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The Possible Benefits of Resistance Training in Counteracting the Age-Related 

Biological Decline of Skeletal Muscle 

Reyes M. Beltran Valls and Daniela Caporossi 

As a result of the increased human lifespan expectancy, age-related disabilities and the associated medical 

care costs represent in many countries a major economic concern because of the increased national health 

expenditures utilized by the elderly. In normal aging, the phenomenon of sarcopenia, associated to loss of 

skeletal muscle mass and strength with a reduction in motor unit number and atrophy of muscle fibres, 

results in the decline of physical function and quality of life. Regular physical activity has been shown to 

have beneficial effects against the development of many age-related chronic diseases in men and women and 

it seems to be of great value also for the skeletal muscle mass, however we need to clearly understand the 

mechanisms affecting muscle wasting and how programmed exercise can delay or counteract this process.  

This mini-review aims to offer an overview on the biological mechanisms underlying the age-associated loss 

of muscle mass and physical function and to examine how resistance exercise could be a potential 

kinesiology intervention for the elderly. 

Introduction 

ging is a complex process among which 

several factors may interact simultaneously 

and may operate at different functional levels. 

From a biological point of view, aging is a 

process that results from a reduced capacity to 

maintain the cellular homeostasis in presence of 

adverse stress, thus generating impairments 

related to risk factors and diseases. The study on 

aging has been expanded due to the increased 

human lifespan average. As a result, age-related 

disabilities and the associated medical care costs 

are a major economic concern because of the 

increased national health expenditures utilized 

by the elderly. 

According to the United Nations, “Population 

ageing is unprecedented, without parallel in the 

history of humanity…”.  By 2050, the number 

of older people in the world will exceed the 

number of young for the first time in history”.  
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This shift towards increased life expectancy 

associated with a sedentary lifestyle may affect 

societies, economies, lives of patients and the 

practice of medicine. Prolongation of life 

expectancy is a fundamental aim for the public 

health care system; however it would be also 

relevant to consider the importance of 

maintaining independent living and well 

functioning when extending life.  

The skeletal muscle corresponds to almost half 

of the human body mass and since it has a 

central role for human mobility and is a major 

site of metabolic activity, deterioration of the 

contractile material and the metabolic function 

have relevant consequences on human health 

and elderly independence. Loss of muscle mass 

is commonly found in people after 60 years old, 

and it is related to declines in physical function 

and quality of life. The skeletal muscle is 

directly affected by the age-related biological 

changes that affect organs and systems 

supporting its functionality, such as neural, 

endocrine and cardiovascular systems, and it is 

as well affected by the reduction of physical 

activity (Bonetto et al., 2009). Sarcopenia, the 

loss in muscle mass and strength associated with 

aging (Rosenberg, 1997), reflects a progressive 
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decrease of anabolism and an increased 

catabolism rate, together with a reduced 

regeneration capacity of the tissue (Narici & 

Maffulli, 2010). Due to the detrimental effects 

of sarcopenia, it is of outmost importance to 

identify the most effective means to postpone 

the deleterious effects of reduced muscle mass 

and physical frailty in old age. Frailty is a 

multidimensional syndrome that involves 

decreased reserve capacity and resistance to 

stressors, resulting from age-related cumulative 

decline across multiple physiologic systems and 

impaired homeostatic capacity that increase 

vulnerability to adverse outcomes like falls, 

hospitalization, institutionalization and 

mortality (Bauer & Sieber 2008; Fried et al. 

2001). Regular physical activity has been shown 

to protect against diverse components of the 

frailty syndrome in men and women of all ages 

(Peterson et al. 2009). Frailty is not a contra-

indication to physical activity; rather physical 

exercise prescription may be significantly 

beneficial for frail people. Having an active 

lifestyle seems to be of great value. Exercise 

generates numerous physiological adaptations 

that may transfer to improvements in clinical 

outcomes such as reduced risk of falls, 

improved walking speed, optimal blood analysis 

results, etc, however the clear cellular and 

molecular mechanisms supporting these benefits 

are not well determined yet. In addition, we 

need to clearly understand the mechanisms 

affecting muscle wasting and how programmed 

exercise could modify them (Kjaer & Jespersen, 

2009). 

