise increases both endogenous and exogenous production of 
vitamin D which further increases the capacity to exercise.

Brain-derived neurotrophic factor (BDNF), a key protein molecule involved in 
learning and memory, decreases with aging. BDNF is also considered as the main 
player in brain plasticity. Movement, particularly aerobic and resistance exercise 
and endurance activity plays a neuroprotective role by increasing BDNF production 
[68]. Some studies indicate that exercise improves neuropsychiatric and cognitive 
symptoms in people with mental disorders. Interestingly, these studies show that the 
delivery of exogenous BDNF into the patient’s brain had no therapeutic effect on the 
disease but releasing BDNF through physical activity was neuroprotective. Irisin, 
commonly referred to as the “sport hormone” is released from muscle cells after 
physical activity that induces oxygen consumption and heat production. Irisin pro-
tects against neuroinflammation by acting directly on glial cells in the brain, reducing 
oxidative and physiological stress, and protects against cerebral ischemia [1].

Regular physical activity provides a variety of other benefits, including helping 
people sleep better, feel better, and perform daily tasks more easily. There is a bidi-
rectional relationship between sleep and exercise. Studies demonstrate that moderate 
to vigorous physical activity improves quality of sleep among adults. On the other 
hand, insufficient or poor quality of sleep leads to lower levels of physical activity. 
Regular physical activity reduces the length of time it takes to go to sleep, reduces the 
time one is awake after going to sleep and before rising in the morning and lengthens 
deep sleep. Exercise is also used to treat sleeping disorders. For example, 4 months 
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of aerobic exercise training in a sample of older adults with insomnia significantly 
improved sleep quality while also reducing daytime sleepiness and depressive symp-
toms. Another research study found that 12 weeks of moderate-intensity aerobic 
and resistance exercise resulted in a 25% reduction in obstructive sleep apnea (OSA) 
severity despite less than 1 kg of weight loss [69]. Indeed, regular exercise leads to 
better subjective and objective sleep and improvements in daytime functioning.

6. Recommendations

Past studies have aimed to determine an ideal movement program for older adults 
to combat changes in aging. Combining scientific support and motivational attri-
butes, educating adults about the type and dose of movement in quality of life both 
before and at the onset of such reductions is critical [6]. Various forms of movement 
have all shown to be beneficial in some way in countering various weaknesses from 
aging, whether it be resistance training [70], endurance training and concurrent 
strength [71], Tai Chi [72, 73], multidimensional exercise training [7], functional 
training [74], dance [75], vibration therapy [76, 77], dynamic stretching [78–80] 
and static stretching [78, 81].

Both medical professionals and community/public health programs are essential 
in promoting movement as prevention and treatment. This ideology is the founda-
tion for the American College of Sport Medicine (ACSM) Exercise is Medicine global 
initiative. ACSM and Health Level Seven International (HL7), a global health care 
database network approved a Physical Activity Implementation Guide that includes 
physical activity as a vital sign to facilitate health care professionals providing refer-
rals to exercise professionals [82]. The Physical Activity Guidelines for Americans 
(2018) recommends that adults should move more and sit less throughout the 
day acknowledging that some physical activity is better than none. Furthermore, 
it recommends that at least 150 minutes (2.5 hours) to 300 minutes (5 hours) a 
week of moderate intensity or 75 minutes (1 hour and 15 minutes) to 150 minutes 
(2 hours and 30 minutes) a week of vigorous-intensity aerobic physical activity, or 
an equivalent combination of moderate- and vigorous-intensity aerobic activity 
will lead to substantial benefits and even more additional health benefits beyond 
300 minutes (5 hours). Recommendations for older adults (aged 65 and older) are 
the same but with additional elements of including multicomponent physical activity 
that emphasizes balance training, aerobics, and muscle-strengthening activities at 
moderate or greater intensity on 3 or more days a week to enhance functional capacity 
and to prevent falls. These recommendations align with the WHO recommendations 
(Table 1, Figures 1–3).

The intensity of exercise is based on absolute rates of energy expenditure com-
monly described as light, moderate, or vigorous intensity. Light intensity activity is 
non-sedentary waking behavior including walking at a slow or leisurely pace (2 mph 
or less), cooking activities, or light household chores. Moderate intensity activity 
includes activities like walking briskly (2.5 to 4 mph), playing doubles tennis, or rak-
ing the yard. Vigorous intensity activity samples include jogging, running, carrying 
heavy groceries or other loads upstairs, shoveling snow, or participating in a strenuous 
fitness class.

