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Abstract Ageing is a biosocial process which results in the loss of capacity over
time. This decline is gradual and can significantly vary from individual to indi-
vidual, according to their genetic, morphological and functional characteristics.
This chapter shows that regular physical activity can reduce the risk of prevalence
of chronic diseases in agieng and reduce the risk of morbidity and mortality of the
elderly. For example, physically active elderly can have higher levels of func-
tionality, improved cognitive performance and a lower risk of falling. On this basis,
a physical activity programme can minimize the motor decline in the elderly,
preventing the loss of functionality or inability of states, thus promoting significant
health benefits. One can also state that more physically active older individuals have
lower ratios of mortality, heart disease, high blood pressure, stroke, type-2 diabetes,
colon cancer and breast cancer.
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2.1 Background

The scientific community point out that regular physical activity can reduce the risk
of prevalence of chronic diseases with ageing and, likewise, mitigate the physio-
logical changes imposed at this stage. Furthermore, it additionally reduces the
morbidity and mortality risks coming with ageing (Spirduso 2005; Paterson et al.
2007). On the other hand, regular physical activity enhances the optimization of
cardio-respiratory and locomotor (e.g. skeletal muscle) systems, ensuring a
healthier body composition (Bauman et al. 2005; Paterson and Warburton 2010).
Accordingly, the physically active elderly can have higher levels of functionality,
improved cognitive performance and a lower risk of falling, typically associated
with balance issues. On this basis, a physical activity programme can minimize the
motor deterioration of the elderly, preventing the loss of functionality or inability,
thus promoting significant health benefits. Therefore, there is a strong scientific
evidence that physically active older individuals have lower ratios of mortality,
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heart disease, high blood pressure, stroke, type-2 diabetes, colon cancer and breast
cancer (Steiner et al. 2004; Mendes et al. 2015).

Several authors suggest that there is a positive association between
cardio-respiratory fitness and functional capacity of the elderly (e.g. Paterson and
Warburton 2010; Singh 2002; Dias et al. 2015). However, only some few studies
have explored the minimum threshold and the optimum physical activity level for
this old population (see Singh 2002). Still, these works consider that a moderately
vigorous intensity is at the essence to effectively preserve and/or enhance health
benefits. To this end, the prescription of exercise should favour activities that foster
improvements in the functional capacity and independence of the elderly, slowing
down morbidity and mortality (Kemper 2006). Adducing further contributions to
this theme, various entities and international organizations, such as ACSM (1998);
Nelson et al. (2007) and WHO (2010), present a set of recommendations for the
elderly, advising moderately vigorous activities (e.g. brisk walking), maintaining
the muscle mass through strength and power exercises, stimulating specific muscle
groups, practicing balance and flexibility, etc. Given the above, we hereafter present
the bio physiological and cognitive changes occurring during ageing, showing the
extent to which physical activity can delay the deleterious effects associated with
this phenomenon (Mendes et al. 2015).

2.2 Morphological and Functional Changes of the Elderly

Ageing is a biosocial process which results in the loss of capacity over time. This
decline is gradual and can significantly vary from individual to individual,
according to their genetic, morphological and functional characteristics (Mendes
et al. 2015). Ageing defines the decrease in the efficiency of body functions with a
series of morphological, psychological, biochemical and functional changes
occurring as a result of time converging towards a difficulty in responding to
internal and external stimuli (Alba 1986). As an objective and subjective process,
ageing can be defined, not only by demographic and biological aspects, but also due
to the interaction between multiple factors, including social (Staab and Hodges
1997). These are translated into a succession of irreversible changes, such as the
loss or decrease of the social, family and labour roles, as well as the limitation of
social relationships (Berger 1995b). It should be noted that Rdwanski and Hoeman
(2000) consider that the fact of living longer is a relevant paradox between
retirement and enjoying the golden years with an 80% probability of getting one or
more chronic disabling diseases. Consequently, chronic diseases and physiological
age changes increase the likelihood of physical limitations and disabilities of older
people in a disproportional manner when compared to young adults. As a result,
ageing is not only related with the decline of biological-organic operation, but also
with the ability to adapt to the environment be as functional as possible (Hoeman
2000; Mendes et al. 2015).
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2.3 Body Composition

