
113

VIEWS AND REVIEWS

The biological clock keeps ticking, but 
exercise may turn it back
O relógio biológico não para, mas o exercício físico pode atrasar o tempo 
Andrea Deslandes

“If we could give every individual the right amount of 
nourishment and exercise, not too little and not too 
much, we would have found the safest way to health”. 
Hippocrates, 460 BC

The importance of physical exercises for a healthy aging 
process is not a groundbreaking discussion; yet, it is ever-
more an extremely relevant issue. Hippocrates, over 400 years 
BC, already suggested that the safest way to health would 
be the right amount of physical activity and nourishment. 
A long time has passed ever since, and until today studies 
confirm the relation between an active life style and health, 
demonstrating that the higher the level of physical capacity, 
the lower the risks of all-cause mortality1. Specifically, exer-
cises contribute for the prevention of several cardiovascular 

and metabolic diseases, besides acting as an associated 
treatment to medication2. Also, recent studies have showed 
that exercise is not only good for the heart, lungs, vessels, 
muscles and bones, but it also improves the health of the 
brain3. Physical exercise may contribute with the improve-
ment of cognitive and behavioral functioning through neu-
robiological mechanisms necessary for neurogenesis, angio-
genesis, synaptogenesis and plasticity. So, as aging speeds 
up degenerative processes, like sarcopenia, osteoporosis and 
cerebral atrophy, physical exercise increases lean body mass, 
bone mineral density and the formation of new neurons and 
neuroplasticity. The purpose of this paper is, therefore, to 
demonstrate that healthy aging is possible, even though hu-
man beings were not meant to survive with health as inac-
tive individuals.
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ABSTRACT
Aging is an inevitable process that is associated to loss of functional capacities in several body systems, like the cardiovascular, the skeletal 
muscle mass, the osteoarticular and the neuro-immune-endocrine systems. Changes appear due to interactions between genetic factors 
and way of life, such as diet and sedentary life style. This review shows evidence from the past twenty years concerning the importance of 
physical exercise to reduce the deleterious effects of aging, regarding the improvement in functional performance, the prevention of diseases 
and increased longevity. Moreover, physical exercise improves the cognitive function and the mood. Aerobic and strength training collaborate 
with the prevention and treatment of mental diseases, which are mostly prevalent in older adults, like major depression, dementia and Par-
kinson’s disease. Several mechanisms of neurobiological action are proposed to explain how exercise can actually reduce the effects of aging.
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RESUMO
O envelhecimento é um processo inevitável. Está associado à perda progressiva da função de diversos sistemas, entre eles o sistema car-
diovascular, musculoesquelético, osteoarticular e neuroimunoendócrino. Estas alterações acontecem devido à interação entre fatores gené-
ticos e estilo de vida, como por exemplo, a alimentação e o sedentarismo. Esta revisão mostra as evidências da literatura dos últimos vinte 
anos  quanto ao efeito do exercício físico na redução dos efeitos deletérios do envelhecimento, desde a melhora do desempenho à prevenção 
de doenças, aumento da longevidade, melhora da cognição e do humor. Tanto o treinamento aeróbio quanto o treinamento de força muscular 
contribuem na prevenção e no tratamento das doenças mentais mais prevalentes em idosos, como a depressão, as demências e a doença 
de Parkinson. Diversos mecanismos de ação neurobiológicos são propostos para explicar o efeito do exercício na redução do processo de 
envelhecimento. 

Palavras-Chave: envelhecimento, atividade física, saúde mental, estilo de vida.
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THE CLOCK IS TICKING, BUT EXERCISE CAN 
TURN IT BACK

By observing each of the human body systems, it is pos-
sible to verify that at about the age of twenty our organism 
increases its reserves and its functional capacity gets to its 
maximum limit4. The cardiovascular capacity grows, as does 
the bone mineral density, which is at its highest levels, and 
so is the capacity for hormones production (especially sexu-
al hormones like estrogen and testosterone). The brain com-
pletes its development and myelination of neurons reaches 
its peak. At this moment, metabolism is fast, muscles and 
bones are strong and the cerebral cortex swiftly processes 
new stimulus. After that, the human body begins to suffer 
decreases. Every decade it loses about 10% of its functions, 
such as muscular strength and cardiovascular conditioning. 
At the age of 60, approximately 30% of the functional capacity 
or more is expected to decline, depending on possible diseas-
es. This process of functional loss may come to its limit at the 
age of 90, when the individual becomes incapable of fulfilling 
basic daily activities independently. The heart starts to beat 
slower, despite the increased sympathetic activity. Muscles 
lose strength and lean mass, making difficult for a person 
to complete tasks apparently as simple as climbing stairs or 
standing up from a chair. Metabolism becomes slower, thus 
contributing for increased body fat and metabolic diseases. 
Bones lose their capacity of producing new cells; therefore, 
the balance between osteoblasts (production of new cells) 
and osteoclasts (degradation of existing cells) is affected, fa-
cilitating the process of osteoporosis. The good news is that 
all can be prevented, or at least contained, by the practice of 
physical exercises. Evidence from more than twenty years 
of research shows that exercises can improve the physical 
health of the elderly. Even those who have never exercised 
before may start a program of aerobic and strength training 
and benefit from its physiological and functional responses.

