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Preface

Living a long and healthy life is now considered the main challenge of societies 
worldwide. The World Health Organization (WHO) in 2015 defined healthy aging as 
the “ongoing process of developing and maintaining the functional ability that enables 
well-being in older age.” Functional ability is a central concept in this approach since it 
comprises the interaction between physical and mental capacities in a particular envi-
ronment. Physical activity has been considered a key recommendation for developing 
sustainable policies and action programs for healthy aging. Increasing physical activity 
is a necessary condition to maintain functional and cognitive abilities as well as social 
activities. Currently, assisted living technologies have been given special attention 
since innovative information and communication technology (ICT)-based products 
can make a real difference in people’s physical, mental, and social lives. Considering 
the multifaceted character of the phenomenon, all these predictors directly impact 
health-related quality of life.

Geriatric Medicine and Healthy Aging is organized into four sections and eight 
chapters. Section 1, “Healthy Aging: An Overview”, includes an introductory chapter 
that introduces and defines the main concepts of this book: healthy aging, physical 
activity, functional fitness, cognitive function, and assisted living technologies. The 
chapter explains how each independent variable can explain the variance in quality 
of life in older people and considers the relationship between these concepts. The 
chapter also identifies priorities, challenges, and future research with the purpose 
of creating solutions in health and well-being adapted to the needs of older people.

Chapter 2, “Exercise Aging and Health: A Proposal Course for Healthcare Professionals 
and Physical Activity Instructors”, proposes a curriculum to be taught to healthcare 
professionals, physical activity instructors, or other health professionals who work 
directly with older people. The curriculum addresses structural topics, including 
aspects of aging (i.e., demography, theories, and current policies on aging) and physi-
cal and functional aged-related declines, including morphological and physiological 
changes. Physical–psychosocial relationships are also explored, focusing on the rela-
tionships between aging, active life, cognitive function, physical activity, well-being, 
and health-related quality of life. Finally, the chapter presents guidelines for exercise 
prescription in the older population, including general guidelines for pre-exercise 
assessment and critical considerations for maximizing the effective development of 
exercise programs for older people. This curriculum is expected to support profes-
sionals with theoretical knowledge regarding exercise, aging, and health in different 
contexts of intervention with older people (i.e., health gyms, rehabilitation centers, 
elderly centers, city councils, and parish councils, among others). This course content 
is believed to be an essential step in improving the quality of physical activity programs 
for older people.

Chapter 3, “Perspective Chapter: Geriatric Care in Africa”, explores the issue of 
geriatric care on the African continent. It presents emerging needs, identifying the 
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most vulnerable groups and Africa’s shortage of qualified geriatricians. This chapter 
underlines Africa’s health and social problems and emphasizes several challenges that 
make older people prone to vulnerabilities. Another enormous problem presented 
is the lack of technical training for geriatricians. The conclusion is that there are 
few geriatricians in Africa and thus it is essential to consider partnerships between 
African counties and other more developed countries to find strategies for training 
in geriatric medicine, such as postgraduate courses, fellowships, refresher courses, 
and workshops.

Section 2, “Physical–psychosocial Relationships: Moving towards Healthy Aging”, 
explores physical–psychosocial relationships and how they affect healthy aging.

Chapter 4, “Does Physical Activity Mediate the Effect of Loneliness on Inflammatory 
and Metabolic Processes?”, clarifies the contribution of physical activity to the 
associations between loneliness and immune and metabolic processes and provides 
insights concerning the mechanism by which this social–biological connection oper-
ates. This chapter supports the idea that loneliness is associated with increased levels 
of inflammation. It also suggests that loneliness is associated with subsequent low 
metabolic regulation, as manifested by elevated concentrations in all three metabolic 
measures of body mass index (BMI), hemoglobin A1C (Hba1c), and serum cystatin 
C (CysC). In conclusion, this chapter observes an important psycho-physiological 
mechanism that may be present among older adults. A strong public health message 
to engage in physical activities in late life also mitigates the deleterious health effects 
of loneliness.

Directly connected with the topic of physical–psychosocial relationships, Chapter 5, 
“Perspective Chapter: Social Distancing and Isolation – Unintended Consequences, 
Concerns, and Antidotes for Older Adults”, explores the consequences of social isola-
tion, particularly in the post–COVID-19 pandemic period. This chapter stresses that 
opportunities for increasing the social connectedness of older adults and others who 
are isolated must be prioritized to decrease the impact of social isolation and loneliness 
on mental and physical health. In addition, it proposes recommendations for policies, 
programs, and other actions addressing social isolation as a determinant of healthy 
aging using case examples from the western region of North Carolina.

Section 3, “Novel Approaches to Prevention and Treatment of Age-Related Declines”, 
addresses novel approaches to the prevention and treatment of age-related declines.

Chapter 6, “Perspective Chapter: The Role of Modifiable Factors, Particularly 
Nutritional Factors, on Age-Related Sarcopenia”, explores nutrition as a modifiable 
factor in fighting against sarcopenia and frailty. Sarcopenia, which is defined by low 
muscle strength, low muscle mass, and low physical performance, has been highly 
correlated with poor quality of life, risk of falls, fractures, and higher healthcare 
costs. Despite the growing interest in treating this phenomenon, the lack of adequate 
knowledge underlying the multi-factorial parthenogenesis of age-sarcopenia hinders 
the diagnosis of effective therapeutic approaches. This chapter discusses the associa-
tion between the components of sarcopenia and nutritional status in older adults 
and their potential effect on prevention and treatment.

V

Chapter 7, “Perspective Chapter: Nutraceuticals as a Therapeutic Promise in Healthy 
Aging and Neurocognitive Disorders”, explores modern therapeutics, namely, 
approaches based on chemical substances belonging to classes of natural dietary 
origin that seem to have protective properties against some age-related diseases, 
including neurodegenerative ones.

Section 4, “Assisted Living: Technology for Healthy Aging”, includes Chapter 8, 
“Perspective Chapter: Telehealth Technologies for the Elderly People”, which presents 
a systematic review of the literature on telemedicine tools for older adults from a 
perspective of empowering them to take an active role in the management of their 
health. The chapter also emphasizes the need for co-creation and co-design with  
end users to ensure adequate technological solutions.
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Chapter 1

Introductory Chapter: Healthy 
Aging, Physical Activity, 
Functional Fitness, Cognitive 
Function, and Assisted Living 
Technologies – The Ground for 
the Sustainability of Health and 
Quality of Life in Older People
Élvio Rúbio Gouveia, Bruna R. Gouveia, Adilson Marques  
and Andreas Ihle

1. Introduction

1.1 Sociodemographic change

Living a long and healthy life is considered the main challenge of societies  worldwide. 
Accompanying a worldwide sociodemographic change, statistical data show an increase 
in the life expectancy of the most aged segment of the population [1]. Indeed, due to 
low birth rates, advancements in medical and pharmaceutical technology, health care, 
nutrition, and sanitation have resulted in lower death rates worldwide [2]. People are 
living longer, and the population worldwide is growing older. The current increase in the 
number of older people, combined with the increase in chronic diseases and disabilities 
associated with age (including limitations in functional fitness components, often due 
to falls and physical and cognitive alterations, predictors of immobility and dementia), 
present our societies with global social, economic, and health challenges.

1.2 Healthy aging

The WHO [3] defined healthy aging as the “ongoing process of developing and 
maintaining the functional ability that enables wellbeing in older age.” Functional ability 
is a central concept in this approach since it comprises the interaction between physical 
and mental capacities in a particular environment. Nowadays, it is imperative to develop 
effective healthy aging strategies because, as previously mentioned, most people expect 
to live beyond 60 years. By 2050, 1 in 5 people will be 60 or older [1]. This means that 
more and more people live longer, which poses new challenges and opportunities to 
the community. However, there seems to be no doubt that a person’s general health is a 
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significant factor to consider among successful aging strategies so that people can benefit 
from the extra years of life they have achieved, doing what they value.

1.3 Physical activity and functional fitness relationships

Evidence supports that an active and independent lifestyle in old age fundamentally 
depends on a person’s functional fitness levels, for which balance and cognition are 
significant [4, 5]. Physical activity (PA) has been considered a key recommendation for 
developing sustainable policies and action programs for healthy aging. Increasing PA is 
necessary to maintain functional and cognitive abilities and social activities [4, 6].

Currently, a body of evidence has reported many health and performance-related 
benefits of engaging in regular PA. It has been shown that certain levels of functional 
fitness protect the individual from many chronic diseases, promote better perfor-
mances in daily living activities, and enhance participation in various sports and 
recreational activities [2, 7]. Strategies to promote PA and functional fitness have 
been considered priorities for many organizations with worldwide expressions, such 
as ACSM, WHO, and the Centers for Disease Control and Prevention (CDC). These 
organizations have developed powerful campaigns centred on promoting exercise and 
regular physical activity as a means for older people to become healthier, maintain an 
independent lifestyle, and improve their quality of life and functional capacity.

Research efforts support that the association between PA and functional fitness 
is reciprocal; functional fitness provides the individual with the capability to engage 
in physical activities, whereas PA helps to maintain and, in some cases, improve 
functional fitness [4, 8, 9]. The health and performance-related benefits of regular 
participation in PA, particularly in older people, are well documented [9, 10]. People 
who manage to maintain a certain level of functional fitness gain some protection 
concerning various health conditions (e.g., heart disease, diabetes, obesity, cancers), 
as well as being able to guarantee the execution of activities of daily living in an 
independent and safe [11–13]. Additionally, benefits at the psychological level are also 
evident, especially concerning emotional well-being, increased cognitive function, 
and a high perception of quality of life [14].

Although this dose-response relationship between increased levels of PA and 
the onset of chronic diseases or functional disabilities is relatively well documented 
[15–17], only a small percentage of older people engage in regular physical activity. 
Older people continue to spend more time in sedentary activities (i.e., time sitting), 
directly affecting many physiological systems, such as cardiorespiratory and musculo-
skeletal health [18, 19]. Reference literature on the epidemiology of physical activity has 
reinforced the direct relationship between the increase in sedentary activity associated 
with morpho-functional limitations related to age and the onset of chronic diseases 
or disabilities [19]. This is a crucial subject because it is directly related to the loss of 
autonomy, reduced quality of life, and increased social support and health care costs.

1.4 Assisted living technologies

Assisted living technologies have been given special attention since innovative 
ICT-based products can make a real difference in people’s physical, mental, and social 
lives. According to the World Health Organization, in 2019, the following diseases were 
among the top 10 causes of death in the world: (1) Ischaemic heart disease; (2) stroke; 
(3) chronic obstructive pulmonary disease; (4) lower respiratory infections; (5) trachea, 
bronchus, lung cancers; (6) Alzheimer’s disease and other dementias; and (7) Diabetes 



5

Introductory Chapter: Healthy Aging, Physical Activity, Functional Fitness, Cognitive Function…
DOI: http://dx.doi.org/10.5772/intechopen.111613

mellitus. These causes of death have several common denominators, including frailty, 
physical immobility, and various risk factors associated with cardiovascular, metabolic, 
respiratory, and cognitive function. Practical actions and making the most of technolo-
gies to reverse these problems are priorities. In this context, many health organizations 
have tried to combat these problems through various disease prevention and control 
actions (i.e., educational actions, screenings, and wearable health devices) to delay their 
appearance or lessen their severity. This allows older people to remain a valuable resource 
in their families, communities, and economies while maintaining high levels of indepen-
dence and quality of life. Additionally, and no less importantly, this proactive approach 
reduces the need for institutionalization and significantly contributes to the sustainabil-
ity of Health Systems. It has been identified as a strategic priority to increase health and 
social responses to problems arising from demographic aging (such as frequent and pro-
longed hospitalizations and difficulties in reintegrating into the community after hospital 
discharge). Assisted living technologies focused on applications in the health area could 
significantly reduce the number of older people who overuse emergency health services.

Faced with this reality, which is a problem that cuts across many communities 
around the world, among strategies for the prevention and control of health signs, 
great attention and investment has been given to the development of Wearable Health 
Devices, with the function of assisting people in monitoring their health status, 
providing data with potential for diagnosis and early referral of treatment [20]. Some 
so-called developed countries have increasingly invested in developing this innovative 
monitoring system, integrating sensors capable of monitoring deficits and functional 
mobility, cardiovascular disease, metabolic disease, respiratory disease, and cognitive 
function, among others. It is for this reason that the revenue of the world wearable 
health devices market has already reached around 26 billion US dollars, with expecta-
tions of reaching 34 billion dollars still in 2019 [21].

Although there is great hope for the potential positive effects of using this type of 
Assisted Technologies in the monitoring and support of health care, which includes the 
integration of multimodal signal processing systems for the quantification and evalua-
tion of human activity, physiological, behavioral, emotional and cognitive with real-time 
feedback, scientific evidence on the validation and effectiveness of the use of these 
devices is still insufficient for several reasons [20]. Firstly, there still needs to be a consen-
sus regarding the evaluation parameters to be integrated into the monitoring systems and 
the validation of data collected for diagnosis and early referral in the therapeutic plan. 
Secondly, only a few wearable health devices have been concerned with integrating infor-
mation from the user’s interaction with the system, losing an essential source of informa-
tion in the psychosocial area. Thirdly, most systems available on the market operate in 
isolation (i.e., in a disintegrated and modular way), and the associated costs are still high 
for the end user. Finally, fourth place, and not least, it is necessary to break down barriers 
and resistance to using assisted technology in people’s daily lives. To this end, the extra 
concern is needed in developing more adapted and ‘friendly’ interfaces for the elderly.

1.5 Final considerations 

Considering the multifaceted character of the phenomenon, all these predictors 
directly impact health-related quality of life. We identified priorities and challenges, 
boosting research, technological development, and innovation to create solutions in 
health and well-being adapted to the needs of older people. The future involves research, 
improving knowledge, and developing therapeutic resources centred on functional skills 
(mobility and cognitive performance) with positive implications for healthy aging.
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Exercise Aging and Health: A 
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Professionals and Physical Activity 
Instructors
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Abstract

To live a long and healthy life is now considered the main challenge of geriatric 
medicine worldwide. Exercise, aging, and health are key research topics to maintain 
functional ability that has been considered one of the strongest predictors of inde-
pendence in old age. Functional ability comprises the interaction between physical 
and mental capacities in a particular environment. Increasing physical activity is 
considered a key recommendation in sustainable policies and action programs for 
healthy aging. Evidence shows that physical activity impacts functional and cogni-
tive abilities and social activities. The contents of training courses related to Exercise 
Aging and Health are responsible for ensuring an intervention focused on the needs 
of older people. Healthcare professionals, physical activity instructors, or other health 
professionals who work directly with older people may need to understand deeply 
demography, theories, and current policies on aging, physical, and functional changes 
associated with aging, physical-psychosocial relationships, contextual determinants 
of physical activity, and exercise prescription in the older population.

Keywords: aging, exercise, functional ability, health, physical activity, training

1. Introduction

This chapter aims to present a content course proposal on the topic of “Exercise 
Aging and Health,” to be taught to healthcare professionals, physical activity instruc-
tors, or other health professionals who work directly with older people. In a nutshell, 
the contents to be addressed include five main topics. The first topic addresses an 
introduction to the aspects of aging, including issues related to demography, theories, 
and current policies on aging. The second topic explores the physical and functional 
changes associated with aging. Morphological changes and physiological systems, 
i.e. body composition, cardiopulmonary, musculoskeletal, and nervous and sensory 
systems, are broadly described. Also, in this topic, functional changes are addressed, 
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i.e. functional fitness and mobility. Topic 3 presents research on physical-psychosocial 
relationships, exploring the relationships between aging, active life, cognitive func-
tion, physical activity, well-being, and health-related quality of life. Topic 4 is dedi-
cated to studying the contextual determinants of physical activity in the elderly. Here, 
the models of adoption and maintenance of physically active lifestyles are explored, 
as well as the Age-friendly Environments. Finally, the last topic is dedicated to the 
study of guidelines for exercise prescription in the older population. Here, general 
guidelines for pre-exercise assessment are outlined, as well as key considerations for 
maximizing the effective development of exercise programs for older people.

It is expected that students who take this course should be able to properly use 
theoretical knowledge regarding exercise, aging, and health in different contexts 
of intervention with older people (i.e. health gyms, rehabilitation centers, elderly 
centers, city councils, parish councils, among others). They should be able to adopt 
a scientific attitude and a critical reflective method in the face of research results 
from the assessment of the physical dimensions (morphological and functional) of 
the older person. They must show the capacity for initiative, innovation, and accept-
able use of information regarding protocols and techniques for assessing functional 
fitness and know-how to assess the scientificity of the information collected on the 
relationships and interrelationships of physical activity and chronic diseases, as well 
as the benefits and risks associated with the regular practice of physical activity and/
or exercise. They must systematically carry out a functional assessment of the older 
person, guaranteeing all safety conditions in the evaluation and intervention, as well 
as adequately interpreting the objective and subjective data of the physical dimen-
sions assessment process, using this information to prescribe the exercise. Finally, 
they must be able to conceptualize an exercise plan adapted to a previously outlined 
functional profile.

2. Topic 1: introductory aspects of aging

2.1 Demography of aging

The demographic transition characterized by an aging population is a global 
phenomenon that directly impacts different sectors of society. The advancements in 
medical and pharmaceutical technology, nutrition, and sanitation have resulted in 
lower healthcare death worldwide. People are living longer, and the population world-
wide is growing older. Recent key facts shown by the World Health Organization 
[1] underlines that between 2015 and 2050, the proportion of the population over 
60 years will nearly double from 12 to 22%. Besides the mortality associated with 
COVID-19, people aged 60 years and older will outnumber children younger than 
5 years by 2020. In the same document, it is written that all countries face significant 
challenges to ensure that their health and social systems are ready to deal with this 
demographic shift.

Cognitive, physical, and social stimulation can play a crucial role in delaying 
disability and maintaining the quality of life, allowing people to continue to do what 
they want, without pain and autonomously, for as long as possible. Additionally, 
age-related declines in cognitive, physical, and social function are an inevitable 
human condition that often results in socioeconomic and service overload. These 
age-associated changes increase the vulnerability of older people to chronic illness 
and mortality.
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2.2 Concepts and theories of aging

Aging refers to a process or group of processes occurring in living organisms that, 
over time, lead to a loss of adaptability, functional impairments, and eventually death 
[2]. Taylor and Johnson [3] defined biological aging as slow, progressive, structural, 
and functional changes at the cellular, tissue, and organ levels, ultimately affecting 
the function of all body systems.

Numerous theories have been proposed to explain the process of aging but neither 
appears to be entirely satisfactory [4]. Taylor and Johnson [3] suggested that these can 
be grouped into five broad categories of aging: (i) wear and tear theories; (ii) genetics 
theories; (iii) general imbalance theories; (iv) accumulation theories; and (v) the 
dysdifferentiative hypothesis of aging and cancer.

Jones [5] divided the theories of aging into three main categories: biological, 
psychological, and sociological. Biological theories of aging—including genetic 
damage and gradual imbalance theories—focus on the factors that cause senescence 
of the body and increase the risk of morbidity and mortality with age. Psychological 
theories focus on the influence of psychological processes and personality character-
istics on aging. Sociological theories focus on the impact of the social and physical 
environments on aging.

The modern biological theories of aging in humans fall into two main categories: 
programmed theories and damage or error theories [6]. The programmed theories 
imply that aging follows a biological timetable, perhaps a continuation of the one 
that regulates childhood growth and development. This regulation would depend 
on changes in gene expression that affect the systems responsible for maintenance, 
repair, and defense responses. The programmed theory has three subcategories: 
programmed longevity, endocrine theory, and immunological theory. The damage 
or error theories emphasize environmental assaults on living organisms that induce 
cumulative damage at various levels as the cause of aging. The damage or error theory 
includes wear and tear theory, rate of living theory, cross-linking free radical theory, 
and somatic DNA damage theory.

The complexity of aging derives from an aggregate of causes that led to the 
development and polarization of the theories of aging. In this context, Jones [5] and 
Jin [6] believe that no single theory thoroughly explains the phenomenon of the aging 
process, but each offers some clues. Many of the proposed theories interact with each 
other in a complex way.

2.3 Policies on aging

As previously mentioned, the WHO emphasizes the longevity achieved by the 
population, reinforcing that most people expect to live beyond 60 years. It is likely 
that by 2050 one in five people will be 60 years old or more [1]. This means that a 
longer life brings great opportunities. However, how each individual can benefit from 
the extra years depends largely on one key factor: Health. On the other hand, evidence 
suggests that older people do not have a better health status than earlier generations. 
Additionally, those who have experienced lifelong events have a higher risk of health 
problems.

In this context, the concept of “healthy aging” emerges, which is the focus of the 
WHO’s work on aging for 2015–2030. “Healthy aging” is understood as a process of 
developing and maintaining the functional capacity that enables the well-being of the 
elderly adult. This central concept emphasizes, on the one hand, the need for action 
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focused on multiple sectors and, on the other hand, the possibility of older people 
continuing to be a valid resource in their families, communities, and economies. 
We understand that one of the most important messages that can be drawn from 
this WHO theory of healthy aging is that one of the main focuses of the work of 
gerontologists, and all professionals responsible for offering services to the elderly is 
to find strategies and concerted actions that help the older people to continue doing 
the things they value most for as long as possible [7]. Within the scope of policies 
for healthy aging, the WHO assumed five strategic goals: (1) commitment to action, 
that is, to establish models, strengthen the capacity to formulate evidence-based 
policies, and combat stigma and stereotype of aging; (2) aligning health systems 
with the needs of older adults, i.e. orienting health systems around individual needs 
and potential for involvement, ensuring accessibility to quality care, and ensuring 
the sustainability of healthcare; (3) develop age-friendly environments, through 
the promotion of autonomy, the involvement of older people, and the promotion of 
multisectoral actions; (4) strengthen long-term care, with a view to continuously 
improving a sustainable and equitable policy in terms of long-term care, also integrat-
ing caregivers; and (5) improve evaluation, monitoring, and research, defining the 
suitable instruments, methodologies, and protocols, strengthening research capac-
ity and encouraging innovation, and sustaining evidence of the benefits of actions 
focused on healthy aging for the population.

