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Preface

Welcome to New Horizons of Exercise Medicine, a comprehensive guide to understanding
the role of exercise in promoting health and well-being. This book explores the latest
research, practical strategies, and insights into how exercise can be used as medicine
to prevent and manage various health conditions.

Our goal is to provide readers with a deep understanding of the physiological, psycho-
logical, and social benefits of exercise. Whether you are a healthcare professional, fit-
ness enthusiast, or someone looking to improve their health, this book offers valuable
information and tools to support your journey toward a healthier lifestyle.

In the first section, after the introductory chapter, Dr. Katerina Asonitou and col-
leagues delve into the historical utilization of exercise for medical purposes, pro-
viding a comprehensive overview of the scientific evidence in their chapter titled
“Exercise Is Medicine through Time: Prescription of Adapted Physical Activity in
Treatment and Rehabilitation”. They also address the promotion of physical activity
for health benefits and societal barriers to exercise medicine. Dr. Endang Ernandini
and Dr. Jonathan Alvin Wiryaputra further explore the physiological impacts of exer-
cise on humans and its comprehensive health benefits in their chapter titled “Exercise
is Medicine”.

Moving on to the second section, the book discusses the effects of exercise on vari-
ous health conditions such as dyslipidemia, coronary artery disease, and cancers.

Dr. Xueqi Lin and Dr. Zuowei Pei present a brief overview of the main pathogenic
factors of hyperlipidemia in daily life, followed by a detailed discussion on the impact
and effectiveness of lifestyle intervention on hyperlipidemia in their chapter titled
“Effect and Improvement of Lifestyle Intervention on Hyperlipidemia”. Additionally
in chapter “A New Algorithm for the Selection and Risk Stratification of Patients

for the Efficient Aerobic Cardiorespiratory Training after Coronary Artery Bypass
Surgery”, Dr. Tea Kakuchaya and colleagues introduce a novel risk stratification
algorithm for exercise medicine in post-coronary artery bypass surgery patients based
on their clinical study findings. Dr. Hajer Alhinai summarizes the evidence regarding
the effectiveness of exercises on clinical symptoms related to the treatment of cancer
patients in the chapter titled “Supportive Exercises For Cancer Patients”. This chapter
presents brief evidence of the effects of exercises on the side effects associated with
cancer treatments, including cancer-related fatigue, lymphedema, chemotherapy-
induced peripheral neuropathy, urinary incontinence, osteoporosis, and cachexia.

In the third section, the book introduces new and specific exercise modalities.

Dr. Yongsuk Seo and Dr. Dae Taek Lee discuss the effectiveness of Self-Natural Posture
Exercise in individuals with chronic pain and musculoskeletal conditions in their
chapter “A Healthy Life with Self-Natural Posture Exercise”. Dr. Musa Cankaya and
Dr. Ilkim Gitak Karakaya highlight the strengths of isokinetic exercises, particularly
Russian and Aussie currents, which are beneficial for treating various diseases as



part of exercise therapy in their chapter “Using Burst Modality Medium Frequency
Alternating (Russian and Aussie) Currents with Isokinetic Training” Finally, in

the chapter “Health Promotion Through Advanced Physical Activity Programs for
Individuals with Intellectual and Developmental Disabilities”, Dr. Meir Lotan and

Dr. Alberto Romano provide a comprehensive summary of information and evidence
on Intellectual and Developmental Disabilities, emphasizing the usefulness of exercise
therapy for this condition.

I would like to express our gratitude to all the experts and researchers whose work has
contributed to the knowledge shared in this book.

I hope that New Horizons of Exercise Medicine will inspire you to embrace the power of
exercise and integrate it into your daily life for optimal health and vitality.

Best wishes,

Hidetaka Hamasaki
Hamasaki Clinic,
Kagoshima, Japan
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Section 1

What is Exercise Medicine







Chapter1

Introductory Chapter: Exercise
Medicine — Past, Present, and Future

Hidetaka Hamasaki

1. Introduction
1.1 Exercise is medicine

In 1907, Dr. Theodore Toepel lamented that very few physicians possessed the
necessary skills and knowledge to recommend “physical exercise” as a therapeutic
method for diseases, understanding its effects and limits [1]. More than a century
has passed since then, and exercise is now widely recognized as a reliable, validated,
and effective form of medicine for patients with various conditions. Surprisingly, a
PubMed search using the term “exercise medicine” yielded over 180,000 articles as of
October 22, 2023, and the scientific evidence in this field continues to grow.

The “Exercise is Medicine” initiative began in the 1990s, based on a significant
study published in 1989 that revealed a clear link between low physical fitness levels
and an increased risk of all-cause mortality, including cardiovascular diseases and
cancers [2]. In 2007, the American Medical Association and the American College of
Sports Medicine jointly introduced the health initiative “Exercise is MedicineTM,”
emphasizing that “if we had a pill that could confer all the proven health benefits of
exercise, physicians would readily prescribe it to their patients, and our healthcare
system would ensure that every patient had access to this wonder drug” [3].

Currently, exercise medicine is integrated into daily clinical practice for patients
dealing with noncommunicable diseases, such as diabetes and cancer, and for those
undergoing rehabilitation as a standard procedure. Furthermore, exercise not only
ameliorates disease conditions but also helps prevent the development of certain
chronic diseases. For example, exercise reduces the risk of cardiovascular diseases
by improving autonomic balance and inducing a cardioprotective effect, through
the release of anti-inflammatory cytokines, stimulation of myocardial regeneration,
and enhancement of muscle strength and mass [4]. Substantial evidence suggests
that exercise effectively reduces the risk of various cancers, including breast, colon,
uterine, esophageal, stomach, and renal cancers, through physiological and biochemi-
cal changes, such as regulating cell growth, repairing DNA damage, modulating
epigenetic expression, regulating apoptosis, harmonizing endocrine functions (e.g.
myokines and sex hormones), improving immune function, and reducing oxidative
stress and inflammation [5]. Recently, exercise has also been proposed as a potential
means of reducing the risk of age-related cognitive decline and dementia, although
this remains a topic of debate [6, 7]. Moreover, exercise medicine is effective in
alleviating pain and improving physical function through weight loss in individuals
with rheumatic and musculoskeletal diseases [8], preventing falls in older adults [9],
and treating depression with supervised and group aerobic exercise (AE) of moderate
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intensity [10]. These results underscore the essential role of exercise medicine in
promoting overall human health.

