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ABSTRACT

Aging is a complex process of physiological and social changes that leads to various diseases. The
number of elderly people in the world is increasing dramatically and it should be noted that rapid
population aging represents a major public health burden. On the other hand, providing an
appropriate and low-cost approach to control and prevent complications such as chronic diseases,
physical dysfunction, and the geriatric syndrome is necessary. Also, numerous studies have shown
that participation in physical activity and exercise training reduces the incidence of dysfunctional
capacity, cardiovascular and metabolic disease, as well as the premature death rate in older adults.
After plenty of precise observations about the role of exercise on aging-related diseases and geriatric
syndromes articles, the benefits of exercise and physical activity in older adults will be more
tangible. Therefore, the first purpose of the present review was to investigate the mechanisms of PA
and exercises that are involved in the prevention of aging-related diseases and GS using current
evidence (from 2015 onwards). Also, the purpose of this study was to provide an exercise guideline

(aerobic and resistance training) based on recent evidence (from 2015 onwards).
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RESUMEN

El envejecimiento es un proceso complejo de cambios fisiologicos y sociales que conduce a diversas
enfermedades. El nimero de personas de edad avanzada en el mundo esta aumentando drasticamente
y cabe sefialar que el rapido envejecimiento de la poblacion representa una importante carga para la
salud publica. Por otro lado, es necesario brindar un enfoque adecuado y de bajo costo para controlar
y prevenir complicaciones como enfermedades cronicas, disfuncion fisica y sindrome geriatrico.
Ademads, numerosos estudios han demostrado que la participacion en la actividad fisica y el
entrenamiento fisico reduce la incidencia de disfunciones, enfermedades cardiovasculares y
metabdlicas, asi como la tasa de muerte prematura en los adultos mayores. Después de muchas
observaciones precisas sobre el papel del ejercicio en los articulos sobre enfermedades relacionadas
con el envejecimiento y sindromes geriatricos, los beneficios del ejercicio y la actividad fisica en los
adultos mayores seran mas tangibles. Por lo tanto, el primer proposito de la presente revision fue
investigar los mecanismos de actividad fisica y ejercicios que estan involucrados en la prevencion de
enfermedades relacionadas con el envejecimiento y sindrome geriatrico utilizando la evidencia
actual (de 2015 en adelante). Ademas, el proposito de este estudio fue proporcionar una guia de
ejercicio (entrenamiento aerobico y de resistencia) basada en evidencia reciente (de 2015 en

adelante).

PALABRAS CLAVE

Envejecimiento; Enfermedades cardiovasculares; Ejercicio; Sindrome geriatrico; Hipertension;

Actividad fisica

1. INTRODUCTION

Recently, social and economic changes, as well as the development of diverse sciences have
greatly decreased age-related deaths which is the most important reason for an increase in the global
elderly population (Kanasi et al., 2016). It has been predicted that the number of people over 60 will
rise from 962 million in 2017 to 2.1 billion in 2050 (Nations, 2017). On the other word aging is a
progressive loss of physical, mental, and cognitive integrity, leading to impaired functions and
increased vulnerability to morbidity and mortality (A. Y. Chang et al., 2019). As described, aging is
characterized by progressive degeneration of the tissues that have a negative impact on the structure
and function of vital organs (Kushkestani et al., 2020). Loss of physiological integrity results in a
progressive decline of homeostasis and reduced capacity of the body to respond to environmental

stimuli with age and contributes to an incremental risk of disease and death (Davalli et al., 2016). In
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addition, aging is among the most important known risk factors in nearly all chronic diseases. Each
day around 100 000 people die from age-related causes worldwide (Harris, 2019).

Many pieces of evidence showed that increasing age is associated with many non-
communicable diseases (NCDs) such as cardiovascular disease (CVD), type 2 diabetes, cancer,
osteoarthritis, metabolic syndrome (MetS) (Kushkestani, Parvani, Nosrani, & Rezaei, 2020b; Lee &
Halter, 2017; Libby & Kobold, 2019; Liguori et al., 2018). In addition, Geriatric syndromes (GSs)
are clinical conditions identified more commonly in older adults, particularly in frail older adults
(Magnuson et al., 2019); In fact, the GS is a set of conditions that occur together to lead to a
particular disease or each of the symptoms alone causes a disorder in individuals (Cheung et al.,
2018) During the aging process, the decline in the functional capacity of the body organs rendering
individuals more susceptible to stressors. Thus, GS can be the result of the organs' dysfunction to
control and compensate for stress factors (Cheung et al., 2018). Common GSs include Sarcopenia,
falls, dementia, frailty, delirium, depression, polypharmacy, and urinary incontinence (Baijens et al.,
2016). It has been well established that age-related physiological changes, such as alterations in
cellular homeostasis mechanisms, decrease in body mass and function lead to various disorders and
diseases as well as premature death in the elderly (Carmona & Michan, 2016).