The aim of this paper is to review the biological 

mechanisms underlying the age-associated loss 

of muscle mass and physical function and to 

examine how resistance exercise could be a 

potential kinesiology intervention for the elderly 

to counteract this situation that may lead to a 

frail condition.  

Physiological Changes During Normal 

Human Aging 

Function of most physiological systems decline 

with aging leading to limited physical capacity. 

According to the World Health Organization 

(WHO) model, functional capacity over the 

course of life reaches its peak at early adulthood 

(20 to30-year-olds) and decreases steadily with 

advancing age. At a certain point of decline, it 

reaches the disability threshold. However, the 

rate of decline is highly individual and could be 

substantially affected both by intrinsic factors 

(e.g. genetic factors, physiologic changes with 

aging, diseases and impairments) and by the 

environmental situation (e.g. social, behavioural 

and economic factors) (WHO, 2001). 

Maintenance of independent living, specially 

delaying or preventing frailty, needs clear target 

interventions that slow down the age-associated 

decline of functional capacity to prolong the 

disability-free lifespan. An example is shown in 

the Figure 1 with respect to skeletal muscle.  

 

Figure 1 - Muscle mass and strength increase gradually until the adult age when peak capacity is 

reached. The higher the peak the higher the threshold point from where decline starts. (Modified 

from WHO, 2001) 
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The aim of maintaining muscle mass and 

strength along the adult life would be to reach 

the disability threshold as late as possible to 

ensure quality of life. Physical activity, and 

concretely resistance exercise appears to slow 

down the decline of muscle-skeletal 

impairments in the older life (Johnston et al., 

2008). 

The age-related modifications of the 

cardiovascular and muscular system, as well as 

the somatosensory system, have been very much 

studied due to their implication in daily life 

activities. Regarding the cardiovascular system, 

there is a dramatic decline in maximal aerobic 

capacity (VO2max) with aging, approximately 

10% per decade after the third decade, due to 

decreased cardiac output, reduced maximal 

heart rate and ejection fraction as well as loss of 

skeletal muscle mass and muscle oxygen uptake 

(Singh, 2004). Unfortunately, the molecular 

basis for these reductions are unknown (Booth 

& Zwetsloot, 2010). In addition, the decline in 

aerobic capacity occurring with the aging 

process is maximized with physical inactivity. 

The physical demand for a determined task is 

unaltered with time however, while maximal 

oxygen uptake is reduced due to the aging 

process, and thus low physical demanding tasks 

require progressively higher percentage of the 

maximal oxygen consumption. As a result the 

metabolic cost for a given motor task increases 

for an elderly person and the ability to carry out 

motor daily tasks is concerned since they might 

be performed almost at maximal percentage of 

the oxygen consumption (Puggaard, 2005). The 

combined decrease of VO2max, muscular 

strength and power contribute to the loss of 

function during aging. 

On the other hand, the sensory systems, in 

combination to strength and reaction time 

capacities, are significant components for 

balance control, which is deeply affected by the 

process of aging. Instability in older people can 

result from impaired sensory, motor and central 

processing systems (Sturnieks et al., 2008). A 

part from the later on mentioned changes 

affecting the strength and power generation 

capacities as well as the neural changes 

affecting information processing, age-related 

sensory deficiencies that disturb vision, 

vestibular sense and proprioception may 

concern balance, gate and posture maintenance.  