As a continuing of the concept of healthy aging, in 2015 the WHO emphasized 
the concept of active aging, as a multidimension that involves physical functionality, 
urban environment, and social inclusion. The WHO defined active aging as “…the 
process of optimizing opportunities for health, participation, and security in order to 
enhance quality of life as people age” [7]. The concept of Active and Healthy Aging 
(AHA) comprehends the results of the interaction between the physical and mental 
capacity of an individual and the context of each individual’s life.

3. Topic 2: physical and functional changes associated with aging

3.1  Morphological changes and physiological systems: Body composition and 
systems: Cardiopulmonary, musculoskeletal, nervous, and sensory

Although it is difficult to distinguish the effects of aging on the physiologic func-
tion of the impact of deconditioning or disease, the aging process leads to profound 
changes in the cardiopulmonary, musculoskeletal, nervous, and immune systems. For 
example, the American College of Sports Medicine (2018) states that the incidence of 
stroke decreases about 30% from 25 to 85 years of age; there is a progressive reduction 
of ventilatory peak flow and lung capacity with advancing age; there is an increased 
bone loss resulting in reduced bone mineral density; about 25% of muscle function, 
defined as the highest lifetime force-generating capacity, is lost by around 65 years of 
age. Also, negative changes of the central nervous system are observed in neurotrans-
mitters, nerve conduction, and fine functional-fitness control.

Regarding the body composition and musculoskeletal changes, one of the major 
age effects of body composition faced by older people is a gradual loss of skeletal 
muscle mass and strength that occurs with advancing age, called Sarcopenia. 
Sarcopenia increases the risk of falls [8], is associated with cardiac disease and respi-
ratory disease [9, 10], and increased risk of death [11, 12]. In addition, it is accompa-
nied by functional decline and disability [13, 14]. With increasing age and from about 
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40–45 years old, lean soft tissue and skeletal muscle mass progressively decline [15]. 
Evidence shows that about 25% of muscle function, defined as the highest lifetime 
force-generating capacity, is lost by around 65 years of age [3].

Finally, it has been reported that cognitive functioning declines with age [2]. 
Cognitive function is the intellectual process by which a person becomes aware of 
ideas, perceives, and understands them. It involves all aspects of perception, think-
ing, remembering, learning, attention, vigilance, reasoning, and problem-solving. 
This concept includes psychomotor functioning (reaction time, movement time, and 
performance speed) [16]. There is evidence that regular physical exercise [17–19] and 
cognitive training [20, 21] are non-pharmaceutical interventions that attenuate age-
related cognitive decline and improve cognitive performance in older people.

According to Fernández-Ballesteros [22], active daily cognitive activity and social 
and leisure activities have a positive impact on the general functioning of cognitive 
abilities. Therefore, social contacts and good integration of people in the community 
are factors that contribute to greater protection of cognitive functioning. In addition, 
there is some literature to support that interventions based on cognitive stimulation 
programs associated with group physical activity programs have great potential in 
older people with identified dementia and healthy older people [2, 3].

3.2 Functional changes: functional fitness and mobility

Among older adults, functional fitness is defined as the ability to perform activities 
of daily living normally, safely, independently, and without fatigue [23]. Improving 
functional fitness in older adults (i.e. lower and upper limb muscle strength, aerobic 
capacity, flexibility, and dynamic balance) is a critical factor in maintaining their 
independence in daily living activities. In this sense, a reduction in functional fitness 
levels is generally associated with a decline in general functional capacity and basic 
activities of daily living such as climbing stairs, walking, carrying groceries, and many 
other common tasks [3, 23]. Normative functional fitness scores have been published 
for older adults in different countries: United States of America [24]; Portugal [25]; 
Brazil [26]; Poland [27]; and China [28]. Results revealed a pattern of decline across 
most age groups on all variables. The total decrease in muscular strength, cardiore-
spiratory endurance, and agility/balance was about 30–45% between 60 and 94 years 
of age. The pattern of decrease over age was similar in men and women. However, 
men scored better on muscular strength, aerobic endurance, and agility/balance, and 
women scored better on flexibility [24–28].

4. Topic 3: physical-psychosocial relationships

4.1 Aging, active life, and cognitive function

Owing to the inevitable well-documented age-related losses in cognitive and 
physical function [29, 30], one of the biggest challenges is to identify strategies to 
develop and maintain functional ability at later ages. Functional ability is deter-
mined by the individual’s intrinsic capacity, which encompasses cognitive function 
and mobility, relevant contextual factors, and the interaction between the two [7]. 
There is evidence that a physically active lifestyle and, consequently, a high level of 
functional fitness are effective modifiable risk factors that may slow the increase of 
cognitive impairments in older age [31–33].
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Therefore, from a healthy aging perspective, an early intervention strategy based 
on supportive environments and opportunities to increase physical activities are 
determinants of living a long and healthy life [7]. This is supported by physical activity 
being a modifiable risk factor for cognitive impairment in older age [32, 33]. For this 
reason, in the last decade, there has been a rapid increase in interest in the potential of 
physical activity to prevent cognitive decline and maintain good cognitive abilities.

Although it has been demonstrated that maintenance of higher levels of physi-
cal activity helps to protect against cognitive deterioration, even at an advanced 
age [34, 35], it is still an open question which frequency, intensity, time, type, 
volume, and progression of physical activity is more effective to improve cognition. 
Finally, the physiological mechanisms underlying the relationship between cogni-
tive function, functional fitness, and physical activity at older ages are still poorly 
understood.

4.2 Physical activity, well-being, and health-related quality of life

Observational studies have shown an average 20 to 30% reduction in mortality 
risk when individuals spend at least 1000 kcal per week on physical activity [36]. The 
American College of Sports Medicine emphasizes the health benefits associated with 
higher levels of physical activity and aerobic exercise across physiological, metabolic, 
and psychological parameters. Additionally, there is a decreased risk of many chronic 
diseases and premature mortality. The variables studied show a lower risk for any 
cause of mortality in people who maintain higher levels of physical activity or physi-
cal fitness over time when compared to those who reduce or maintain low levels of 
physical activity or physical fitness over time [37, 38].

Some recognized benefits of participating in regular physical activity are slowing 
physiologic changes of aging that impair exercise capacity [37], optimizing age-
related changes in body composition [13], promoting psychological and cognitive 
well-being [20, 39], managing chronic diseases [40], reducing the risks of physical 
disability [25], and increasing longevity [41].

Despite the benefits of PA, older adults are the least physically active of all age 
groups, with only 11% of individuals aged ≥65 yrs engaging in aerobic and muscle-
strengthening activities that meet guidelines, and less than 5% of individuals aged 
85 yrs and older meet the same guidelines [37, 38].

5.  Topic 4: contextual determinants of physical activity in the elderly 
population adopting and maintaining physically active lifestyle

5.1 Adoption and maintenance of physically active lifestyles

Some physical activity is better than none, and an increase in the physical activity 
level, up to a point, is better than less. This supports the dose-response relationship 
between physical activity and health reported by the American College of Sports 
Medicine in conjunction with other important health organizations such as the 
Centers for Disease Control and Prevention (CDC), the US Surgeon General, and 
the National Institutes of Health [42]. The main purpose of healthcare professionals 
and physical activity instructors is to assist individuals in adopting and adhering to 
the exercise prescription recommendations made throughout the guidelines. And the 
main challenge is to overcome the barriers to the exercise.
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There are well-known correlates that affect engagement in regular physical activ-
ity. Numerous demographic factors (e.g. age, gender, socioeconomic status, educa-
tion, and ethnicity) are consistently related to the likelihood that an individual will 
keep their activity regularly [43, 44].

In the context of adopting and maintaining a physically active lifestyle in older 
people, it is important to focus on the role that modifiable factors have on exercise 
prescription recommendations, the behavioral theories and models that have been 
applied to enhance exercise adoption and maintenance, and behavioral strategies and 
approaches that can be used to increase physical activity behaviors.

Physical activity tends to decline with age, especially when people have age-related 
disabilities. Still, age does not necessarily predispose an individual to lower activity 
[45]. Several international studies provide insights on impediments to physical activ-
ity in older people. The most common barriers reported were enough other hobbies, 
too exhausting, risk of injury too high, no knowledge of opportunities, an attitude 
that sports are only for younger people, no time, and financial reasons, having too 
few friends to exercise with [46]. Pain is another common barrier to exercise [47]. 
Another critical point concerns the differences between men and women, reinforcing 
the importance of specific efforts to increase older adults’ physical activity levels [46]. 
We recognized that it is crucial, in each context, to identify earlier relevant barriers to 
physical activity in older adults to better tailor measures to the specific needs and be 
successful in the promotion and intervention strategies.

People’s physical activity during their leisure time is determined by genetic traits 
(20 to 70&), beliefs and motivation shaped by learning (25 to 75%), and physical and 
social environments (10 to 50%) [45]. Creating a friendly-environment that makes 
physical activity easy/affordable does not ensure that a person living in that environ-
ment will be motivated to use it. It is not easy to alter personal preferences or long-
standing habits. Changing physical activity is not like changing most other behaviors.

Sustained participation in regular physical activity requires active behavior modi-
fication. Following [45] in the “physical activity epidemiology,” most behavior modi-
fication techniques for changing physical activity center on (i) goal-setting based on 
personal characteristics; (ii) identification of personal costs and expected barriers 
to adoption and maintenance of an activity routine; (iii) strategies for preventing 
or minimizing the impact of barriers to participation and for increasing support 
and reinforcement from friends and family; (iv) planning a gradual progression of 
difficulty to optimize success so that the participant has growing confidence in both 
physical abilities and the ability to maintain the new pattern of activity; (v) feedback 
from fitness testing and self-monitoring of activity and progress by the participant; 
and (vi) personal strategies for returning to activity after relapse to inactivity due to 
flagging motivation, injury, vacation, and others.

5.2 Age-friendly environments

Promoting age-friendly physical and social environments where people live plays 
a vital role in whether people can remain healthy, independent, and autonomous long 
into their old age [7].

Healthcare professionals and physical activity instructors have the responsibility 
to think correctly about the promotion of age-friendly environments. Promote age-
friendly environments means offering free physical and social barriers and support 
policies, services, products, or technologies that help promote health and build and 
maintain physical and mental capacities across the life course. Also, age-friendly 
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environments should enable people, even when experiencing capacity loss, to con-
tinue to do the things they value. When planning age-friendly practices, healthcare 
professionals and physical activity instructors must ensure that they are promoting/
offering opportunities for older people to meet their basic needs, learn, grow, and 
make decisions, be mobile, build and maintain relationships, and contribute to the 
community.

Good practices of Age-Friendly Communities are well documented. For example, 
the 2022–2027 Master Aging Plan marks the fifth strategic planning cycle for the 
Orange County Department on Aging [48]. This Master Aging Plan framework 
contains eight domains of livability that influence the quality of life for older adults: 
(1) outdoor spaces and buildings (include actions to optimize usability of outdoor 
spaces and buildings); (ii) transportation (include actions to increase access to and 
awareness of affordable, safe, and equitable mobility options); (iii) housing (include 
actions to improve choice, quality, affordability, and stability of housing); (iv) social 
participation (include actions to promote diverse and accessible opportunities for 
participation and engagement); (V) respect and social inclusion (include actions 
to uphold all older adults ages 55+ years as valuable members and provide equitable 
resources for the community); (vi) civic participation and employment (include 
actions to connect older adults with resources that help them achieve their diverse 
employment and career transition goals); (vii) communication and information 
(include actions to awareness of and access to available services and supports for 
older adults and their families will increase for everyone), and (viii) community and 
health services (include actions to ensure the community has accessible and afford-
able resources to support individual health and well-being goals throughout the aging 
process). This plan builds off of the 20-year history of formal age-friendly planning 
in Orange County. This is a model for comprehensive and successful aging and 
represents a comprehensive vision for the future of several communities that intend 
to be age-friendly communities.

6. Topic 5: exercise prescription in the elderly population

6.1 Pre-exercise assessment

When people are encouraged to engage in physical activity because of its multiple 
health benefits, attempts to reduce the risks inherent in more vigorous activities 
should be considered. Screening for risk factors and/or symptoms of cardiovascular, 
pulmonary, and metabolic diseases, as well as other conditions (e.g. musculoskel-
etal conditions), may be aggravated by exercise [38]. The primary goals of pre-
participation health screening and risk stratification are to help develop an effective 
and safe exercise prescription and optimize safety during exercise assessment and 
performance.

A health screening before starting an exercise or physical activity program 
is a tiered process: (i) self-guided method via the Physical Activity Readiness 
Questionnaire (PAR-Q ) or the modified AHA/ACSM Health/Fitness Facility 
Questionnaire Preparticipation; (ii) assessment of risk factors for CVD and classifica-
tion; and (iii) medical evaluation, including physical examinations and stress tests.

All older people who wish to start a physical activity program should be assessed 
at least through a medical history or self-reported health risk questionnaire; the 
responses to these self-guided methods determine the need and level of follow-up. 
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Older adults at moderate risk with two or more cardiovascular risk factors should be 
encouraged to consult a physician before starting a program of vigorous-intensity 
physical activity. Although medical evaluation is ongoing, most individuals can begin 
light to moderate-intensity exercise programs without consulting their physician. 
Older people at high risk with symptoms or diagnosed illnesses should consult their 
physician before starting a physical activity and/or exercise program.

Routine stress tests are recommended for individuals at high risk, including those 
with a diagnosis of cardiovascular disease, symptoms suggestive of new or unstable 
cardiovascular disease, diabetes mellitus, cardiovascular risk factors, advanced 
kidney disease, and specific lung diseases.

These recommendations reduce the barriers to adopting more active lifestyles 
because most of the risks associated with exercise can be lessened by adopting a 
progressive exercise training regimen. Generally, there is a low risk of participating in 
physical activity programs.

The assessment of the functional fitness of older adults is of particular impor-
tance. First of all, it can be used to identify at-risk participants. Many independent 
older adults, often due to their sedentary lifestyles, function dangerously close to their 
maximum ability level during normal activities. Climbing stairs or getting out of a 
chair requires near maximum effort for many older individuals [30]. More than one-
third of community-dwelling older adults are at risk for mobility problems and falls 
[49]. Early identification of physical decline and appropriate interventions could help 
to prevent functional impairments, such as in walking and stair climbing, that often 
result in falls and physical frailty [30].

Second, assessing functional fitness for better program planning and evaluation 
is essential. A comprehensive functional fitness test provides specific information 
regarding a client’s physical strength and weaknesses associated with functional 
tasks and activity goals important to everyday living. This information is necessary 
to design individualized, targeted exercise, or physical activity programs for clients. 
Baseline measures repeated during the program provide critical data to track clients’ 
progress, make program adjustments, provide personalized feedback, and evaluate 
program effectiveness.

6.2 Exercise programs for the older population

There are important considerations for exercise programming in older people that 
must be considered at the beginning to maximize the effective development of an 
exercise program [38].

First, the intensity and duration of physical activity should be light at the beginning, 
particularly for older adults who are highly deconditioned, functionally limited or have 
chronic conditions that affect their ability to perform physical tasks. The intensity must 
be controlled not only by the use of a subjective effort scale but also by a pain scale. 
Respecting the pain limit is fundamental to ensure continuity in the practice of physi-
cal exercise. Second, the progression of physical activity should be individualized and 
tailored to tolerance and preference. A conservative approach may be necessary for 
older adults who are highly deconditioned or physically limited to prevent injury events.

A significant and well-documented age-related associated decline is muscular 
strength, especially after 50 yrs. [50]. This decline is directly connected with loss of 
strength due to the atrophy of muscle fibers, with a preferential incidence in type II 
fibers [51]. Practically, this supports the importance of including resistance train-
ing across the lifespan since it becomes more critical with increasing age. Strength 
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training involves using selected machines or free weights. Initial training sessions 
should be supervised and monitored by personnel sensitive to the special needs of 
older adults.

Once power training is the muscle fitness component that rapidly declines with 
aging and has been associated with a greater risk of accidental falls, older people 
benefit from this training. Some recommendations are underlined by ACSM, includ-
ing single- and multiple-joint exercises (one to three sets) using light-to-moderate 
loading (30–60% of 1-RM) for 6–10 repetitions with high velocity.

Individuals with sarcopenia, defined as a progressive and widespread skeletal 
muscle disorder involving loss of muscle mass and function, are associated with 
several adverse outcomes including falls, functional decline, frailty, and mortality 
[52]. Sarcopenia has been considered a public health problem, affecting most older 
people and making them more vulnerable to falls [53]. For this reason, it is essential to 
increase muscular strength before older people are physiologically capable of engag-
ing in aerobic training.

Another important recommendation for all older people, even if chronic condi-
tions preclude activity at the recommended minimum amount, is that older adults 
should perform physical activity as tolerated to avoid being sedentary. Older people 
should gradually exceed the recommended minimum amounts of physical activity 
and attempt continued progression if they desire to improve and/or maintain their 
functional fitness. It is an important message for older people to inform them to 
exceed the recommended minimum amounts of physical activity to improve the man-
agement of chronic diseases and health conditions for which a higher level of physical 
activity is already known to confer a therapeutic benefit, for example, diabetes, blood 
pressure, obesity, depression, and other.

Regarding older people with identified cognitive declines, moderate-intensity 
physical activity should be encouraged. In the case of significant cognitive impair-
ment, individualized assistance may require during the physical activity program.

Generically, ACSM recommends a structured physical activity session, with an 
appropriate cool-down, particularly among individuals with cardiovascular disease. 
The cool-down should include a gradual reduction of effort and intensity and, 
optimally, flexibility exercises.

It is high recommendable that the incorporation of behavioral strategies such as 
social support, self-efficacy, the ability to make healthy choices, and perceived safety 
all may enhance participation in a regular exercise program. In addition, older people 
should be provided with regular feedback, positive reinforcement, and other behav-
ioral/programmatic strategies to enhance adherence. These final recommendations 
will better contribute to a more consistent healthy aging program.
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Chapter 3

Perspective Chapter: Geriatric Care 
in Africa
Dabota Yvonne Buowari

Abstract

There are an increasing number of people that are aging. This is also common in 
Africa. Therefore, they need specialist care from various categories of health care 
workers and other professionals on geriatric medicine and gerontology. There are few 
geriatricians in Africans. This is because there are few training centres in the continents. 
Also, most of the geriatricians are trained on the other side of the continent overseas.

Keywords: Africa, geriatric medicine, gerontology, population, aging

1. Introduction

As human beings are born, the aging process begins. There are many phases of life 
from being a neonate, infant toddler, adolescent, teenager, young adult, youth and 
then old age. As people age, there are challenges and problems associated with aging 
including health. The health needs of the elderly need to be cared for by medical 
doctors specially trained to care for the elderly persons who require special commu-
nication skills. Old age is a period in the lives of the elderly for rest after a long life of 
activity and service [1]. In some communities and societies, socio-cultural referents 
are used to define old age such as family status if the person has become a grandpar-
ent, physical appearances such as the appearance of gray hair and wrinkles [2].

Geriatric medicine is still a new medical specialty in most parts of the world; like 
any other career choice, there are still gaps in the knowledge, awareness and uptake 
as a profession [3, 4]. The elderly face a lot of challenges [5] physically, medically, 
socially, economically and otherwise. Geriatric medicine differs from typical adult 
medicine because it focuses specifically on the unique needs and health challenges of 
older adult [6]. There is generally a paucity of specialized healthcare services for the 
elderly in Africa, some of the reasons may be lack of training in most African coun-
tries, unawareness of the peculiar needs of the elderly and lack of human and material 
resources [7]. Geriatric medicine is important because most doctors deal with elderly 
patients no matter their specialty [8, 9].

Globally, the population is aging. It is therefore necessary that aged persons are 
healthy and physically active [10]. This longevity is due to several factors such as 
good sanitation, access to good healthcare, more people are getting educated, healthy 
eating and access to funds to provide the necessities of life. Some persons may become 
less physically active when they age. However, there is a connection between being 
less physically active and becoming frail [11]. Aging takes place throughout the 
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lifetime, as it creates an opportunity to improve and preserve the physical, health, 
mental well-being and improve the quality of life. The aging of the population leads 
to various challenges, which may be economic and social. Also, the health of the 
person getting older may be affected as the elderly is predisposed to certain illnesses. 
Governments globally need to set up the right policies that will address the challenges 
faced by the aged [11]. Some senior citizens are discriminated against in their com-
munities in Africa especially if they are women and childless. Other social challenges 
senior citizens encounter in Africa are social isolation, elder abuse, neglect and 
abandonment. This is common because nursing homes and long-term care facilities 
are not common in Africa. Even in communities where they are available, they are 
underutilized. Geriatric care cannot be complete without the provision of long-term 
care facilities [12]. The populace needs to be educated and enlightened on the need for 
long-term care [12]. This is because the long-term care will provide relief for family 
members who have elderly persons that are frail or cannot carry out the activities 
of daily living by themselves or need assistance. Elderly persons in Africa generally 
encounter several difficulties in which their health, well-being and mental state are 
affected [13]. This is due to health system inadequacies and lack of care for older 
persons and unavailable long-term care facilities for older persons. Older persons in 
Africa are well respected [14]. Older women perform other roles in Africa especially 
carrying for their grandchildren especially if the mother of their grandchildren has 
passed away [14]. They are employed as babysitters and nannies. Sometimes they 
travel overseas to care for their grandchildren so that their children can go to work 
and not pay for child care.

As times are changing, many young people are getting formal employment, there 
will be an increased demand for long-term care facilities inform of nursing homes to 
care for the elderly [12]. This will help the elderly to maintain good health and access 
social support. Though, even the available nursing homes in some African communi-
ties are underutilized. This is due to several factors, people are not aware of their 
existence, beliefs and myths about nursing homes and discrimination and humilia-
tion of people who take their elderly ones to nursing homes [15]. Some of the nursing 
homes in Africa are managed by religious organizations. In Africa, elders are cared for 
by their offspring, grandchildren and extended family members [12, 14].