Recent evidence has shown that age-associated changes (risk factors) are divided into two
groups: modifiable and unmodifiable. The unmodifiable factors are age and genetic, while
modifiable factors are obesity, smoking, and physical inactivity. These changes are largely
determined by genetics and are influenced by environmental factors such as exercise, diet, cigarette
smoking, etc. (Kushkestani et al., 2020; Kuspinar et al., 2020). It has been well established that
physical inactivity and sedentary behaviors in the elderly are leading public health concerns. They
have been reported as the fourth prominent universal mortality-linked risk factor, an important
contributing agent for physical dysfunctions and poor health consequences. The absence of enough
physical activity (PA) is associated with nearly 3 million mortalities annually and to 6-10% the
incidence of significant chronic diseases (Gomes et al., 2017; Gopinath et al., 2018). In contrast, it
has been reported that mild to high-intensity PA levels are related to a decreased risk of aging
diseases, including Type 2 diabetes, CVDs, MetS, depression, and cancer (Gill, 2015). Da silva et.al
(2019) reported that chronic PA and/or exercise training develop both psychological and physical
health and contribute to the moderation of the disadvantaged effects of physical disabilities as well
as the functional independence preservation in the elderly (da Silva et al., 2019). In addition, we
have recently reported that PA and diet play an effective role in preventing, controlling and treating
chronic diseases such as hypertension (Kushkestani et al., 2020; Pescatello et al., 2015), metabolic
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and CVD, age-related dysfunction (GS) the same as Sarcopenia, severe fatigue, fall, and improved
quality of life (Kushkestani et al., 2020; Kushkestani, Parvani, & maria Teixeira, 2020; Kushkestani,
Parvani, Nosrani, & Rezaei, 2020a; Nascimento et al., 2019; Tartibian et al., 2019), Decreasing
neurodegeneration and cognitive dysfunction (Kushkestani et al., 2020, 2020), improving blood
pressure, cardiac output (Hurst et al., 2019), endothelial and autonomic function, increasing VOzmax
and gas exchange, boosting metabolic function, immune function, modifying body composition,
maintaining muscle and bone mass as well as muscle endurance and strength (Kushkestani et al.,
2020; Liberman et al., 2017), improving balance, mobility and flexibility, are important effects of
regular exercise and PA in aging (da Silveira Langoni et al., 2019; Kushkestani et al., 2020;
Kushkestani, Parvani, & Rezaei, 2020). Further, a considerable reverse relationship between
cardiovascular mortality and occupational PA exists. Furthermore, many evidence has indicated this
relation, with last meta-analyses that showed less risk for all fatality causes in subjects who exercise
regularly.

As mentioned in previous sections, the general and physiological effects of exercise on the
prevention, control, and treatment of age-related diseases and syndromes have been demonstrated in
many studies. However, few studies in the field of aging and exercise have been conducted to
examine the pathophysiological mechanisms of diseases and the preventive role of different types of
exercise training. Therefore, the first purpose of the present review was to investigate the
mechanisms of PA and exercises that are involved in the prevention of aging-related diseases and
GS using current evidence (from 2015 onwards). Also, the late purpose of this study was to provide
an exercise guideline (aerobic and resistance training) based on recent evidence (from 2015
onwards). Age-related risk factors, diseases, and syndromes have been studied in this paper, as

shown in Figure 1.
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Figure 1: Age-related risk factors, diseases, and syndromes

CVD: cardiovascular diseases, T2DM: type 2 diabetes mellitus

2. METHODS
2.1. Data source and search

We searched in three electronic databases: google scholar, PubMed/MEDLINE, EMBASE

29 ¢¢

comprehensively. Keywords that were used in this study included “aging pathophysiology”, “aging
and non-communicable disease”, “geriatric syndrome and exercise”, and also exercise with “CVD,
T2DM, hypertension, MetS, osteoarthritis, sarcopenia, fall and dementia” separately. We searched
for any articles that were published after 2015 and in English. In addition, we manually sought
whole references of elected papers for supplementary related studies. Also, no sex limitations were
imposed throughout the search steps. Overall, we planned to carry out a review focusing on aging,

related-GSs, and diseases, as well as endurance and resistance exercises.
2.2. Inclusion and exclusion criteria

In this study, we retained papers that met the following inclusion criteria: (1) be published in
an electronic journal article, (2) epidemiological, original, and review studies about aging with

NCDs and GSs and the pathophysiologic mechanisms of NCDs and GS in elderly, (3) and finally the
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effects of exercise on indices of mentioned diseases and syndromes in the elderly. Our exclusion
criteria were: (1) Retracted papers, (2) articles that were published before 2015, in non-English and
non-peer-review journals, (3) correspondence pieces, (4) case studies, (5) conference papers, (6)

acute interventions studies.
2.3. Data screen and extraction

Two researchers screened titles, abstracts, and full-text papers independently and reported
potentially qualified evidence. Data exploitation for all papers was duplicated via an independent
researcher. 181 papers (original and review) were qualified according to our study inclusion and
exclusion criteria. We divided all desirable evidence into the following four categories: (1) aging-
related NCDs and GSs (regarding the time), (2) chronic diseases and syndromes pathophysiology
(regarding the age), (3) detrimental effects of physical inactivity in the elderly, and, (4) exercises

(endurance and resistance) benefits in the prevention of NCDs (cellular and molecular mechanisms).