While determining the precise prescription and delivery of exercise to each patient
remains challenging due to the lack of accurate information on exercise interven-
tions in previous studies [11], exercise medicine holds promise for enhancing health
outcomes, both as a standalone treatment and as a supportive therapy for various
diseases, now and in the future.

2. Exercise modalities

Conventional exercise medicine typically involves structured AE and resistance
training (RT). However, new exercise modalities have emerged that offer the poten-
tial for enhanced effectiveness and efficiency in improving health outcomes.

High-intensity interval training (HIIT) has shown promise as a more effective
means of enhancing cardiorespiratory fitness in healthy individuals when compared
to traditional AE [12]. It is also similarly effective in improving body composition
in overweight and obese adults [13]. Additionally, HIIT exhibits pleiotropic effects,
including improvements in cardiorespiratory fitness, physical fitness, muscle
strength, cardiac function, mitochondrial citrate synthase activity, and reductions in
blood triglycerides and glucose levels in older individuals at risk of sarcopenia [14].
HIIT has proven to be safe, effective, and time-efficient, even in patients with type 2
diabetes [15]. Similarly, sprint interval training, which requires even higher intensity
but shorter exercise duration than HIIT, is effective in promoting fat oxidation in
overweight or obese individuals [16] and enhances cardiorespiratory fitness and
exercise performance in physically active young individuals and athletes [17].

Whole-body vibration has demonstrated benefits, including pain relief and increased
knee extensor muscle strength when compared to stretching exercises alone, especially
in patients with knee osteoarthritis [18]. It has also shown potential to improve mobil-
ity in patients with neurological disorders like stroke and Parkinson’s disease [19] and
increase bone mineral density in the lumbar spine of postmenopausal women [20].

While the exercise intensity in non-exercise activity thermogenesis (NEAT) and
low-intensity resistance exercise with slow movements and tonic force generation
(LST) is generally low-to-moderate, and the effects of NEAT and LST may appear rela-
tively modest compared to moderate-to-vigorous intensity exercises, NEAT and LST
hold promise in improving health outcomes for patients with chronic diseases [21-28].

Looking ahead, it is likely that new exercise modalities will continue to be devel-
oped. Clinicians should remain vigilant and stay informed about these advancements.

3. Technological advancements in exercise medicine

To objectively measure or monitor the PA of individuals, pedometers have been
widely used. However, pedometers fall short in accurately measuring the intensity
of PA and energy expenditure. To address this issue, accelerometers have emerged
as a solution since the 1990s [29]. This technology has steadily advanced, leading to
numerous studies exploring the health benefits of light-intensity PA [30]; the rela-
tionship between specific PA patterns (such as intensity, bout duration, or frequency)
and health outcomes [31]; the relationship between PA, sedentary time (measured by
accelerometers), and mortality [32]; and even the detection of concussion episodes
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Figure 1.
Past, present, and future of exercise medicine.

in male football players [33]. Today, this technology is regularly incorporated into
smartphones [34], enabling people to monitor their daily PA for health manage-
ment. Furthermore, wearable technologies have proven to be practical and useful in
promoting PA in patients with diabetes [35]. The COVID-19 pandemic, which began
in 2019, had a detrimental impact on PA and overall health worldwide. If an effective
network can be established between healthcare organizations and wearable users, it
will also assist people in preventing physical inactivity and health problems during
future pandemics [36].

Recently, ChatGPT, a generative artificial intelligence (AI), has significantly
impacted the human world and is poised to bring about significant changes in medi-
cine [37]. Within the field of exercise medicine, Al has the potential to effectively
promote PA to the same extent as conventional in-person counseling [38]. Al-based
interactive exercise has proven more effective in improving cardiorespiratory fitness
than conventional gaming exercise, particularly in individuals with obesity [39].
Advanced Al, armed with vast, precise, and practical knowledge about exercise
medicine, could provide valuable advice to humans when used appropriately.

Additionally, virtual reality (VR) technology has made remarkable strides.
Cardiac rehabilitation using VR enhances exercise capacity, reduces stress and
depression, and improves the quality of life [40]. VR exergaming has also shown
promise in positively impacting cognitive function in older adults [41]. VR-based
exercise therapy can improve upper extremity motor function in patients undergoing
rehabilitation after a stroke [42]. VR technologies are expected to play a pivotal role
in rehabilitation in the future. Further studies examining the effectiveness of these
advanced technologies on health outcomes are warranted.

Figure 1 illustrates the past, present, and future of exercise medicine.

4. New horizons of exercise medicine

This book aims to compile a comprehensive range of effective exercise modalities
(from conventional to state-of-the-art) and scientific evidence concerning their
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impact on health. It also introduces the latest research findings on the biological
mechanisms of exercise. Furthermore, it discusses new exercise therapies utilizing
cutting-edge scientific technology, explores future possibilities and challenges, and
provides recommendations for the advancement of exercise medicine. In my role as
an academic editor, I sincerely hope that you, as readers, will enjoy delving into each
excellent chapter authored by today’s eminent researchers. May you deepen your
understanding and find valuable insights for applying exercise medicine in both your
daily life and clinical practice.
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Abstract

The history of physical activity and sport dates to ancient times, when it was
not only a means of preparation for military readiness but also had religious and
educational purposes. The relationship between physical activity and good health
goes back centuries accepted, as formulated by Hippocrates 2500 years ago. In Greek
antiquity, “gymnastike” highlighted physical beauty in harmony with the soul and
spirit, perfecting simultaneously an individual’s personality and health. Lifelong
exercise administered by gymnasts was applied to strengthen weak limbs, and
contributed to the healing of patients when applied in the healthcare facilities of the
time, as mentioned in “Asclepieia.” Nowadays, the idea that “exercise is medicine” has
two components: (1) every patient’s treatment or rehabilitation plan should include
physical activity and exercise training, but the prescription must be tailored to the
patient’s specific needs and (2) doctors’ challenge lies in implementing this medical
prescription for adapted physical activity (APA), which encourages patients to lead
more active lives.