Besides the visible changes in the physical appearance, changes in the body
composition of the elderly have implications in their physical function and health.
In this context, fat redistribution and muscle mass loss result in a significant
reduction of the aerobic capacity. The body weight begins to stabilize at the age of
50 and tends to decrease during the seventh decade of life, but the body fat still rises
and the basic gynaecoid and android features are kept (Spirduso 2005). The fat is
somehow redistributed with ageing, however, differently for the two genres. For
example, in men, subcutaneous fat decreases on the periphery of the body, but the
deposit increases both centrally and internally. In women, total fat increases,
especially the internal body fat (visceral) (Mendes et al. 2015).

2.4 Cardio-respiratory Capacity

With ageing, inspiratory capacity decreases as a result of intercostal cartilage cal-
cification, with a reduction of contractility of the inspiratory muscles, loss of
elasticity of the lung tissue, and weakening of the diaphragm and intercostal
muscles. Also, the residual capacity (volume of air that remains in the respiratory
system at the end of a normal exhalation) increases, while the vital capacity
(maximum amount of air a person can expel from the lungs after a maximum
inhalation) decreases by about 25%. The total lung capacity (the sum of both vital
and residual capacities), measured during a forced inspiration, decreases to 50%
between the ages of 20 and 80 (Berger 1995a; Spirduso 2005; Mendes et al. 2015).
As the person gets older, other physiological changes, particularly musculoskeletal,
lead to a gradual decrease in lung function. Associated with a reduced respiratory
muscle strength, the inner elastic fibres located within the alveolar walls (terminal
bronchioles) lose their elasticity. This phenomenon gives rise to a deterioration of
the airways, affecting the alveolar ventilation (Reis 1995; Vicente 2012).

Other biological changes, such as decreased cardiac output, increased blood
pressure, reduction of the maximum heart rate, and increased peripheral vascular
resistance, are also related with the decline in oxygen consumption. Concomitantly,
other variables can contribute to a deficit in the ability to produce muscular activity,
including the reduction of amplitude and frequency of respiratory movements and
the exhaled air volume (Correia and Silva 1999). Furthermore, cardiovascular fit-
ness inevitably decreases with age, and the changes in body composition and
cardiorespiratory system, together with decreased physical activity during ageing,
are responsible for most of the cardiovascular fitness decline (Mendes et al. 2015).
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2.5 Musculoskeletal System

The literature shows that muscle parameters, such as the number of fibers, the size
and diameter, degree and contraction speed, decrease inversely proportional to the
use made by each segments (Singh 2002; Spirduso 2005). As such, changes in
muscle strength, over the years, seem to be dependent on the muscle itself (Correia
and Silva 1999; Carvalho and Soares 2004). The reduction of strength in elderly
patients is due to essentially two factors: (1) Loss of muscle mass because of
atrophy and reduction in the number of fibres; and (2) Metabolic changes in con-
tractile proteins. It is noteworthy that the loss of strength in the lower limbs of the
elderly is particularly evident, especially on the proximal muscles of the hip and
thigh since they are particularly affected by the muscle fibre atrophy and the
maximum strength decline (Correia and Silva 1999). This reduced muscle strength
in the lower limbs is limiting in everyday tasks, affecting gait efficiency, climbing
stairs, or get out of bed or a chair, having been identified as one of the factors
associated with increased risk falls (Mendes et al. 2015).

More important than simply the loss of the elderly’s maximum force, for Correia
and Silva (1999), in a functional point-of-view, is the loss of muscle power, since
fast strength is the manifestation of the strength necessary to carry out daily life
activities, such as walking, climbing stairs and lifting objects. The loss of muscle
power in the elderly manifests itself in the time needed to reach the maximum peak
force, and the contraction and relaxation times. The reduction of muscle mass has
been suggested as the primary cause for the loss of muscle strength with age, as
well as power, speed, flexibility and precision of movement (Mendes et al. 2015).
However, the loss of functional ability is not only due to the degeneracy inherent to
ageing, but it is also a result of the reduced use of muscles and consequent reduction
in the stimulation (Freitas et al. 2002; Mendes et al. 2015).