3. RESULTS

Experimental components of the papers are shown in figure 2. 1325 articles were initially
identified from the databases. After removal of duplicates and exclusion of abstracts papers,
conference papers, case studies, peer-reviewing, and acute-interventions studies, 181 papers were
selected for this review. 506 articles were published before 2015, 358 articles were excluded after
the titles review, 131 articles were excluded after the abstracts review, 24 articles were duplicates, 34
articles had an acute intervention, 84 articles were conference papers, and 7 articles were case
studies. Besides following the above data screening and extraction, we excluded 22 other papers (5
articles had stretch training as interventions, 3 articles had complex exercise (intervention) training,
and 14 articles had been measured new and non-established methods or incidences as markers of
diseases). In addition, 48 articles were excluded following full-text review (they were no match with
our study purpose) and finally 111 papers were selected in this narrative review. According to the
purpose of this study, to write the discussion section, we used articles that thoroughly had examined
the physiological mechanisms of regular physical activity and exercise in the prevention and
treatment of aging-related diseases and GS. Further, in the discussion section, we considered papers
that met the following inclusion criteria: (1) examined pathophysiologic mechanisms of diseases or
syndromes, and (2) physiologic mechanisms of exercises (aerobic and resistance). According to our
criteria, we selected 84 papers for the discussion section. In addition, regarding the effects of

different interventions on various patients in the selected studies, we have prepared a table that show
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efficacy of different types of exercises in preventing, controlling, as well as treating of mentioned

age-related diseases, table 2.
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Figure 2. Steps of the article check and selection.

4. DISCUSSION

Regarding our criteria, the results of most of the selected articles in this review indicated the
positive roles of physical activity and exercise in the treatment of syndromes and their associated
risk factors in the elderly. Interestingly, in some of these studies, regular exercise was cited as the
most crucial factor in successful aging. According to our division (in methods sections), we first
generally investigated the common aging-related diseases and syndromes and their mortality
separately. Then we presented the mechanism by which the preventive role of exercises in the
controlling of aging consequences and also improving and treating their physiologic and
pathophysiologic markers. Finally, we presented an exercise guideline concerning the elderly

population.
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4.1. Cardiovascular diseases

Numerous reports indicate that CVDs are the leading cause of mortality in elderly people
worldwide (Harris, 2019; Roth et al., 2017). There is ample evidence suggesting that increased
levels of PA and exercise lead to improved cardiovascular fitness, thereby preventing, controlling,
and ameliorating related diseases through various mechanisms (Altavilla et al., 2018; Barengo et al.,
2017; Kushkestani et al., 2020). PA, especially moderate-to-high-intensity aerobic exercises such as
walking, swimming, cycling, and running improves myocardial function and prevents CVD in
elderly people by improving ejection fraction ratio (E/F), increased end-diastolic volume (EDV),
cardiac output (CO), and diastolic function (Bouaziz et al., 2017; Recchioni et al., 2017). Also, the
role of exercise in increased cardiac output in preventing CVD has been well proved and it is
dependent on two physiological parameters of heart rate (HR) and stroke volume (SV). Increasing
age results in a reduction in maximum HR, SV, and ultimately cardiac output by disrupting the
cardiac autonomic nervous system (CANS) (Roh et al., 2016). In addition, exercise can increase
cardiac output in the elderly by improving cardiac muscle function and SV (Pandey et al., 2017). On
the other hand, maximal oxygen uptake (VO2max) has been identified as a strong indicator of
cardiorespiratory fitness and a predictor of mortality caused by CVDs (Recchioni et al., 2017). In
this regard, Jakovljevic et al. (2018) reported that level of total PA and exercise with appropriate
intensity and volume lead to increased cardiac cell survival and play an effective role in the
prevention and control of CVDs, including heart failure in the elderly people by reducing apoptotic

and necrotic signaling pathways and improving mitochondrial function (Jakovljevic, 2018).

4.2. Hypertension

High blood pressure is one of the leading causes of CVD and mortality in the world (Arias et
al., 2020). According to the Joint National Committee (JNC), more than two-thirds of older adults
over the age of 65 have high blood pressure; hence, it is commonly believed that hypertension is an
aging disorder that highlights the importance of controlling blood pressure in the elderly (Sun,
2015). With advancing age, the walls of large arteries become thicker and lose their elasticity over
time. This process leads to an increase in pulse wave velocity (PWV) (an important indicator of
increased arterial stiffness). Increased arterial stiffness leads to decreased buffer function of arteries
close to the cardiac and PWV, and increases systolic blood pressure and pulse (Dumor et al., 2018;
S. Wu et al., 2019). It has been indicated that generally applied antihypertensive drugs are designed
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to reduce peripheral vascular resistance and have little role in altering the pathological process of
vasoconstriction and hypertension (Sun, 2015). Meanwhile, the role of exercise and PA has been
proven to be a safe and cost-effective approach in the prevention, control, and treatment of
hypertension through various mechanisms (Boutcher & Boutcher, 2017; Moore et al., 2016;
Sharman et al., 2019). Using the results of several meta-analyses, researchers have determined that
aerobic or resistance exercise can reduce systolic blood pressure by 6 to 8 mm Hg (MacDonald et
al., 2016; Tsukiyama et al., 2017). The study by Daniel and colleagues in 2019 also reported that 12
weeks of combined exercise (aerobic and resistance) played an effective role in controlling blood
pressure in the elderly (Umpierre et al., 2019). In recent years, many studies have been conducted to
understand the mechanisms of hypertensive response to exercise (HRE). One of the most important
HRE mechanisms is attributed to the improvement of exercise-induced endothelial function. In fact,
in response to increased shear stress caused by exercise, peripheral vascular resistance decreases,
which is associated with improved vasodilation and endothelial function and plays a key role in
controlling blood pressure (Kim & Ha, 2016). Also, exercise improves vasodilation and controls
blood pressure by increasing the expression and activity of nitric oxide (NO) (Kushkestani et al.,
2020; Otsuki et al., 2020; Tzemos et al., 2015). On the other hand, studies have shown that the
reverse relationship between exercise and stiffness of large arteries (Kim & Ha, 2016). In addition,
exercise can help to prevent, control, and even treat hypertension by improving the function of the
renin-angiotensin-aldosterone system (Jing, 2017; Lelbach & Kaoller, 2017). Other mechanisms such
as improved glucose metabolism, sympathetic nerve activity, increased insulin sensitivity and
improved structural and functional cardiac markers in response to exercise also lead to blood

pressure control (Sabbahi et al., 2016).