There is also wide interest in understanding age-

related changes in skeletal muscle quantity and 

quality. Age-associated processes affecting the 

muscle tissue alter the mass, the composition, 

the contractile properties as well as the tendons 

structure. The loss of muscle mass is a 

consequence of atrophy of the individual muscle 

fibers and loss of muscle fiber due to 

denervation or apoptosis, with a preferential 

atrophy of type 2 fast twitch fibers (Burton & 

Sumukadas, 2010). Denervation of motor units 

which are renervated with slow motor units can 

lead to increased muscle fatigability. These 

changes translate into alterations of muscle 

power, strength and physical function and lead 

to reduced performance of daily living 

activities, decreased physical performance, 

increased risk of fall-related injuries and frailty 

(Lang et al., 2010; Boire, 2009). Deterioration 

of activities such as rising from a chair, 

climbing steps or regaining posture after 

perturbation of balance increase the risk of 

falling and the loss of independence. In 

addition, metabolic deficits result in decreased 

metabolic rate and oxygen consumption 

augmenting the risk of insulin resistance, type 2 

diabetes and obesity (Kjaer & Jespersen, 2009). 

Luckily, research shows that some of these 

changes, but not all, may be neutralized with 

higher levels of physical exercise, especially 

with resistance training (Phillips, 2007). 

There is now much evidence to support the 

hypothesis that behind these muscular changes 

there is a multi-factorial pathogenesis, but more 

information is needed about the individual 

contribution of each biological process. A 

complex interplay of factors such as endocrine 

changes, oxidative stress and chronic 

inflammation as well as exogenous factors like 

inactivity and malnutrition may alter the 

physiological balance between protein synthesis 

and degradation (Bonetto et al., 2009).  

Age-Related Cellular and Molecular Changes 

of the Skeletal Muscle 
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Although the specific contribution of each of the 

mentioned factors is very difficult to establish, it 

is generally stated that loss of muscle mass at 

molecular level is the result of an unbalance 

between the rate of protein synthesis and 

degradation. The loss of this equilibrium 

favouring degradation may result in muscle 

mass loss (atrophy), however when a net 

positive balance exists and protein synthesis 

exceeds protein degradation the cross-sectional 

area of the pre-existing muscle fibres increases 

by accumulation of contractile proteins 

(hypertrophy) (Saini et al., 2009).  Nevertheless, 

there are several complex biochemical and 

genetic regulators of this equilibrium controlling 

anabolism and catabolism of muscle mass that 

may be modified during the aging process 

(Fig.2).  

Aging is associated with altered endocrine, 

inflammatory and other intrinsic factors that 

may affect maintenance and regeneration of 

skeletal muscle mass. Loss of muscle mass and 

function may be accelerated by causes such as 

anabolic resistance due to the decline in insulin-

like growth factor I (IGF-I) which is a promoter 

of protein synthesis in skeletal muscle, as well 

as protein degradation due to chronic increased 

levels of inflammatory cytokines, increased 

oxidative damage caused by mitochondrial 

dysfunction and failure of muscle regenerative 

capacity due to changes in molecular regulators 

of muscle satellite cells (Lang et al., 2010). 

These are a combination of systemic factors 

influencing the properties of muscle mass and 

strength eventually resulting in mobility 

impairments and loss of physical function. 

Recently, disuse (resulting from a sedentary 

lifestyle) has been also considered as an 

important factor influencing atrophy and luckily 

this process can be reversed with higher levels 

of physical activity (Kjaer & Jespersen, 2009). 

The effects of ageing on skeletal muscle appear 

to be inevitable and it is unclear whether these 

intrinsic changes are unalterable or reversible. 

Strength, power and functional capacities are 

dependent on maintenance or recovery of 

skeletal muscle mass and its characteristics. 

Hence, to this aim therapies should intend to 

attenuate muscle protein breakdown or to 

stimulate muscle protein anabolism.  