Keywords: physical activity history, adapted exercise training, prescription, treatment,
adaptive exercise, chronic disease, rehabilitation, lifestyle habits

1. Introduction

According to Barbin [1], the term “adapted PA” (physical and sports activities)
refers to any physical activity or sport that is modified and tailored to a person’s
functional movement, restrictions, contraindications to certain exercises, and
surroundings in order to provide a means of participation for those with a variety
of disabilities or long-term medical conditions. Additionally, APA is frequently
employed by medical practitioners as a rehabilitation strategy for social and edu-
cational engagement, reeducation, community reintegration, and the avoidance of
secondary disorders [1].

Thornton et al. [2] have proposed that a cost-effective strategy for promoting
physical activity (PA) would be to prescribe PA as part of primary healthcare. To
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Figure 1.
Impact of “sports on prescription” on the health and well-being of patients [4].

guarantee appropriate PA prescription, individuals with disabilities must have their
unique requirements, capacities, and indications considered when prescribing PA.
Nonetheless, to guarantee appropriate PA prescription, the demands, capacities, and
symptoms of everyone with a disability must be taken into account. Sedentary behav-
ior among people with disabilities has been found to be influenced by both personal
and environmental factors, such as pain, lack of energy, and self-consciousness about
exercising in public. Personal factors include things such as pain, lack of exercise
equipment, social exclusion, and inadequately trained and resourced health staff.
For people of all ages, research clearly shows the advantages of maintaining an active
lifestyle across a variety of physical and mental health concerns. The Department

of Health and Human Services in the United States offers precise recommendations
for physical exercise at various phases of life. Some recommendations and things to
think about are included on this website [3] for persons who are pregnant, elderly, or
have chronic health issues. Also, it is important to inform our doctor about the sort of
activity we want to begin whether we are a new fitness enthusiast or have a particular
medical issue. For a particular health issue, they might check the format to make sure
it is safe (Figure1).

2. Exercise and ‘well-being’: from the past to the present
2.1 Exercise, health, and illness in antiquity

Movement constitutes the characteristic feature of life [5] and is considered an
innate disposition of humans. Exercise consists of movements that, when applied,
benefit both the body and the soul [5]. Games, physical activity, physical culture
activities, and competitions found expression in the cultures of antiquity following
the customs and culture they developed.

In those cultures, exercise was seen as essential for maintaining a healthy state
and preventing diseases. Ancient Chinese culture placed importance on health and
well-being through various practices. Practices such as qigong (breathing exercises)
and yoga were used as forms of exercise to promote physical and mental health. In
ancient India, while physical exercise was recognized and practiced, the focus was
more on general physical activities rather than a structured exercise prescription for
health purposes. In Greek antiquity, a strong emphasis was placed on physical fitness
and exercise for maintaining a healthy body and mind [6].
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In the ancient Greek world, the art of healing and preserving life was subject to
the laws of the universe and protected by the Gods. Health, the daughter of the god
Asclepius [7], is deified as people realized the importance of preserving and treat-
ing diseases, and Asclepieia existed scattered throughout the Hellenic territory. In
classical antiquity, health was considered a harmonious state of body and soul. The
central concept was the idea of balance and harmony of the individual, aiming for
well-being, resulting in the development of a holistic approach to health and disease
through exercise. Some representative beliefs of physicians and philosophers are cited
below.

Hippocrates (460-377 BC) transformed hieratic or theocratic medicine into a
rational discipline. In the works of the Hippocratic Corpus, it is argued that health
depends on the balance between diet and exercise. Hippocratic physicians believed
that physical well-being can only be achieved through appropriate education, with
moderation adapted to the individual’s condition, age, and strength, which should
avoid excess. They were opposed to both excessive athletic training and the avoidance
of exercise, as well as to gluttony [8].

The fundamental layout of the Asclepieion in Kos indicates Hippocrates’ belief
in a comprehensive healthcare model. In his school, scientific principles were com-
bined with pharmaceutical treatment, dietary plans, and both physical and mental
exercises, along with divine intervention. Additionally, at the Asclepieion of Kos,
every patient received a comprehensive treatment regimen that incorporated physical
activities, massages, and walks deemed essential for the restoration of health, the
well-being of the soul, and inner peace [9].

Both physical and psychospiritual education became central interests, and Plato
(427-347 BC), influenced by Socrates and Hippocrates, defined that proper education
is divided into the education of the body and the education of the soul, the former
being called gymnastics and the latter music. Consequently, the lessons correspond-
ing to gymnastics and music were divided into physical perfection and mental
well-being. Physical education was closely linked to psychospiritual education, so
citizens should engage in physical exercise for life. According to Plato, good physical
condition is shaped by gymnastics, the art that preserves health and physical disposi-
tion through proper diet and rules, and medicine, which operates therapeutically.
The purpose of gymnastics is the improvement of bodies through physical care, as
determined by the right reason. In his work “Timaeus,” he describes the result of the
harmonious movement of body and soul: “From both these evils the one means of
salvation is this—neither to exercise the soul without the body nor the body without
the soul, so that they may be evenly matched and sound of health. Thus the student
of mathematics, or of any other subject, who works very hard with his intellect must
also provide his body with exercise by practicing gymnastics; while he who is diligent
in molding his body must, in turn, provide his soul with motion by cultivating music
and philosophy in general, if either is to deserve to be called truly both beautiful and
virtuous: kalos kagathos” [10].

The attainment of eudaimonia was synonymous with balance, so health and ill-
ness, virtue and vice, were consequences of the symmetry or asymmetry of the soul to
the body. Thus, the soul should not move without the body, nor the body without the
soul, and both should be cared for to maintain balance and health. People should be
educated in gymnastics from childhood and throughout their lives [11].

According to Aristotle (384-323 BC), “to act well and to live well” was the primary
pursuit, meaning human happiness (eudaimonia). This happiness could be achieved
through the harmony of the body. He considered gymnastics as the science of
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“moderation in pains” and thus distinguished athletic exertion from physical activity
that contributed to the individual’s balance, provided it did not involve excessive or
inappropriate exercises. Thus, the art of health was preserved [12].