4.3. Type 2 diabetes

Type 2 diabetes is another NCD and its risk increases with age. Elderly people are at greater
risk for diabetes and related complications due to a combination of risk factors such as decreased
mobility, malnutrition as well as genetic factors (Tang et al., 2020). The World Health Organization
(WHO) (2018) referred to diabetes as the seventh leading cause of mortality (1.6 million deaths in
2016) worldwide (WHO, 2018). Previous researches clearly showed that exercise and PA are some
of the most effective ways to prevent and treat type 2 diabetes (Kirwan et al., 2017; Kushkestani et
al., 2020). Exercise mainly prevents type 2 diabetes and its associated complications in elderly
people by improving glucose metabolism, body composition, lipid profile and many molecular-
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cellular pathways associated with insulin sensitivity (Tang et al., 2020). Increased insulin sensitivity
and glucose transporter-4 concentration (GLUT-4) are some of the most important mechanisms
involved in hypoglycemia in diabetic people in response to exercise (Kirwan et al., 2017). On the
other hand, increased oxidative stress is also one of the most important causes of the incidence and
development of diabetes mellitus, especially in elderly people. It is well proved that aerobic exercise
plays an effective role in the treatment of diabetic elderly people by improving redox status,
increasing antioxidants such as glutathione, and decreasing oxidative stress-induced insulin
resistance (Yaribeygi et al., 2019). Previous studies have shown that a combination of moderate-to-
high-intensity aerobic and resistance exercise for 5 days a week had the highest benefits in terms of
lowering blood sugar and reactive oxygen species (ROS) (Poblete-Aro et al., 2018), improving lipid
profile (Kumar, 2018) and other types 2 diabetes-related complications in diabetic elderly people
(Colberg et al., 2016).

4.4. Metabolic syndrome

MetS is a multifactorial disorder that increases the risk of CVDs and diabetes (Kassi et al.,
2011). Many studies have shown that PA and exercise are the most effective way to prevent and
control MetS-related risk factors (S.-H. Chang et al., 2019; Zhang et al., 2017). Aerobic exercise
plays an important role in controlling and lowering blood glucose in elderly people by increasing
glucose metabolism and improving the function of pancreatic beta cells (Kirwan et al., 2017). On
the other hand, increasing lipid levels is one of the most important causes of MetS and associated
diseases. It has also been reported that exercise leads to the prevention, control, and treatment of
MetS in elderly people by increasing basal metabolic rate (BMR), maintaining muscle mass,
reducing adipose tissue, and weight control (Beavers et al., 2018; Paley & Johnson, 2018). In other
terms, hypertension, as one of MetS symptoms, is the most important risk factor for mortality in the
world (Xu et al., 2019) and it has been well established that aerobic exercises can prevent
hypertension and associated CVDs in elderly people by increasing nitric oxide (NO) expression and

improving vascular dilation (Ferrari et al., 2017).
4.5. Osteoarthritis

Osteoarthritis is known as one of the aging-related musculoskeletal disorders, a chronic long-
term illness and the most important cause of disability in elderly people, characterized by resorption

of articular cartilage, leading to bone fracture and stiffness, pain and motor disorder (Arden et al.,
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2018). Aging is known to be the most important cause of osteoarthritis, but it can be prevented by
modifying risk factors such as obesity and inactivity (Loeser, 2017). There is growing evidence that
PA and exercise, especially low-to-moderate-intensity, play an essential role in preventing diseases
among elderly people (Y. Wu et al., 2019; Zampogna et al., 2020). For instance, aerobic exercise,
such as swimming modulates hypertension through losing weight. Other researchers investigate
mechanisms underlying the effect of exercise on osteoarthritis show that mechanical stimulation
induced by moderate-to-high-intensity exercises results in increased synthesis of cartilage matrix
components, suppression of expression of inflammatory factors, and reduction of enzymes involved
in articular cartilage destruction, including interleukin-1p (IL-1) and tumor necrosis factor-a (TNF),
and matrix metalloproteinase (MMPS) enzymes (Villafaiie, 2018). Aerobic and resistance exercises
can prevent osteoarthritis by increasing the content of proteoglycans (the major components of

cartilage extracellular matrix (ECM) (Castrogiovanni & Musumeci, 2016).

4.6. Geriatric syndrome

As mentioned earlier, the aging syndrome is one of the most important causes of decreased
quality of life and mortality among elderly people. Today, as the world's elderly population and the
prevalence of aging syndrome continue to grow, researchers are focusing on preventing and
controlling the symptoms of the syndrome. In the meantime, previous studies showed the positive
effects of PA and exercise in preventing and improving many symptoms of aging, such as falls,
cognitive impairments, fatigue and musculoskeletal disorders (Cartee et al., 2016; Kushkestani et al.,
2020, 2020, 2020; Kushkestani, Parvani, Nosrani, & Rezaei, 2020b; McPhee et al., 2016). In this
section, we intend to investigate the most important mechanisms involved in improving these factors

in response to exercise and PA.