While the complete understanding of sarcopenia 

needs to be elucidated yet, one potential 

mechanism involves the age-related decline in 

muscle regenerative capacity. The human 

skeletal muscle has a remarkable capacity to 

regenerate following damage or atrophy due to 

the presence of myogenic stem cells known as 

satellite cells (Charge & Rudnicki, 2004). When 

satellite cells are activated, they proliferate and 

differentiate providing supplementary 

myonuclei that fuse with the damaged 

myotubes. When damaged myotubes are 

replaced, no further proliferation occurs and the 

satellite cells partially return to their quiescent 

state waiting for further damage activation. IGF-

I, as well as other circulating factors, are 

believed to facilitate this process of repair by 

increasing satellite cell’s proliferation, survival 

and differentiation capacity (Saini et al., 2009).  
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Figure 2 - Scheme summarizing the multi-factorial pathogenesis of skeletal muscle during aging 

(Modified from Narici  & Maffulli, 2010) 

The regeneration process of skeletal muscle in 

aging humans is found to be faulty, what 

contributes to the loss of muscle mass. It has 

been showed recently that failure of skeletal 

muscle maintenance and repair in aged animals 

and humans may be more due to age-related 

changes in the molecular regulators of the 

differentiation process (myogenic regulator 

factors) than to age-related lessen in satellite 

cell function or potential (Conboy et al., 2005). 

It suggests that the capacity of muscle to 

regenerate is not altered by aging, but the vital 

environment for it does so. (Conboy et al., 

2005; Carlson et al., 2009). Satellite cells 

activation and proliferation is mediated by 

Notch, a trans-membrane receptor which 

activation declines with aging. Notch activation 

is dependent on mitogen-activated protein 

kinase (MAPK) activity, a transduction signal 

that also appears to be reduced. In addition, 

transforming growth factor beta (TGF-β) shows 

increased levels in older individuals what causes 

accumulation of the enzymatic protein cyclin-

dependent kinase, which inhibits satellite cells 

and hampers their regenerative response to 

injury (Carlson et al., 2009). Moreover, age-

related loss of muscle mass has been confirmed 

to be associated with replacement of connective 

tissue due to a reduced regeneration capacity 

and increased fat mass (Carlson et al., 2009). 

On the other hand, hormonal factors that 

promote protein synthesis show decreased 

expression associated with senescence. Reduced 

levels of IGF-I may be a key factor inducing the 

molecular cascade of events that lead to muscle 

atrophy, since IGF-I stimulates intramuscular 

mediators of protein synthesis in the skeletal 

muscle and reduces protein degradation rate 

(Saini et al., 2009; Bonetto et al., 2009). 

Research suggests that low circulating IGF-1 

bioactivity and abnormalities of IGF-1 

signalling in elderly subjects, especially in 

individuals with a pro-inflammatory state, are 

associated with age-related muscle wasting. It 

may be caused by impaired activation of 

anabolic signalling pathways from the GH/IGF-

1 axis that involve, among others, the IRSs 

(receptors substrates), PI3-K 

(phosphatidylinositol 3-kinase), and AKT 

(antiapoptotic serine protein kinase B), (Perrini 

et al., 2010).  

Mice lacking of GHR (growth hormone 

receptor) exhibit proportional growth 

retardation and delayed and/or diminished 
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responses in IRS-1 phosphorylation following in 

vivo insulin stimulation in muscle (Robertson et 

al. 2006). Decreased levels of PI3-K in the 

muscle result in decreased muscle size and 

inefficient muscle metabolism (Luo et al., 2006) 

and an age-related deficit in IGF-1R activation 

has been demonstrated in the muscle of old rats, 

associated with a reduced activity of the IRS-

1/PI3-K pathway (Haddad & Adams 2006). 

Likewise, impaired AKT/PKB (protein kinase 

B) activity in myocytes has been found to be 

associated with higher levels of apoptosis, lower 

abundance of the contractile proteins myosin 

and actin, and a smaller muscle fibre cross-

sectional area (CSA) (Wu et al. 2009). The 

restoration of AKT kinase activity was 

associated with increased amount of contractile 

proteins and myocyte size, and decreased 

apoptotic rates. In addition, AKT-mediated 

phosphorylation of forkhead transcription 

factors (FOX) results in an inhibitory response 

of the transcription of several genes, among 

which is the atrogin-1 (also known as MAFbx) 

and MuRF1. These are two E3 ubiquitin ligases 

that promote muscle protein degradation mainly 

in presence of muscle inflammatory condition 

(Sandri et al. 2004). However, limited 

information from this area is available in 

humans. 