2. Population aging

Population aging is a worldwide phenomenon with economic and social conse-
quences, and it follows a decline in both birth and death rates [5, 16–20]. Globally, 
there is an increase in the number of elderly persons who will require geriatric care 
[5, 8, 17, 18, 21–30]. They make up a large number of the population in every country. 
This worldwide increase in the number of aged persons will increase the importance 
of the geriatric medicine specialty [26]. This is because old age comes with certain 
challenges, and chronic illnesses will become a major global public health challenge 
[19]. The increase in longevity is linked to the reduction in the death rate due to 
improved health systems and interventions [18, 28, 31].

Globally in 2017, the number of persons aged 60 years and above was 962 million, 
and this figure is expected to double by 2015 [2, 18, 20]. Population aging will have 
an impact on healthcare delivery both positively and negatively as there will be a shift 
from acute to chronic diseases associated with old age and the likelihood of a shortage 
of healthcare workers specially trained to look after the aged [19, 32, 33]. Like any 
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other group of individuals in society, the aged require constant interaction with 
people around them [5]. Generally, in most societies and cultures including Africa, it 
is expected that older people are relieved from normal labour and allowed rest from 
active economic activities [1]. The aging population is of great concern for the health 
sector as health challenges are common among the elderly [17, 34] with different pat-
terns of presentation which therefore requires special medical skills [8, 35].

3. Demography of elderly persons in Africa

It is not news that there are older persons in Africa. Worldwide, it is estimated in 
2019 that there were 1 billion persons who are 60 years and above [36]. However it is 
estimated that this number will rise to 2 billion by 2050, there is also speculation that 
there shall also be an increase in the number of people that will live up to 80 years 
and beyond [37]. The number of older persons is increasing dramatically, especially 
in countries that are still developing. Most of which are African countries [38]. It is 
estimated by the United Nations that by the year 2045, there will be more people that 
will be over the age of 65 years which will outnumber the number of persons that will 
be below 15 years [38]. Older persons in recent times consist of a significantly larger 
population. In Africa, it was estimated in 2009 that 53.8 million individuals are aged 
60 years and above [38]. Generally, few persons are trained in geriatric medicine and 
gerontology to care for the aging population in Africa.

4. Who is an elder?

The elderly are also known as senior citizens, the aged, older persons and elder 
statesmen. There is no precise and accurate definition of who is an elder [39] as there 
are different definitions for the elderly by several international organizations, and 
it varies from society to society [40]. The United Nations agreed that the cut-off 
age for an older person is someone who is 60 years and above [1, 2, 41], while the 
World Health Organization defines an elder to be 65 years and above [42, 43]. Most 
developed countries have accepted the chronological age of 65 years as a definition of 
elderly individuals [5, 42, 44]. In some countries, the definition of old age is linked 
to the age of retirement from the government civil service [5, 21]. For instance, the 
cut-off age for elderly persons in Nigeria is 60 years as this is the age for retirement 
from the Nigerian federal and state civil service. Though with the various definitions 
of old age or who is an elder, there is no general agreement on the age when a person 
becomes old [5].

5. Aging in Africa

Older persons play important roles in African societies as the African cultural 
systems give them high status [45]. They preserve cultural values, transmit knowledge 
and skills, dissolve conflicts and disagreements and also educate the young [2, 46]. 
The typical older adult in developing countries lives in poverty [7]. In some African 
countries, the kin of elderly people accuse them of witchcraft that they are the cause 
of misfortunes in the family [29]. This is worst for elderly women who do not have any 
living child; sometimes these older women are ostracized, tortured or even killed [29].
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Over half of persons aged 60 years and above in Africa resided with a child 
either their biological children or grandchild [23] as the family and friends care 
for older persons [46]. Older persons in most African societies are accorded much 
respect [46]. Sometimes older persons are not called directly by their names. They 
are called mama, for women and papa or baba for men depending on the country. 
They are addressed as mothers or fathers irrespective of whether they have chil-
dren or not. In Nigeria, there are different tribes and each tribe has a prefix added 
to the name of an older person. Among the Ibani people of Grand Bonny Kingdom 
and Opobo in Rivers State, Nigeria, the prefix ‘Ada’ is used for older men and ‘Aya’ 
for older women. Among the Igbo tribe of Eastern Nigeria, the prefix ‘Dede’ is 
used for older men and ‘Dada’ for older women. Baba is the prefix used for older 
men among the Yoruba people of Western Nigeria. It is an insult and also seen as a 
sign of disrespect in most African countries to address an older person directly by 
their names. The respect of older persons is also seen in several cultures including 
greeting and acknowledging them. For instance, among the Ibani tribe of southern 
Nigeria, a man must remove his hat when greeting an elder especially if the older is 
a man. Among the Yoruba, an older person is greeted by a female kneeling down or 
a male prostrating on the ground. This shows that Africans hold the older person 
in high esteem and these traditions have been passed down from generation to 
generation.

In Africa, the chronological definition of the older person sometimes causes some 
problems as due to illiteracy, most dates of birth are not recorded [5, 40]. Sometimes 
historic events are used to estimate the age. In some African countries, aging is associ-
ated with retirement and the receipt of pension [1]. Though not all African older 
persons have been involved in formal work, older persons in Africa are involved in 
transmitting oral, culture and traditions from one generation to another [2]. In Africa 
and other countries, senior citizens may be perceived as burdens due to their disabil-
ity or dependence [21].

The elderly also known as older persons or senior citizens are persons aged 
60 years and over [47]. Some others define the elderly as persons aged 65 years and 
above. In Nigeria, 60 years is used as this is the age of retirement from the Nigerian 
government civil service. Few other professionals in Africa retire above the age of 60 
such as judges and lecturers.

Elderly persons are well respected as they are believed to be full of wisdom. 
During family and community conflicts, they are made head of locally constituted 
panels to deliberate on issues that range from marriage disputes, sibling rivalry and 
land disputes. Their verdicts are respected and taken as the final even if the decision 
is not reasonable. Most elderly persons in Africa do not have any form of pension or 
retirement benefits. They are cared for by their family members who are their biologi-
cal children, nephews and nieces, community members and sometimes members of 
religious organizations. Therefore, they need social support as this will in turn affect 
their health and psychological well-being, mental health, quality of life, indepen-
dence, interpersonal relationship and personality [48]. This is because social support 
will reduce boredom and loneliness. There will also be a reduction in elder abuse, 
neglect and mental health problems such as anxiety and depression.

In sub-Saharan Africa, most elderly women are not unemployed, therefore, they 
do not benefit from any form of social security, and hence, they are vulnerable [13]. 
Older persons in Africa are sometimes accused as the cause of misfortunes that 
happens or is experienced by their siblings and sibling children, especially if the older 
person is a woman and childless.
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Older persons tend to retire to their rural areas and villages when they retire 
from formal employment. Social amenities of life are absent in most African villages 
such as electricity, good pipe bore water and in recent times the internet and mobile 
telecommunication services. They do not have access to healthcare when they retire to 
the village as most of the healthcare facilities in Africa are located in urban areas and 
cities. The elderly are sometimes termed as witches and wizards that possess spiritual 
powers to inflict evil on whomsoever they want.

6. Education and training in geriatric medicine in Africa

Doctors who are specialists in geriatric medicine are known as geriatricians. There 
are few hospitals in Africa that provide special care for the elderly with a unit division 
or department of geriatric medicine. Such units are manned by doctors who have 
either trained abroad either in Europe or the United States of America in geriatric 
medicine or generalist either internal medicine physicians or family doctors with 
interest in caring for the elderly. There is a dilemma in Africa if generalists with an 
interest in caring for the elderly should be referred to as geriatricians.

Globally, there are few geriatricians. In a study among medical graduates to find 
out those interested in geriatrics in medical schools in the United Kingdom, only 0.9% 
(0.4% males, 1.3% females) after 1 year of qualification and 1.5% (1.2% males, 1.9%) 
females after 5 years were interested in becoming geriatricians [26].

Geriatrics is not relatively popular among medical students [9], especially in 
Africa where most medical students are not even exposed to geriatric medicine in 
medical school. In another study in South Africa, only 6.6% wanted to specialize  
in geriatric medicine [16].

Geriatric medicine is a relatively new medical subspecialty in most parts of the 
world including Africa [16, 49]. It is complex to train as a geriatrician [50]. Unlike 
many other physicians who have a high proportion of older patients in their practice, 
geriatricians place a high premium on improving the function of their patients and 
not just treating the disease [51]. Globally, there are several models of specialty train-
ing to become a geriatrician [6]. Some doctors enrol in residency training in geriatric 
medicine. Another career pathway is to complete the residency in either internal 
medicine or family medicine depending on what is obtainable in the country and 
then train in a 1 year clinical fellowship [6]. Another career pathway is to complete 
a postgraduate degree that is Diploma, Masters or Doctor of Philosophy (PhD) in 
geriatric medicine [6]. Another pathway which is that some African doctors have 
done is to write the diploma in geriatric medicine examination of the Royal College 
of Physicians of London. In Canada, only candidates certified by the Royal College of 
Physicians and Surgeons of Canada in internal medicine may be eligible for certifica-
tion in geriatric medicine [52].

In most countries, geriatric medicine is hardly included in undergraduate training 
[16]. This may be due to the lack of geriatricians. Specialization in geriatric medicine 
has traditionally been within internal medicine but a trend in some countries is for 
geriatricians to be trained within family medicine [16]. Medical training should 
embrace a multidisciplinary perspective team with particular attention given to the 
special care needs of the elderly persons reflecting the fact that they include medi-
cal conditions unique to this age group [30]. Development of geriatric care should 
be enhanced in undergraduate and also at postgraduate levels of training [26]. A 
Diploma in Geriatric Medicine is awarded by the Royal College of Physicians of 
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London. The examination is designed to give recognition of competence in the provi-
sion of care of older people to general practitioners, trainees, middle-grade doctors 
working in non-consultant career posts in departments of geriatric medicine and 
other doctors with interest in or responsible for the care of older people [53]. Some 
Africans have passed this examination.

7. Geriatric care in Africa

Formalized care for the elderly is not adequate and well developed in Africa. 
There are few geriatricians in Africa including few training centres dedicated to the 
training for geriatric medicine. However, there are few training centres in African 
countries such as South Africa. In Nigeria, the training in geriatric medicine is still 
new and only a few hospitals are accredited by the West African College of Surgeons 
for the training of geriatricians in Africa. This is done after success in the junior 
residency emanations. Most geriatricians working in Africa have been trained over-
seas. In developed countries, some other doctors who have an interest in the care of 
the elderly but do not have the opportunity to have specialist training in geriatric 
medicine have attended refresher courses in geriatric medicine. There are family 
doctors and physicians who have gained their experience in geriatric medicine by 
interest in the specialty and devoting their time and energy to caring for the elderly. 
Most African societies are becoming urbanized, and this is affecting the care of older 
persons making them vulnerable, dissolution of the structure of the family and lack 
of access to good healthcare [13]. Even with experience in caring for older persons, 
their knowledge will be limited because they do not have any specialists training in 
geriatric medicine [38].

In a study conducted by Dotchin et al., on the services and training in geriatric 
medicine in Africa, in most African communities, there are limited specialist health-
care services for older persons [38]. Several medical specialties are encompassed in 
geriatric medicine such as family medicine, internal medicine, emergency medicine, 
surgery and dermatology. Geriatric medicine as a specialty is not taught in medical 
schools [38]. Governments in developing countries have an important role in the 
provision of healthcare for elder persons [12]. The governments need to enact policies 
and laws that will protect the vulnerability of senior citizens. Care of the elder citizens 
is not of importance to the policymakers in most African countries.

There are few geriatric centres or units in Africa. This may be because there are 
few training centres for geriatric medicine in Africa. In Nigeria, for instance, as at the 
time of writing this book, there is the Tony Anenih Geriatric Centre at the University 
College Hospital, Ibadan; Care of Elderly Person’s Unit (CEPU) at the University of 
Port Harcourt Teaching Hospital and the Geriatric Unit at the University of Benin 
Teaching Hospital, Benin City, Edo State. The Geriatric Unit of the University of 
Benin Teaching Hospital was created in October; 2013 [7]. Other Nigerian hospitals 
have a special clinic for older persons but are not organized by the hospital manage-
ment as a geriatric unit or department. In the face of limited resources, it is possible 
to establish a functional geriatric unit and achieve best practices in resource-limited 
settings by investing in improving available human resources and infrastructure [7].

In Nigeria, there is no organized training for geriatric medicine but doctors with 
an interest in caring for the elderly practice geriatric medicine and care for the health 
needs of the elderly. This includes family doctors and physicians. Anesthetists with an 
interest in geriatric medicine practise geriatric anesthesia. Few Nigerian doctors have 
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trained to be geriatricians in the United Kingdom and the United States of America 
or have passed the diploma in geriatric medicine examination of the Royal College of 
Physicians. In March 2016, the University College Hospital, Ibadan, Nigeria, orga-
nized a 2 week certificate course on geriatric medicine to train family doctors and 
physicians in geriatric medicine. This introductory training to geriatric medicine has 
been done for some years after the maiden one.

Nursing homes are long-term care facilities for vulnerable groups of people for 
example children, motherless babies, the disabled, mentally retarded and the elderly. 
These are not common in Nigeria as most Nigerian nursing homes are established 
and managed by religious organizations and/or non-governmental organizations. 
Institutional homes for the elderly have their problems, therefore the residents need 
medical care. In Africa, due to the culture of the people, the elderly resist being kept 
in a home either as daycare or for long-term care instead they are to be taken care 
of by their children or other relatives [54]. This is also applicable to Nigeria as the 
Nigerian elderly are still cared for by their families [55]. One of the reasons why in 
countries such as Nigeria, the elderly person will not be kept in a long-term home is 
the belief that the elderly will place a curse on whoever brings the idea and support 
any placement in the long-term care facility or children or other family members [55].

Sometimes, some of the residents of the nursing homes are abandoned and 
neglected by their relatives. In this modern day, where young people both men and 
women have to be involved in circular work or businesses that keep them away from 
home, specialized long-term institutions are necessary to care for the vulnerable 
groups of people in the society including the elderly.

8. Conclusions

There are a rising number of people getting older and living up to 60 years and 
above. This group of people in Africa is faced with several challenges, and they are 
prone to vulnerability. They are faced with health and social problems. This is worst 
for women who are single as they are sometimes ostracized and even called witches. 
There are few geriatricians in Africa; however, most countries are developing strate-
gies for various forms of training in geriatric medicine such as postgraduate courses, 
fellowship, refresher courses and workshops. There is need for more research on the 
elderly in Africa. The different states in the African continent should enact policies 
and laws to protect senior citizens in Africa.
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Chapter 4

Does Physical Activity Mediate 
the Effect of Loneliness on 
Inflammatory and Metabolic 
Processes?
Sharon Shiovitz-Ezra, Ohad Parag and Howard Litwin

Abstract

The study to be presented in the chapter explores one potential behavioral 
mechanism by which loneliness affects inflammatory and metabolic processes in old 
age. Specifically, it addresses whether physical activity mediates the loneliness—
inflammatory/metabolic dysregulation association. Multivariate linear regressions 
were applied to data derived from the Health and Retirement Study (HRS). The 
findings revealed that loneliness was prospectively associated with elevated values of 
log C-reactive protein (log-CRP) and with amplified levels of Glycated hemoglobin 
(HbA1c), Cystatin C (CysC), and Body Mass Index (BMI), after controlling for 
socio-demographics. Second, physical activity mediated the association between 
loneliness with prospective values of log-CRP and also mediated associations 
between loneliness and prospective levels of metabolic biomarkers. These findings 
affirm the contribution (i.e., the mediation), of physical activity to the associa-
tions between loneliness and immune and metabolic processes and provide insights 
concerning the mechanism by which this social—biological connection operates.

Keywords: bio-markers, inflammation, metabolic dysregulation, HRS, physical 
activity, metabolic processes

1. Introduction

A sense of loneliness is a subjective marker for deficits in one’s social relationships 
conceptualized as the discrepancy between the self-perceived extent of contact and 
support desired and the actual level of contact and support received [1]. This dispar-
ity leads to a cascade of behavioral, neural, hormonal, cellular, and molecular changes 
in the short-term [2]. In the longer-term, loneliness has been shown to negatively 
affect health and diminish longevity, especially among older adults [3, 4].

Because of the advancement of the study of the association that exists between 
loneliness and health in old age, interest has been fostered in better understand-
ing the possible biological basis of this relationship. This is especially the case in 
industrialized countries where population aging is dramatically increasing and, 
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correspondingly, the costs of dealing with poor health in old age are escalating [5]. 
Chronic inflammation is one of the postulated bio-physiological pathways through 
which loneliness may exacerbate the poor health of many older adults. Findings 
show, for example, that inflammatory responses that lead to prolonged and systemic 
immune responses, such as a rise in C-reactive protein (CRP) levels, are correlated 
with feelings of loneliness [6], while these same inflammatory responses also predict 
cardiovascular diseases [7] and higher mortality [8].

Another possible explanation for the association between loneliness and health 
in late life is that metabolic dysregulation serves as a trajectory in which different 
aspects of social disconnectedness, especially loneliness, are associated with the 
health condition. Studies underscore that loneliness predicts metabolic dysregula-
tion as indicated by high systolic blood pressure and age-related differences in 
metabolic functioning [9], on the one hand, and that metabolic processes are linked 
to one’s health state, on the other hand. An example of the latter case is that levels 
of Glycated hemoglobin (Hba1c), a glucose concentration measure, serve as criteria 
for diabetes diagnosis [10]. In addition, Body Mass Index (BMI), a measure to 
assess obesity, as well as Cystatin C, (CysC), a biomarker of kidney function, both 
prospectively predict cardiovascular events and all-cause mortality among older 
adults [11, 12]. Recently, loneliness was found to be associated with a change for the 
worse in several metabolic bio-markers. Specifically, lonely older adults had 39–71% 
higher odds of developing prospective risk levels in HbA1c, BMI, and metabolic 
burden [13].

The mechanism through which loneliness is related to inflammatory and metabolic 
markers, respectively, is yet to be elucidated. Hawkley and Cacioppo [14] outlined 
several potential mechanisms by which loneliness affects health including compro-
mising health behaviors. They argued that the lonely individual perceives the social 
world as threatening and that this perspective weakens his or her self-regulation, thus 
creating patterns of health-compromising behaviors such as physical inactivity, which 
cause a deterioration of health [14–16]. This hypothesis was supported by Segrin & 
Passalacqua [17] who found that exercise mediated the association of loneliness with 
self-rated health. More recently another cross-sectional study carried out in Denmark 
found that physical inactivity mediated the relationship between loneliness and 
adverse health condition such as cardiovascular disease [18].

However, to the best of our knowledge, the role of physical activity as a signifi-
cant agent in the prospective association between loneliness and inflammatory and 
metabolic biomarkers has not yet been fully tested within the same study. Studies 
substantiated the relationship between loneliness and engagement in physical activ-
ity, with loneliness found to be associated with transitioning from physically active 
status to sedentary status [19], on one hand. Studies report a positive association 
between physical activity and improvement in inflammatory and metabolic regula-
tion, as manifested by a more substantial reduction in CRP levels [20] and by higher 
HbA1c declines [21], on the other hand.

Consequently, the aim of the current inquiry is to address the dynamics of this 
assumed relationship systematically. Toward this end, we examine whether physical 
activity mediates the postulated association between loneliness and two key biologi-
cal processes among older adults, looking specifically at its effect in relation to both 
inflammation and metabolic deficits. The focus on older adults in the current study 
is warranted insofar as research has validated that older people face loneliness more 
frequently [22]. They are also more prone to immune and metabolic defectiveness 
than are younger adults [23, 24]. Moreover, social-physiological interconnections have 
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more prominent effects on older age cohorts [9]. The spotlight on the older age strata 
is also crucial in that previous studies have revealed that loneliness accelerates physi-
ological aging [16].

2. Materials and methods

2.1 Data

The data for the analysis were drawn from the Health and Retirement Study 
(HRS), a nationally representative, a biennial longitudinal survey sponsored by the 
National Institute on Aging and the Social Security Administration, and run by the 
Survey Research Center at the University of Michigan’s Institute for Social Research. 
The HRS gathers a wide range of economic, social, and health data on older adults 
[25]. The Institutional Review Board of the University of Michigan granted ethical 
approval [26]. The loneliness data and all of the social-demographic variables for 
the present inquiry were retrieved from Wave 7 (2006) of the HRS. Information on 
the frequency of physical activity was taken from Wave 8 (2008). The blood-based 
inflammatory and metabolic markers, which served as the outcome measures in the 
current analysis were collected in Wave 9 (2010) of the survey (The HRS collects bio-
measures from a portion of the respondents at each Wave, on a rotation basis, and not 
from the entire sample [27]). The BMI scores, another metabolic outcome, were also 
taken from the Wave 9 data.

We limited the analytic sample to respondents aged 60 and above who had valid data 
regarding social-demographic background, loneliness, frequency of physical activity, 
and at least one inflammatory or metabolic bio-marker from Wave 9. The resultant 
analytic sample thus numbered some 3,735 respondents. This number varied slightly 
across the respective multivariate analyses, as has been similarly reported in related 
studies [28]. Descriptive statistics of the respondents in the current study are reported in 
Table 1.

Wave 7 Wave 9

Women 58.4%

Age, mean (SD) 71.1 (7.2)

White 84.3%

Married 66.9%

>12 years of education 25.7%

Currently working 14.3%

Depressed 10.7%

Loneliness, mean (SE) 4.3 (0.03)

Moderate physical activity, at least once a week (wave 8) 54.1%

Log-CRP, mg/dL, mean (SE) 0.16 (0.01)

Hba1c, %, mean (SE) 5.87 (0.02)

BMI, kg/m2, mean (SE) 29.77 (0.11)

CysC, mean (SE) 1.22 (0.01)

Table 1. 
Demographics, loneliness scores, frequency of physical activity, and bio- markers values of the sample.
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2.2 Variables

2.2.1 Predictor

Loneliness was evaluated by the abbreviated 3-item form of the R-UCLA 
Loneliness Scale, a widely used questionnaire that was developed for use in large-scale 
surveys and was proven to be valid and reliable [29]. Participants were asked on a 
3-point scale, ranging from 1 (hardly ever) to 3 (often), how often they felt a sense of 
(1) being left out, (2) lack of companionship, and (3) isolation. The three items were 
summed to create a scale score ranging from 3 to 9, with higher scores representing a 
greater extent of loneliness. As can be seen in Table 1, the average loneliness score was 
M = 4.3, with SE = 0.03.

