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Preface

Although fitness and health have similar properties, they are, in reality, two very different
concepts. While health refers to the absence of diseases, fitness refers to the degree of body
functioning and the ability of the body to handle physical demands. The more efficient the
body functions, the higher the level of fitness. The higher the level of fitness, the greater the
chance of the body being free of diseases and maintaining a healthy state. Fitness is a major
part of a preventative medicine approach to health. Utilization of fitness is supported by
researchers to have more healthy more than one hundred years. To be fit not only refers to
be healthy but also refers to be protected from diseases. This book, we believe, will cover
and enlighten those aspects where fitness has begun to play important roles nowadays.

The book begins with an overview of exercise for medicine by Boutcher, where the role of
exercise as preventative medicine for a disease-free lifestyle. After the first chapter, there
comes a chapter about body shape, imagination, and composition through fitness perform‐
ance by Ramos-Jimenez et al. After the second chapter, there comes an interesting chapter
on activity-tracking devices by Gaz et al. The next chapter by Cirrik and Hacioglu summa‐
rizes a very important, yet mostly underestimated, subject: neurophysiological effects of ex‐
ercise. The chapter serves its aim and provides a global understanding of
neurophysiological effects of exercise parameters used to identify cognition, learning, mem‐
ory, depression, aging, and neurodegenerative diseases. The fifth chapter by Chulvi et al.
introduces a novel analysis about exercise for hypertension. What are the effects of resist‐
ance training on autonomic nervous function in older individuals? This striking question’s
answer is investigated in a research by Hamasaki. His chapter provides details on resistance
training, sarcopenia, autonomic nervous function, and heart rate variability evidenced in his
well-written findings. The last chapter which is written by Grace describes an interesting
task performed with acquired immune deficiency syndrome (AIDS). Her chapter is about
exercise therapy for acquired immune deficiency syndrome patients. I believe that this chap‐
ter will provide a new perspective for the patients.

This book may of course have errors despite our obsessive reviews and efforts. But all in all,
I think that it provides the reader with interesting up-to-date data while summarizing some
basic fitness medicine knowledge.

As a last remark, I want to thank all the authors of this book for their amazing works and
our publishing process manager Ms. Iva Simcic, without whom I would not be able to edit
this book.

I dedicate this book to all the people from whom I have learned a lot of things in this life: to
my teachers, my colleagues, my subjects, my students, and mostly to my beloved son Kuzey
Sözen. I know I could not manage life and my career without him.



Preface

Although fitness and health have similar properties, they are, in reality, two very different
concepts. While health refers to the absence of diseases, fitness refers to the degree of body
functioning and the ability of the body to handle physical demands. The more efficient the
body functions, the higher the level of fitness. The higher the level of fitness, the greater the
chance of the body being free of diseases and maintaining a healthy state. Fitness is a major
part of a preventative medicine approach to health. Utilization of fitness is supported by
researchers to have more healthy more than one hundred years. To be fit not only refers to
be healthy but also refers to be protected from diseases. This book, we believe, will cover
and enlighten those aspects where fitness has begun to play important roles nowadays.

The book begins with an overview of exercise for medicine by Boutcher, where the role of
exercise as preventative medicine for a disease-free lifestyle. After the first chapter, there
comes a chapter about body shape, imagination, and composition through fitness perform‐
ance by Ramos-Jimenez et al. After the second chapter, there comes an interesting chapter
on activity-tracking devices by Gaz et al. The next chapter by Cirrik and Hacioglu summa‐
rizes a very important, yet mostly underestimated, subject: neurophysiological effects of ex‐
ercise. The chapter serves its aim and provides a global understanding of
neurophysiological effects of exercise parameters used to identify cognition, learning, mem‐
ory, depression, aging, and neurodegenerative diseases. The fifth chapter by Chulvi et al.
introduces a novel analysis about exercise for hypertension. What are the effects of resist‐
ance training on autonomic nervous function in older individuals? This striking question’s
answer is investigated in a research by Hamasaki. His chapter provides details on resistance
training, sarcopenia, autonomic nervous function, and heart rate variability evidenced in his
well-written findings. The last chapter which is written by Grace describes an interesting
task performed with acquired immune deficiency syndrome (AIDS). Her chapter is about
exercise therapy for acquired immune deficiency syndrome patients. I believe that this chap‐
ter will provide a new perspective for the patients.

This book may of course have errors despite our obsessive reviews and efforts. But all in all,
I think that it provides the reader with interesting up-to-date data while summarizing some
basic fitness medicine knowledge.

As a last remark, I want to thank all the authors of this book for their amazing works and
our publishing process manager Ms. Iva Simcic, without whom I would not be able to edit
this book.

I dedicate this book to all the people from whom I have learned a lot of things in this life: to
my teachers, my colleagues, my subjects, my students, and mostly to my beloved son Kuzey
Sözen. I know I could not manage life and my career without him.



I wish and hope that this book will be useful for anyone who wants to read about new per‐
spectives in fitness medicine. I also hope that it will arouse a new and great inspiration for
researchers working in this field.

Assist. Prof. Dr. Hasan Sözen
Ordu University, School of Physical Education and Sport

Ordu, Turkey
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Provisional chapter

Exercise is Medicine: The Importance of Exercise as
Preventative Medicine for a Disease‐Free Lifestyle

Yati N. Boutcher

Additional information is available at the end of the chapter

Abstract

Currently, overweightness and obesity are the biggest health problem faced in the twenty‐
first century. The major causes of this problem are lack of physical activity and excessive
consumption of processed food. Individuals who are overweight typically show abnormal
cardiovascular  function,  and  obesity  is  an  independent  risk  factor  for  cardiovascular
diseases, such as hypertension, heart disease, and type 2 diabetes. Hypertension has been
found to occur more frequently in overweight compared to lean individuals and poses a
risk for hypertension development in young overweight adults. Obesity has also been
found to be associated with reduced life expectancy and sudden death largely through its
negative effect on the cardiovascular system. Degradation of a number of key autonomic
cardiovascular markers, such as reduced heart rate variability and baroreflex sensitivity, is
associated with the development of these lifestyle diseases. Also alterations in the metabolic
profile,  such  as  dyslipidemia  and  hyperglycemia,  can  lead  to  impairment  in  cardiac
structure and function. Regular exercise has been widely used as preventative medicine to
reverse autonomic,  cardiovascular,  and metabolic  decline.  Thus,  incorporating regular
exercise into daily activity may prevent the development of these cardiovascular diseases
and accompanying risk factors.

Keywords: exercise, cardiovascular health, metabolic health, arterial stiffness, heart
rate variability, baroreflex sensitivity

1. Introduction

Physical inactivity has been shown to affect health by increasing cardiovascular and metabolic
dysfunction.  More  and  more  people  including  children  and  adolescents  are  leading  a
sedentary lifestyle, which leads to a number of health problems. Overweightness and obesity

© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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are often accompanied by a lack of physical activity that can lead to more serious health
problems, such as metabolic syndrome, type 2 diabetes, and hypertension. Lack of physical
activity has also been found to be a major cause of morbidity [1] and mortality [2]. Overweight
and obese individuals typically show abnormal cardiovascular function, and obesity has been
found to be an independent risk factor for cardiovascular diseases, such as hypertension [3],
type  2  diabetes,  and  cardiac  complications  (i.e.,  heart  failure,  heart  disease).  Obesity  is
associated with reduced life expectancy [4] and sudden death through its negative effect on
the cardiovascular system [5]. Overweight and obese individuals usually develop hyperten‐
sion. Compared to normal weight individuals, overweightness and obesity pose a potential
risk for hypertension development in overweight individuals. It was found that a 10 kg excess
in weight was associated with a 3 mmHg higher systolic and a 2–3 mmHg higher resting
diastolic blood pressure. This can be translated into an estimated increased risk for coronary
heart disease of 12% and an increased risk of stroke of 24% [6]. Alterations in the metabolic
profile that are commonly found in overweight and obese individuals, such as dyslipidemia
and hyperglycemia, can also lead to impairment in cardiac structure and function as adipose
tissue accumulates [7]. It has been shown that left ventricular (LV) function and the ratio of
the stroke index and LV end‐diastolic pressure are reduced with overweightness and obesity
[8]. These changes show that depressed LV function has already occurred even in young
overweight and obese individuals.

Overwhelming evidence indicates that regular physical activity in the form of both acute and
regular aerobic exercise reduces the severity and occurrence of diseases related to unhealthy
lifestyles. One single bout of acute exercise has been found to improve vascular function even
in normotensive young healthy individuals with a family history of hypertension [9]. Whereas
regular aerobic exercise has been shown to improve physical fitness (cardiorespiratory fitness)
in addition to improving vascular function [10]. Having high levels of physical fitness, assessed
through a sub‐maximal or maximal oxygen uptake test, is desirable as low cardiorespiratory
fitness has been found to significantly increase the risk of cardiovascular diseases and mortality
more so than other factors, such as hypertension, type 2 diabetes, and smoking, and regardless
of body mass index [11]. High‐intensity interval training (HIIT) is a form of interval sprinting
exercise typically performed on a stationary bike and has also been found to improve cardiac
and metabolic health of young overweight males [12] and females [13]. Physical activity is so
important that failure to lead a physically active lifestyle can result in several abnormalities
such as high blood pressure, metabolic syndrome, and type 2 diabetes [14]. Baroreceptor
sensitivity (BRS) has also been found to decrease with age [15, 16], being hypertensive [17] and
being overweight and obese [18].

Overall, regular exercise results in improvement of the pathogenesis and symptoms of specific
conditions that include chronic heart failure, coronary heart disease, dyslipidemia, hyperten‐
sion, insulin resistance, intermittent claudication, obesity, and type 2 diabetes [19]. Other health
benefits of regular aerobic exercise include improvement in balance, cognitive functioning, life
expectancy, and overall quality of life [20, 21]. The beneficial effects of regular aerobic exercise
have been well known. Thus, modification of a sedentary lifestyle by incorporating regular
exercise is paramount for maintaining and improving health. Exercise is a powerful stimulus
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and can reduce the severity of several conditions with its effects being similar to many drug
therapies. In this regard, exercise has now been widely accepted as medicine [22]. Therefore,
the purpose of the chapter is to summarize the major autonomic, cardiovascular, and metabolic
changes associated with being physically inactive. Then, the ability of differing forms of
exercise (aerobic, interval sprinting, and resistance) to reverse these negative changes will be
described.

2. Cardiovascular problems associated with physical inactivity

A sedentary lifestyle, which is associated with overweightness and obesity, typically leads to
an increased risk of cardiovascular disease. Currently, overweightness and obesity have been
escalating at an alarming rate worldwide. Based on the World Health Organization (WHO,
Global Health Observatory data) region data from 2010 to 2014 [23], the prevalence of over‐
weightness (Figure 1) and obesity (Figure 2) for both males and females at the age of ≥18 years
has significantly increased. The highest prevalence of overweightness and obesity, according
to the WHO, was the Americas, followed by Europe and South Pacific, with Southeast Asia
containing the lowest prevalence of overweightness and obesity. Also, women were more likely
to be obese than men in 2014 in all WHO regions. Increased numbers of overweight and obese
individuals put tremendous pressure and burden on healthcare providers and threatens world
health in many countries. Approximately 20–30% of adults worldwide are categorized as
clinically obese and numbers are progressively increasing [24, 25]. It has been well established
that both high body mass index and a sedentary lifestyle are associated with greater risk of
cardiovascular disease [26, 27].

Figure 1. Prevalence of overweight based on WHO region for both sexes 2010–2014.
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Figure 2. Prevalence of obesity based on the WHO region for both sexes 2010–2014.

It has been shown that overweightness and obesity are accompanied by a cluster of cardio‐
vascular risk factors, which is termed metabolic syndrome and includes hypertension, glucose
intolerance, hypertriglyceridemia, and visceral obesity. These conditions occur in approxi‐
mately one out of four adults over the age of 40 [28]. The metabolic syndrome is also associated
with insulin resistance and endothelial dysfunction [29, 30]. It is believed that in child obesity,
as fat mass increases, insulin resistance develops, which is a determinant of impaired metabolic
function at early age [31]. Other health problems accompanying overweightness and obesity
include cardiac autonomic dysfunction and endothelial dysfunction. Aberrant cardiac
autonomic function has been found in obese children [32] and increased adiposity during
childhood increases the risk of obesity, type 2 diabetes, and cardiovascular disease in adult‐
hood [33, 34]. Endothelial dysfunction can be defined as inadequate endothelial‐mediated
vasodilation, which is typically due to a deficiency of endothelial‐derived relaxing factor, nitric
oxide (NO) synthesis, and/or release. It is believed that NO deficiency is a primary factor
linking insulin resistance and endothelial dysfunction. Thus, it is clear that being sedentary
results in increased cardiovascular disease risk, aberrant metabolic, cardiac, autonomic, and
endothelial function.

2.1. Cardiac autonomic function

It has been well established that cardiac autonomic dysfunction is associated with conditions,
such as overweight, obesity, and type 2 diabetes [35, 36]. The decline of cardiac autonomic
function is typically influenced by an accumulation of visceral fat [37]. Lowered autonomic
function was also found to be correlated with higher abdominal‐to‐peripheral body fat
distribution measured by dual energy X‐ray absorptiometry in both young and old healthy
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men [38]. These results suggest that visceral obesity contributes to a decline in autonomic
function. Also, young individuals with high abdominal adiposity seemed to undergo an early
decline and a premature aging of autonomic function [37]. Thus, hypertension and high levels
of central adiposity have an unfavorable effect on cardiac autonomic function, which is
reflected by impaired heart rate variability (HRV) and baroreflex sensitivity (BRS).

HRV is a marker that is commonly used to assess cardiac autonomic function and can be
defined as beat‐to‐beat variation in the heart rate of individuals possessing normal sinus
rhythm [39]. HRV has been shown to be an indicant of healthy cardiac autonomic function as
it has been found that reduced HRV predicts increased cardiovascular disease and mortality
[40, 41]. High body mass index, which is commonly found in overweight and obese individ‐
uals, is also associated with reduced HRV, which contributes to decreased parasympathetic
activity and increased sympathetic activity [42, 43]. BRS is another marker of cardiac autonomic
function that provides information about the ability to increase parasympathetic or vagal
activity and to decrease sympathetic activity in response to sudden increases in blood
pressure [44]. BRS, which is typically reduced as people age, is an indicant of the body's
autonomic nervous system sensitivity in responding to sudden blood pressure changes [44].
Low BRS is a marker of reduced compliance of the carotid artery [15, 16]. Overweight and
obese individuals typically possess endothelial dysfunction that leads to reduced arterial
compliance, which is accompanied with a low BRS compared to that of normal weight
individuals. Lower BRS has also been found to be associated with high blood pressure,
increased sympathetic activity, and diseases related to an unhealthy lifestyle. It seems that low
HRV and BRS are affected by the accumulation of visceral fat and metabolic syndrome factors.

Studies have shown that obese children typically have decreased parasympathetic activity
compared to normal weight children [45–49]. It has also been reported that an increased
thickness of carotid intima‐media in obese children represents a very early sign of atheroscle‐
rosis [50]. It has also been found that the earliest signs of atherosclerosis development are lipid
deposits in the intimal layer of systemic arteries (aorta), which have been found in children as
early as 3 years old and in the coronary arteries of adolescents [51]. Another aberrant change
possessed by overweight and obese individuals is high levels of leptin. Several studies have
shown that positive correlations among leptin, insulin resistance, and blood pressure existed
in overweight children [52, 53]. A reduction in adiposity level, however, brought about a
reduction in leptin, which further improved metabolic health, by decreasing insulin, cardio‐
vascular function, and blood pressure [52]. Adiponectin has a major anti‐inflammatory and
anti‐atherogenic effect [54] and has been found to be three times higher in normal weight
children compared to overweight and obese children [34]. A 1‐year follow‐up, following a 1‐
year intervention, found that children with weight loss had similar adiponectin levels com‐
pared to normal weight children. Leptin levels, however, remained higher in overweight and
obese children with weight loss. The increase in adiponectin appears to be an early biomarker
of improvement in insulin sensitivity [34]. Thus, it is clear that overweightness and obesity in
children result in early deposition of fat in the systemic arteries and thickening of arterial walls.
These conditions can lead to more serious health complications later in their life if lifestyle
modification is not introduced.
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Figure 2. Prevalence of obesity based on the WHO region for both sexes 2010–2014.
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2.2. Vascular dysfunction

Overweight and obesity conditions not only result in metabolic dysfunction but also bring
about vascular dysfunction. The balance between the ability of the vasculature (arterioles) to
vasodilate and vasoconstrict is impaired with the development of overweightness and obesity.
The loss of balance between vasodilators and vasoconstrictors is an indicant of endothelial
dysfunction. Endothelial dysfunction is now regarded as a precursor of atherogenesis [55],
which further leads to the development of atherosclerosis [56] and diabetic complications [57].
Arterial compliance, and its inverse arterial stiffness, can be defined as the ability of an artery
to distend in response to intravascular (transmural) pressure [58] and is commonly termed as
stiffening of the arteries. It is well known that overweight and obese individuals typically have
high arterial stiffness [59], and this high arterial stiffness is associated with high body mass
index and body fat [60]. Reduction in body mass index, however, has been found to be the
strongest determinant of decreased arterial stiffness in severe obese young and middle‐aged
adults [61].

Arterial stiffness, which has been considered to be an independent predictor of cardiovascular
disease, can be assessed through a reflection wave, commonly known as the augmentation
index (AIx) and carotid femoral pulse wave velocity (PWVcf), which is considered to be the
gold standard of arterial stiffness assessment. AIx, a reflection wave, is typically assessed by
placing an applanation tonometry sensor (e.g., SphygmoCor) on either a radial or carotid
artery. AIx then is derived from the ratio of augmented pressure (AP) and pulse pressure (PP),
AP/PP [28]. PWVcf is obtained by dividing the distance from the carotid pulse and femoral
pulse as measured by a tape measure by the time taken for the arterial pulse to propagate to
the carotid and femoral arteries [62].

Arterial stiffness, which is an indicant of the stiffening of the large arteries, increases with age,
especially in central arteries, such as the aorta and carotid artery. Arterial stiffness has also
been found to increase with overweightness and obesity, which leads to an increased risk of
arteriosclerosis [63]. Overweight and obese children have been found to have high arterial
stiffness, assessed through pulse wave velocity [64]. Similar findings were also found in young
overweight individuals who had higher arterial stiffness levels compared to the normal weight
individuals [62]. Hemodynamic changes accompanying overweightness and obesity include
increased arterial wall stress, smooth muscle cell proliferation, thickening of vessel walls, and
eventually reduced arterial compliance/increased arterial stiffness. Thickening of vessel walls
is likely caused by increased total blood volume and cardiac output to compensate for the
metabolic requirements of excess fat [65, 66]. Alterations of hemodynamics, together with other
markers of obesity, including chronic inflammation and endothelial dysfunction, have been
shown to contribute to the impairment of vasculature structure and function in obese indi‐
viduals [67]. Thus, the development of arterial stiffness seems to be due to coping mechanisms
by the body to meet the metabolic demands caused by excess fat gain. In overweight and obese
children, this mechanism seems to develop very early on and carries on until adolescence and
adulthood if interventions to reverse this condition are not introduced.
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3. Health benefits of aerobic, interval sprinting, and resistance exercise

The health benefits of regular aerobic exercise are well known. Physical activity has been
ranked as one of the leading health interventions, which is used to reduce sedentary behavior
in children, adolescents, and adults [68]. Currently, exercise guidelines include 150 minutes of
exercise per week that consist of moderate and vigorous physical activity combined with
resistance training. It has been shown that performing 150 minutes of regular exercise per week
results in a reduction of mortality risk by 30% and a decreased risk of diabetes, cancer,
depression, and stroke [69]. Despite the positive benefits of regular physical activity, however,
many people do not comply with the minimum exercise requirements to maintain health. Lack
of motivation and time constrains are possibly the underlying reasons of not performing
regular exercise. The importance of regular physical activity is so overwhelming that exercise
now has been regarded as medicine.

Exercise has been widely used as preventative medicine to reduce the risk and incidence of
cardiovascular and metabolic diseases related to sedentary and unhealthy living. Regular
exercise has been shown to improve health and reduce the severity of diseases accompanying
an unhealthy lifestyle. The benefits of exercise are overwhelming, and it has been shown that
exercise can be used therapeutically for conditions, such as hypertension and insulin resist‐
ance [70], dyslipidemia [71, 72], type 2 diabetes, obesity [73], and endothelial dysfunction [74].
Exercise can also be used to improve cardiovascular and metabolic dysfunction that includes
enhancing adipokine, cardiometabolic, and other clinical markers [75]. Thus, it is clear that
exercise can be used as therapeutic or preventive medicine in order to alleviate lifestyle
diseases.

The types of exercise used in past research include aerobic exercise (continuous walking,
jogging, and cycling), high‐intensity interval training (HIIT), and resistance training (e.g.,
weights). A study showed that either supervised or unsupervised aerobic exercise resulted in
a reduction of body mass index in overweight and obese adolescents [76]. Whereas other
studies have shown that moderate endurance training [77] and interval sprinting exercise [12]
have a positive effect on HRV. Both HIIT and aerobic training have been used to induce
improvement in HRV in different populations, such as young overweight individuals, type 2
diabetic patients, and older adults. Twenty minutes of HIIT on a stationary cycle ergometer,
proceeded with 5 minutes of warm‐up and 5 minutes of cool‐down, three times per week, for
12 weeks have been found to improve parasympathetic activity [12] in young overweight
males (Figure 3).

A study examining type 2 diabetic individuals has also found similar results when 30 minutes,
four times per week for 12 weeks of HIIT training on a treadmill resulted in improvement in
HRV by 19% [78]. This form of exercise consisted of 3 minutes of warm‐up, 6×2 minutes of high
intensity at 80–90% of heart rate maximum, separated by 6 minutes of moderate intensity at
50–60% of heart rate maximum with 2‐minute recovery intervals, and 3 minutes of cool‐down.
The improvement of HRV in type 2 diabetes is significant as exercise could potentially prevent
type 2 diabetic patients progressing to a condition called diabetic neuropathy later in life.
Another HIIT study also showed that HRV was significantly improved in older individuals,

Exercise is Medicine: The Importance of Exercise as Preventative Medicine for a Disease‐Free Lifestyle
http://dx.doi.org/10.5772/64981

7



2.2. Vascular dysfunction

Overweight and obesity conditions not only result in metabolic dysfunction but also bring
about vascular dysfunction. The balance between the ability of the vasculature (arterioles) to
vasodilate and vasoconstrict is impaired with the development of overweightness and obesity.
The loss of balance between vasodilators and vasoconstrictors is an indicant of endothelial
dysfunction. Endothelial dysfunction is now regarded as a precursor of atherogenesis [55],
which further leads to the development of atherosclerosis [56] and diabetic complications [57].
Arterial compliance, and its inverse arterial stiffness, can be defined as the ability of an artery
to distend in response to intravascular (transmural) pressure [58] and is commonly termed as
stiffening of the arteries. It is well known that overweight and obese individuals typically have
high arterial stiffness [59], and this high arterial stiffness is associated with high body mass
index and body fat [60]. Reduction in body mass index, however, has been found to be the
strongest determinant of decreased arterial stiffness in severe obese young and middle‐aged
adults [61].

Arterial stiffness, which has been considered to be an independent predictor of cardiovascular
disease, can be assessed through a reflection wave, commonly known as the augmentation
index (AIx) and carotid femoral pulse wave velocity (PWVcf), which is considered to be the
gold standard of arterial stiffness assessment. AIx, a reflection wave, is typically assessed by
placing an applanation tonometry sensor (e.g., SphygmoCor) on either a radial or carotid
artery. AIx then is derived from the ratio of augmented pressure (AP) and pulse pressure (PP),
AP/PP [28]. PWVcf is obtained by dividing the distance from the carotid pulse and femoral
pulse as measured by a tape measure by the time taken for the arterial pulse to propagate to
the carotid and femoral arteries [62].

Arterial stiffness, which is an indicant of the stiffening of the large arteries, increases with age,
especially in central arteries, such as the aorta and carotid artery. Arterial stiffness has also
been found to increase with overweightness and obesity, which leads to an increased risk of
arteriosclerosis [63]. Overweight and obese children have been found to have high arterial
stiffness, assessed through pulse wave velocity [64]. Similar findings were also found in young
overweight individuals who had higher arterial stiffness levels compared to the normal weight
individuals [62]. Hemodynamic changes accompanying overweightness and obesity include
increased arterial wall stress, smooth muscle cell proliferation, thickening of vessel walls, and
eventually reduced arterial compliance/increased arterial stiffness. Thickening of vessel walls
is likely caused by increased total blood volume and cardiac output to compensate for the
metabolic requirements of excess fat [65, 66]. Alterations of hemodynamics, together with other
markers of obesity, including chronic inflammation and endothelial dysfunction, have been
shown to contribute to the impairment of vasculature structure and function in obese indi‐
viduals [67]. Thus, the development of arterial stiffness seems to be due to coping mechanisms
by the body to meet the metabolic demands caused by excess fat gain. In overweight and obese
children, this mechanism seems to develop very early on and carries on until adolescence and
adulthood if interventions to reverse this condition are not introduced.

Fitness Medicine6

3. Health benefits of aerobic, interval sprinting, and resistance exercise

The health benefits of regular aerobic exercise are well known. Physical activity has been
ranked as one of the leading health interventions, which is used to reduce sedentary behavior
in children, adolescents, and adults [68]. Currently, exercise guidelines include 150 minutes of
exercise per week that consist of moderate and vigorous physical activity combined with
resistance training. It has been shown that performing 150 minutes of regular exercise per week
results in a reduction of mortality risk by 30% and a decreased risk of diabetes, cancer,
depression, and stroke [69]. Despite the positive benefits of regular physical activity, however,
many people do not comply with the minimum exercise requirements to maintain health. Lack
of motivation and time constrains are possibly the underlying reasons of not performing
regular exercise. The importance of regular physical activity is so overwhelming that exercise
now has been regarded as medicine.

Exercise has been widely used as preventative medicine to reduce the risk and incidence of
cardiovascular and metabolic diseases related to sedentary and unhealthy living. Regular
exercise has been shown to improve health and reduce the severity of diseases accompanying
an unhealthy lifestyle. The benefits of exercise are overwhelming, and it has been shown that
exercise can be used therapeutically for conditions, such as hypertension and insulin resist‐
ance [70], dyslipidemia [71, 72], type 2 diabetes, obesity [73], and endothelial dysfunction [74].
Exercise can also be used to improve cardiovascular and metabolic dysfunction that includes
enhancing adipokine, cardiometabolic, and other clinical markers [75]. Thus, it is clear that
exercise can be used as therapeutic or preventive medicine in order to alleviate lifestyle
diseases.

The types of exercise used in past research include aerobic exercise (continuous walking,
jogging, and cycling), high‐intensity interval training (HIIT), and resistance training (e.g.,
weights). A study showed that either supervised or unsupervised aerobic exercise resulted in
a reduction of body mass index in overweight and obese adolescents [76]. Whereas other
studies have shown that moderate endurance training [77] and interval sprinting exercise [12]
have a positive effect on HRV. Both HIIT and aerobic training have been used to induce
improvement in HRV in different populations, such as young overweight individuals, type 2
diabetic patients, and older adults. Twenty minutes of HIIT on a stationary cycle ergometer,
proceeded with 5 minutes of warm‐up and 5 minutes of cool‐down, three times per week, for
12 weeks have been found to improve parasympathetic activity [12] in young overweight
males (Figure 3).

A study examining type 2 diabetic individuals has also found similar results when 30 minutes,
four times per week for 12 weeks of HIIT training on a treadmill resulted in improvement in
HRV by 19% [78]. This form of exercise consisted of 3 minutes of warm‐up, 6×2 minutes of high
intensity at 80–90% of heart rate maximum, separated by 6 minutes of moderate intensity at
50–60% of heart rate maximum with 2‐minute recovery intervals, and 3 minutes of cool‐down.
The improvement of HRV in type 2 diabetes is significant as exercise could potentially prevent
type 2 diabetic patients progressing to a condition called diabetic neuropathy later in life.
Another HIIT study also showed that HRV was significantly improved in older individuals,

Exercise is Medicine: The Importance of Exercise as Preventative Medicine for a Disease‐Free Lifestyle
http://dx.doi.org/10.5772/64981

7



whose average age was 74 years, following 14 weeks of cycle ergometer HIIT exercise [79].
Thus, both continuous aerobic exercise and HIIT had positive effects on autonomic function
by increasing HRV levels. However, HIIT is currently regarded as a type of exercise that is
superior to a typical continuous moderate intensity of aerobic exercise in terms of time
efficiency and clinical benefits. The effectiveness of HIIT has been well established in youth
[80] and in overweight adult men [12] and women [13]. Twelve weeks of HIIT have shown to
improve cardiovascular function, physical fitness, assessed through a maximal oxygen uptake
test, and body composition in young overweight women [81]. It seems that both continuous
steady state aerobic exercise and HIIT are beneficial for health.

Figure 3. Heart rate variability of overweight young males at pre and post 12 weeks of interval sprinting exercise. *Sig‐
nificant difference between groups, P<0.05.

Modification of HIIT protocols, however, may be needed to suit different populations. For
example, HIIT to induce athlete performance would be different with the HIIT used to induce
cardiovascular health in healthy sedentary or diseased individuals. Certain exercise effects or
adaptations that occur following HIIT training may not occur or be apparent after regular
aerobic exercise. Depending on health markers and conditions examined, the magnitude of
change following aerobic exercise may be smaller than that of HIIT. For example, it has been
demonstrated that arterial stiffness, assessed through PWV [82] and autonomic function [82]
are normalized following HIIT in hypertensive individuals, but not following continuous
moderate exercise. With HIIT training, the exercise drop‐out rate was found to be less [12, 83]
compared to continuous steady state aerobic exercise. HIIT is also deemed to be superior in
terms of improvement in cardiovascular health compared to regular aerobic exercise [84].
Thus, HIIT may be needed to be incorporated into daily life to induce extra health benefits.
HIIT defined as repeated bouts of high‐intensity exercise interspersed by rest for 20–30 minutes
has also been used to prevent or to reduce severity of diseases related to unhealthy lifestyles.
HIIT has been found to improve cardiac and metabolic health of young overweight males [12]
and females [83]. The AIx was found to be reduced by 4% (Figure 4), whereas PWVcf velocity
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was also reduced by 0.4 m.s‐1 (Figure 5) following 12 weeks of HIIT in young overweight males
[12].

Figure 4. Augmentation index of young overweight males at pre and post 12 weeks of interval sprinting exercise. *Sig‐
nificant difference between groups, P<0.05.

Figure 5. Pulse wave velocity of young overweight males at pre and post 12 weeks of interval sprinting exercise. *Sig‐
nificant difference between groups, P<0.05.

The HIIT employed was an 8‐s pedaling sprint at a cadence of 100–120 revolutions per minute
(rpm) at 0.5–1 kg of load, followed by a period of lighter intensity exercise at a cadence of 30–
40 rpm for 12 seconds, repeated for 20 minutes. Another type of HIIT included cycling on a
stationary bike at 80–85% of maximal oxygen uptake for 4 minutes with 5‐minute rest intervals,
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repeated six to eight times [85]. HIIT has also been used in a number of clinical studies
involving cardiac rehabilitation, chronic obstructive pulmonary disease, and intermittent
claudication disease patients. Thus, a range of interval training exercise programs have been
employed to improve cardiovascular and metabolic health.

Resistance exercise is another type of exercise that contributes to cardiovascular and metabolic
health. Participating in resistance exercise can maintain muscle mass that declines with aging.
Acute resistance training has been found to reduce systolic blood pressure by 11 mmHg and
mean arterial pressure by 12 mmHg and systolic blood pressure by 13 mmHg and mean arterial
pressure by 12 mmHg with 40 and 80% maximum weight, respectively [86]. The mechanisms
underlying this reduction in blood pressure following resistance training is thought to be due
to an increased blood flow and shear stress that act on vascular endothelial cells. The increased
muscle contraction leads to an increased production of nitric oxide, an important vasodilator
[87]. It appears that this mechanism occurs independently of the exercise intensity employed
[88].

The effect of resistance training on arterial stiffness, however, is equivocal. Several studies [89,
90] have shown an unfavorable effect of resistance training on arterial stiffness, whereas others
have shown no alteration in arterial stiffness [82, 91]. A reduction in central (increased arterial
stiffness) but not peripheral arterial compliance was found following 4 months of resistance
training in young and healthy middle‐aged men [89]. However, only brachial artery endothe‐
lial function was improved following 1 year of resistance training, but body mass index, body
composition, blood lipids, and lean muscle mass improved [92]. A meta‐analysis [91] found
that young adults had their arterial stiffness elevated from 14.3 to 20.1% following high‐
intensity resistance training. In contrast, it has been shown that progressive high‐intensity
resistance training without an increase in training volume did not alter arterial stiffness in
young individuals [90]. Interestingly, the association between resistance training and arterial
stiffness was not found in middle‐aged individuals [90]. Although high‐intensity resistance
training has been found to increase arterial stiffness by 11.6%, moderate intensity resistance
training did not seem to induce the same effect [90]. Another study showed an unexpected
finding when improvement in the muscular strength of young individuals was inversely
correlated with arterial stiffness [93]. This finding suggests that resistance training attenuates
arterial stiffness. Different protocols and populations possibly could have contributed to the
variability of results. Further studies looking at resistance training and arterial stiffness need
to be carried out. Overall, regular HIIT is recommended, especially for people with time
constraints. A combination of aerobic exercise and resistance training is also highly recom‐
mended as muscle wasting could occur with aging and a sedentary lifestyle.

4. Conclusion

A sedentary lifestyle leads to an increased risk of cardiovascular disease and dysfunction, such
as high blood pressure, stiffening of the arteries, cardiac autonomic dysfunction, and metabolic
dysfunction. If children become overweight or obese, these conditions described above appear
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to develop earlier. Lifestyle modification for children to avoid childhood obesity is paramount
to further reduce the risk of health complications later in life. Therapeutic drug interventions
can be introduced; however, overwhelming evidence suggests that regular exercise has been
shown to prevent and to reduce the severity of disease‐related lifestyle. Exercise is a powerful
stimulus that can reduce and prevent the occurrence of cardiovascular and metabolic dys‐
function. Therefore, exercise indeed is medicine that can improve the quality of life. Both
regular aerobic exercise and HIIT are beneficial for health. HIIT, in particular, is highly
recommended, especially for people with time constraints, and HIIT combined with resistance
training is potentially highly beneficial. People of all ages should be encouraged to incorporate
regular exercise into their daily lifestyle.
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training is potentially highly beneficial. People of all ages should be encouraged to incorporate
regular exercise into their daily lifestyle.
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Abstract

Body shape, image, and composition are three different but related concepts used to
describe people. Body shape, also known as somatotype, represents the tangible body,
which can be externally observed and measured without destroying or hurting it. On
the contrary, body image represents the subjective and intangible human nature, a
construct that we try to define by applying validated scientific tools—a set of dimen-
sions easily affected by psychological perception. Instead, body composition represents
the physical parts grouped into similar compartments. Due to the fact that it cannot be
observed or measured with the naked eye, and in order to reduce measurement error,
we try to measure them with the highest and most accurate available technology. Shape,
image, and composition affect sport’s performance. Sports literature mentions, some-
times interchangeably, form, image, and body composition. So when we refer to them
we have to distinguish them. Social, political, economic, cultural, educational, and
genetic factors influence them. Technological advances in determining the shape and
composition are reliable, but not the ones for body image, which needs further develop-
ment. In this paper, the interrelation of these three aspects is described, with health and
sport’s ambit indicators.

Keywords: anthropometry, somatotype, physical exercise

1. Introduction

Humankind has always tried to understand what surrounds it through characterization and
division of objects into different groups, that is to say we classify them according to their
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particular characteristics of shape, size, color, texture, smell, weight, hardness, density, resis-
tance, flexibility, temperature, etc. Sociopolitical and cultural sciences try to understand man-
kind though its history, culture, education, socioeconomic status, politics, religion, migration,
etc. In the biomedical sciences, we strive to integrate many of these classifications in order to
know the individual and social behavior of the human race, their preferences, feelings, and
sufferings. Mankind with all of this creates a great quantity of sciences to theoretically facili-
tate, make more comfortable, and longer its existence.

With the purpose of understanding body structures, how they are organized and affect people,
physical and functional anthropology, macroscopic anatomy, and basic and applied psychol-
ogy intertwine, creating sometimes other sciences, including kinanthropometry. It is within
this set of sciences where the present work is carried out.

