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Physical activity among older adults has multiple benefits but is first essential to determine the recommended activity.

Physical activity may reduce inflammation and oxidative stress through multiple mechanisms, including the reduced

formation of ROS and the accelerated production of DNA-repairing enzymes and antioxidant proteins; furthermore, it can

moderate oxidative stress by decreasing TNF-α, C-reactive protein, and interleukin-6. There is conflicting evidence on the

effect of physical activity and hormone levels, depending on the kind and length of activity, which can increase the levels

of dehydroepiandrosterone and testosterone, but there is no clear evidence.
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1. Introduction

In daily practice with outpatients or inpatients, it is pretty common to find a growing number of multipathological,

polymedicated, and frail elderly patients; it could be said that this is the rule . Therefore, if there is agreement that aging

successfully is the goal to follow, the fundamental question will become how to achieve it. Knowing this reality, it can be of

great help in the discussions with our patients and their families (the criteria of the original definition by Rowe and Kahn)

 to consider what defines successful aging, that is: (1) low probability disease and associated disability; (2) elevated

cognitive and physical functioning; and (3) being actively engaged in life. Therefore, the critical question will be how this

could be achieved.

Increasing life expectancy is celebrated as one of humanity’s most outstanding successes. However, the other side of the

coin is that aging is the leading risk factor for the most common chronic non-communicable diseases (cardiovascular

diseases, strokes, dementia, cancers, among others). In other words, the advance in life expectancy was not

accompanied by a similar improvement in health expectancy. Consequently, over the past decades, the gain in life years

has been followed by additional years of chronic and poor health. As a result, the most significant proportion of the total

health care budget expenditure is now concentrated in the last years of life .

The population’s aging is a global, medical, and sociodemographic problem. In response to this, the World Health

Organization (WHO) promotes healthy aging, a concept that encompasses maintaining the functional capacity to achieve

well-being in old age and operates through the Decade of Healthy Aging 2020–2030 program .

This entry will address the metabolic, hormonal, and pathophysiological changes that age brings and the benefits of the

Mediterranean diet and physical exercise for active and successful aging to add life to the years ahead.

2. Endocrine Changes in the Elderly Subject

Age-related hormonal changes occur in human physiology and have been well described; however, how these changes

impact health and/or disease is not yet completely known.

Like the ones involved in nutrition, reproduction, growth, and metabolism, most endocrine axes show a decrease in

hormonal secretion with aging. Also, a reduction in tissues sensitivity to their action (e.g., insulin resistance) changes

circadian rhythms and biological availability (e.g., sex hormones, corticosteroids). It is responsible for the clinical

manifestations identified in this population .

Interestingly, these complex alterations in hormonal networks are related to the decline in physiologic functions and the

onset of chronic diseases such as frailty, sarcopenia, osteoporosis, obesity, hypertension, diabetes, hyperlipidemia,

atherosclerosis, and immune functions reduction. (Table 1) Additionally, these endocrine alterations are prevalent in

patients that develop degenerative brain disease with cognitive impairment and a general decline in brain function .
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3.Chronic Inflammation and Oxidative Stress in the Elderly Subject

The homeostatic loss and misfunctioning systems result from injury caused by the high reactivity of the free radicals and

reactive oxygen species (ROS) produced on the biomolecules of these cells. The mitochondria DNA (mtDNA) is the first

target of this oxidation. Because of this damage, the post-mitotic cells could not repair nor regenerate these “broken”

organelles . Also, age epigenetic changes include alterations in DNA methylation patterns, post-translational alteration of

histones, and chromatin remodeling .

As we had explained before, an essential part of the aging process is a chronic imbalance between pro-inflammatory and

anti-inflammatory networks . In several studies, levels of pro-inflammatory mediators were high in the elderly, even in

the absence of acute inflammatory response (e.g., acute infection) or other systemic stress events. This chronic

inflammation situation is common in many aging-related conditions. Thus, inflammatory and oxidative stress leads to

severe injury of cellular components (e.g., proteins, lipids, and DNA), contributing to the age-related decline of

physiological capacities. This process is more evident in cells from different systems (nervous, endocrine, and immune). It

undoubtedly describes their functional losses observed during aging, resulting in higher morbidity and mortality . It is

necessary to highlight that physiological organismal, and cellular integrity loss are the primary risk factor for several

pathologies, such as cancer, T2D, CVD, and the well-known metabolic syndrome . A continuing accumulation of

impairment originated from oxidative stress, like glycated products, oxidized proteins, and lipid peroxidation, leading to

neurons' degeneration, which is frequently found in neurological diseases. Vascular lesions also characterize

cerebrovascular diseases, which are recognized for cognitive decline and dementia in old age. Moreover, in brain tissue

cells, ROS are produced by microglia and astrocytes and might lead to neuroinflammation and cell death, triggering

neurodegeneration and memory loss .