2.2.2 Outcomes—Bio-measures

The bio-measures (except for BMI) were produced through the collection of 
Dried Blood Spot (DBS) samples, a minimally invasive and highly valid method 
[30]. Inflammatory processes were marked by values of CRP, subsequently log-trans-
formed due to skewed distributions, as has been done previously [31]. Respondents 
with CRP levels >10 mg/L were excluded from the current CRP analyses because 
we were interested in low-grade inflammation, also in accordance with Yang et al. 
[31]. Metabolic processes were represented by levels of –Hba1c, [10] and Cystatin C 
(CysC, [32]), as well as by BMI (weight/height2) [33].

2.2.3 Mediator

Respondents were asked about the frequency of moderate physical activity that 
they carry out in their daily life (“How often do you take part in sports or activities 
that are moderately energetic such as gardening, cleaning the car, walking at a moder-
ate pace”). Vigorous physical activity (“How often do you take part in sports or activi-
ties that are vigorous, such as running or jogging, swimming, cycling, aerobics or gym 
workout, tennis, or digging with a spade or shove”) was also explored for sensitivity 
analysis. Responses for both types of activities (moderate/vigorous) ranged in the 
current analysis from 1 (“hardly ever or never”) to 5 (“every day”).

2.2.4 Covariates

Variables that have been shown in other analyses to be relevant to the association 
that exists between social network relationships and levels of inflammatory and 
metabolic bio-measures among middle-aged and older adults served as covariates 
in the current inquiry [6, 31, 34]. Specifically, the regressions were adjusted by 
gender (men, women), age (60–96), ethnic affiliation (White, Black, or Hispanic), 
marital status (married, not married), the extent of formal education (up to and 
including a high-school diploma/GED, more than a high-school diploma/GED), 
employment status (working/not working) and depression (Yes/ No). Covariates 
were gathered in Wave 7, aside from depression, which was measured at Wave 8, due 
to low response rate on this question at Wave 7. The reference categories were men, 
white, not married, up to and including a high-school diploma/GED, currently not 
working and not depressed.
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2.3 Data analysis

Multiple multivariate linear procedures were employed. The main effect of loneli-
ness on the four bio-markers was analyzed separately for each of the biomarkers: log 
CRP, Hba1c, BMI, and CysC, after adjusting for the sundry controls (gender, age, ethnic 
pertaining, education, marital status, employment status, and depression status). The Ns 
for the respective analyses were: log-CRP (n = 3127), Hba1c (n = 3402), BMI (n = 3538), 
CysC (n = 3362). The STATA software program 15.0 was used in this stage of the study.

In the second phase of the analysis, physical activity was added to the regressions 
as a mediator. However, this potential mediation effect was explored only when the 
main effect of loneliness was significant in phase 1. The second phase was carried 
out using the PROCESS macro in the SPSS statistical program. The SPSS analytic 
software was preferred here because it computes the direct and indirect effects in 
multiple mediator models, by calculating the product of coefficients [35]. Finally, the 
significance of the mediation was tested by means of bootstrapping, a nonparametric 
technique that does not require a-priori assumptions about the data distribution [36]. 
This method empirically estimates the sampling distribution by repeatedly resam-
pling the data. When the confidence interval of 95 percent, which is based upon 1000 
bootstrap samples, excludes zero, the mediation effect is significant [37].

3. Results

3.1 Phase 1: main effects

The Prediction model results showed that being lonely at Wave 7 was associated  
with having higher log-CRP levels (β = 0.06, p < 0.01), higher Hba1c levels 
(β = 0.05, p < 0.01), higher BMI scores (β = 0.06, p < 0.01) and higher CysC values 
(β = 0.05, p < 0.01) at Wave 9, after adjusting for gender, age, ethnic pertaining, 
education, marital status, employment status and depression status.

3.2 Phase 2: mediation effect

The Prediction models in Figures 1–4, depict the associations of loneliness 
with prospective levels of log-CRP, Hba1c, BMI, and CysC with physical activity 
as a potential mediator. We elaborate here on the association between loneliness 
with prospective levels of log-CRP (Figure 1) since all other associations present a 
similar pattern of results. As demonstrated in Figure 1, higher levels of loneliness 
were significantly associated with increased prospective values of log-CRP (path c). 
However, the beta coefficient for the effect of loneliness on the frequency of physi-
cal activity (path a) and the beta coefficient for the effect of frequency of physical 
activity on levels of log-CRP (path b), were both significant. Also, the direct effect of 
loneliness in the presence of the mediator (path c’) was weaker than the total effect of 
loneliness (path c). This highlights a feasible indirect effect of loneliness through the 
frequency of physical activity [38]. In other words, greater loneliness decreased the 
frequency of subsequent physical exercise (β = −0.14) and this reduction in physical 
activity elevated the prospective levels of log-CRP (β = −0.11). When the mediator 
was used, the direct effect between loneliness and Log-CRP levels was still significant 
but weaker, which suggests partial mediation.
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To test whether the mediation effect was significant we applied a bootstrap 
method. As may be seen in Figure 1, the association between loneliness with prospec-
tive levels of log-CRP was partially mediated because path c’ was still significant. The 
confidence interval of 95 percent, which was based upon 1000 bootstrap samples, 
was between 0.01 and 0.02, thus indicating mediation [37]. As already mentioned, 

Figure 2. 
The mediation effect of physical activity upon the association of loneliness with prospective Hba1c levels. Adjusted 
by all variables in the Prediction model. Based upon 1000 bootstrap samples.

Figure 3. 
The mediation effect of physical activity upon the association of loneliness with prospective BMI levels. Adjusted 
by all variables in the prediction model. Based upon 1000 bootstrap samples.

Figure 1. 
The mediation effect of physical activity upon the association of loneliness with prospective log-CRP levels. 
Adjusted by all variables in the Prediction model. Based upon 1000 bootstrap samples.
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similar results emerged in all the other relevant associations that were found to be 
significant in the first phase (i.e, between loneliness and the prospective concentra-
tions of metabolic biomarkers (Figures 2–4).

Dividing the (standardized) indirect effect by the (standardized) total effect 
[39] showed that the indirect path of physical activity accounted for 25 percent of 
the association of loneliness with prospective values of log-CRP, 14 percent of the 
association with Hba1c, 32 percent of the association with BMI, and 36 percent 
of the association with CysC (not shown in the Figures). Sensitivity analysis of 
engagement in more vigorous physical activity showed very similar results  
(not shown).

4. Discussion

This study examined whether physical activity mediates the effect of loneliness 
on inflammatory and metabolic processes among older Americans. We found, in 
the first phase of the study, that loneliness was, indeed, associated with increased 
levels of inflammation, measured 4 years later, as reflected by heightened values of 
(log) CRP [6]. Similarly, loneliness was associated with subsequent low metabolic 
regulation, also measured 4 years later, as manifested by elevated concentrations in 
all three of the metabolic measures that were examined: BMI, Hba1c, and CysC. These 
measures encompass several different aspects of metabolic processes, such as glucose 
concentration, kidney function, and CVD profiling, thus emphasizing the effect of 
loneliness on metabolic process as a whole [10, 33].

As noted, the primary focus of the current study was to consider whether physical 
activity mediates the loneliness—biomarker associations that emerged in the initial 
phase of the analysis. The findings show that the association of loneliness with the 
inflammatory marker log-CRP was partially mediated by the physical activity indi-
rect pathway, which accounted for a quarter of the total effect. In addition, all of the 
significant associations between loneliness and prospective metabolic bio-markers 
were either partially or entirely mediated by physical activity. Of particular note is that 
this indirect effect was not at all minor, as it accounted for a substantial portion of the 
associations between loneliness and prospective BMI and CysC levels, with about a third 
of these associations being attributed to it. To the best of our knowledge, these findings 
are the first to affirm the contribution (i.e., the mediation), of physical activity to the 

Figure 4. 
The mediation effect of physical activity upon the association of loneliness with prospective CysC levels. Adjusted 
by all variables in the prediction model. Based upon 1000 bootstrap samples.
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associations between loneliness and immune and metabolic processes and to provide 
insights concerning the mechanism by which this social—biological connection operates.

The results of this study have important implications insofar as they suggest the 
deleterious effects of loneliness upon inflammatory and metabolic processes in later life, 
which have been reported in prior studies [6, 7, 9], can be mediated by physical activity. 
Our analyses showed that this might indeed occur due to engagement in any level of 
physical activity, whether moderate or vigorous. This implies that even moderate physi-
cal activity serves as a mechanism by which loneliness affects health in old age.

One potential limitation should be taken into account when interpreting the 
results of our analysis. We do not control whether the loneliness scores that were 
taken as the baseline indicator in the current analysis (Wave 7 of the HRS) represent 
transient or chronic loneliness. These two types of loneliness are conceptually differ-
ent. Whereas transient loneliness may motivate individuals to reconnect with other 
individuals, loneliness that is accrued over time increases withdrawal [15]. This is 
a minor shortcoming; however, insofar as most older people have stable loneliness 
ratings over time [40].

In conclusion, this study identifies an important psycho-physiological mechanism 
that may be present among older adults. It documents that physical activity mediates 
the effect of loneliness on inflammatory and metabolic processes in a representative 
national sample of older Americans. Reduced engagement in physical activities in 
later life explains to some degree the deleterious health effects of loneliness.
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Abstract

Social isolation and loneliness are critical social drivers of health and need to be 
recognized as such. Safety efforts due to the COVID-19 pandemic have increased 
social isolation, highlighted the digital divide for older adults and rural communi-
ties, and have exacerbated related health concerns especially among older adults. 
Opportunities for increasing social connectedness of older adults and others who are 
isolated must be prioritized to decrease the impact of social isolation and loneliness 
on mental and physical health. Recommendations for policies, programs, and other 
actions addressing social isolation as a determinant of healthy aging by supporting 
community and individual social connectedness are highlighted using case examples 
from the western region of North Carolina. The purpose of this chapter is to urge 
policy makers and health professionals to prioritize policies, programs, and support 
for social connectedness as an antidote to turn the tide on the widespread impact of 
social isolation on the health of older adults.

Keywords: social isolation, loneliness, social distancing, social connection, older adults

1. Introduction

Although definitions vary, loneliness is most often described as a subjective term 
referring to the discrepancy between the quantity and quality of relationships that 
one has and what they desire. Social isolation, a more objective measure, has been 
alternatively defined as the “state of having few social relationships or infrequent 
social contact with others” or the “pervasive lack of social contact or communication, 
participation in social activities or having a confidant” among others [1, 2].

A growing body of evidence indicates that social isolation and loneliness are 
impacting health and health outcomes around the world. Two international literature 



Geriatric Medicine and Healthy Aging

52

reviews recently completed in the United Kingdom and in Finland included findings 
from studies in 23 countries across five continents. The Centre of Excellence for Public 
Health at Queen’s University in Northern Ireland reviewed social isolation interven-
tions in 33 studies conducted in 21 countries, and concluded that tailored approaches 
are needed to address loneliness and social isolation [3]. Tampere University in Finland 
reviewed 23 studies conducted in 13 countries and found that technological approaches 
are useful for assessing loneliness and social isolation among older adults and for alle-
viating loneliness safely without risk of infection transmission due to in person contact 
[4]. Both reviews found that the amount of research from the international scientific 
community on this topic has increased significantly during the past decade [3, 4].

Social isolation prevalence varies worldwide, but reports indicate rates as high as 
a third of older adults aged 65+ in some countries. Rates in European countries range 
from 19.6–34% and in Latin America from 25.3% to 32.4% [5]. A National Academy of 
Medicine (NAM) Consensus Study (2020) reported a 24% rate of social isolation in the 
U.S., while prevalence rates in Australia and India were lower at 19% and 18.3%, respec-
tively [6]. The association between social isolation and loneliness is complex. Rates of 
loneliness are lower than rates of social isolation in some countries but exceed them in 
others. The NAM study (“Social Isolation and Loneliness in Older Adults: Opportunities 
for the Health Care System”) reported that 43% of adults aged 60+ in the U.S. report 
feeling lonely, while rates in Europe are much lower and range from 3–10% [7, 8].

The NAM report also noted that social isolation is associated with a 50% increased 
risk of dementia, 29% increased risk of heart disease and 32% increased risk of stroke, 
and others have found that social isolation presents a substantial risk for increased mor-
bidity, premature mortality and dysregulation of health biomarkers (blood pressure, 
C-reactive protein and cortisol levels) comparable to the risk associated with obesity, 
hypertension or daily tobacco use and is also associated with mental health morbidi-
ties such as depression, anxiety and dementia [9–11]. Loneliness is “characterized by 
impairments in attention, cognition, affect, and behavior that take a toll on morbidity 
and mortality through their impact on genetic, neural and hormonal mechanisms” [10]. 
It is associated with higher rates of depression, anxiety and suicide and, among heart 
failure patients, is associated with a nearly 4-fold increased risk of death, 68% increased 
risk of hospitalization, and 57% increased risk of emergency department visits [6].

The digital divide may further compound the risk of social isolation for older 
adults. Although technology use in this population increased 55% from 2000 to 2016, 
one third of older adults report never using the internet, and rates of smartphone 
ownership in adults aged 65+ remain 42% lower than that of adults aged 18 to 64. This 
same study found especially low rates of access and use among adults aged 80+. Adults 
aged 65 to 69 are about twice as likely to say they ever go online (82% vs. 44%) or have 
broadband at home (66% vs. 28%) and roughly four times as likely to say they own 
smartphones (59% vs. 17%) as their counterparts aged 80+ [12]. In addition to access 
and technology usage issues, hearing loss and impaired vision, common in the older 
adult population, can further complicate digital service accessibility [13]. Shteinlukht 
found that 60% of older adult respondents reported challenges utilizing digital 
platforms for virtual appointments [14].

This excess burden of vulnerability and disparate use of technology is further 
compounded by challenges unique to rural areas. The Western North Carolina 
(WNC) region has a 44% higher proportion of persons age 65+ than North Carolina 
as a whole and, of the 23 counties in the region, 83% [15] are classified as rural 
[16, 17]. Henning-Smith found that “older adults in rural areas were more than 10 per-
centage points more likely to report feeling left out often or at least some of the time,” 
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and 5% of them reported having no friends at all [18]. Another Henning-Smith study 
(2020) found that, “although older adults in rural areas report having larger social 
networks than their urban area counterparts, they also report higher levels of loneli-
ness, indicating structural barriers to connecting” [19]. The disproportionate impact 
of the digital divide on older adults in rural areas has also been well documented. A 
Pew Research Center report demonstrated consistently lower rates of smartphone, 
computer and tablet ownership and lower rates of access to broadband internet at 
home in rural adults vs. urban adults (two-thirds vs. three-quarters) [15]. Rural adults 
who do have internet access are often unable to participate in synchronous activities 
such as video-conferencing for telehealth or social calls due to slower speeds and poor, 
unstable connectivity caused by low bandwidth [20]. Even those who have internet 
access and use it for social contact may not fully benefit, as several studies have dem-
onstrated that indirect modes of contact such as Facebook and other internet-based 
platforms may not influence health in the same way or to the same degree as direct, 
in-person contact [21]. “As a result, older adults in rural areas are among the most 
likely to be left out of any creative, technologically-based adaptations to meet social 
and other needs during this crisis” [22].

Social isolation and loneliness impact health at the individual level and, argu-
ably, also at the social or “conditions” level. The World Health Organization (WHO) 
defines social determinants of health as “the non-medical factors that influence health 
outcomes” or “the conditions in which people are born, grow, work, live, and age, and 
the wider set of forces and systems shaping the conditions of daily life.” While some 
lists of social determinants of health include social isolation or connectedness, as in 
WHO’s list with “social inclusion and non-discrimination,” often the factors shaping 
this condition of daily life are left out of efforts to address social determinants of 
health [23]. Place is an important factor that shapes conditions of daily life [23]. For 
example, living in a rural, mountainous, or otherwise remote region makes social 
connection, broadband access, and health care utilization more difficult. Other forces 
and systems at play include social norms and social policies such as those imple-
mented to curb the spread of COVID-19 infection which concomitantly increased 
social isolation across the globe.

In this chapter, the unintended consequences of measures to reduce COVID-19 
morbidity and mortality on social isolation are outlined, followed by a discussion of 
the importance of supporting and re-engaging social connectedness to combat social 
isolation, and recommendations to policy makers, communities and health profes-
sionals on how to effectively respond to these concerns are discussed. Considering 
social isolation as a social determinant of health and taking action to increase social 
connectedness among is important to reduce chronic disease, and improve physical 
and mental well-being for older adults.

2. Impact of pandemic mitigation on older adults in the United States

On March 13, 2020, as a result of the COVID-19 pandemic, the President of the 
United States declared a national emergency [24]. At the same time, the majority of 
US states issued stay-at-home orders in response to the pandemic [25]. By April of 
2020, the White House Coronavirus Taskforce and the Centers for Disease Control 
(CDC) were recommending that individuals wear face coverings to slow the spread 
of SARS-CoV-2 [26]. In many US states, face coverings were eventually mandated in 
public areas, and various social distancing policies persisted well into the pandemic [27].  
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These measures ultimately mitigated viral transmission and concomitant harms in 
the US [28, 29]. Nevertheless, many unmistakable harms are inherent to pandemic 
mitigation efforts as well [2, 30]. The potential for harm is especially concerning for 
the older adult population. In an attempt to shield vulnerable populations from severe 
illness and death, policymakers and health officials also risked raising their suscepti-
bility to the deleterious physiological, psychological, and emotional effects of social 
isolation.

In comparison with 18–29-year-old individuals, 67–74-year-olds are five times 
more likely to be hospitalized for COVID-19 and 65 times more likely to die from the 
disease. For those 75–84 years old, hospitalization is 8 times more likely, while death is 
150 times more likely than for young adults. For people who have reached 85+ years of 
age, hospitalizations are 10 times more likely, and they are 370 times more likely to die 
of COVID-19 [31]. In March 2020, older adults also reported that they perceived their 
risk of death to be higher than that of younger adults or children [32]. Taken together, 
older adults are right to feel heightened concern about the potential consequences of 
contracting SARS-CoV-2. And now, even in light of the availability and utilization of 
effective vaccinations, heightened fear of contracting the virus lingers among some 
older adults [33].

The authors have heard stories from community members indicating they were 
fearful of and avoiding seeking medical care, shopping for essential items, visiting 
friends and loved ones, receiving gifts, coming in close contact with neighbors, and 
other activities. At a mass vaccination site in Western North Carolina during the first 
weeks of vaccine availability, several older adults shared that they had literally not 
left their homes in a year. Evidence is emerging that this problem is not unique to this 
region: older adults throughout the US have experienced similar difficulties and were 
leaving their homes less often [34, 35]. Many put off routine medical care or discon-
tinued health-supporting behaviors such as daily visits to a facility for safe exercise 
or were no longer able to congregate for shared meals at senior centers, churches or 
other community gathering sites. An 88-year-old community member visited the 
Silver Sneakers program at a nearby YMCA 5 to 6 days a week before the “lockdown” 
and counted on these daily visits for maintaining strength, balance, life outlook and 
mental acuity. A year and a half into the pandemic he fell at home, broke his hip, 
and spent 6 weeks hospitalized and in rehabilitation. Six months later, his struggle to 
regain this strength and baseline level of independence continues. This person’s story 
provides a clear example of how these trends are a cause for concern, not only for 
ethical reasons but also with respect to health promotion, chronic disease manage-
ment, and prevention.

While the implementation of shelter-in-place orders, the closing of public spaces, 
and a decrease in a variety of available services were necessary precautions to slow the 
spread of the virus, they created a harmful impact on mental health. These policies, 
in conjunction with advice from the CDC that older adults practice especially rigor-
ous social distancing, have had a large negative impact on the mental health of those 
65 and older [36]. While there is reason to believe social isolation in older adults has 
needed attention for some time, with studies from as early as 2012 estimating that up 
to 40% of older adults may suffer from social isolation at some point the effects of 
COVID-19 on day-to-day life brought the impact of social isolation into clearer focus 
[37]. One older adult explained their experience with isolation, “I don’t have very 
many friends here. I only have a few, and they prefer to send texts. I have no fam-
ily, and my neighbors aren’t very friendly, so I basically have no one to talk to.” Data 
from a 2021 National Health and Aging Trends Study suggests a decrease in weekly 
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in-person contact from 61–39% for at-home individuals and a drop from 56–22% for 
those in residential care [38].

Even people living in shared housing facilities, retirement homes, long-term care 
facilities, nursing homes and other congregate sites were subjected to restrictions 
aimed at reducing exposure. Many were required to stay in their rooms or quarters for 
months at a time. Some older adults reported reductions in the services offered within 
their community living facility. Maintenance workers were no longer allowed to enter 
resident apartments for work orders, laundry and cleaning services were reduced, 
and tenants’ overall support and supervision decreased. One person shared with the 
authors that these conditions had a significant impact on their mental and emotional 
wellbeing.

The pandemic necessitated a divergence from in-person communal gatherings, 
such as worship services, congregate meals, special interest group gatherings, gradu-
ations, and other events. Instead, some organizations arranged for individuals to 
“drive-in” or “drive-up” for special events or transitioned to video conference wor-
ship, funerals, graduations or even weddings. Others, like senior centers serving a 
daily meal, increased their capacity to distribute hot meals to older adults at home 
by rapidly expanding their food delivery services or partnering with organizations 
such as Meals on Wheels. Meanwhile, access to gatherings vanished for those who do 
not own transportation or have digital access, are physically unable to drive or use a 
device, or are fearful of arranging transportation.