From the point of view of macroscopic and functional anatomy, the human body consists of
different types of cells, grouped and compartmentalized to form tissues, organs, and systems.
Said division has allowed kinanthropometry and other sciences to regroup them in different
macroscopic structures called components, including bone mass, lean mass, visceral mass,
muscle mass, and fat mass. The amount, proportion, and distribution of these components
give the body a particular physical form [1]; intervening around these a great number of
disciplines and measuring instruments in order to determine them. In nonpathological condi-
tions, the variability of these components between people depends on several factors, among
the main ones: genetic aspects, gender, hormonal, pregnancy-related, age, physical activity,
physical postures, environmental, and cultural. All of these factors and natural selection have
allowed the human body to adapt to its environment [2–6]. In this sense, the literature talks
about body shape, body composition, and body image, which are a construct that even though
it seems easy to define its description is complex. Body shape would be the objective and
technically measurable representation of the exterior of the human body, which are the weight,
length, diameter, circumference, and volumes of its various segments. Body composition
would be the magnitude and proportion of the different body components mentioned above
that in an indirect manner and in vivo we try to know. Body image would be the mental and
subjective representation of body shape and body composition, in terms of size, shape, pro-
portions, color, texture, position, etc. [7]. This subjective representation of the body, which
depends on personal experiences, stems from the consistent and objective view we have of it;
however, it is transformed or modified by various factors that will be mentioned. Body shape,
composition, and image have great health and social implications. Health implications are
those that affect in a positive or negative manner the health of the individual, whereas social
implications are those that allow us to assertively or erroneously communicate and interact
with others.

The literature reports several methods destined to determine the amount, proportion and distri-
bution of the components that provide body shape. Given the impossibility of measuring them
directly on people or due to the danger of high-ionizing radiation exposure in some procedures,
the validity of some methods cannot be corroborated in vivo. The current methods that are most
often used to determine both shape and body components are: anthropometry, digital photo-
grammetry in 3D on level body surface, bioelectrical impedance (IB), ultrasound, densitometry,
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deuterated water (labeled deuterium isotope), deuterated creatinine, spectroscopy, reading
magnetic resonance imaging (MRI), computed tomography (CT), and dual-energy X-ray
absorptiometry (DEXA). The importance of knowing body shape and its components lies in
the association of these with physical development, aging, self-esteem, physical performance,
and various metabolic disorders, such as anorexia, obesity, diabetes, osteoporosis,
dyslipidemias, and metabolic syndrome, among others [3, 6, 8–11].

Regarding body image, its study is mainly done through graphical representations of the
whole body, segments, or specific parts, likewise through the use of self-image. Typically, these
images are selected, or modified by different methods (manual or electronic) in order to
achieve specific patterns, perceive distortions of the image itself, or achieve the ideal form and
image of how we want to perceive ourselves or want to look like [12]; although, we also find in
the literature questionnaires which offer the reader different answer options to define their
body image [13]. The validity of many of these methods is under discussion, especially due to
errors in the selection and administration of the instruments and the population studied; but
also by errors in the analysis and interpretation of them [14].

This paper analyzes the three concepts outlined above. Which although interrelated, they are
different, these are: body shape, body image, and body composition. We analyzed equally how
each one relates to physical and athletic performance.

2. Theoretical framework

2.1. Body shape

Body shape is also known as somatotype. This was initially described by Matiegka in 1921
[15], who divided body structure into four basic components: bone mass, subcutaneous fat
mass, muscle mass, and residual mass. Years later, body shape was retaken by the American
psychologist William Herbert Sheldon [16], who from around 4000 human photographs
reconstructed the somatotype, thus creating three qualitative dimensions related to the three
embryonic germ layers: (1) endomorph related to the endoderm, which largely forms the
digestive tract, (2) mesomorph related to the mesoderm, which gives rise to muscle mass and
bone mass, and (3) ectomorph related to the ectoderm, which forms the nervous system.
Theoretically according to Sheldon, endomorphs have a slow metabolism predisposed to
accumulate body fat thus making them more likely to be quiet, mesomorphs have a normal
metabolism but are predisposed to develop large muscles which predisposes them to be active
and rough, and ectomorphs have an accelerated metabolism that makes them lose fat mass
and muscle mass, presenting thin and fearful appearances [16]. Sheldon as a psychologist tried
to analyze behavior through body shape, probably taking up the ideas of Joung about the
types of thinking, feeling, and perception. Subsequently, these qualitative and unscientific
ideas from Sheldon were taken up and perfected by Barbara Heath (Sheldon’s assistant) and
Lindsay Carter, who perfected Sheldon’s numerical system by developing an anthropometric
system to give a scientific and quantitative character to Sheldon’s somatotype [17]. Currently, this
anthropometric system has been retaken by the International Association for Standardization
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anthropometric system has been retaken by the International Association for Standardization

Body Shape, Image, and Composition as Predictors of Athlete’s Performance
http://dx.doi.org/10.5772/65034

21



Figure 1. Body shape by Scanner in 3D (TC2‐18 3D Body Scanner, USA). A small square corresponds to 1 cm2.
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of Kinanthropometry (ISAK), extending it internationally so through body measurements it
will be able to determine problems with growth, development, aging, health status, as well as
ergometers, and athletic-sports performance, among others (Figure 1).

Other authors have tried to classify body shape based on the distribution of certain body
components. Bouchard [18] in the late twentieth century classified body shape based on four
patterns of obesity: Pattern (1) with excess body fat and distributed in a balanced way
throughout the body, pattern (2) with excess body fat and distributed mainly in the abdominal
region (android type), pattern (3) with excess body fat and distributed mainly deep in the
abdomen, and pattern (4) with excess body fat and distributed primarily in the gluteal muscles
and thigh bone (gynaeoid type).

Differences in body shape between species, including humans, respond to the need of adjust-
ment and survival to their environment; mainly against the weather [19], the geography [20],
and food availability [21], also being present differences between genders (sexual dimor-
phism). Referring to the weather, and in order to maintain thermal homeostasis, individuals
from cold environments are wider in comparison to thinner individuals who live in warm
environments [22]. Faced with geography, wideness instead of height is also affected; however,
an established pattern that indicates geography characteristics favoring the increase or
decrease of corpulence has not been detected [22]. Finally, due to the technological domain of
agriculture, food preservation and its ease of transportation; food availability should no longer
influence morphological changes in humans [22]. However, according to the World Food
Program [23], one in four children from developing countries presents stunted growth due to
malnutrition. Likewise, the Food and Agriculture Organization of the United Nations [24]
reports the existence of developing countries where more than 35% of the population still
suffers from chronic malnutrition, including Namibia, Zambia, Central African Republic, and
the Democratic People’s Republic of Korea. Given the fact that malnutrition depends on the
country’s capacity to feed its population, morphological changes are also influenced by polit-
ical and economic situations. On the other hand, due to the large number of immigrating
populations, the differences due to geography and climate have begun to get lost; however,
genetic, cultural, and socioeconomic patterns are those that currently dominate in the determi-
nation of body shape [25].

Currently, in a globalized world where commercial pressures are superimposed over rational
judgment, the idea that being thin is favored [26], turning into a pathology the trend of
extreme thinness, which leads to malnutrition, anorexia, and bulimia, especially in women
[27]. Conversely, in some Arab countries (Saudi Arabia, Kuwait, and Bahrain) opposing cul-
tural ideas on thinness exist, in which being robust is synonymous with beauty and sexiness,
obesity levels being 39% for men and 50% for women [28]. However, due to intercultura-
lization and Westernization, these young people also have the highest rates of eating disorders
(~45% of young people in the case of Kuwait), who wish to be thinner [29].

2.1.1. Body shape and physical sport’s performance

Body shape and physical-athletic performance are closely related, that is to say that changes in
one necessarily affect the other. In addition, body shape is different both among sports and
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populations, the differences due to geography and climate have begun to get lost; however,
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nation of body shape [25].

Currently, in a globalized world where commercial pressures are superimposed over rational
judgment, the idea that being thin is favored [26], turning into a pathology the trend of
extreme thinness, which leads to malnutrition, anorexia, and bulimia, especially in women
[27]. Conversely, in some Arab countries (Saudi Arabia, Kuwait, and Bahrain) opposing cul-
tural ideas on thinness exist, in which being robust is synonymous with beauty and sexiness,
obesity levels being 39% for men and 50% for women [28]. However, due to intercultura-
lization and Westernization, these young people also have the highest rates of eating disorders
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between categories and positions within a sport; each sport and its position requires from its
athletes specific morphological characteristics; some dominate over others, even within each
sport [30–32]. For example, football athletes are taller and leaner (meso-endomorphs), basket-
ball players are tall and lean (meso-ectomorphic), body-builders are muscular (meso-endo-
morphs), long distance runners are thin, etc. [33–35], with roundness or endomorphic
somatotype (synonymous with abundant fat mass), being the less fortunate feature for physi-
cal sport’s performance. In this sense, being tall and lean offers competitive advantages in
football [34], basketball [36], volleyball [37], soccer [38], swimming [39], and athletics [40],
among others. In the same manner, Gabbett et al. [37] report that elite volleyball players tend
to be taller and leaner than novice players. Rebelo et al. [38] report that soccer elite players are
taller than the nonelite players. On the other hand, aerobic endurance sports, for which
athletes have to mobilize their body over long distances, show that it is convenient to have
small and thin bodies. For example, Moro et al. [40] reported that compared with cyclists,
triathletes have lower body weight (75 vs. 79 kg) and less fat (6% vs. 8%). Arazi et al. [41]
found in cross-country runners average heights of 1.75 cm and body fat percentages of 8%,
with meso-ectomorphic somatotypes (1.4–4.1–3.6). Moreover, Vernillo et al. [42] found that
world class Kenyan athletes display extreme sport’s thinness; that is, very low endomorphy
and mesomorphy and relatively high ectomorphy (balanced ectomorphy, 1.5–1.8–3.9), with
body fat percentages of 4.6% (assessed by anthropometry). Comparatively, Belli et al. [43]
found that mountain ultramarathon runners have meso-endomorphic (3.4–5.2–1.7) somato-
types, with fat percentages of 13%, noting that the higher endomorph content helps them
obtain a good performance during their sport’s execution, and withstand the physical require-
ments to run 217 kilometers.

Along with the previous information, systematic training over time, coupled with profession-
alized sports, is constructing body shape toward a mesomorphic constitution, with a slight
endomorphic decrease [44].

As it has been observed, one way of analyzing both body shape and sports performance is
through the somatotype. In sports that require the use of body weight as a form of attack,
endomorphy exceeds five units. Mesomorphy is preferred in all other sports with values
greater than 5 units, and rarely less than 3 units, especially in elite athletes [32], except for
some distance runners as Kenyans. This tells us that when referring to somatotype, mesomor-
phy is the best predictor of physical and athletic performance [30].

2.2. Body image

Body image is a complex construct that encompasses several dimensions, including percep-
tions of the operation (appropriate or not) of our body, and attitudes we take to respond
effectively to daily life activities; all of this according to our experience, self-awareness and
self-perception [8]. In other words, it is not only the mental representation of our external
physical appearance, but also the concepts, attitudes, and feelings we have about our body
(height, size, proportions, weight, color, voice, posture, etc.), which allow us to interact with
the environment and raise affective emotions, either of tranquility and happiness or anxiety
and stress [45].
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Body image develops in the early years of life [46], where, probably, parents, siblings, and
relatives are the first ones to shape children’s body image [47]. Given the easy access to media
since the first years of life (television, video games, and the Internet), it is possible for these to
also be taking part in the creation of body image at an early age [48]. Harrison et al. [49]
reported when studying attitudes about obesity in children 4–6 years old, that children have
preferences for being thin and have psychosocial and sports disadvantages due to being obese.

Body image is positively or negatively affected by various psychosocial factors, such as health,
sport’s competitions, physical exercise, and nutrition, which modify how we perceive and
evaluate ourselves [50]. Its distortion among the population is variable, and differs among
sex, age, ethnicity, and type of population [51–53]. Regarding gender differences among ath-
letes, women, compared to men, have higher levels of dissatisfaction with their sport’s body
shape and greater eating disorders [54]; in addition, while men are more concerned about
sport’s performance and improving their physical abilities, women care about being thin and
having less body fat, making them prone to caloric restrictions, along with the intake of dietary
supplements for weight loss [55]. Studying the general population, women have also been
found to have greater body image distortion than men (~10% higher, 11–72% vs. 8–61% for
women and men, respectively), with some body parts being more affected than others. For
example, in women, abdomen, hips, and legs are the most affected (50–71%), whereas in men it
is the chest and muscle tone (32–45%). Regarding age, dissatisfaction with body image
increases along with years, especially among women [51]. Olvera et al. [56] while studying
Hispanic and Caucasian tweens reported that teenage boys prefer to have taller bodies while
girls thinner ones. On the other hand, Ferraro et al. [57] mention that even in older adults
differences between gender are observed, for example, when women were asked how they
perceived their body image they answered “a little big,” whereas men of the same age
responded “just the right size.” In the case of elderly women, this can have unhealthy results
like unnecessary diets, excessive weight control, and low self-esteem [50]. Being subjected to
caloric restriction at older ages can lead to malnutrition, favoring the loss of muscle mass and
muscle dysfunction (both problems already present in older adults), thereby increasing the
presence of infections, accidents, fractures, and a set of diseases associated to malnutrition in
adulthood [58]. As for the differences between ethnic groups, separate studies in U.S. popula-
tion have observed that African American women have lower self-image problems than other
ethnic groups, being the order as follows: African American < Asian < Caucasian < Latin; in
addition, African Americans and Caucasians see themselves as being thinner than the other
groups [52, 59]. Nevertheless, studies with African American college women found that they
assigned higher priority to their hair and skin tone compared to Caucasian women [60]. Hair
and skin tone are outstanding features for the African American population, which means that
evaluations of body image should somehow include skin color and hair. Finally, it has also
been reported that women in rural areas have a more positive body self-image than those from
urban areas [53].

In this paper, we consider that a healthy body image is one that being healthy is well accepted by
oneself (feeling comfortable with your body), on the other hand, an unhealthy one is a negative
self-image, which is not accepted even though is healthy. Treatments to improve body image are
diverse, including diets, exercise, surgery, cosmetic, and psychological or psychiatric treatments
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[7]. Normally, the effects on body image are favored by economic (labor), social (competition),
family, colleagues, and peer pressures. In addition, they are associated with other conditions,
including bulimia, anorexia, and body dysmorphic disorder [45], causing these pressures
extreme thinness, especially in women, and bigorexia and anabolic steroid use in men [45].

2.2.1. Body image and physical sport’s performance

It is recognized that the mere fact of playing a sport improves the perception of body image
[61]; this is possibly because the athlete’s bodies resemble more of an aesthetic ideal [62]. From
the point of view of the duration of exercise, Hausenblas and Downs [63] mention that athletes
have a more positive body image compared to the general population. Ginis et al. [64] observe
that 8 weeks of exercise, and improvement of physical abilities, increase self-esteem (R ~ 0.50),
with self-esteem benefits being higher in aerobic exercise types compared to anaerobic.
Williams et al. [65] note that only 6 weeks of circuit weightlifting, along with increased muscle
strength, reduces anxiety and improves body image. In terms of frequency, Homan et al. [66]
observed that people who exercise more often exhibit higher self-esteem (appreciate their body
as it is); moreover, regardless of their body shape they are probably more identified with
exercise. In addition, it has even been observed that even a single session of exercise increases
self-esteem in people [67]. Varnes et al. [68] in a systematic review found that most studies
report higher self-esteem in athletes than in nonathletes; however, differences found between
athletes of different disciplines are not consistent. For example, Latorre-Roman et al. [69] found
greater body dissatisfaction and physical exercise dependence among triathlon and swimming
athletes, and lower in athletics and cycling athletes, all of them involved in endurance sports.
Instead, Goltz et al. [70] found no differences between sports, but they did with body fat
content, where athletes with higher percentage of fat presented greater dissatisfaction with
their body image. Finally, it is also recognized that body image problems are easier to discover
and analyze among female athletes, than in males, so probably these problems are
underassessed and underdiagnosed in men, being this one of the main reasons of stress in
athletes of both sexes to maintain body weight and aesthetics [71].

With technological advancement, body image processing has been refined, currently with the
use of sophisticated equipment and computer programs that facilitate their interpretation and
integration. In addition to it being integrated with the third concept to be discussed in this
paper called “body composition.” Among the equipment that facilitates this integration we
have computed magnetic resonance, high-resolution tomography, X-ray densitometry, topo-
graphic photogrammetry, and multifrequency bioelectrical impedance.

2.3. Body composition

As mentioned above, for its study, we divided the human body in different compartments.
This compartmentalization is not recent; Hippocrates (460 BC) somehow had already divided
the human body into four fluids or basic substances called humors: blood (affectionate),
phlegm (indifferent), yellow bile (bad temper), and black bile (depressive) [72]. Later, Galen
(~200 AD) took these ideas and created four other psychological classifications or temperaments
associated with the first: choleric (grumpy and irritable), melancholic (analytical and quiet),
sanguine (optimistic and social), and phlegmatic (relaxed and calm) [73]. However, Wiltse
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et al. [74] mention that formal knowledge of the human body and its compartments probably
started with systematic human dissections made in the third century BC by Herophilus,
known as the father of anatomy. It was not until the renaissance, after breaking the religious
myths about the divinity of the body that modern anatomist Vesalius made new dissections,
constructing important maps of the inside of the human body [75]. With the aid of current
technological advances, we can now quantify, through precise images the interior of the human
body; however, these methods are associated to some health risks. Thus, the determination of
body composition is simplified by fractionating the body. For this purpose, various levels of
compartmentalization are proposed: molecular (water, nitrogen, calcium, potassium, sodium,
and chlorine), tissues (fat mass, bone mass, muscle mass, and residual mass), and the combi-
nation of several of these, called multicompartment models. A full explanation of these models,
their considerations, and equations are found in Fosbøl et al. [76].

Currently, we quantify in vivo, both components of the human body and the relationships
between them coupled with the changes produced by various factors. A brief summary of the
documents published on body composition, as well as a brief history of methods for quantifi-
cation, from Hippocrates until the late twentieth century, is presented in History of the study of
human body composition: A brief review [77].

As shown, body composition has been well investigated. The importance of the study lies in its
high correlation (R2 0.50–0.79) with diverse health parameters [78] and sport’s physical perfor-
mance [79]. Due to the complexity of in vivo study, some authors have evaluated fresh
cadavers, thereby creating equations for making estimations and clinical interpretations
[80–82]. Due to the difficulty of in vivo study, body composition’s determination remains
imprecise, although their correlations can reach 0.8, when several methods of determination
are being simultaneously studied [83]. This indicates a 64% of convergence between methods.
Therefore, we recommend using different methods, in which each one observes the body from
a different angle, to provide a more complete view of it. Nevertheless, it has been observed that
when different methods are used, each one of them adds a measurement error, increasing total
imprecision. However, measurement error is minimized with the use of increasingly accurate
and standardized instruments.

For their technological capabilities, the most accurate methods for determining body composi-
tion are: computed tomography with 92% accuracy [84], nuclear magnetic resonance with 99%
confidence [81], and DEXA between 66 and 85% reliability (for femur fractures) [85]. Other
methods include air displacement plethysmography (Bod Pod) and underwater weight, which
through the measurement of body density estimate with equations the body composition. The
remaining methods we found have been validated with the ones that have been previously
mentioned. For example, anthropometry versus DEXA with 84% correlation [86], ultrasound
versus computed tomography with 45–82% correlation, ultrasound versus Bod Pod with 85%
correlation [87], anthropometry versus NMR with 77% correlation, and bioimpedance versus
NMR with 86% correlation [88], among others.

2.3.1. Body composition and physical sport’s performance

Body composition has always been found to be associated to physical and athletic perfor-
mance; the development of each of its components is specific to each sport. Gonzalez-Neira
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paper called “body composition.” Among the equipment that facilitates this integration we
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graphic photogrammetry, and multifrequency bioelectrical impedance.
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This compartmentalization is not recent; Hippocrates (460 BC) somehow had already divided
the human body into four fluids or basic substances called humors: blood (affectionate),
phlegm (indifferent), yellow bile (bad temper), and black bile (depressive) [72]. Later, Galen
(~200 AD) took these ideas and created four other psychological classifications or temperaments
associated with the first: choleric (grumpy and irritable), melancholic (analytical and quiet),
sanguine (optimistic and social), and phlegmatic (relaxed and calm) [73]. However, Wiltse
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et al. [74] mention that formal knowledge of the human body and its compartments probably
started with systematic human dissections made in the third century BC by Herophilus,
known as the father of anatomy. It was not until the renaissance, after breaking the religious
myths about the divinity of the body that modern anatomist Vesalius made new dissections,
constructing important maps of the inside of the human body [75]. With the aid of current
technological advances, we can now quantify, through precise images the interior of the human
body; however, these methods are associated to some health risks. Thus, the determination of
body composition is simplified by fractionating the body. For this purpose, various levels of
compartmentalization are proposed: molecular (water, nitrogen, calcium, potassium, sodium,
and chlorine), tissues (fat mass, bone mass, muscle mass, and residual mass), and the combi-
nation of several of these, called multicompartment models. A full explanation of these models,
their considerations, and equations are found in Fosbøl et al. [76].

Currently, we quantify in vivo, both components of the human body and the relationships
between them coupled with the changes produced by various factors. A brief summary of the
documents published on body composition, as well as a brief history of methods for quantifi-
cation, from Hippocrates until the late twentieth century, is presented in History of the study of
human body composition: A brief review [77].

As shown, body composition has been well investigated. The importance of the study lies in its
high correlation (R2 0.50–0.79) with diverse health parameters [78] and sport’s physical perfor-
mance [79]. Due to the complexity of in vivo study, some authors have evaluated fresh
cadavers, thereby creating equations for making estimations and clinical interpretations
[80–82]. Due to the difficulty of in vivo study, body composition’s determination remains
imprecise, although their correlations can reach 0.8, when several methods of determination
are being simultaneously studied [83]. This indicates a 64% of convergence between methods.
Therefore, we recommend using different methods, in which each one observes the body from
a different angle, to provide a more complete view of it. Nevertheless, it has been observed that
when different methods are used, each one of them adds a measurement error, increasing total
imprecision. However, measurement error is minimized with the use of increasingly accurate
and standardized instruments.

For their technological capabilities, the most accurate methods for determining body composi-
tion are: computed tomography with 92% accuracy [84], nuclear magnetic resonance with 99%
confidence [81], and DEXA between 66 and 85% reliability (for femur fractures) [85]. Other
methods include air displacement plethysmography (Bod Pod) and underwater weight, which
through the measurement of body density estimate with equations the body composition. The
remaining methods we found have been validated with the ones that have been previously
mentioned. For example, anthropometry versus DEXA with 84% correlation [86], ultrasound
versus computed tomography with 45–82% correlation, ultrasound versus Bod Pod with 85%
correlation [87], anthropometry versus NMR with 77% correlation, and bioimpedance versus
NMR with 86% correlation [88], among others.

2.3.1. Body composition and physical sport’s performance

Body composition has always been found to be associated to physical and athletic perfor-
mance; the development of each of its components is specific to each sport. Gonzalez-Neira
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et al. [89] when studying anthropometrically female soccer players, found that the ones with
higher weight and higher body mass index (BMI) had lower aerobic capacity (R2 ~ 055, p <
0.05). Marinho et al. [90] observed while studying Jiu-Jitsu athletes, that slight but significant
decreases in body fat percentage in elite athletes versus nonelite (~2.5%, p < 0.05). Guiraudou
and collaborators [91] found while studying Rugby players, that fat mass, rather than muscle
mass, is the one that is related to sports performance (R2 = 0.61, p < 0.01), with central body fat
being a predictor of better performance. In the same manner, Belli [43] reports that in ultra-
marathon runners, fat content in the lower limbs and abdomen has a negative impact on
performance. In some sports, minor modifications of certain components can be crucial, both
before and during competitions. For example, in contact and physical-constructivism sports,
weeks before competition, athletes experience a marked weight loss (5–10% of body weight)
to adjust to the competition weight [92]. This is done by decreasing their caloric intake by
about 1% per week, plus dehydrating 24–48 hours before competition [93]. However, if these
procedures are not well controlled, they can lead to negative effects on physical performance,
especially if body fluids losses are greater than or equal to 5% of the body weight [94].

Regarding muscle mass, da Silva de Souza et al. [95] have observed in elite Brazilians body-
builders’ average body fat percentages of 9.6%, while muscle mass percentages of 52%, with a
balanced mesomorphic somatotype (1.8–8.1–0.7). Mielgo-Ayuso et al. [96] have observed that
in female volleyball players, regardless of the position they play, more muscle mass correlates
with greater muscle power (R2 0.11–0.77).

In regards to the development of muscle strength and power, both biochemical-molecular and
biophysical characteristics are necessary. Biochemical aspects relate to fiber type, either slow
twitch (type 1, red or oxidative) or fast twitch (type 2, white or glycolytic), where type 2 fibers
are the fastest [97]. As for the biophysical aspects, we refer to length, thickness, pennation
angle of muscle fibers, and insertion distance of the muscle with respect to fulcrum [97, 98], in
which greater length and thickness of the muscle fiber translates to increased power and speed
development [99]. On the contrary, a greater pennation angle correlates with less muscular
power and speed [99]. For example, Terzis and collaborators [100], while studying hammer
throw athletes, noted that elite athletes versus nonelite had greater quantity of muscle type 2
fibers and a greater cross-sectional area in the said fibers (60% vs. 49% and 66% vs. 51% for
type of fibers and cross-sectional area, respectively); moreover, they found that athletic perfor-
mance of these athletes is positively correlated with both the parameters (R2 = 0.17 and R2 =
0.86, for fiber type and muscle cross-sectional area).

3. Conclusions

Technological and scientific advances to assess shape and body composition continue to
become more reliable and valid throughout the years. Therefore, now it is time to strengthen
the development of techniques and procedures for assessing body image. These three aspects,
together with sports performance should be analyzed together to keep the athlete in optimal
conditions, not only for competition, but also for health and quality of life. However, as it has
been discussed, it is often tedious, costly, and difficult to achieve comprehensive assessment,
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due to the fact that most athletes do not have access to the technological and scientific methods
for such assessments to be performed. Because of this, we are still far from achieving maxi-
mum sporting achievements.
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Abstract

Activity tracking devices are a popular way for health-minded individuals to measure
daily movement and estimate energy expenditure. Tracking, in its many forms, has been
proven to improve health outcomes. From paper diaries to devices and smartphone
applications, these data are becoming more important and have the potential to be used
in the physician’s office as part of a realistic physical activity plan for improved health
outcomes.  As  a  health-care  professional,  amid  a  rapidly  expanding  accelerometer
market, it is important to know the application and practicality of these devices, as well
as the evidence behind an individual's usage. What we choose to recommend, as health-
care professionals, can influence the health and well-being of patients in the wellness
arena. This chapter will look at research focused on activity tracking, including metrics
such as sleep, nutrition, and physical activity, and health outcomes to further educate
health-care professionals in an ever-evolving field.

Keywords: activity tracking, physical activity, health, wellness, behavior modification,
accelerometer, disease prevention

1. Introduction

Man has been physically active since our days as primitive nomads [1]. From the Paleolithic
Era, where we hunted and gathered to stay alive, to the days of the ancient Greeks and Romans,
who placed a high emphasis on exercise and fitness, we have typically necessitated and revered
physical activity. Recent research [2] has begun to take a look at the decline in our daily energy
expenditure and, since the 1950s, the results have been shocking. In the United States alone,
there has been a significant increase in sedentary time, coupled with a decrease in folks
employed in careers that have a high level of physical activity [2]. Over the last 50 years, it has
been estimated that daily occupation-related energy expenditure has decreased by more than
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Abstract

Activity tracking devices are a popular way for health-minded individuals to measure
daily movement and estimate energy expenditure. Tracking, in its many forms, has been
proven to improve health outcomes. From paper diaries to devices and smartphone
applications, these data are becoming more important and have the potential to be used
in the physician’s office as part of a realistic physical activity plan for improved health
outcomes.  As  a  health-care  professional,  amid  a  rapidly  expanding  accelerometer
market, it is important to know the application and practicality of these devices, as well
as the evidence behind an individual's usage. What we choose to recommend, as health-
care professionals, can influence the health and well-being of patients in the wellness
arena. This chapter will look at research focused on activity tracking, including metrics
such as sleep, nutrition, and physical activity, and health outcomes to further educate
health-care professionals in an ever-evolving field.

Keywords: activity tracking, physical activity, health, wellness, behavior modification,
accelerometer, disease prevention

1. Introduction

Man has been physically active since our days as primitive nomads [1]. From the Paleolithic
Era, where we hunted and gathered to stay alive, to the days of the ancient Greeks and Romans,
who placed a high emphasis on exercise and fitness, we have typically necessitated and revered
physical activity. Recent research [2] has begun to take a look at the decline in our daily energy
expenditure and, since the 1950s, the results have been shocking. In the United States alone,
there has been a significant increase in sedentary time, coupled with a decrease in folks
employed in careers that have a high level of physical activity [2]. Over the last 50 years, it has
been estimated that daily occupation-related energy expenditure has decreased by more than
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100 calories, accounting for a significant portion of the increase in mean body weights for
women and men in the United States [3]. Many people remain sedentary for a time that equals
a normal working shift—close to 7.7 h/day—according to a recent study [4] that looked at 6329
participants and the level of activity they achieved during a 10-h work day. With such a
dramatic change in the amount of regular physical activity that our society accrues on a daily
basis, it is important to understand the negative implications of the direction we were headed.
Regular physical activity provides us with myriad of health benefits [5]. These include, but
are not limited to, weight control [6], health condition and disease prevention [7], improve-
ments in mood [8], decreased fatigue [9], and better sleep quality [10].

Even though the benefits from exercise are known, a large population of people does not meet
the minimum physical activity guidelines [11], as defined by the American College of Sports
Medicine (ACSM). The ACSM physical activity recommendations include “moderate-
intensity aerobic (endurance) physical activity for a minimum of 30 minutes on five days each
week or vigorous-intensity aerobic physical activity for a minimum of 20 minutes on three
days each week” [11]. Accruing 150 min of physical activity at a moderate level (65% V•O2max)
or 60 min of vigorous activity (80% V•O2max), as defined by ACSM [12], does not seem like an
arduous task, yet so many people fail to meet these minimum requirements. According to the
Centers for Disease Control and Prevention (CDC), only 20% of adults (roughly 50 million men
and women as of 2013) meet the overall physical activity recommendations [13]. This lack of
overall fitness and physical activity has been shown to contribute directly to an increase in
mortality risk [14], among other diseases and conditions. Researchers have even compared it
to smoking, with one in 10 deaths being attributed to a sedentary lifestyle [15].

Buried among this doom and gloom of our sedentary society lie the health benefits for those
afflicted with acute and chronic diseases, such as diabetes, obesity, cardiovascular disease
(CVD), cancer, and other conditions that can be positively affected with regular physical
activity. Whether it is a complete elimination of signs and symptoms, or a mitigation of certain
chronic disease profiles, physical activity has shown promise in improving quality of life for
those with modifiable and nonmodifiable diagnoses [16]. A recent meta-analysis [17] found
that individuals who were physically active at levels lower than the minimum amount
recommended (150 min of moderate activity per week) also had a significantly lower risk of
coronary heart disease (CHD). This is an important finding, as those with sedentary lifestyles
and, as a result, low levels of fitness, can reduce their risk for disease with very modest and
achievable levels of physical activity. Two Harvard studies showed how little exercise is
necessary to reduce the risk of disease. In one paper, walking just ten blocks a day lowered
heart disease risk by 33% [18], and in another paper, walking just one hour per week was
enough to reduce heart disease risk by 20% [19]. Even in those who are overweight and/or
obese, but still exercise regularly, the outcomes are better than individuals who are thin and
fail to meet daily exercise recommendations. "What we're learning is that a body that exercises
regularly is generally a healthy body, whether that body is fat or thin," says Glenn Gaesser,
PhD, a professor of exercise and wellness at Arizona State University [20]. "The message should
really be that if you are exercising regularly, you shouldn't necessarily be looking at the scale
to determine how healthy or fit you are," Gaesser says [20].
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One very popular way to keep track of accumulated physical activity is body-mounted
accelerometers. Early versions were simplistic in nature. In 1780, Swiss horologist Abraham-
Louis Perrelet created the first pedometer that measured both steps and distance while
walking, basing this ingenious invention on a 1770 mechanism that powered a self-winding
watch [21]. Since Perrelet’s novel development, the field of accelerometry has grown into a
projected $5.9 billion industry by 2019 [22]. Brands like Garmin, Jawbone, and Fitbit have
captured the activity tracking market, while Samsung and Apple take hold of the smartwatch
domain. In between lay thousands of smartphone applications that you can download to turn
your phone into a de facto activity tracker, ranging from free to $1.99. According to a recent
(2015) publication in BMC Medicine, “consumer wearable devices for activity tracking have
shown promise in post-surgery recovery in cardiac patients, pulmonary rehabilitation, and
activity counseling in diabetic patients, among others” [23]. An earlier study (2007) suggested
that “the use of a pedometer is associated with significant increases in physical activity and
significant decreases in body mass index and blood pressure” [24]. Specifically, subjects that
tracked their steps, but did not have a step goal, averaged 686 more steps per day. Subjects
that were given a 10,000 step/day goal increased their overall step count by 2998 steps. Subjects
that were given a step goal, and also gradually increased their steps over the course of the
study, got 3175 more steps and an additional 1200 min of “non-seated” time. Overall,
pedometer wearers saw a rise in physical activity of 27% [24].

This chapter, appropriately titled “Activity Tracking and Improved Health Outcomes,” will go
into further detail on the benefits of using devices like pedometers and smartwatches to track
physical activity and exercise, while also investigating the improvement of health outcomes
as a result. Research in this area is gaining momentum and traction, but the data is not a slam-
dunk. Some studies show good correlations between tracking activity and improving overall
health [25], while others still believe that more work needs to be done, as it is a challenge to
track accurately and use the information advantageously [26]. Regardless, clinicians and
researchers have come to one conclusion—the widespread availability to collect patient-
centered information on their movement, nutrition, exercise, and sleep can modify risk factors,
further concrete healthy behavior change, and look at other outcomes like postsurgical activity
or changes in daily lifestyle habits when given new medications or dosages [27]. Our society
is slowly, but surely, becoming more and more quantified [28]. There is no better time than
now to understand how this quantified self can improve health outcomes with minimal
financial and time investment.

2. The health benefits of exercise

Our society has long been aware of the benefits and importance of regular physical activity.
For much of our young lives, it was a mandatory part of our regular education [29, 30], and a
significant contributor to public health [31, 32]. Sallis noted that “for maximal public health
benefit, school physical education programs should prepare children for a lifetime of physical
activity” [32]. It makes sense that schools would devote class time to increase the amount of
physical activity, given the intended consequences of more health and wellness down the line.
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As school children, we were exposed to hours of recess and physical activity, and summers
spent playing outdoors with friends and family. For some of us, as we progressed to middle
and high school, play turned to sport. Physical activity was now a component of achieving
success on the court or playing field. For those who did not compete in a sport, physical
education class might have been our only option for an increase in caloric expenditure during
the school day. It is at this point when we begin contemplating purposeful exercise—something
is more commonly known as “working out.” According to Dr. David Bassett, Jr., a professor
in the Department of Exercise, Sport, and Leisure Studies at the University of Tennessee,
Knoxville, exercise is a specific form of physical activity that is planned, purposeful, and
performed with the intention of acquiring fitness or other health benefits. Examples include
working out at a health club or recreation center, swimming, cycling, running, and recreational
sports [33].

As Dr. Bassett mentioned, purposeful exercise has an inherent intention to acquire fitness,
along with other health benefits. These benefits, long researched, in the form of recommen-
dations [34] and position stances [35–39] published regularly to increase the awareness of
regular physical activity and the importance of such. The most recent position stance on
exercise, courtesy of the ACSM, recommends “a comprehensive program of exercise including
cardiorespiratory, resistance, flexibility, and neuromotor exercise of sufficient volume and
quality…for apparently healthy adults of all ages” [39]. This stance, focused primarily on
healthy adults, delves into specific benefits of regular exercise that include a lower risk of all-
cause mortality and cardiovascular disease with increased levels of cardiorespiratory fitness
[39–43], a risk reduction in developing coronary heart disease (CHD), stroke, type 2 diabetes
(T2D), and some forms of cancer (e.g., colon and breast cancers) [44]. Additionally, regular
exercise and physical activity lower blood pressure, have been shown to improve lipoprotein
profile, C-reactive protein, and other CHD biomarkers, enhance insulin sensitivity, and play
an important role in weight management [44].