Aerobic physical activity is also classified into levels: inactive, insufficiently active, 
active, and highly active. The classifications are useful to help one determine his/her 
level and how to work on becoming more active. Inactive is basic movement derived 
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from daily life activities. Insufficiently active is doing some moderate- or vigorous-
intensity physical activity but less than 150 minutes of moderate-intensity physical 
activity a week or 75 minutes of vigorous-intensity physical activity or the equivalent 
combination. This level is less than the target range for meeting the key guidelines for 
adults. Active is doing the equivalent of 150 minutes to 300 minutes of moderate-inten-
sity physical activity a week. This level meets the key guideline target range for adults. 
Highly active is doing the equivalent of more than 300 minutes of moderate-intensity 
physical activity a week. This level exceeds the key guideline target range for adults.

Guided exercise programs provide opportunities for older adults to meet the 
additional elements of including multicomponent physical activity that emphasizes 

• Older adults should do at least 150–300 minutes of moderate-intensity aerobic physical activity; or at least 
75–150 minutes of vigorous-intensity aerobic physical activity; or an equivalent combination of moderate- 
and vigorous-intensity activity throughout the week, for su bstantial health benefits.

• Older adults should also do muscle-strengthening activities at moderate or greater intensity that involve all 
major muscle groups on 2 or more days a week, as these provide additional health benefits.

• As part of their weekly physical activity, older adults should do varied multicomponent physical activity 
that emphasizes functional balance and strength training at moderate or greater intensity, on 3 or more days 
a week, to enhance functional capacity and to prevent falls.

Table 1. 
WHO guidelines for physical activity and sedentary behavior for older adults.

Figure 1. 
WHO guidelines on physical activity and sedentary behavior for adults.

Figure 2. 
WHO guidelines on physical activity and sedentary behavior for older adults.
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balance training, aerobics, and muscle-strengthening activities to enhance functional 
capacity and to prevent falls. The most popular are Yoga, Tai-Chi and Pilates. A 
10-year comparison study conducted in Australia showed that participation in Yoga, 
Pilates, and Tai Chi exercises increased over the course of time, with Yoga and Pilates 
being the preferred method of movement in adults age 55 and over [83]. Recently, 
Essentrics, a full body guided exercise program that seeks to rebalance the body 
was introduced in Canada as a “reverse aging” program and is becoming popular. 
Essentrics may have the most potential benefits and the least number of side effects 
because of its gentle approach and focus on aging. Although there are differences 
between these guided exercise programs all forms of movement are designed to 
improve physical and mental health using a full body approach.

6.1 Essentrics

A holistic approach was introduced as a full body work-out that uses a dynamic 
combination of strengthening and stretching aimed to rebalance the body. 
Essentrics was created by Miranda Esmonde-White a former ballerina with the 
National Ballet of Canada and draws on the slow and flowing movements of Tai-Chi, 
the strengthening techniques of ballet and the healing principles of physiotherapy. 
Essentrics relies on bodyweight as the source of resistance, which contrasts with tra-
ditional strength training or resistance training programs that use external weights. 
The movement sequences of Essentrics consist of low impact full body stretches 
emphasizing alignment to loosen and decompress the joints and relax the muscles. 
A study conducted by Zarco et al. [79] included older adults who participated in 
a guided exercise program, which showed an improved flexibility, balance, and 
strength (Figures 4 and 5).

6.2 Yoga

The practice of yoga was developed in Northern India around 2700 BC and offers 
physical benefits as well as mental wellness [84]. It is a type of exercise in which 
the body moves into various positions to become more fit or flexible, to improve 
breathing, and relax the mind. There are many different types of yoga in the world, 
but “Hatha Yoga” is the most popular in the West [85]. Blending western gymnastic 
styles with classic yoga became very popular. Since, the United Nations Assembly 

Figure 3. 
WHO guidelines on physical activity and sedentary behavior for adults with chronic conditions.
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announced an “International Day of Yoga,” in 2015, and UNESCO claimed yoga as 
an “intangible cultural heritage” [84]. The benefits of yoga include increased joint 
flexibility and joint function, and with regular practice it can reduce joint pain [86]. 
In a randomized control study conducted by [87] yoga improved flexibility, strength, 
and balance in older adults. Yoga is especially recommended for aging-related chronic 
ailments [88].