The way people shop for groceries, acquire medications from pharmacies and visit 
their care providers also underwent dramatic changes during the pandemic. Many 
younger and more affluent individuals have the option to acquire essential supplies 
via online shopping and/or the use of delivery applications. While home delivery of 
hot meals, groceries, and other goods has been important for survival, it also comes 
at a cost. No-contact delivery options, created for safety reasons, have taken even 
momentary contact with others out of the equation. For example, a hot meal dropped 
off without contact is far different than sitting around a table to share a meal with 
others for feelings of connection.

Similarly, the rate of telemedicine usage increased drastically in April of 2020 
and remained a critical part of care delivery well into the pandemic. Yet telemedicine 
was accessed less often by older adults [39, 40]. Older adults are less likely to access 
the internet, as underscored by the fact that more than half of adults 80+ years of 
age were not accessing the internet in the years before the pandemic [41]. Further, 
individuals with medical conditions and those who live in rural areas also access the 
internet less frequently than healthy individuals living in non-rural areas [42]. As a 
result, it is likely that medically complex older adults, especially those who live in a 
rural area, experienced a higher burden than that of their counterparts. Clinicians’ 
abilities to perform remote monitoring that would typically guide clinical decision-
making was also limited since, for example, Medicare Part B coverage for blood 
pressure monitoring devices is inconsistent and difficult to access [43]. Finally, cogni-
tive, and sensory impairments, more prevalent among older people, pose a barrier to 
providing effective care via video or telephone visit, even among those who are able to 
access the proper technology to make these visits feasible.

Wearing a facial covering when in public is arguably one of the simplest and 
least infringing pandemic mitigation tools on offer. For many people, wearing a 
facial covering creates negligible restrictions on liberty and does not constitute a 
legitimate risk to their health or wellbeing. For some older adults however, facial 
coverings present significant challenges, especially for those experiencing decreased 
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hearing ability. Before the beginning of the pandemic, people with decreased 
hearing ability were facing difficulties communicating in noisy healthcare settings, 
which can lead to negative clinical outcomes [44]. Facial coverings can reduce the 
volume and clarity of verbal communications while also obscuring mouth move-
ments and facial expressions, which many people who have difficulty hearing rely 
upon to compensate [45]. This loss of sensory input can make communication in 
both clinical and non-clinical environments more difficult and may lead to lower 
levels of care efficacy and satisfaction while also causing increased feelings of 
marginalization, higher levels of confusion, and lower overall levels of connect-
edness. In addition, face coverings present other challenges. They make it more 
difficult to recognize others and more difficult to read facial expressions. A shared 
smile or look of concern can make a difference in how a person feels and responds to 
others. People with asthma, or other respiratory problems sometimes find wearing a 
mask especially challenging. Finally, those who wear glasses, have a challenge seeing 
when they fog up due to mask wearing, which can increase risk of falls, reduce driv-
ing safety among other concerns.

The elevated health risks that COVID-19 poses for older adults are a signifi-
cant burden that weighs heavily on a vulnerable population, creating inequities. 
Importantly, the most underserved and vulnerable older adults stand to suffer the 
most. In the context of the current pandemic, social distancing guidelines have cre-
ated nascent barriers to multiple dimensions of wellbeing in older adults. Therefore, 
the need to address the negative effects of pandemic mitigation policies on this 
population is a pressing issue of social justice.

3. Social connectedness as an antidote

Social connectedness or connection to others is a factor in maintaining both physi-
cal and emotional wellbeing throughout life. Social connection is the experience of 
feeling close and connected to others, including feeling valued, cared for, and loved. 
Dr. Brené Brown, a Research Professor of Social Work at the University of Houston, 
describes it this way: “Connection is the energy that exists between people when they 
feel seen, heard and valued; when they can give and receive without judgment; and 
when they derive sustenance and strength from the relationship” [46]. Described as a 
core human need and fundamental drive, social connection is an important antidote to 
social isolation [47].

3.1 Relationships

Feeling socially connected is linked to both the quality and quantity of meaningful 
relationships with others. The first line of social support often comes in the form of 
either family or peers in a shared dwelling. Whether living with a spouse or other family 
member or being part of a living community, physical proximity to other adults often 
provides some level of social connectedness. For many, human touch is an important 
expression of connection, and simple acts of touch such as hugs or touching a hand 
or shoulder provide reassurance, warmth, and are expressions of care [48]. Evidence 
shows that a healthy level of social support improves the chances of maintaining or 
initiating healthy behaviors and that increased proximity to other adults results in more 
social support [49].
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3.2 Connection to community

Connectedness is important beyond the individual level. Social connectedness 
at the community level can also confer important benefits for individual health and 
society at large. Community gathering places play a significant role in promoting 
social connection within our society, especially for older adults [50]. Churches, senior 
centers, affinity groups, and other social hubs all provide a space for individuals to 
seek out community and social interaction. The use of gyms, YMCAs, malls, and 
parks for exercise not only improves physical health through movement, but also sup-
ports brain health and social connection [49, 51]. Opportunities to engage in learning 
or share expertise, such as that available at the Osher Lifelong Learning Institutes or 
institutions of higher education, also provide social connection for engaged members. 
Regular formal or informal gatherings of friends reduce stress and contribute to social 
connectedness, such as Moas in the Okinawan tradition “to complain, have fun, lend 
support,” or family, such as intergenerational weekend meals [52].

3.3 Aging in place

Social connectedness is recognized as an important factor in building and main-
taining age-friendly communities. Age-friendly communities are those that offer 
community and individual support for aging in place, defined as the ability to con-
tinue to live in the environment of one’s choice, often at home or in another familiar 
place. Using a World Cafe forum, researchers sought to understand social connected-
ness from those approaching retirement and to learn about factors that would keep 
aging adults in their respective communities as they age. One of the key themes that 
emerged was “social reciprocity [defined as] giving and receiving to/from one’s 
community,” was perceived to be important in promoting social connectedness. 
Participants also shared the need for both formal and informal avenues for volunteer-
ing in their community as a means of feeling socially engaged [53].

Supports for aging in place in the face of physical limitations which also support 
social connection include home medical care, meal delivery services, home health 
aides who support activities of daily living, home safety assessments for falls risk, 
community health worker supports, and home-based primary care, among other 
in-home services. In addition to home healthcare agencies, geriatric care managers, 
senior relocation specialists, senior concierge services, and a vast array of technology 
services represent some of the emerging industries created to support the transition 
from a paradigm that has long favored institutionalization for older adults whose 
needs cannot be met at home, toward one promoting aging in place. Supporting older 
clients’ wishes to sustain their level of social connectedness within their home com-
munity may enable those accessing these services to stand a greater chance of aging in 
place successfully.

3.4 Connecting across the miles

Telephones are a tried-and-true method for connecting people who cannot visit 
as often as they would like to connect. In recent years, technology has vastly changed 
the ability of individuals to connect with each other across distances great and small. 
Through instant messaging and phone calling, social connection is available with the 
press of a button, and with video chatting faces and body language are visible as well. 
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While this has helped with social interaction for a large number of people, evidence 
shows there is a disparity for those 65+ in ability to access and use newer technology, 
especially those that rely on stable internet access [12]. Projects that increase the avail-
ability of smartphones and related technologies and support the use of these devices 
and services with older adults help to address this digital divide [54]. When devices 
and broadband are readily available, digital communication can be used to mitigate 
the negative effects of social isolation and loneliness. Increasing evidence demon-
strates online presence and communication is linked to lower depression rates and less 
reported loneliness in older adults [55]. The ability to connect with family members, 
friends, or specific community forums such as Alzheimer’s Association increases one’s 
connectedness even when performed digitally [56].

4. Effective response is needed: recommendations and case examples

Clear, effective responses are needed to address and mitigate the increases in social 
isolation among older adults that have been exacerbated by pandemic mitigation 
strategies [22, 57]. This section outlines five key recommendations and examples of 
policies and projects poised to make or already making a difference in North Carolina 
that may be used as models or jumping-off points for other creative efforts to address 
social isolation, increase social connectedness and promote the health of older adults 
and their ability to safely continue aging in place.

4.1  Recommendation 1: social isolation and its antidote, social connectedness, 
should be recognized as a social determinant of health and should be a 
consideration in health policy decisions

Research has shown that social connectedness is a key social determinant of health 
(SDOH) that applies to individuals across age, ability, access, and area of service. In 
fact, the “[f]ormer US Surgeon General Vivek Murthy, MD, MBA, describes loneli-
ness as being similar to thirst. It’s the body’s way of telling a person that it needs some-
thing. We need each other…” [22]. Recognizing the importance of social connection at 
the individual and community levels affords policymakers an opportunity to improve 
the health of older adults through such actions as including social connection on lists 
of agency priorities for addressing social determinants of health. These actions stand 
to bring this concern, of particular importance for older adults and others dispropor-
tionately impacted by COVID mitigation policies, to the forefront.

A case in point is the North Carolina Department of Aging and Adult Services, 
which has partnered with two university-based teams to bring attention to the need 
for understanding of social isolation, loneliness, and related health risks includ-
ing depression and suicide among the 16 Area Agencies on Aging in NC. They have 
partnered with the NC Center for Health and Wellness and a team of researchers in 
Georgia to develop and provide resources to partners in the aging network in NC 
through www.healthyagingNC.com.

Healthy Aging NC is a statewide resource center for evidence-based health pro-
grams. The site links a network of program providers to participants seeking classes 
and support for chronic disease self-management including diabetes, arthritis, and 
heart disease, falls prevention, chronic pain self-management, improving balance, 
among others. Many of the providers of evidence-based programs nationwide have 
traditionally relied on in-person delivery of these programs. The Healthy Aging NC 
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team has provided support and training for partners to rapidly move these programs 
to remote or hybrid formats, recognizing that losing access to the programs not only 
reduces opportunities for addressing these chronic conditions and challenges, but also 
increases social isolation [57].

The reach of these programs marketed and supported through Healthy Aging 
NC has remained strong during the COVID-19 pandemic with 56 falls prevention 
workshops offered in 2020 (758 enrolled participants and 289 completers), and with 
78 workshops offered in 2021 (677 enrolled participants and 450 completers). In 
remotely-offered Walk with Ease programs for arthritis and joint pain management, 
the number of participants enrolled increased dramatically from 20 to 29 in 2018–
2019 to 680 in 2020 and 149 in 2021 (personal communication). In addition, as part of 
this effort to increase connectedness, a new section on social engagement programs, 
a tool for self-assessment of social isolation, and health coaching opportunities which 
provide support for changing a behavior have been added to the website to increase 
referrals to these and other programs.

4.2  Recommendation 2: human service organizations, policymakers, 
governmental and private foundation funders should prioritize programmatic 
opportunities to increase social connection for older adults

The onset and continuation of the COVID-19 pandemic has provided opportuni-
ties for a wide range of public health, health promotion and human services providers 
to get creative with reaching socially-isolated adults with readily available technolo-
gies. A case example of a program that was rapidly developed to respond to increased 
social isolation among older adults in WNC is the Social Bridging Project (SBP).

The SBP was implemented as a response to concerns about the potential impact of 
social isolation on older adults as a result of the pandemic. It was formed as a partner-
ship between the Mountain Area Health Education Center’s Center for Health Aging 
and the NC Center for Health and Wellness at University of North Carolina Asheville 
with COVID-response funding from the NC Policy Collaboratory. The project’s aim 
is to provide older adults who were isolated or lonely with a source of social connec-
tion, technology support and referrals to needed resources. SBP engaged university 
students as wellness callers to contact older adults in western NC whose lives were 
impacted by the stay-at-home measures.

During an evaluation of SBP in 2021, several participants remarked upon the 
impact and consequences of social isolation, including feelings of loneliness, a lack 
of connectedness or belonging and feelings of ‘invisibility’ or that their lives did not 
matter. One participant related, “I don’t talk about my feelings very much, even with 
my children, because I don’t want to worry them.” Another shared, “ihere’s a lot of 
older people where the children are in other states or other countries, and they’re 
just not available and we forget that we need to be a community. Now that I’ve lost 
my vision and can’t be on Facebook, I can’t stay in touch with my family anymore.” 
Another said, “it’s hard when you feel like nobody cares” [58].

The Social Bridging Project team has been making wellness check-in calls to older 
adults to provide regular social support to isolated older adults in order to mitigate the 
onset of social isolation and loneliness and to help bridge the gap that exists between 
older adults and technology use. Not only do these calls provide social stimulation, 
but wellness callers are also able to connect participants to a variety of community 
resources. SBP has helped connect individuals to COVID-19 related information, food 
assistance, transportation, and provided various forms of technological support.
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Between March 2020 and February 2022, the team has made 1304 wellness check-
in calls. Of those calls, 658 led to what were considered productive conversations, and 
78 percent of these left participants reporting that they felt ‘significantly better’ due 
to receiving the call. Some interactions led to outcomes that greatly affected the lives 
of our participants. One participant who was houseless was assisted in developing a 
social media platform for their business. Another participant took advantage of SBP 
assistance to shift their therapy practice to telehealth, allowing them to continue 
working through the pandemic. These are just two examples of positive outcomes 
stemming from SBP support.

In the summer of 2021, a survey was conducted in order to gather data from SBP 
participants about their experience in the program [58]. Participants were offered the 
chance to provide feedback and reflect with the survey provider. A number of quotes 
are listed below highlighting the significant impact the Social Bridging Project had on 
some of its participants.

“The other day I was having a really, really bad day. I’ve got psychiatric issues. It 
was one of those days where my mental health providers were not giving me what I 
needed. I really needed someone to talk to help me get grounded. I didn’t tell [caller] I 
was having a crisis because I knew he would tell me to call my therapist, but he helped 
me a lot.”

“It made me feel like [loneliness] was a recognized problem. It wasn’t just my 
problem. Back in my grandmother’s time she had family around her, and it was a com-
munity where she could walk from one family to the next.”

“It made me feel like I could have a part of the future; that she and also the pro-
gram thought that geriatric people were important enough to have this program.”

“The non-threatening way to get my tech questions answered. And it’s very 
expensive to hire somebody to help with tech. Without your program I never would 
have made it this far…. Your program is worth its weight in gold. It has been invaluable 
in getting me to think outside the box.”

These quotes illustrate the ways in which the Social Bridging Project participants 
were being affected by the program. Not only were practical solutions found for the 
needs of the participants, but positive emotional outcomes and feelings of social 
support were also experienced. One participant even notes the improved outlook they 
had on society as an older adult after feeling included by SBP.

4.3  Recommendation 3: medical providers and health teams should build on 
efforts to reach people in their homes or communities with whole person 
medical and health care

In-home medical care is infamous for being difficult to access due to issues with 
availability or cost. Policies aimed at bolstering payments for in-home and commu-
nity-based caregiving, such as that proposed as part of President Biden’s “Build Back 
Better” infrastructure bill, would provide a much-needed pathway to improving older 
Americans’ access to these services that are often essential to aging in place. Infusing 
more dollars into programs that support the direct care workforce for older adults 
living at home is also likely to improve the quality and availability of care provided.

Furthermore, efforts should be made to improve the financial feasibility of 
programs shown to benefit multiple dimensions of older adult wellbeing, such as 
home-based primary care, through advocacy for value-based payment models or 
risk-sharing arrangements. As it currently stands, Medicare’s standard fee-for-service 
structure has not adopted value-based reimbursement principles, and this has a 
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significant impact on the ability of medical practices to offer this impactful service in 
a way that is financially sustainable.

Finally, enhanced reimbursement for telemedicine visits, particularly phone 
visits, would allow clinicians to continue providing medical care, behavioral health 
support, medication management, etc. for older adults with barriers to either in-
office visits (e.g., due to transportation difficulties) or video telehealth visits (e.g., 
due to broadband or technology access) while maintaining clinical solvency. In their 
chapter on telemedicine and telehealth, Chiang, and co-authors state “Advances in 
telecommunication technologies have introduced many ways to bridge geographic 
distance and time, in order to connect clinicians, patients and families and facilitate 
the remote delivery of health care services and education” [59]. This is important to 
ensure that socially isolated older patients, already at increased risk of adverse health 
events by virtue of their isolation, do not also suffer substantial gaps in medical care 
for their chronic health conditions that would further exacerbate their risk.

4.4  Recommendation 4: broad public (community and governmental) support for 
infrastructure and technology access and education projects is needed

Large, publicly funded infrastructure projects are needed to expand broadband 
access in rural areas. Technology and education projects will help to bridge the digital 
divide and bring medical and social support to people in rural areas and to those 
unable to leave their homes safely or easily. Policies and projects that bridge the 
digital divide especially for rural places and older adults or others socially isolated in 
their living situations are important. While interventions to increase digital access 
may not satisfactorily replace in-person interaction, they can help to supplement 
communication during times when face-to-face connection with other individuals is 
not possible.

Emergency policies put in place during the early months of the pandemic increased 
the ability of health care providers to deliver and bill for a wide variety of virtual visits 
(telehealth) including medical, psychiatric, specialist, dental, orthopedic, pharmacy and 
other services [60, 61]. While there are some disadvantages to the more widespread use 
of telemedicine that was brought on by the pandemic, many believe the benefits out-
weigh the drawbacks [62]. Key advantages of telemedicine include its cost effectiveness, 
the extension of access to specialty services, and the possibility of reducing the impact of 
a looming shortage of doctors especially in rural settings. In order to realize the promise 
of telemedicine and be prepared for future public health emergencies, policy makers 
need to expand technological resources into rural places, and health care providers need 
“to fully immerse telemedicine services into the healthcare landscape” [62].

For people who have not grown up with computers, smartphones, and other 
handheld digital technologies, increasing access to telecommunication capabilities 
needs to be paired with opportunities to learn how to use these technologies. A case 
example of a technology education and support program from western NC is the 
App State Cyber-Seniors program. In collaboration with the international Cyber-
Seniors© organization, the program pairs Appalachian State University students 
with local older adults to teach digital and technology literacy skills such as the use of 
devices or video conference platforms, and to find resources for online education and 
local, remotely delivered resources and support. The program is designed to support 
social reciprocity (between students and elders) and to close the digital divide while 
reducing social isolation and loneliness among adults living in a mountainous rural 
region of the state [63].
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4.5  Recommendation 5: public health efforts should center place and use a  
place-based approach to addressing social isolation and other health and 
social determinants of health concerns

Although social isolation and its health impacts are global phenomena, and some 
strategies such as provision of technology infrastructure and support for policies that 
prioritize social connectedness will have broad applicability, the efforts to address 
social connectedness as a social determinant of health should be specific to place. A 
place-based approach means taking the context of place, community and people’s 
experience including history, culture, norms, and stories into account as policies, 
programs, and actions are planned. According to a WNC-located Master of Public 
Health Program in Asheville, “[p]lace-based public health centers people and their 
communities as the catalyst for transforming systems to promote wellbeing for all. 
Local residents, not institutions, hold the history, knowledge, and ways of interacting 
with place. As such, a place’s inhabitants and institutions work in relationship, using 
interdisciplinary and participatory processes, to create and lead efforts to sustainably 
improve the social drivers of health and ultimately actualize health equity.”

By utilizing a place-based approach, public health teams are more likely to address 
community and public health in ways that enact health equity in systems, organiza-
tions, and communities.

An excellent example of how centering place in public health efforts can be seen 
in community health worker (CHW) networks. Community health workers (CHWs) 
are increasingly important players in supporting the health of people where they live, 
worship, work, eat and play. CHWs are trained lay persons who generally come from 
and reside in the community where they work, who provide culturally relevant health 
information, help people access the resources and care they need, provide informal 
guidance, and advocate for community health needs among other activities [64]. CHWs 
often connect with people in their homes or in community settings, adding to social 
connection while supporting access to health care or social determinant of health needs, 
and this approach could be a valuable way to support older adults experiencing loneli-
ness, social isolation and many other mental, physical, or technological needs.

In 2021, the NC Center for Health and Wellness in partnership with Mountain Area 
Health Education Center and community-based organizations conducted a mixed 
methods evaluation of the “Community Health Workers as Culturally-Responsive 
COVID Support in WNC Communities” initiative to explore the impact and quality of 
CHW services across 17 counties over the yearlong period. Across the methods used, 
the research team saw significant impacts of the community health workers, particu-
larly in rural communities and among “hidden” or “abandoned” and hard-to-serve 
groups. While the research did not focus on older adults, several of the findings related 
to the CHW’s impacts on health and social determinants highlight the importance of a 
place-based approach and could be particularly important among isolated older adults.

CHWs participated in a focus group and responded to a survey to share the services 
they provided and their perceptions of their impact. One CHW described the incredible 
range of services she provided (30 in total), which were for both health issues and social 
determinants and meeting urgent needs. One CHW shared that she felt the social con-
nections she made were particularly important: “It is a pleasure to be able to help these 
people and to see the smiles on their faces and to see what they achieve…you have a con-
nection with these people that you see every day” (2021 CHW Focus Group). Another 
said making connections in the community and building trust was incredibly important: 
“they open their door, and they open their lives to us” (2021 CHW Focus Group).
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Community-based researchers also interviewed community members who had 
received CHW services, and the list of services and resources they reported receiving 
from CHWs was extensive. Services included COVID-related resources such as edu-
cational information, personal protective equipment (PPE), hand sanitizer, cleaning 
supplies, and vaccine information. While many community members found these 
resources and supplies important, most also received non COVID-related help, which 
they really valued. These resources included connection to housing, transportation, 
connection with Pisgah Legal for health insurance assistance, referrals to financial 
programs, connection with food stamps, food boxes, rental assistance, medication 
assistance, and help paying bills. Housing and transportation were resources that were 
most mentioned by community members, with housing lifted up as being a resource 
that there just is not enough of in Western North Carolina. An additional resource that 
many community members reported receiving was emotional support. This emotional 
support felt especially important to many, as they may or may not have had others 
in their lives to provide this: “it’s good to have somebody, especially if you don’t have 
nobody to come around” (September 2021 Interview). CHWs were often described 
as becoming members of the family. These connections were valuable to community 
members because they generally made them feel better and sometimes helped them to 
feel less isolated and alone.

Continued and expanded investment in Community Health Workers as vital 
members of the healthcare workforce could help meet community members’ health, 
emotional and social needs.