2.6 Central Nervous System

The central nervous system is strongly affected by ageing, in particular at the level
of the cell function and reduction of neurons, which leads to a reduction of fibres
and nerve bundles, and a decrease in the transmission and/or reception capacity of
the brain nervous influx (Mendes et al. 2015). This process starts very early (around
the age of 50) and affects all nervous structures, including the brain and spinal cord.
In this sense, the nerve modifications described in the literature are the following:
(7)) Brain Atrophy (loss of weight and volume reduction); (ii) Increase in connective
tissue (senile plaques); (iii) reduction of blood supply and oxygen consumption in
the brain; and (iv) Gradual increase of cerebral vascular resistance (Reis 1995). It
should also be noted that the decrease in the number of neurons (neuronal death)
causes a reduction of fibres and nerve bundles and a low transmission capacity or
reception of nerve influxes to the brain. The reaction time increases and the
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response to stimuli takes place more slowly because of the change in the propri-
oceptors and decrease in the number of synapses (Fontaine 2000; Mendes et al.
2015).

2.7 Sensory and Perceptive System

The auditory perception of the elderly is often damaged, either on the auditory
localization capabilities, or regarding its discrimination. In the elderly, the main
hearing problems are related to physiological changes, such as: (i) degeneration of
the hearing nerve fibre (cochlea and the organ of Corti); (i7) eardrum thickening;
(iif) reduction in the production of cerumen; (iv) increasing in the stiffness of the
middle ossicles (stapes); and (v) Atrophy of the auditory nerve (Berger 1995a;
Roach 2003). All these conditions lead to hearing loss, which becomes more evi-
dent at the age of 50 and gets even worse after the age of 70. Presbycusis is the most
common problem and is reflected by a decreased perception of pure tones. It begins
with the inability to hear certain sounds, especially at high frequencies (treble).
Then, as we get older, it gets more difficult to distinguish human voice from the
environmental noise. The language becomes often unintelligible, and the normal
tone of voice and the consonants are less noticeable than the vowels because they
are located at a higher frequency (Berger 1995a; Vincente 2012; Mendes et al.
2015).

Like hearing, vision is a particularly sensitive sensory modality affected by
ageing. The consequences of ageing in the visual system emerge progressively. For
Berger (1995a), Vincente (2012) and Mendes et al. (2015), a first change is
observed in the transmissivity of the eye and its accommodation capacity. This
leads to problems in the perception of depth, sensitivity to glare and colours.
Fontaine (2000) goes a step further and points out some details about visual per-
ception changes, such as: (i) the perception of colours seems affected, especially in
discriminating certain colours (the eye captures bright colours more easily, like
yellow, red and orange, and finds it more difficult to capture blue, violet and green);
(if) visual acuity, which refers to the ability of resolution and discrimination, is
effected (loss of fine detail vision); (iii) Adaptation, which is the sensitivity of the
eye to changing light intensities (adaptation to darkness and light), decreases with
age and is reflected by the increased adaptation time; (iv) The visual field, i.e. the
area covered with visual fixation, which also decreases with age; and (v) the
peripheral field decreases of some few degrees between after the age of 40—45.

The proprioceptive information system is yet another important change occur-
ring with ageing. Eliopoulos (2011) shows that the elderly finds it harder to
completely discriminate the limbs’ movements; either active or passive. This lack of
ability to properly recognize the position of the segments, allied with a reduced
sensitivity and pressure, can cause issues in the postural control, especially under
low light conditions. According to the same author, body posture, rather than being
the result of a natural, simple regulation, becomes more of a problem, since the
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elderly’s motion control requires an additional processing information and, of
course, a longer treatment. The time needed to make necessary corrections over
unforeseen constraints and variations is also longer with ageing. One way to
overcome this is to walk slowly; a strategy that one may observe in the elderly
population and one they claim to be of great importance to avoid accidents,
especially falls (Almeida 2011; Mendes et al. 2015).