An additional biological dysfunction of the 

elderly that contribute negatively to protein 

balance by increasing protein degradation is the 

chronic low-grade inflammation, a condition in 

which there is a two-to three-fold increase in the 

systemic concentration of inflammatory 

cytokines (Pedersen & Febbraio, 2008). 

Infection and trauma generate acute 

inflammation, responding to an immune defence 

reaction, during which several cytokines are 

secreted to repair damaged tissues. However, 

prolonged inflammatory state, with elevated 

levels of cytokines such as IL-6, IL-1β, CPR, 

IFN-γ and TNFα, has been proposed as a 

molecular process underlying the pathogenesis 

of many inactivity- and age-related diseases like 

metabolic syndrome, neurodegenerative 

diseases or muscle wasting. In addition, chronic 

inflammation is a contributing factor for aging-

related loss of physical function and onset of 

disability (Saini et al., 2009; Nicklas & 

Brinkley, 2009). Inflammatory cytokines such 

as TNFα and IL-6, as well as reactive oxygen 

species (ROS), cortisol and angiotensin promote 

the ubiquitin-proteosome pathway, which is the 

most important mechanism for protein 

degradation in skeletal muscle cells (Lang et al., 

2010). The elderly appear to have elevated 

expression of these inflammatory cytokines in 

skeletal muscle compared to younger subjects 

(Roubenoff, 2007).  

On the other hand, oxidative metabolism 

generates ROS, a condition that can cause 

oxidative stress when there is an imbalance 

between oxidant and antioxidant molecular 

levels (Kregel & Zhang, 2007). Oxidative stress 

seems to underlie the pathogenesis of chronic 

diseases and age-related skeletal muscle 

wasting, being involved in multifaceted 

pathways that stimulate protein breakdown 

(Bonetto et al., 2009). Mitochondrial 

dysfunction during aging increases the levels of 

ROS due to altered function of the respiratory 

chain and decreased cell defence against 

radicals (Short et al., 2005), what can cause 

direct damage to macromolecules such as lipids, 

proteins or nucleic acids. Mitochondrial 

dysfunction is related not only to loss of 

capacity to generate ATP but also to activation 

of pathways that lead to cellular apoptosis as in 

neurodegeneration or sarcopenia (Marzetti et 

al., 2008). Neurodegeneration during aging is 

another important contributor to the changes 

occurring on muscle structure (loss, atrophy and 

clustering of muscle fibres, as well as impaired 

sensory integration and motor response) due to 

denervation and loss of α-motorneuron that 

result in a loss of motor units (Narici & 

Maffulli, 2010). 

In relation to the cellular defence from damage, 

Heat Shock Proteins (HSPs) are thought to be 

fundamental for the protection of cells, as well 

as for repair facilitation from injury and 

maintenance of cell homeostasis. They are 

present in low levels in unstressed skeletal 

muscle and increase in presence of stressors as 

oxidative stress, exercise, inflammation, and 

changes in pH or hyperthermia (Wallin et al., 

2002).  However, an attenuated HSPs response 

has been observed in several tissues, 

lymphocytes and monocytes from older rodents 

and humans following several stressors 
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(Vasilaki et al., 2006; Njemini et al., 2003).  

This reduction appears to be related to changes 

in the pro-oxidant and antioxidant balance in the 

muscles of older individuals what may interfere 

in the activation of the adaptation-signalling 

response, therefore leading to functional deficits 

in the muscle fibre protection during ageing 

(Close et al., 2005).  