Clearly, evidence supports the health benefits of exercise in adults, especially when performed
on a regular basis. While exercise remains a somewhat ambiguous term or phrase, it is clear
that a well-rounded program, consisting of cardiovascular and resistance training, as well as
regular flexibility and neuromotor (read—functional fitness) exercise gives an individual an
excellent, and beneficial, chance to improve their overall health profile. More specifically, the
literature supports the following recommendations:

“The ACSM recommends that most adults engage in moderate-intensity cardiorespiratory
exercise training for ≥30 min d−1 on ≥5 d wk−1 for a total of ≥150 min wk−1, vigorous-intensity
cardiorespiratory exercise training for ≥20 min d−1 on ≥3 d wk−1 (≥75 min wk−1), or a combi-
nation of moderate- and vigorous-intensity exercise to achieve a total energy expenditure of
≥500–1000 MET min wk−1. On 2–3 d wk−1, adults should also perform resistance exercises for
each of the major muscle groups, and neuromotor exercise involving balance, agility, and
coordination. Crucial to maintaining joint range of movement, completing a series of flexi-
bility exercises for each of the major muscle-tendon groups (a total of 60 s per exercise) on
≥2 d wk−1 is recommended [39].
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While it would be easy to give blanket physical activity recommendations for children and
elderly adults, the above-mentioned recommendations cannot be directly translated to the
youth and the older population. Still—both groups benefit greatly from regular exercise with
comparable, and just as important, improvements in overall health and wellness. Children do
not consider purposeful exercise. Rather, they look at opportunities to play games and sports
with friends and family, both at school and at home, as ways to have fun and socialize. When
children engage in regular physical activity, they are less likely to become obese [45], will have
stronger muscles [46] and bones [47], lower their risk of developing type 2 diabetes [48], and
have a better outlook on life [49]. They will also sleep better [50] and learn to handle physical
and emotional challenges better [51]—skills that will undoubtedly translate when they reach
their teenage and adult years. The Centers for Disease Control and Prevention (CDC) recom-
mend children and adolescents accumulate 60 or more minutes of activity each day. Most of
those 60 min should be moderate (walking) to vigorous (running) aerobic activity, in addition
to 3 days of strength and resistance exercises (gymnastics or push-ups) per week, and 3 days
a week of bone-strengthening activities (jumping rope or running) [52]. The World Health
Organization (WHO) recommends children and youth (5–17 years old) accumulate at least 60
min of moderate- to vigorous-intensity physical activity daily, with amounts of physical
activity greater than 60 min providing additional health benefits [53]. WHO and CDC concur
on the bulk of a child’s daily activity being aerobic, incorporating vigorous-intensity activities
should, including those that strengthen muscle and bone at a minimum of three times per
week [52, 53].

As we age, we become progressively more sedentary. The reasons behind this are multifactorial
—elderly have self-reported barriers to exercise including inertia, fear of falling/safety, time,
negative affect, physical ailments, social, discomfort, weather, age, inconvenience, perceived
capability, and verbal persuasion [54]. With a rapid increase in the population of men and
women over the age of 65, it is important to know about how to overcome the barriers to
exercise that the elderly deal with on a regular basis. Specific recommendations include
identifying realistic goals, such as making it easier for an older adult to play with loved ones,
improving performance in activities of daily living, and improving the overall quality of life.
These strategies might improve exercise adherence and eliminate the above-mentioned
perceived barriers [54]. It can be difficult to persuade the elderly to become physically active.
As self-reported above, the elderly often believe themselves to be too old or frail for physical
activity.

When compared to prescriptions for better health, exercise is rarely viewed as a surrogate to
medication. Older adults also encounter more barriers to physical activity and exercise
participation [55]. Even so, exercise recommendations for the elderly exist. To promote and
maintain health, recommendations include moderate-intensity aerobic exercise 5 days a week
for a minimum of 30 min, or vigorous intensity aerobic activity 3 days a week for a minimum
of 20 min [56]. Strength and resistance training is also recommended for older adults. Recom-
mendations include performing activities that maintain or increase muscular strength and
endurance for a minimum of 2 days each week [56]. Examples include push-ups, squats, biceps
curls, triceps extensions, and any core or abdominal exercises. Ideally, one should perform 8–

Activity Tracking and Improved Health Outcomes
http://dx.doi.org/10.5772/65240

41



As school children, we were exposed to hours of recess and physical activity, and summers
spent playing outdoors with friends and family. For some of us, as we progressed to middle
and high school, play turned to sport. Physical activity was now a component of achieving
success on the court or playing field. For those who did not compete in a sport, physical
education class might have been our only option for an increase in caloric expenditure during
the school day. It is at this point when we begin contemplating purposeful exercise—something
is more commonly known as “working out.” According to Dr. David Bassett, Jr., a professor
in the Department of Exercise, Sport, and Leisure Studies at the University of Tennessee,
Knoxville, exercise is a specific form of physical activity that is planned, purposeful, and
performed with the intention of acquiring fitness or other health benefits. Examples include
working out at a health club or recreation center, swimming, cycling, running, and recreational
sports [33].

As Dr. Bassett mentioned, purposeful exercise has an inherent intention to acquire fitness,
along with other health benefits. These benefits, long researched, in the form of recommen-
dations [34] and position stances [35–39] published regularly to increase the awareness of
regular physical activity and the importance of such. The most recent position stance on
exercise, courtesy of the ACSM, recommends “a comprehensive program of exercise including
cardiorespiratory, resistance, flexibility, and neuromotor exercise of sufficient volume and
quality…for apparently healthy adults of all ages” [39]. This stance, focused primarily on
healthy adults, delves into specific benefits of regular exercise that include a lower risk of all-
cause mortality and cardiovascular disease with increased levels of cardiorespiratory fitness
[39–43], a risk reduction in developing coronary heart disease (CHD), stroke, type 2 diabetes
(T2D), and some forms of cancer (e.g., colon and breast cancers) [44]. Additionally, regular
exercise and physical activity lower blood pressure, have been shown to improve lipoprotein
profile, C-reactive protein, and other CHD biomarkers, enhance insulin sensitivity, and play
an important role in weight management [44].

Clearly, evidence supports the health benefits of exercise in adults, especially when performed
on a regular basis. While exercise remains a somewhat ambiguous term or phrase, it is clear
that a well-rounded program, consisting of cardiovascular and resistance training, as well as
regular flexibility and neuromotor (read—functional fitness) exercise gives an individual an
excellent, and beneficial, chance to improve their overall health profile. More specifically, the
literature supports the following recommendations:

“The ACSM recommends that most adults engage in moderate-intensity cardiorespiratory
exercise training for ≥30 min d−1 on ≥5 d wk−1 for a total of ≥150 min wk−1, vigorous-intensity
cardiorespiratory exercise training for ≥20 min d−1 on ≥3 d wk−1 (≥75 min wk−1), or a combi-
nation of moderate- and vigorous-intensity exercise to achieve a total energy expenditure of
≥500–1000 MET min wk−1. On 2–3 d wk−1, adults should also perform resistance exercises for
each of the major muscle groups, and neuromotor exercise involving balance, agility, and
coordination. Crucial to maintaining joint range of movement, completing a series of flexi-
bility exercises for each of the major muscle-tendon groups (a total of 60 s per exercise) on
≥2 d wk−1 is recommended [39].

Fitness Medicine40

While it would be easy to give blanket physical activity recommendations for children and
elderly adults, the above-mentioned recommendations cannot be directly translated to the
youth and the older population. Still—both groups benefit greatly from regular exercise with
comparable, and just as important, improvements in overall health and wellness. Children do
not consider purposeful exercise. Rather, they look at opportunities to play games and sports
with friends and family, both at school and at home, as ways to have fun and socialize. When
children engage in regular physical activity, they are less likely to become obese [45], will have
stronger muscles [46] and bones [47], lower their risk of developing type 2 diabetes [48], and
have a better outlook on life [49]. They will also sleep better [50] and learn to handle physical
and emotional challenges better [51]—skills that will undoubtedly translate when they reach
their teenage and adult years. The Centers for Disease Control and Prevention (CDC) recom-
mend children and adolescents accumulate 60 or more minutes of activity each day. Most of
those 60 min should be moderate (walking) to vigorous (running) aerobic activity, in addition
to 3 days of strength and resistance exercises (gymnastics or push-ups) per week, and 3 days
a week of bone-strengthening activities (jumping rope or running) [52]. The World Health
Organization (WHO) recommends children and youth (5–17 years old) accumulate at least 60
min of moderate- to vigorous-intensity physical activity daily, with amounts of physical
activity greater than 60 min providing additional health benefits [53]. WHO and CDC concur
on the bulk of a child’s daily activity being aerobic, incorporating vigorous-intensity activities
should, including those that strengthen muscle and bone at a minimum of three times per
week [52, 53].

As we age, we become progressively more sedentary. The reasons behind this are multifactorial
—elderly have self-reported barriers to exercise including inertia, fear of falling/safety, time,
negative affect, physical ailments, social, discomfort, weather, age, inconvenience, perceived
capability, and verbal persuasion [54]. With a rapid increase in the population of men and
women over the age of 65, it is important to know about how to overcome the barriers to
exercise that the elderly deal with on a regular basis. Specific recommendations include
identifying realistic goals, such as making it easier for an older adult to play with loved ones,
improving performance in activities of daily living, and improving the overall quality of life.
These strategies might improve exercise adherence and eliminate the above-mentioned
perceived barriers [54]. It can be difficult to persuade the elderly to become physically active.
As self-reported above, the elderly often believe themselves to be too old or frail for physical
activity.

When compared to prescriptions for better health, exercise is rarely viewed as a surrogate to
medication. Older adults also encounter more barriers to physical activity and exercise
participation [55]. Even so, exercise recommendations for the elderly exist. To promote and
maintain health, recommendations include moderate-intensity aerobic exercise 5 days a week
for a minimum of 30 min, or vigorous intensity aerobic activity 3 days a week for a minimum
of 20 min [56]. Strength and resistance training is also recommended for older adults. Recom-
mendations include performing activities that maintain or increase muscular strength and
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10 exercises, using major muscle groups, on two or more nonconsecutive days per week.
Flexibility and balance are also excellent additions to a well-rounded exercise program for the
elderly. Older adults should regularly perform activities with a goal of maintaining or
increasing flexibility at least twice a week for a minimum of 10 min each day. Additionally,
older adults that are independent and live without assistance should perform exercises that
maintain or improve balance to decrease the substantial risk of falls [56, 57]. Since more than
1.3 million adults in the U.S. visit the emergency department for fall-related injuries each year,
exercise can have a drastic impact on fall prevention [58]. It is important for folks in their sixth
decade and beyond to exercise, as it can reduce the risk of falls and injuries from falls [59],
prevent functional limitations [60–63], and can serve as effective therapy for many chronic
diseases, many of which will be covered in the next section.

3. Disease prevention and mitigation with exercise

As covered in the previous section, there is a clear relationship [64, 65] between improved
health and wellness and the inclusion of regular physical activity. While it would be an ideal
scenario for everyone to accumulate the recommended bouts of exercise week after week,
research has shown that we are less active on a regular basis, especially in the last 50 years [3].
With an increase in sedentary time comes an increase in diseases [66] that could, conceivably,
be prevented with more movement throughout the day. Over the next few pages, ways to
prevent, mitigate, or eliminate chronic or modifiable diseases, like diabetes and hypertension
(HTN), will be discussed. The focal point will be on specific exercise recommendations and
outcomes that revolve around incorporating physical activity with the sole goal of disease
prevention and elimination.

When one thinks of diseases that are related to inactivity and a sedentary lifestyle, many come
to mind. According to the WHO, “sedentary lifestyles increase all causes of mortality, double
the risk of cardiovascular diseases, diabetes, and obesity, and increase the risks of colon cancer,
high blood pressure, osteoporosis, lipid disorders, depression and anxiety” [67]. There is
another conformation of diseases that result from a lack of daily caloric expenditure called
metabolic syndrome. It is defined as having three of the following five conditions—abdominal
obesity, high triglycerides, low high density lipoprotein (HDL) cholesterol, high blood
pressure, and high fasting blood sugar [68]. Regardless of what disease or diseases one has, it
has been proven that exercise can help prevent, reduce, or eliminate the signs and symptoms
of one or more acute or chronic conditions.

3.1. Exercise and mortality risk

When we think of exercise, one thing that comes to mind is how it can positively effect and
improve our quality of life. We rarely think of how it can prevent us from dying early, yet
data supports this “fact of life.” Fortunately, it does not take much to move the needle.
Those who did a little movement (less than the amount outlined in the 2008 Physical Activi-
ty Guidelines for Americans) still had a 20% lower mortality risk when compared with indi-
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viduals who did no exercise at all. Those who exercised for the minimum recommended
physical-activity target had a 31% lower risk of dying compared with their sedentary coun-
terparts. Those who did a lot more, including those who exceeded the weekly recommenda-
tions, had an even larger reduction in mortality risk. On the extreme ends of the exercise
spectrum, individuals who performed 3–5 times the recommended minimum for physical
activity had nearly a 40% mortality risk reduction when compared to sedentary individuals
[69]. It is clear that an exercise dose-response exists and, as this data shows, it seems to be a
minimal dose with a maximal response when looking at mortality risk. Studies have taken a
deeper look into specific exercise modalities—one being a very popular and widespread
form of aerobic exercise: jogging. In its Outdoor Participation Report, the Outdoor Founda-
tion noted that 31.6 million adults over the age of 25 went running or jogging in 2016 [70].
Such a widespread physical activity can have beneficial effects on health and wellness, even
in small doses. One research study that compared joggers to nonjoggers, completing as little
as 1–2.4 h/week of jogging, had lower mortality rates. Based on these results, the authors
recommend modest jogging recommendations of 2–3 times per week for a total cumulative
duration of 2.5 h [71]. While it seems counterintuitive, it does not take much physical activi-
ty to improve our chances at survival and longevity. If nothing else, some light cardiovascu-
lar activity can improve the time we spend alive, with friends and family. Since the exercise
recommendations are modest, it is important to spread the word to those who need help
getting started on a regular activity program.

3.2. Exercise and cardiovascular disease risk

Cardiovascular disease (CVD) is prevalent across both genders and all backgrounds and
nationalities. According to a recent report from the American Heart Association [72], one of
every three deaths in the U.S. in 2013 was from heart disease, stroke, and other CVDs.
Additionally, heart disease and stroke were the top two killers worldwide. In the United States,
CVDs claimed 801,000 lives, and heart disease killed more than 370,000 people. 795,000 people
suffered strokes, 129,000 of which did not survive. 116,000 of the 750,000 people in the U.S.
who had a heart attack died [72]. Even cost is an issue with those afflicted with CVD—costs
for each U.S. state can be up to $26 billion, and the cost of lost work days can be up to $1.3
billion [73]. Damning evidence, but what can we do about it? Is exercise the answer to combat
the risk of CVD? As we learned above, it can help improve our quality of life and decrease the
risk of mortality. As CVD claims nearly a million lives in the United States each year, it would
be presumptive that exercise could work in a similar fashion.

It has been repeatedly shown that an inverse relationship exists between physical activity and
the occurrence of CVDs. This means that with an increase in physical activity, the relative risk
of developing CVD is decreased [74]. Regular physical activity using large muscle groups
(quadriceps, hamstrings, as well as the muscles of the chest, back, and upper arms), like
walking, running, or swimming, produces cardiovascular adaptations that increase exercise
capacity, endurance, and skeletal muscle strength. Routine physical activity also prevents the
development of coronary artery disease (CAD) and reduces symptoms in patients with
established cardiovascular disease [75]. Thus, it has been proven that we can reduce the
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older adults that are independent and live without assistance should perform exercises that
maintain or improve balance to decrease the substantial risk of falls [56, 57]. Since more than
1.3 million adults in the U.S. visit the emergency department for fall-related injuries each year,
exercise can have a drastic impact on fall prevention [58]. It is important for folks in their sixth
decade and beyond to exercise, as it can reduce the risk of falls and injuries from falls [59],
prevent functional limitations [60–63], and can serve as effective therapy for many chronic
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health and wellness and the inclusion of regular physical activity. While it would be an ideal
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When one thinks of diseases that are related to inactivity and a sedentary lifestyle, many come
to mind. According to the WHO, “sedentary lifestyles increase all causes of mortality, double
the risk of cardiovascular diseases, diabetes, and obesity, and increase the risks of colon cancer,
high blood pressure, osteoporosis, lipid disorders, depression and anxiety” [67]. There is
another conformation of diseases that result from a lack of daily caloric expenditure called
metabolic syndrome. It is defined as having three of the following five conditions—abdominal
obesity, high triglycerides, low high density lipoprotein (HDL) cholesterol, high blood
pressure, and high fasting blood sugar [68]. Regardless of what disease or diseases one has, it
has been proven that exercise can help prevent, reduce, or eliminate the signs and symptoms
of one or more acute or chronic conditions.

3.1. Exercise and mortality risk

When we think of exercise, one thing that comes to mind is how it can positively effect and
improve our quality of life. We rarely think of how it can prevent us from dying early, yet
data supports this “fact of life.” Fortunately, it does not take much to move the needle.
Those who did a little movement (less than the amount outlined in the 2008 Physical Activi-
ty Guidelines for Americans) still had a 20% lower mortality risk when compared with indi-
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tions, had an even larger reduction in mortality risk. On the extreme ends of the exercise
spectrum, individuals who performed 3–5 times the recommended minimum for physical
activity had nearly a 40% mortality risk reduction when compared to sedentary individuals
[69]. It is clear that an exercise dose-response exists and, as this data shows, it seems to be a
minimal dose with a maximal response when looking at mortality risk. Studies have taken a
deeper look into specific exercise modalities—one being a very popular and widespread
form of aerobic exercise: jogging. In its Outdoor Participation Report, the Outdoor Founda-
tion noted that 31.6 million adults over the age of 25 went running or jogging in 2016 [70].
Such a widespread physical activity can have beneficial effects on health and wellness, even
in small doses. One research study that compared joggers to nonjoggers, completing as little
as 1–2.4 h/week of jogging, had lower mortality rates. Based on these results, the authors
recommend modest jogging recommendations of 2–3 times per week for a total cumulative
duration of 2.5 h [71]. While it seems counterintuitive, it does not take much physical activi-
ty to improve our chances at survival and longevity. If nothing else, some light cardiovascu-
lar activity can improve the time we spend alive, with friends and family. Since the exercise
recommendations are modest, it is important to spread the word to those who need help
getting started on a regular activity program.

3.2. Exercise and cardiovascular disease risk

Cardiovascular disease (CVD) is prevalent across both genders and all backgrounds and
nationalities. According to a recent report from the American Heart Association [72], one of
every three deaths in the U.S. in 2013 was from heart disease, stroke, and other CVDs.
Additionally, heart disease and stroke were the top two killers worldwide. In the United States,
CVDs claimed 801,000 lives, and heart disease killed more than 370,000 people. 795,000 people
suffered strokes, 129,000 of which did not survive. 116,000 of the 750,000 people in the U.S.
who had a heart attack died [72]. Even cost is an issue with those afflicted with CVD—costs
for each U.S. state can be up to $26 billion, and the cost of lost work days can be up to $1.3
billion [73]. Damning evidence, but what can we do about it? Is exercise the answer to combat
the risk of CVD? As we learned above, it can help improve our quality of life and decrease the
risk of mortality. As CVD claims nearly a million lives in the United States each year, it would
be presumptive that exercise could work in a similar fashion.

It has been repeatedly shown that an inverse relationship exists between physical activity and
the occurrence of CVDs. This means that with an increase in physical activity, the relative risk
of developing CVD is decreased [74]. Regular physical activity using large muscle groups
(quadriceps, hamstrings, as well as the muscles of the chest, back, and upper arms), like
walking, running, or swimming, produces cardiovascular adaptations that increase exercise
capacity, endurance, and skeletal muscle strength. Routine physical activity also prevents the
development of coronary artery disease (CAD) and reduces symptoms in patients with
established cardiovascular disease [75]. Thus, it has been proven that we can reduce the
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likelihood of CVD with regular exercise. How much mitigation or prevention remains to be
seen, but we know through numerous studies that there is a positive relationship that exists.

3.3. Exercise and diabetes prevention/mitigation

Since 1980, the number of people with diabetes has risen from 108 million to 422 million in
2014, and the global prevalence of diabetes among adults over the age of 18 has risen from
4.7% to 8.5% in 2014 [76]. In areas of middle and low-income, diabetes prevalence is trending
upwards, and contributes to blindness, kidney failure, heart attacks, stroke, and lower limb
amputation [76]. 1.5 million deaths were caused by diabetes and another 2.2 million deaths
were attributed to high blood glucose in 2012 [76], with half of those deaths attributable to high
blood glucose occurring before 70 years of age [76]. The World Health Organization projects
that diabetes will be the 7th leading cause of death by 2030 [77], a staggering thought consid-
ering the relative stranglehold that cancer and heart disease have on mortality.

A great deal of evidence has been collected that supports physical activity, among other
therapies, may be useful in preventing or delaying the onset of type 2 diabetes (T2D). There
are now three published trials documenting that, with lifestyle modification (weight loss and
regular moderate physical activity), diabetes can be delayed or prevented [78–81]. Addition-
ally, other research has proven that long-term interventions, using both diet and exercise, leads
to substantial metabolic improvement that may contribute to prevent or postpone manifest
diabetes [82]. In the case of T2D, exercise is truly medicine. Increasing physical activity can
reduce the incidence of T2D by almost 60% in people at risk [83].

3.4. Exercise and obesity

While increased caloric intake is often blamed for rising rates of obesity, no association between
these two variables was found in a recent study, which looked at data from the National Health
and Nutrition Examination Survey (NHANES) from 1988 to 2010. More importantly, and in
the interest of this particular chapter, an association was found between the trends over time
for lack of physical activity and high BMI numbers [84]. Society is less active than we once
were, especially at work, where we expend roughly 100–150 calories/day less than what we
used to in the 1960s. Researchers from this study noted that such a dramatic reduction in daily
calorie burn from our jobs alone, extrapolated over the course of a year, could explain the
steady rise in weight gain [3]. This weight gain is not limited to adults alone. A recent study
found that roughly a third of obese preschool children were obese as adults, and about half of
obese school-age children were obese as adults. Across all conditions, the risk of adult obesity
was at least twice as high for obese children as for non-obese children. The risk of adult obesity
was greater for children who were at higher levels of obesity and for children who were obese
at older ages [85]. Children or adults alike, when individuals increase physical activity, there
is a positive relationship with reductions in total adiposity [86]. It has also been shown that
physical activity is associated with reduction in abdominal and visceral fat, both of which can
contribute to other diseases within the body, particularly the cardiovascular system [87, 88].
More specifically, the more exercise and activity one gets, the less fat an individual has. We
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need to be physically active to burn more calories and, in turn, see reductions in body
composition.

3.5. Exercise and cancer prevention

Cancer and exercise have a tricky relationship. Often, those diagnosed and undergoing
treatment for cancer do not have the energy for physical activity, yet it can be beneficial for
one’s overall health and well-being, especially in the throes of such a debilitating disease.
Women undergoing chemotherapy or radiation therapy for breast cancer that maintained a
regular exercise routine (at least 90 min in duration per week for 3 or more days) felt less
fatigued and emotionally distressed, and had higher functional ability and quality of life when
compared to their less active counterparts [9]. A recent meta-analysis found an inverse
association between physical activity and colon cancer. Individuals can likely reduce their risk
of colon cancer with the addition of physical activity [89]. Breast cancer seems to be just as
responsive, as there is reasonably clear evidence that physically active women have about
nearly a third of the risk when compared to inactive women. Even more, just 30–60 min of
moderate to vigorous activity per week has been shown to reduce the risk of breast cancer [89].
Like the previously mentioned mortality rates, it does not take much to reduce the likelihood
of such a terrible disease like cancer. In addition to risk reduction, there is also the benefit of
exercise and cancer survivorship. Participants with higher levels of physical activity following
a cancer diagnosis were less likely to have a cancer recurrence and had increased survival [90].
Over 20 studies have examined the impact of physical activity on the risk of lung cancer.
Overall, this wealth of data suggests an inverse association between physical activity and lung
cancer risk. In fact, the most physically active individuals experienced about a 20% reduction
in risk. A theme is recurring—exercise is medicine [91].

3.6. Exercise and hypertension

Exercise is advocated for the prevention, treatment, and control of high blood pressure or
hypertension (HTN) [92]. When left uncontrolled, high blood pressure can lead to stroke by
damaging and weakening blood vessels in the brain, causing them to narrow, rupture, or leak.
High blood pressure can also cause blood clots to form in the arteries leading to the brain,
blocking blood flow, and potentially causing a stroke. It can also cause arterial and kidney
complications, in addition to the eyes, bones, and sleep [93]. Exercise intervention studies have
shown that regular aerobic exercise significantly lowers blood pressure in hypertensive
individuals. Regular physical activity—somewhere in the ballpark of 30 min on most days of
the week—can lower the blood pressure by 4–9 mm of mercury [94]. As exercise intensity
moves from moderate to vigorous, it may be even more effective in lowering blood pressure.
Since exercise-induced reductions in resting blood pressure and prevention of abnormal
increases in blood pressure during physical exertion can lead to fewer cardiovascular events,
it makes sense that the same benefits for exercise and CVD are correlated to HTN. Most
importantly, they can allow folks with HTN to come off medications, see fewer medication-
related side-effects, and, as has been repeated, improve quality of life [95]. High blood pressure
is not a terminal diagnosis, but it can lead to further complications that can be quite deleterious
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likelihood of CVD with regular exercise. How much mitigation or prevention remains to be
seen, but we know through numerous studies that there is a positive relationship that exists.

3.3. Exercise and diabetes prevention/mitigation

Since 1980, the number of people with diabetes has risen from 108 million to 422 million in
2014, and the global prevalence of diabetes among adults over the age of 18 has risen from
4.7% to 8.5% in 2014 [76]. In areas of middle and low-income, diabetes prevalence is trending
upwards, and contributes to blindness, kidney failure, heart attacks, stroke, and lower limb
amputation [76]. 1.5 million deaths were caused by diabetes and another 2.2 million deaths
were attributed to high blood glucose in 2012 [76], with half of those deaths attributable to high
blood glucose occurring before 70 years of age [76]. The World Health Organization projects
that diabetes will be the 7th leading cause of death by 2030 [77], a staggering thought consid-
ering the relative stranglehold that cancer and heart disease have on mortality.

A great deal of evidence has been collected that supports physical activity, among other
therapies, may be useful in preventing or delaying the onset of type 2 diabetes (T2D). There
are now three published trials documenting that, with lifestyle modification (weight loss and
regular moderate physical activity), diabetes can be delayed or prevented [78–81]. Addition-
ally, other research has proven that long-term interventions, using both diet and exercise, leads
to substantial metabolic improvement that may contribute to prevent or postpone manifest
diabetes [82]. In the case of T2D, exercise is truly medicine. Increasing physical activity can
reduce the incidence of T2D by almost 60% in people at risk [83].

3.4. Exercise and obesity

While increased caloric intake is often blamed for rising rates of obesity, no association between
these two variables was found in a recent study, which looked at data from the National Health
and Nutrition Examination Survey (NHANES) from 1988 to 2010. More importantly, and in
the interest of this particular chapter, an association was found between the trends over time
for lack of physical activity and high BMI numbers [84]. Society is less active than we once
were, especially at work, where we expend roughly 100–150 calories/day less than what we
used to in the 1960s. Researchers from this study noted that such a dramatic reduction in daily
calorie burn from our jobs alone, extrapolated over the course of a year, could explain the
steady rise in weight gain [3]. This weight gain is not limited to adults alone. A recent study
found that roughly a third of obese preschool children were obese as adults, and about half of
obese school-age children were obese as adults. Across all conditions, the risk of adult obesity
was at least twice as high for obese children as for non-obese children. The risk of adult obesity
was greater for children who were at higher levels of obesity and for children who were obese
at older ages [85]. Children or adults alike, when individuals increase physical activity, there
is a positive relationship with reductions in total adiposity [86]. It has also been shown that
physical activity is associated with reduction in abdominal and visceral fat, both of which can
contribute to other diseases within the body, particularly the cardiovascular system [87, 88].
More specifically, the more exercise and activity one gets, the less fat an individual has. We
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need to be physically active to burn more calories and, in turn, see reductions in body
composition.

3.5. Exercise and cancer prevention

Cancer and exercise have a tricky relationship. Often, those diagnosed and undergoing
treatment for cancer do not have the energy for physical activity, yet it can be beneficial for
one’s overall health and well-being, especially in the throes of such a debilitating disease.
Women undergoing chemotherapy or radiation therapy for breast cancer that maintained a
regular exercise routine (at least 90 min in duration per week for 3 or more days) felt less
fatigued and emotionally distressed, and had higher functional ability and quality of life when
compared to their less active counterparts [9]. A recent meta-analysis found an inverse
association between physical activity and colon cancer. Individuals can likely reduce their risk
of colon cancer with the addition of physical activity [89]. Breast cancer seems to be just as
responsive, as there is reasonably clear evidence that physically active women have about
nearly a third of the risk when compared to inactive women. Even more, just 30–60 min of
moderate to vigorous activity per week has been shown to reduce the risk of breast cancer [89].
Like the previously mentioned mortality rates, it does not take much to reduce the likelihood
of such a terrible disease like cancer. In addition to risk reduction, there is also the benefit of
exercise and cancer survivorship. Participants with higher levels of physical activity following
a cancer diagnosis were less likely to have a cancer recurrence and had increased survival [90].
Over 20 studies have examined the impact of physical activity on the risk of lung cancer.
Overall, this wealth of data suggests an inverse association between physical activity and lung
cancer risk. In fact, the most physically active individuals experienced about a 20% reduction
in risk. A theme is recurring—exercise is medicine [91].

3.6. Exercise and hypertension

Exercise is advocated for the prevention, treatment, and control of high blood pressure or
hypertension (HTN) [92]. When left uncontrolled, high blood pressure can lead to stroke by
damaging and weakening blood vessels in the brain, causing them to narrow, rupture, or leak.
High blood pressure can also cause blood clots to form in the arteries leading to the brain,
blocking blood flow, and potentially causing a stroke. It can also cause arterial and kidney
complications, in addition to the eyes, bones, and sleep [93]. Exercise intervention studies have
shown that regular aerobic exercise significantly lowers blood pressure in hypertensive
individuals. Regular physical activity—somewhere in the ballpark of 30 min on most days of
the week—can lower the blood pressure by 4–9 mm of mercury [94]. As exercise intensity
moves from moderate to vigorous, it may be even more effective in lowering blood pressure.
Since exercise-induced reductions in resting blood pressure and prevention of abnormal
increases in blood pressure during physical exertion can lead to fewer cardiovascular events,
it makes sense that the same benefits for exercise and CVD are correlated to HTN. Most
importantly, they can allow folks with HTN to come off medications, see fewer medication-
related side-effects, and, as has been repeated, improve quality of life [95]. High blood pressure
is not a terminal diagnosis, but it can lead to further complications that can be quite deleterious
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if left uncontrolled. It is important to begin stressing exercise as a modifier in order to eliminate
the stress that HTN places on the cardiovascular system.

3.7. Exercise and osteoporosis

Often thought of as a disease that only impacts older women, osteoporosis is characterized by
low bone mineral density (BMD), coupled with deterioration of bone tissue. These two factors
contribute to an increase in bone fragility, leaving those afflicted with this systemic skeletal
disease more susceptible to fracture. While fractures might not seem like a big deal, as we age,
it becomes more and more important to avoid them at all costs. Nationally, an estimated 13–
18% of women and 1–4% of men age 50 and older have osteoporosis; an additional 37–50% of
women and 28–47% of men age 50 and older have low bone mass [96]. A recent meta-analysis
revealed that women sustaining a hip fracture were five times as likely and men nearly eight
times as likely to die within the first 3 months as compared with age- and sex-matched controls
[97]. Given the fragility of the skeletal system for those with osteoporosis, it is important to
know how to prevent fractures and preserve bone strength.

Osteoporosis is a silent disease that does not cause pain or outward signs of an underlying
cause or condition. It has become the most common bone disease worldwide, thus making it
a major health problem. One of the contributing factors to maintaining bone health is regular
weight-bearing exercise throughout the life span. Moderate exercise protects against osteopo-
rosis, but too little or extremely prolonged bouts of exercise may cause osteoporosis [98].
Unfortunately, as we age, we progressively become sedentary [99]. This is largely attributed
to a lack of energy, muscle mass, adequate caloric intake, and fear of injuring oneself and
becoming less independent. Disuse and inactivity can cause bone loss, whereas weight-bearing
exercises may maintain or improve bone mineral density. There is a significant correlation
between muscle strength and bone mineral density, as well as enough evidence to support
strengthening exercises leading to an increase in BMD. A well-rounded exercise program,
incorporating cardiovascular and resistance training, as well as balance exercises, may prove
to be effective for retarding age-related bone loss [100]. At the very least, with more weight-
bearing movement (e.g., jogging, running, hopping, or skipping), the likelihood of physical
inactivity-related damage to the skeletal system is reduced.

3.8. Exercise and lipid disorders

Physical activity, which involves working major muscle groups like the quadriceps and
hamstrings, is vital when controlling lipid metabolism and preventing lipid disorders.
Increased physical activity induces a number of positive changes in the metabolism of
lipoproteins—serum triglycerides are lowered and the high density lipoprotein (HDL)
production is increased [101]. Intervention programs that revolve around daily physical
activity can have a positive effect on the concentrations of plasma lipids and lipoproteins, thus
reducing the risk of coronary artery disease (CAD) [102]. Specifically, programs that expend
roughly 1200–2200 kilocalories of energy per week (kcal/week), the equivalent of 15–20 miles/
week of brisk walking or jogging, is associated with significant triglyceride reduction and HDL
increases. It can be posited that, for most individuals, the benefits of regular physical activity
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are present at low training volumes, so long as total caloric expenditure is between 1200 and
2200 and accrue kcals/week. Weekly caloric expenditures through purposeful exercise that
meet or exceed the higher end of this range are more likely to produce the desired lipid changes.
As far as lipid control is concerned, it is clear that more exercise is better. So much is already
known about the benefits of exercise and the concomitant lipid and lipoprotein modifications,
as well as the physiological mechanisms for such changes. Exercise professionals and those
working in preventative medicine can strive to develop more comprehensive exercise pro-
gramming to optimize specific caloric expenditure to take advantage of such personalized data
and knowledge [103].

3.9. Exercise and depression

Depression is a mood disorder that causes a persistent feeling of sadness and loss of interest.
It can affect how you feel, think, and behave and can lead to a variety of emotional and physical
problems, including issues with activities of daily living, or even feeling as if life is not worth
living [104]. Fortunately, exercise has been shown to benefit those who suffer from depression.
A study that looked at individuals with major depression found that those who participated
in 4 months of aerobic exercise saw a significant reduction in their depression symptoms. Even
more powerful was that if they kept exercising, there was a significant therapeutic benefit over
time, with regards to a relapse in symptoms [105]. In short, if they kept up with an exercise
program, the antidepressant benefits continued. A review of the literature suggests that
exercise is more effective in treating depression than no treatment, and is as effective as
psychotherapy and antidepressant medication [106, 107]. Unfortunately, the majority of
studies has significant methodological shortcomings. These conclusions are consistent with
three recent meta-analyses [108]. In the most recent meta-analysis, Lawlor and Hopker [108]
found that exercise was associated with a greater reduction in depressive symptoms when
compared with no treatment, and was as effective as cognitive therapy. However, because of
the poor quality of evidence reviewed, the effectiveness of exercise in reducing symptoms of
depression could not be determined. Therefore, exercise professionals and preventative
medicine specialists should proceed with caution when looking for alternative means to help
patients afflicted with a depression diagnosis.

3.10. Exercise and anxiety

Anxiety is a somewhat ubiquitous term. The most common form of anxiety, general anxiety
disorder (GAD), has a wide range of symptoms that frequently vary. They include, but are not
limited to persistent worrying or obsession, inability to set aside or let go, inability to relax,
difficulty concentrating, worrying, and distress about decision making [109]. The relationship
between exercise and anxiety has been extensively examined over the last 15 years [110], and
the results are somewhat similar to its common counterpart, depression, reviewed above.
According to the Anxiety and Depression Association of America, it is not uncommon for
someone with an anxiety disorder to also suffer from depression or vice versa. Nearly one-half
of those diagnosed with depression are also diagnosed with an anxiety disorder [111].
Individuals taking part in exercising conditions significantly reduced anxiety, and additional
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if left uncontrolled. It is important to begin stressing exercise as a modifier in order to eliminate
the stress that HTN places on the cardiovascular system.