5. Conclusions

Social isolation is an important concern among older adults and is associated with 
poor health outcomes. Older adults have been disproportionately impacted by increases 
in social isolation exacerbated by COVID-19 pandemic mitigation policies and efforts. 
For these reasons three broad-based recommendations should be employed at the at the 
county, state, and country levels. Social isolation and its antidote, social connectedness, 
should be recognized as a social determinant of health. Governments at all levels should 
legislate and support for broad band access and technology infrastructure. And, public 
health efforts should center place and use a place-based approach to addressing social 
isolation, healthy equity, and other health and social determinants of health concerns. In 
addition, more localized support is necessary to turn the tide on the widespread impact 
of social isolation on the health of older adults. State, county, and local policy makers, 
human service organizations, and funders must prioritize programmatic opportunities 
to increase social connection for older adults. These efforts will need to include education 
and ongoing support for the use of digital technologies. Finally, medical providers and 
health teams should build on efforts to reach people in their homes or communities with 
whole person medical and health care. Projects and practices in western NC may serve as 
a model for implementation of these recommendations in other places.
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Abstract

Advances in medicine result in an increase in the age of global population. The 
percentage of people over 60 years will approximately be duplicated up to 22 between 
2015 and 2050, which is associated with a notable rise in age-related complications 
such as sarcopenia and frailty. The age-related sarcopenia is defined by low muscle 
strength, and it is considered severe if low muscle strength, low muscle mass, and low 
physical performance are detected.This condition is associated with poor quality of 
life, risk of falls, fractures, and higher healthcare costs. Despite the growing interest 
regarding the treatment of this phenomenon, the lack of adequate knowledge under-
lying the multifactorial parthenogenesis of age-related sarcopenia hinders the diag-
nosis of effective therapeutic approaches. In this respect, one of the major solutions 
would be to recognize the effect of modifiable factors on muscle health during the 
lifetime. Previous observations indicated that dietary and nutritional factors, beyond 
other environmental agents across the life course are related to muscle mass and func-
tion in the elderly. With respect to the fundamental role of nutrients with antioxidants 
properties in maintaining many aspects of health, this chapter aims to discuss the 
association between components of sarcopenia and nutritional status in older adults, 
and their potential effect on prevention and treatment of age-related sarcopenia.

Keywords: age-related sarcopenia, nutritional factors, prevention, treatment, dietary 
quality

1. Introduction

1.1 Definition of sarcopenia

The average age of populations is increasing because of numerous factors, includ-
ing advances in medical care and decreasing birth rate [1, 2]. The percentage of people 
over 60 years will approximately be duplicated up to 22 between 2015 and 2050, 
which is associated with a notable rise in age-related complications such as sarcopenia 
and frailty [3]. Definitions of age-related sarcopenia have evolved over time in an 
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attempt to better characterize sarcopenia. The name for this phenomenon derives 
from the Greek term sarx (flesh) and penia (loss) [4]. Early definitions of sarcopenia 
were based exclusively on an age-related reduction in muscle mass [5]. However, the 
two-dimensional nature of these conditions (muscle mass loss and muscle strength 
loss) suggests that both its quantitative and qualitative range should be evaluated [6]. 
Therefore, the European Working Group on Sarcopenia in Older People (EWGSOP) 
described sarcopenia as an age-associated decline in muscle mass and strength with 
functional impairment [7].

Beyond the loss of muscle tissue that occurs over a lifetime, this condition is 
also associated with the conversion of type II fibers to type I fibers, which results in 
impairment of muscle quality and muscle function [8].

Categorizing sarcopenia into pre-sarcopenia, sarcopenia, and severe sarcopenia 
has also been defined by the EWGSOP that suggested the pre-sarcopenia stage as low 
muscle mass with no impact on muscle strength or physical performance, whereas the 
sarcopenia stage distinguished as low muscle mass with either low muscle strength or 
low physical performance and severe sarcopenia as the presence of all three criteria 
[9]. While interest in sarcopenia has risen in recent years, contention still exists over 
most components of the disease, with a universally accepted definition still lacking.

1.2 Diagnosis of sarcopenia

Various approaches can be used to assess muscle mass. Current assessment tools 
include body imaging techniques, bioelectric impedance analysis, anthropometric 
parameters, and biochemical markers [10].

Computed tomography (CT) and magnetic resonance imaging are able to effec-
tively distinguish fat from other soft tissues, which makes these presently the gold 
standard method for the assessment of body composition. However, limited access, 
the high cost, and the risk of radiation inhibit the use of these techniques in clini-
cal practice [11]. Therefore, dual-energy X-ray absorptiometry (DXA) is the most 
popular method for correctly evaluating body composition and widely used to assess 
muscle mass in research studies due to speed of measurement and relatively low per 
patient scan cost with typically low radiation [12]. Though, seeking for inexpensive, 
easy-to-use, and derived measures methods such as phase angle causes the application 
of bioimpedance technology. Nevertheless, using the estimation of body composition 
and muscle mass through anthropometric measurements, such as mid-upper arm cir-
cumference, calf circumference, and skinfold thickness, may allow us initially assess 
sarcopenia in situations that imaging equipment is typically unavailable in primary 
care settings [13].

The defining cutoff point for the identification of muscle loss depends upon the 
measurement technique chosen and the availability of reference studies. Low muscle 
mass is usually distinguished by a skeletal muscle mass index ranging from 7.23 kg/
m2 to 8.87 kg/m2 in men and 5.45 kg/m2 to 6.42 kg/m2 in women [14]. Moreover, it is 
generally accepted that low physical performance is defined as a gait speed of less than 
0.8 m/sec [15] and low muscle strength is usually defined by handgrip strength of less 
than 30 kg for men and less than 20 kg for women [7]. Nevertheless, the quadriceps 
strength cut-off points of 18.0 kg for older men and 16.0 kg for older women proposed 
as a muscle strength measurement for sarcopenia diagnosis in older Asian people [16].

Because of this diversity in the cutoffs of the sarcopenia’s characterization, 
EWGSOP has recommended that more research is urgently needed in order to obtain 
accurate reference values for different nations and countries around the world [17].
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1.3 Pathophysiology of and risk factors for sarcopenia

The pathophysiology of sarcopenia is multifactorial. Several underlying mecha-
nisms have been linked to the development of sarcopenia, although not all have 
been fully elucidated [6]. Prevalence of sarcopenia is mostly associated with chronic 
inflammation, which may lead to a vicious cycle of intricate interactions among risk 
factors [18]. However, research on sarcopenia prevention and treatment is develop-
ing quickly because of insufficient evidence for the underlying cellular mechanisms 
of the progress and maintenance of sarcopenia. So, it seems that understanding the 
factors related to increasing sarcopenia risk may provide strategies for intervention 
and disease improvement.

Inflammation in aging is one of the main suggested factors of sarcopenia character-
ized by a chronic progressive increase in pro-inflammatory cytokines, and the reduced 
serum level of anti-inflammatory cytokines [17]. Decline in immune function, plays 
an important role in several age-related diseases, for example Alzheimer’s disease, 
Parkinson’s disease, multiple sclerosis, atherosclerosis, and other complications [19, 20].

The majority of studies have demonstrated that inflammatory cytokines have an 
important effect on skeletal muscle wasting, leading to an imbalance between protein 
synthesis and catabolism [21]. It reasonably has shown that reduced rates of protein 
synthesis paralleled to increased protein breakdown in the skeletal muscle are associ-
ated with a variety of produced pro-inflammatory cytokines during the inflammatory 
response. Indeed, the effects of pro-inflammatory cytokines on muscle mass may be 
mediated by activating the transcription factor NF-κB in line with a production of ROS 
in the muscle of the elderly people [22, 23]. Additionally, we recently indicated that 
circulating levels of C-reactive protein (CRP) and hs-CRP are independently associ-
ated with impairment of muscle strength [24]. It is also suggested that low muscle 
strength is associated with the high levels of inflammatory cytokines [25] such as CRP 
[26]. These findings may suggest that the plasma concentration of some inflammatory 
molecules is related to the aspects of muscle decline and functional impairment.

Another suggested factor is Insulin resistance (IR) which is defined by reduced 
peripheral glucose utilization in skeletal muscle, majority of whole-body insulin-stim-
ulated glucose disposal, that develops with age [27]. Various studies demonstrated that 
IR is related markedly to the different diagnostic components of sarcopenia [28]. Data 
on the prevalence of sarcopenia in Korean elderly men aged more than 65 years recom-
mended that higher IR and lower vitamin D levels are independently associated with the 
presence of sarcopenia in community-dwelling elderly men [29]. In another study con-
ducted by Gorshunova et al., low muscle mass and muscle strength were significantly 
related to increased indices of IR, probably as a result of energy homeostasis disorders 
and the deterioration of glucose in the skeletal muscles [30]. One of the anticipated 
mechanisms of insulin resistance in elderly people is a reduction in the size of type II 
fibers which may reduce mitochondrial activity and result in IR in muscle [31, 32].

On the other hand, recent investigations illustrated that serum level of negative 
regulator of muscle growth, such as myostatin could increase with advancing age [33] 
and may play an important role in the resistance of insulin in muscles [34]. Moreover, 
aging skeletal muscle inflammation through activation of the classical signaling 
pathway also has impact on insulin uptake [35]. Furthermore, the effect of accumula-
tion of intramyocellular lipid has been systematically evaluated and reported a well-
established association between accumulation of intramyocellular lipid and muscle IR 
[30]. Finally, it is understood that strategies for identifying improvements and insulin 
sensitivity treatments can propose possible preventive measures against sarcopenia.
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Aging is also related to changes in a several hormones status, including testosterone, 
estrogen, growth hormone, insulin-like growth factor 1, and corticosteroids [36], and the 
clinical significance of these deficiencies is variable with age [37]. It is previously sup-
posed that the age-dependent decline in GH and IGF-1 levels is related to the pathogenesis 
of sarcopenia [38]. Moreover, in a recent observational cohort study, low baseline serum 
IGF-1 levels correlated with lower handgrip strength and worse physical performance 
[39]. Nevertheless, the impact of long-term GH therapy in the treatment of sarcopenia 
in elderly individuals with low GH/IGF-1 levels is still unclear. Cortisol is also the most 
potent immunosuppressive agent which can be stimulated by inflammation and therefore 
can be related to the development of sarcopenia and its components; muscle strength, 
muscle mass, and physical function. We could speculate from studies that the systemic 
overproduction of glucocorticoids during aging is associated with an increase of sarcope-
nia risk. However, further longitudinal studies are required to confirm these relationships.

In terms of modifiable risk factors, the relationship between adult lifestyle and 
sarcopenia has been highlighted in order to provide strategies for prevention of and 
improvement in age-related sarcopenia. In this concern, mental state, smoking, low 
body mass index (BMI), nutritional status, and physical activities have been introduced 
as the most potential changeable factors that could be applied in future strategies to 
prevent or delay the progression of sarcopenia [40–42]. The strong association between 
alteration in body composition in lifetime, namely fat-free mass, skeletal muscle mass, 
and BMI with prevalence and incidence of sarcopenia has been shown [43]. In addition, 
various previous reviews of studies revealed the relationship between physical inactiv-
ity and losses of muscle mass and strength [40], while resistance training was reported 
to have a beneficial effect on the physical performance measures in most studies [44, 
45]. Regarding mental health, several studies found that sarcopenia is associated with 
cognitive decline and depression which could be due to some of the predisposing factors 
underlying sarcopenia, such as oxidative stress, inflammation, and insulin resistance 
[46]. Among them, one of the important modifiable factors in maintaining healthy 
status, in helping recovery from acute conditions, and in prevention of chronic diseases 
across lifespan is optimal nutritional status [47]. On the other hand, poor nutritional 
status is associated with several adverse consequences in community-dwelling older 
individuals, such as inflammation, cachexia, altered gut integrity, and muscle dys-
function [48, 49]. In addition, it is shown that the quality of the diet along with the 
lifetime has a close relationship with the sarcopenia [50]. It has been demonstrated that 
individuals consuming less energy will lose more muscle tissue. Therefore, avoiding 
under-nutrition is required to prevent muscle loss [47, 51]. Many nutrients have also 
been linked with the development of sarcopenia [47]. In this regard, the Korea National 
Health and Nutrition Examination Survey (KNHANES) cohort has revealed a lower 
energy, protein, and carbohydrate intake among sarcopenic older adults [52]. Given 
that evaluating the role of dietary nutrient intake in the treatment and development of 
sarcopenia would be valuable. Following we summarized studies in which the role of 
various nutritional factors on age-related sarcopenia was evaluated.

2. Role of nutritional factors in prevention and treatment of sarcopenia

2.1 Role of dietary protein in prevention and treatment of sarcopenia

The scientific literature indicated that the amount of daily protein intake is related 
to prevention of muscle functional decline and sarcopenia treatment, as older adults 
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have an increased need for dietary protein to stimulate their muscle protein synthesis 
[53, 54]. Furthermore, Sovianne et al., showed a significant difference in protein 
intake (gram/day) among sarcopenic and non-sarcopenic older adults [55]. It is 
supposed that lower energy requirements and reduced appetite decrease total energy 
consumption in aging, which can significantly reduce dietary intake of protein [56]. 
It proposed that dietary protein supplementation more than recommended dietary 
intake (above 0.8 g/kg/d) may have beneficial effect on sarcopenia [57, 58]. However, 
other recent studies have shown that muscle loss cannot be entirely stopped, even 
when daily protein intake is maintained at a high level [59]. So, the role of protein 
supplementation on age-related sarcopenia is somewhat controversial and might be 
affected by the nutritional status of individuals [60].

It is also worth noting that the type of protein ingested and timing of protein 
intake throughout the day could determine the amount of skeletal muscle mass [61]. 
In these regards,nutritional supplementation including 20 g whey protein and 800 IU 
vitamin D in previous randomized double blind research leads to further losses of 
intermuscular fat (p = .049) and increased normal muscle density (p = .018) after the 
6-month intervention [62]. These results were also confirmed by another study [63]. 
However, a recent meta-analysis of eight studies (n = 557) conducted by Tieland et al., 
showed no significant positive effects of protein or amino acid supplementation on 
lean body mass, muscle strength, or handgrip. Nevertheless, it seems that there were 
various heterogeneities in included trials in the mentioned study, such as duration 
of treatment and type of supplementation, and dosage which could affect the result 
interpretation [64]. So, it can be concluded that this general lack of effect of protein 
supplements directed us to assess positive associations between protein intake and 
muscle mass and function through cohort studies.

The anabolic effects of some amino acids on muscle mass also have been investi-
gated in several studies. Creatine, as one of the most important amino acids located 
primarily in muscle tissue, accelerates muscle ATP regeneration throughout the 
increased energy demand [65, 66]. In this aera, the increased muscle mass and muscle 
strength with exercises and an additional effect of creatine were found in clinical tri-
als [67]. Moreover, increased physical performance with exercises and an interactive 
effect of creatine were observed in some studies [68]. Results of a previous meta-
analyses specified that creatine supplementation combined with resistance training 
could have a positive effect on aging muscle mass and upper body strength compared 
to resistance training alone [69]. In agreement with these findings, the recent meta-
analyses also showed that creatine supplementation leads to greater increases in 
muscle mass (SMD: 1.37 kg [95% CI = 0.97–1.76]) and leg muscle strength (SMD: 
0.24 kg [95% CI = 0.05–0.43]) in participants with a mean age of 57–70 years [70]. 
The molecular mechanisms underlying the improved protein synthesis and muscle 
strength following creatine administration might be correlated with an increase in 
skeletal muscle phosphocreatine content and enhanced muscle glycogen storage 
through exercise [67]. Despite these promising results, it is worth to mention that the 
vast majority of these studies measured the impact of combined exercise interven-
tions and creatine supplementation in the sarcopenic populations suffering from 
malnutrition [69].

2.2 Role of n-3 fatty acids in prevention and treatment of sarcopenia

Many nutrients also have anabolic effects on aging musculoskeletal health. There 
is growing evidence for an association between n-3 fatty acids intake alone or in 
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combination of other nutrients and components of sarcopenia, including muscle 
mass, muscle strength, and physical performance [71, 72]. In this regard, the inves-
tigation of possible relationship between circulating n-3 FA levels and sarcopenia 
among 125 participants in Asian older adults indicated that subjects with low muscle 
strength had 32.4% lower serum n-3 concentrations (P = 0.030) than controls [73]. 
In addition, omega-3 fatty acids intake was lower in elderly sarcopenic patients than 
elderly subjects without sarcopenia [2.6 ± 1.0 vs. 3.0 ± 1.2 kcal/day, p = 0.046] [74].

Furthermore, the recent results of the Maastricht Sarcopenia Study also showed 
that sarcopenic older adults had a 10–18% lower intake of five nutrients (n-3 fatty 
acids, vitamin B6, folic acid, vitamin E, magnesium) compared with non-sarcopenic 
older adults (P < .05) [55]. Similarly, prolonged supplementation with omega-3 
fatty acids has been examined in older adults in order to improve the muscle protein 
synthetic response [75, 76], and importantly, the combined supplements providing 
high-quality proteins, leucine, vitamin D, and omega-3 fatty acids all together appear 
to be most favorable effects in the prevention of sarcopenia, while also being safe 
[77]. The positive effects of omega-3 fatty acids supplementation on muscle mass and 
function have also been identified by a systematic review and meta-analysis [72]. In 
addition, some studies specified that vitamin D supplementation combined with n-3 
fatty acids, in particular EPA + DHA, may have favorable effect on physical function, 
muscle mass, and strength [77]. It is supposed that the anti-inflammatory effects of 
omega-3 fatty acids have an important role in the reduction in sarcopenia risk [78]. 
Nevertheless, the exact mechanisms by which n-3 fatty acids apply their beneficial 
effects on components of sarcopenia remain to be elucidated.

2.3 Role of vitamin D in prevention and treatment of sarcopenia

Among several nutrients, there has been increasing interest in the implications of 
vitamin D, either as single supplements or in combination with other supplements, 
for improving the physical function of older adults due to high prevalence of vitamin 
D deficiency [79]. A positive correlation between serum 25(OH)D concentration 
and muscle function has been shown [80]. The previous systematic reviews aimed 
at examining the benefits of vitamin D supplementation on sarcopenia in aging 
indicated the importance of considering baseline serum 25(OH)D concentrations 
in the response to supplementation [81]. While, concerning this issue, the recent 
meta-analysis of RCTs (2017) confirmed a slight improvement in the physical perfor-
mance test following supplementation, no overall increase in handgrip strength was 
detected [82]. Nevertheless, this finding strengthens that vitamin D with a range of 
800–1000 IU/day, but not necessarily at higher doses, has beneficial effect on muscle 
strength [77].

2.4 Role of gut microbiota in prevention and treatment of sarcopenia

Epidemiologic studies point out that altered gut microbiota structure according 
to diet, taking drugs, and other environmental factors across the lifespan result in 
different microbiota patterns, composition, and function in the elderly [83, 84]. The 
gut microbiota has the essential function maintaining some aspects of health [85]. 
Changing microbiota patterns are associated with significant changes in metabolic 
and physiologic regulation, and markers of inflammation that could result in age-
related adverse health consequences [86, 87]. Recent researchers have postulated that 
gut microbiota composition may have a great relationship with age-related alterations 
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in skeletal muscle function [87]. In this concern, experimental studies revealed that 
changes in the gut composition via probiotic/prebiotic administration could influence 
muscle function and inflammatory status [88–90]. Our recent meta-analysis empha-
sized that probiotic supplementation for more than 12 weeks has positive impact on 
the muscle strength. However, the clear mechanism underlying the positive effect of 
probiotic administration on muscle strength was not identified. The possible explana-
tion for these findings may be related to reduced levels of IGF-1 (insulin-like growth 
factor 1) during lifetime [39, 91]. The beneficial probiotic effects on circulating 
inflammatory biomarkers could be another description [92].

2.5 Role of dietary quality in prevention of sarcopenia

Research on dietary quality and dietary patterns has recently been undertaken to 
better understand the effects of diet as a whole and its impact on aging health compli-
cation such as sarcopenia. Results of recent cross-sectional study in 250 menopausal 
women 45 years old or older found that Mediterranean dietary pattern has a favorable 
role in the prevention of sarcopenia [93]. Additionally, adherence to dietary pattern 
including “vegetables-fruits” was associated with lower odds of prevalent sarcope-
nia in Chinese older men [94]. Furthermore, it is shown that subjects with higher 
consumption of “snacks-drinks-milk products” score had lower odds of sarcopenia 
(OR = 0.41, 95% CI: 0.24–0.70, Ptrend < 0.001) [94]. Interestingly, findings of recent 
cross-sectional study revealed that adherence to the Western dietary pattern, char-
acterized by a high intake of sugar, soy, and fast foods, was not linked to sarcopenia 
(OR = 0.51; 95% CI: 0.21–1.24; Ptrend = 0.13) [95]. The link between healthier diets 
and physical performance among older adults has been proposed [41]. However, there 
is not enough research evidence available in various communities to inform about 
the definitive decision on the specific food pattern for the prevention or treatment of 
sarcopenia.