Philological evidence from the Roman Imperial period indicates that intellectuals
of that era redefined gymnastics in connection to medicine and the pursuit of well-
being, aligning with the classic beliefs of Greek antiquity [13].

In the texts of Plutarch (46-120 AD), his belief in gymnastics is recorded, which,
through appropriate exercises, ensures health and cultivates military readiness. The
purpose of gymnastics was the well-being of the body, while medicine aimed at
maintaining health. Exercises should not be exhaustive or specialized. The usefulness
of gymnastics relates to the harmony and strength of the body, while when taken
to excess or pursued for competitive goals, it becomes an obstacle to the spiritual
development of young people [14].

The physician Galen (128-200 AD) defined that not every movement is exercise,
only active movement, and set the criterion as the alteration of the normal rhythm
of breathing. He urged those who exercised for health reasons not to overstrain
themselves to avoid the psychosomatic dependence caused by athletes’ exercise. He
recognized the connection between well-being and gymnastics and the preservation
of health through gymnastics, as well as the therapeutic dimension of both medicine
and gymnastics [15].

According to Philostratus (179-249 AD), gymnastics was created from the syn-
thesis of the art of paidotribai and medicine but was more comprehensive than the
former and a part of the latter. Suitable exercise could remove excess flesh and fat
from the body, soften a hardened limb, or strengthen or warm the body. Gymnastics,
along with appropriate diet and rubbing, could stop colds, excessive sweating, and
wasting, which doctors treated with therapeutic measures [16].

Ancient Greek culture perceived health as a balanced state between exercise and
diet. Hippocratic physicians promoted physical well-being through proper educa-
tion and moderation in exercise, contrary to excess or avoidance. Plato and other
philosophers considered gymnastics an integral part of education, promoting balance
between body and soul. Similarly, well-being was regarded as a result of the harmony
between body and spirit. With gymnastics being a “guardian” of health, exercise
preserved and cultivated health while also preventing and treating illness.

2.2 From practice to theory and from theory to knowledge

The “gymnast” - the educated physical trainer — represented the evolution of the
paidotribe (who dealt with gymnastics issues utilizing his experience and practical
knowledge as a former athlete). Until the distinction of their competencies, there was
a period when the two terms were used interchangeably.

Plato, in his work “Republic” refers to the paidotribe-gymnast Herodicus, who: ..
was a paidotribe and became a valetudinarian, and blended gymnastics and medicine,
for the torment first and chiefly of himself and then of many successors,” introducing
therapeutic gymnastics. The knowledge of the paidotribe-gymnast is comparable to that
of a physician, and one should equally take their comments seriously. Both are special-
ists for the body and can discern a patient. The two arts, gymnastics and medicine, thus
the gymnasts and the physicians, can properly distinguish (possess the appropriate
knowledge) the types of purification performed on living organisms. They also knew
about diets and applied suitable nutrition. Therefore, we can understand that there was a
period when the boundaries between the two were indistinct [17].
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Over time, the gymnast acquired knowledge such as anatomy, physiology,
pedagogy, the art of physiognomy (psychology), knew different exercises, and
simultaneously the result of the exercises on the trainee; he can be characterized as
a ‘pentathlete of knowledge’ [18]. At the peak of his scientific status, he could apply
the appropriate exercises for training, rehabilitation, restoration, cultivation, and
preservation of health.

2.3 The modern past: exercise is medicine

In the introduction of his paper, Berryman [19] highlights the pivotal significance
of the texts of Hippocrates and Galen, referring to the stimulus that influenced the
formation of the physical education movement in the nineteenth century. Specifically,
he notes the context of the “six things nonnatural” (air, diet sleep and wake, exercise
and rest, excretions and retentions, and passion of the mind). If the nonnaturals were
observed and practiced in moderation, health would be the result.

Exercise was incorporated into the regimen, hygiene, and preventive medicine
literature in the late nineteenth century and was primarily used for prophylaxis. It
was recommended as a treatment for various ailments and was considered part of
medicine. In New York, 1806, physician Shadrach Ricketson published “Means of
Preserving Health and Preventing Diseases,” which discussed the negative effects
of idleness and luxury on health and the importance of exercise.

In 1880, physicians took on leadership roles in physical education associations
and published corresponding journals, oversaw gyms, gave lectures, and prescribed
exercise. In 1900, the course of medicine began to change, emphasizing research,
vaccines, and the scientific specialization of physicians. Later on, the Harvard Fatigue
Laboratory (1930s-40s) conducted groundbreaking studies on exercise, laying the
foundation for exercise science research in the 1960s.

Meanwhile, there was a shift in physical education from a focus on health and
exercise led by physicians to a games and sports curriculum led by coaches. The new
sports doctrine emphasized citizenship, teamwork, character, democratic living,
and sportsmanship, but it was found that the health of millions of Americans had
problems. It was reaffirmed that physical activity was a fundamental characteristic of
health. In the 1970s, exercise entered people’s lives as a lifestyle, and in the following
years, magazines and books were published connecting exercise with health. In 2007,
the American Medical Association and American College of Sports Medicine inau-
gurated the Exercise is Medicine health initiative, making the culture of exercise and
health in Greek antiquity come to life once more.

3. Medical usage of adapted physical activity (APA)
3.1 Exercise as medication for treating many chronic diseases

A five-year Swedish primary care study conducted by Joelsson and colleagues
[20] investigates the effects of long-term prescription physical exercise on individu-
als who are physically inactive and have metabolic risk factors. The intervention
involved prescriptions for tailored physical exercise together with follow-ups,
which increased engagement and motivation. In fifteen basic healthcare clinics in
Gothenburg, Sweden, individual interviews were subjected to a qualitative content
analysis after a purposeful selection of interview participants. Ten patients responded
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to the intervention, whereas the remaining ten patients did not, for a total of twenty
physically inactive individuals with one or more metabolic syndrome components.
The patients’ mean age ranged from 25 to 73 years.