C-reactive protein activates anti-inflammatory cytokines in circulating monocytes and suppressing pro-inflammatory

cytokines in tissue macrophages. The primary cytokines in this inflammatory cascade are tumor necrosis factor α (TNF-α)

and interleukin 1β (IL-1β) , which are considered pro-inflammatory cytokines. TNF-α and IL-1β stimulate interleukin 6

(IL-6) generation, which has both actions a pro-inflammatory and an anti-inflammatory cytokine. IL-6 blocks the production

of TNF-α and IL-1β, inducing the discharge of soluble TNF-α receptors (sTNF-R), and might be the main inducer of

hepatocyte-derived acute-phase proteins, several of which have anti-inflammatory qualities. TNF-α and IL-1β represent

classic pro-inflammatory cytokines, although sTNF-R and interleukin 10 are anti-inflammatory cytokines .

As we can see, multiple systems are affected by chronic inflammatory states and oxidate imbalance ( Figure 1 ). So, they

are key factors in understanding aging. This knowledge is also crucial to be considered a potential intervention measure in

future therapies for these inflammatory and oxidative states .
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Figure 1. Summary inflammation and oxidative process of aging. The present graphic comprises the most accepted

theories of aging. Immune cell and mitochondrial disfunction, with concomitant chronic or acute illness. Two metabolic

ways of harm, both marked with a profound imbalance. One through cytokines, with lower plasma levels of anti-

inflammatory markers (Il-10: Interleukin 10, sTNF-R: Soluble tumor necrosis factor receptor) and increased pro-

inflammatory markers (IL-1β: Interleukin 1 beta, TNF-α: Tumoral necrosis factor-alpha). The other through oxidants

imbalance, lower antioxidants levels due to lower nutritional intake, increased use due to acute or chronic illness, and

losses through digestive and renal dysfunctions. Increased oxidants plasma levels (NOX: NADPH oxidases, NOS: nitric

oxide synthase, ROS: Reactive oxygen species, RNS: Reactive nitrogen species) due to mitochondrial dysfunction and

inflammatory states triggered due to acute or chronic illness.

4. Metabolic and Physical Performance Decline of Aging-Related to
Hormone Changes and Lifestyle Changes

4.1. Physical Activity in the Elderly

Physical activity among older adults has multiple benefits but is first essential to determine the recommended activity.

Physical activity may reduce inflammation and oxidative stress through multiple mechanisms, including the reduced

formation of ROS and the accelerated production of DNA-repairing enzymes and antioxidant proteins; furthermore, it can

moderate oxidative stress by decreasing TNF-α, C-reactive protein, and interleukin-6 . There is conflicting

evidence on the effect of physical activity and hormone levels, depending on the kind and length of activity, which can

increase the levels of dehydroepiandrosterone and testosterone, but there is no clear evidence. Moreover, growth

hormone is increased in older persons in response to short-term exercise. However, in the postexercise recovery period,

the reversal of this hormone back to resting values occurs quicker in older individuals than in younger individuals, and the

increase during exercise appears to be dependent on exercise intensity . In more recent years, the beneficial effect of

exposure to low-grade potentially damaging conditions or very low doses of toxic compounds has been conceptualized as

“preconditioning” and “hormesis” . In this respect, healthy nutrition, mainly as given by the Mediterranean diet and

planned physical exercises, are determinant resources to deeply modify this systemic inflammatory balance on a long-

term scale by decreasing the age-related increment of inflammatory molecules and by promoting adaptive anti-

inflammatory changes .

The positive effect of physical exercises among the elderly is not only shown to improve physical status. In a meta-

analysis with people diagnosed with Alzheimer's disease where 13 controlled trials were analyzed, it was revealed that

physical activity improved the Mini-Mental State Examination (Standard Media Deviation = 1.12; CI = 0.66–1.59; p =

0.000) . In a cross-sectional study with 2345 healthy participants, physical activity was related to life satisfaction

(measured with a single question) and happiness (also measured with a simple question) . Also, in the same study,

satisfaction and happiness associated with physical activity increased . Interestingly in this study, most of the older

adults had high active physical activity (44.01%), and having this amount of activity was a predictor of life satisfaction and

happiness . In a 2016 survey, 1504 elders aged 65 to 80 years with or without disabilities were assessed for stress and

depression using the Patient Health Questionnaire-9 and quality of life using the EuroQol-5 Dimension . Patients

without disabilities had more physical activity, and stress and anxiety/depression levels were higher in those with

disabilities . In an experimental randomized controlled study, patients were interviewed before and after a physical

activity program. There was a decrease in the depression scale and in eight sub-categories and two aspects of the SF 36

Quality of Life Questionnaire . Additionally, there are reports where regular exercises diminish the probability of

developing chronic conditions like CVD, T2D, and some cancers . In the same survey, in 6933 adults, it was

observed that there were 0.32% longer leukocyte telomeres with an increment of one hour per week .