Figure 4. 
Essentrics sample exercise - windmill sequence.
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6.3 Tai Chi

Another form of complementary therapy is Tai Chi. Tai Chi is a form of Chinese 
martial arts. It was developed around 1670 by Chen Wangting as a method for 
self-defense but has shown to have great health benefits [89]. Tai Chi is a type of 
exercise where different postures and flowing movements result in attaining optimal 
physiological and psychological benefits [90]. Tai Chi is used to manage chronic 
pain conditions since slow motion and weight shifting may improve musculoskeletal 

Figure 5. 
Sample Essentrics exercise - washes and lullabies sequence.
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strength and joint stability. A review of studies showed that a 24-week Tai Chi 
exercise program for patients diagnosed with osteoporosis resulted in reduced pain, 
particularly in reduced lower back pain [91].

6.4 Pilates

Joseph H. Pilates developed these exercises in the 1920s as a method of conditioning 
ballet and modern dancers. Pilates is defined as an exercise regimen that is typically 
performed on a floor mat or with the use of a specialized apparatus and aims to improve 
flexibility and stability by strengthening the muscles, especially torso-stabilizing 
muscles of the abdomen and lower back. It focuses on controlled movement, posture, 
and breathing [92] A review conducted by [93] showed that the Pilates method reduces 
the risk of falls in older adults and improves balance and mobility.

These guided exercise programs share the same fundamental goal of master-
ing control over lifting and moving the body in space, are low impact and use the 
body weight as the resistance force for strengthening. Furthermore, they all utilize 
synchronized breathing with movements and varying degrees of body and mindful 
awareness. Studies on Pilates, Yoga, and Tai Chi have all had significant effects on the 
improvement of strength, body composition and flexibility. Furthermore, studies on 
Yoga and Pilates show it’s beneficial in reducing inflammation. Pilates strengthens the 
bones and joints while yoga helps to build and increase the flexibility of the muscles 
around the joints [94]. Studies on Tai Chi show that it improves balance because of 
increased joint stability and postural control. There are few studies on Essentrics but 
initial studies show improvements in balance, strength, flexibility and address pain 
(Table 2).

It has been generally accepted that a reduction in functional capabilities is just 
a natural part of aging. However, more recent ideologies suggest that changes in 
functionality are not simply due to mere aging but increasing sedentariness or an 
inactive lifestyle. Distinguishing inevitable age-related changes versus those resulting 

Be active Sit less Build strength Improve balance

Vigorous Moderate Improve functional mobility

Run
Play Sports
Climb Stairs

Walk
Cycle
Swim

Limit Sitting
Time, Sofa
Time and
Computer
Time

Weight Training
Essentrics
Yoga
Pilates

Dance
Tai Chi
Essentrics
Bowls

A total of 75 minutes of
vigorous intensity or 150
minutes of moderate intensity
or a combination of both PER
WEEK

Break up
sitting time
per day

2 days or more PER WEEK

10-30 or more minutes per
session per day

10-30 minutes or more per session per day

Something is better than nothing.

Start small and build up gradually.

Table 2. 
Suggested physical activities or guided exercise programs for aging adults.
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from inactivity are critical for preserving quality of life. It is inevitable that aging and 
slowing down go hand and hand. However, this linkage is largely a result of a seden-
tary lifestyle. There is overwhelming evidence that the body is capable of responding 
to exercise throughout one’s life and gives hope to all that effective movement may be 
sustained as we age. Although it’s never too late, learning movement skills early in life 
will assist in maintenance with greater ease over the life span. Undeniably, move-
ment, physical activity and exercise benefit aging and streamlining technology-based 
analyses, conducting research at the cellular and molecular levels and pinpointing 
interventions is the wave of future directions.