4.7. Sarcopenia

Sarcopenia syndrome is characterized by a decrease in muscle size and strength, which plays
an important role in the development of disorders such as cachexia, osteoporosis, disability, and
mortality in elderly people (del Campo Cervantes et al., 2019; Yoo et al., 2018). Various factors and
pathways, including environmental causes, endocrine problems (Vitale et al., 2016), increased
oxidative stress (Can et al., 2017), motor neuron loss (Kwon & Yoon, 2017), impaired mitochondrial

function (Picca et al., 2019), activation of inflammatory signaling pathways (Dalle et al., 2017), and
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reduction in satellite cell (Snijders & Parise, 2017) are involved in the pathogenesis of sarcopenia in
the elderly people. Aerobic exercise can prevent the incidence and development of sarcopenia by
increasing biogenesis and mitochondrial dynamics, decreasing the expression of catabolic genes, and
increasing protein synthesis in muscles (Erlich et al., 2016; Seo et al., 2016). Besides, Liang et al.
(2020) reported that aerobic exercises resulted in suppression of apoptotic pathways and increased
expression of autophagy genes in skeletal muscles, thereby improving skeletal muscle function and
preventing sarcopenia (Liang et al., 2020). On the other hand, resistance exercise is an important
strategy to prevent a decrease in muscle mass and strength by stimulating hypertrophy and
increasing muscle strength (Papa et al., 2017). Parry et al. (2020) reported that resistance exercise
plays an effective role in improving muscle function and preventing sarcopenia in elderly people by
increasing the size and cross-sectional area of muscle fibers (especially fast-twitch fibers) and
suppressing myostatin gene expression (involved in reducing muscle protein synthesis) (Parry et al.,
2020). Also, Lichtenberg et al. 2019 reported that 28 weeks of high-intensity resistance training led
to increase skeletal muscle mass, handgrip strength and sarcopenia Z-score in the elderly with
osteosarcopenia (Lichtenberg et al., 2019).

4.8. Fall

Fall is the sixth leading cause of death (Finlayson & Peterson, 2010) and the main Cause
fatal injuries, that require hospital admission in elderly (Pahor, 2019). It is well proved that impaired
vision, musculoskeletal disorders, and impaired balance are the most important risk factors for falls
in elderly people (Kushkestani, Parvani, Nosrani, & Rezaei, 2020b; Liu-Ambrose et al., 2019; Zhou
et al., 2019). According to the American College of Sports Medicine (ACSM), balance exercises are
helpful in preventing falls in elderly people by improving proprioception and neuromuscular
function (Sherrington et al., 2017; Y. Wu et al., 2019). Besides, increasing PA levels through light
aerobic and resistance exercises, not only reduce inflammatory factors and improve neuromuscular
function but also plays an effective role in preventing bone density reduction and the risk of falls in

elderly people (Kemmler et al., 2018).

4.9. Dementia

Dementia is a neurological disorder and a comprehensive term that covers a variety of

neurological damage which considerably affects a person's cognitive function and ability to perform
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daily activities (Smith, 2016). In other words, preserving cognitive status (CR) refers to the ability of
the brain to resist age-related injuries and brain-related diseases (Arvanitakis & Bennett, 2019).
Predominantly, mental and physical stimulations in the early stage and throughout life preserve
cognitive function and protect against dementia as well as delays it in the elderly (Wang et al.,
2017). According to the World Health Organization in 2020, about 50 million people worldwide
suffer from dementia, which is predicted to reach more than 152 million by 2050 (WHO, 2020). The
positive role of exercise and PA in preventing brain deterioration has been well established (Alty et
al., 2020; Rutten, 2017; Zheng et al., 2016). There is abundant evidence that increasing PA by
improving the function of the body's immune systems and enhancing housekeeping systems plays a
fundamental role in preventing cognitive decline and reducing the risk of brain degeneration in the
elderly (McGurran et al., 2019; Mortimer & Stern, 2019; Skinner et al., 2018). In addition, it has
been reported that increased levels of PA, especially through aerobic exercises such as running and
swimming improve risk factors for cerebrovascular disease, increase the volume of the hippocampus
and enhance cognitive network performance of the elderly brain and subsequently, cause to decrease
the risk of dementia (Norman et al., 2018). On the other hand, it has been demonstrated that
neuroplasticity of the brain is one of the primary mechanisms of learning, memory, and cognitive
processes in humans (Miillers et al., 2019; Norman et al., 2018). In this regard, animal studies have
reported that exercise can improve cognitive performance and prevent dementia via increasing the
expression of synaptic plasticity genes, such as synapsin | and synaptophysin, and various
neuroplastic transcription factors, including cyclic adenosine monophosphate response element-
binding and intracellular kinases. Exercise also increases the hippocampal dendritic length and
dendritic spine complexity and neurogenesis of the hippocampal dentate gyrus, which plays a pivotal
role in the prevention of neurodegenerative diseases, especially dementia. On the other hand, human
studies show that brain dependent nuclear factor (BDNF) is one of the important neurological factors
in cognitive processes. BDNF levels are reduced in people with cognitive impairments such as
dementia and Alzheimer's. BDNF also rapidly passes over the blood-brain barrier, so circulating
levels can be related to the brain. Exercise is associated with an increase in BDNF levels, thereby
playing an important role in cognitive process improvement and slowing down brain aging (Alty et
al., 2020; Norman et al., 2018).
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5. GUIDELINE OF EXERCISES

It is clear that training variables such as type, intensity, duration and frequency of exercise
are crucial factors in physiological and anatomical adaptations. In this review article and according
to the literature, we have shown that various training (aerobic and resistance) as well as High
Intensity Interval Training (HIIT) training play important roles in the prevention and management of
age-related diseases and syndromes. In Table 1, the appropriate exercises for elderly are presented to
prevent aging disorders and to gain the best health benefits for Successful aging.