3.7. Exercise and osteoporosis

Often thought of as a disease that only impacts older women, osteoporosis is characterized by
low bone mineral density (BMD), coupled with deterioration of bone tissue. These two factors
contribute to an increase in bone fragility, leaving those afflicted with this systemic skeletal
disease more susceptible to fracture. While fractures might not seem like a big deal, as we age,
it becomes more and more important to avoid them at all costs. Nationally, an estimated 13–
18% of women and 1–4% of men age 50 and older have osteoporosis; an additional 37–50% of
women and 28–47% of men age 50 and older have low bone mass [96]. A recent meta-analysis
revealed that women sustaining a hip fracture were five times as likely and men nearly eight
times as likely to die within the first 3 months as compared with age- and sex-matched controls
[97]. Given the fragility of the skeletal system for those with osteoporosis, it is important to
know how to prevent fractures and preserve bone strength.

Osteoporosis is a silent disease that does not cause pain or outward signs of an underlying
cause or condition. It has become the most common bone disease worldwide, thus making it
a major health problem. One of the contributing factors to maintaining bone health is regular
weight-bearing exercise throughout the life span. Moderate exercise protects against osteopo-
rosis, but too little or extremely prolonged bouts of exercise may cause osteoporosis [98].
Unfortunately, as we age, we progressively become sedentary [99]. This is largely attributed
to a lack of energy, muscle mass, adequate caloric intake, and fear of injuring oneself and
becoming less independent. Disuse and inactivity can cause bone loss, whereas weight-bearing
exercises may maintain or improve bone mineral density. There is a significant correlation
between muscle strength and bone mineral density, as well as enough evidence to support
strengthening exercises leading to an increase in BMD. A well-rounded exercise program,
incorporating cardiovascular and resistance training, as well as balance exercises, may prove
to be effective for retarding age-related bone loss [100]. At the very least, with more weight-
bearing movement (e.g., jogging, running, hopping, or skipping), the likelihood of physical
inactivity-related damage to the skeletal system is reduced.

3.8. Exercise and lipid disorders

Physical activity, which involves working major muscle groups like the quadriceps and
hamstrings, is vital when controlling lipid metabolism and preventing lipid disorders.
Increased physical activity induces a number of positive changes in the metabolism of
lipoproteins—serum triglycerides are lowered and the high density lipoprotein (HDL)
production is increased [101]. Intervention programs that revolve around daily physical
activity can have a positive effect on the concentrations of plasma lipids and lipoproteins, thus
reducing the risk of coronary artery disease (CAD) [102]. Specifically, programs that expend
roughly 1200–2200 kilocalories of energy per week (kcal/week), the equivalent of 15–20 miles/
week of brisk walking or jogging, is associated with significant triglyceride reduction and HDL
increases. It can be posited that, for most individuals, the benefits of regular physical activity
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are present at low training volumes, so long as total caloric expenditure is between 1200 and
2200 and accrue kcals/week. Weekly caloric expenditures through purposeful exercise that
meet or exceed the higher end of this range are more likely to produce the desired lipid changes.
As far as lipid control is concerned, it is clear that more exercise is better. So much is already
known about the benefits of exercise and the concomitant lipid and lipoprotein modifications,
as well as the physiological mechanisms for such changes. Exercise professionals and those
working in preventative medicine can strive to develop more comprehensive exercise pro-
gramming to optimize specific caloric expenditure to take advantage of such personalized data
and knowledge [103].

3.9. Exercise and depression

Depression is a mood disorder that causes a persistent feeling of sadness and loss of interest.
It can affect how you feel, think, and behave and can lead to a variety of emotional and physical
problems, including issues with activities of daily living, or even feeling as if life is not worth
living [104]. Fortunately, exercise has been shown to benefit those who suffer from depression.
A study that looked at individuals with major depression found that those who participated
in 4 months of aerobic exercise saw a significant reduction in their depression symptoms. Even
more powerful was that if they kept exercising, there was a significant therapeutic benefit over
time, with regards to a relapse in symptoms [105]. In short, if they kept up with an exercise
program, the antidepressant benefits continued. A review of the literature suggests that
exercise is more effective in treating depression than no treatment, and is as effective as
psychotherapy and antidepressant medication [106, 107]. Unfortunately, the majority of
studies has significant methodological shortcomings. These conclusions are consistent with
three recent meta-analyses [108]. In the most recent meta-analysis, Lawlor and Hopker [108]
found that exercise was associated with a greater reduction in depressive symptoms when
compared with no treatment, and was as effective as cognitive therapy. However, because of
the poor quality of evidence reviewed, the effectiveness of exercise in reducing symptoms of
depression could not be determined. Therefore, exercise professionals and preventative
medicine specialists should proceed with caution when looking for alternative means to help
patients afflicted with a depression diagnosis.

3.10. Exercise and anxiety

Anxiety is a somewhat ubiquitous term. The most common form of anxiety, general anxiety
disorder (GAD), has a wide range of symptoms that frequently vary. They include, but are not
limited to persistent worrying or obsession, inability to set aside or let go, inability to relax,
difficulty concentrating, worrying, and distress about decision making [109]. The relationship
between exercise and anxiety has been extensively examined over the last 15 years [110], and
the results are somewhat similar to its common counterpart, depression, reviewed above.
According to the Anxiety and Depression Association of America, it is not uncommon for
someone with an anxiety disorder to also suffer from depression or vice versa. Nearly one-half
of those diagnosed with depression are also diagnosed with an anxiety disorder [111].
Individuals taking part in exercising conditions significantly reduced anxiety, and additional
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analyses indicated that subjects experienced an acute increase in anxiety during exercise that
subsided upon completion of the exercise bout [112]. More specifically, men who ran on a
treadmill at 75% of their VO2max for 30 min saw significant reductions in anxiety following
exercise at 10-min intervals up to 30 min [113]. In a different study, subjects exercised at a lesser
intensity (70% of VO2max) saw a similar reduction in anxiety, when compared to meditation and
quiet rest [114]. Other research has found that aerobic exercise of at least 21 min seems
necessary to achieve reductions in anxiety, thus offering therapeutic benefits for reducing
anxiety without the dangers or costs of drug therapy or psychotherapy [110]. Perhaps it might
be time to pursue nonpharmacological options when treating patients with GAD. The data
seems to strongly support such a notion.

3.11. Disease mitigation and prevention conclusion

With all the evidence so strongly supporting physical activity as a way to modify certain
lifestyle and health issues, it seems as though more practitioners would prescribe exercise and
employ the help of trained exercise science professionals. Unfortunately, health care does not
cover the vast majority of services that can be performed by health and wellness specialists,
who have an extensive background in disease prevention through exercise, as well as exercise
prescription and modification for special populations. Nevertheless, books such as this will
serve as the vanguard for providers looking to add more than just a new prescription to their
patient’s medicine cabinet. It is much easier to engage in physical activity, in the form of
walking, cycling, or resistance training exercises when you know the cumulative benefits and
how they can alter the potential risks of a sedentary lifestyle. It is not a short-term fix—it is a
lifestyle change that has been shown to benefit individuals in need of a change to their quality
of life.

4. Tracking and disease prevention/mitigation

As simple as it seems, many of the diseases and conditions mentioned in the previous section
have been shown to either resolve or reduce in severity when those afflicted undergo an
exercise program with regular physical activity. The research documenting the health benefits
of exercise is convincing, but finding ways to encourage sedentary patients to become more
active remains a challenge [115]. One concept that is relatively new is keeping track of total
exercise minutes from week to week, in an attempt to accumulate the recommended minutes
of exercise to see the specific benefits related to the disease(s). Unfortunately, human beings
are not as good as remembering exercise times, or many other things, as we might think. Thus,
the importance of tracking health data and information is at a premium in our multitasking
society. According to Pew Research [116], 70% of the US adults track at least one health metric
daily, but the array of how they track varied. 43% were “head trackers,” meaning they kept
track in their heads—essentially memorizing what they did; 41% used more traditional
methods of writing it down on paper; and 23% used technology to track health data and
statistics [116]. Given the prevalence of commercially available activity tracking devices, like
Fitbit, we can overcome our forgetful nature as human beings and rely on technology to count
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our steps and activity. No matter what method individuals used to keep track of their data,
40% stated that tracking has changed their health approach [116]. We all keep lists, whether
they are for groceries, errands, or job-related tasks that need to be accomplished by the end of
the day, week, or even month. It is important to think of exercise as another important item or
task to put on the “to do” list.

Walking is one of the most common forms of physical activity, one that can be done by
the vast majority of our society, barring any major physical limitations. Daily walking has
previously been linked to important cardiovascular risk variables [117], which were also
strongly associated with increased body fat percentage. As mentioned above, individuals
can track their daily walking with something as simple as a pedometer. The first electron-
ic pedometer, called “manpo-kei,” meaning “10,000 steps meter,” was developed by the
Japanese” [118]. The well-known walking goal of 10,000 steps per day has been shown to
be a reasonable goal of daily activity for healthy adults, and studies have documented the
health benefits of attaining similar levels [119, 120]. Those who meet the daily 10,000-step
recommendation are more likely to meet physical activity guidelines from the CDC, the
ACSM, and the US Surgeon General [121–123]. A recent study found that individuals
who accumulate more than 9000 steps per day were more frequently classified as normal
weight for height, whereas those accumulating less than 5000 steps per day were more
frequently classified as obese [124]. For those who need physical activity the most, the
most effective way to eliminate a sedentary lifestyle has been to incorporate pedometers
into their activities of daily living [125, 126].

The benefits of using a pedometer revolve around an increase in physical activity. When
looking at specific diseases, especially those mentioned in previous sections, there is evi-
dence that they benefit from pedometer use. A meta-analysis of studies that used pedom-
eters to monitor physical activity for weight loss found that using a device increased daily
step counts by 2000–4000 steps per day, in addition to weight loss of about 1 lb every 10
weeks [127]. While that might seem modest, over the course of a year, with continued
behaviors, it amounts to 5 lbs per year, effectively offsetting the amount of weight gained
yearly at now-sedentary careers [3]. Individuals who are looking to lose weight would
benefit from incorporating pedometers and activity tracking devices in order to accom-
plish a goal in a realistic and efficacious manner. Activity tracking has also been useful in
people with T2D, as they became more aware of their exercise habits and, as a result,
increased their daily activity and exercise capacity [128]. The more exercise minutes a per-
son with T2D accumulates on a regular basis, the more likely they are to eliminate a dis-
ease that is often a byproduct of sedentary behavior and obesity. Cancer patients have
also found benefit in a pedometer-based walking program, noting a decrease in cancer-
related fatigue, improved physical function, and enhanced well-being [129]. Even in the
throes of chemotherapy, people with advanced cancer diagnoses felt better performing a
little bit more activity than usual for 8 weeks. Results of a study looking at CVD variables
and increased activity (tracked by a pedometer) found that there was an increase in steps
per day (1500), as well as changes in CVD variables, including HDL, TC, insulin, and a
reduction in SBP [130]. The long-term implications of uncontrolled CVD are numerous,
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and include some very staggering and deleterious results. Given the rather simplistic na-
ture of the necessary exercise to improve CVD values, it makes sense to “prescribe” a way
to track activity in order to modify certain risk factors. At this point, it would seem feasi-
ble to assume that pedometers can be a useful intervention and motivational device in
people with osteoporosis, as sedentary behavior and a lack of weight-bearing activity con-
tribute to the disease. In fact, much has been written about remaining active throughout
the lifespan in order to prevent skeletal demineralization from occurring by placing regu-
lar stress on one’s bones and joints [131]. Therefore, interested parties could extrapolate
the results of activity tracking to this population, as well as any other disease or condition
that benefits from physical activity that was not specifically focused on to this point. This
is not to say there are more or less important afflictions; rather, the ten that were high-
lighted comprised a large body of research when looking at physical activity and positive
outcomes when there was an increase in exercise and/or caloric expenditure. Exercise, in
general, promotes a greater sense of physical well-being [132], a by-product even the
healthiest person can benefit from.

5. Conclusion

Much of our population lives a sedentary lifestyle. The byproducts of increasing levels of
inactivity are quite morose, including fragile bones, poor heart health, and increased body
weight. Fortunately, one way to off-set a sedentary lifestyle is to increase daily physical activity.
Modest amounts of walking or other forms of cardiovascular exercise (cycling, swimming,
hiking) can play a major role in preventing or reversing certain conditions like hypertension,
obesity, mortality risk, and T2D. Research has shown that similar conditions can benefit from
tracking activity, using pedometers and other commercially available devices that motivate
and encourage people to move more and increase their daily levels of activity. Therefore,
health-care providers who have the power to recommend such devices and exercise programs
should feel empowered to do so. Health and wellness professionals should feel the same sense
of empowerment when working with patients and clients who are looking to improve body
composition and reduce chronic diseases with increased activity outside of the traditional
gym-based workout.
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Abstract

Convincing  findings  from  animal  and  clinical  studies  have  shown  that  exercise
improves mood and cognition in addition to cardiovascular and metabolic benefits.
Exercise, with the greatest effects on the hippocampus, which has a central role in
learning and memory, increases neurogenesis and synaptic plasticity. Although the
exact molecular mechanisms responsible for the exercise-induced neuroplasticity need
to be clarified, some neurotrophic and angiogenic factors (e.g. BDNF, IGF-1, bFGF2 and
VEGF) and different neurotransmitter systems (glutamate, GABA, endocannabinoids
and monoamines) may have critical contributions in these processes. Exercise-induced
changes in the brain morphology, chemistry and functions seem to be responsible for
the beneficial effects of exercise, like improved learning and memory, anti-depressant-
like and anxiolytic effects, reduced cognitive decline related to ageing and improve-
ments in symptoms of neurodegenerative diseases. In this chapter, after discussing basic
neurophysiological  information  regarding  the  brain,  cognition,  neurotransmitter
systems, neural plasticity, learning, memory and behaviour tasks, the focus is on the
exercise-induced changes in neuroplasticity,  cognitive functions and mood and the
factors mediating the effects of exercise, and finally, the effect of exercise on ageing and
neurodegenerative diseases is discussed.

Keywords: exercise, cognition, learning, memory, depression, ageing, neurodegenera-
tive diseases

1. Introduction

The brain is highly dynamic, constantly reorganizing organ that undergoes both acute and
chronic changes throughout the lifespan. There is a remarkable linkage between structural
and functional brain modulations and exercise, as several recent papers have comprehensively
described the neuromolecular events resulting from regular exercise (will be further discussed
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in the text). Though physical activity and exercise are commonly used in place of the other,
there are two terms with different meanings. Physical activity is defined as body movements
by skeletal muscles resulting in energy consumption, while exercise is defined as a planned,
structured and repeated type of physical activity. The cardiovascular and metabolic benefits
of regular exercise are well known, and it causes a reduction in risk for many diseases such as
obesity, type 2 diabetes, heart diseases, cancer and other diseases and chronic conditions [1,
2]. Studies have shown that exercise is not just effective on peripheral tissue, at the same time,
it affects the central nervous system (CNS). for example, regular exercise improves cognition,
reduces age-related memory loss, delays and alleviates the symptoms of neurodegenerative
diseases, increases the speed of neuronal healing after injury and is even known to improve
depression.  However,  the underlying mechanisms responsible for  the beneficial  effect  of
exercise are still unclear, a variety of cellular and molecular systems important for maintaining
neuronal network and synaptic function such as neurotransmitters, angiogenic and neurotro-
phic factors may be instrumental for positive effects of exercise on brain [3–7]. Nevertheless,
growing evidence suggests that an increase in hippocampal neurogenesis may mediate, at
least in part, the exercise-induced improvement in cognitive function and mood.

2. Basic neurophysiology

The brain is one of the most important and magnificent organs of an organism that can be
categorized under the CNS. The human brain contains nearly 98% of the body’s neural tissue
[8]. It is made up of more than 100 billion nerves that correspond with one another by means
of long protoplasmic fibres called axons, which carry signal pulses—action potentials—to
distant parts of the brain or body targeting specific recipient cells [9]. Physiologically, the
function of the brain is to exercise centralized control over the other organs of the body. It
controls and coordinates most sensory systems, muscle movements, social behaviour and
homoeostatic body functions such as heart and respiratory rate, blood pressure, fluid balance
and body temperature. The brain is the source of cognition, mood, emotion, memory, motor
and other forms of learning.

2.1. The structure and functional organization of the brain

The adult brain is dominated in size by the cerebrum. The cerebrum is the seat of most higher
mental functions such as conscious thoughts, sensations, intelligence, memory and complex
movements. It can be divided into two main parts: the right and left cerebral hemispheres. The
surfaces of the cerebral hemispheres are highly folded and covered by neural cortex, a
superficial layer of grey matter, with an inner layer of white matter [8]. Grey matter consists
mainly of neuronal cell bodies, dendrites, glial cells (astroglia and oligodendrocytes), synapses
and capillaries, while white matter consists primarily of axons that connect various areas of
the brain [10, 11]. Each hemisphere provides a different set of activities, behaviours and
controls. The right hemisphere is often called the creative side of the brain, while the left
hemisphere is the rational or analytical side of the brain. The two hemispheres communicate
through a large bundle of nerve fibres referred as corpus callosum and through several smaller
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nerve pathways [10]. Therefore, even though there are some functions that seem to be domi-
nant in one hemisphere, both hemispheres play a part in overall brain activity.

The second largest part of the brain is cerebellum, which is partially hidden by the cerebral
hemispheres [8]. As the cerebral cortex, the cerebellum consists of white matter and a thin,
outer layer of densely folded grey matter. The cerebellum processes information from the brain
and peripheral nervous system. It is involved in several functions such as fine movement
coordination, balance and equilibrium, muscle tone and sense of body position.

Generally, there are four recognized sections in the brain, known as lobes (frontal, occipital,
parietal and temporal). While any complex ability depends on the coordinated process of
neural networks across lobes, each lobe can be roughly linked with particular functions [10].
The frontal lobe lies beneath the forehead, and it is responsible for cognitive and reasoning
functions, social behaviour and motor skills. The parietal lobe is posterior to the frontal lobe
and has several functions including sensation, perception and spatial reasoning. This lobe is
responsible for interpreting sensory information from various parts of the body. The smallest
lobe of the four lobes, the occipital lobe, is located at the back of the brain, and it is the primary
visual–spatial processing centre. Lastly, the temporal lobe is located on both sides of the brain,
which is involved in the processing of auditory input (sound) and the olfactory sense (smell).
Each lobe is further subdivided into interlinking networks of neurons specialized for very
precise information processing. These four regions of the brain work in harmony in order to
maintain the homoeostatic balance of the human body.

2.2. Brain development

Brain development results from the common work of genes and environment, where genes
have the function of leading the initial steps of development and the generation of neural
connections and networks [12]. The very first step of brain development stage begins with the
recruitment of progenitor cells (precursors of neurons and glial cells) into a specialized
structure called the neural plate. The neural plate then folds to form the neural tube, an early
embryonic structure. As the foetus develops, the grooves and plicas in the neural tube intensify,
producing particular layers of the brain. From the anterior part of the neural tube generates
the telencephalon, which enlarges rapidly due to cell division and proliferation, and eventually
gives rise to the brain. Some of the cells differentiate into neuronal and glial cells, which are
the major cellular constituents of the brain. The newly produced neurons migrate to different
areas of the developing brain to self-organize into main brain structures. When the neurons
reach their regional positions, they extend axons and dendrites, which provide them commu-
nication with other neurons via synapses. Synaptic intercommunication leads to the estab-
lishment of specific neural lines that mediate sensory and motor processing and underlie
behaviour. The first areas of the brain to fully develop are the brainstem and midbrain,
responsible for the autonomic functions necessary for life. At birth, these lower segments of
the nervous system are effectively developed, whereas the higher regions like the limbic system
and the cerebral cortex are still rather primitive. Brain regions involved in complicated
neuronal functions such regulating emotions, cognition and language grow rapidly in the first
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3 years, and then, the brain proceeds its development gradually within the first 20 years of life
[10, 11].

Studies using high-resolution imaging techniques demonstrate that the brain still continues to
grow and develop undergoing notable changes into adulthood, as white matter volume has
been shown to increase in adults [13, 14]. The process of adult neurodevelopment includes
several mechanisms such as formation of new brain cells, synapses and cellular components,
changes in cerebral blood flow and neuronal activity, as well as myelination of axons. Neuro-
development takes place both in the central and peripheral nervous system, although there
are some differences in terms of speed and extent.

2.3. Introduction to main neurotransmitters

Neurotransmitters are endogenous chemicals, which modulate signals and provide efficient
communication among large numbers of brain cells. They are synthesized by neurons and
packaged into synaptic vesicles that cluster beneath the presynaptic membrane of a synapse
and are released into the synaptic cleft, where they bind to specialized receptors in the
postsynaptic membrane of the synapse, changing its activity [15]. The major neurotransmitters
of the brain are summarized below.

2.3.1. Glutamate

Glutamate is the most common neurotransmitter in the brain. It always has an excitatory role.
Most glutamate is produced in neurons from glutamine, which is mainly formed in astrocytes
and transported into neurons [16]. There are several types of glutamate receptors:

2.3.1.1. AMPA receptors

These are ionotropic receptors (ligand-gated ion channels). Their opening allows the influx of
calcium and sodium and the efflux of potassium.

2.3.1.2. N-methyl-D-aspartate (NMDA) receptors

These are also ionotropic receptors increasing the permeability for calcium, sodium and
potassium. The opening of NMDA receptors needs a conformational change for the removal
of a magnesium ion, which closes the pore. If the membrane is sufficiently depolarized via
AMPA receptors, magnesium leaves the channel. NMDA receptors allow a calcium influx
adequate for the function of calcium-dependent enzymes, which can then regulate properties
of the synapse, thereby forming the synaptic plasticity. The receptors are densely centralized
in the hippocampus, basal ganglia and amygdala.

2.3.1.3. Kainate receptors

Kainate receptors are also ionotropic and functionally similar to AMPA receptors.

Fitness Medicine64

2.3.1.4. Metabotropic receptors

Eight well-known types of metabotropic receptors are identified as mGluR1-8. They are mostly
found on presynaptic neurons, where they increase the turnover of phosphatidylinositol.

2.3.2. GABA (γ-aminobutyric acid)

Occurring in 30–40% of all synapses of the brain GABA is the main inhibitory neurotransmitter.
It is synthesized from glutamate by glutamic acid decarboxylase [15]. GABAergic receptors
are as follows:

2.3.2.1. GABA-A

An ionotropic receptor allows the influx of chloride into the cytoplasm, thereby leading to a
lowering of the membrane potential. The receptor has a supramolecular complex design,
which in addition to GABA binds benzodiazepines, barbiturates, corticosteroids and alcohol.

2.3.2.2. GABA-B

This is a metabotropic receptor inhibiting adenylate cyclase via G-inhibitory protein. Thus,
decrease in cAMP levels mediates membrane protein phosphorylation status, which induces
a hyperpolarization and a decreased activity of calcium channels.

2.3.2.3. GABA-C (GABA-A-rho receptor)

An ionotropic receptor activation leads to an influx of chloride ions into the cytoplasm. In
contrast to GABA-A receptors, they open more slowly and remain open for a longer period of
time.

2.3.3. Dopamine

Dopamine in the CNS plays an important role in the regulation of motor functions, initiation
of behavioural patterns and modulation of visceral functions. Five dopamine receptors have
been identified, which are all associated with a G-protein regulating adenylate cyclase activity.
They can be divided into two groups depending on whether they activate adenylate cyclase
via a G-stimulatory protein (D1, D5) or inhibit it via a G-inhibitory protein (D2–D4). The concentration
of receptor subtypes varies in different areas of the CNS; for instance, cortical motor areas are
rich in D2, while the limbic system mainly expresses D3 and D4 receptors. Dopaminergic
neurons are widely distributed in the hypothalamus and mesencephalon [15].

2.3.4. Noradrenaline

Noradrenaline in the CNS mainly regulates the activity of other neurotransmitters. Generally,
noradrenergic pathways modulate both the excitatory function of glutamate and the inhibitory
function of GABA. Noradrenergic neurons are found in the brainstem, particularly in the locus
coeruleus, tegmentum and the reticular formation of the medulla and pons [15].
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2.3.5. Serotonin

Serotonin is an indolamine which plays a similar role in the CNS as the noradrenaline. It
regulates a range of activities and mediates the function of other projection circuits. Seven
models of serotonin receptors have been identified to date, 5-HT1-7R, some of which are
excitatory and some inhibitory. The effect of serotonin depends on their localization and the
types of receptors presented [15]. Serotonergic neurons can be mainly found in raphe nuclei
of the reticular formation.

2.3.6. Acetylcholine (ACh)

ACh is a neurotransmitter used in neuromuscular junctions of all vertebrates, all preganglionic
neurons of the autonomous nervous system and all postganglionic parasympathetic neurons.
In the CNS, it regulates several cortical activities such as arousal, sleep and memory consoli-
dation. ACh is synthesized by transferring the acetyl group from acetyl-CoA to choline by
choline acetyltransferase. The cholinergic signal is terminated by the serine hydrolase acetyl-
choline esterase, bound to the postsynaptic membrane. The hydrolysis produces choline,
which is taken up by the presynaptic neuron and recycled, and acetate [15].

2.4. Cognition

Cognition is the number of abilities that is related to knowledge, understanding, thinking and
awareness. The Latin root of cognition is cognoscene, which translates into “to conceptualize”,
“to recognize” and “to know”. Cognitive abilities cover processes such as attention, memory,
judgement and evaluation, logic and reasoning, problem solving and decision-making,
comprehension, production of language and the application of acquired knowledge. It is
important to realize that these processes are overlapping in nature and often work together in
complex ways to formulate any conclusions about the external and internal world. In healthy
individuals, the brain is capable of learning new skills in each of these areas [17].

The cognitive ability of humans is the most advanced in the entire animal kingdom. Such
advancement is believed to be conferred by an expanded cerebral cortex and a highly devel-
oped prefrontal cortex, both of which are brain regions important for cognition. Cognition
changes throughout the lifespan matching the development, maturation and ageing of the
brain. While cognitive activity gains its peak during middle adulthood, there is a normal
degradation in cognitive ability and brain atrophy with age [18, 19]. The revelation that
physical changes in the brain can occur across the lifespan provides a biological basis sup-
porting the importance of neuromodulators, cognitive trainings and the efficacy of physical
activity [20].

2.5. Neural plasticity

Neural plasticity can be generally defined as the ability of the nervous system to embrace a
new functional or structural condition in response to various extrinsic and intrinsic determi-
nants [21]. The term “neuronal plasticity” date back to Santiago Ramon y Cajal (1852–1934)
who described non-pathological changes in the structure of adult brains [22]. In a wider sense,
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plasticity of the brain can be regarded as “the ability to make adaptive changes related to the
structure and role of the nervous system at the cellular, molecular, and system levels” [22, 23].
Neuronal plasticity can refer not only for morphological changes in certain brain areas, for
alterations in neuronal networks including changes in neuronal connectivity, as well as the
formation of new neurons (neurogenesis), but also for neurobiochemical changes (synaptic or
non-synaptic plasticity) [22]. Neuroscientists distinguish synaptic plasticity, which points to
alterations in how neurons link up to each other, from non-synaptic plasticity, which refers to
changes in the neurons themselves. Neuroplastic modulation can occur at small ranges, such
as physical changes to individual neurons, or at whole-brain scales, such as cortical remapping
in feedback to injury.

Neuronal plasticity in the brain is greatly enhanced during critical periods early in life and
was long believed to be limited thereafter. Studies from a number of laboratories investigating
the reorganizations in somatosensory, primary visual, primary auditory cortices and in
thalamus have unwrapped a considerable degree of plasticity in the mature brain, too [24]. It
is now accepted that the brain has an incredible potential to modify its morphological and
functional organization throughout the lifespan, in response to changes in environmental
inputs. This brain plasticity underlies normal development and maturation, skill learning and
memory, healing from injury, as well as the outcomes of sensory deprivation or environmental
enrichment [25]. Usually, plasticity in the adult neocortex lies silent, but can be reactivated by
modifications of sensory input or sensory-motor interferences, which alter the level and pattern
of activity in cortical circuits [26]. Such treatments, potentially in combination with drugs
targeting molecular brakes on plasticity present in the mature brain, might help recovery of
activity in the injured or diseased brain [26].

The molecular mechanisms of brain plasticity are under intensive scrutinizations. Calcium ions
and channels, glutamate and NMDA receptors, free radicals, lipid peroxides and growth
factors (neurotrophins) play a crucial role in these processes. A form of functional neuronal
plasticity is long-term potentiation (LTP) that is the long-lasting enhancement in signal
transmission between two neurons after synchronous stimulation [22, 27].

2.5.1. Neurogenesis

The most appealing phenomenon of neuroplasticity appears to be adult neurogenesis. Adult
neurogenesis occurs in the certain brain areas. So far it appears that in most mammals, the
formation of new neurons in adult brains occurs in two parts, the subventricular zone and the
dentate gyrus (DG) of hippocampus (hippocampal neurogenesis), and the number of newly
generated neurons is fewer compared to the total number of brain cells [22]. However, there
are also reports from studies in mice that new neurons can be gradually generated in the adult
substantia nigra (SN) [22, 28]. The existence of neurogenesis in mature brains rises hope that
even injured brain regions can be functionally repaired and reactivated. Damage to the adult
brain such as ischaemic insults causes the proliferation of subventricular zone cells and thus
the generation of neuronal precursor cells. These precursors migrate along blood vessels to the
wounded region [22, 29]. Nevertheless, only a small percentage can survive, because inflam-
matory effects that occur in the ischaemic brain area inhibit neurogenesis and the proper
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integration of new cells into a functional neuronal network [22, 30]. Anti‐inflammatory drugs
can strengthen neurogenesis, as observed in rodent studies of peripheral inflammation [22, 31].

2.5.2. Synaptic plasticity

Synaptic plasticity is an essential organizational characteristic of mammalian brain function,
and it refers to the condition where existing connections among neurons are reinforced or
weakened and new synapses are formed or existing ones removed. The potential for synaptic
plasticity and therefore for learning and memory is not steady throughout life, as it often
reaches a peak soon after birth and then gradually declines with increasing age [26]. Besides,
synaptic plasticity in the adult brain is widely distributed and is a key feature of various brain
regions, like the hippocampus, the striatum or the cerebellum. Mechanisms of synaptic
plasticity are a modification of excitation and inhibition process; a change in LTP or long‐term
depression (LTD); a modulation of neuronal excitability; and the anatomical changes, which
require a longer period of time.

2.6. Neural base of learning and memory

Learning and memory are two intimately linked cognitive processes that derive from interac‐
tions with the environment. Learning is defined as the act of acquiring new knowledge or
skills; it also may involve a change in attitude or behaviour through experience, instruction or
study, whereas memory is a cognitive process of the brain enabling past experiences and
information to be remembered and recalled. Memory is built on learning and is subject to the
same factors influencing learning. This is why memorization of an event or of information can
be improved by a strong emotional situation, a special state, high motivation or elevated
attention [10]. Learning and memory undergo significant change over the lifespan in both
males and females. The ability to learn and remember begins early during the developmental
period, is moulded by environmental and hormonal influences during puberty, reaches its
apex during adulthood and finally declines with advanced age [32].

The nature of the cellular basis of learning and memory remains obscure despite being one of
the most densely examined nervous system mechanisms. A popular model for the physiolog‐
ical processes underlying learning and memory involves that memories are collected by
alterations in the strength of synaptic connections within the appropriate neural circuitry.
Thus, synaptic plasticity is considered a fundamental working mechanism of memory and
learning in biological neural networks. Several lines of evidence have converged to indicate
that learning and memory setting requires plasticity of dendritic spines in the medial prefrontal
cortex and the hippocampus [32]. Major characteristic of the hippocampus is the ability of
hippocampal neurons to undergo LTP, a persistent increase in synaptic intensity emerging
from long‐lasting electrical stimulation.

2.6.1. Hippocampus

The hippocampus is the region in the brain most closely associated with learning. Located
inside the medial temporal lobe, beneath the cortical surface of the brain, it belongs to the
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limbic system and plays important activity in learning, memory and spatial navigation. Thus,
damage to the hippocampus can produce profound memory impairments, specifically in the
ability to create long-term memories. The names of the main histological divisions of the
hippocampus are DG, CA1, CA2 and CA3 regions [33]. The entorhinal cortex, the greatest
source of hippocampal input and target of hippocampal output, is powerfully and reciprocally
associated with many other parts of the cerebral cortex and therefore acts as the major link
between the hippocampus and other parts of the brain. Within the hippocampus, the flow of
signals and information is generally unidirectional, first to the DG, then to the CA3 part, then
to the CA1 part, then to the subiculum and then out of the hippocampus to the entorhinal
cortex [33, 34].

2.6.2. Long-term potentiation

LTP is a physiological model to explain the formation of definite forms of learning and memory,
and it refers to changes in a cell that cause it to respond more efficiently to stimulation [35]. It
was first described in detail by Bliss and Lomo in 1973, reporting that repetitious activation of
excitatory synapses in the hippocampus induced an increment in synaptic strength that
generally last for hours or even days [36]. Since then, LTP has been studied intensively over
the years, and a great deal has been learned about it. The best-studied form of LTP occurs at
synapses that come to an end on dendritic spines and use the transmitter glutamate. The
synaptic changes depend on special type of glutamate receptor, the ionotropic NMDA
receptor, which possesses the special characteristic of permitting calcium ions to get into the
postsynaptic spine only when presynaptic activation and postsynaptic depolarization occur
at the same time [37]. LTP experiments have focused especially on the three main pathways in
the hippocampal network: the perforant pathway between the entorhinal cortex and DG
granule cells, the mossy fibre pathway between DG granule cells and CA3 pyramidal cells,
and the Schaffer collateral pathway between CA3 and CA1 pyramidal cells. NMDA receptor
is the trigger for the induction of LTP at synapses made between pyramidal neurons in CA3
and CA1 layers of the hippocampus [38]. Drugs that interfere with NMDA receptors prevent
LTP formation and also have negative effects on some types of memory, especially spatial
memory. Although NMDA receptors display a significant role in synaptic plasticity, thus in
learning and memory, sustained NMDA receptor activation can lead to various pathological
conditions [39–41]. Therefore, too much activation of the NMDA receptor is detrimental.

2.7. Experimental behaviour tasks

Spatial learning and memory are neurobiological activities that allow us to remember impor-
tant details related to our surroundings. Researches evaluate this phenomenon in rodents
using different types of behavioural tasks. By investigating spatial memory in experimental
tasks, neurobehavioral scientists can gain valuable understanding of how these processes are
vary after brain injury in humans or how the functions of particular genes on learning are
affected. The tests most widely used and for which the most data exist are briefly described
here.
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2.7.1. T mazes

T mazes are the first labyrinths that can be used to measure spatial working memory. There
are many test procedures; however, the easiest to evaluate spatial learning and memory is to
prize rodents for rotating in one direction across a series of experiments. The T-maze is shaped
like a T. The test animal begins from the base of the T labyrinth. A reward may be placed at
one of the arms of the maze or different rewards may be placed at each arm. The rat/mouse
walks forward and chooses the left or right arm of the maze. On the test trial, to try out if the
animals learn a position habit such as always turning right, the maze is rotated 180°, and if it
is a habitual behaviour, the animal will turn right regardless of where that arm is within the
room, but if it is a learned behaviour, the rodent will turn left so as to end up in the same place
in relation to distal cues [42].

2.7.2. Morris water maze

The Morris water maze is consisting of a round tank filled with opaque water with two small
hidden platforms located 1–2 cm under the surface of the water [43]. As soon as the rodent is
placed on a start platform, it begins to swim around until it finds the other platform to stand
on. The platform is not visible, so the animals must depend on their spatial memory and use
extra-maze visual cues to locate the platform. The animal is usually introduced into the water
at different locations around the tank. The researcher measures how long it takes for a rodent
to find hidden platform. Data collection in the water maze can be simply optimized and
automated, and it does not need food-restriction. In addition to this, the water maze task does
require complex and coordinated movements [44].

2.7.3. Radial arm maze

Among behavioural tests, one of the most suitable devices for measuring spatial learning and
memory is the radial arm maze [45, 46]. Briefly, radial arm maze consists of eight horizontal
arms placed radially around a central platform above the floor. Typically, a cup at the end of
several of the arms contains some small nutrient reward for the experimental subject. The
rodents are usually food deprived to motivate the foraging behaviour, and they will try to find
the food in the most effective way. The optimal strategy is to visit each arm once before
returning to any formerly visited branch. Therefore, to complete the experiment successfully,
animals must remember where it has been and where food has been and/or remains available
[47].