© 2023 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 7

Impact of Physical Activity on 
Physical and Cognition Function 
among Community-Living Older 
Adults
Milan Chang Gudjonsson

Abstract

The aging population presents unique challenges to healthcare systems worldwide, 
particularly in terms of maintaining physical function and cognitive abilities in old age. 
Physical activity (PA) is emerging as a potent intervention to enhance the well-being 
and functional independence of older individuals. The current review chapter will 
focus on the effect of PA on physical and cognitive function to provide comprehensive 
understanding of the interplay among community-dwelling older adults. The review 
(1) overviews the positive impact of PA on physical functions, including muscle 
strength, endurance, balance, and cardiovascular health, elucidating how these ben-
efits contribute to improved mobility and reduced risk of falls among older adults, and 
(2) explores also how regular PA is associated with the cognitive benefits, including its 
preventive or delaying effect of cognitive decline, enhancements in memory, attention, 
executive function, and overall cognitive vitality. It emphasizes the critical role of PA 
in enhancing the overall capacity on managing daily living of older adults and offers 
insights into effective strategies for promoting active and healthy aging. These knowl-
edge and insights can also guide healthcare practitioners, policymakers, and research-
ers in developing and implementing effective strategies to promote PA and support 
healthy aging in older populations.

Keywords: physical activity, cognitive function, lifestyle, aging, physical function

1. Introduction

Aging is an inevitable process that every individual undergoes as they progress 
through life. The global demographic changes show a significant shift that the propor-
tion of older adults (aged 60 and above) steadily increasing [1]. This demographic 
transition has caused a growing interest in healthy aging and age-related health 
challenges [2, 3]. This phenomenon is attributed to a combination of factors, includ-
ing declining birth rates and advancements in healthcare, resulting in extended 
life expectancies [4]. This review chapter underscores the significant role of PA in 
enhancing the quality of life and functional independence of community-living older 
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adults, illuminating the pathways through which it positively impacts both physical 
and cognitive functions. It calls for continued research and targeted interventions to 
harness the potential of PA as a cornerstone of healthy aging. This perspective sheds 
light on the following impact of an aging population on our society. The potential 
impact of an aging population on our society are followings:

1. Healthcare challenges: A significant increase in the older population presents 
various challenges for healthcare systems worldwide. There is a higher demand 
for healthcare services, particularly for age-related diseases and conditions such 
as Alzheimer’s disease, diabetes, and cardiovascular problems.

2. Economic implications: The aging population can also have economic implica-
tions. As the older population grows, it may affect economic productivity and 
labor markets. Governments need to address these challenges to maintain eco-
nomic stability.

3. Social considerations: An aging population can lead to changes in family struc-
tures and caregiving dynamics. The responsibility of caring for elderly family 
members often falls on the younger generation, impacting their work-life bal-
ance and overall well-being.

2. Understanding factors contributing to the increase of older population

Chronological aging refers to the passage of time as measured by one’s date of 
birth [5], commonly used to determine an individual’s age, wherein each passing year 
contributes to one’s chronological age. Life expectancy (LE) is an important indicator 
for measuring the growth of the aging population [6], which is increasing globally 
as a result of reduced mortality among the older individuals [7]. Another significant 
factor contributing to the growth of the older population is the decline in birth rates 
observed in many countries [7, 8], resulting in a phenomenon known as “population 
aging.” With fewer young people being born, the proportion of older individuals in 
the population naturally increases. Enhanced healthcare and medical advancements 
have also played a pivotal role in extending LE [9]. Medical conditions that were 
once fatal are now manageable or treatable, allowing individuals to lead longer and 
healthier lives. Improved accessibility to healthcare services and preventive measures 
has further contributed to this trend [10]. Moreover, economic stability and social 
welfare programs have provided support for older individuals [11], enabling them to 
lead more comfortable lives during their later years.

3.  Impacts of PA on physical and cognitive function among older 
population

Physical and cognitive function are two fundamental aspects of an individual’s well-
being, influencing their ability to live independently and maintain a high quality of life 
(M. [12–14]). Aging-related functional decline can result in numerous health issues, 
reduced autonomy, decreased independence, and heightened pressure on healthcare 
systems [15, 16]. Given the importance of physical function and cognition in the lives 
of older adults, understanding how PA impacts these domains is crucial. The present 
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chapter explores the current body of evidence on the topic, highlighting the potential 
benefits of regular PA on the physical and cognitive function of older adults.

Muscular strength declines 3% every year, and muscle mass reduces about 2% 
after 40 [17–20]. These phenomena of decline in both muscular strength and muscle 
mass with aging are well-known, and it is important to consider that the cause of this 
decline may not solely be attributed to the aging process itself but could also be linked 
to the reduction in PA that typically accompanies the aging process. Reduction in PA 
accelerated myoatrophy, which causes the loss of muscle mass and eventually lower 
basal metabolism [21, 22]. These changes lead to surplus energy increases and the 
accumulation of lipids [23, 24], which may further cause health problems, includ-
ing higher blood pressure or blood glucose levels [25–27]. The significance of PA in 
maintaining our health has been long acknowledged. Regular PA offers numerous 
benefits, including (1) improving cardiovascular health, (2) enhancing or preserving 
cognitive and physical function [28, 29], and (3) reducing the risk of cognitive decline 
and major neurocognitive disorder among older adults [30, 31].