Table 1. Guidelines of exercises for healthy older adults

Variables Aerobic Resistance HIT
Frequency 3-5 days per week 2-3 days per week 3-5 days per week
Intensity Moderate to high Light to moderate High
Time A minimum of 30 minutes or up to 60 8-10 exercises involving the 20-30 Min per session
minutes per day (m/d) for moderate major muscle groups; 1-3 sets of
intensity aerobic exercise or at least 20 8-12 repetitions each
to 30 m/d for vigorous intensity.
Type Any modality that does not impose Progressive weight-training Any physical activities that
excessive orthopedic stretch such as programs or weight-bearing increase the heart rate in a
walking. Aquatic exercise and stationary  callisthenic, stair climbing, and  short time. These exercises
cycle exercise may be advantageous for other strengthening activities can be done by equipment
those with limited tolerance for weight- that use the major muscle or bodyweight exercises.
bearing activity. groups

Table 2. Suggested exercise for preventing, controlling and treating aging-related diseases and geriatric
syndromes in various subjects

Disease Authors Short topic Subjects Results and conclusion
Altavilla et al., Physical activity Cardiovascular A physical activity program found a
2018 (Brief in cardiovascular  patients (Focus on  sure indication both in elderly subjects
review) patients the older adults) without and with pathologies and in

the elderly with high risk of disability

Cardiovascular Barengo et al., Leisure time Older adults Baseline LTPA reduces the risk of
diseases 2017 (Original) physical activity total and CVD mortality and incident
and CVD events in older adults
cardiovascular independently of the major known
diseases CVD risk factors.
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Aerobic training (Especially moderate
intensity) can be considered as a safe
way to develop cardiac health and
quality of life in older adults.

Physical activity has emerged as an
important non-pharmacological
adjunctive therapy for CVD in older
patients, especially for heart failure
patients, exerting its beneficial effects
on mortality, morbidity, and functional
capacity.

This review has shown that exercise
can have a positive role in the
reduction of cardiac aging in older
adults.

The change in VOppeax in response to
endurance exercise training in older
adults with HF differs significantly

according to HF subtype, with greater

VOapeak improvement in HFpEF

(preserved EF) than HFrEF (reduced

ejection fraction).

Bouaziz et al., Aerobic training Older adults
2017 (Review) in older adults
Recchioni et al., Physical activity Older adults
2017 (Review) in the elderly with  (Cardiovascular
cardiovascular patients)
diseases.
Roh et al., 2016 Exercise in Older adults
(Review) cardiac aging
Pandey et al., Endurance Older adults
2017 (Original) training and heart (With heart
failure in the failure)
elderly
Jakovljevic, 2018  Physical activity Older adults
(Review) and
cardiovascular
aging
Boutcher & Exercise intensity hypertensive
Boutcher, 2017 and hypertension individuals
(Review)

Not only that long lasting exercise
training of several years and/or
decades is associated with improved
cardiovascular function in later life,
but also exercise interventions
performed by previously sedentary
individuals provide a significant health
benefits, and can reverse, to some
extent, age-related decline in
cardiovascular function further leading
to improved quality of life and
functional independence.

Emerging evidence indicates that
exercise performed at an intensity
>70% of V_ O2max may have an
important role in the control of
hypertension. Both HIIT and regular
aerobic exercise have been shown to
reduce the BP of hypertensive
individuals.

hypertensive
individuals

Exercise and
hypertension

Sharman et al.,
2019 (Review)

Hypertension

According to the evidence, It can be
stated that regular exercise (Aerobic,
resistance, high-intensity interval
training), and isometric resistance
training) has a positive role in the
prevention, management, and even
treatment of hypertension.
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MacDonald et Dynamic Prehypertensive Results indicated that for nonwhite
al., 2016 (A resistance training  and hypertensive adult samples with hypertension,
systematic asa adults dynamic RT may elicit BP reductions

review and Meta-  antihypertensive that are comparable to or greater than
Analysis) therapy those reportedly achieved with AE
training.
Tsukiyama et al.,  Exercise training Middle aged Aerobic exercise training increased

2017 (Original)

and blood
pressure markers

NO generation, reduced blood
pressure, and induced anti-oxidant
enzymes via SIRT3, and suggest that
exercise training may be an important
factor for the prevention of disease by
inducing intrinsic NO and anti-oxidant
enzymes.