3. Exercise-induced changes in the brain

3.1. Exercise and neuroplasticity

Neuroplasticity or brain plasticity refers to modification of the nervous system in response to
differing needs or environmental conditions. Currently, scientific information indicates that
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neuroplasticity extends beyond the developmental period into the adult period and plays a
significant role in processes such as learning and gaining new skills, consolidation and recall
of memories as well as healing after injury. Neuroplasticity is mediated by different
mechanisms causing both functional and morphological changes in the CNS-like
neurogenesis, apoptosis, increase and/or decrease in synaptic activity and reorganization of
the neuronal network [3–6]. Of these, though neurogenesis is a mechanism only accepted since
the 1960s, currently it is well known that newborn neurons can be formed in the olfactory bulb
and DG of the adult mammalian brains [3–6].

As mentioned before, the hippocampus has a unique role in learning and memory formation,
with high capacity for neuroplasticity. There are many studies showing exercise strongly
stimulates neuroplasticity in the hippocampus [1–5]. Rearrangement of DG morphology,
especially, in response to exercise is noteworthy, with increases in total length and complexity
of granular cells, spine density in dendrites and neurogenesis. These effects of exercise are not
limited to the DG, but include entorhinal cortex and CA1 pyramidal cells [3, 5, 48]. However,
it should be noted that exercise-induced neurogenesis occurs specifically in DG subfield of
hippocampus [4–6]. Borght et al. showed that 1–10 days of wheel-running exercise induces a
gradually increment in the hippocampal cell proliferation [49]. Although proliferation had
returned to baseline level 1 day after cessation of running, the number of immature neurons
remained in the high level for at least 6 days. In rats, a single bout of resistance exercise
increases synapsin I, synaptophysin and PSD-95 (a protein related to synapses) levels in the
hippocampus and improves contextual memory [50]. In addition to the increase in neuron
numbers with exercise, importantly, enhanced maturation of newborn neurons has been also
reported [48]. Therefore, these findings suggest that the hippocampus, especially DG, has a
considerable capacity for neuroplasticity and rapidly responds to alterations in physical
activity.

The increased hippocampal plasticity with exercise is accompanied by an enhancement in
synaptic activity of neurons. It is known that the physiologic model of learning and memory
of LTP is affected by exercise. Running induces an increase in LTP amplitude in the DG region,
but did not cause a change in CA1 region of the hippocampus [3–5, 51]. The increased LTP in
the DG, where neurogenesis occurs, indicates the newborn neurons may have a functional role
in this process. Though the rate of neurogenesis induced by exercise is low, the LTP threshold
in young cells is lower and LTP lasts longer [52]. In contrast to increased LTP observed in the
running rodents, LTD seems unaffected by exercising [3]. These results suggest that newborn
cells have an important role in brain plasticity and their contribution can be enhanced with
exercise.

Studies on rodents have shown that performance involving different spatial memory tests
(Morris water maze, Y-maze, T-maze and radial arm maze) was better in exercising subjects [3].
Human studies have obtained similar results and suggested an enhancement in cognitive
functions with exercise. Pereira and colleagues showed that aerobic exercise training of healthy
individuals for 12 weeks significantly increased cerebral blood volume in the DG as well as
cognitive functions [53]. Together, the evidences from different studies suggest that both
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hippocampus [4–6]. Borght et al. showed that 1–10 days of wheel-running exercise induces a
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returned to baseline level 1 day after cessation of running, the number of immature neurons
remained in the high level for at least 6 days. In rats, a single bout of resistance exercise
increases synapsin I, synaptophysin and PSD-95 (a protein related to synapses) levels in the
hippocampus and improves contextual memory [50]. In addition to the increase in neuron
numbers with exercise, importantly, enhanced maturation of newborn neurons has been also
reported [48]. Therefore, these findings suggest that the hippocampus, especially DG, has a
considerable capacity for neuroplasticity and rapidly responds to alterations in physical
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The increased hippocampal plasticity with exercise is accompanied by an enhancement in
synaptic activity of neurons. It is known that the physiologic model of learning and memory
of LTP is affected by exercise. Running induces an increase in LTP amplitude in the DG region,
but did not cause a change in CA1 region of the hippocampus [3–5, 51]. The increased LTP in
the DG, where neurogenesis occurs, indicates the newborn neurons may have a functional role
in this process. Though the rate of neurogenesis induced by exercise is low, the LTP threshold
in young cells is lower and LTP lasts longer [52]. In contrast to increased LTP observed in the
running rodents, LTD seems unaffected by exercising [3]. These results suggest that newborn
cells have an important role in brain plasticity and their contribution can be enhanced with
exercise.

Studies on rodents have shown that performance involving different spatial memory tests
(Morris water maze, Y-maze, T-maze and radial arm maze) was better in exercising subjects [3].
Human studies have obtained similar results and suggested an enhancement in cognitive
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individuals for 12 weeks significantly increased cerebral blood volume in the DG as well as
cognitive functions [53]. Together, the evidences from different studies suggest that both
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aerobic and resistance exercise improve learning and spatial memory and reduce the cognitive
loss related to ageing or neurodegenerative diseases [53–55].

3.1.1. Mediators of exercise-induced neuroplasticity

Though the exact mechanisms responsible for the increased neuroplasticity with exercise are
not clear, various neurotrophic and angiogenic factors as well as neurotransmitter systems may
be involved in these processes.

3.1.1.1. Trophic factors

During development of the brain and spinal cord, proliferation and differentiation of stem cells
and progenitor cells are regulated by a variety of growth factors. It has been reported that
growth factors are still effective in the adult period and play a significant role in synaptic
plasticity, neurogenesis and cognitive functions. The increased neuroplasticity with exercise
has been shown to have a contribution from growth factors such as brain-derived neurotrophic
factor (BDNF), insulin-like growth factor-1 (IGF-1), vascular endothelial growth factor (VEGF),
nerve growth factor (NGF) and basic fibroblast growth factor-2 (bFGF-2).

BDNF is the most important modulator of brain plasticity, showing effect through tropomyosin
receptor kinase B (TrkB) receptor, inducing neuronal differentiation, proliferation and survival
pathways. It is reported that BDNF as a neurotrophic factor has beneficial effects on the
cognitive functions via its ability to improve synaptic plasticity, neurogenesis and LTP [3–7].
Studies of rodents showed 2–7 days of voluntary (running wheel) exercise causes a BDNF
increase in different regions of the brain including the hippocampus [56]. Especially in the DG
area of the hippocampus, increased BDNF levels remain high as long as exercise continues and
for 2 weeks after exercise is stopped [57]. Remodelling of the hippocampus induced by exercise
seems to have a critical contribution from BDNF, because the positive effect of exercise on
neuroplasticity is prevented by genetic ablation or pharmacological blockading of the BDNF
receptor TrkB [58, 59]. In consistent with results from animal studies, the clinical research in
healthy subjects revealed an increase in the brain levels of BDNF, as detected in blood samples
from the internal jugular vein following 3 months of endurance training [60]. In humans
though specific changes in hippocampal BDNF levels are not well known, increased circulatory
BDNF level has been reported following the exercise. Indeed, exercise-induced elevation in
serum BDNF levels seems to return to baseline within 10–60 min after exercise and then
decrease to a level lower than baseline [61]. In agreement with this result, a significant decrease
in resting serum levels of BDNF is reported in trained subjects [62].

IGF-1 is primarily produced by the liver with the stimulation of growth hormone and modu-
lates growth, differentiation and survival pathways of cells [3, 5, 7]. IGF-1 is accepted as a
neurotrophic factor in the CNS due to its contribution to the processes of neurogenesis,
differentiation, proliferation, synaptic plasticity of neurons. IGF-1 and its receptor expression
have been shown in the hippocampus. Exercise increases IGF-1 level in the hippocampus in
addition to plasma. Indeed, elevated IGF-1 level in the circulation is reflected in the brain, as
IGF-1 can cross the blood–brain barrier via carrier proteins [63]. In sedentary individuals,
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injection of peripheral IGF-1 imitates the effects of exercise including increased neurogenesis
and improves reduced neurogenesis related to age [64, 65]. There is a positive correlation
between circulating IGF-1 levels and improved cognitive functions in healthy elderly [66]. As
IGF-1-induced changes in the hippocampus are correlated with BDNF levels, it is proposed
that the positive effects of IGF-1 on neuroplasticity may be mediated by BDNF [67]. Therefore,
IGF-1 may have a direct and indirect contribution through increasing BDNF levels to spatial
learning and memory processes.

It has been reported that adult hippocampal neurogenesis occurs near the local microvascu-
lature and exercise stimulates endothelial cell proliferation and angiogenesis in this area of the
brain. On the 3rd day of running, angiogenic processes start in addition to neurogenesis, while
after a 50-day exercise period, the capillary intensity in the DG area appears to increase [49,
68]. Pereira and colleagues have shown that aerobic exercise increases blood flow in the
hippocampus and improves cognitive functions in both mice and human [53]. This effect of
exercise on the vascular system is reported to be mediated by IGF-1 and VEGF [3, 5, 7]. VEGF
is a factor induced by hypoxia, stimulating angiogenesis mediated by tyrosine kinase receptors
in endothelial cells. In addition to angiogenic effects, VEGF shows neurotrophic effect and
induces growth and proliferation of progenitor cells [69]. Similar to the increase in the
circulating IGF-1 levels, an increase in VEGF concentration is also reported during exercise,
while peripheral IGF-1 and VEGF blocking inhibit neurogenesis induced by running [63, 69].

Other trophic factors that have been shown to be regulated by exercise and influence adult
neurogenesis include bFGF-2 and NGF. However, as the increase in these factors is small and
temporary, especially when compared with BDNF, they are slightly less important for the
neuroplasticity induced by exercise [3].

3.1.1.2. Neurotransmitters

In addition to neurotrophic and angiogenic factors, it is known that some neurotransmitter
systems are included in the regulation of neuroplasticity. For example, the most important
excitatory neurotransmitter, with a key role in learning and memory processes of glutamate,
stimulates neural progenitor cells and increases neurogenesis [3, 6, 7]. The expression of NR2A
and NR2B subunits of the NMDA receptor increases after running exercise, and this elevation
contributes to neuroplasticity induced by exercise [51, 70]. Another main neurotransmitter of
the CNS with inhibitory effects, GABA, is known to affect neuroplasticity. Indeed, both
inhibitor and activator effects of GABAergic system on the proliferation of progenitor cell have
been reported in the hippocampus [71, 72]. During exercise, genes related to the GABAergic
system (GABAA receptor, glutamate decarboxylase GAD65) are down-regulated, a system
which may modify hippocampal neuroplasticity [73].

Another neurotransmitter system activated by exercise is the endocannabinoid (eCB) system.
eCBs are produced by both central and peripheral tissues and during exercise circulating
concentrations increase. A single bout of endurance exercise (70–80% maximal heart rate)
provided optimal increase in eCB [74]. Cannabinoid receptor type 1 (CB1R) is found in
different regions of the brain including frontal cortex, amygdala, hippocampus and
hypothalamus [75]. Voluntary wheel-running exercise increases the agonist binding region
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aerobic and resistance exercise improve learning and spatial memory and reduce the cognitive
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receptor kinase B (TrkB) receptor, inducing neuronal differentiation, proliferation and survival
pathways. It is reported that BDNF as a neurotrophic factor has beneficial effects on the
cognitive functions via its ability to improve synaptic plasticity, neurogenesis and LTP [3–7].
Studies of rodents showed 2–7 days of voluntary (running wheel) exercise causes a BDNF
increase in different regions of the brain including the hippocampus [56]. Especially in the DG
area of the hippocampus, increased BDNF levels remain high as long as exercise continues and
for 2 weeks after exercise is stopped [57]. Remodelling of the hippocampus induced by exercise
seems to have a critical contribution from BDNF, because the positive effect of exercise on
neuroplasticity is prevented by genetic ablation or pharmacological blockading of the BDNF
receptor TrkB [58, 59]. In consistent with results from animal studies, the clinical research in
healthy subjects revealed an increase in the brain levels of BDNF, as detected in blood samples
from the internal jugular vein following 3 months of endurance training [60]. In humans
though specific changes in hippocampal BDNF levels are not well known, increased circulatory
BDNF level has been reported following the exercise. Indeed, exercise-induced elevation in
serum BDNF levels seems to return to baseline within 10–60 min after exercise and then
decrease to a level lower than baseline [61]. In agreement with this result, a significant decrease
in resting serum levels of BDNF is reported in trained subjects [62].

IGF-1 is primarily produced by the liver with the stimulation of growth hormone and modu-
lates growth, differentiation and survival pathways of cells [3, 5, 7]. IGF-1 is accepted as a
neurotrophic factor in the CNS due to its contribution to the processes of neurogenesis,
differentiation, proliferation, synaptic plasticity of neurons. IGF-1 and its receptor expression
have been shown in the hippocampus. Exercise increases IGF-1 level in the hippocampus in
addition to plasma. Indeed, elevated IGF-1 level in the circulation is reflected in the brain, as
IGF-1 can cross the blood–brain barrier via carrier proteins [63]. In sedentary individuals,
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brain. On the 3rd day of running, angiogenic processes start in addition to neurogenesis, while
after a 50-day exercise period, the capillary intensity in the DG area appears to increase [49,
68]. Pereira and colleagues have shown that aerobic exercise increases blood flow in the
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exercise on the vascular system is reported to be mediated by IGF-1 and VEGF [3, 5, 7]. VEGF
is a factor induced by hypoxia, stimulating angiogenesis mediated by tyrosine kinase receptors
in endothelial cells. In addition to angiogenic effects, VEGF shows neurotrophic effect and
induces growth and proliferation of progenitor cells [69]. Similar to the increase in the
circulating IGF-1 levels, an increase in VEGF concentration is also reported during exercise,
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neurogenesis include bFGF-2 and NGF. However, as the increase in these factors is small and
temporary, especially when compared with BDNF, they are slightly less important for the
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In addition to neurotrophic and angiogenic factors, it is known that some neurotransmitter
systems are included in the regulation of neuroplasticity. For example, the most important
excitatory neurotransmitter, with a key role in learning and memory processes of glutamate,
stimulates neural progenitor cells and increases neurogenesis [3, 6, 7]. The expression of NR2A
and NR2B subunits of the NMDA receptor increases after running exercise, and this elevation
contributes to neuroplasticity induced by exercise [51, 70]. Another main neurotransmitter of
the CNS with inhibitory effects, GABA, is known to affect neuroplasticity. Indeed, both
inhibitor and activator effects of GABAergic system on the proliferation of progenitor cell have
been reported in the hippocampus [71, 72]. During exercise, genes related to the GABAergic
system (GABAA receptor, glutamate decarboxylase GAD65) are down-regulated, a system
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Another neurotransmitter system activated by exercise is the endocannabinoid (eCB) system.
eCBs are produced by both central and peripheral tissues and during exercise circulating
concentrations increase. A single bout of endurance exercise (70–80% maximal heart rate)
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for CB1R in the hippocampus and the levels of the endocannabinoid anandamide [76].
These alterations seem to be necessary for exercise-induced neuroplasticity in the
hippocampus and are suggested to be mediators of the anti-depressant and anxiolytic
effects of exercise [77].

Serotonin, dopamine and norepinephrine are the central neurotransmitters known as mono-
amines. Studies demonstrated that monoamines can regulate synaptic plasticity, neuronal
survival and mood. It is suggested that monoamines may have a role in the exercise-induced
positive effects on brain. Long-term exercise induces significant elevation of norepinephrine
and serotonin levels in different brain areas, compared to the sedentary controls [78]. Klempin
et al. studied tryptophan hydroxylase-2-deficient mice and investigated the neurogenic effects
of serotonin deficiency [79]. The researchers found that basal neurogenesis in the hippocampus
of these animals was normal; however, they showed exercise-induced neurogenesis to be
reduced. These results indicate that the serotonergic system plays an important role in the
effect of exercise on neuroplasticity.

3.2. Exercise and mood

Though chronic and uncontrolled stress has a negative effect on mood, it is understood that
differences in the type of stress may change results [80]. For example, voluntary exercise is a
stress factor (physical stress) due to activation of the sympathetic nervous system and hypo-
thalamic-pituitary-adrenal axis [81]. However, exercise also causes release of growth hormone
and various neurotrophic factors different to other stress factors such as psychological stress.
Additionally, in those who exercise the transformation of the stress hormone cortisol to the
inactive form of cortisone is higher and this situation is not observed with psychological stress.
Finally, as exercise can be ceased whenever the person desires, it is a different to other types
of stress and causes different results [7].

Clinical studies of patient with mild-to-moderate levels of depression have shown that exercise
reduces depressive symptoms [82]. Additionally, animal studies showed that wheel-running
activity had anti-depressant-like effects on learned helplessness, forced swim test and tail
suspension tests [83]. Though the underlying mechanism responsible for the anti-depressant-
like effects of exercise is not fully known, neurotrophic factors and neurotransmitter systems
may provide significant contribution. For example, BDNF, IGF-1 and VEGF are thought to
regulate anti-depressant-like effects of exercise [77]. Of these, BDNF may be more important
than the others, because depression is related to BDNF deficiency of both the circulation and
CNS. In depressive patients, peripheral BDNF levels are at lower levels compared to control
[84]. Moreover, postmortem studies have shown low levels of BDNF in the cortical and
hippocampal areas of the brain [85]. Studies using a variety of behaviour models have
confirmed the effect of BDNF on mood by showing anti-depressant and anxiolytic effect of
recombinant BDNF administration into the brain [86]. More importantly, reduced BDNF levels
and depressive behaviour associated with acute and chronic stress are successfully prevented
by exercise [77].

The reduction in hippocampal VEGF expression during chronic stress in rodents has shown
that VEGF may be related to depression [77]. Peripheral blocking of VEGF exerts prevention
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of exercise-induced antidepressant-like effects, neurogenesis, as well as angiogenesis in the
hippocampus [69, 87]. Additionally, VEGF polymorphism (VEGF2578C/A) causing low serum
VEGF levels in humans may induce the development of treatment-resistant depression [88].
When VEGF and IGF-1 are injected into the brain, they show anti-depressant effects [89, 90].
Peripheral IGF-1 blocking prevents exercise-induced anti-depressant effects and hippocampal
neurogenesis showing the importance of IGF-1 [63, 89].

As acute and chronic exercise causes an increase in plasma endorphin levels, it is proposed
that endorphins may play a role in the anti-depressant effects of exercise [7].  Though
endorphins are related to positive mood and well-being, the role of endorphins in exercise
is still  controversial as there are studies showing increased peripheral endorphins do not
affect the brain [7,  91].  Monoamines are neurotransmitters with anti-depressant effects,
and it is thought they may mediate the effects of exercise [92].  It  has been reported that
exercise increases monoamine levels in different brain area. In rodents,  altered serotonin
levels and serotonin metabolism has been reported in different brain area such as striatum,
hippocampus, hypothalamus, cerebral cortex and brain stem following acute and chronic
exercise [93].  In clinical practice,  serotonergic medications are used as anti-depressants
and actually exercise may be as effective as these medications for mild and moderate
depression [94].  As mentioned before,  eCB system may contribute to exercise-induced
antidepressant-like effects [95]. Indeed, exercise-induced increase in peripheral and central
concentrations of eCBs and monoamines are thought to mediate the anti-depressant and
anxiolytic effects of exercise.

3.3. Exercise and ageing

Regular exercise activates neurogenesis, angiogenesis, synaptogenesis and synaptic functions
in the brain via a variety of neurobiological modulators, ensuring cognitive healing. As a result,
it is thought that regular exercise may prevent or improve cognitive loss in both healthy elderly
people and those with risk of dementia.

In the normal  ageing process,  the neural  plasticity of  the brain reduces and this  is
accompanied by cognitive declines [2,  4].  The positive effects  of  exercise  on the brain
continue in elderly individuals  though not  as  strongly as  for  young individuals.  It  has
been shown that  exercise  exerts  protective effects  against  cognitive decline and brain
atrophy related to ageing. Kronenberg and colleagues reported that 3–9 months of exercise
partially restored the reduced cell proliferation related to ageing and increased the number
of  mature cells  [96].

Regular exercise reversed the age-related LTP decrease and it was accompanied by
improved memory, increased hippocampal neurogenesis and increased BDNF levels in
middle-aged rodents [97, 98]. Reduced BDNF and TrkB expression in the DG region was
restored by 5 weeks [99] and 8 months [97] of forced treadmill exercise and by voluntary
exercise [98] in middle-aged rats. This effect was in parallel with increased neurogenesis
and improved cognitive functions [97–99]. Similarly, 8 weeks of treadmill exercise restored
reduced NGF levels in the hippocampus of elderly rats [100]. Tsai et al. showed that 1 year

Neurophysiological Effects of Exercise
http://dx.doi.org/10.5772/64801

75



for CB1R in the hippocampus and the levels of the endocannabinoid anandamide [76].
These alterations seem to be necessary for exercise-induced neuroplasticity in the
hippocampus and are suggested to be mediators of the anti-depressant and anxiolytic
effects of exercise [77].

Serotonin, dopamine and norepinephrine are the central neurotransmitters known as mono-
amines. Studies demonstrated that monoamines can regulate synaptic plasticity, neuronal
survival and mood. It is suggested that monoamines may have a role in the exercise-induced
positive effects on brain. Long-term exercise induces significant elevation of norepinephrine
and serotonin levels in different brain areas, compared to the sedentary controls [78]. Klempin
et al. studied tryptophan hydroxylase-2-deficient mice and investigated the neurogenic effects
of serotonin deficiency [79]. The researchers found that basal neurogenesis in the hippocampus
of these animals was normal; however, they showed exercise-induced neurogenesis to be
reduced. These results indicate that the serotonergic system plays an important role in the
effect of exercise on neuroplasticity.

3.2. Exercise and mood

Though chronic and uncontrolled stress has a negative effect on mood, it is understood that
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Additionally, in those who exercise the transformation of the stress hormone cortisol to the
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Finally, as exercise can be ceased whenever the person desires, it is a different to other types
of stress and causes different results [7].

Clinical studies of patient with mild-to-moderate levels of depression have shown that exercise
reduces depressive symptoms [82]. Additionally, animal studies showed that wheel-running
activity had anti-depressant-like effects on learned helplessness, forced swim test and tail
suspension tests [83]. Though the underlying mechanism responsible for the anti-depressant-
like effects of exercise is not fully known, neurotrophic factors and neurotransmitter systems
may provide significant contribution. For example, BDNF, IGF-1 and VEGF are thought to
regulate anti-depressant-like effects of exercise [77]. Of these, BDNF may be more important
than the others, because depression is related to BDNF deficiency of both the circulation and
CNS. In depressive patients, peripheral BDNF levels are at lower levels compared to control
[84]. Moreover, postmortem studies have shown low levels of BDNF in the cortical and
hippocampal areas of the brain [85]. Studies using a variety of behaviour models have
confirmed the effect of BDNF on mood by showing anti-depressant and anxiolytic effect of
recombinant BDNF administration into the brain [86]. More importantly, reduced BDNF levels
and depressive behaviour associated with acute and chronic stress are successfully prevented
by exercise [77].

The reduction in hippocampal VEGF expression during chronic stress in rodents has shown
that VEGF may be related to depression [77]. Peripheral blocking of VEGF exerts prevention
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is still  controversial as there are studies showing increased peripheral endorphins do not
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3.3. Exercise and ageing

Regular exercise activates neurogenesis, angiogenesis, synaptogenesis and synaptic functions
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exercise [98] in middle-aged rats. This effect was in parallel with increased neurogenesis
and improved cognitive functions [97–99]. Similarly, 8 weeks of treadmill exercise restored
reduced NGF levels in the hippocampus of elderly rats [100]. Tsai et al. showed that 1 year
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of regular resistance exercise increased IGF-1 levels and improved cognitive functions in
the elderly [55].

Human studies have identified a positive correlation between the incidence, duration and
distance of daily walking activity by the elderly and the size of the hippocampus [101].
A similar study investigated the correlation between cardiovascular fitness and hippocam-
pus volume in the elderly and showed a positive correlation between aerobic fitness
(VO2 peak) and right and left hippocampus size [102]. Elderly individuals participating
in a 6-month aerobic exercise programme (60–70% of maximal heart rate, 3 times per
week, 1 h) were observed to have increased grey matter and white matter volumes in the
brain [103]. Cognition studies have found that cognitive functions in elderly individuals
completing 3 h or more of aerobic exercise per week for at least the last 2 years were
better than in sedentary individuals [104]. Another study observed that sedentary elderly
individuals who participated in a 24-week aerobic exercise programme had improved
cognitive functions [105]. Taken together, these results suggest that exercise is a good
strategy to improve age-related brain atrophy and cognitive decline.

3.4. Exercise and neurodegenerative diseases

Neurodegenerative diseases, such as Alzheimer’s disease (AD), Parkinson’s disease (PD)
and Huntington’s disease (HD), show general properties of progressive loss of neurons.
Indeed, neuronal degeneration predominantly affects different neuron groups and it is
well documented that dopaminergic neurons in PD, striatal GABAergic neurons in HD
and cortical and hippocampal cholinergic neurons in AD are progressively degenerated
during diseases. Certain degrees of learning and memory loss are associated with
progressive structural and functional deterioration of neurons in all neurodegenerative
diseases [4, 6].  As the exercise stimulates neurogenesis and improves cognition in both
young and old individuals, it  is reasonable to think that it may have protective effect
against neurodegenerative diseases.

3.4.1. Alzheimer’s Disease

Pathologically, AD is characterized by acetylcholine depletion, amyloid (or senile) plaque
formation, neuronal apoptosis in the cortex and hippocampus as well as brain atrophy.
Additionally, decreased cognitive functions, memory loss, behavioural changes and
dementia are the other characteristics of the disease [106]. In a number of AD mice models,
running was observed to improve neurogenesis and cognitive functions. For example,
short-term running improved cognitive functions of elderly Tg2576 mice [107], and 5-
month long-term voluntary running not only prevented plaque formation in the frontal
cortex and hippocampus, but also improved spatial learning in TgCRND8 D mice [108].
Similar results were obtained from APP/PS1 double transgenic AD mouse model with
treadmill exercise improving learning, memory and LTP and providing amelioration of
neuropathological characteristics of the disease [109]. In humans with high risk of AD,
increased physical activity has been shown to reduce hippocampal atrophy [110, 111].
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3.4.2. Parkinson’s disease

PD develops as a result of degeneration of dopaminergic neurons with projection from the SN
pars compacta to the striatum and causes severe motor symptoms such as weakened motor
activity control, akinesia, tremor and rigidity. Additionally, non-motor symptoms such as
cognitive reduction, olfactory dysfunction, anxiety and depression may be observed in these
patients [4, 6]. In a variety of rodent PD models, it has been shown that exercise may be
beneficial in improving some neuropathological and behavioural defects [4, 6]. It has been
reported that 4 weeks of exercise increases the trophic factor levels and cell proliferation rate
in the striatum and additionally exerts a protective effect on tyrosine hydroxylase positive
neurons in the striatum and SN [112]. Clinical studies of PD patients have shown that physical
activity ensured improvements in postural stability, balance and cognitive functions [113,
114]. Even more, exercise provided attenuation of depression frequently observed in both AD
and PD patients [115].

3.4.3. Huntington’s Disease

HD is a progressive neurodegenerative disease caused by a genetic mutation of HD gene and
characterized by neuron death in the striatum mainly, but also in some regions of the cortex
and hippocampus. The most significant symptoms of HD are loss of coordination of voluntary
movement, bradykinesia and rigidity. Reduced cognitive capacity observed in these patients
causes progressive severe dementia over time [4, 6]. Studies on different transgenic mice
models such as R6/1 HD, R6/2 HD and N171-82Q HD have shown that running wheel activity
does not increase BDNF level or stimulate neurogenesis in the hippocampus [116, 117].
Nevertheless, exercise delays HD symptoms and improves cognition in similar study models
[118]. The cognitive improvement caused by running in HD transgenic mice does not appear
to be due to increased neurogenesis, but rather is due to structural remodelling of existing
neurons in the hippocampus. Human studies have provided contradictory results. For
example, Altschuler reported there was no recovery of the initiation or progression of HD
symptoms in a semi-professional marathon runner [119]. On the contrary, in another study of
HD patients undergoing 9 months of multidisciplinary rehabilitation, including exercise, an
increase in grey matter volume in the right caudate region and bilateral dorsolateral prefrontal
cortex is reported in addition to significantly improved word learning and memory perform-
ance [120]. Contradictory findings suggest that more detailed investigation into the effects of
exercise in HD patients is needed.

3.5. Effective type, duration and intensity of exercise

Aerobic exercise basically has positive effects on cardiovascular and metabolic functions, while
resistance exercise is very beneficial for muscle strength and bone density. As mentioned above,
there is much scientific proof of the positive effects of exercise on neurologic functions. Studies
have shown that both exercise types have similar positive effects on neuroplasticity. Cassilhas
and colleagues in a study comparing the effects of aerobic and resistance exercise found that
both types of exercise produced similar improvements in learning and spatial memory after
an 8-week training period. However, as aerobic exercise causes an increase in IGF-1, BDNF,
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during diseases. Certain degrees of learning and memory loss are associated with
progressive structural and functional deterioration of neurons in all neurodegenerative
diseases [4, 6].  As the exercise stimulates neurogenesis and improves cognition in both
young and old individuals, it  is reasonable to think that it may have protective effect
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3.4.1. Alzheimer’s Disease

Pathologically, AD is characterized by acetylcholine depletion, amyloid (or senile) plaque
formation, neuronal apoptosis in the cortex and hippocampus as well as brain atrophy.
Additionally, decreased cognitive functions, memory loss, behavioural changes and
dementia are the other characteristics of the disease [106]. In a number of AD mice models,
running was observed to improve neurogenesis and cognitive functions. For example,
short-term running improved cognitive functions of elderly Tg2576 mice [107], and 5-
month long-term voluntary running not only prevented plaque formation in the frontal
cortex and hippocampus, but also improved spatial learning in TgCRND8 D mice [108].
Similar results were obtained from APP/PS1 double transgenic AD mouse model with
treadmill exercise improving learning, memory and LTP and providing amelioration of
neuropathological characteristics of the disease [109]. In humans with high risk of AD,
increased physical activity has been shown to reduce hippocampal atrophy [110, 111].
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in the striatum and additionally exerts a protective effect on tyrosine hydroxylase positive
neurons in the striatum and SN [112]. Clinical studies of PD patients have shown that physical
activity ensured improvements in postural stability, balance and cognitive functions [113,
114]. Even more, exercise provided attenuation of depression frequently observed in both AD
and PD patients [115].

3.4.3. Huntington’s Disease

HD is a progressive neurodegenerative disease caused by a genetic mutation of HD gene and
characterized by neuron death in the striatum mainly, but also in some regions of the cortex
and hippocampus. The most significant symptoms of HD are loss of coordination of voluntary
movement, bradykinesia and rigidity. Reduced cognitive capacity observed in these patients
causes progressive severe dementia over time [4, 6]. Studies on different transgenic mice
models such as R6/1 HD, R6/2 HD and N171-82Q HD have shown that running wheel activity
does not increase BDNF level or stimulate neurogenesis in the hippocampus [116, 117].
Nevertheless, exercise delays HD symptoms and improves cognition in similar study models
[118]. The cognitive improvement caused by running in HD transgenic mice does not appear
to be due to increased neurogenesis, but rather is due to structural remodelling of existing
neurons in the hippocampus. Human studies have provided contradictory results. For
example, Altschuler reported there was no recovery of the initiation or progression of HD
symptoms in a semi-professional marathon runner [119]. On the contrary, in another study of
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increase in grey matter volume in the right caudate region and bilateral dorsolateral prefrontal
cortex is reported in addition to significantly improved word learning and memory perform-
ance [120]. Contradictory findings suggest that more detailed investigation into the effects of
exercise in HD patients is needed.

3.5. Effective type, duration and intensity of exercise

Aerobic exercise basically has positive effects on cardiovascular and metabolic functions, while
resistance exercise is very beneficial for muscle strength and bone density. As mentioned above,
there is much scientific proof of the positive effects of exercise on neurologic functions. Studies
have shown that both exercise types have similar positive effects on neuroplasticity. Cassilhas
and colleagues in a study comparing the effects of aerobic and resistance exercise found that
both types of exercise produced similar improvements in learning and spatial memory after
an 8-week training period. However, as aerobic exercise causes an increase in IGF-1, BDNF,
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TrkB and β-CaMKII (calcium/calmodulin-dependent kinase II] in the hippocampus, resistance
exercise caused an increase in peripheral and hippocampal IGF-1, IGF-1R and AKT. According
to the results of this study, aerobic and resistance exercise produces similar positive effects on
learning and spatial memory by using different molecular mechanisms [121].

Molteni  and colleagues  investigated the  time-dependent  changes  of  the  gene  expression
in the hippocampus induced by acute and chronic (3,  7  and 28 days]  voluntary running
wheel  activity  [73].  The  researchers  found that  BDNF expression  increased  with  all
exercise  durations  and  reported  that  BDNF played  a  central  role  in  exercise-induced
brain  plasticity.  Similarly,  the  CaM-K signal  system increased  with  both  acute  exercise
and chronic  exercise;  however,  they reported that  the MAP-K/ERK system was activated
by  long-term exercise.

When the effect of exercise types with different intensities is examined, mild-moderate
intensity exercise seems to be more beneficial to the brain, while exhaustive exercise appears
to be destructive. For example, Soya and colleagues investigated the effects of acute exercise
(30 min, treadmill) at different intensities on the BDNF expression in the hippocampus in rats
and showed that mild running (15 m/min) increased BDNF mRNA and protein levels [122].
Running at faster speeds (20 m/min) increases serum corticosterone levels along with only
BNDF mRNA levels in the hippocampus, while causing a reduction in protein levels. The
researchers stated that low-intensity exercise with minimum stress levels was more beneficial
to the hippocampus. Another study investigated the effect of mild and intense treadmill
exercise on cognitive function after traumatic brain injury in rats, and showed that 2 weeks of
mild exercise increased hippocampal BDNF expression and improved cognitive functions
[123]. In another study, Li and colleagues investigated the effects of exhaustive exercise and
showed that different intensities of acute exhaustive exercise cause neuronal cell apoptosis in
rats. From these results, it is understood that exhaustive exercise is not beneficial to the
hippocampus and may in fact have a destructive effect [124].

4. Conclusion

The beneficial effects of exercise are most likely the result of a combination of increased number
and maturation of newborn cells, modifications in synaptic plasticity and spine density and
enhanced angiogenesis in the hippocampus. The most pronounced changes induced by
exercise are observed in the DG subfield within the hippocampus. Exercise-induced increase
in hippocampal neuroplasticity appears to be mediated by a variety of neurotrophic and
angiogenic factors and neurotransmitter systems. Changes in hippocampus morphology and
chemistry may mediate beneficial effects of exercise, such as improved learning and memory,
anti-depressant-like and anxiolytic effects, reduced cognitive decline related to ageing and
delay/reduction in symptoms of neurodegenerative disease.

Although further research is needed to understand the cellular mechanism responsible for the
effects of exercise on the brain, it is clear that exercise could be used to maintain and improve
cognitive function throughout the lifespan. It should be also noted that exercise is the most
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effective, low-cost and low-tech method for successful ageing, and therefore, it has a great
potential to prevent or reduce age-related cognitive decline. Neurologically to ensure the
optimum benefit from exercise, regular, mild-moderate intensity of the aerobic or resistance
exercise appears to be appropriate, while it is recommended to avoid exhaustive type of
exercise.
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Abstract

High blood pressure (HBP) does not cause discomfort but still, you need to take care of
and treat it. Otherwise, over time, it can damage the heart, kidneys, brain, and eyes.
Lifestyle changes are essential in HBP, and physical activity is a parameter of great
influence. In order to achieve the benefits derived from physical activity, it must be
adequately prescribed, an aspect that will be developed in this chapter. The first section
addresses the physiopathology of hypertension, with special interest in the pathological
mechanisms that may induce hypertension, devices for monitoring blood pressure (BP),
and an overview of the particularities that present hypertension in the presence of other
pathologies and over the life span. Second section focuses on exercise prescription for
hypertensive people, exploring each type of exercise that has been proved to be effective.
We discuss for each type of exercise, the benefits, mechanisms involved in these benefits,
the appropriate dose of exercise, and other methodological considerations including
risk management issues. We conclude with a clinical case study. A detailed exercise
training program will be developed for this particular case study in order to try to bridge
the gap between theory and practice.