In sum, the senescence essentially covers three modalities: balance, hearing and
sight. Ageing has important consequences, sometimes severe, at both psychological
and social levels. Sensory deficits of auditory and visual nature seem to be
important causes of the general decline in intellectual functioning. Some sensory
modalities, like the sense of smell, is only slightly affected with age, while others,
such as hearing and vision, are badly affected. Finally, slow movements are a
simple reflection of the sensory decline: it is, actually, a natural consequence of
ageing (Eliopoulos 2011; Vicente 2012; Mendes et al. 2015).

2.8 Movement Duration and Motor Reaction

Authors, such as Correia and Silva (1999), argue that the duration of a movement
and the reaction time increase with the difficulty of the task and its novelty. These
are due to the elderly’s slower information processing, in which the duration
increases based on different stages, namely: (i) treatment of sensory information;
(i) decision-making; and (iii) Movement programming. Although the elderly
retains part of the psychomotor skills over the years, the motor system suffers a
general delay; something that affects the reaction time over various daily life stimuli
(Berger 1995b). The reaction time starts increasing around the age of 45-50 and
stabilizes around the age of 70. The same author (Berger 1995b) also points
to several factors that can influence the reaction time in older people, namely:
(i) decreased eyesight and hearing; (if) motor response delay to a sensory stimu-
lation; (iii) memory loss; (iv) low motivation; (v) significant absence of social
contact; and (vi) disease. In addition, reflexes get slower with ageing. This decrease
in the effectiveness of reflexes, associated with the difficulty of the nervous system
to process information, seems to explain the high rate of accidents in the elderly
population, as they usually take longer to evaluate the surroundings and make
effective decisions (Berger 1995b; Mendes et al. 2015).

Ageing also causes a significant decrease in the motor performance of the
elderly, wherein the speed is a critical issue. Undeniably, in motor sequences that
highly depend on the perceptual information, especially of external nature, the
processing of such information shows significant delays. Likewise, in complex
motor sequences, under significant time constraints, the neuronal and motor delays
are notorious. Finally, when performing slow actions, which have been extensively
practiced throughout life, one can observe a reasonable level of performance
(Correia and Silva 1999).
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Besides those changes occurring while ageing, the ability to receive information,
the central process of preparing data and the peripheral systems to produce a given
response, the motor organization strategies and the energy resources management,
also change. Consequently, actions, movements and reactions are generally slower,
inducing changes even in the movement patterns (Berger 1995b; Correia and Silva
1999; Godinho et al. 1999; Vieira and Koenig 2002; Yassuda 2002; Mendes et al.
2015).

2.9 Health Benefits of Physical Activity

The relationship between physical activity, health, quality of life and ageing has
aroused interest of the scientific community. This is evident in the significant
number of relevant works published in the past decades on the subject. As stated by
Matsudo et al. (2001) and Mendes et al. (2015), there is a consensus among health
professionals that physical activity is a major factor for the successfully ageing
process. Some aspects about the prescription of exercises to the elderly are now
highlighted.

2.9.1 Aerobic Capacity

The scientific community generally agrees that adults should carry out physical
activity every week, preferably on a daily basis, with a minimum of 30 min of
moderate intensity (Pate et al. 1995; Nelson et al. 2007). This comprises the elderly
population, even more so as the inactivity tends to increase with age and may even
reach 62% of the population over 65-years old (NACA 2006). The Native
Americans for Community Action (NACA) even considers the inactivity as a
highly relevant risk factor (NACA 2006). Many authors even believe in the rela-
tionship between regular physical activity and the rate of mortality and morbidity.
As suggested by numerous epidemiological studies conducted in recent decades,
the risk of morbidity and mortality decreases as the physical condition
(cardio-respiratory) of the elderly increases (e.g. Blair et al. 1989, 2001; Lakka et al.
1994; Ekelund et al. 1988; Lie et al. 1985; Sandvik et al. 1993; Sobolski et al. 1987;
Arraiz et al. 1992; Myers et al. 2004). Yet, finding the necessary amount of activity
required to maintain the autonomy of the elderly still needs to be assessed.
A thorough review work from Paterson et al. (2007) mentions the work of (Mendes
et al. 2015) that, according to which, carrying out vigorous sports at least twice a
week leads to a significant reduction in the risk of the coronary artery disease or
mortality.