With reference to cardiovascular health, Paffenberger 
et al.5 demonstrated in studies with Harvard alumni that the 
more time spent in physical activities, the less risks of cardio-
vascular diseases or all-cause mortality. Recent studies show 
that the mortality risk is 38% lower for those who achieve 
5.1 to 6.0 metabolic equivalent (METs)1. Concerning bone 
health, since the 1990’s studies of Drinkwater et al.6 showed 
greater mineral bone density in athletes who performed ac-
tivities with higher overload, such as handball, basketball 
and weightlifting. Regarding muscles, over twenty years ago 
experiments by Fiatarone et al.7 showed the importance of 
strength training for frail nonagenarians. In this study, nona-
genarians had up to 180% strength gain in just eight weeks 
of training. This strength gain was associated to increased 
mobility, since the greater the strength, the higher the speed 
to walk a six-meter distance. An impressive result of this 
study was the increase of the frail elders’ independence after 
strength training. Two of them, who had started the study 

using walking canes, finished after eight months no longer 
needing this support. Also, another elder who could not rise 
from a chair without the help of his hands completed the in-
tervention period able to get up using only the strength of 
his legs. Although these experiments were conducted during 
the 1990’s, the past twenty years of research about the effect 
of physical exercises on the health of the elderly population 
have confirmed these authors’ findings2.     

EXERCISE AND THE BRAIN: MOOD, ANXIETY AND 
COGNITION

 Although the positive effects of exercise over physical 
health are incontestable, its importance to mental health is 
not yet a consensus in literature. Not due to the lack of posi-
tive results, but because they have been little investigated. 
Since the 1970’s, the seminal work of Spirduso8 has already 
demonstrated the differences between the reaction time of 
active and sedentary older adults. Active individuals showed 
better reaction time than their sedentary peers, confirming 
the idea that an active life style could also contribute to the 
better performance of the central nervous system (CNS).  
Many years later, evidence shows that physical exercises 
seem to contribute with the improvement of specific cog-
nitive functions, such as memory and executive function, 
related to greater hippocampal volume, increased plasticity 
and better activation of frontal and parietal areas associated 
with cognition9-11. Aerobic9 and strength training12 improve 
the executive function among the elderly. This progress does 
not happen only due to social contact and the increase of 
cognitive stimulus provoked by the interaction and atten-
tion received from others. Exercises at an adequate intensity 
are necessary for the functional — hemodynamic, hormonal 
and neurobiological — adaptations to occur. 

In addition to benefits related to the cognitive function, 
elders who practice physical activities seem to experiment 
better mood and sense of mastery, increase of resilience and 
self-efficacy13. Studies show that elders who are submitted to 
physical training, besides acutely reducing their levels of anx-
iety and negative affect14, boost their sense of mastery, that 
is, the perception that their locus of control is inside them, 
and not subject to any external factor13. The increase of self-
efficacy and self-esteem contributes to the improvement in 
the quality of life of the elderly, thus confirming that benefits 
from physical exercise go far beyond strength gain and boost 
of cardiac capacity.

EXERCISE AND MENTAL HEALTH: PREVENTION 
AND TREATMENT

Along with aging, there is an increased prevalence and 
incidence of mental disorders, among which are depression 
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and dementia. By 2050, 106.2 million new cases of Alzheimer’s 
disease (AD) are expected throughout the world. Today, the 
world cost of dementia averages US$ 315,000 million per 
year. The annual cost per patient can reach US$ 17,964. In 
this sense, cognitive decline and mental illnesses among el-
derly adults become great concerns to public health. Around 
60% of the elders with cognitive decline suffer twice as many 
falls as those without any cognitive impairment, thus reveal-
ing that small cognitive deficits may be associated to greater 
risks of falls. The use of preventive interventions can delay 
disease progression in 12 months, therefore avoiding 9.2 mil-
lion new AD cases in the world15. Exercise can contribute to 
decrease the risks of developing mental illnesses, besides col-
laborating with treatment to reduce the diseases’ symptoms. 
Among non-pharmacological treatments, physical activity is 
indicated as a promising practice, receiving great attention in 
the international scientific literature produced in the begin-
ning of this century16-18. Recent studies show the protective 
effect of exercise in cognitive functions and in combating the 
deleterious effects of stress and aging19-21.