Keywords: primary hypertension, blood pressure, resistance training, aerobic exer‐
cise, lifestyle

1. Introduction

High blood pressure (HBP) is the greatest public health problem worldwide because of its
high prevalence and because it is associated with increased cardiovascular and renal compli‐
cations. In the year 2000, hypertension in the adult population stood about 26.4%. Projected
calculations for 2025 estimate the prevalence at 29.0%. In absolute terms worldwide, this

© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Chapter 5

Exercise for Hypertension

Chulvi-Medrano Iván, Sanchis-Cervera José,
Tortosa-Martínez Juan and
Cortell-Tormo Juan Manuel

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/65035

Provisional chapter

Exercise for Hypertension

Chulvi-Medrano Iván, Sanchis-Cervera José,
Tortosa-Martínez Juan and Cortell-Tormo Juan Manuel

Additional information is available at the end of the chapter

Abstract

High blood pressure (HBP) does not cause discomfort but still, you need to take care of
and treat it. Otherwise, over time, it can damage the heart, kidneys, brain, and eyes.
Lifestyle changes are essential in HBP, and physical activity is a parameter of great
influence. In order to achieve the benefits derived from physical activity, it must be
adequately prescribed, an aspect that will be developed in this chapter. The first section
addresses the physiopathology of hypertension, with special interest in the pathological
mechanisms that may induce hypertension, devices for monitoring blood pressure (BP),
and an overview of the particularities that present hypertension in the presence of other
pathologies and over the life span. Second section focuses on exercise prescription for
hypertensive people, exploring each type of exercise that has been proved to be effective.
We discuss for each type of exercise, the benefits, mechanisms involved in these benefits,
the appropriate dose of exercise, and other methodological considerations including
risk management issues. We conclude with a clinical case study. A detailed exercise
training program will be developed for this particular case study in order to try to bridge
the gap between theory and practice.

Keywords: primary hypertension, blood pressure, resistance training, aerobic exer‐
cise, lifestyle

1. Introduction

High blood pressure (HBP) is the greatest public health problem worldwide because of its
high prevalence and because it is associated with increased cardiovascular and renal compli‐
cations. In the year 2000, hypertension in the adult population stood about 26.4%. Projected
calculations for 2025 estimate the prevalence at 29.0%. In absolute terms worldwide, this
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increase will go from 972 million hypertensives in 2000 to 1,560,000,000 in 2025, representing
a raise of approximately 60% [1].

Hypertension is the most prevalent cardiovascular disease (CVD), affecting 20–50% of the
population in developed countries. Its prevalence increases with age, especially after 50 years
old when it affects more than 50% of the population. All segments of the population (pregnant
women, elderly, people with diabetes, etc.) are susceptible to developing a pathological
elevation of blood pressure (BP). Hypertension is usually diagnosed when systolic blood
pressure (SBP) is ≥140 mmHg and/or diastolic blood pressure (DBP) ≥90 mmHg, sustained
constantly. However, the dividing line between normal blood pressure and hypertension is
arbitrary and actually artificial. The value of BP is the result of the interaction of genetic and
environmental factors (e.g., polygenic inheritance, salt intake, smoking, stress, diet, etc.).

A high BP has been identified as a risk factor for coronary artery disease (CAD), heart failure
(HF), stroke, and peripheral arterial insufficiency. Hypertension is associated with earlier
changes in organ systems, such as left ventricular (LV) hypertrophy, renal failure, retinopathy,
and vascular dementia, which are grouped under the term “target organ damage” (TOD).
Furthermore, hypertensive patients have a higher incidence of cardiovascular comorbidities
(e.g., diabetes, insulin resistance, dyslipidemia, etc.) compared to the general population.

Currently, HBP represents a major challenge to public health as it is frequently associated with
sudden death due to the silent nature of the condition. The first step is to secure a firm
diagnosis. The European League of Hypertension recommends the use of an ambulatory BP
measurement (monitoring ambulatory blood pressure (MAPA)), which is a device for
automated blood pressure measurement repeatedly for 24 h. This monitoring test provides a
more accurate picture of the circadian pattern of blood pressure changes over an average day
and night. Recently, there has been a marked interest in this circadian pattern and the
variability of BP because having an abnormal BP pattern has been related to increased
cardiovascular risk and other health problems. In particular, night blood pressure seems to be
the best predictor of cardiovascular events and the degree of development of cardiovascular
disease. The MAPA can also differentiate permanent hypertension and hypertension secon‐
dary related to stress (white‐coat effect). Scientific evidence regarding the effectiveness of the
MAPA has mainly emerged from the CARDIORISC project in Spain, which includes the largest
global database available with more than 40,000 patients [2].

Inadequate treatment of hypertension increases drastically the potential damage on the main
target organs (e.g., heart, brain, kidney, retina, etc.). There are several nonpharmacological
strategies for preventing and treating hypertension, such as the DASH diet and physical
activity. Recent evidence suggests that higher physical activity levels are associated not only
with lower diurnal BP levels but also with lower levels of night BP, which represents a healthier
circadian pattern and thus a reduced cardiovascular comorbidity. There is a considerable
amount of scientific evidence, including meta‐analysis, supporting the antihypertensive effects
of different types of exercise for blood pressure, such as continuous aerobic training. However,
the appropriate type, intensity, time, and frequency of exercise remain unclear. In parallel,
other types of exercise such as isometric strength training or high‐intensity aerobic training
(HIT) are gaining attention in the literature, showing very promising results. In order to achieve
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and maximize the benefits of exercise safely, professionals should have updated guidelines for
prescribing exercise for hypertension. These guidelines should be based on scientific evidence
and provide precise practical information about how to design, implement, and control a
training program.

2. Pathological mechanisms

2.1. Etiological factors

2.1.1. Genetics

From a clinical standpoint, the influence of genetics in hypertension is determined by a familial
aggregation, so that the prevalence increases among relatives of first degree. Besides this
clinical observation, knowledge of the genes involved in the development of hypertension is
scarce. It seems clear that genetic determinants can be modified by environmental ones, so
that the blood pressure or the resulting phenotype depends on the interaction of both factors.
Genotypic and phenotypic research will be of great importance in the future as it may be able
to help develop personalized treatments and prevention programs based on these findings [3–
6].

2.1.2. Environmental factors

The main factors related to the development of hypertension are linked to the progress and
changes in lifestyle and diet. The mechanisms by which these environmental determinants
increase blood pressure and promote the development of cardiovascular disease are not fully
clarified but it seems that a high caloric intake and decreased energy expenditure produce
sympathetic hyperactivity [3–6].

2.1.3. Possible pathological mechanisms

1. Sympathetic overactivity. It is characterized by an imbalance between sympathetic and
parasympathetic activity. Sympathetic activation may be caused by a direct stimulus by chronic
stress, high caloric intake, obesity, and physical inactivity among others. 2. Renin-angiotensin
system (RAS). The renin‐angiotensin system is undoubtedly mainly responsible for the
development of vascular disease and one of the main focuses of therapeutic care. Angiotensin
II is the main effector system with specific receptors at different levels that promote vasocon‐
striction and fluid retention, the latter thanks to the stimulation of adrenal aldosterone
secretion as well as inflammatory, proaggregatory, and prothrombotic reactions. 3. Dysfunction
and endothelial injury. The endothelium plays a fundamental role in vascular pathophysiology
alterations observed in hypertension. Cardiovascular complications include both dysfunction
and damage in the endothelial cell layer. In the latter case, the most plausible hypothesis is the
inability of predisposed individuals to repair endothelial cell damage that occurs in normal
circumstances, mainly due to a decrease in endothelial progenitor cells, primarily responsible
for these repair processes. Regarding functional alterations, these consist of an imbalance
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between the production of vasodilator and anti-inflammatory substances including nitric
oxide and the production of pro-inflammatory and primarily endothelin vasoconstrictors. 4.
Structural changes in the arteries. Three types of changes in arteries are described in hyperten-
sion: the presence of capillary rarefaction, hypertrophy of the middle layer of resistance
arteries, and stiffness of large arteries [3–6].

3. Blood pressure monitoring (random vs MAPA)

The diagnosis of hypertension and the therapeutic decisions derived from this diagnosis
require the highest reliability possible. The difficulties in measuring the blood pressure of a
subject are derived from its variability, associated mainly with his/her physical and mental
activity, limitations in the accuracy of an indirect measure (with the observer as a major source
of inaccuracy), and sometimes the alert reaction produced in a person to blood pressure
monitoring, which in some cases can be of clinical relevance (white-coat phenomenon).

Measuring blood pressure in a clinical setting: the reference technique of measuring blood
pressure has been classically performed in the clinical setting by the auscultatory technique
with the mercury sphygmomanometer, and most recently by semiautomatic and validated
self-measurement devices. Monitoring ambulatory blood pressure provides real value of great
importance. MAPA keeps 24-h Holter records of the blood pressure of a person. The patient
may be classified with respect to the values of blood pressure in four exclusive conditions: real
normotensive, sustained hypertension, white-coat hypertension, and masked hypertension.
Because of its advantages, MAPA is increasingly considered a necessary element in the basic
assessment of hypertensive patients, with the recommendation of some clinical guidelines to
use it for confirmation of diagnosis, previous to making therapeutic decisions [3–6].

4. Morbidity of hypertension

The main clinical guidelines for the diagnosis and treatment of hypertension advise for the
evaluation, to the possible extent, of the existence of subclinical organ damage. The reason for
this is the consideration of organ damage as an intermediate stage in the development of
cardiovascular disease, with importance in the stratification of absolute cardiovascular risk,
and therefore the need for a different therapeutic approach. Multiple components of subclinical
organ damage in heart, renal, and cerebral level have been described [3–6].

4.1. Main consequences

In the heart, hypertension causes left ventricular hypertrophy, which is the first step for
developing hypertensive heart disease.

The silent damage produced in the kidney should be assessed in all hypertensive patients at
diagnosis. Furthermore, at least annually, the evaluation should proceed by determining serum
creatinine, renal blood flow, as well as the microalbuminuria.

Fitness Medicine94

The evaluation of vascular injury is more complex and its relationship with prognosis is less
evident. In particular, in regard to the modifications induced in the treatment, there is no
universal recommendation for vascular assessment in hypertensive patients although there is
evidence about the usefulness of the ankle arm index. The ankle arm index is an indicator of
the existence of peripheral arterial disease and can be altered in apparently asymptomatic
patients.

5. Drugs and pharmacology associated

The aim of an antihypertensive therapy is twofold. On one hand, reducing mortality and
cardiovascular morbidity associated with increased pressure and, on the other, avoiding the
progression and regression of subclinical visceral organ damage. Treatment should be initiated
immediately in all patients with hypertension grade III (SBP of >180; DBP of >110), regardless
of the presence of other conditions, and for any other hypertensive patients in the presence of
diabetes, target organ damage, or chronic kidney disease established by cardiovascular
disease. Although there is no clear consensus in the clinical guidelines, there is a general
indication for starting treatment in elderly individuals at values above 150 mmHg 90 [3–6].

5.1. Diuretics

Diuretics are first-line drugs, and there is more evidence available of its protective capacity
than with other drugs. There are three different subgroups of diuretics: thiazide, loop diuretics
of Henle, and potassium-sparing, although only the former has clearly demonstrated a clear
benefit in cardiovascular pressure in hypertensive patients.

5.2. Calcium antagonists

There are three main groups of calcium-channel blockers. Their mechanism of action consists
of the inhibition of dependent calcium channels in the membrane potential blocking the entry
of calcium into the cell. The biggest drawback of these drugs is the frequent occurrence of side
effects. In nearly a third of these patients, side effects are derived from cutaneous vasodilation
and are primarily manifested by ankle edema. Calcium antagonists constitute one of the best
options for a combined therapy. They have beneficial and synergistic effects when combined
with RAS blockers (angiotensin-converting enzyme (ACE) inhibitors or angiotensin II receptor
blockers (ARBs)) and in the case of dihydropyridines, with beta blockers. In both cases, an
additional antihypertensive benefit is achieved. Furthermore, the metabolic side effects of
diuretics are avoided.

5.3. Inhibitors of the converting enzyme of angiotensin

The mechanism of action consists of the inhibition of angiotensin II formation from angiotensin
I. ACEIs also cause a decrease in aldosterone secretion induced by angiotensin II and inhibit
the breakdown of bradykinin to increase levels of the mentioned vasodilator peptide. They are
currently considered a first step for drug treatment in hypertension, and have demonstrated
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their ability to prevent cardiovascular events in hypertensive patients. Combined therapies
with thiazide and loop diuretics are especially effective as they prevent the formation of
angiotensin II‐induced activation of renin secretion. One of its biggest advantages is that they
are effective and safe in associated diseases, prolong survival, and reduce complications of
patients with infarction and ventricular dysfunction. Likewise, these are required drugs in the
treatment of heart failure and chronic renal failure with proteinuria. Finally, they are especially
indicated in hypertension associated to diabetes mellitus due to its ability to prevent micro‐
and macrovascular coronary disease and nephropathy progression of secondary complica‐
tions. Side effects are mainly the appearance in some patients of refractory therapeutically
nonproductive dry cough. There have also been reported isolated cases of angioedema, which
appears with the first doses, probably reflecting a phenomenon of hypersensitivity.

5.4. Antagonists angiotensin II receptor

These drugs reduce the inhibition of the renin‐angiotensin system by the specific antagonism
of angiotensin I and II. The advantage compared to ACE inhibitors is that it is better tolerated.
A unique feature is a major effect on stroke prevention.

6. Hypertension in different biological conditions

Treatment of hypertension in special situations deserves special consideration because of its
high prevalence and its added cardiovascular risk [3–6]:

6.1. Elderly

In hypertensive patients over 80 years, treatment should start from equal or higher levels of
160/90 and with the goal of achieving values of 150/90. From this recommendation are excluded
hypertensive patients with great fragility, high levels of dependence, or debilitating diseases
in which treatment decisions should be individualized.

6.2. Diabetes mellitus

It is a situation of high cardiovascular risk. In addition, diabetic nephropathy is a serious health
problem that can be the leading cause for a need of dialysis and kidney transplant. Prognosis
of diabetic patients depends on many factors besides glycemic control, among which figures
blood pressure. The basic objectives in this case are the reduction of blood pressure to levels
below 140/90, and strict metabolic control of the glycosylated hemoglobin to levels lower than
7%, in addition to low‐density lipoprotein (LDL) cholesterol levels below 100 mg. The drug
treatment for diabetic patients should be based on a serotonin‐releasing agent (SRA) blocking
agent, especially because of its renal protective effect, although with most patients it will be
necessary to use two or more associated drugs. In this case, the groups to combine would be
calcium‐channel blockers and diuretics.
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6.3. Ischemic heart disease

The objective of the control in these cases is to achieve figures lower than 140/90. Regardless
of age, beta‐blockers are the drugs of choice in patients with hypertension and angina. Calcium
antagonists are an alternative in case of contraindication or intolerance to beta‐blockers. It has
also been found that spironolactone associated with beta‐blockers reduces mortality in heart
failure. There are studies supporting the indication of ACE inhibitors or ARBs in all patients
with ischemic heart disease.

6.4. Cerebrovascular disease

Primary prevention constitutes one of the main expressions of the effectiveness of antihyper‐
tensive treatment control. Objectives are set here at values below 140/90 mmHg. Stroke
especially affects the elderly hypertensive and depends markedly on the figures of control of
the blood pressure. In clinical studies, it has been observed that diuretics and calcium antag‐
onists have a special preventive capacity.

6.5. Kidney disease

Hypertensive patients with albuminuria kidney disease or reduction of renal filtrate below 30
ml/min should be considered at high risk for injury in the target organ.

6.6. Resistant hypertension

It is defined as the inability to achieve the desirable blood pressure despite modifications in
lifestyle, the use of a diuretic, and at least two other blood pressure medicines. The prevalence
is between 10 and 15%. Diagnosis requires confirmation by ambulatory monitoring (MAPA),
since even a third of these patients present a white‐coat phenomenon. Many patients will need
the administration of a fourth type of drug. A small group of patients maintains a high blood
pressure despite complex therapeutic regimens often with up to six or seven drugs and by
ruling out other causes responsible for resistance to treatment. Recently, some nonpharmaco‐
logical therapeutic techniques have been developed that have been proved effective in
reducing blood pressure in these uncontrolled patients, such as renal sympathetic denervation,
stimulation of carotid baroreceptors, or implantation of an arteriovenous fistula.

7. Exercise for hypertension

Guidelines for the management of hypertension recommend lifestyle modifications, in
particular, a combination of diet and exercise. Nonpharmacological strategies are aimed to
change the lifestyle and should be instituted in hypertensive and pre‐hypertensive patients.
Supervised exercise, the DASH diet, and weight reduction, combined with pharmacological
therapy, are effective treatments for normalization of blood pressure. This statement is based
on the knowledge that exercise is a landmark in primary prevention and coadjuvant in the
treatment of hypertension [7]. Exercise is considered as a polypill and, thus, is necessary to
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know the optimal dosage (posology) in order to obtain maximal benefits [8]. Specifically, the
response of blood pressure to exercise aims to ensure adequate blood flow to active muscles.
BP depends on cardiac output (Q), which varies depending on myocardial contractility, heart
rate (HR), blood volume, and peripheral vascular resistance. During the development of
training, changes occur at the cardiovascular level, including increased systolic blood pressure,
diastolic blood pressure, and mean arterial pressure (MAP) [9, 10].

The possible mechanisms of the antihypertensive effects of exercise are not fully clear but may
include [7] (a) reduction in sympathetical‐induced vasoconstriction and reduced catechola‐
mine segregation; (b) increased insulin sensitivity; (c) anti‐inflammatory effects; and (d)
vascular structural adaptations.

Different international organizations such as the American Heart Association, American
College of Cardiology, American College of Sports Medicine, European Society of Hyperten‐
sion, European Society of Cardiology, or the Canadian Hypertension Education Program have
developed their exercise prescription guidelines for adults with hypertension (for a review,
see the original statements or Pescatello et al. [11]). Because the ideal dose is still unknown,
the emergence of new modalities of exercise, in this chapter updated exercise strategies for
managing and preventing hypertension, is presented. The modalities of exercise that have
shown a relatively stronger supporting evidence are aerobic exercise (Class I, level of evidence
A), dynamic resistance exercise (Class IIA, level of evidence B), and isometric handgrip (Class
IIB, level of evidence C) [3].

7.1. Cardiovascular exercise

Low aerobic fitness has been proved to be a strong predictor for future cardiovascular disease
and all‐cause mortality in people with hypertension [12]. Not surprisingly therefore, there still
seems to be a consensus that aerobic exercise should be prescribed as the primary type of
exercise for the prevention, treatment, and control of hypertension [11]. Aerobic training can
be performed either at continuous intensity or by short intervals of high‐intensity exercise.

7.1.1. Continuous aerobic

The most extensive evidence with endurance training for hypertension is available for the
continuous modality, understood as exercise of a constant sustainable intensity that is carried
out over a given period of time, usually long.

7.1.1.1. Benefits of continuous aerobic training for hypertension

An acute session of continuous aerobic exercise can lower BP during the post‐exercise period,
known as the post‐exercise hypotension (PEH). PEH is considered a prolonged decrease in
resting blood pressure in the minutes and hours (up to 24 h) after an acute bout of exercise [13].
This decrease is more pronounced in hypertensive patients [14] and has also been shown in
very old adults [15].

Chronic exercise results in more sustained reductions in BP, known as the exercise‐training
response [16]. According to different reviews and meta‐analysis, aerobic exercise reduces BP
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in 5–7 mmHg [17]. However, it should also be noted that there is a considerable heterogeneity
of the individual response to exercise training, attributed to environmental and genetic factors.
About 20–25% of hypertensive patients could be nonrespondents to exercise [18].

7.1.1.2. Mechanisms of benefits

PEH is mediated by both central and peripheral factors. The fall in blood pressure seen after
exercise seems to be caused by a reduced signal transduction from sympathetic nerve activa‐
tion into vasoconstriction, and also local vasodilatator mechanisms. Recent evidence suggests
that muscle afferents may play a major role in this response [19].

Chronic aerobic exercise in hypertensive patients may lead to a reduction in left ventricular
mass [16], although results are not always conclusive. Decreased oxidative stress and inflam‐
mation levels, as well as an improved autonomic function, have been described as key
mechanisms that contribute to the physiological benefits obtained with exercise. However,
further research is needed to elucidate the exact mechanisms involved in the adaptations to
chronic aerobic exercise [16].

7.1.1.3. Dose of exercise

When it comes to prescribe physical activity, the dose‐response question is a very relevant
issue. It refers to the relationship between different doses of physical activity and changes in
a defined health parameter. The total physiological load is calculated for continuous endurance
training as the product of the intensity, duration, and frequency of the exercise. There is still
an ongoing debate about the optimal training dose, frequency, duration, and intensity of
exercise for hypertensive patients.

In regard to intensity, few studies have actually compared the effects of different intensities of
endurance exercise in blood pressure. Cornelissen et al. [20], using a randomized crossover
design, compared the effects of two different programs of endurance training in BP, HR, and
heart rate variability (HRV) in a group of 36 healthy sedentary older adults (mean age: 59 years,
range: 55–71 years) with SBP of ≥120 mmHg or DBP of ≥80 mmHg. The study was composed
of three 10‐week periods. In the first and third period, the participants exercised at 33 or 66%
of HR reserve (3 days per week, 50 min per session) in random order, with a sedentary period
in between. The results of this study showed that endurance training at both lower and higher
intensities reduced SBP significantly (P < 0.05) at rest, before exercise, during exercise, and
during recovery to a similar extent. The effect of training on HR was more pronounced (P <
0.05) with higher intensity, whereas HRV was unaffected by the intervention.

However, more recent evidence suggests that moderate to high intensities produce higher BP
reductions than low‐intensity endurance training (<40% of heart rate reserve or <55% of
maximum heart rate) [17].

On the other hand, the most appropriate duration and frequency of the exercise programs is
not fully clear either, but most evidence is in line with the American College on Sports
Medicine’s recommendations of performing aerobic exercise most, preferably all, days of the
week. The duration of each exercise session should range from 30 to 60 min [11].
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In parallel, Cornelissen and Smart [17] concluded, after conducting a systematic review and
meta‐analysis, that exercise programs longer than 210 min per week produced the smallest
reductions in BP compared to shorter programs, but probably due to the lower intensity of
longer programs.

7.1.2. High-intensity interval training

There is increasing evidence showing that high‐intensity training (85–100% of peak oxygen
uptake [VO2peak]) in hypertensive patients may elicit higher CVD benefits, including lowering
blood pressure, compared to low‐ and moderate‐intensity training [20, 21]. High‐intensity
interval training (HITT) is the most common form of high‐intensity training, and consists of
short bouts of high‐intensity exercise interspersed with resting periods of similar, lower, or
longer duration.

7.1.2.1. Benefits of HIIT for hypertension

Repeated bouts of high‐intensity interval exercise (>85 VO2max) have been shown to induce
similar PEH responses to those obtained with continuous modalities of endurance training
performed at lower intensities (∼60 to 65% VO2max), both when matched for exercise volume
[22], and when compared to lower volume but performed at maximal intensity [23].

A 12‐week HIIT program (85–90% of VO2max) lowered blood pressure, improved cardiac
function and aerobic capacity, and reduced the mean HR, with superior effects than continuous
aerobic training performed at a lower intensity (60% of VO2max) [21].

7.1.2.2. Mechanisms of benefits

The mechanisms of the benefits elicited by HIIT programs are probably similar to the ones
described in the continuous modality. However, higher intensities elicit exponentially greater
increases in sympathetic activity, so it is possible that it may produce higher autonomic
adaptations. It has also been suggested that the larger shear stress provided by high‐intensity
exercise compared to moderate intensity programs further enhances the endothelial function,
which plays a major role in the regulation of vasomotor tone and the development of athero‐
sclerosis, and it has also been shown to be a strong predictor of CV risk in hypertensive
patients [21–25].

7.1.2.3. Dose of exercisee

When it comes to HIIT training, the most important variables to consider are the duration of
the short bouts of high‐intensity exercise as well as the duration of the resting periods. More
research is needed for establishing the optimal ratio of exercise and rest in people with
hypertension, with protocols ranging from 4 × 4‐min interval at 85–90% of VO2max with a 3‐min
active pause between bouts [21] to two sets of 10 min composed of repeated phases of 15 s at
100% interspersed by 15 s of passive recovery, with another 4 min of passive recovery between
sets [25].
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In patients with coronary artery disease and heart failure, it has been suggested that short
bouts of high‐intensity exercise (100% of maximal aerobic power) such as 15 s for people with
CAD and 30 s for people with HF (with passive recovery phases of the same duration between
bouts, ratio 1:1) are optimal for obtaining benefits and improving adherence [26]. It is possible
that these combinations are also adequate for people with hypertension as shown by Sosner
et al. [25], but more research is needed in order to establish the most appropriate training
regime.

7.2. Resistance exercise: dynamic resistance training

7.2.1. Benefits of dynamic resistance training for hypertension

Resistance exercise is increasingly recommended because studies have shown a reduced
systolic blood pressure of 1.8 and 3.3 mmHg in diastolic blood pressure with this type of
training [17].

7.2.2. Mechanisms of benefits

Initially, SBP and DBP rise because of the exercise pressor reflex to the cardiovascular center
in the medulla from proprioceptors (mechanoreceptors and metaboreceptors) in active
muscles. Arterial pressure rises to overcome the resistance to muscle perfusion caused by
elevated intramuscular pressure interrupting arterial blood flow.

A hypotensive response has been reported several hours after exercise, caused by reduced
norepinephrine levels and thus by the inhibition of sympathetic activity, a reduction in
circulating angiotensin II, adenosine, and endothelin levels and their receptors in the central
nervous system leading to decreased pulmonary vascular resistance (PVR), and increased
baroreflex sensitivity. Hypotension is also triggered by the vasodilator effect of prostaglandins
and nitric oxide.

7.2.3. Dose of exercise

As a general recommendation, Pescatello et al. [11] recommend to carry out a strength‐training
program of moderate intensity (i.e., 60–80% of 1 RM) consisting of eight to 10 exercises
targeting the major muscle groups (performing multisets of 10–12 reps), and using different
means of resistance training. This training should ideally be repeated 2–3 days per week.

Usually, it has been recommended to perform strength training dynamically, perhaps to avoid
an increase in blood pressure. This effect is possibly due to a mechanical compression, causing
increased peripheral resistance. Such resistance is related to blood viscosity and the length and
radius of the vessel during muscle contraction in exercised muscle groups. This compression
phenomenon that obstructs blood flow is associated with a reflex vasoconstriction in unexer‐
cised body areas that elevate BP. Moreover, when holding the breath while performing strength
training (usually when the load is very high), an increase in the intrathoracic pressure caused
by what is known as the Valsalva maneuver (MV) occurs [27]. Fleck et al. [28] observed that
the SBP, DBP, and the double product (DP) increase during the last repetitions (one to three)
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of the series leading to volitional and muscular failure, regardless of the intensity. It appears
that both, the prolongation of effort and the degree of reduction in execution speed (increased
muscle static component) as the last few repetitions approach, cause an increase in BP
regardless of the intensity, especially when performing sets to failure. In the same way, Wilborn
et al. [10] demonstrated that the BP is significantly higher after 85% of 1 RM than 65% of that
1 RM. They found no significant differences in the response of SBP between exercising at 65
and 85% of 1 RM. The results of this study suggest that reasons other than mechanical
compression and Valsalva maneuver may be the cause of the increase in BP due to the fact that
1 RM caused minor responses in BP. The study concluded that the longer duration of exercise
at 65% of 1 RM is most likely to cause the largest increase in SBP and HR at this intensity.

7.3. Resistance exercise: isometric resistance training

Over the past 5 years, emerging evidence supports the potential use of isometric training for
hypertension. Nevertheless, the meta‐analysis of Cornelissen and Smart [17] highlights that
isometric exercise shows the greater reductions in systolic and diastolic blood pressure, 10.9
and 6.2 mmHg, respectively, compared to other types of training. In a recent meta‐analysis,
Inder et al. [29], using a meta‐analysis, have shown that isometric exercise will be more efficient
in reduction on hypertension in males of >45 years old, using arms exercises unilaterally over
8 weeks of training.

In regard to the optimal dose for this type of training, Millar et al. [30] have reported that
effective interventions should be characterized by:

• 4 × 2 min (1–4 min rest) of 20–50% of the maximal voluntary contraction.

• 3–4 days/week during at least 4–10 weeks.

• Being able to be carried out by lower limb exercises (i.e., leg press or squat) or upper limb
(i.e., handgrip).

Finally, it should be noted that there is emerging evidence that shows significant improvements
in blood pressure after physical‐training programs with vascular occlusion superimposed,
although the mechanisms of action that could support these improvements are currently
unknown and therefore it is very difficult to establish appropriate recommendations for this
type of exercise [31].

Some aspects that should be considered in connection with the exercise in people affected by
hypertension are as follows:

• Progression should be gradual, avoiding large increases, especially in the intensity variable.

• Do not begin an exercise program if the person presents values of arterial pressure of 180/105
mmHg or higher.

• Monitor blood pressure during (or at the end of a set) the exercise by the average of two
consecutive measurements spaced by 30 s.

• Use a cooldown phase of at least 5–10 min, in order to avoid an excessive post‐exercise
hypotension effect.
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• If the response to exercise is hypotensive, that is, an inability to increase blood pressure
despite increased demands for physical exercise, usually less than 20–30 mmHg, exercise
must stop. This phenomenon may reflect the need for adjustment of the antihypertensive
treatment.

• Monitor the pressor effect of an exercise at a given intensity. This factor is calculated by
multiplying the systolic blood pressure for heart rate registered after exercise to a specific
intensity.

• Provide a sufficient recovery time, at least 30 s, to return to baseline conditions of the
cardiovascular system.

• Avoid exercise in which the head level is below the hips (declined exercises).

• Avoid high number of repetitions and muscular failure in resistance training.

8. Case study

Age: 55 years Sex: Male

BP: 155/110 mmHg. Medication: Treated with diuretics for 3 months.

Physical activity levels: Sedentary.

Body mass index (BMI): 33 kg/m2.

Patient history: No familiar antecedents of cardiovascular accident.

The proposed exercise would be summarized as follows:
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Abstract

Skeletal muscle mass, strength, and function decline with aging are the symptoms that
characterize sarcopenia, which has become a significant problem in aging societies.
Aging is also associated with arterial stiffness and autonomic nervous dysfunction,
leading to increase in the risk of cardiovascular disease (CVD) and mortality. Resistance
training (RT) is effective for improving muscle fitness in older individuals as well as
young healthy individuals. However, the effects of RT on autonomic nervous function
(ANF) in the elderly have not been fully elucidated. The author reviewed the current
evidence regarding RT and ANF in older individuals. Whole-body, high-intensity or
progressive RT had either no effect on ANF or perhaps an unfavorable effect on ANF.
On the other hand, local isometric, moderate-intensity RT may have a beneficial effect
on  ANF in  older  individuals.  The  combination  of  RT  and aerobic  exercise  had  a
favorable effect on ANF in older patients with comorbidities. However, the optimal
intensity, frequency, and duration of RT for improving ANF in older individuals remain
unknown. Further studies with a large number of subjects are warranted.

Keywords: resistance training, sarcopenia, autonomic nervous function, heart rate
variability

1. Introduction

Sarcopenia, age-related loss of muscle mass and/or decline in muscle strength and perform-
ance [1] has become a significant problem in aging societies. Sarcopenia is associated with
the increased risk of disability [2] and mortality [3], and resistance training (RT) should be
performed in the elderly as well as healthy young individuals. A cohort study showed that

© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.
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guideline-concordant RT reduced the risk of all-cause mortality (odds ratio 0.64) in older
individuals  over  65  years  of  age  [4].  On  the  other  hand,  we  should  be  careful  when
prescribing RT for older individuals with disabilities or diseases because such individuals
may develop physical impairments due to their low physical fitness. Adverse effects of RT
on the elderly have not been adequately reported in previous clinical studies [5]. Transient
changes in blood pressure in response to exercise or environmental changes (e.g., posture,
atmospheric pressure, temperature) are intricately regulated by the reciprocal action of the
sympathetic and parasympathetic nervous systems. However, the incidences of orthostatic
and postprandial hypotension increase with age [6], and systolic hypertension is caused by
an increase in arterial stiffness and sympathetic nervous dysfunction in the elderly [7]. Aging
is also a significant factor associated with reduced baroreflex sensitivity and increased blood
pressure [7], and furthermore, baroreflex dysfunction in older subjects may be the underly-
ing  pathophysiological  mechanism  in  vasovagal  syncope  [8].  Muscle  sympathetic  nerve
activity (MSNA) increases with age in both men and women [9]. Higher sympathetic nerve
activity  causes  hypertension  with  aging.  Long-term  endurance  exercise  (EE)  decreases
sympathetic nerve activity and increases parasympathetic nerve activity, which may reduce
the  risk  of  cardiovascular  disease  (CVD) [10].  However,  the  effect  of  RT on the  cardiac
autonomic nervous function (ANF) of younger individuals is controversial. Progressive RT
with an emphasis on increasing the muscle strength of the lower limbs improved the vagal
modulation of heart rate [11], whereas whole-body RT had no effect on vagal-cardiac control
or cardiovagal baroreflex sensitivity [12] and heart rate variability (HRV) [13]. On the other
hand, Taylor et  al.  [14]  showed that isometric handgrip training at  a moderate intensity
could reduce resting blood pressure and increase vagal modulations in older individuals
with hypertension. A previous review also showed that isometric exercise training reduces
systolic and diastolic blood pressure in both young and older individuals [15]; however, the
effects of RT on autonomic nervous function (ANF), especially in older individuals, are not
fully elucidated. Thus, the aim of this review was to summarize and evaluate the current
evidence of RT and ANF and to provide clinicians with knowledge on the role of RT in
ANF among middle-aged and older individuals.

2. Methods

The author searched for English literature on RT and ANF by using the PubMed and
MEDLINE databases. The search terms were “resistance training or resistance exercise,”
“autonomic nervous function,” and “aged or elderly.” The search returned 54 published
articles. Studies were included if they met the following criteria: (1) it was a randomized
controlled trial, (2) the participants’ mean age ≥55 years, and (3) the study duration
≥12 weeks. Studies of experimental animals were excluded from this review. The titles and
abstracts of the identified articles were reviewed to determine their relevance. A total of
eight articles were eligible.

Fitness Medicine112

3. Heart rate variability (HRV)

HRV is the most common noninvasive analysis of cardiac autonomic nervous function. Time-
domain measurements of HRV include the standard deviation of normal intervals, the root-
mean-square of successive differences, and the proportion of R-R intervals that differ by >50 ms
from the previous R-R interval [16]. A decrease in these measurements represents the impair-
ment of ANF in CVD [17]. The total power of HRV is an indicator of autonomic nervous system
activity. The low-frequency (0.04–0.15 Hz) component of HRV is mediated by sympathetic and
parasympathetic nerve activities, and the high-frequency (0.15–0.40 Hz) component of HRV
is a marker of cardiac parasympathetic nervous function. The ratio of low frequency to high
frequency indicates the predominance of sympathetic nerve activity [16]. HRV decreases with
age as a result of reduced parasympathetic nervous system activity and the predominance of
sympathetic modulation [18]. Therefore, HRV is useful for assessing ANF in older individuals.

4. The effects of RT on ANF in healthy older subjects

ANF (cardiovascular sympathetic and parasympathetic modulations) is usually evaluated by
the spectral analysis of R-R intervals of electrocardiogram and blood pressure variabilities [19].
Resting HRV is also useful in the diagnosis of cardiac autonomic neuropathy in patients with
type 2 diabetes [20]. Previous studies have revealed that HRV can predict mortality in healthy
middle-aged and older individuals [21, 22] and patients with heart failure [23].

Madden et al. [24] examined the effects of endurance exercise (EE) and RT on HRV in healthy
older women on the hypothesis that RT had no effect on HRV, while EE had a beneficial effect
on HRV. Forty-five female subjects (mean age 69.9 ± 0.9 years) participated in the trial. Subjects
with histories of angina, myocardial infarction, stroke, hypertension, diabetes, chronic
pulmonary disease, orthopedic impairment, and medications were excluded. Subjects were
randomly assigned to one of three groups: a RT group (n = 15), a EE group (n = 10), and a
sedentary group (n = 15). The mean body mass index (BMI) of each group was 26.8 ± 1.5,
28.5 ± 2.2, and 28.2 ± 1.3 kg/m2, respectively. The subjects engaged in each exercise intervention
for 6 months. The RT program consisted of three sets with 8–12 repetitions of 10 exercises and
was performed five times per week under the supervision of a certified trainer. The goal of the
RT was to improve upper and lower muscle strength to 85% of a one-repetition maximum
(1RM). On the other hand, the EE program consisted of moderate- to vigorous-intensity
exercise on a cycle ergometer and was performed five times per week. The intensity of the EE
was set to 50–60% of maximal heart rate for the first 2 months and progressed to 80–85% of
maximal heart rate for the remaining 4 months. No significant change in VO2max was found in
the RT group, while VO2max significantly increased in the EE group. After the 6-month
intervention, the maximal heart rate did not change in both the RT and EE groups; however,
the standard deviation of the 5-min mean R-R interval and the standard deviation of heart rate
were significantly increased in the EE group. RT had no significant effect on measures of HRV.
The authors speculated that the reason why RT did not affect HRV was that the increased
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arterial stiffness induced by RT might have reduced arterial baroreceptor sensitivity, resulting
in a reduction in HRV. Indeed, high-intensity RT is known to be associated with worsening
arterial stiffness [25]. In addition, increased arterial stiffness is inversely associated with
cardiac vagal modulation [26]. High-intensity RT with breath holding may cause both
sympathovagal imbalance (sympathetic nerve ascendant) and a decrease in arterial
compliance in older subjects. The intensity of RT (progressing to 85% of 1RM) might have been
too high to have a beneficial effect on ANF in the elderly.