Three different impact groups were identified by the interviews. First, personal
modifications led to a rise in physical activity. Second, maintaining and setting priori-
ties for lifestyle modifications was made easier with the help of follow-up and sup-
port. Third, patients may be more motivated if they have control over their treatment
and see results. Personalized physical exercise on prescription with frequent follow-
ups can help to enhance and sustain motivation and physical activity levels.

In conclusion, physical activity levels were observed to rise with individually
prescribed physical exercise for inactive adults with the metabolic syndrome. Patients
exhibited more motivation when they created their own physical activity plans.
Healthcare professionals’ support and follow-up made lifestyle changes priority, and
experiences with positive health outcomes contributed to maintaining or increasing
levels of physical activity.

Pedersen & Saltin [21] conducted a systematic review study that looked at the
most recent evidence-based basis for prescribing exercise as medicine in the treat-
ment of 26 different diseases: cancer; metabolic diseases (obesity, hyperlipidemia,
metabolic syndrome, polycystic ovarian syndrome, type 2 diabetes, and type 1
diabetes); pulmonary diseases (chronic obstructive pulmonary disease, asthma,
and cystic fibrosis); musculoskeletal disorders (osteoarthritis, osteoporosis, back
pain, and rheumatoid arthritis); and psychological diseases (dementia, Parkinson’s
disease, multiple sclerosis, dementia, polycystic ovarian syndrome, type 2 dia-
betes, type 1 diabetes, and cerebral apoplexy). Exercise therapy’s impact on the
etiology and symptoms of disease is described, along with potential mechanisms
of action. They have provided the reader with the finest advice for the type and
amount of exercise that should be advised for each condition after analyzing the
scientific literature.

According to the authors’ conclusion, it is customary in the medical field to
recommend the evidence-based course of therapy that is most likely to be successful
and have the fewest risks or adverse effects. According to the available data, exercise
therapy may be more beneficial than medical treatment in some circumstances or may
even enhance its effects in others. Now that so much knowledge has been gathered, it
must be put into practice. It’s time for the health systems to put in place the necessary
framework to guarantee that supervised exercise can be prescribed as medicine, even
though there is still work to be done in defining the best kind and amount of exercise
and investigating whether one-legged training, high-intensity interval training, or
other more recent exercise modalities which will be appropriate for certain diagnoses.

Furthermore, it is critical that society encourages an active lifestyle. When you
advise people to move, they do not. When the situation demands it, they shift.
Accessibility is crucial to raising a population’s level of physical activity. Laws and
political declarations on “health consequences” are necessary. Politicians should
always consider concerns related to gender and ethnicity, but they should also take
into account health-related issues, such as how design and infrastructure may affect
how physically active a community is.

The goal of a cross-sectional study [22] conducted between February 2020 and
July 2021 at the Nancy University Center of Sports Medicine and APA, France, was
to determine the heart rate and level of exercise intensity in a sample of 71 patients
with chronic illnesses who were not using beta-blockers from the departments of
hematology, rheumatology, obesity, and other specialties who were taking part in
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a hospital-based adaptive physical activity program (APA). Physiotherapists and
exercise specialists with academic degrees in adapted physical activity (APA) typically
collaborate to offer APA in hospital settings. The APA program was customized for
each patient, taking into account their expectations, psychological characteristics,
physical fitness, and preferred forms of exercise.

A mean age of 42.6 and a mean BMI of 36.7 (+10.6) were found in the 52 female
patients. About 57.3% of the patients had been referred because of obesity. There
were 36 individuals with impaired exercise performance and 39 patients with normal
exercise capacity. Prior to engaging in a supervised APA practice, the participants
methodically completed a cardiopulmonary exercise test; heart rate (HR) was
monitored during the first session via a telemetry wireless device. Drawing from the
outcomes of the functional assessment of exercise performance examined two patient
groups: (1) unrestricted exercise performance (maximal oxygen uptake exceeding
80% of the theoretical reference) and (2) restricted exercise performance (maximum
oxygen uptake falling short of 80% of the theoretical value).

Patients in both groups had HRs that were higher than 70% of their true maximal
HR during the most intense 15-minute APA session episode. Researchers found that
people with a range of chronic illnesses had modest levels of APA exercise intensity. In
terms of exercise intensity, they did not see any significant differences in the patients’
capacities—that is, between those with and without a maximum performance restric-
tion. 69.2% of maximum capacity was the mean and median actual intensity level of
exercise during hospital-based APA sessions among a sample of patients. The highest
level of intensity (75.8% of maximum capacity) was only achieved during the most
intense 15 minutes. The findings emphasize the need for a preventative functional
evaluation of cardiopulmonary fitness in patients with fragile chronic conditions
prior to prescribing any exercise, as intense activity is known to increase cardiovascu-
lar events.

However, it is critical to acknowledge the significance of exercise professionals in
order to integrate them into the global healthcare strategy and secure their support.
The findings consequently emphasize the critical role that medical practitioners
play in both systematically assessing patients’ health state and encouraging frequent
physical exercise in them. To facilitate a shift toward a less sedentary and more inde-
pendent lifestyle, healthcare practitioners often prioritize patient-centered dialog,
individualized physical activity recommendations accompanied by written prescrip-
tions, and follow-up throughout patient treatment. The findings indicate that medical
practitioners ought to carefully assess each patient’s condition of health, given the
increased stress levels that accompany exercise. This will increase the efficacy of the
WHO slogan for 2018-2030, “More active people for a healthier world.”

There are restrictions on this study. Firstly, any expansion of the results is impos-
sible due to the sample size; a single medical center’s small sample of 75 APA practi-
tioners participated in the study. Furthermore, a subgroup analysis of several chronic
diseases was hampered by the high proportion of obese people. Consequently, HR has
limits even if it is the most practical metric for assessing the intensity in an ecological
setting. However, the HR curve is influenced by age, gender, and performance, among
other factors.

This study investigated high levels of exercise intensity (>70% of HRpeak in
exercise tests) in individuals with and without performance limitations who were
suffering from various chronic conditions. The study’s primary strength is its nov-
elty, as it allowed us to capture the real practice intensity throughout APA sessions
using physiological data that were collected. In this study, individual capabilities
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and progressive exercise tests are included. In fact, VO2max is the gold standard for
evaluating a patient’s functional abilities. Nonetheless, long-term research analyzing
a broader sample would clarify these findings. The results show that safe exercise
routines may be developed, and medical risk can be assessed by creating personalized
exercise plans that are appropriate for the patient’s present health status [22].