Clear evidences suggest that PA is beneficial for maintaining cognitive function, 
reducing risk of major neurocognitive disorder, and brain atrophy among older adults 
[30, 32]. While obesity and overweight were found to increase risk of major neuro-
cognitive disorder [33], brain volumes (total brain tissue volume and gray matter and 
white matter volumes) are also strongly related to atherosclerosis [34], as well as to vas-
cular risk factors such as systolic and diastolic blood pressure [35] or diabetes [36, 37]. 
The effect of regular PA and obesity on brain health may reflect lifestyle factors [32] or 
underlying modulation of neurotrophic and vascular risk factors as demonstrated in 
clinical and experimental research [38, 39].

4. Impact of PA on mobility and associated cognitive function

Those with low physical performance have a significantly higher risk of future 
institutionalization and disability onset [40–42]. While regular PA participation is 
linked with positive health outcomes, lack of PA has been also associated with increased 
disability and poor physical function among older adults [43]. Particularly, the mobility 
disability has been shown its predictive value for future institutionalization, mortality, 
and disability onset [40, 44]. Therefore, mobility function of older adults is often used 
as a clinical screening tool for the older population [43]. On the other hand, it is also sug-
gested that those with low cognitive function have a lower mobility function compared 
with those with normal cognitive function (M. [12, 45, 46]). As the ability to move from 
one location to another is closely linked to factors such as attention, body coordination, 
and adaptability to one’s surroundings [12, 47], older adults may need to maintain a 
higher level of cognitive function in order to sustain their independence in daily life.

5. Cognitive impairment among older adults

It is crucial to prioritize efforts to prevent or postpone cognitive decline in older 
adults [48]. Nevertheless, a substantial number of major neurocognitive disorder 
patients also experience damage from other vascular brain diseases, including mini-
strokes, which are ranked as the fifth leading cause of death in the United States 
[49]. Earlier research has suggested that this major neurocognitive disorder could 
potentially rank as the third leading cause of death for older individuals, trailing 



Advances in Geriatrics and Gerontology – Challenges of the New Millennium

116

only behind heart disease and cancer [50]. Memory problems are typically one of the 
first signs of cognitive impairment [51]. Some people with more memory problems 
than normal for their age may also have mild cognitive impairment (MCI), but their 
symptoms do not interfere with their everyday lives [52]. Movement difficulties and 
problems with the sense of smell have also been linked to MCI [53, 54].

While the impact of PA on cognitive functions is evident, several limitations 
need to be considered when interpreting the results. First, most studies had PA data 
collected close to the time at which cognitive function was assessed or major neuro-
cognitive disorder diagnosed. With the short time intervals between PA and major 
neurocognitive disorder, it is difficult to determine whether the reported PA acts 
as a risk factor for cognitive decline or serves as an indicator of incipient disease. 
Second, most previous studies have examined either the relationship between PA 
and global cognitive performance or major neurocognitive disorder, but not both 
simultaneously. Third, studies that investigated the relationship between midlife 
PA and the risk of major neurocognitive disorder were mixed, and there is limited 
information on the association between levels of PA earlier in life and brain atrophy 
among older adults. At last, most studies investigating age-related changes in cere-
bral volume were cross-sectional and utilized small sample sizes of healthy older 
individuals or larger samples with all age groups. Further, longitudinal research on 
the impact of long-term PA on brain health is vital for a comprehensive understand-
ing of these relationships.

While older people with MCI are at greater risk for developing major neurocogni-
tive disorder, some may go back to normal cognition [53]. Researchers are studying 
biomarkers (biological signs of disease found in brain images, cerebrospinal fluid, 
and blood) to detect early sign in the brains of people with MCI and people with nor-
mal cognition who may be at greater risk for the major neurocognitive disorder [55]. 
Previous studies indicated that early detection is possible, but more research is needed 
before these medical techniques are available for the everyday medical practice to 
diagnose AD [48].