Neuroendocrinological system Changes

Growth hormone ↓

Insulin-like growth factor-I ↓

Thyroid stimulating hormone ↓

Testosterone ↓

Estrogen ↓

Glucocorticoids ↑

Corticotropin-releasing hormone ↑

Sympathetic nerve activity ↑

Table 1. Changes in neuroendocrine hormone concentrations in older individuals.

Melo et al. [27] showed that high eccentric RT reduced HRV. Twenty-eight healthy older men
were recruited, but only nine subjects (mean age 62 ± 2.0 years) completed the study protocol.
The mean BMI was 25.43 ± 1.92 kg/m2. The subjects carried out 2–4 sets of bilateral eccentric
knee flexion and extension 2 days per week for 12 weeks. The subjects performed 8–12
repetitions at an intensity of 75–80% of peak torque. After 12 weeks of training, systolic blood
pressure decreased from 123.78 ± 8.3 mmHg to 117.67 ± 10.2 mmHg. The knee flexion and
extension peak torque also increased by 13 and 20%, respectively. No changes in heart rate and
log [root-mean-square of successive differences] were observed; however, the ratio of low
frequency to high frequency significantly increased after training. In this study, there was a
considerable discrepancy between the decrease in systolic blood pressure and the increase in
HRV by 12-week RT. The authors described that the increase in HRV might have been caused
by increased catecholamine levels [28, 29] and not by increased arterial stiffness [30]. However,
it is unclear whether the change in catecholamine levels alone could explain the unfavorable
effect on ANF. Although sympathetic nerve activity increases with age, tissue responsiveness
to catecholamine decreases with age. Older individuals respond differently to exercise stress
compared to younger individuals [31]. Growth hormone, insulin-like growth factor-I, thyroid
stimulating hormone, testosterone, and estrogen production decline with advancing age [31–
33]. In contrast, aging is associated with elevated basal levels of circulating glucocorticoids and
central levels of corticotropin-releasing hormone, which are secreted in response to stress via
activation of the hypothalamic pituitary adrenal axis [33]. Recent studies have suggested that
leptin also induces the activation of the sympathetic nervous system [32]. Because various
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neuroendocrine hormones are altered in the elderly (Table 1) and they have mutual relation-
ships with each other, it is difficult to conclude that increased catecholamine levels due to RT
are responsible for the reduction in HRV.

Takahashi et al. [34] reinvestigated whether eccentric strength training affected HRV because
their previous study [27] showed that eccentric strength training had an unfavorable effect on
HRV. A total of 22 healthy elderly male subjects participated in the study. Subjects who had
hypertension, diabetes, chronic obstructive pulmonary disease, cardiovascular, respiratory
and neurological disease, and musculoskeletal disease were excluded. Three subjects in the
training group and two subjects in the control group dropped out. The strength training
program consisted of 2–4 sets of bilateral knee eccentric flexion and extension. The subjects in
the training group performed RT with 8–12 repetitions per set at the intensity of 70–80% of the
peak torque value 2 days per week for 12 weeks. The heart rate response and HRV were
evaluated during submaximal isometric contraction of knee extension (15, 30, and 40% of the
peak torque value). The mean ages of the subjects in the training group and the control group
were 62 ± 2 and 64 ± 4 years, respectively. The mean BMIs of subjects in the training group and
the control group were 25.5 ± 1.8 and 26.6 ± 2.6 kg/m2, respectively. After 12 weeks of training,
peak eccentric torque (extensor and flexor) significantly increased, and group effects were also
observed. On the other hand, no significant time or group effects on heart rate change during
submaximal isometric contraction were found; RT did not modify heart rate change. Moreover,
no significant time or group effects were observed on HRV (the root-mean-square of successive
differences index) during the submaximal isometric exercise. The heart rate response pattern
and HRV in the training group were similar to those in the control group. Eccentric strength
training did not modify HRV or the heart rate response during isometric exercise in older men.
The authors described that HRV in older subjects may be less sensitive to RT because HRV
decreases with advancing age [35]. However, the effects of eccentric RT on ANF cannot be
affirmed. The difference between these two studies, Melo et al. and Takahashi et al., is the
measurement method of heart rate and HRV. In the former study, HRV was measured at rest,
whereas in the latter study, heart rate and HRV response were measured during isometric
exercise. HRV during isometric exercise and after eccentric RT includes not only a chronic
effect of eccentric RT but also an acute effect of isometric exercise. Isometric handgrip exercises
at 30% of the maximal isometric voluntary contraction increase vagal modulation in older
hypertensive subjects [14]. Taken together, isometric RT at a moderate intensity has a beneficial
effect on ANF; however, eccentric RT at a high intensity has no effect or some unfavorable
effects on ANF in older individuals.

Karavirta et al. [36] examined the effects of concurrent EE and RT on heart rate dynamics
compared with EE or RT alone. They measured not only conventional HRV but also fractal
heart rate dynamics, utilizing detrended fluctuation analysis. This method is considered to be
more suitable for evaluating heart rate dynamics during exercise [37]. A total of 105 male
subjects were randomly allocated to an EE group (n = 23), a RT group (n = 25), a combined EE
and RT group (n = 29), and a control group (n = 16). Ninety-three subjects (mean age
55.6 ± 7.4 years) completed the 21-week intervention program. EE was performed twice a week,
and all the sessions were supervised. The subjects trained for 30 min on a bicycle ergometer
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arterial stiffness induced by RT might have reduced arterial baroreceptor sensitivity, resulting
in a reduction in HRV. Indeed, high-intensity RT is known to be associated with worsening
arterial stiffness [25]. In addition, increased arterial stiffness is inversely associated with
cardiac vagal modulation [26]. High-intensity RT with breath holding may cause both
sympathovagal imbalance (sympathetic nerve ascendant) and a decrease in arterial
compliance in older subjects. The intensity of RT (progressing to 85% of 1RM) might have been
too high to have a beneficial effect on ANF in the elderly.

Neuroendocrinological system Changes

Growth hormone ↓

Insulin-like growth factor-I ↓

Thyroid stimulating hormone ↓

Testosterone ↓

Estrogen ↓

Glucocorticoids ↑

Corticotropin-releasing hormone ↑

Sympathetic nerve activity ↑

Table 1. Changes in neuroendocrine hormone concentrations in older individuals.
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knee flexion and extension 2 days per week for 12 weeks. The subjects performed 8–12
repetitions at an intensity of 75–80% of peak torque. After 12 weeks of training, systolic blood
pressure decreased from 123.78 ± 8.3 mmHg to 117.67 ± 10.2 mmHg. The knee flexion and
extension peak torque also increased by 13 and 20%, respectively. No changes in heart rate and
log [root-mean-square of successive differences] were observed; however, the ratio of low
frequency to high frequency significantly increased after training. In this study, there was a
considerable discrepancy between the decrease in systolic blood pressure and the increase in
HRV by 12-week RT. The authors described that the increase in HRV might have been caused
by increased catecholamine levels [28, 29] and not by increased arterial stiffness [30]. However,
it is unclear whether the change in catecholamine levels alone could explain the unfavorable
effect on ANF. Although sympathetic nerve activity increases with age, tissue responsiveness
to catecholamine decreases with age. Older individuals respond differently to exercise stress
compared to younger individuals [31]. Growth hormone, insulin-like growth factor-I, thyroid
stimulating hormone, testosterone, and estrogen production decline with advancing age [31–
33]. In contrast, aging is associated with elevated basal levels of circulating glucocorticoids and
central levels of corticotropin-releasing hormone, which are secreted in response to stress via
activation of the hypothalamic pituitary adrenal axis [33]. Recent studies have suggested that
leptin also induces the activation of the sympathetic nervous system [32]. Because various
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neuroendocrine hormones are altered in the elderly (Table 1) and they have mutual relation-
ships with each other, it is difficult to conclude that increased catecholamine levels due to RT
are responsible for the reduction in HRV.

Takahashi et al. [34] reinvestigated whether eccentric strength training affected HRV because
their previous study [27] showed that eccentric strength training had an unfavorable effect on
HRV. A total of 22 healthy elderly male subjects participated in the study. Subjects who had
hypertension, diabetes, chronic obstructive pulmonary disease, cardiovascular, respiratory
and neurological disease, and musculoskeletal disease were excluded. Three subjects in the
training group and two subjects in the control group dropped out. The strength training
program consisted of 2–4 sets of bilateral knee eccentric flexion and extension. The subjects in
the training group performed RT with 8–12 repetitions per set at the intensity of 70–80% of the
peak torque value 2 days per week for 12 weeks. The heart rate response and HRV were
evaluated during submaximal isometric contraction of knee extension (15, 30, and 40% of the
peak torque value). The mean ages of the subjects in the training group and the control group
were 62 ± 2 and 64 ± 4 years, respectively. The mean BMIs of subjects in the training group and
the control group were 25.5 ± 1.8 and 26.6 ± 2.6 kg/m2, respectively. After 12 weeks of training,
peak eccentric torque (extensor and flexor) significantly increased, and group effects were also
observed. On the other hand, no significant time or group effects on heart rate change during
submaximal isometric contraction were found; RT did not modify heart rate change. Moreover,
no significant time or group effects were observed on HRV (the root-mean-square of successive
differences index) during the submaximal isometric exercise. The heart rate response pattern
and HRV in the training group were similar to those in the control group. Eccentric strength
training did not modify HRV or the heart rate response during isometric exercise in older men.
The authors described that HRV in older subjects may be less sensitive to RT because HRV
decreases with advancing age [35]. However, the effects of eccentric RT on ANF cannot be
affirmed. The difference between these two studies, Melo et al. and Takahashi et al., is the
measurement method of heart rate and HRV. In the former study, HRV was measured at rest,
whereas in the latter study, heart rate and HRV response were measured during isometric
exercise. HRV during isometric exercise and after eccentric RT includes not only a chronic
effect of eccentric RT but also an acute effect of isometric exercise. Isometric handgrip exercises
at 30% of the maximal isometric voluntary contraction increase vagal modulation in older
hypertensive subjects [14]. Taken together, isometric RT at a moderate intensity has a beneficial
effect on ANF; however, eccentric RT at a high intensity has no effect or some unfavorable
effects on ANF in older individuals.

Karavirta et al. [36] examined the effects of concurrent EE and RT on heart rate dynamics
compared with EE or RT alone. They measured not only conventional HRV but also fractal
heart rate dynamics, utilizing detrended fluctuation analysis. This method is considered to be
more suitable for evaluating heart rate dynamics during exercise [37]. A total of 105 male
subjects were randomly allocated to an EE group (n = 23), a RT group (n = 25), a combined EE
and RT group (n = 29), and a control group (n = 16). Ninety-three subjects (mean age
55.6 ± 7.4 years) completed the 21-week intervention program. EE was performed twice a week,
and all the sessions were supervised. The subjects trained for 30 min on a bicycle ergometer
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under the aerobic threshold during the first 7 weeks, and both the duration of each session and
the percentage above the anaerobic threshold were increased during the weeks from 8 to 14
and from 15 to 21. RT was also carried out twice a week, and all the sessions were supervised.
The RT program included 7–10 exercises per session. The subjects carried out RT with light
loads (40–60% of 1RM) and a high number of repetitions (15–30) with three sets during the
first 7 weeks. During weeks 8–14, the loads were increased up to 60–80% of 1RM with 6–12
repetitions per set. The subjects carried out RT with higher loads (70–85% off 1RM) and 5–8
repetitions per set to optimize the muscle strength during the last 7 weeks. The combined
training group performed both twice weekly endurance and resistance trainings. After
21 weeks of training, VO2max increased by 11.9 ± 11.0% in the EE group and 10.1 ± 9.8% in the
combined training group, whereas no significant improvement in VO2max was observed in the
RT group. The 1RM of the bilateral leg extension significantly increased by 21.1 ± 7.9% in the
RT group and by 22.1 ± 9.5% in the combined training group compared with the increase of
7.1 ± 5.1% in the EE group. Only subjects in the combined training group showed a decrease
in fractal heart rate behavior during exercise, and the group effects were significant. The short-
term fractal scaling exponent decreased from 1.18 ± 0.20 to 1.11 ± 0.21 in the combined training
group during supine rest, whereas no significant change was observed in the EE or RT group.
In addition, the relative change in the short-term fractal scaling exponent was inversely
correlated with age at an exercise intensity of 90% of the maximal aerobic work rate. As for
spectral measures of HRV, the decrease in resting heart rate was correlated with the changes
in low-frequency power (0.04–0.15 Hz) and high-frequency power (0.15–0.40 Hz) in only the
combined training group. This study showed that RT alone did not change heart rate dynamics.
The ability to adapt to physiological changes is impaired in older individuals [38]. However,
the improvement in adaptability to physiological stress, including exercise, is important
because older individuals are at a high risk of CVD. Although no effects of RT on heart rate
dynamics were found, the synergetic effect between EE and RT on fractal heart rate behavior
was detected. The authors stated that the underlying mechanism was unknown; however, the
change in MSNA due to exercise might be associated with the improvement in ANF. A
previous study showed that MSNA response increased 1 week after RT using a handgrip
exercise with maximal effort; however, the MSNA returned to the baseline level at 4 weeks
post-training in healthy young individuals [39]. The enhanced MSNA response to strength
exercise may be caused by the activation of the central nervous system rather than the muscle
metaboreflex [39], indicating that sympathetic nerve hyperactivity is diluted by the repetition
of RT. Long-term exercises, including RT, decreased MSNA and systolic arterial pressure and
increased baroreflex sensitivity in patients with myocardial infarction [40], which suggests that
the combination of EE and RT ameliorates blood vessel elasticity and arterial baroreflex control.
MSNA may be a more useful and reliable indicator of ANF in the elderly than measures of
HRV because it is representative of sympathetic nerve activity that innervates not only the
heart but also the kidney and skeletal muscle, and the reproducibility of age and gender is very
high [9].

Kanegusuku et al. [41] investigated the effects of high-intensity progressive RT on cardiovas-
cular function and autonomic neural regulation in older individuals. Among the 83 subjects,
37 subjects were randomized into the RT group (n = 18) and the control group (n = 19). However,
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six subjects dropped out in each group, and a total of 25 subjects completed the study. Subjects
in the RT group performed seven supervised exercises (horizontal leg press, bilateral knee
flexion, plantar flexion on the horizontal leg press, unilateral hip extension, chest press, lat pull
down, and upright row on the isoinertial machines) twice a week for 16 weeks. During the
first 4 weeks, subjects carried out two sets of RT with 10 repetitions, and the training sets and
repetitions were progressively increased every 4 weeks. The mean ages of subjects in the RT
and control group were 63 ± 4 and 64 ± 4 years, respectively. The mean BMIs of subjects in the
RT and control group were 26.8 ± 4.7 and 25.7 ± 4.2 kg/m2, respectively. The quadriceps cross-
sectional area and the strengths of the leg press and chest press significantly increased after
the 16-week high-intensity, progressive RT compared with controls. However, cardiovascular
and autonomic nervous variables, such as blood pressure, systemic vascular resistance, cardiac
output, heart rate, the variance of R-R intervals, high frequency, low frequency, and sponta-
neous baroreflex sensitivity, did not have any significant effect or interaction, and no differ-
ences between groups existed. High-intensity, progressive RT could increase muscle mass and
strength in healthy older individuals without a decrease in autonomic control. In older
subjects, ANF might be less responsive to exercise stress [42] because their sympathetic nerve
activity is already increased at rest [9]. Even if it is high intensity, whole-body RT may not
worsen ANF, even though it cannot improve ANF in the elderly.

References Subjects RT Results

Madden

et al. [24]

40 female subjects

Age: 69.9 ± 0.9 years

Dropout: five subjects

10 exercises for both upper and lower

body utilizing free weights

8–12 repetitions × 3 sets, 5 times per

week for 6 months

Progressed to 85% of 1RM

No effects on measures of

HRV

Melo

et al. [27]

Nine healthy male

subjects Age:

62 ± 2.0 years

Dropout or excluded:

19 subjects

Bilateral eccentric knee flexion and

extension 8–12 repetitions with an

intensity of 75–80% peak

torque × 2–4 sets, twice a week

for 12 weeks

No effects on resting heart

rate and log RMSSD

Low-frequency/high-

frequency index↓

Systolic blood pressure↓

Takahashi

et al. [34]

17 healthy male subjects

Age: 62 ± 2 years in the

training group and

64 ± 4 years in

the control group

Dropout: five subjects

Bilateral eccentric knee flexion and

extension 8–12 repetitions with an

intensity of 70–80% peak torque × 2–4 sets,

twice a week for 12 weeks

HRV was evaluated during submaximal

isometric contraction of knee extension

No effects on heart rate

response and RMSSD

during submaximal

isometric contraction of

knee extension

Karavirta

et al. [36]

93 untrained male

subjects Age:

55.6 ± 7.4 years

Dropout: 12 subjects

7–10 exercises for all the

main muscle groups

Twice a week for 21 weeks,

First 7 weeks: 15–30 repetitions

with 40–60% of 1RM

Second 7 weeks: 6–12 repetitions

HRV↓ in the combined RT

and EE group

No effects on HRV in the

RT alone group

Effects of Resistance Training on Autonomic Nervous Function in Older Individuals
http://dx.doi.org/10.5772/65389

117



under the aerobic threshold during the first 7 weeks, and both the duration of each session and
the percentage above the anaerobic threshold were increased during the weeks from 8 to 14
and from 15 to 21. RT was also carried out twice a week, and all the sessions were supervised.
The RT program included 7–10 exercises per session. The subjects carried out RT with light
loads (40–60% of 1RM) and a high number of repetitions (15–30) with three sets during the
first 7 weeks. During weeks 8–14, the loads were increased up to 60–80% of 1RM with 6–12
repetitions per set. The subjects carried out RT with higher loads (70–85% off 1RM) and 5–8
repetitions per set to optimize the muscle strength during the last 7 weeks. The combined
training group performed both twice weekly endurance and resistance trainings. After
21 weeks of training, VO2max increased by 11.9 ± 11.0% in the EE group and 10.1 ± 9.8% in the
combined training group, whereas no significant improvement in VO2max was observed in the
RT group. The 1RM of the bilateral leg extension significantly increased by 21.1 ± 7.9% in the
RT group and by 22.1 ± 9.5% in the combined training group compared with the increase of
7.1 ± 5.1% in the EE group. Only subjects in the combined training group showed a decrease
in fractal heart rate behavior during exercise, and the group effects were significant. The short-
term fractal scaling exponent decreased from 1.18 ± 0.20 to 1.11 ± 0.21 in the combined training
group during supine rest, whereas no significant change was observed in the EE or RT group.
In addition, the relative change in the short-term fractal scaling exponent was inversely
correlated with age at an exercise intensity of 90% of the maximal aerobic work rate. As for
spectral measures of HRV, the decrease in resting heart rate was correlated with the changes
in low-frequency power (0.04–0.15 Hz) and high-frequency power (0.15–0.40 Hz) in only the
combined training group. This study showed that RT alone did not change heart rate dynamics.
The ability to adapt to physiological changes is impaired in older individuals [38]. However,
the improvement in adaptability to physiological stress, including exercise, is important
because older individuals are at a high risk of CVD. Although no effects of RT on heart rate
dynamics were found, the synergetic effect between EE and RT on fractal heart rate behavior
was detected. The authors stated that the underlying mechanism was unknown; however, the
change in MSNA due to exercise might be associated with the improvement in ANF. A
previous study showed that MSNA response increased 1 week after RT using a handgrip
exercise with maximal effort; however, the MSNA returned to the baseline level at 4 weeks
post-training in healthy young individuals [39]. The enhanced MSNA response to strength
exercise may be caused by the activation of the central nervous system rather than the muscle
metaboreflex [39], indicating that sympathetic nerve hyperactivity is diluted by the repetition
of RT. Long-term exercises, including RT, decreased MSNA and systolic arterial pressure and
increased baroreflex sensitivity in patients with myocardial infarction [40], which suggests that
the combination of EE and RT ameliorates blood vessel elasticity and arterial baroreflex control.
MSNA may be a more useful and reliable indicator of ANF in the elderly than measures of
HRV because it is representative of sympathetic nerve activity that innervates not only the
heart but also the kidney and skeletal muscle, and the reproducibility of age and gender is very
high [9].

Kanegusuku et al. [41] investigated the effects of high-intensity progressive RT on cardiovas-
cular function and autonomic neural regulation in older individuals. Among the 83 subjects,
37 subjects were randomized into the RT group (n = 18) and the control group (n = 19). However,
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six subjects dropped out in each group, and a total of 25 subjects completed the study. Subjects
in the RT group performed seven supervised exercises (horizontal leg press, bilateral knee
flexion, plantar flexion on the horizontal leg press, unilateral hip extension, chest press, lat pull
down, and upright row on the isoinertial machines) twice a week for 16 weeks. During the
first 4 weeks, subjects carried out two sets of RT with 10 repetitions, and the training sets and
repetitions were progressively increased every 4 weeks. The mean ages of subjects in the RT
and control group were 63 ± 4 and 64 ± 4 years, respectively. The mean BMIs of subjects in the
RT and control group were 26.8 ± 4.7 and 25.7 ± 4.2 kg/m2, respectively. The quadriceps cross-
sectional area and the strengths of the leg press and chest press significantly increased after
the 16-week high-intensity, progressive RT compared with controls. However, cardiovascular
and autonomic nervous variables, such as blood pressure, systemic vascular resistance, cardiac
output, heart rate, the variance of R-R intervals, high frequency, low frequency, and sponta-
neous baroreflex sensitivity, did not have any significant effect or interaction, and no differ-
ences between groups existed. High-intensity, progressive RT could increase muscle mass and
strength in healthy older individuals without a decrease in autonomic control. In older
subjects, ANF might be less responsive to exercise stress [42] because their sympathetic nerve
activity is already increased at rest [9]. Even if it is high intensity, whole-body RT may not
worsen ANF, even though it cannot improve ANF in the elderly.

References Subjects RT Results

Madden

et al. [24]

40 female subjects

Age: 69.9 ± 0.9 years

Dropout: five subjects

10 exercises for both upper and lower

body utilizing free weights

8–12 repetitions × 3 sets, 5 times per
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No effects on measures of

HRV

Melo
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Nine healthy male
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Dropout or excluded:

19 subjects

Bilateral eccentric knee flexion and

extension 8–12 repetitions with an

intensity of 75–80% peak

torque × 2–4 sets, twice a week
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No effects on resting heart

rate and log RMSSD

Low-frequency/high-

frequency index↓

Systolic blood pressure↓
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et al. [34]

17 healthy male subjects
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training group and

64 ± 4 years in

the control group

Dropout: five subjects

Bilateral eccentric knee flexion and

extension 8–12 repetitions with an

intensity of 70–80% peak torque × 2–4 sets,

twice a week for 12 weeks

HRV was evaluated during submaximal

isometric contraction of knee extension

No effects on heart rate

response and RMSSD

during submaximal

isometric contraction of

knee extension

Karavirta

et al. [36]

93 untrained male

subjects Age:

55.6 ± 7.4 years

Dropout: 12 subjects

7–10 exercises for all the

main muscle groups

Twice a week for 21 weeks,

First 7 weeks: 15–30 repetitions

with 40–60% of 1RM
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HRV↓ in the combined RT

and EE group

No effects on HRV in the

RT alone group
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References Subjects RT Results

with 60–80% of 1RM

The last 7 weeks: 5–8 repetitions

with 70–85% of 1RM

Kanegusuku 

et al. [41]

25 subjects (seven men

and 18 women)

Age: 63 ± 4 years in the

training group and

64 ± 4 years in

the control group

Dropout: 12 subjects

Seven exercises (horizontal leg press,

bilateral knee flexion, plantar flexion on

the horizontal leg press; unilateral

hip extension, chest press, lat pull down,

and upright row on the isoinertial machines)

Twice a week for 16 weeks,

10 repetitions × 2 sets, overload was

progressively increased; however, the exact

intensity of each session was not described in

detail(only training repetitions and sets

were described)

No effects on blood

pressure, systemic

vascular resistance,

cardiac output, heart rate,

the variance of R-R

intervals, high frequency,

low frequency, and

spontaneous baroreflex

sensitivity

Wanderley

et al. [43]

50 subjects (11 men

and 39 women)

Age: 67.3 ± 4.9 years

in the RT group,

69.9 ± 5.7 years in the EE

group, and 67.8 ± 5.5 years

in the control group

Dropout: 35 subjects

Nine exercises (leg press, chest press,

leg extension, seated row, seated leg

curl, abdominal flexion, biceps curl, low-back

extension, and triceps extension)

Three times per week for 8 months,

12–15 repetitions × 2 sets with an

intensity of 50–60% of 1RM→resistance was

progressively increased to 80% of the re-

evaluated 1RM

Blood pressure↓ and

resting heart rate↓ in the

EE group

No effects on HRV in both

the EE and RT groups

RT, resistance training; ANF, autonomic nervous function; HRV, heart rate variability; 1RM, one-repetition maximum;
RMSSD, root-means-square of successive differences; EE, endurance training.

Table 2. Clinical studies that investigated the effects of RT on ANF in older individuals.

Wanderley et al. [43] examined the effectiveness of EE and RT on body fat, ANF, and low-grade
inflammation in community-dwelling older individuals. Eighty-five subjects were randomly
allocated into an EE group, a RT group, or a control group. Subjects with acute illness, severe
or uncontrolled hypertension, cardiovascular and/or respiratory disease, and pharmacological
therapies that could affect cardiovascular function were excluded. Thirty-five subjects dropped
out from the protocol, and a total of 50 subjects were analyzed: EE (n = 20), RT (n = 11), and
control (n = 19). The subjects trained three times per week for 8 months. Each exercise session
was performed for approximately 50 min under supervision. The subjects in the EE group
performed a walking aerobic exercise in addition to stepping and dancing with 10 min of
warm-up and cool-down. The intensity of exercise was 50–60% of heart rate reserve during
the first month and increased up to 70–80% of heart rate reserve. The RT consisted of nine
exercises (leg press, chest press, leg extension, seated row, seated leg curl, abdominal flexion,
biceps curl, low-back extension, and triceps extension) and was performed with 12–15
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repetitions per set. The subjects carried out two sets of 12–15 repetitions at 50–60% of 1RM for
the first month, and resistance increased to 80% of the reevaluated 1RM every 2 months. The
mean age of subjects was 67.3 ± 4.9 (RT), 69.9 ± 5.7 (EE), and 67.8 ± 5.5 (control) years. The mean
BMI of subjects was 29.5 ± 5.0 (RT), 28.1 ± 4.1 (EE), and 27.2 ± 3.5 (control) kg/m2. Fifty-six
percent of subjects had hypertension, 42% had dyslipidemia, and 18% had diabetes. Body fat
significantly decreased in the EE and RT group after the 8-month training. The EE group
demonstrated significant decrease in systolic and diastolic blood pressure and resting heart
rate. RT did not affect blood pressure, heart rate, lipid profile, inflammation markers, such as
hs-CRP, TNF-α, and IL-6, and 6-min walk distance. No significant change in HRV was observed
in all the groups. Whole-body RT had no effects on ANF. This study is important because the
study participants were not limited to healthy older individuals. The study population is more
similar to that of the real world compared with previous clinical studies. The number of chronic
diseases, such as hypertension, diabetes, stroke, heart disease, and cancer, increases with age.
Although the prevalences of chronic diseases vary substantially by country, more than 15% of
older individuals have six or more diseases in the US [44]. Therefore, clinicians should consider
the influence of comorbidities in the elderly patients on ANF. This review also focuses on
clinical studies that investigated the effects of RT on ANF in older subjects with heart disease.
Table 2 shows a list of published articles that investigated the effects of RT on ANF in healthy
older subjects.

5. The effects of RT on ANF in older subjects with heart failure and
diabetes

Few studies have investigated the effects of RT alone on ANF in older subjects with comor-
bidities. Although they did not evaluate the isolated effects of RT, two studies assessed the
effects of cardiac rehabilitation on autonomic control in patients with heart failure [45] and the
effects of combined aerobic/resistance training in patients with type 2 diabetes [46]. Ricca-
Mallada et al. [45] evaluated the effects of cardiac rehabilitation on deceleration and accelera-
tion capacity, new indicators of autonomic control of the cardiovascular system [47], in patients
with heart failure with reduced left ventricular ejection fraction. Patients who were diagnosed
as having chronic heart failure with New York Heart Association class I or II, who had a left
ventricular ejection fraction ≤40%, and who took an optimal pharmacological therapy for heart
failure were included. Twenty-four patients were randomly assigned to participate in the
cardiac rehabilitation group and the control group. However, two patients in each group
dropped out from the study. A total of 20 patients (10 in the training group and 10 in the control
group) completed the study protocol. The mean ages of the training and control groups were
59 ± 7.92 and 56.5 ± 8.43 years, respectively. The mean BMIs of the training and control groups
were 27.17 and 28.57 kg/m2, respectively. Patients in the training group engaged in supervised
training three times a week for 24 weeks. The training session consisted of 10 min of warm-up
walking, 20 min of breathing exercises and nonresistance arm and leg movements, 20 min of
circuit RT using a mechanical bicycle, and 5 min of cool-down stretching. The initial intensity
of the bicycle ergometer was 50% of the peak workload in the exercise test, and it was gradually
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References Subjects RT Results

with 60–80% of 1RM

The last 7 weeks: 5–8 repetitions

with 70–85% of 1RM

Kanegusuku 

et al. [41]

25 subjects (seven men

and 18 women)

Age: 63 ± 4 years in the

training group and

64 ± 4 years in

the control group

Dropout: 12 subjects

Seven exercises (horizontal leg press,

bilateral knee flexion, plantar flexion on

the horizontal leg press; unilateral

hip extension, chest press, lat pull down,

and upright row on the isoinertial machines)

Twice a week for 16 weeks,

10 repetitions × 2 sets, overload was

progressively increased; however, the exact

intensity of each session was not described in

detail(only training repetitions and sets

were described)

No effects on blood

pressure, systemic

vascular resistance,

cardiac output, heart rate,

the variance of R-R

intervals, high frequency,

low frequency, and

spontaneous baroreflex

sensitivity

Wanderley

et al. [43]

50 subjects (11 men

and 39 women)

Age: 67.3 ± 4.9 years

in the RT group,

69.9 ± 5.7 years in the EE

group, and 67.8 ± 5.5 years

in the control group

Dropout: 35 subjects

Nine exercises (leg press, chest press,

leg extension, seated row, seated leg

curl, abdominal flexion, biceps curl, low-back

extension, and triceps extension)

Three times per week for 8 months,

12–15 repetitions × 2 sets with an

intensity of 50–60% of 1RM→resistance was

progressively increased to 80% of the re-

evaluated 1RM

Blood pressure↓ and

resting heart rate↓ in the

EE group

No effects on HRV in both

the EE and RT groups

RT, resistance training; ANF, autonomic nervous function; HRV, heart rate variability; 1RM, one-repetition maximum;
RMSSD, root-means-square of successive differences; EE, endurance training.

Table 2. Clinical studies that investigated the effects of RT on ANF in older individuals.

Wanderley et al. [43] examined the effectiveness of EE and RT on body fat, ANF, and low-grade
inflammation in community-dwelling older individuals. Eighty-five subjects were randomly
allocated into an EE group, a RT group, or a control group. Subjects with acute illness, severe
or uncontrolled hypertension, cardiovascular and/or respiratory disease, and pharmacological
therapies that could affect cardiovascular function were excluded. Thirty-five subjects dropped
out from the protocol, and a total of 50 subjects were analyzed: EE (n = 20), RT (n = 11), and
control (n = 19). The subjects trained three times per week for 8 months. Each exercise session
was performed for approximately 50 min under supervision. The subjects in the EE group
performed a walking aerobic exercise in addition to stepping and dancing with 10 min of
warm-up and cool-down. The intensity of exercise was 50–60% of heart rate reserve during
the first month and increased up to 70–80% of heart rate reserve. The RT consisted of nine
exercises (leg press, chest press, leg extension, seated row, seated leg curl, abdominal flexion,
biceps curl, low-back extension, and triceps extension) and was performed with 12–15
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repetitions per set. The subjects carried out two sets of 12–15 repetitions at 50–60% of 1RM for
the first month, and resistance increased to 80% of the reevaluated 1RM every 2 months. The
mean age of subjects was 67.3 ± 4.9 (RT), 69.9 ± 5.7 (EE), and 67.8 ± 5.5 (control) years. The mean
BMI of subjects was 29.5 ± 5.0 (RT), 28.1 ± 4.1 (EE), and 27.2 ± 3.5 (control) kg/m2. Fifty-six
percent of subjects had hypertension, 42% had dyslipidemia, and 18% had diabetes. Body fat
significantly decreased in the EE and RT group after the 8-month training. The EE group
demonstrated significant decrease in systolic and diastolic blood pressure and resting heart
rate. RT did not affect blood pressure, heart rate, lipid profile, inflammation markers, such as
hs-CRP, TNF-α, and IL-6, and 6-min walk distance. No significant change in HRV was observed
in all the groups. Whole-body RT had no effects on ANF. This study is important because the
study participants were not limited to healthy older individuals. The study population is more
similar to that of the real world compared with previous clinical studies. The number of chronic
diseases, such as hypertension, diabetes, stroke, heart disease, and cancer, increases with age.
Although the prevalences of chronic diseases vary substantially by country, more than 15% of
older individuals have six or more diseases in the US [44]. Therefore, clinicians should consider
the influence of comorbidities in the elderly patients on ANF. This review also focuses on
clinical studies that investigated the effects of RT on ANF in older subjects with heart disease.
Table 2 shows a list of published articles that investigated the effects of RT on ANF in healthy
older subjects.