4. Adaptive exercise prescription for special populations
4.1 People with brain impairment

An important loss or anomaly in the anatomy of the brain is called brain impairment
(BI). Brain damage can result from a variety of medical diseases, such as stroke, traumatic
brain injury, and cerebral palsy. Studies reveal that individuals with brain injury (BI) par-
ticipate in much less physical activity compared to those without BI. The loss of muscular
strength, flexibility, and cardiovascular fitness resulting from physical inactivity may
worsen the secondary impairment. Furthermore, because BI patients tend to be highly
sedentary, it has been proposed that they are more vulnerable to conditions including
cancer, hypertension, myocardial infarction, chronic obstructive pulmonary disease,
anxiety, and depression—all conditions associated with physical inactivity. Crucially,
research indicates that increased physical activity can help people with Bl improve a
variety of indices, including as muscular strength, functional independence, and car-
diorespiratory fitness [23]. Therefore, it is critical to plan and evaluate interventions that
successfully promote physical activity participation in people with brain injuries.

A health professional with expertise in organized exercise prescription for people
with disabilities, encouraging community involvement for people with disabilities,
and utilizing evidence-based techniques for physical activity promotion is delivering
the program. People go through Steps 1, 2, 3, and 4 in around ten in-person meetings
spread out over a 12-week period. Each session lasts around 1 hour, and the intervals
between sessions are customized based on the needs of the individual. As community
access is arranged, skills are learned, habits are developed, and discussions on values,
motivation, and physical activity involvement evolve; more sessions are often com-
pleted in the first 6 weeks [23].

Apart from the face-to-face sessions, Steps 2 and 3 also involve electronic notifica-
tions, emails, or reminder calls to reaffirm the session’s objectives and/or act as a catalyst
for additional action (e.g., to talk about a participant’ first community exercise class or
a prompt to contact a nearby sports club). How much use is made of these tactics will
depend on the participant’s impairment profile (especially memory impairment), prefer-
ences, availability, and capacity for employing various communication strategies.

A community-based rehabilitation paradigm is used to provide the APAP. Services
offered in a person’s home or community—that is, the actual surroundings they
usually reside in or have easy access to—are referred to as community-based rehabili-
tation. To facilitate program replication and improvement for clinical practice, this
document provides a thorough explanation of the program’s components together
with a real case study example for researchers and practitioners to review. The
purpose of presenting these elements is to help researchers and practitioners under-
stand what information/knowledge and abilities are required in order to integrate the
program into clinical practice [23].

This article outlines a community-based, specially designed program to encourage
persons with BI to participate in physical exercise. It has been demonstrated that the
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program works well to encourage individuals with BI to undertake physical exercise.
In contrast to previously assessed programs, the APAP stands out for its extensive
pre-participation assessment that is mapped against the ICF domains to customize the
program to everyone’ health, personal preferences, and environmental factors; it also
uses a community-based rehabilitation model rather than providing care in a fixed
facility and the application of specialized behavior modification techniques in addi-
tion to regimented exercise prescription and lifestyle physical activity engagement.
Because customized community-based physical activity programs are associated with
sustained physical activity participation, and they are inexpensive to administer, they
are a good choice.

4.2 People with intellectual disabilities (ID)

Pre- and post-exercise intervention programs were evaluated by Asonitou and
colleagues [24], who also looked at two other components of adult ID. The interven-
tion and control groups differed from one another, and the two groups can become
significantly different after the intervention program depending on two factors. The
intervention group was expected to show improved anthropometry features and
higher levels of physical fitness after a four-month training session.

The study comprised 38 adults with intellectual impairments who were split into
two groups: the intervention group (n = 19) which underwent exercise training and
the control group (n = 19) which did not get any exercise training. While the control
group had no instruction and was just instructed to maintain their regular physical
activity, the intervention group underwent an intense 16-week exercise program.
Over the course of four consecutive months (16-week), the exercise intervention pro-
gram was carried out twice a week. Every week, there were two 60-minute training
sessions that included a range of motor tasks aimed at improving endurance, balance,
coordination, speed, and muscular strength.

The testing was placed in the gym or courtyard of the daily care and training
center, which met all facility requirements (health and sanitary standards, enough
space, lighting, right flooring, enough equipment, accessories, and measuring tools).
Although a few individuals required help to complete the tasks, none of the partici-
pants left the sessions early. The adapted physical education teachers led each training
session, and the investigator supervised any interventions [24].

In order to encourage a more active and healthy way of life, the study demon-
strated that adults with mild intellectual disabilities can benefit from a structural
physical exercise program in terms of their physical fitness, particularly in terms of
muscle strength and endurance, balance, flexibility, speed, and cardio-respiratory
endurance as well as anthropometry characteristics such as weight, fat, and BMI.

This shows that persons with moderate ID can benefit from structured physical
activity and a tailored training program as an effective intervention to increase their
level of fitness. Therefore, more physical activity would enable people with ID to
engage in community outdoor activities, foster integration with people without dis-
abilities, and increase their physical fitness, so they can handle daily tasks more easily
and lead healthier and more fulfilling lives.

4.3 Child obesity

The evidence-based intervention known as physical activity on prescription (PAP)
has been found to have positive effects on adult physical activity levels in Swedish
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primary healthcare centers. It is crucial to address physical inactivity from an early
age as it is a major contributing factor to childhood obesity, which is correlated with
adult obesity. Bernhardsson and her colleagues [25] investigated the implementa-
tion of the PAP on obese children. This project’s main twofold goal was to assess (a)
children’, parents} and healthcare professionals’ experiences with PAP and (b) the
requirements, necessary conditions, factors, and viability of using PAP tailored to
children with obesity in pediatric healthcare.