Finally, in a cross-sectional study between 1999–2002 (NHANES) including 5823 adults, the leukocyte telomere length

was calculated . It was shown that telomeres were 15.6 base pairs smaller for every year of chronological age. Adults

with high activity had higher telomere base pairs than those with moderate, low, or sedentary activity .

Getting older adults to do physical activity is not easy, and there are multiple barriers described in the literature for them to

do so. A systematic review observed that the most critical barriers included physical problems, time limits, fear of falling,

lack of interest or motivation, physical limitations to walking, pain, and exercising alone .

4.2. Mediterranean Diet in the Elderly

The Mediterranean diet (MD) includes legumes, vegetables, fruits, whole grains, seeds, olive oil, and fish and also

involves low meat ingestion and regular drinking of wine . These foods contain vitamins E and B, oleic acid,

polyphenolic, and Omega-3 fatty acids . According to the components of MD, in the analysis of two large studies,
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poultry, fish, dairy, vegetables, fruit, potatoes, cereals, olive oil, and alcohol had a positive association with the Successful

Aging Index, whereas meat had an inverse association with successful aging . Adherence to this kind of diet has

multiple benefits for the elderly.

This kind of diet seems to modulate inflammation. It has been evidenced that patients with low adherence to MD had

prolonged length of stay, higher levels of inflammation markers, interleukin-6, and tumor necrosis alpha . Adherence to

MD also has effects on mortality. In a meta-analysis that involved 30 studies where the association between adherence to

MD and mortality was studied, it was shown that mortality was inversely related to alcohol ingestion, fruit, and vegetable

consumption. In contrast, a positive association between meat consumption and mortality was evidenced .

Also, MD has positive effects on cognition and dementia. Several studies have demonstrated that greater adherence to

MD was related to less chance of mental distress . Besides the positive effect on cognition and dementia, the MD

seems to affect neurodegenerative diseases positively .

Additionally, it seems to have a positive association with quality of life . Moreover, MD has cardiovascular effects. A

meta-analysis evidenced that adherence to this diet reduced systolic and diastolic blood pressure levels in individuals with

normal arterial pressure or mild hypertension . Moreover, it was shown that a higher level of adherence to the MD is

associated with a higher level of successful aging, and this effect is independent of age, sex, smoking habits, cognitive

function, and inflammation levels  .

5.Practical Recommendations on Physical Activity and the Mediterranean
Diet in the Elderly

Elevating the role of nutrition and exercise at the individual and population levels is central to keeping our lives healthy

and addressing issues of global concern to an aging society. Prevention is ultimately more cost-effective than treating

preventable chronic diseases. Although it is never too late, prevention begins long before one becomes an older adult.

Healthy eating and regular physical exercise are among the most cost-effective, accessible, and efficient interventions

capable of preventing and managing the burden of chronic diseases, reducing overall mortality, and promoting healthy

aging .

The “Pyramid of the MD”, a worldwide recognized nutritional guide, summarizes the recommendations and characteristics

of the Mediterranean diet. Foods at the pyramid base should be eaten more frequently and in larger portions than those in

higher tiers. The approximate distribution of macronutrients is 55% to 60% carbohydrates, with less than 10% simple

sugars, 10%to 15% proteins, and 25% to 30% fats (mainly monounsaturated (MUFA) and polyunsaturated (PUFA), with

extra virgin olive oil being the primary source). The MD pyramid is not only a balanced way of eating, which shows

indications on the proportions and frequencies of food consumption, but also implies and highlights the elements of

coexistence, both ecological and cultural, without forgetting the importance of drinking an adequate amount of water and

undertaking physical activity .

Although the MD represents the general dietary and lifestyle patterns of a small proportion of the world’s population, some

of the basic principles that shape it, such as the preference for local and seasonal foods, the daily consumption of

vegetables, fruits, whole grains, and healthy fats can be applied and adapted to other territories and cultures. This

flexibility has led to its promotion in regions and its addition to dietary guidelines of countries far from its geographical

origin .

The “Global Recommendations on Physical Activity for Health” were promoted by WHO in 2010 to achieve greater

physical activity levels to reduce obesity and chronic diseases. These recommendations have recently been revised. This

document added specific instructions for physical activity for people with chronic diseases or disabilities to the suggested

physical activity levels for three age groups (5 to 17, 18 to 64, and over 65 years of age). They are based on solid

scientific evidence that shows a strong relationship between the characteristics (type, duration, and intensity) of physical

activity and health outcomes . From a practical perspective of the usual dialogue in the consultation, the

recommendations of physical activity and MD are summarized in Figure 2 .
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6. Conclusions

Aging can be a very challenging stage of life for patients and physicians. However, all of these expected changes are

better controlled with early management and prevention of the common complications and health issues related to the

aging process.

This entry proposed practical recommendations on physical activity and the MD in the elderly. It very specifically

presented safe and effective exercises that will contribute to healthier aging. In this respect, the MD has demonstrated to

be superior to other diets with regard to preventing and managing common chronic diseases in aged patients.
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