3. Conclusion

Age-related sarcopenia is a phenomenon with significant disability among the 
elderly. This condition is one of the most important public health problems among the 
healthy community. While there are the various notable bodies of research in order 
to define sarcopenia, the diversity in the cutoffs of the sarcopenia’s characterization 
revealed the needs for more research to define accurate reference values in different 
nations and countries around the world. On the other hand, one of the main con-
troversial topics in evaluating the influence of nutrition on age-related sarcopenia is 
related to various definitions of sarcopenia in different nations and countries. In addi-
tion, due to the lack of a valid biomarker for the detection of sarcopenia, the exact 
mechanism underlying beneficial effect of numerous nutritional factors on compo-
nents of sarcopenia remains unknown. Furthermore, there is not enough research 
evidence available in various communities to inform about the definitive decision 
on the food for the prevention or treatment of sarcopenia. The other limitation of 
included studies in this review was connected to absence of information about dietary 
intakes and serum concentrations of many micronutrients in older adults. So, consid-
ering the biochemical levels and dietary intakes of micronutrients in future studies is 
recommended. Finally, further studies are needed to investigate the interaction effect 
of modifiable risk factors, in particularly nutrition over time based in the near future.
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Abstract

The world is facing a rapid population ageing. Noncommunicable disorders 
(NCDs) form the bulk of present-day morbidity. Besides dealing with neurodegener-
ation and neurocognitive disorders, modern-day therapeutics have also geared toward 
healthy ageing and preventive approaches. Several chemical substances belonging to 
classes of natural dietary origin display protective properties against some age-related 
diseases, including neurodegenerative ones. These compounds, known as nutraceu-
ticals, differ structurally, acting on different pathways. There has been a paradigm 
shift in the understanding of dementias toward neuroinflammation, oxidative stress, 
immunomodulation, and gut-brain axis dysregulation. This offers promise for the 
nutraceuticals as a novel approach in the field of neurocognitive disorders and healthy 
ageing. However, the collective evidence is still evolving and as of yet not robust 
enough for nutraceuticals to be a part of clinical guidelines. The other caveats are lack 
of subjective understanding of use, and individual constituents of a product showing 
differential effects, which lead to ambiguous outcomes in clinical trials. This chapter 
critically looks at the role of various nutraceuticals in promoting healthy aging and 
management of neurodegenerative conditions (especially Alzheimer’s disease). The 
evidence so far is highlighted with the challenges in their use and future directions of 
research.

Keywords: neurocognition, neurocognitive disorders, healthy aging, nutraceuticals, 
dietary natural products, neuroprotection, dementia

1. Introduction

Aging can be defined as the time-related deterioration of the physiological 
functions necessary for survival and fertility. It affects all the individuals of a 
species [1]. Age is a major risk factor for numerous illnesses, such as diabetes 
and cancer, various degenerative diseases, including Alzheimer’s disease (AD), 
Huntington’s disease (HD), Parkinson’s disease (PDs), and various other neurocog-
nitive disorders (NCDs) [2]. However, genetics, lifestyle patterns, environment, 
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and ecology play an equal or perhaps more important role in these diseases. 
Different biological theories have been put forward to explain the aging phenom-
ena. Some of these are oxidative damage theory, general wear and tear theory, 
genetic instability, telomere shortening, mitochondrial genome damage, genetic 
program theory, etc. [1, 3–10].

Cognition is the higher order brain function that alters with advancing age, 
which, in turn, influences the quality of life of an individual [11]. Cognitive aging 
is governed by the interplay of multiple factors, including lifestyle, diet, nutrition, 
endocrine and genetic parameters, oxidative damage, neurotoxic exposures, and 
medical and surgical interventions for disease [12, 13]. Nutritional status plays a 
critical role in the cognitive abilities of an individual. It is a modifier of cognitive 
aging. Studies have shown that nutritional imbalance adversely affects the structural 
and functional integrity of the brain critically impacting the cognitive capacities and 
process of aging [14].

Older people are at risk for various micronutrient deficiencies due to social, 
physical, economic, and emotional factors. The development of effective nutritional 
interventions for promoting healthy aging and preventing and treating NCDs is an 
emerging and challenging area of biomedical research [13].

The term “nutraceutical” was originally defined by Stephen L. DeFelice, as a 
combination of terms “nutrition and pharmaceutical [15].” As per the European 
Nutraceutical Association, they are defined as “naturally derived bioactive compounds 
that are found in foods, dietary supplements, and herbal products, and have health-
promoting, disease-preventing, or medicinal properties [16].” On the other hand, 
“nutritional supplements” are nutritional compounds that supplement one’s diet 
by increasing total daily intake [17]. Nutraceuticals are intended to affect the struc-
ture and function of the body; however, they do not undergo premarket approval. 
These are perceived as safe and less likely to have adverse effects [18]. Nutraceutical 
categories include dietary supplements (e.g., vitamins, minerals, coenzyme Q , 
carnitine, and botanicals such as ginseng and ginkgo biloba), medicinal foods (e.g., 
transgenic plants), and functional foods (e.g., oats, bran, omega-3 fatty acids, and 
plant sterols) [15, 19].

“Nutritional psychiatry” is a distinct field of psychiatry that studies the role 
and impact of diet and various nutraceuticals in the treatment and prevention 
of a range of psychiatric disorders, including neurocognitive disorders (NCDs) 
[20–22].

The role of nutraceuticals in noncommunicable diseases and healthy aging 
has been increasingly studied. Though the evidence base for their use in neuro-
cognitive disorders has been increasing, guidelines regulating their use, safety, 
adverse effects, and efficacy in clinical settings are ambiguous and limited. There 
is a general tendency to accept “nutraceutical products” as a part of nutritional 
supplements in healthy aging with an “assumption” of their safety; however, 
more research is needed in the field [17, 18]. The ambiguity in evidence makes it 
challenging for clinicians working in the field of neuropsychiatry to take a clear 
stand related to their use and effectiveness. Keeping this in background, this 
chapter provides an overview of various nutraceuticals used in healthy aging and 
neurocognitive disorders, summarizes the available evidence base for the same, 
discusses the possible mechanisms of action, and outlines the challenges involved 
in their clinical use. This chapter is expected to stimulate thoughts and further 
research into this promising area that can offer viable solutions in the field of 
neurocognition.
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2.  Types of nutraceuticals that have been studied in NCDs and healthy aging

2.1 Mechanism of action: how do nutraceuticals intervene?

The majority of nutraceuticals act as antioxidant agents; few of them are anti-
inflammatory, anticarcinogenic, and antiangiogenic agents (Table 1) [13, 35]. The 

Class of nutraceuticals Mechanism of action Examples and diet sources

Antioxidants [23] Inhibit the formation of free radicals by 
breaking the chain reaction or reduce the 
concentration of free radicals by donating 
hydrogen and electron

Vitamin A, E, C, Polyphenols, Beta 
carotene (green leafy vegetables and citrus 
fruits)

Plant polyphenols and 
catechins [24]

Antioxidant, Anti-inflammatory, 
Anticancer

Turmeric, green tea, Grapeseed  
(fruits, vegetables, legumes, cereals, and 
beverages)

Carotenoids [25] Anticancer, Antioxidant, Cell growth 
regulation, modulation of gene 
expression, and immune response

Lutein, zeaxanthin, and lycopene,  
(green leafy vegetables, spinach, carrots,  
and apricots)

Plant stanols/sterols 
(Phytosterols) [26]

Reduce cholesterol absorption, anti-
inflammatory, antineoplastic, and 
immunomodulating

Sitosterol, stigmasterol, campesterol, 
(vegetables, nuts, fruits, and seeds)

B vitamins [27] One carbon metabolism, Methylation 
reactions

Vitamin B6, B9, B12

Calcium and vitamin D 
[28]

Bone metabolism, antineoplastic Spinach, soybeans, fish

Omega-3 fatty acids [29] Anti-inflammatory, Reduce blood 
triglyceride levels

Eicosapentaenoic acid (EPA), 
docosahexaenoic acid (DHA),  
(fish oil, plants, flaxseed)

Prebiotics and probiotics 
[30]

Role in innate immunity, intestinal barrier 
function

Lactobacillus and Bifidobacterium family

Zinc [31] DNA synthesis, cell proliferation, and 
differentiation

Whole grain, legumes, meat, egg, sea fish

Coenzyme Q10 [28] Aerobic respiration, generation of ATP

Ginkgo biloba [32] Improves function of nerve cells, platelets, 
and antioxidant

Vaccinium corymbosum 
(blueberry) [28]

Antioxidant, blueberry

Cranberry (Vaccinium 
oxycoccos) and oregano 
(Origanum vulgare) [33]

Antimicrobial, antiviral, antimutagenic, 
antiangiogenic, and antioxidant

Nectarine and acai fruits 
[28]

Antioxidant

Rosa damascena Antiepileptic, anti-amyloid Rose oil

Cocoa polyphenols [28] Antioxidant, altering chromatin structure Cocoa powder

Quercetin and tannic acid 
[34]

Antiamyloid, antineoplastic, antioxidant Fruits and vegetables

Caffeic acid and 
rosmarinic acid

Anticarcinogenic, antirheumatic, and 
anti-inflammatory

Fruits, vegetables, and herbs

Spermidine Enhance autophagy Citrus fruits, soybean

Table 1. 
Various nutraceuticals (and their sources) that have been studied in healthy aging and NCDs.
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various ways in which they act on cognitive processes and aging are depicted in 
Figure 1. However, these are only basics, and further research is necessary to elucidate 
the deeper underlying mechanisms.

2.1.1  Effects of nutraceuticals in cognitive aging and progression to neurodegenerative 
disorders

Cognitive changes associated with normal aging when accelerated result in mild 
cognitive impairment (MCI), characterized by structural changes in the brain such 
as amyloid plaque deposition, demyelination, and neurodegeneration. MCI increases 
the risk for developing major neurocognitive disorders through increased pathology, 
which results in marked cognitive impairment. Gene expression that has been altered 
with concomitant oxidative stress causes DNA damage and protein aggregation, 
which leads to MCI and dementia. Nutraceuticals of plant and animal origin help in 
the attainment of healthy aging and prevention and slow down the neurodegenera-
tion process with increased longevity and preservation of cognitive abilities [36, 37]. 
Nutraceuticals have the potential to reverse structural changes in the brain, prevent 
DNA damage, and slow down protein aggregations promoting healthy aging as well as 
preventing or delaying the onset of MCI and dementia [13, 35, 38, 39]. Their effects on 
the cognitive changes in the pathophysiological spectrum are highlighted in Figure 2.

Both in vivo animal models and human studies in aging have shown that various 
nutraceuticals have a beneficial role in the promotion of positive mental health and 
well-being in aging, prevention of cognitive decline and eventually dementia, as well 
as slowing down the benign cognitive decline associated with normal aging [40–42]. 
Few nutraceuticals that were found to be useful in this regard are:

Brahmi herb (Bacopa monnieri): enhances cognitive performance in attention and 
logical memory domains and prevents and improves depressive symptoms.

Ashwagandha (Withania somnifera): enhances memory and sleep in aging and 
improves attention, executive functions, and information processing.

Turmeric (Curcuma longa): increases brain-derived neurotrophic factor (BDNF), 
prevents AD and depression.

Garlic (Allium sativum): reverses the levels of stress-related hormones and 
improves learning and memory.

Pumpkin seeds (Cucurbita maxima): improves memory and reduces depression [40].
Other nutraceuticals, including multivitamins, minerals such as zinc, selenium, 

and magnesium, fish oils, etc., also help in the improvement of cognitive functions in 
various domains [40, 43–47].

2.1.2 Role of nutraceuticals in other neurocognitive disorders

Most studies on the nutraceuticals’ efficacy on neurocognitive disorders have 
focused on Alzheimer’s disease. However, few studies have looked into the role of 
nutraceuticals in other neurocognitive disorders as well [39]. These studies are less 
robust and ambiguous in conclusive clinical implications.

In Parkinson’s disease, nutraceuticals are found to be beneficial either by 
reducing the dose of L-dopa required or by acting independently, thus reducing 
the symptom severity [48]. In vivo studies have shown that vitamin B complex, 
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vitamin D, creatine, fish oils, curcuminoids, mucuna seed powder extract, resvera-
trol, quercetin, Ginkgo biloba, etc., are beneficial in reducing the severity of motor 
symptoms, preventing the nonmotor symptoms and cognitive symptoms associated 
with PD [49, 50].

In vascular dementia (VD), the B vitamin complexes especially vitamins B6, B9, 
and B12 are found to be useful in preventing its occurrence [51]. Various Chinese 
herbal preparations, such as Ginkgo, Huperzia, curcumins, Ginseng, Brahmi, saffron, 
green tea, etc., found to be helpful as adjuvants for the pharmacological treatment 
of cognitive decline in VD [52]. The complex herbal formulations that include these 
herbal products in various combinations were found to be superior to the individual 
preparation [53, 54].

In patients with stroke and post-stroke sequelae, nutraceuticals are found to be 
clinically beneficial at various stages. They reduce the risk of occurrence of stroke and 
can be used as prophylactic agents to promote ischemic tolerance to delay, prevent, or 

Figure 1. 
Mechanisms in which nutraceuticals act on cognition and neurocognitive disorders [35].

Figure 2. 
Effect of nutraceuticals in mild cognitive impairment, neurocognitive disorders, and healthy aging.
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postpone the occurrence or reoccurrence of stroke. They can also be used as adjunct 
therapeutic agents to minimize secondary brain damage in the case of acute stroke 
[55, 56]. Clinical studies have shown that vitamin B complex, vitamin E, magnesium, 
omega-3 fatty acids, polyphenols, and clinical studies have shown that coenzyme 
Q10, cystine, L-glutamate, retinoic acid, capsaicin, and vitamin D3 are useful as 
prophylactic agents. Nutraceuticals, including vitamin cocktail, minerals such as zinc 
and selenium, and curcumin, are used as therapeutic adjuvant agents in acute stroke 
for early recovery and prevention of complications [51, 56].

In Huntington’s disease (HD), there are very few nutraceutical compounds that 
are found to be helpful. These include amino-oxy acetic acid (AOAA), levocarnitine 
[57], curcumin, taurine, resveratrol, anthocyanins, and quercetin [58]. Souvenaid™, 
a medical food composed of uridine monophosphate, DHA, choline, EPA, selenium, 
folic acid, phospholipids, and B vitamins has been found to have a significant posi-
tive impact on the behavioral symptomatology and theory of mind (ToM) skills in 
patients with frontotemporal dementia (FTD) [59].

2.1.3 Molecular mechanism of action of nutraceuticals in invertebrate models

Age is the major risk factor for various neurocognitive disorders [2]. There has 
been significant progress in elucidating the molecular mechanisms of aging [60, 61]. 
A number of genetic factors called longevity-related genes have been identified to 
modulate lifespan and health span in model organisms ranging from yeast, worms, 
flies, and rodents [62]. These genes fall into three nutrient sensing pathways:

• Target of rapamycin (TOR): sense cellular amino acid levels

• Insulin/IGF-1 like signaling (IIS): sense glucose levels

• Sirtuin pathway: sense NAD+ or NAD+/NADH levels

Nutraceuticals bind to the proteins that are translated from these genes, which will 
either inhibit or stimulate the further downward molecular pathway, leading finally 
to longevity and increased health span (Figure 3).

2.1.4 Interaction between nutraceuticals and the gut microbiota

The gut microbiota is a collection of colonies of multiple microbes that reside 
in the body and live in a symbiotic relationship with their host [63]. The brain-gut-
microbiota axis comprises a part of this microbiota that is an extensive communica-
tion network between the brain [64] and gut. This axis plays an important role in the 
emotional and cognitive development of an individual, and any dysbiosis in this axis 
will lead to the occurrence of neuropsychiatric illnesses [65, 66]. Recent studies have 
shown the interaction between hypothalamo-pituitary–adrenal (HPA) axis and brain-
gut-microbiota axis in the causation of psychiatric disorders [63].

Probiotics are various bacterial strains that exert beneficial effects through the 
number of ways such as antimicrobial effects, modulating the host’s immune response, 
enhancing the functioning of epithelial barrier [63, 67]. The recent studies at the 
preliminary stage have shown that nutraceuticals, including prebiotics (fructo-
oligosaccharides, xylo-oligosaccharides, and inulins), anthraquinones, phytoestro-
gens, polyphenols, amino acids, vitamins, and omega-3 fatty acids, can interact with 
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gut microbiota, often improving the diversity of gut microbiota, regulating immune 
function of the host, and improving the integrity of the intestinal barrier, which may 
have a beneficial role in the prevention and treatment of various neuropsychiatric and 
neurocognitive disorders [68–71].

3.  Evidence based on nutraceuticals in neurocognitive disorders  
and healthy aging

There are a number of studies that have investigated the efficacy of nutraceuticals in 
the prevention and treatment of neurocognitive disorders. These studies vary from each 
other in terms of methodology, sampling size and strategies, study design, duration 
of treatment, and selection and doses of various nutraceuticals [72]. The results of all 
these studies are largely mixed. Therefore, these studies need to be replicated in larger 

Figure 3. 
Schematic representation of nutrient signaling, and stress response pathways associated with aging and longevity 
in C. elegans and D. melanogaster [62]. ROS: Reactive oxygen species, SIR: Sirtuin, OSR: Osmotic stress resistant, 
MAPK: Mitogen activated protein kinase, UNC: Calcium/calmodulin dependent protein kinase, TOR: Target of 
rapamycin, SKN: Gene for protein skinhead-1, IIS: Insulin/IGF-1 like signaling, DAF: Gene for FOXO protein, 
HSF: Heat shock transcription factor.
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Study Study type Sample 
characteristics

Intervention Study 
duration

Results

de Jager  
et al. [74]

Double blind 
single-centre 
randomized 
controlled trial

Diagnosis-
MCI n = 266 
(intervention = 133, 
control = 133) mean 
age = 76.8 years

0.8 mg folic acid 
+0.5 mg vitamin 
B12 + 20 mg 
vitamin B6

2 years Intervention 
group performed 
significantly well in 
memory tasks

Krikorian 
et al. [75]

Randomized 
placebo-
controlled 
double blind 
trial

Diagnosis-MCI, n = 12 
(intervention = 5, 
control = 7), mean 
age = 72.8 years

6–9 ml/kg of 
concord grape 
juice

12 weeks Intervention 
group performed 
significantly well in 
memory tasks

Bo et al. 
[76]

Double blind 
randomized 
placebo-
controlled trial

Diagnosis-MCI, n = 86 
(intervention = 44, 
placebo = 42), mean 
age = 71 years

625 mg 
DHA + 600 mg 
EPA twice daily

6 months Intervention group 
performed better in 
perceptual speed, 
visual memory, and 
working memory 
tasks

DeKosky 
et al. [77]

Double blind 
randomized 
placebo-
controlled trial

Diagnosis-
MCI, n = 482 
(intervention = 256, 
control = 226) mean 
age = 79.1 years

120 mg of Gingko 
biloba extract 
twice daily

6.1 years No significant effect 
in either the incidence 
of dementia or AD 
incidence

Peterson 
et al. [78]

Double blind 
randomized 
placebo-
controlled trial

n = 769 
(intervention = 257, 
donepezil group = 253, 
placebo = 259), mean 
age = 72.9 years

2000 IU of 
vitamin E daily 
v/s donepezil v/s 
placebo

3 years There were 
no significant 
differences in the 
rate of progression to 
Alzheimer’s disease 
between the vitamin 
E and placebo groups 
at any point.

Desideri 
et al. [79]

Double blind 
randomized 
parallel arm 
study

Diagnosis- MCI n = 90 
(high v/s intermediate 
v/s low- 30 each) 
mean age = 71.2 years

Flavanol dose: 
High (990 mg/
day) v/s 
intermediate 
(520 mg/day) v/s 
low (45 mg/day)

8 weeks High dose flavanol 
group performed 
significantly well in 
executive function, 
processing speed, and 
verbal fluency

Ringman 
et al. [80]

Double blind 
randomized 
placebo-
controlled study

Diagnosis- AD
n = 36 mean 
age = 73.5 years

Curcumin dose 
2–4 gram/day

24 weeks Curcumin was 
generally well 
tolerated, but no 
significant benefits 
in AD in various 
cognitive tasks

Shults 
CW et al. 
[81]

Observational 
study

Diagnosis- Parkinson’s 
disease (PD)

— — Levels of coenzyme 
Q10 in mitochondria 
was significantly 
lower in PD patients 
than controls

Evans  
et al. [82]

Randomized 
placebo-
controlled trail

Study group- post 
menopausal women 
n = 80

Trans-resveratrol 
150 mg/day

14 weeks Resveratrol group did 
significantly better in 
cognitive tests such 
as verbal memory 
and overall cognitive 
performance
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representative samples for better quality of results and translation into routine clinical 
practice [73]. The lack of adequate blinding, placebo response, mixed population, and 
clinical pragmatism limit the interpretation of these results. Hence, it is difficult to draw 
clinical implications. The overview of some of the studies has been depicted in Table 2.

4. Clinical utilities and advantages of nutraceuticals

Recently, there have been various small- and medium-size studies looking into the 
efficacy of nutraceuticals in the promotion of healthy aging, prevention of dementia 
in MCI subjects, and slowing down the progression of cognitive deficits in various 
neurocognitive disorders. In comparison with the pharmacological drugs that are 
being used for dementia, nutraceuticals bear many advantages:

• They are naturally occurring substances and are easily available in varieties of 
dietary constituents and formulae [84].

• The manufactured nutraceuticals may be easily available and procured from 
provisional stores or pharmacy counters as over-the-counter medications [85].

• Most of the nutraceuticals are taken orally, are easy to use, and are generally 
more acceptable.

• The preliminary trials have shown that these agents are safer to use in humans 
and will not cause any significant adverse effects [15, 17].

• In the current times of apparent therapeutic nihilism in the health professionals 
with regard to the pharmacological treatment options for neurocognitive disor-
ders owing to the stagnation of new drug development, nutraceuticals may come 
handy in this respect [20].

• There is substantial scientific evidence on the mechanism of action of nutraceu-
ticals through the studies in animal models [39, 62].

• The studies on pharmacodynamics and pharmacokinetic aspects of nutraceuti-
cals in human subjects are going on.

Study Study type Sample 
characteristics

Intervention Study 
duration

Results

Tomata  
et al. [83]

Prospective 
cohort study

n = 13,988 3 arms: green tea 
consumption 1–2 
cups /day v/s 3–4 
cups/day v/s 5 or 
more cups/day

3 years Green tea 
consumption 
is significantly 
associated with a 
lower risk of incident 
functional disability, 
even after adjustment 
for possible 
confounding factors.

Table 2. 
An overview of few trials of nutraceuticals on various neurocognitive disorders, MCI, and healthy aging.
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• Any given nutraceutical may have multiple health benefits, such as the preven-
tion and treatment of many chronic diseases such as diabetes, hypertension, 
heart diseases, atherosclerosis, musculoskeletal diseases, cancers, etc., along 
with neurocognitive disorders [85].

• Along with treatment aspects, nutraceuticals have a beneficial role in general 
health and well-being, healthy aging, and prevention and slowing down frailty in 
the elderly.