Swedish primary healthcare practitioners have identified two obstacles to adopting
PAP for adults: a lack of organizational support and a lack of understanding about the
intervention. Positive attitudes among coworkers and both local and central support
networks are facilitators. It is important to include parents in any efforts to encourage
physical activity as family support and parental role models are critical for children
when adopting physical exercise [25].

Managers and medical staff from 26 pediatric clinics in Region Véstra Gé6taland,
Sweden, were invited to participate in an online survey during the study’s initial
phase. A portion of this sample was used in a focus group investigation. PAP was
customized to the target audience and circumstance based on the inferences made
from these two pieces of data. In the second phase of the clinical research, 60 obese
(ISO-BMI > 30) children between the ages of six and twelve, together with one of
their parents or legal guardians, took part. The purpose of the study was to assess
the personalized PAP intervention. The implementation process and clinical out-
comes were assessed both before and after the intervention, as well as at the 8 and
12-month follow-ups. The four fundamental ideas of the Normalization Process
Theory are implementation results; coherence, cognitive engagement, group work,
and reflexive monitoring; as well as the suitability, practicality, and acceptability
of the PAP intervention. Adherence, dosage, intervention fidelity, recruitment and
retention rates, and other process outcomes are included. Clinical outcomes include
BMI, metabolic risk factors, sleep, health-related quality of life, self-efficacy, and
desire for physical activity in addition to patterns of physical activity. Finally, we will
use semi-structured interviews to examine the viewpoints of kids and parents. The
Normalization Process Theory served as the foundation for the investigations’ design
and analysis [25].

Through this study, new information will be available on whether PAP is feasible
for obese children as well as if and how evidence-based interventions may be imple-
mented and modified for use with different populations and circumstances.

4.4 Breast cancer survivors (multidisciplinary approach)

The international literature emphasizes the importance of physical activity (PA)
in the first steps after cancer surgery. The regular practice of physical exercise causes
positive adaptations in several functional capacities, with positive consequences
on patients’ quality of life. This study was designed to assess the impact of a post-
operative training program on the functional abilities and quality of life of breast
cancer (BC) survivors. The protocol was tailored to account for both cancer-related
difficulties and the existence of comorbidities [26].

The collaboration of sport medicine doctors (who prescribe exercise and do risk
assessment), kinesiologists (who train), and oncologists (who recommend patients)
proved essential. A group of 35 post-surgery BC patients voluntarily chose to partici-
pate in either the Usual Care Group (UC Group) or an online Adapted PA (APA) pro-
gram twice a week for 4 months. The results showed that the APA Group’s functional
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capacity rose by 13.1% (p = 0.000), while their perceived effort reduced by 19.7%

(p = 0.020). Within the same cohort, there was a significant increase (p = 0.050)

in the overall health as assessed by the EORTC-QLQ-C30 questionnaire. In the

UC Group, no differences were discovered. Operation Phalco, which established a
network of kinesiologists, sports medicine specialists, and oncologists, reaffirms the
need to plan a post-operative course in which APA ought to be included in cancer
patient care from the outset [26].

Based on the positive physiological and psychological outcomes that Schutz et al.
have shown in BC survivors, the method could be able to overcome the PA barriers
related to lack of individualization [27, 28]. To be more specific, the study’s results
showed that the patient’s overall health status had improved because the patient felt
less tired during the test and had a higher functional capacity as determined by the
6MWT, a test that assesses general health in BC patients. Skeletal muscular decon-
ditioning is one among the main adverse consequences of BC [29].

Increased muscular strength may be a general predictor of functional lower limb
strength and improved balance. The APA group demonstrated this by increasing the
load lifted in the 1RM leg press and the number of repetitions completed during the
307 STS test [30, 31]. Otherwise, there were no appreciable changes in APA as indi-
cated by the upper limb strength testing. This might occur because of the restricted
overloads employed during the 4-month intervention (1-3 kg) and the fact that the
exercise routine was delivered via video conference, which required the exercises to be
safe. Furthermore, rather than focusing on increasing strength, “PHALCO” training
was designed to restore the function of the operated limb. The findings showed that,
even in a pandemic scenario, a multidisciplinary and integrated strategy including
oncologists, sport doctors, and APA kinesiologists is safe and practicable during
the post-operative BC period and can enhance the quality of life for these patients.
Additionally, there were no unfavorable incidents or dropout rates during training
sessions for the APA group.

“PHALCO” recommends varying degrees of exercise with specified FITT
parameters based on the BC patient’s comorbidities and physical state. We might be
able to specify even more precisely which exercise is best for each patient by using
this framework as a basis for future therapeutical techniques depending on patient
characteristics. Combined training appears to be the best APA strategy able to supple-
ment the conventional therapy, as it has been demonstrated to improve QoL (quality
of life), functional ability, muscular strength, and reduce the impression of tiredness.
In conclusion, it needs to be incorporated into the BC patient’s rehabilitation process
from the beginning [26].

4.5 Patients with type 2 diabetes

Globally, type 2 diabetes is a significant public health issue. Even though physical
activity (PA) has been shown to have positive benefits on type 2 diabetic patients,
22009 World Health Organization (WHO) study states that 27% of the disease is
caused by physical inactivity [30, 31]. To assist reduce risk factors and avoid meta-
bolic diseases, the French National Health Authority has promoted PA since 2011
by including it as a non-medicinal therapy and an essential component of the type 2
diabetes care route. As per the “Health System Modernization” regulation passed in
France in 2016, General Practitioners (GPs) are authorized to recommend adapted
physical activity (APA) to patients with long-term illness (LTD) as part of their treat-
ment plan.
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The ability to prescribe APA is also granted to paramedical health professionals,
such as masseur-physiotherapists, occupational therapists, and psychomotor thera-
pists, as well as health professionals who have completed an Adapted Physical Activity
Teachers (APAT) program. In order to lessen the risk factors and functional restric-
tions associated with his chronic illness, the intervener’s job is to help the patient
gradually transition to a regular, physically active lifestyle in a safe and customized
way. Patient empowerment regarding PA practice is the aim.