Physiological and Biological Benefits of 

Resistance Exercise for the Elderly 

Combating physical frailty in older age has 

become a major concern since the proportion of 

elderly citizens is exceeding that of young 

people. Maintaining mobility and independence 

until the end of chronological age through an 

active life-style should be the aspiration of 

every older individual. Although the biological 

aging process cannot be reversed by physical 

activity, it is likely that an individual who is 

physically active throughout the lifespan will 

have a greater reserve capacity to maintain high 

function into late life. There is evidence 

supporting that regular exercise can minimize 

the physiological effects of a sedentary lifestyle 

and can limit progression of some chronic 

diseases, loss of skeletal muscle mass and frailty 

(Kjaer & Jespersen, 2009, Pedersen & Saltin, 

2006). In addition, the age-related physiological 

and functional changes become clinically and 

socially more relevant when disability impacts 

social roles and expectations. 

Recent findings have shown that older adults 

who are less physically active are more likely to 

have lower skeletal muscle mass and strength 

with increased risk for sarcopenia (Rolland et 

al., 2008). Resistance training is the most 

important form of exercise intervention for 

people with sarcopenia. It can counteract the 

age-related changes in fibre type distribution 

and the decrease in fibre size (Klitgaard et al., 

1990) by improving strength via neuromuscular 

adaptations and muscle hypertrophy in old and 

very old men and women (Little & Phillips, 

2009; Yarasheski et al., 1999). 

 Roth et al. (2001) demonstrated that 6 months 

of whole body resistance training in older 

people (65–75 years) produced gains in muscle 

cross-sectional area similar to those achieved in 

younger individuals aged 20–30 years. Kryger 

& Andersen (2007) found that very old and frail 

men and women up to the age of 98 years 

respond to resistance training as younger and 

well-functioning elderly subjects do. They 

found significant increases in muscle strength, 

lean quadriceps CSA, type II fibre area and an 

overall increase in the relative amount of MHC 

IIA. Moreover, increases in the MHC protein 

synthesis after resistance training show that this 

type of exercise lead to increased protein 

synthesis and eventually to muscle hypertrophy 

in old and very old individuals, what is 

fundamental in their condition of muscle loss 

(Kryger & Andersen, 2007). However, ageing is 

associated with lower myofibrillar protein 

synthesis in response to exercise and adequate 

amino acids levels compared to younger people, 

probably due to the mentioned blunted anabolic 

stimuli found in older people (Cuthberston et 

al., 2006). 

In addition, a meta analysis of 121 randomized 

controlled trials of progressive resistance 

training in older people showed that training 2–

3 times per week improved physical function, 

gait speed, timed get-up and go, climbing stairs 

and balance, and what was more important, 

muscle strength was especially improved in the 

high intensity training groups (Liu & Latham, 

2003). Resistance exercise appropriately 

executed increases muscle CSA as well as type 

2 (fast twitch) muscle fibres. Increased type II 

fibre area in the major muscles of the legs is a 

very good clinical indicator in elderly subjects, 

since it may improve the rate of force 

development and power what is related with 

lower risk of suffering falls due to better 

postural control (Aagaard, 2003). As a result, 

this can lead to enhanced ability to perform 

activities of daily living, preventing functional 

decline and disability. Additionally, resistance 

exercise has been shown to improve different 

clinical conditions common in elderly people 

such as impaired glucose tolerance, elevated 

blood lipids, reduced resting metabolic rate and 

depression (Lang et al., 2010; Little and 

Phillips, 2009). 

The benefits of life-long training for preventing 

age-related muscle loss are seen in master 
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sprint-trained athletes who exhibit greater type 

I, IIA and IIB fibre areas compared to untrained 

controls (Korhonen et al., 2006).  However, 

intense training (running or weight lifting) 

slows down but does not avoid the decline in 

muscle performance, the reduction in fast fibres 

size and the shift towards a slower MHC 

isoform profile that occur with aging (Korhonen 

et al., 2006; Faulkner et al., 2007). Regular 

resistance training prevents the loss of age-

related skeletal muscle mass by stimulating 

hypertrophy of the remaining fibres but it is not 

clear if loss in fibre number due to neuropathic 

processes or due to modification of the 

contractile proteins can be prevented (Narici & 

Maffulli., 2010). 