In spite of this, in the elderly case, the intensity of the aerobic load should range
from moderate to vigorous, so as to reduce the death rate. While moderate intensity
translates into a maximum oxygen consumption (VO,max) between 40 and 60%,
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moderately strong intensity goes about 50 and 70% of VO,max. The work devel-
oped by Martins et al. (2010) concluded that aerobic and other moderate to vigorous
programmes enhance the metabolic health indicators (Mendes et al. 2015). Several
other authors delimit the cumulative amount of energy expenditure in 4200 kJ/week
(load volume), from 4 to 6 Metabolic Equivalent of Tasks (METs)' as necessary to
delay mortality or reducing it by 25-30% (cf. Lee and Skerrett 2001). However, it is
possible to establish a link between a slight increase in the physical activity, like
increasing one additional hour a week of walking, and a reduced risk of mortality
(Oguma et al. 2004). In this line of thought, consider that physical activity with low
energy expenditure in older adults, aged between 70 and 82, significantly reduces
the risk of mortality (32%). Also, Slentz et al. (2007) assessed the minimum level of
physical activity required to maintain metabolic health, concluding that a volume of
13 km/week of physical activity, such as walking, would be enough for the elderly
to keep the weight balanced (Matsudo et al. 2001).

We emphasize that the prescription of aerobic exercises so far presented is
mainly aimed at the active and healthy elderly. However, for the frail or weakened
elderly, the aerobic training load becomes considerably more difficult to manage
because of the potential clinical constraints, such as gait pattern disorders, arthritis,
dementia, cardiovascular diseases, orthopaedic problems, incontinence and changes
in visual acuity. In these cases, the range of possible activities goes from the
ergometer of upper limbs, lower limbs and even sitting exercises performed in
water environment (Mendes et al. 2015).

2.9.2 Muscular Strength

Besides the aerobic work, the literature also emphasizes strength training as the key
to improve the mobility of daily life activities and the overall autonomy of the
elderly (Spirduso 2005). Several studies indicate an intensity of strength ranging
between moderate to high, i.e. superior to 60%, with 1 maximum repetition
(MR) for two days a week, to maximize the adaptive gains (Smilios et al. 2007;
Wieser and Haber 2007; Paterson et al. 2007). Hunter et al. (1995) observed
improvements in the functional abilities of female elderly (between 60 and
77 years) after 12 weeks of muscular training. According to Nelson et al. (2007),
today’s elderly can benefit from embodied training programmes in calisthenics
(self-loading) and in the progressive method with resistance (e.g. elastic and weight
machines). Regard resistive strength exercises, the same authors recommend, at
least, a 10-15 repetitions series for large muscle groups, suggesting that, for each
muscular group, the elderly should workout in two or three non-consecutive days
per week (Mendes et al. 2015).

'MET is a unit used to quantify the intensity of physical activity.
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Despite the recommendations for the elderly, issued by various authors and
international organizations, to focus, preferentially, on aerobic activity programmes
and muscular strength, it is the latter that will somehow stabilize or reverse the loss
of muscle mass (e.g. sarcopenia). Therefore, this reinforces the priority role that
muscular strength exercises play in maintaining the functional capacity and inde-
pendence of the elderly (Matsudo et al. 2001). In groups of frail elderly and reduced
ambulatory ability, Singh (2002) proposes a set of recommendations aimed at
maintaining the motor functionality. The same author considers that the use of free
weights, like dumbbells, wrist and knee weights, elastic bands, and the body’s own
weight (self-load), allows to develop a tough strength training with low to moderate
intensities, but still valid for this type of elderly population. Although such training
does not trigger significant physiological adaptations in the elderly, ultimately
reducing disability (Morris et al. 1999), it does optimize the stability in gait pattern
(Hausdorff et al. 2001), reduces the ratio of injuries caused by falls (Robertson et al.
2001), and decreases the pain resulting from arthritis and similar problems (Ettinger
et al. 1997; Mendes et al. 2015).