6. Effective PA intervention to prevent functional decline

Numerous exercise intervention studies have demonstrated that exercise 
improves physical performance in old age [12, 56, 57]. Further, regular PA or 
exercise also has a positive association with cognitive performance in the short- or 
long-term period [12, 58, 59]. Among various types of exercise for older adults, 
resistance exercise is one of the most feasible types of exercise to increase muscle 
mass and strength [59–61]. Particularly for the prevention of mobility disability and 
sarcopenia, the strength training is suggested as the most effective training method 
for older adults [59, 62, 63], even for those with limited mobility or cardiovascular 
fitness [64].

Cross-sectional studies have also shown that PA and physical performance are 
strongly associated with cognitive function [65–67], while it is possible that the 
improvement of physical performance by the exercise intervention may vary by 
baseline cognitive status [12]. Exercise intervention studies have primarily focused 
on investigating the improvement of physical performance and cognitive function 
among older adults following the intervention period [12, 13, 56, 62]. The specific 
findings related to the influence of various types of physical activity on cognitive 
function are as follows.
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a. Engaging in regular aerobic exercises, such as running, swimming, or cycling, 
has been associated with improved cognitive functions, especially memory and 
attention, and has been correlated with increased hippocampal volume, contrib-
uting to memory enhancement and reduced cognitive decline risk [68–70].

b. Strength training, such as weightlifting or resistance exercises, has been found to 
benefit cognitive functions such as attention and memory [71]. Research suggests 
that resistance training can positively affect cognitive tasks and memory perfor-
mance [59, 72, 73].

c. Activities, such as dance and coordination exercises, including tai chi, have been 
associated with improved cognitive functions related to praxis and visuospatial 
skills. Studies have shown that these activities can positively impact cognitive 
performance, particularly in the area of visuospatial abilities [74, 75]. Yoga and 
meditation practices have demonstrated significant benefits for attention and 
memory, with studies indicating that regular yoga practice can improve cognitive 
functions, including memory, attention, and processing speed  [76, 77].

d. Certain cognitive training programs and brain games have been designed to 
target specific cognitive functions, including memory, attention, and language. 
Research suggests that engaging in these activities can lead to improvements in 
cognitive performance and function [78–80].

7. Other potentially modifiable risk factors for cognitive decline

Although age is the strongest risk factor for cognitive decline, major neurocogni-
tive disorder may not be an inevitable consequence of aging [81, 82]. Several recent 
studies have shown that lifestyle-related risk factors, including physical inactivity, 
tobacco use, unhealthy diets, and harmful use of alcohol, are strongly associated with 
cognitive impairment and major neurocognitive disorder [83]. Hypertension, diabe-
tes, hypercholesterolemia, obesity, and depression are all associated with an elevated 
risk of experiencing cognitive decline or developing major neurocognitive disorder 
[84, 85]. Other potentially modifiable risk factors, such as social isolation and cogni-
tive inactivity, were also linked to the development of major neurocognitive disorder 
[48]. The risk reduction guidelines for cognitive decline and major neurocognitive 
disorder from WHO provide evidence-based guidance for a public health response to 
major neurocognitive disorder. These modifiable risk factors suggest that prevention 
of cognitive decline or major neurocognitive disorder is possible through a public 
health approach. Several evidence-based research have investigated whether reducing 
modifiable risk factors decrease the risk for major neurocognitive disorder [14, 86].

8. Types of intervention to prevent cognitive decline

Cognitive impairment and major neurocognitive disorder are complex, multifac-
torial disorders, and multi-domain interventions targeting several risk factors and 
disease mechanisms simultaneously could be needed for optimum preventive effects 
[85]. Previous prevention trials for cognitive impairment and major neurocognitive 
disorder have reported positive associations with cognition for PA, cognitive training, 
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or both in smaller and shorter intervention studies [87–89]. Few prevention trials 
for cardiovascular disease and type 2 diabetes have emphasized the importance of 
a multi-domain approach [37, 87]. Multicomponent randomized controlled trials in 
individuals at risk of major neurocognitive disorder have been also recommended 
as an effective and feasible approach [85, 90]. Previous findings suggest that a risk 
factors other than genetics play a role in the development of AD [84]. One of a great 
deal of interest could be the relationship between cognitive decline and vascular 
conditions such as heart disease, stroke, and high blood pressure, as well as metabolic 
conditions, such as diabetes and obesity [91]. In general, a nutritious diet, PA, social 
engagement, and mentally stimulating pursuits have all been associated with help-
ing people stay healthy as they age [90, 92]. These factors help in reducing the risk 
of cognitive decline [85]. However, evidence that short-term and single-component 
PA interventions promote cognitive function and prevent cognitive decline or major 
neurocognitive disorder in older adults is largely insufficient. Various forms of PA and 
exercise interventions have provided compelling evidence in countering sedentary 
habits and encouraging PA. These interventions include the followings (Table 1).