Umpierre et al.,

Hypertension

Hypertensive

Combined training played an effective

2019 (Study approaches in the older adults role in controlling blood pressure in
protocol) elderly the elderly.
Otsuki et al., Combined Older adults Combined training (Aerobic and
2020 training and NO resistance) increased aerobic capacity,
(Original) and_ arterial muscle_ strength_, a_lnd plasma
stiffness concentrations of nitrite/nitrate (end
products of NO) and decreased pulse
wave velocity (an index of arterial
stiffness) without changes in body
weight.
Lelbach & Mechanisms of Healthy and Aerobic, Resistance and concurrent
Koller, 2017 exercise on hypertensive exercise training (involving both
(Review) hypertension subjects aerobic and resistance exercises)
increase expression of vasodilator
genes and decrease arterial stiffness, so
it can play an important role in treat,
management and prevention of
hypertension in different age.
Sabbahi et al., Exercise and Healthy and Aerobic, resistance, and combined
2016 (Review) vascular control hypertensive exercise training can be helpful in the
subjects management or prevention of
hypertension by enhancing vascular
function, alter the vascular structure,
decrease arterial stiffness and, improve
the function of the autonomic nervous
system.
Kirwan et al., Exercise and Type 2 diabetic Both aerobic and resistance training
2017 (Review) management of patients can have a role in the reduction of

Type 2 diabetes

T2D

HbALC, insulin resistance, fasting
blood glucose, Increasing VO2max,
improved lipid profile, and liver
function. So, these programs promote
healthier skeletal muscle, adipose
tissue, liver, and pancreatic function
and have an important role in the
management of T2D.

SPORT TK. Year 2022. Volume 11. Article 6.

16



Kushkestani et al.

Yaribeygi et al.,
2019 (Review)

Aerobic training
and insulin
sensitivity

Type 2 diabetes

patients

The available data suggest that AE
increases insulin sensitivity in
peripheral tissues, leading to improved
glucose homeostasis and a reduction in
insulin resistance through at least
seven different molecular mechanisms
and so prevent T2DM.

Poblete-Aro et Exercise and

Type 2 diabetes

This study showed that exercise

al., 2018 oxidative stress in patient training has a positive role by
(Review) T2D reduction of oxidative stress markers
and creating the balance between
oxidant and antioxidant pathways in
the management of T2D.

Colberg et al., Physical activity, Type 2 diabetes Physical activity and exercise should

2016 (Position exercise and patient be recommended and prescribed to all
statement) diabetes individuals with diabetes as part of

management of glycemic control and
overall health. Exercise programs
should be containing aerobic,
resistance, flexibility and balance
training with moderate intensity and
>3 days per week.

S.-H. Chang et Lifestyle Older adults This intervention strategy successfully
al., 2019 intervention inthe  (With metabolic improved several important health
(Original) elderly syndrome) related parameters in participants such

as BW, BMI, WC, and BP. The
experimental group with exercise and
diet intervention could promote more
metabolic changes than the control
group.
Zhang et al., Leisure time Adults Our findings provide that different
2017 (Meta- Physical activity amounts of LTPA is better than none
analysis) and metabolic and also it has reported that LTPA is
syndrome associated with an additional reduction
in MetS risk.
Metabolic . . . .
syndrome Paley et gl., 2018 Exer_C|_se asa Adults There is moderate evidence supporting
(Review) medicine for the use of programs of exercise to
metabolic reverse metabolic syndrome although
syndrome at present the optimal dose and type of
exercise is unknown.

Xu et al., 2019 Physical activity Older adults Physical activity is associated with a

(Original) and metabolic (With obesity) lower risk of MetS including a higher

syndrome in obese
older adults

SPORT TK. Year 2022. Volume 11. Article 6.

level of HDL and lower level of
fasting blood glucose and blood
pressure only for participants with the
highest level of physical activity,
which suggests that high dosage of
physical activity is important factor to
reduce MetS risk in older adults with
obesity.
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Zampogna et al.,
2020 (Review)

Physical activity
and hip and knee
osteoarthritis

Older adults

(With knee or hip
osteoarthritis)

Compared to controls, Aquatic
Exercise, Land-based Exercise, Tai
Chi, and Yoga showed a small to high
effect for improving pain, physical
function, quality of life, and stiffness.
Active exercise and sport are effective
to improve pain and physical function
in elderly people with osteoarthritis.

Villafanie, 2018
(Editorial letter)

Osteoarthritis

Exercise and
osteoarthritis

People with OA
or having
symptoms of OA

Exercise therapy has moderate positive
benefits for people with symptomatic
OA. Muscle strengthening and
programs that include combinations of
strength, flexibility, and aerobic
exercises, are more beneficial for pain
and disability than general activity
(e.g., walking).

Castrogiovanni et
al, 2016
(Review)

The best physical
treatment for
osteoarthritis

OA Patients

Exercise programs that combine
strengthening exercise with exercise
that increases flexibility and aerobic
capacity seem to be the “best” option
that it is offered to patients with mild

OA, for taking into account their

preferences and tolerance.

Liang et al., 2020
(Review)

Sarcopenia

Exercise-induced
autophagy for
sarcopenia

Older adults

Both modes of exercise (Aerobic and
resistance) can regulate the functional
status of autophagy to improve tissue
regeneration in aged individuals,
attenuate the aging-related decline in
skeletal muscle regenerative function.
Nevertheless, overtraining can cause
excessive activation of autophagy and
induce atrophy-related gene expression
in skeletal muscle. So, it should be
noted that moderate-intensity training
can be safe in terms of the prevention
of sarcopenia by autophagy pathways.