2.9.3 Flexibility

As opposed to the motor skills already addressed, the specific benefits of flexibility
for the elderly’s health, do not “earn” the same consensus in the scientific com-
munity. However, the ACSM (1998) recommends exercises, such as walking,
dancing and stretching that, when integrated in a physical programme, can con-
tribute to an increased range of motion. As such, it is recommended to carry out, at
least, 10 min of flexibility exercises, aimed at working the major muscle and tendon
groups. For this, static methods can be considered, between 10 and 30s, in order to
maintain the stretch in 3 or 4 series per exercise. This type of exercise should
complement the strength and aerobic activities, but preceding it in order to avoid
any muscle injuries (Franklin et al. 2000; Mendes et al. 2015).

2.9.4 Balance

One of the main causes of accidents and disabilities in the elderly are falls, which
usually happen due to the lack of balance (Nelson et al. 2007; Paterson et al. 2007).
According to Spirduso (2005), the risk of falling is represented by a multifactorial
matrix and, hence, any intervention requires a multidisciplinary team (e.g. nurse,
physical therapist, physiotherapist, pharmacist, occupational therapist, psychiatrist,
psychologist and physical education professionals). This is not oblivious to the many
factors that are normally associated with falls, especially: weakened muscles, falling
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historic, polypharmacy, deficit balance, the use of walking aids (e.g. walker), defi-
cient vision, arthritis, deterioration of daily life activities, depression, deterioration of
cognitive functionss and advanced age (over 80 years). Notwithstanding that, reg-
ular physical activity, by itself, can reduce falls and associated injuries in 35-45%
(Robertson et al. 2002). As stated by the WHO (2010), there are good evidences that
older adults with low mobility adhering to a regular and safe physical activity
programme, can reduce the risk of falling by about 30%. Robertson et al. (2002)
propose balance exercises three times a week.

2.9.5 Biopsychosocial Model

As many authors have stated, at the physiological level, exercise programmes
improve the cardio-respiratory condition, as well as the strength and functionality of
the elderly, slowing the motor decline. These programmes enhance the maintenance
of both autonomy and quality of life. However, these benefits go beyond the
biological and physiological aspects of this population (Matsudo 2001; Spirduso
2005). This stage of human development presents itself as a multifactor matrix,
where the elderly emerges as a biopsychosocial being with needs and different
capacities (Fonseca 1998; Spirduso 2005). In this respect, several factors are
associated with the ageing process, such as molecular, cellular, systemic, beha-
vioural, cognitive, social, among others (World Health Organization 1998; Palécios
2004; Mendes et al. 2015).

In the context of mental health, Paterson and Warburton (2010) build up the
association between long-term regular physical activity with a decrease in the risk
of dementia and Alzheimer’s disease. For them, exercises can lead to an
improvement in the cognitive function of the elderly. In spite of this, there are also
evidences of the benefits of physical training on mood states (Engels et al. 1998;
Martins et al. 2011). In the case of depression, this significantly affects the quality
of life of the elderly and is, therefore, considered as a risk factor for dementia. As it
is suggested by Singh (2002), regular physical activity potentiates positive psy-
chological attributes in the elderly and can act as a non-pharmacological treatment
of depressive disorders.

Also, physical exercises promote a greater commitment to a more active life-
style, which is often associated with self-esteem and self-improvement (Stella et al.
2002). Socially, walking and organized physical sessions, appropriate to each
elderly, leads to more social interaction, reducing loneliness and social exclusion. In
this sense, the World Health Organization (1998) discloses the social benefits of
physical activity highlighting, as immediate gains, the occupational engagement
and consequent social and cultural integration, and, as long term, the possibility of
new friendships, playing an active role, and improving the “inter-generational”
activity (Mendes et al. 2015).
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2.10 Conclusions and Practical Implications

The human body, over time, inevitably goes through a dynamic process of mor-
phological and functional changes. In the old age, the reduction in the capacity of
the organs and other functional systems can trigger pathological processes, reducing
the quality of life of the elderly.

One of the problems contaminating any physical activity programme designed
for the elderly is the fact that the functional gains earned during training are lost
very quickly once the intervention ends. This suggests that every effort should be
made to always intervene in the long term, thus increasing the motivation and
retention of active senior citizens in such initiatives. We emphasize that active
ageing requires a dynamic balance between body and mind. Thus, it is necessary to
see the elderly as someone who thinks, feels and moves differently, something that
requires special care in terms of body practices, as well as in the management of
organic, nutritional and physiological aspects covering the ageing body.
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