9. Impact of preventive intervention in adults with MCI

For cognitive outcomes in adults with MCI, evidence is still insufficient to indicate 
that PA interventions have a positive effect on cognition [31, 91]. However, these 
benefits are not consistent across all cognitive domains. This clinical trial proposal 
tests the efficacy and additive/synergistic effects of an exercise and cognitive training 
intervention on cognition with other risk factor management (social activity, nutri-
tion, alcohol, and metabolic syndrome) in older adults who are diagnosed with MCI. 
Exercise and cognitive training are two promising interventions for preventing major 
neurocognitive disorders. Exercise increases fitness, which, in turn, improves brain 
structure and function, while cognitive training improves selective neural function 
intensively [48]. Various studies that tested cognitive training effects have reported 
discrepant findings due to varying programs [79, 98]. Hence, combined exercise and 
cognitive training may very well have an additive or synergistic effect on cognition 

Multimodal intervention programs: Implementing a long-term multicomponent program that combines various 
types of intervention including PA, cognitive training, social activity, and nutritional and cardiovascular 
counseling, has been shown to be effective in improving overall fitness, reducing sedentary behavior, and 
preventing a major neurocognitive disorder [85, 93].

Aerobic exercise programs: Implementing structured aerobic exercise programs, such as walking, jogging, or 
cycling, has shown significant effectiveness in reducing sedentary behavior and improving overall physical 
health. These programs are often tailored to individual fitness levels and can be conducted in group settings or 
individually [94–96].

Strength training interventions: Incorporating strength training interventions, including resistance exercises 
and weightlifting, has been found to be effective in promoting muscle strength, improving overall fitness, and 
combating the negative effects of a sedentary lifestyle, particularly in older adults [97].

Mind–body with flexibility and balance exercise programs: Interventions that integrate mind–body exercises, 
flexibility, and balance include tai-chi, yoga, and Pilates have demonstrated effectiveness in reducing 
sedentary behavior and promoting PA, while also providing benefits for mental well-being and stress 
reduction [74, 75, 77].

Table 1. 
Effective types of intervention on cognition for older adults.
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by complementary strengthening of different neural functions. A meta-analysis of 
randomized controlled trials revealed a moderate effect of PA, with the most signifi-
cant effect size observed for executive control processes [69, 99]. Optimal cognitive 
benefits were observed when aerobic training was combined with strength and flex-
ibility training. Those review studies emphasized that a minimum of 30 minutes of 
PA training for over 6 months appeared necessary to establish stable cognitive effects 
in older adults. Moreover, the study suggested that engaging in moderate-intensity 
exercise, with an average duration of 1 hour per session, at least three times per week, 
could yield more pronounced cognitive and brain effects.

10. Conclusion

The impact of PA and exercise on physical function and cognition among com-
munity-living older adults is substantial. Regular PA and exercise have been proven to 
boost muscular strength, balance, mobility, cognitive function, and overall well-being 
in older population. The mechanisms underlying the positive impact of PA on physi-
cal function and cognition in older adults are multifaceted. Factors, such as increased 
blood flow to the brain, the release of neurotrophic factors, and reduced inflamma-
tion, contribute to these benefits. It is crucial for healthcare professionals, policymak-
ers, and community organizations to facilitate initiatives that promote regular PA 
among older adults. This includes providing accessible exercise programs, educating 
about the benefits of PA and exercise, and establishing age-friendly environments. 
While existing literature highlights the positive relationship between PA, physical 
function, and cognition, further research is needed to fully understand this complex 
association. Long-term randomized controlled trials and investigations into the most 
effective types and intensities of exercise for different older adult populations can 
offer valuable insights.

Highlighting PA as an essential component of healthy aging is crucial, and con-
tinuous research in this area will further inform strategies aimed at improving the 
lives of older adults globally. As societies age, investing in older adults’ health through 
PA initiatives will help to promote a healthier and more dynamic future for all.

© 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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