Papa et al., 2017
(Review)

Resistance
training and
skeletal muscle
function

Older adults

Resistance training with moderate
intensity can attenuate skeletal muscle
function deficits in older adults. Older

adults should be encouraged to
participate in progressive resistance
training activities, and should be
admonished to move along a
continuum of exercise from
immobility, toward the recommended
daily amounts of activity.
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Lichtenberg et al.
2019 (Criginal)

Older adults (with
osteosarcopenia)

High-Intensity
Interval Training
on Sarcopenia

The results clearly confirm the
favorable effects of high-intensity
resistance training (HI-RT) on
sarcopenia. We conclude that HI-RT is
a feasible, highly efficient and safe
training modality for combating
sarcopenia, also in the elderly. The
results show a significant effect of the
exercise intervention on the sarcopenia
Z-score, d a significant increase of
skeletal muscle mass index (SMI) and
a significant intergroup difference of
SMI and handgrip strength.

Del Campo
Cervantes et al.,
2019; (Original)

Older adults

(with sarcopenia)

Resistance
training program
on sarcopenia and

functionality

12 weeks of resistance training led to a
significant increase in muscle strength,
an improvement in physical
performance, in balance, chair stand
and gait speed. So, the resistance
training program improves the
functionality (muscle strength and
physical performance), with the benefit
of the decrease in severe sarcopenia.

Kushkestani,
Parvani, Nosrani,
& Rezaei, 2020b

(Original)

Based on the resulting positive
relationship between physical activity
(all of subscales of its domains) and
falls, it can be stated that the using
strategies such as increasing sports
environments with a focus on exercise,
physiologists can play an effective role
in preventing falls and related
complications in the elderly.

Y.Wu et al.,

2019 (Book)
Fall

Doing regular training with moderate
intensity especially balance training
can have a preventive role in falls
through many mechanisms in older
adults.

Sherrington et al.
2017 (Review)

Physical activity Older adults
and fall risk
Healthy aging and Older adults
exercise
Exercise and Older adults

prevention of falls

Exercise as a single intervention can
prevent falls in community-dwelling
older people. Exercise programs that
challenge balance and are of a higher
dose have larger effects. The impact of
exercise as a single intervention in
clinical groups and aged care facility
residents require further investigation,
but promising results are evident for
people with Parkinson’s disease and
cognitive impairment.
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Home-based
exercise program
on subsequent
falls

Liu-Ambrose et
al. 2019
(Original)

Older adults
(High-risk of

Home-based strength and balance
retraining exercise program for 12
falls) months significantly reduced the rate
of subsequent falls compared with
usual care provided by a geriatrician.
These findings support the use of this
home-based exercise program for
secondary fall prevention but require
replication in other clinical settings.

Exercise and other physical activity are

Alty et al., 2020 Exercise and Older adults
(Review) dementia important for brain health. Increasing
prevention physical activity is a promising non-
pharmacological intervention to delay
the cognitive manifestations of ageing
and to reduce the risk of dementia.
Can exercise Older adults Physical exercise in older adults has

Rutten, 2017

shown to be beneficial for

(Review) prevent falls?
enhancement of cognitive functions
such as memory and learning.
Zheng et al., Aerobic training  Older adults with The moderate-intensity aerobic
) 2016 (A ameliorates mild cognitive exercise more than 12 weeks led to an
Dementia systematic cognitive function impairment improvement in global cognitive
review and meta- (MCI) ability and had a positive effect with a
analysis) small effect size on memory in people
with MCI.
McGurran et al., Prevention and Older adults Regular aerobic and resistance training
2019 (Review) Treatment of provides a non-invasive way of
Alzheimer’s influencing multiple mechanisms that
Disease have been shown to alter AD
pathology. Exercise alone will not be
sufficient to prevent AD, but it serves
as a foundation for non-
pharmacological lifestyle
interventions.

Mortimer & Exercise and All ages Lifestyle interventions such as physical
Stern, 2019 physical activity exercise may provide inexpensive and

effective ways to delay the onset of

(Editorial letter)
of dementia

decrease the risk

cognitive decline and dementia.
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Norman et al.,
2018 (Review)

Exercise and
cognitive
protection

Older adults

Moderate physical exercise with
training appears to be a moderator
lifestyle factor which can provide

benefits to cognitive function. Exercise
has been demonstrated to preserve
white and gray matter, induce changes
in the hippocampus, including
neurogenesis, and improve cognitive
function. Increased expression of
BDNF, PGC-1a signaling, and altered
skeletal muscle IL-6 production appear
to mediate some of the benefits of
exercise for cognitive function.

Miillers et al.,
2019
(Perspective
article)

Exercise as a
medicine for
dementia
prevention

Adults

6. CONCLUSIONS AND CLINICAL IMPLICATIONS

Exercise interventions should be
intensive enough to increase lactate
and, as a consequence, BDNF.
However, especially in older adults,
classical exercise interventions rarely
achieve the second ventilatory
threshold (VT2) level, which is
associated with an accumulation of
lactate. Using High-Intensity Interval
Training (HIT) with higher intensities
and lower volumes could be a method
to achieve higher numbers of
responders. In conclusion, intensity is
an important variable to improve
cognitive function and prevent of
dementia.

According to the literature and the role of exercise in the prevention, control, and treatment of

many diseases and aged associated syndromes, it can be stated that exercise is a safe, cost-effective

and free of side effects approach which not only can be used in the treatment of a Pathology, but also

it improves the function of other systems and organs of the body. However, the following

considerations should be viewed when an exercise prescription is provided to treat and the PA level

up is targeted in the elderly: First, it is important to pay attention to the type of exercise (aerobic,

resistance or other activity), intensity, frequency as well as the duration of the training period in

order to reach the desired goal in the elderly. Second of all is elderly conditions (healthy, frail,

disabled, etc.) that play an important role in applying the exercise protocol.
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