On the other hand, given the deleterious health 

effects of persistent inflammatory state, 

identification of therapies to its reduction 

appears critical, not only for controlling 

sarcopenia, but also for treating multiple 

adverse health conditions. Self-reported 

physical activity and aerobic fitness have been 

associated with reduced inflammatory cytokines 

(Colbert et al., 2004;  Bruunsgaard,  2005; 

Beavers et al., 2010).  A potential mechanism 

underlying the anti-inflammatory effect of 

regular physical activity is the production of 

myokines: cytokines produced by skeletal 

muscle (IL-6, IL-8, IL-15, BDNF, LIF) that 

create a systemic anti-inflammatory 

environment and work as hormones exerting 

endocrine effects on visceral fat and also within 

the muscle (Brandt & Pedersen 2010). This fact 

suggests that muscle contraction has a central 

role in orchestrating metabolism and function of 

other organs while inactive lifestyle 

accompanies several body malfunctioning 

consequences.  

There is recently further information from 

observational studies reporting that more 

frequent and more intense self-reported physical 

activity (Colbert et al., 2004; Elosua et al., 

2005), or high aerobic fitness levels (Kullo et 

al., 2007; Arsenault et al., 2009) are associated 

with lower levels of certain inflammatory 

biomarkers in the elderly. On the other hand, in 

relation to data from intervention studies 

designed to examine the effects of training on 

inflammation, less consistent findings are found 

compared to observational studies. It is shown a 

trend toward lowering inflammation with 

exercise, but there is few data from fully 

powered, randomized, controlled trials to 

definitely conclude that regular exercise training 

reduce chronic inflammation in older adults 

(Nicklas & Brinkley, 2009). More attention has 

been paid to the effects of aerobic exercise on 

the inflammatory risk profile and little 

information exists regarding resistance exercise 

(Phillips et al., 2009; Salles et al., 2010), with 

inconclusive results on the influence of 

resistance training on inflammatory marker 

levels in the elderly. It is possible that these 

results are dependent on study design 

characteristics, such as different intensity and 

duration of the exercise, absence of appropriate 

control group, combination of exercise types, 

low sample size, single cytokine measurements, 

etc. (Nicklas & Brinkley, 2009). 

In relation to the increased ROS production 

during exercise, initially considered responsible 

of induced muscle damage, it is now well 

recognised that physiological ROS production 

initiates muscle-endogenous adaptive responses 

able to protect the skeletal muscle cells against 

subsequent increases in ROS and damage. 

Muscle cells adapt to contraction and produce 

changes in the expression of cytoprotective 

responses by up-regulating the activity of 

antioxidant enzymes and HSPs, which may 

provide protection to further damaging events 

(Close et al., 2005). As molecular chaperones 

HSPs (HSP70, HSP27, αB-cristallin) are 

fundamental in facilitating the cellular 

remodelling processes subsequent to the training 

response (protein turnover, mitochondrial 

biogenesis, muscle hypertrophy, regulation of 

atrophic/apoptotic pathways) (Morton et al, 

2009). HSPs expression is likely initiated after 

resistance or damaging exercise by the 

mechanical harm induced to the muscle proteins 

and is further augmented by the inflammatory 

response occurring during the recovery period.  

In addition, persistent elevated oxidative 

damage up-regulates the antioxidant systems in 

elderly people. However, even if it may be 

operating at full capacity, it is not able to cope 

with the higher levels of oxidants produced in 

advanced age (Johnston et al. 2007). In this 
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regard, the aged skeletal muscle is less prone to 

protect and regenerate injured tissue. This is 

related to the reduced anabolic signals regulated 

by IGF-1, but also to the altered redox balance 

observed in satellite cells that contributes to 

impair their myogenic properties (Bonetto et al., 

2009).  