The practice of physical activity is also associated with the 
decrease of diseases such as depression, AD and Parkinson’s 
disease (PD)22-24. In addition, researchers demonstrate how an 
exercise program can diminish symptoms and improve the 
patients’ quality of life25,26. This form of simple and low cost 
intervention leads to spending  less in relation to hospitaliza-
tion and medications, besides improving the independence 
for activities of daily living (ADLs)16,27. The reduction of falls 
and fatigue are other relevant aspects, since these are impor-
tant concerns for elderly patients with mental illnesses28,29.

Depression
The effect of physical exercise is associated with the re-

duction of depression symptoms, increase of functional ca-
pacity, improvement of quality of life and alterations of cor-
tical activity in depressed older adults3,25,30-35. Strength and 
aerobic training contribute to the increased response to 
treatment (50% reduction of depression symptoms) and re-
mission (reduction in depression scales to a cut-off score 
of asymptomatic classification). Blumenthal et al.32 verified 
that aerobic training (walking, running, biking) is as effec-
tive as the use of antidepressants (sertraline) to treat depres-
sion among the elderly. Furthermore, older adults also ben-
efit from increased cardiovascular and functional capacities, 
something that does not occur with elders that only use med-
ication. Singh et al.35 demonstrate how a resistance exercise 
with intensity of 80% repetition maximum (1RM) is more ef-
ficient than the same exercise performed with low intensi-
ty (20% 1RM). Recently, trials conducted in our lab showed 
that aerobic training (30 minutes of walk on the treadmill, 
60% VO2max) associated with pharmacological treatment 
is more efficient than the use of antidepressants alone for 
treating major depression in elderly people. The results af-
ter six months31 and one year30 interventions show greater 

remission and response to treatment in the group of patients 
who performed the exercise program. Moreover, by the end of 
the study patients presented a cortical activity pattern simi-
lar to that of their elder healthy peers. This result was not ob-
served in patients who did not practice exercises while using 
medication. Evidence shows that aerobic, as well as strength 
exercises, should be recommended as an additional treat-
ment to the elderly with major depression, since it is a safe 
and low cost alternative to improve functional capacity and 
reduce depression symptoms. Also, it is important to observe 
that no studies presented adverse response in participating 
patients.

Dementia and Parkinson’s disease
Besides its benefits for treating mood disorders, exer-

cise is indicated as a strategic intervention for the preven-
tion and non-pharmacological treatment of neurodegenera-
tive diseases. In this sense, the risk of developing dementia 
is 32% lower among active older adults if compared to their 
sedentary peers36. Furthermore, the patients’ physical activ-
ity level is directly associated with independence in activities 
of daily living, no matter how long they have been suffering 
from the disease37. The better the cardiovascular capacity, the 
greater the brain’s total volume in patients with AD, which 
is the most prevalent dementia38. In one of the first clinical 
studies, Palleschi et al.39 showed that aerobic training con-
tributes with a favorable response in the cognitive function 
of AD patients. Over the past sixteen years, other studies 
also have demonstrated positive results in reducing depres-
sion symptoms40,41, increasing functional capacity42-44 and in-
dependence in activities of daily living26,42,43, thus improving 
the patient’s and the caregiver’s quality of life41, reducing the 
caregiver burden41 and maintaining or recovering cognitive 
functions39,43,45,46.

Although no studies have yet related adverse responses 
and physical exercise, Eggermont et al.47 questioned its use 
in patients suffering from dementia and cardiovascular risk. 
Recently, a case study conducted with a patient of vascular 
dementia and AD showed that regular walks during four 
months on the treadmill (60%VO2max, twice a week) contrib-
uted to the increase of functional capacity, improvement of 
cognitive function and reduction of depression symptoms, as 
well as the reduction of caregiver burden and boost of pa-
tient’s and caregiver’s quality of life41. However, randomized 
controlled clinical trials must be conducted in order to sup-
port these initial findings.   