• Nutraceuticals may be well accepted by the general population and patients as 
they are naturally occurring, culturally ingrained in the given society, and devoid 
of the stigma associated with taking “artificial” medications.

5.  Challenges and controversies of using nutraceuticals in clinical practice 
of dementia and healthy aging

The use of nutraceuticals is not free from challenges. These range from the point 
of production to the point of consumption and its effects on the human body as well 
as lack of a sound evidence base. Especially, when it comes to the aging spectrum, 
it is challenging to set arbitrary standpoints to assess cognitive status and effects of 
nutraceuticals. Another age-old challenge is the lack of standardized sociocultur-
ally sensitive cognitive assessment tools. Nutraceuticals are widely available in food 
products and often used over-the-counter; hence, the dose–response relationship is 
often obscure. Various caveats while discussing the role of nutraceuticals in healthy 
aging and neurocognitive disorders are the following:

• The results of interventional studies on the nutraceutical on various neurocogni-
tive disorders are mixed across the board, and there is no emphatic evidence to 
support the use of nutraceuticals in these disorders [20].

• These studies have shown a marked placebo effect while treating patients with 
dementia and also in healthy aging [86].

• The ideal approach would be combining the nutrients together to match the 
physiological requirement of the body, which may be challenging, and manu-
facturing the complex mixture of various nutraceutical formulations may be 
cumbersome and costly [87]. It also makes it difficult to assess the efficacy of 
each constituent.

• There are challenges in analyzing the large data pertaining to the proportion of com-
positions of nutraceutical constituents in the food and assessing their qualities [88].

• The available questionnaires and rating scales on diet and nutritional intake for 
monitoring of the effects of nutraceuticals are prone to recall bias and may have 
confounding effects on the study results [20].

• Testing the baseline nutrient levels of the nutraceuticals in the body and person-
alized medicine and a more targeted approach by prescribing the nutraceuticals 
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based on specific nutritional deficiencies is required in the current scenario of 
precision medicine practice [87].

• The setting of an appropriate dosing regimen may be difficult due to erratic pat-
terns of metabolism, poor blood–brain barrier penetration, nonspecific target-
ing, and reduced bioavailability.

• Neurocognitive disorders are common in older people. Old age is associated 
with changes in pharmacodynamics and pharmacodynamics that can influ-
ence the bioavailability, metabolism, and, eventually, the action of all drugs. 
Adverse effects of medicines and toxicity are, hence, more frequent [2, 3, 7]. 
In addition, the central nervous system is more vulnerable to the effects of 
any drug in dementia, and dosing needs supervision as functional capacity 
declines gradually with dementia progression. Without standard guidelines, 
it becomes difficult to decide appropriate dosing regimen for nutraceuticals 
in older people (especially in those living with dementia), which is safe and 
well tolerated [84, 85]. More research is warranted to understand the safety of 
ingestion of nutraceutical-based products in old age. Another related concern 
is drug–drug interactions as polypharmacy is a rule rather than exception in 
later life.

• There is a lack of standardized treatment guidelines for the use of nutraceuticals 
[21, 56]. This leads to wide variation and subjectivity in their dosing and usage.

• Further studies are required to look into the pharmacokinetic and pharmacody-
namic profile of nutraceuticals specifically in humans [21].

• There is a need for robust evidence for the regulated regimens of nutraceutical 
prescription including dose, duration, and knowledge of adverse reactions with 
post-marketing surveillance.

• The nutrient mixtures are not free from various contaminants, such as allergens, 
natural and unintended contaminants, heavy metals, pesticides and herbicides, 
mycotoxins, natural plant toxins, microbiological agents, marine toxins, etc., which 
can be harmful to humans and need to be purified before marketing [85].

• The potential interactions of nutraceuticals with other drugs and supplements 
need to be studied.

• The long-term impact of continued nutraceutical intake needs to be studied [84].

• As most of the nutraceuticals are available as over-the-counter supplements, 
there is a risk of abuse and toxicity [63].

• Inertia among clinicians regarding their use, misinterpretation of their role as 
“placebo,” which is further perpetuated by the lack of strong evidence base.

• There are multiple other factors that can influence aging and the trajectory 
of neurocognitive disorders (such as age, gender, substance use, education 
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status, cognitive and leisure-time activities, exercise, diet patterns, social 
connectivity, sleep, relationships, and stress levels). Many trials involving 
nutraceuticals either do not take these factors into account or are too stringent 
about inclusion criteria, which makes the study population nonrepresentative 
of clinical settings [73, 87]. This makes the findings difficult to interpret. The 
complex interplay between all these modifiable and nonmodifiable factors 
in aging can potentially modify the influence of nutraceuticals, which needs 
further research.

• There is a need for the development, implementation, and evaluation of public 
health strategies for improving nutrition in the general population [21].

6. Conclusion and future direction

Nutraceuticals are naturally derived bioactive compounds that are found in 
foods, dietary supplements, and herbal products and have health promoting, disease 
preventing, or medicinal properties. They have multiple actions, including anti-
inflammatory, antioxidant, anticarcinogenic, and antimicrobial properties. The field 
of nutraceutical psychiatry is relatively new and is slowly seeping into the mainstream 
psychiatric practice because of a number of recent studies that have established some 
efficacy in the prevention and treatment of neurocognitive disorders, slowing the 
progression of MCI into dementia and promotion of healthy aging. However, these 
studies are significantly heterogeneous in terms of methodology, sample selection, 
assessment, and dose and formulations of nutraceuticals with largely mixed results. 
We are lacking robust scientific evidence for the efficacy of nutraceuticals in cognitive 
neurology and psychiatry. Till date, nutraceuticals continue to be used as adjuvants 
or over-the-counter products for healthy aging as well as the prevention and manage-
ment of dementia.

We need more large-sized randomized controlled trials for the better establish-
ment of the efficacy of the nutraceuticals in neurocognitive disorders. The molecu-
lar basis of the action of nutraceuticals in human subjects needs to be unraveled for 
a better understanding of these molecules. The composition of each supplement 
must be carefully studied, and there has to be a rigorous regulatory mechanism for 
dosing, purification, mixing the different compounds, manufacturing, prescrip-
tion, and marketing of these compounds that are backed by scientific evidence. 
Further studies are required for personalized medicine based on the physiological 
requirement of the body after testing for the blood levels of the nutraceuticals. 
From a public health perspective, the public and the health professionals need to 
be educated regarding the healthy nutrition and the availability of various nutra-
ceuticals, and the policies pertaining to the regulation of sales of these compounds 
need to be formulated. Notwithstanding all limitations, nutraceuticals hold an 
immense promise in the field of healthy aging and disorders related to age. A 
deeper understanding of the nuances related to the mechanism of action, dosage, 
composition, role in different time periods of life, and, finally, other physiological 
effects will improvise their role in preventive and aging medicine. Age-appropriate 
guidelines can then be put into practice to help clinicians worldwide with their use. 
Whether nutraceuticals work in neurodegenerative conditions, especially demen-
tia, stands the test of time, but based on the available evidence, it is definitely 
worth a try!
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Perspective Chapter: Telehealth
Technologies for the Elderly People
Ahmadreza Shamsabadi, Esmaeil Mehraeen and Zahra Pashaei

Abstract

Home telehealth technology delivers a telemedicine tool for elder adults to take an
active role in the management of their chronic diseases. This study aimed to deter-
mine the requirements and applications of home telehealth systems to monitor health
parameters of the elderly. Electronic databases including PubMed, Scopus, Web of
Science complemented by Google Scholar were searched. This systematic review was
conducted based on preferred reporting items for systematic reviews and meta-
analyses. In this study, 21 articles met the inclusion criteria and were included in the
final review. There were 80 different requirements and 15 types of applications to
create a home telehealth system specifically for the elderly. The highest frequency of
applications element was related to the “blood pressure” (18%) and the lowest fre-
quency related to items such as blood coagulation (1%) monitoring. Other systems`
elements were “alert system” (12%), “information analysis” (12%), smartphone
(20%), and internet (23%). Recognizing all used requirements and achieved
capabilities may assist in designing more effective systems. They might be expanded
at national level to meet the elderly’s needs at a greater scale.

Keywords: elderly, home care service, nursing informatics, telehealth, system
requirement

1. Introduction

The population of elderly is increasingly rising [1, 2]. In 2011, there were about 657
million elderly people in the world, and in 2050, their population is expected to reach
about 1.91 billion [3]. Elder adult patients are more affected by multiple acute and
chronic conditions and diseases requiring continuous care. This management might be
provided by a variety of medical and health professionals in different settings [4, 5].
Over the past few decades, there has been a widespread prevalence of chronic diseases
including diabetes, chronic obstructive pulmonary disease (COPD), and cardiovascu-
lar diseases in elderly, due to increased life period [6]. Among elderly, chronic diseases
that occur simultaneously have increased and caused limitation in their physical
activities, social interactions, and general health [7]. This will increase the need of
long-term care for elderly [8].

Telehealth (also known as remote health) has been defined as intermediations that
allow send and receive remote of health data and supplementary information between
a patient and healthcare expert(s) to support in the diagnosis and managing of health
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situation [9]. Telehealth in general refers to several technologies, systems, and appli-
cations that could be adopted to provide remote support of health care at home [10].
This requires a set of fundamental functionalities, such as remote consultation and
diagnosis, as well as the possibility of data gathering for the monitoring of health
dimensions and vital signs (e.g., blood pressure, heart rate, and seizure risk). Home
telehealth (HTH) is described as “the use of telecommunications by a home care
provider to link patients or customers to one or more out-of-home sources of care
information, education, or service by means of telephones, computers, interactive
television, or some combination of each” [11].

There are several telehealth service delivery models, and each model has different
requirements and attributes [12]. Various review studies address information and
communication technology (ICT) applications to support elder adult’s telehealth at
home. The main focuses of these studies include patient self-management [13], ethical
considerations [14], facilitators and barriers to telehealth applications [15], elder
adult’s points of view about ICT applications [16], digital technology for aging in place
[17], general review of monitoring technologies [18], and telephone application for
communication between nurses and elderly [19]. Therefore, it turns out that there is a
lack of review studies in the area of home telehealth system requirements for elderly.
This study intends to focus systematically on evidences and experiences to determine
applications and requirements of home telehealth system for elderly.

2. Methods

2.1 Aims

This study was to determine the requirements and applications of home telehealth
systems to design and development of an effective system for telemonitoring of health
parameters for elderly living at home.

2.2 Design

A systematic literature review of evidence and experiences.

2.3 Search methods

An electronic search was carried out in four scientific databases including Scopus,
Web of Science and PubMed, Google scholar for English language studies. A
researcher with a health information management degree (ARS) designed a Boolean
search strategy. Compositions of the following search terms were used:

a. elderly OR frail elderly OR old adult OR geriatric OR aged

b. health information management OR remainder system OR wireless devise OR
sensors

c. telemonitoring OR telemedicine OR home care OR home nursing OR home
telehealth

d. (a) AND (b) AND (c)
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2.4 Inclusion criteria

The inclusion criteria were original articles describing telehealth systems for mon-
itoring elderly’s health at home published in English language. Only articles that
applied a remote monitoring system for elderly living at home were selected and
analyzed.

2.5 Exclusion criteria

Exclusion criteria were studies published in a language other than English, studies
published before 2013, studies with no full-text available, and any type of publication
other than original article including review papers, conference abstracts, letters, etc.
Papers that focused only on those systems aimed to monitor the environmental factors
of elderly for remote home monitoring purposes were also excluded.

2.6 Search outcomes

In total, 1727 records were retrieved by searching the formerly mentioned data-
bases. From articles found, first, duplicates were removed. Then, the titles and
abstracts were screened by two researchers (SRNK, ARS) conforming to the inclusion/
exclusion criteria. In this study, 21 articles met the inclusion criteria and were
included in the final review. The process of PRISMA1 for data collection and analysis
was applied (Figure 1).

2.7 Quality appraisal

The full texts of potentially related article were separately evaluated by the same
two researchers independently. Contradictions were solved in consultation with
researchers who also examined and authenticated the relatedness of all included
articles.

2.8 Data abstraction

Data elements were extracted from selected articles. The extracted criteria were
then reviewed by an expert panel including two medical informatics specialists and
three health information management specialists who have been involved with other
elderly informatics projects. The final classification obtained based on the five
researchers’ agreement is presented in Table 1.

2.9 Synthesis

The selected articles were analyzed based on five main data variables presenting
the applications and requirements of home telehealth monitoring systems for elderly
including: applications, nonfunctional requirements (system-oriented and technical
features), functional requirements (user-oriented features), devices, and communi-
cation infrastructures obtained from telehealth service delivery models and system
requirements engineering [40].

1 Preferred reporting items for systematic reviews and meta-analyses.
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3. Results

Table 1 presents the specific extracted data from the given papers based on seven
data element of date of publication, country or project name, applications, nonfunctional
requirement, functional requirement, device, and communication infrastructure.

In this study, five different aspects of home telehealth systems designed for aged
monitoring were considered and analyzed. These aspects include (a) applications: indi-
cating the purpose of using the system; (b) functional requirement: defines system
performance and describes the inputs, behaviors, and outputs of the system for the user
[41]; (c) nonfunctional requirement: refers to system architecture made of technical and
operational features to make functional requirement working properly [42]; (d) device:
specifying the tools that have been mostly used in the systems; and (e) communication
infrastructure: implying to the type of networks and the way the information is mostly
transmitted from the elderly’s home to the central system and roaming from this station
to the other parts of the system. Here, we give more information about each of aspects
used for mentioned home telehealth system in detail.

According to the data analysis, it was revealed that the most common applications
of home telehealth systems were respectively blood pressure (18%) and heart rate

Figure 1.
The process of PRISMA for data collection and analysis.
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monitoring (15%). The most nonfunctional requirements of these systems included
“analysis of information” (12%), and “central database” (11%); the most functional
requirements were “display information for the user” and “alert system” (12%), and
“personalized services” and “detection of emergency situations” (11%). In addition,
results showed that the most commonly used device in the home telehealth systems
for the elderly was smart phone (20%) and biomedical sensors (19%); the most widely
used communication infrastructure was internet (23%), Bluetooth and Wi-Fi (17%).

Data analysis showed that in recent years (between 2013 and 2019), elderly home
telehealth systems have been used by the various countries in the world, mostly in
Europe in the form of applied or in progress projects. Furthermore, home telehealth
systems for remote monitoring of the elderly living at home were used for a variety of
applications. A total of selected articles were analyzed based on 15 parameters. They
included blood pressure, heart rate, oxygen saturation, weight, blood sugar, respira-
tion, physical activity, body temperature, electrocardiogram, diet tracking, blood
coagulation, galvanic skin response (GSR), electromyogram (EMG), chest impedance,
and medication compliance as shown in Figure 2.

The functional requirements included “education for the users,” “detection of
emergency situations,” “reminder system,” “alert system,” “display information for
users,” “ubiquitous information access,” “social and emotional support,” “personalized
services,” “ease of use for elderly,” “graphical presentation of outputs,” etc. (Figure 3).

Nonfunctional requirements included “central database,” “information analysis,”
“user-friendliness,” “EPR2 and PHR3 development,” “web–based design,”, “applying

Figure 2.
Frequency and percentage of mostly usages in home telehealth monitoring systems for elderly (M* = Monitoring).

2 EPR :electronic patient record.
3 PHR: personal health record.
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Figure 3.
Frequency and percentage of mostly functional requirements in home telehealth monitoring systems for elderly.

Figure 4.
Frequency and percentage of mostly nonfunctional requirements in home telehealth monitoring systems for elderly
etc.* including: applying POP – UP (n = 1), service UPnP technology based design (n = 1), animated guide
(n = 1), use variety of apps (n = 1), data reduction ability (n = 1), SOCAM & OSGi-based design (n=1),
agent-based design (n = 1), applying cloud service (n = 2), push notification ability (n = 1), contact with HIS
ability (n = 1), applying SNOMED CT (n = 1), and applying HTTPS (n = 1).
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virtual environment,” “management of apps,” “creation of user profile,” “real-time
monitoring,” “intelligent performance,” “system security,” etc. (Figure 4).

Different devices were used in elderly health monitoring systems. Seventeen types
of devices were mentioned in the articles. They include biomedical sensors, camera,
apple iPod, smart phone, PC & laptop, webcam, IoT devices, speaker and microphone,
landline phone, pulse-Doppler radar, Intel health guide, broad band router, game con-
troller, activity hub, HTC radar, and X bee PRO S2B module as shown in Figure 5.

Figure 5.
Frequency and percentage of mostly devices in home telehealth monitoring systems for elderly.

Figure 6.
Frequency and percentage of mostly communications in home telehealth monitoring systems for elderly etc.*
including: Telephone (n = 2), GPS (n = 1), LR-WPANs (n = 2), WLAN (n = 1), Ethernet (n = 2), MMS
(n = 1), Cellular network (n = 1).
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According to the architecture of home telehealth systems, various communication
infrastructures were used in these systems such as: Internet, Wi-Fi &Wi-Max, SMS,
Zig bee, RFID, GSM & GPRS, and Bluetooth, which are shown in Figure 6.

4. Discussion

Home telehealth systems are very much considered, and several large projects are
running in various countries. The most abundant applications of elderly remote mon-
itoring system for home telehealth purposes were blood pressure (18%), oxygen
saturation (13%), and heart rate (15 %). It is probably due to the importance of
examining vital signs for aged people [42]. Hypertension is the most common condi-
tion seen in primary care because of its importance; that is, if blood pressure is not
timely diagnosed and treated, it might lead to myocardial infarction, kidney failure,
stroke, and death [43]. There were various functional requirements that are user-
oriented features of home telehealth systems; the most common of them were “dis-
play information for the users,” “alert systems,” “detection of emergency situations,”
and “personalized services.” These functional requirements are extremely important
for elderly care due to their responsibility for connecting the user with home
telehealth system in order to be utilized practically. According to the fact that aged
people may have cognitive impairments, low levels of e-literacy and health knowledge
[44], applying functional requirements may support them very much by providing
more visual perception and showing the outcomes in the form of understandable
graphs and appropriate alerts such as time and dose of medication, observation of
nutrition, and daily calorie intakes. Applying home telehealth system may induce data
production and collection, which may lead to higher quality of data analysis and
results in functions such as detection, prediction, and personalized system outcomes.

The technical features of a software are called nonfunctional requirements [41],
They provide infrastructure for the best system interaction with the user (the elderly)
and support interoperability and security [45]. They have modules in their structure
to meet elderly’s needs and support. In this study, the most frequent nonfunctional
requirements included “information analysis,” “central database,” “real-time moni-
toring,” “intelligent performance,” “system security,” “user-friendliness,” and
“applying virtual environment.” In addition, in home telehealth systems for elderly
living at home, various devices and communication infrastructures are used
depending on the type of applied telehealth model, architecture, and the distance
between home and healthcare center [12]. Based on this review, the most common
devices were biomedical sensors and smart phone using Internet, Wi-Fi &Wi-max,
and Bluetooth, which are highly frequent ways of communication.

The results of reviewing the projects aimed to monitor elder adults living at home
revealed that these systems follow various outcomes such as monitoring purpose
systems (sweet-home project) [46] and My Heart4 [46]. They are aimed to monitor
health status in senior people for either telecare or telehealth purposes. For instance,
My Heart is a telehealth project to prevent cardiovascular disease by supporting
elderly people having proper lifestyle and early diagnosis [47]; REACTION5 is another

4 MyHeart is a so-called Integrated Project of the European Union aiming to develop intelligent systems for

the prevention and monitoring of cardiovascular diseases.
5 REACTION:Remote Accessibility to Diabetes Management and Therapy in Operational healthcare

Networks.
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telehealth project to support long-term management of diabetes in elderly cases
through using wearable’s device, continuous blood glucose monitoring sensors, and
automated closed-loop delivery of insulin [48]. However, other well-known elderly
monitoring projects are for telecare purposes, they have, particularly in Europe,
focused on elderly people’s life quality improvement besides extending their indepen-
dent life through equipping their home and environment [46]. For example,
SOPRANO6 is another project in Europe to develop home environment to support
assistive technology using service-oriented architecture (SOA) [49]. InCASA7 project
supports elderly to live longer in their home via increasing their self-confidence [40].

Based on what we learned in this review, the telecare system is composed of
telehealth systems which are different, according to the care provided to user. Due to
the distinct entity of telecare and telehealth [50, 51], we focused on telehealth as a part
of telecare for elderly living at home. Home telehealth system is composed of three
parts including elderly home section, service center, and monitoring unit in a
healthcare provider center [25, 40]. These three parts are connected to each other and
linked to their related devices. The devices are linked too. We focused on one device,
which might be a smartphone in elderly’s hand; the device encompasses nonfunctional
and functional features. Based on the capabilities of a device, different applications
would be provided to a user through various communication infrastructures. In fact,
the more nonfunctional capabilities are embedded, the more functional features are
supported by the device providing more applications for elder adult's remote care at
home. Although studied systems are capable of providing various monitoring and
care, there is still a need to use new technologies including internet of thing and
internet of humans to enhance home telehealth systems. Further research is suggested
to proceed this primarily schematic suggestion of home telehealth system for elderly.

5. Limitations

In this study, only requirements and applications of home telehealth systems for
elderly living at home were investigated, and further studies are required to examine
the effect of these systems on aged people quality of life. Furthermore, in this review,
we only focused on home care, and more study might be needed to explore the
requirement of telehealth system for nursing home. Another limitation is not
studying environmental factors affecting elderly home care and only emphasizing on
requirements and applications for health-related factors.

6. Conclusion

Home telehealth systems for monitoring elderly are a type of telemedicine system
specifically used for monitoring aged people. They encompass various technologies
connected to elderly’s home in order to provide different cares. Recognizing all used
requirements and achieved capabilities may assist designing more effective systems.

6 SOPRANO: Service-oriented Programmable Smart Environments for Older Europeans.
7 InCASA: integrated network for completely assisted senior citizen`s anatomy.
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They might be expanded in national level to meet elderly’s needs in greater scale.
Introduced elements of home telehealth system may support developers, nurses, and
decision-makers to understand which infrastructure is appropriate for required usages
based on available resources and facilities.
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