5. The effects of RT on ANF in older subjects with heart failure and
diabetes

Few studies have investigated the effects of RT alone on ANF in older subjects with comor-
bidities. Although they did not evaluate the isolated effects of RT, two studies assessed the
effects of cardiac rehabilitation on autonomic control in patients with heart failure [45] and the
effects of combined aerobic/resistance training in patients with type 2 diabetes [46]. Ricca-
Mallada et al. [45] evaluated the effects of cardiac rehabilitation on deceleration and accelera-
tion capacity, new indicators of autonomic control of the cardiovascular system [47], in patients
with heart failure with reduced left ventricular ejection fraction. Patients who were diagnosed
as having chronic heart failure with New York Heart Association class I or II, who had a left
ventricular ejection fraction ≤40%, and who took an optimal pharmacological therapy for heart
failure were included. Twenty-four patients were randomly assigned to participate in the
cardiac rehabilitation group and the control group. However, two patients in each group
dropped out from the study. A total of 20 patients (10 in the training group and 10 in the control
group) completed the study protocol. The mean ages of the training and control groups were
59 ± 7.92 and 56.5 ± 8.43 years, respectively. The mean BMIs of the training and control groups
were 27.17 and 28.57 kg/m2, respectively. Patients in the training group engaged in supervised
training three times a week for 24 weeks. The training session consisted of 10 min of warm-up
walking, 20 min of breathing exercises and nonresistance arm and leg movements, 20 min of
circuit RT using a mechanical bicycle, and 5 min of cool-down stretching. The initial intensity
of the bicycle ergometer was 50% of the peak workload in the exercise test, and it was gradually
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increased up to the maximum workload achieved in the initial exercise test or 80% of maximum
heart rate. After the 24-week cardiac rehabilitation, in the training group patients, the mean
resting R-R interval was prolonged, the high- and low-frequency band of the power spectral
HRV analysis had increased, and the magnitudes of deceleration and acceleration capacity had
also increased, whereas the low-frequency/high-frequency index and the standard deviation
of the R-R intervals did not change. In the control group patients, no significant changes in
HRV-derived measures were observed. The reduction in deceleration and acceleration
capacity, which are regulated by the balance between the sympathetic and parasympathetic
nervous activity, is a good predictive value for mortality in patients with heart failure [47] and
type 1 diabetes [48]. Cardiac rehabilitation, including circuit RT, could improve ANF in
patients with chronic heart failure. Sacre et al. [46] investigated the efficacy of exercise training
to improve cardiac autonomic function in type 2 diabetic patients with non-ischemic subclin-
ical left ventricular dysfunction. Patients with valvular disease, ischemic heart disease,
cardiovascular disease, psychiatric disorder, symptomatic macro- or micro-vascular compli-
cations, and low ejection fraction (<50%) were excluded. A total of 49 patients were randomly
allocated to the exercise intervention group (n = 25) and the control group (n = 24). Two subjects
were lost to follow-up, and 49 patients were included in the intention-to-treat analysis. The
exercise program was based on the recommendation for type 2 diabetes. The patients per-
formed 20–40 min of aerobic exercise and 6–12 RTs twice a week for 24 weeks. The exercise
intensity was monitored using rating of perceived exertion and targeted to a moderate to
vigorous intensity. Unfortunately, the details of the RT were not described in the paper. The
mean ages of patients in the exercise and control groups were 59 ± 10 and 60 ± 9 years,
respectively. The mean BMIs of the patients in the exercise and control groups were 32 ± 6 and
32 ± 5 kg/m2, respectively. The study participants had fair glycemic control; i.e., their hemo-
globin A1c levels were approximately 7.7%. Diastolic blood pressure was significantly higher
in the exercise group at baseline. Waist circumference was significantly decreased in the
exercise group with a significant difference between groups. The VO2peak increased by 11% in
the exercise intervention group compared with −1% in the control group. Patients in the
exercise group also showed a significant increase in metabolic equivalents (+29%) compared
with controls (+2%). The improvement in exercise capacity was not accompanied with a change
in HRV (coefficient of variation of normal R-R intervals). Exercise elicited a significant decrease
in resting heart rate and an increase in the reciprocal mean R-R interval. The standard deviation
of normal R-R intervals and the total spectral power increased in the exercise intervention
group, and total spectral power had a significant group effect. However, baroreflex sensitivity
did not change in both groups. Ejection fraction and left ventricular mass were also unchanged
in both groups. Although the coefficient of variation of the normal R-R interval did not change
in this study, other markers of HRV improved without changes in cardiac function, suggesting
that the recommended exercise improved cardiac sympathovagal balance in patients with type
2 diabetes. Exercise improves HRV in healthy individuals [42]; specifically, EE decreases
sympathetic nerve activity and increases parasympathetic nerve activity, leading to a risk
reduction in CVD [10]. This study showed that exercise also improves ANF in patients with
type 2 diabetes and that RT probably contributes to it. However, the effect of RT alone on ANF
in type 2 diabetic patients has not been elucidated. The autonomic nervous system concomitant
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with vascular smooth muscle cells and endothelial cells plays a pivotal role in vascular
recruitment in skeletal muscle. The impairment of ANF may affect muscle contraction by
reducing blood flow in exercising muscle [49]. On the other hand, diabetic neuropathy impairs
muscle performance by lowering motor nerve conduction, and microvascular complications
induce muscle dysfunction by oxidative stress, inflammation, and decreased blood flow [49].
Therefore, investigating whether RT improves ANF as well as muscle function in patients with
type 2 diabetes is quite important for the prevention of diabetic complications. Further studies
are strongly needed.

6. Conclusions

Whole-body progressive RT can increase muscle mass, strength, and function in older
individuals [5], which may prevent sarcopenia. However, high-intensity RT could induce
arterial stiffness or a neuroendocrinological response, reduce arterial baroreceptor sensitivity,
and not improve ANF in older individuals. On the other hand, local isometric RT, such as
handgrip exercises, may improve ANF (Figure 1). Limited evidence is available on the effects
of RT on ANF in older patients with comorbidities; however, RT in conjunction with EE has a
favorable effect on ANF.

Figure 1. Whole-body progressive resistance training (RT) had no effects on autonomic nervous function (ANF),
whereas local isometric RT may improve ANF in older individuals. However, to prevent and/or improve sarcopenia
and to reduce the risk of cardiovascular disease and mortality, whole-body progressive RT may be required.

The clinical studies that the author reviewed were well designed; however, the sample sizes
were small and many subjects dropped out of the studies (approximately 10–40% of study
participants). It is still questionable whether RT is a tolerable intervention for elderly subjects.
Moreover, the optimal intensity, frequency, and duration of RT to improve ANF in older
individuals remain unknown. The muscle groups that should be trained are also unknown.
However, progressive RT with an intensity of approximately 80% of 1RM performed 2–5 times
per week for 12–24 weeks seems to have no effect on ANF. Such progressive training may be
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increased up to the maximum workload achieved in the initial exercise test or 80% of maximum
heart rate. After the 24-week cardiac rehabilitation, in the training group patients, the mean
resting R-R interval was prolonged, the high- and low-frequency band of the power spectral
HRV analysis had increased, and the magnitudes of deceleration and acceleration capacity had
also increased, whereas the low-frequency/high-frequency index and the standard deviation
of the R-R intervals did not change. In the control group patients, no significant changes in
HRV-derived measures were observed. The reduction in deceleration and acceleration
capacity, which are regulated by the balance between the sympathetic and parasympathetic
nervous activity, is a good predictive value for mortality in patients with heart failure [47] and
type 1 diabetes [48]. Cardiac rehabilitation, including circuit RT, could improve ANF in
patients with chronic heart failure. Sacre et al. [46] investigated the efficacy of exercise training
to improve cardiac autonomic function in type 2 diabetic patients with non-ischemic subclin-
ical left ventricular dysfunction. Patients with valvular disease, ischemic heart disease,
cardiovascular disease, psychiatric disorder, symptomatic macro- or micro-vascular compli-
cations, and low ejection fraction (<50%) were excluded. A total of 49 patients were randomly
allocated to the exercise intervention group (n = 25) and the control group (n = 24). Two subjects
were lost to follow-up, and 49 patients were included in the intention-to-treat analysis. The
exercise program was based on the recommendation for type 2 diabetes. The patients per-
formed 20–40 min of aerobic exercise and 6–12 RTs twice a week for 24 weeks. The exercise
intensity was monitored using rating of perceived exertion and targeted to a moderate to
vigorous intensity. Unfortunately, the details of the RT were not described in the paper. The
mean ages of patients in the exercise and control groups were 59 ± 10 and 60 ± 9 years,
respectively. The mean BMIs of the patients in the exercise and control groups were 32 ± 6 and
32 ± 5 kg/m2, respectively. The study participants had fair glycemic control; i.e., their hemo-
globin A1c levels were approximately 7.7%. Diastolic blood pressure was significantly higher
in the exercise group at baseline. Waist circumference was significantly decreased in the
exercise group with a significant difference between groups. The VO2peak increased by 11% in
the exercise intervention group compared with −1% in the control group. Patients in the
exercise group also showed a significant increase in metabolic equivalents (+29%) compared
with controls (+2%). The improvement in exercise capacity was not accompanied with a change
in HRV (coefficient of variation of normal R-R intervals). Exercise elicited a significant decrease
in resting heart rate and an increase in the reciprocal mean R-R interval. The standard deviation
of normal R-R intervals and the total spectral power increased in the exercise intervention
group, and total spectral power had a significant group effect. However, baroreflex sensitivity
did not change in both groups. Ejection fraction and left ventricular mass were also unchanged
in both groups. Although the coefficient of variation of the normal R-R interval did not change
in this study, other markers of HRV improved without changes in cardiac function, suggesting
that the recommended exercise improved cardiac sympathovagal balance in patients with type
2 diabetes. Exercise improves HRV in healthy individuals [42]; specifically, EE decreases
sympathetic nerve activity and increases parasympathetic nerve activity, leading to a risk
reduction in CVD [10]. This study showed that exercise also improves ANF in patients with
type 2 diabetes and that RT probably contributes to it. However, the effect of RT alone on ANF
in type 2 diabetic patients has not been elucidated. The autonomic nervous system concomitant
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with vascular smooth muscle cells and endothelial cells plays a pivotal role in vascular
recruitment in skeletal muscle. The impairment of ANF may affect muscle contraction by
reducing blood flow in exercising muscle [49]. On the other hand, diabetic neuropathy impairs
muscle performance by lowering motor nerve conduction, and microvascular complications
induce muscle dysfunction by oxidative stress, inflammation, and decreased blood flow [49].
Therefore, investigating whether RT improves ANF as well as muscle function in patients with
type 2 diabetes is quite important for the prevention of diabetic complications. Further studies
are strongly needed.

6. Conclusions

Whole-body progressive RT can increase muscle mass, strength, and function in older
individuals [5], which may prevent sarcopenia. However, high-intensity RT could induce
arterial stiffness or a neuroendocrinological response, reduce arterial baroreceptor sensitivity,
and not improve ANF in older individuals. On the other hand, local isometric RT, such as
handgrip exercises, may improve ANF (Figure 1). Limited evidence is available on the effects
of RT on ANF in older patients with comorbidities; however, RT in conjunction with EE has a
favorable effect on ANF.

Figure 1. Whole-body progressive resistance training (RT) had no effects on autonomic nervous function (ANF),
whereas local isometric RT may improve ANF in older individuals. However, to prevent and/or improve sarcopenia
and to reduce the risk of cardiovascular disease and mortality, whole-body progressive RT may be required.

The clinical studies that the author reviewed were well designed; however, the sample sizes
were small and many subjects dropped out of the studies (approximately 10–40% of study
participants). It is still questionable whether RT is a tolerable intervention for elderly subjects.
Moreover, the optimal intensity, frequency, and duration of RT to improve ANF in older
individuals remain unknown. The muscle groups that should be trained are also unknown.
However, progressive RT with an intensity of approximately 80% of 1RM performed 2–5 times
per week for 12–24 weeks seems to have no effect on ANF. Such progressive training may be
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too hard to improve ANF in older individuals. We should also assess the efficacy of light- (i.e.,
10–40% of 1RM) to moderate-intensity (i.e., 40–60% of RM) RT on ANF in the elderly. A
systematic review and meta-analysis suggested that RT should be performed twice a week to
promote muscular hypertrophy [50]; thus, the frequency should probably be twice a week or
more. However, the optimal intensity, frequency, and duration of RT to gain muscle mass and
strength may be inconsistent with the RT needed to improve ANF in older individuals.

Clinicians should be prepared for the aging of society. RT can improve activities of daily living
as well as muscle strength and function in very elderly people [51]. Older individuals usually
suffer from physical disturbances/deconditioning or non-communicable diseases, such as
diabetes, hypertension, dyslipidemia, and cardiovascular disease. RT may reduce blood
pressure, heart disease, and stroke mortality in subjects with metabolic syndrome [52]. This
indicates that RT also improves the prognosis of older individuals with comorbidities. On the
other hand, autonomic imbalance (resting heart rate and HRV) is predictors of hypertension,
diabetes, the development of cardiovascular disease, and early mortality [53]. If we can
determine the parameters of RT to improve ANF, then this would certainly contribute to the
health of the elderly. Further studies are warranted in the future.
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systematic review and meta-analysis suggested that RT should be performed twice a week to
promote muscular hypertrophy [50]; thus, the frequency should probably be twice a week or
more. However, the optimal intensity, frequency, and duration of RT to gain muscle mass and
strength may be inconsistent with the RT needed to improve ANF in older individuals.

Clinicians should be prepared for the aging of society. RT can improve activities of daily living
as well as muscle strength and function in very elderly people [51]. Older individuals usually
suffer from physical disturbances/deconditioning or non-communicable diseases, such as
diabetes, hypertension, dyslipidemia, and cardiovascular disease. RT may reduce blood
pressure, heart disease, and stroke mortality in subjects with metabolic syndrome [52]. This
indicates that RT also improves the prognosis of older individuals with comorbidities. On the
other hand, autonomic imbalance (resting heart rate and HRV) is predictors of hypertension,
diabetes, the development of cardiovascular disease, and early mortality [53]. If we can
determine the parameters of RT to improve ANF, then this would certainly contribute to the
health of the elderly. Further studies are warranted in the future.
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Abstract

Background: Highly active antiretroviral therapy (HAART) has reduced mortality and
morbidity in HIV-infected patients and transformed HIV infection from an acute to a
chronic disease, not only increasing the life expectancy but also adding to the potential
side effects associated with drug therapy. Exercise has been fused as an important
adjuvant therapy and can play a valuable role in the management of health in HIV/AIDS
patients.

Methods: EBSCOhost, Science Citation Index, CINAHL database, PsycINFO, Cochrane
Database of Systematic Reviews, Physiotherapy Evidence Database, and SPORTDiscus
were searched between 1996 and May 2016. Searches of published and unpublished
abstracts were conducted, as well  as a hand search of reference lists and tables of
contents of relevant journals and books were conducted. A total of 60 studies met the
inclusion criteria.

Results: Most studies failed to indicate the optimum type (mode), intensity, frequency,
and duration of aerobic excercise (AE), progressive resistive exercise (PRE), and a
combination of AE and PRE (CARE) prescribed to HIV-infected individuals in relation
to the different clinical stages of the disease.

Conclusion: The findings provide information that clarifies the optimal mode, duration,
frequency, and intensity of AE, PRE, and CARE prescribed to the different clinical stages
of HIV patients. The exercises recommended have the potential to benefit HIV patients
and should be adopted by clinical exercise therapists.

Keywords: aerobic exercise, CD4 count, highly active antiretroviral therapy, immuno-
deficiency, progressive resistive exercise
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1. Introduction

Medical advances in the treatment of the HIV disease with highly active antiretroviral therapy
(HAART) converted HIV infection into a chronic condition that has been related to several
comorbidities [1], disability, impairment in daily activities, and decreased exercise capacity [2,
3]. Increased longevity in the HAART era has dramatically reduced mortality and morbidity
of HIV-infected patients [4, 5]. Although HAART has dramatically reduced the prevalence of
the wasting syndrome and immunosuppression in HIV patients [6], HAART is associated with
anthropometric and metabolic conditions including insulin resistance, dyslipidemia, and
abnormal distribution of body fat [5, 7, 8].

Exercise is a key management strategy employed by rehabilitation health professionals for
health promotion and rehabilitation of patients with HIV/AIDS [9, 10]. Exercise has the
potential to ameliorate a range of side effects associated with HIV infection, as well as the
cardiometabolic and morphological complications (i.e., mitochondrial dysfunction, inflam-
mation, and oxidative stress) that may accompany HAART. A large body of scientific evidence
suggests that exercise can delay the progression of the disease, improve quality of life [11, 12],
improve aerobic capacity [3, 9, 13], improve functional ability [14], have beneficial effects on
insulin resistance and diabetes [15], improve oxidative stress [13, 16], improve muscle
strength [9, 17], improve lipid profile [13, 18], and reduce the risk of cardiovascular disease [1,
19] in people with HIV infection. Of importance is that exercise is generally regarded as safe
and there is no evidence to suggest that regular exercise will suppress immune function in
asymptomatic and symptomatic individuals with HIV/AIDS [10, 20]. Exercise training,
however, apparently confers no beneficial effect on HIV status and viral load [20, 21].

Exercise studies in HIV/AIDS patients indicate that aerobic exercise (AE) [19, 20] and progres-
sive resistive exercise (PRE) [22] improve various health indices in HIV-infected patients with
a combination of aerobic and progressive resistive exercise (CARE) more effective than
applying only one component [10]. CARE has recently been employed and recommended by
the American College of Sports Medicine [23].

2. HIV disease stages and classification

It is of critical importance to recognize HIV disease stages and classification systems not only
for tracking and monitoring the HIV epidemic but also for providing clinicians and patients
with important information about the clinical management of the disease. Clinical exercise
therapists should therefore consider the HIV disease stages as well as the varying needs during
each stage in order to adjust the exercise prescription (Ex Rx) accordingly. Two major classifi-
cation systems currently are in use: The World Health Organization Clinical Staging and
Disease Classification System and the US Centres for Disease Control and Prevention (CDC)
classification system [24]. The WHO Clinical Staging and Disease Classification System are
used in resource-constrained settings without access to CD4 cell count measurements or other
diagnostic and laboratory testing methods whereas the CDC disease staging system assesses
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the severity of HIV disease by CD4 cell counts and by the presence of specific HIV-related
conditions. The CDC disease staging system should be used because it incorporates the CD4
cell count categories; knowledge of which is important for the clinical exercise therapist
because this may dictate changes in Ex Rx.

The CDC categorization of HIV/AIDS is based on the lowest documented CD4 cell count and
on previously diagnosed HIV-related conditions (Table 1).

Table 1. CDC classification system for HIV-infected adults and adolescents [24].

For example, if a patient had a condition that once met the criteria for category B but now is
asymptomatic, the patient would remain in category B. Additionally, categorization is based
on specific conditions, as indicated by the AIDS Education and Training Centre [24]. Patients
in categories A3, B3, and C1-C3 are considered to have AIDS [24]. The AIDS Education and
Training Centre (AETC) can be referred to for a detailed account of the symptomatic conditions
for the different clinical categories [24].

3. Pre-exercise evaluation/testing

HIV/AIDS individuals should be screened for the presence, signs, symptoms, and/or risk
factors suggestive of cardiovascular, pulmonary, or metabolic diseases, as well as other
conditions (e.g., orthopedic limitations, pregnancy) that require special attention to (i) aid in
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sive resistive exercise (PRE) [22] improve various health indices in HIV-infected patients with
a combination of aerobic and progressive resistive exercise (CARE) more effective than
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the severity of HIV disease by CD4 cell counts and by the presence of specific HIV-related
conditions. The CDC disease staging system should be used because it incorporates the CD4
cell count categories; knowledge of which is important for the clinical exercise therapist
because this may dictate changes in Ex Rx.

The CDC categorization of HIV/AIDS is based on the lowest documented CD4 cell count and
on previously diagnosed HIV-related conditions (Table 1).

Table 1. CDC classification system for HIV-infected adults and adolescents [24].

For example, if a patient had a condition that once met the criteria for category B but now is
asymptomatic, the patient would remain in category B. Additionally, categorization is based
on specific conditions, as indicated by the AIDS Education and Training Centre [24]. Patients
in categories A3, B3, and C1-C3 are considered to have AIDS [24]. The AIDS Education and
Training Centre (AETC) can be referred to for a detailed account of the symptomatic conditions
for the different clinical categories [24].

3. Pre-exercise evaluation/testing

HIV/AIDS individuals should be screened for the presence, signs, symptoms, and/or risk
factors suggestive of cardiovascular, pulmonary, or metabolic diseases, as well as other
conditions (e.g., orthopedic limitations, pregnancy) that require special attention to (i) aid in
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the development of a safe and effective Ex Rx and (ii) optimize safety during exercise testing
[23]. Regardless of stage of disease progression, all HIV-infected individuals should consult
with their physician and obtain medical clearance prior to participating in an exercise program.
Once cleared to exercise, it is recommended that the patient consult a clinical exercise therapist
for advice and guidelines on an exercise program tailored to the individual’s physical function,
health status, exercise response, and stated goals.

Table 2. Laboratory monitoring schedule for HIV-infected patients before and after initiation of antiretroviral therapya

[37].
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A comprehensive pre-exercise test evaluation for HIV-infected individuals includes (i) medical
history, (ii) physical examination, and (iii) HIV-related laboratory tests. The physician should
provide medical information (e.g., stage of disease, CD4 count, HAART, and other medications
used, history of symptoms, and recent illness), whereas the clinical exercise therapist can
acquire exercise-related medical information by using the Canadian Physician Clearance Form
(ePARmed-X+) [25] as a positive response is expected when using the Canadian Activity
Readiness Questionnaire for Everyone (PAR-Q+) [26]. The PARmed-X+ is a form developed
for use by physicians and clinical exercise therapists to assist in addressing medical concerns
regarding physical activity participation that were identified by the PAR-Q+.

Health-related quality of life (HRQOL) has emerged as an important topic in the treatment of
HIV infection, with HIV-infected patients generally demonstrating a HRQOL that is lower than
that of the general population [11, 27]. Clinical exercise therapists should use the Multidimen-
sional Quality of Life Questionnaire for Persons with HIV (MQOLHIV) to monitor HRQOL
for patients living with HIV disease [28]. HRQOL has become increasingly important with the
goals of therapy now, including improvement of HRQOL, in addition to reduction of symp-
toms, virus suppression, and extension of survival. Repeated assessment can be used to track
changes in functional status over time; monitor, assess, and optimize treatment effects and
enhance communication between patient and provider with the potential to improve the health
care process and overall survival [28]. With physical training regarded as a non-pharmaco-
logical treatment, use of HRQOL will be helpful to monitor and improve adherence [29]
because the development of side effects can worsen HRQOL and lead to treatment non-
adherence [30].

Regardless of the disease status of HIV-infected individuals, it is important to assess their
current fitness level prior to developing an exercise program [31]. Despite the lower functional
capacities of HIV-infected individuals [11], the standard physical fitness tests applicable to the
apparently healthy populations can be applied [31]. BP and ECG are monitored during exercise
testing due to the increased prevalence of cardiovascular impairments and cardiac dysfunc-
tion [23].

Components of the physical examination conducted by the clinical exercise therapist should
include the following:

1. Body composition: It includes body weight, body mass index (BMI), skin fold measure-
ment of subcutaneous fat (fat percentage), standard circumference sites (thigh, calf, arm,
chest, waist, and hip), waist-to-hip ratio (WHR) [21, 23], muscle mass, lean body mass [32],
and self-reported body shape changes [33]. Perceived body image can be measured with
the Body Image Scale (BIS) that is a 12-item, disease-specific, valid and reliable tool that
measures perceived body image along five dimensions (comfort, competence, appear-
ance, predictability, and existential self). Each item utilizes a five point visual analogue
scale and scores range from 12 to 60 (higher scores reflect poorer body image) [34].

2. Physical capacity: The modified Bruce protocol or submaximal YMCA cycle ergometer
test is used to determine cardiorespiratory fitness [23]. For assessing muscular strength,
six-repetition maximum (6 RM) or 10 RM protocol may be more appropriate because the
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affected population is generally untrained [31]. A grip strength dynamometer can be used
to determine the maximum isometric strength of the hand and forearm muscles [17].

3. Neuromuscular function: Gait analysis and balance test (e.g., Stork stand) should be
conducted because peripheral neuropathy, which can be a consequence of fast hyperlac-
tatemia at rest which many people living with HIV/AIDS present, is a common symptom
of HIV infection [31, 35].

4. Functional capacity: The Lower Extremity Functional Scale (LEFS) can be used as a
measure of patients’ initial function, ongoing progress, and outcome, as well as used to
set functional goals [36].

3.1. Laboratory tests

To assist the clinical exercise therapist, it is recommended that a physician conduct the
following laboratory tests for HIV-infected individuals:

1. Cardiometabolic: It is fasting blood lipids (total cholesterol, LDL-C, HDL-C, and trigly-
cerides), fasting glucose or hemoglobin A1c (HbA1C), and CD4 cell count when diagnosed
with HIV as well as prior to the start of HAART [10, 21]. Table 2 indicates the laboratory
monitoring schedule for HIV-infected patients before and after initiation of antiretrovi-
ral therapya [37].

2. Bone mineral density (BMD): The literature recommends that for all HIV-infected
postmenopausal women and men aged > 50 years, BMD should be tested and, if the results
of the test do not warrant medical treatment, the test should be repeated every 2–5 years,
depending on the proximity to thresholds for therapy [38].

3. Electrocardiography: Due to the increased risk of heart disease, a resting 12-lead electro-
cardiogram is recommended [31].

4. Special considerations prior to prescribing an exercise program

Clinical exercise therapists should consider various factors (e.g., clinical/treatment character-
istics) when prescribing an exercise program for HIV-infected individuals. HIV-infected
individuals adapt readily to exercise training and therefore can the general FITT principle of
Ex Rx for apparently healthy adults applied to those carrying HIV [23, 39]. Additional drug-
related physical, psychological, and physiological side effects including lethargy, nausea,
vomiting, diarrhea, headaches, fever, muscle pain, occasional dizziness, peripheral neuropa-
thy, fatigue, anemia, mitochondrial toxicity, depression, and myopathy must be considered
[37]. In particular, the following symptoms, adverse effects, and comorbidity should be taken
into account:
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4.1. HIV/AIDS wasting syndrome

It is a syndrome of unintentional weight loss that occurs with advanced HIV infection. It is
defined as an involuntary weight loss of greater than 10% from baseline body weight during
the previous 12 months or a 5% loss of weight during the previous 6 months [40].

4.2. Lipodystrophy

It is as an all-encompassing term used to describe a metabolic complication of fat loss, fat gain,
or a combination of fat loss and gain, which is associated with some antiretroviral (ARV)
therapies given to HIV-infected individuals [41]. Lipoatrophy is the loss of subcutaneous fat,
particularly evident in the face, buttocks, and limbs. Lipohypertrophy is the accumulation of
visceral and central fat in the abdomen, dorsocervical region (“buffalo hump”), or breasts. Fat
redistribution is an all-encompassing term used to describe lipohypertrophy, lipoatrophy, and/
or mixed syndrome in HIV-infected individuals [42, 43].

4.3. Dyslipidemia

HAART is associated with hypercholesterolemia, increases in LDL-C, hypertriglyceridemia,
and lowered HDL-C [2, 44].

4.4. Diabetes

HAART adversely affects insulin sensitivity and glucose tolerance [45, 46]. Clinical exercise
therapists should also distinguish between the three subgroups of patients with diabetes: those
with pre-existing diabetes who contract HIV; those who have diabetes at onset of HIV infection;
and others who develop hyperglycemia after commencing HAART. These subgroups need to
be managed differently. Pre-existing type 2 diabetes mellitus may continue to be managed,
after diagnosis of HIV, with the same drug therapy that was being used prior to detection of
HIV [46]. It is important to counsel these patients about a possible deterioration in metabolic
function, and the chances of drug interactions between oral antidiabetic drugs and HAART.
Patients diagnosed with diabetes and HIV together may be treated according to guidelines for
uninfected individuals. Patients developing diabetes after HAART may benefit from insulin,
because it is a safe and effective method of treatment [46].

4.5. BMD

Initiation of ART is associated with a 2–6% decrease in BMD over the first 2 years [47]. HIV-
infected individuals receiving protease-inhibitor-based HAART (up to 30%) are more likely
to display significant bone demineralization [48].

4.6. Cardiometabolic disease (CMD) risk

The incidence of CMD increases in HIV-infected individuals, and HAART is associated with
an increase in both peripheral and coronary artery disease [49, 50]. Risk factors such as
hyperlipidemia [44], oxidative stress [51], impaired glucose tolerance, and increased insulin
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resistance [45], accumulation of visceral fat [52], inflammation secondary to HIV [53], and the
effects of some antiretroviral drugs all contribute to the risk of developing CMD [54].

5. Program prescription

Exercise training is well established as an important non-pharmacological therapy for HIV-
infected individuals and one of the key approached being explored to deal with the compli-
cations and symptoms of HIV/AIDS [9, 55]. The primary goals (depending on the stage of the
disease) for prescribing exercise to HIV-infected patients are to improve HRQOL, physical,
and physiological, functional, and neuromuscular function capacity, decrease the risk of CMD,
and promote long-term exercise compliance. It is therefore advised to include both short- and
long-term individualized goals based on the subjective and objective findings in the patient’s
assessment. In addition to the symptoms, adverse effects, and comorbidity considerations
mentioned previously, clinical exercise therapists should take into account the individual’s: (i)
physical function; (ii) functional limitations and likes/dislikes; (iii) health status; (iv) availa-
bility of equipment and time available to train; (v) exercise dose response (desired goal, type
of exercise, and intensity, duration, and frequency of training); and (vi) coordination among
members of the multidisciplinary team [10, 23]. HIV/AIDS is a progressive disease; therefore,
clinical exercise therapists should frequently reassess the patient’s physical, physiological,
functional, and neuromuscular capacity (at least every 6–8 weeks) to determine whether the
exercise program is still meeting the individual needs and goals of the patient. As mentioned
earlier, HIV-infected individuals adapt readily to exercise training, and therefore, the general
FITT principle of Ex Rx for apparently healthy adults can be applied to those carrying HIV [23,
39]. An Ex Rx is the process whereby the recommended exercise regimen is designed in a
systematic and individualized manner in terms of the Frequency (How Often?), Intensity (How
Hard?), Time (How Long?), and Type/Mode (What Kind?), or the FITT principle of Ex Rx [56].

5.1. Frequency

Frequency refers to how often an individual engages in an activity, usually the number of days
per week [56]. Most HIV studies have used a three times weekly intervention for both the
aerobic exercise (AE) and progressive resistive exercise (PRE) component [12, 13, 57] with
success three/four times per week [31], a few studies have reported positive results twice
weekly [39, 58]. Table 3 indicates the specific frequency of the AE and PRE component
according to the different clinical categories with the corresponding CD4 cell count for each
category [55]; for example, HIV-infected individuals in clinical category A1 (asymptomatic,
acute HIV, or persistent generalized lymphadenopathy with ≥500 cells/μL) (Table 1) and
clinical category A2 (asymptomatic, acute HIV, or persistent generalized lymphadenopathy
with 200–499 cells/μL) (Table 1) can perform PRE three times per week and aerobic AE five
times per week whereas clinical category C HIV-infected individuals (AIDS indicator condi-
tions with <200 cells/μL) (Table 1) can perform PRE twice per week and AE three times per
week (Table 3) [55]. There should be a rest day between the PRE sessions and, if time constraints
are present, separate resistive programs into upper and lower body workouts.
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It is recommended to complete flexibility exercises during the warm-up and cool-down of an
exercise session. Neuromuscular exercises can be performed two to three times per week by
those HIV-infected individuals who are severely debilitated from the disease, typically those
from the Centres for disease control clinical categories A3, B3, and C1-C3 (Table 1).

5.2. Intensity

Intensity is the level of exertion experienced during the activity. Individuals can monitor their
rate of perceived exertion (RPE) with Borg’s RPE scale that subjectively rates exercise intensity
from 6 to 20 with 6 corresponding to “no exertion at all” and 20 corresponding to “maximal
exertion” [59]. A person can also use a definitive scale by tracking heart rate. For the aerobic
component, a 40–60% exercise intensity of VO2R (difference between VO2max and resting VO2)
or heart rate reserve (HRR) [31] or 50–85% of HRmax [10] is recommended to HIV-positive
individuals.

The recommended exercise intensity for the PRE component is 50–90% of one-repetition
maximum (1RM) [12]; 60% of 1RM [23] with an intensity of 35–50% of 6–10RM for patients
from the Centres for disease control clinical categories A3, B3, and C1–C3 (Table 3) [55]. The
specific intensities of the PRE component according to the different clinical categories with the
corresponding CD4 cell count for each category are displayed in (Table 3) [55].

Table 3. Recommended FITT framework for the frequency, intensity, time, and type of aerobic exercise (AE) and
progressive resistive exercise (PRE) for different HIV clinical categories [55].
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5.3. Time

Time refers to the duration of an exercise session [56] and depends on the intensity as well as
the goal of the exercise. AE performed at a higher intensity performed for a shorter duration
produces the same results as exercise done at a moderate intensity for a longer duration. A
duration of 45 min for the AE component [12] or 30–60 min [23] including a 5–10 min warm-
up and cool-down is recommended. The duration of the AE component for patients from the
Centres for disease control clinical categories A3, B3, and C1-C3 is 20–30 min (Table 3) [55].

The recommended duration of the PRE component is 30–90 min with a volume of three sets
of eight reps [12], two sets of eight to ten repetitions [31], or 30 min to complete two to three
sets of 10–12 exercises [23]. One to two sets of eight to ten repetitions are recommended for
patients from the Centres for disease control clinical categories A3, B3, and C1–C3 (Table 3)
[55].

The duration of the flexibility component is 5–10 min with a volume of three sets of 20–30 s.
Similarly, the duration of the neuromuscular component is 5–10 min with the volume deter-
mined by the specific neuromuscular exercise.

5.4. Types (modes) of exercise

Types of activity include aerobic, balance, flexibility, and resistance (or strength) training which
help patients achieve different health goals [56]. In HIV-infected individuals, the appropriate
exercise mode depends on the patient’s functional impairments, preference, and safety issues
regarding the stage of the disease [12, 60].

5.4.1. AE

Aerobic exercise is safe to perform (even at high intensities) and may lead to significant
improvements in selected outcomes of cardiovascular fitness, body composition, and psycho-
logical status in HIV-infected individuals [19]. Individual studies have shown an improvement
in  and other measures of fitness [10, 13], improvement in body composition (decreases
in fat percentage, increases in leg muscle area and abdominal fat loss), [13, 21] reduced anxiety,
stress, and depressive mood [22], improvement in QOL [11], as well as improvement in lipid
profile [8] and glucose tolerance [21]. Crossover effects have also been reported whereby
aerobic exercise may lead to improved strength [3, 19]. Type or mode of AE to improve the
cardiovascular system includes running, walking, swimming, aerobics classes, circuit training,
and cycling [55].

5.4.2. PRE

Progressive resistive exercise is safe and effective in medically stable adults living with HIV
[22, 32]. PRE can increase body weight and peripheral girth, and reverse muscular atrophy [61].
Training effects include an increase in strength [17, 61], improvements in body composition
(increasing BMI and lean body mass) [17, 62], and improvements in psychological status and
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QOL [10], insulin sensitivity [63], and lipid profile [64]. PRE that stresses the muscular system
includes weights, cables/pulleys/resistance bands, body weight, and plyometrics [31, 55].

5.4.3. Combined aerobic and resistive exercise (CARE)

The combination of the two exercise modalities, AE and PRE, is recommended by the American
College of Sports Medicine [23] and seems not only to be safe but well tolerated by HIV-infected
individuals. A combination of aerobic and progressive resistive exercise (CARE) appears to be
more effective than applying only one component [10]. Research studies have shown an
improvement in  and other measures of fitness [3, 10, 13], functional capacity [10, 14],
improvement in body composition (decreases in fat percentage, increases in abdominal fat
loss, BMI, and lean body mass) [8, 13, 57], increases in viral load and cell counts for TCD4+/
TCD8 [13], improvement in QOL [8, 9, 11] and mood state [61], as well as improvement in lipid
profile [13] and glucose tolerance [21].

6. Special considerations during exercise training

For asymptomatic HIV-infected individuals, the ACSM’s guidelines regarding contraindica-
tions for exercise applicable to healthy individuals should apply as there are no current
guidelines for individuals with HIV/AIDS [23].

It is important that HIV-infected individuals report increased feelings of tiredness or exhaus-
tion (minor increases in feelings of fatigue should not be a reason for exercise discontinuation),
lower gastrointestinal distress (especially diarrhea), shortness of breath, or a sense of increased
effort in performing activities of daily living [31].

Dizziness, swollen joints, or vomiting preclude exercise participation [23].

The exercise sessions of symptomatic individuals with HIV/AIDS or those diagnosed with
comorbidities should be supervised [23].

7. Conclusion

Evidence-based research indicates that AE, PRE, and a combination thereof by HIV-infected
individuals are safe and positively influences the cardiometabolic and morphological compli-
cations that may accompany HAART as well as a range of side effects associated with the HIV
disease itself. The current exercise guidelines available in the literature are generalized and
they do not consider the specific clinical stages with significant gaps in knowledge as to the
minimal and optimal duration, frequency, mode, and intensity of exercise needed to produce
beneficial changes in HIV patients. Most of the studies referred to have not approached the
exercise program from a dose-response perspective or from the perspective of validating
commonly used exercise prescriptions for HIV-infected individuals. The research provides
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5.3. Time
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profile [13] and glucose tolerance [21].
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For asymptomatic HIV-infected individuals, the ACSM’s guidelines regarding contraindica-
tions for exercise applicable to healthy individuals should apply as there are no current
guidelines for individuals with HIV/AIDS [23].

It is important that HIV-infected individuals report increased feelings of tiredness or exhaus-
tion (minor increases in feelings of fatigue should not be a reason for exercise discontinuation),
lower gastrointestinal distress (especially diarrhea), shortness of breath, or a sense of increased
effort in performing activities of daily living [31].

Dizziness, swollen joints, or vomiting preclude exercise participation [23].

The exercise sessions of symptomatic individuals with HIV/AIDS or those diagnosed with
comorbidities should be supervised [23].

7. Conclusion

Evidence-based research indicates that AE, PRE, and a combination thereof by HIV-infected
individuals are safe and positively influences the cardiometabolic and morphological compli-
cations that may accompany HAART as well as a range of side effects associated with the HIV
disease itself. The current exercise guidelines available in the literature are generalized and
they do not consider the specific clinical stages with significant gaps in knowledge as to the
minimal and optimal duration, frequency, mode, and intensity of exercise needed to produce
beneficial changes in HIV patients. Most of the studies referred to have not approached the
exercise program from a dose-response perspective or from the perspective of validating
commonly used exercise prescriptions for HIV-infected individuals. The research provides
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information that clarifies the optimal mode, duration, frequency, and intensity of AE and PRE
prescribed to the different clinical stages of HIV patients. Clinical exercise therapists should
adopt the recommended guidelines that will benefit HIV patients.
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