Studies which investigate the effect of physical exer-
cise on PD demonstrate a positive result concerning the 
patient’s behavioral, cognitive and motor function3. Even 
though the physiotherapeutic intervention is the most in-
vestigated one, aerobic training, flexibility, balance and 
strength training presented benefits to the treatment of 
the disease. Some of the results observed with training 
are the reduction of tremors and muscle rigidity, as well 
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as the improvement of balance and walk48. Experiments 
have also demonstrated the decreased risk of falls48 and 
enhancement of motor performance49. Although all types 
of training have showed favorable results, it is not yet de-
termined which is precisely the best intervention and in-
tensity for those patients3. Hirsch et al.50 verified that de-
spite the reduced risk of falls with balance training as well 
as combined (strength + balance) training, patients that 
practiced strength training maintained the acquired bene-
fits for a longer period after detraining. Therefore, strength 
training seems to play an important role for patients. 
Moreover, the improvement of quality of life and behav-
ioral function has been verified in recent studies51.

Neurobiological mechanisms
Many are the neurobiological mechanisms suggested for 

the improvement of the cognitive, behavioral and motor func-
tions with physical exercise. For example, there is an increase 
of neurotransmitters (dopamine, norepinephrine, acetylcho-
line, serotonin), trophic factors (BDNF, IGF-1, GNF, NTN, 
VEGF), the activity of antioxidant enzymes (SOD, Catalase, 
Glutathione Peroxidase) and the production of neuromodu-
lators associated to the sense of pleasure and the reduction of 
anxiety, such as opioids and endocannabinoids20,52,53. Exercise 

stimulates the production of these substances, which are 
consequently associated to the greater capacity of protein 
synthesis and mitochondrial activity, favoring the survival of 
cells. These alterations promote an increase of neurogene-
sis, angiogenesis, synaptogenesis and mitochondrial biogen-
esis (Figure). Considering the mitochondria’s importance to 
maintain life and prevent diseases, exercises can serve as a 
mechanism for increasing enzyme capacity of the Krebs cycle 
and of the Electron Transport Chain, and a stimulus for bi-
molecular signals necessary to form new mitochondria. 

In addition, trophic factors like BDNF and IGF-1 contrib-
ute to the inhibition of apoptosis, therefore favoring the main-
tenance of life and the function of cells. Moreover, hypothesis 
associates neurodegenerative diseases to the incapacity of 
immunologic response in the CNS. In this sense, exercise may 
collaborate by increasing the activity of nitric oxide synthas-
es and the production of cytokines (IL-6, IL-10)54. This could 
boost immunologic response of astrocytes and microglia to 
fight the swelling caused by B-amyloid and α-synuclein ac-
cumulation. With regards to longevity, studies reveal that ex-
ercise may help maintain the length of telomeres, which are 
reduced with aging55. In brief, Figure shows possible neurobi-
ological mechanisms associated to physical exercise and the 
brain’s health.

Figure. Neurobiological mechanisms of exercise on cognitive, behavioral and motor function.
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minutes of exercises per week to obtain benefits for health. 
Furthermore, the prescription of physical activity to the el-
derly should include aerobic exercises, strength training, flex-
ibility, balance and motor coordination. Unfortunately, less 
than half of the population is physically active. Also, stud-
ies reveal this percentage is even lower among older adults, 
since up to 80% of them are inactive58. Among strategies to 
increase the adoption of exercises in the routine, counsel-
ing actions may contribute to reduce sedentary life style. 
According to the WHO, messages should be clear and simple, 
for example, “collect 150 minutes of weekly physical activity” 
or “make 30 minutes of moderate physical activity everyday”. 
Another way to measure the level of spontaneous physical 
activity is by counting the number of steps per day. Trials us-
ing pedometers show that elders walk the average of 7,000 to 
10,000 steps a day59. However, this is not the reality for most 
of them, specially for those diagnosed with mental diseases. 
Investigation shows that patients with Alzheimer’s walk the 
average of 4,645 steps a day60. This is a much smaller amount 

than the minimum usually recommended for health. So, dai-
ly 30 minute walks, which correspond to an average of 3,000 
steps, would be enough to increase the physical activity of 
these patients and rise to the number of steps indicated to 
this age group.

FINAL REMARKS

Even though the biological clock cannot be stopped, life 
style changes, such as stress management, healthy eating 
habits and adoption of physical activity, can slow down the 
aging process. Evidence of the impact of exercises over our 
cells’ health and, therefore, over our functions are incon-
testable. Twenty years of research results concerning the ef-
fect of exercises on muscles, heart, bones and brain show 
there is not one safest and least expensive way to maintain 
an individual’s health and independence. Physical exercise 
must be encouraged and incorporated into the population’s 
habits, for it plays a fundamental role in preventive medi-
cine. Our ancestors needed to be strong and fast to hunt, 
escape and survive. Thousands of years have passed, but the 
human being continues to require movement for a healthy 
way to survive.  
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