Although the difficulties to cope with high 

levels of stress in the elderly, moderate exercise 

has been found to act as an antioxidant in young 

people by Gomez-Cabrera et al., (2008). They 

found that ROS generated during moderate 

exercise act as signal to increase the production 

of enzymes relevant for the adaptation of 

muscle cells to exercise. In addition, one 

investigation has demonstrated reduced levels of 

a lipid peroxidation marker (malondialdehyde) 

and an oxidant (hydroperoxide) after an acute 

aerobic exercise bout in resistance trained older 

individuals (Vincent et al., 2002), suggesting 

beneficial effects of resistance training on redox 

status in older people. In addition, low levels of 

serum/plasma antioxidant carotenoids are 

independently associated with low skeletal 

muscle strength and the development of walking 

disability (Samba et al., 2007). In relation to the 

cytoprotective proteins, following acute and 

chronic exercise HSPs may increase to recover 

cellular homeostasis and induce adaptation for 

further stress. Recent data indicate that chronic 

contractile activity induces increases in baseline 

HSP levels of cardiac and skeletal muscle of 

rodents (Morton et al., 2009).   

We can conclude that encouraging the elderly to 

perform resistance training is beneficial for the 

individual quality of life in the later years what 

is also of great economical significance for the 

society, given the expanding costs going into 

care of the older individuals. The importance of 

exercise as a potential medicine against lifestyle 

associated diseases is growing since it has not 

side-effects for other systems as some drugs 

have (Kjaer & Jespersen, 2009). Exercise 

causes adaptations to numerous systems at a 

metabolic, morphological and inflammatory 

level without negative effects; therefore it is 

never too late to adopt a healthy life-style 

through controlled exercise prescription, which 

seems to be a key to maintain body homeostasis.  

However, with respect to resistance training, 

more data is needed from human studies to 

verify the role of this intervention for the overall 

healthy status of elderly subjects. 

Future Perspectives 

Aging is a multifaceted process involving all 

levels of biological organization and may be a 

complex process to study, therefore it is 

interesting to elucidate weather the observed 

adaptation following resistance training are 

directly affecting the cellular mechanisms 

behind aging or simply covering the process. 

Does resistance training improve directly the 

health status or does it induce adaptations at the 

cellular and molecular levels that directly 

hamper the causes of aging?  

Resistance training benefits have been related to 

improved physical function and independence in 

the elderly however more data is needed 

regarding its effects on several molecular 

processes. More randomized controlled studies 

are needed to refine the understanding of the 

effects of a resistance training protocol on 

systemic low-grade inflammation and on 

cytoprotective responses in elderly people. In 

the past, much research analyzed a reduced 

cluster of inflammatory cytokines related to 

certain disease condition; therefore there is a 

lack of research measuring multiple 

inflammatory biomarkers in humans, what 

would improve the health risk assessment. 

Moreover, it is not known the magnitude of this 

effect and the amount of training necessary to 

produce clinically significant effects for disease 

prevention. In relation to the effects on heat 

shock proteins, most of the data comes from 

studies analyzing aerobic training in human and 

animals but little is known about the stress 

response after progressive resistance training in 

humans. On the other hand, there are evidences 

that regular resistance training slows down the 

decline in muscle mass although more 

information is needed about the benefits to 

avoid loss of motor units. 

This review summarizes recent and established 

knowledge about the age-related mechanisms 

affecting skeletal muscle decline. Resistance 

training is proposed as one of the most effective 
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and healthy intervention benefiting the elderly 

individuals suffering muscle and physical 

degeneration. However, despite the extensive 

information in this area, we need to better 

understand the molecular mechanisms of 

atrophy and hypertrophy affected by the 

adaptations of resistance training. The concern 

of combating physical frailty in old age while 

maintaining an active lifestyle needs to be 

scientifically well supported.   
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