The main healthcare providers that are most involved in the management of type 2
diabetes are general practitioners (GPs). For diabetic patients, physical activity (PA)
seems to be an essential non-pharmacological treatment in addition to a well-balanced
diet. Doctors highlight a few barriers to prescribing it, though. Evaluation of the
procedures, obstacles, and elements supporting French Guiana general practitioners’
prescription of PA to patients with type 2 diabetes was the goal of the Dranebois et al’s
cross-sectional descriptive survey (2022).

Improving general practitioners’ training in the domain of prescribing physical
exercise, developing therapeutic education—especially for paramedical staff—and
fostering collaboration among various healthcare providers all seem to be crucial.

A significant benefit in the treatment of type 2 diabetes would be the creation of
sport-health organizations linking sports educators and caregiver’s aides. Health
insurance may employ financial incentives to encourage physical activity, but in the
spirit of health promotion, local governments should provide their citizens with the
necessary infrastructures to maintain or improve their health through sports. This
is a challenging goal to accomplish in an area where a significant infrastructure gap
is caused by rapid population growth and unplanned city expansion. Conclusively,
in order to effectively treat type 2 diabetes in French Guiana, it is imperative that
general practitioners have better training in prescribing PA, that appropriate PA
structures be developed, and that stakeholders in the sport-health system cooperate
together [30, 31].

5. Effects of sports on prescription project on patient health and
well-being

Programs that promote physical exercise have been shown to have positive benefits
in preventing disease progression and primary prevention. A more integrated and
multisectoral primary care healthcare delivery system is called for by the French
national healthcare policy, “Ma Santé 2022,” with a larger emphasis on primary and
secondary preventive programs including physical exercise and health education [32].
Since 2012, Sport Santé sur Ordonnance (SSSO), a physical activity program, has
been supported by the city of Strasbourg through its Local Health Contracts (CLS),
allowing local physicians to prescribe physical exercise to their patients. The three-
year physical activity program, which includes individual monitoring (motivational
counseling and physical activity assessments), regular sport sessions (adapted physi-
cal activity in groups), and sport sessions before to or following a clinical rehabilita-
tion phase, is available to eligible patients without delay. Approximately 4000 people
(mean age = 52 years old) were enrolled in these programs at this point [32].

This study was funded by EU through the JADECARE project and examined
the functional status, well-being, and impact on healthcare service consumption of
patients enrolled in the SSSO program between January 1, 2020, and December 31,
2021 (N = 864; 72% of female and 28% of male participants; 88% of patients have at
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least one chronic condition, and 28% have at least two). It was unknown how the use
of health services may develop in the future. Information was gathered from the
SSSO program participant database and cross-referenced with information from the
public health insurer (CPAM du Bas Rhin). The patients’ functional condition was
assessed at the beginning, middle, and end of the program. The utilization of health-
care services was compared between program participants’ health insurance data
and matched non-participants’ data. There was matching in terms of diagnosis, age,
gender, and location of residence.

Both the physical evaluation and the patient’s impression indicated a significant
improvement in patients’ functional status, according to the research. The well-being
score showed a notable improvement. Comparing SSSO service users to non-users,
the study of health insurance data revealed some implications on healthcare expen-
ditures, primarily in terms of the frequency of doctor visits and medication usage.

It was not possible to demonstrate the benefits across the full intervention period,
though, because health insurance data were only available for the first 2 years [32].

The current study suggests that empowering patients and those who are at risk to
actively participate in their own health beyond what can be accomplished by medical
therapies may benefit patients’ functional status and well-being as well as the state of the
economy. Rather, it requires linking many databases to identify longitudinal patient data
linked to concrete actions. The results’ significance may be limited as the current study
used rather simplistic methods to match SSSO service users with non-users.

The goal of a related study was to prescribe adaptive physical exercise based on
the expectations of patients visiting general practitioners in the Yvelines department
in Northern France [33]. Adapted physical activity (APA) has been prescribed by
general practitioners to individuals with long-term health issues in France since 2016.
In nine doctor’ offices, 252 patients completed surveys. 95.2% of patients believe that
prescribing APA is a good concept, 80.2% of patients were inspired to enroll in an
APA program, and 67.4% of patients believed that prescribing APA would boost their
motivation. The biggest barriers to engaging in physical activity were a lack of time
(59.9%) and motivation (31.7%). Professional group meetings (64.7%) and follow-up
visits with physicians (41.7%) were the main tactics that would help patients adhere
to an APA program more successfully. About 53.2% of patients stated that using a
connected device to monitor their exercise would be essential. In summary, the find-
ings demonstrated a positive attitude among patients toward APA prescription, which
is noteworthy for the promotion of PA in general care [33].

6. Movements and alliances to promote physical activity as medicine
6.1 The “exercise is medicine®” Movement

The “Exercise is Medicine® Health Care Providers’ Action Guide” includes easy
and practical methods for incorporating physical activity into everyday practice.
More than 40 of the most prevalent chronic health disorders may be prevented,
treated, and managed for your patients by encouraging the appropriate “dosage”
of physical exercise. The global health initiative “Exercise is Medicine” exists in 37
countries worldwide. This initiative aims to promote physical activity and exercise as
a treatment for the prevention and treatment of diseases. The countries participating
in the initiative are as follows: Argentina, Australia, Austria, Belgium, Brazil, Canada,
Chile, China, Colombia, Cyprus, Denmark, Finland, France, Germany.
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Hellas, India, Indonesia, Ireland, Israel, Italy, Japan, Latvia, Mexico, Netherlands,
New Zealand, Norway, Peru, Philippines, Poland, Portugal, Russia, Singapore, South
Africa, Spain, Sweden, Switzerland, and United Kingdom [34].

The prescription of physical exercise by doctors is a practice that has been
implemented in various countries. The Central Health Council (KESY) of Greece
has approved the workout recommendation, and it is currently being implemented.
Training sessions on exercise prescription are offered by the National Center
“Exercise is Medicine-Greece.” Additionally, some European nations, including
France, as well as the United States, Canada, Sweden, England, and Scotland, have
adopted the practice of prescribing exercise. The European Federation of Sports
Medicine Associations (EFSMA) has provided information. The European Federation
of Sports Medicine Associations (EFSMA) established exercise prescription for
health to encourage physical activity as a way of illness prevention and treatment.
These countries recognize the significant health benefits of physical activity and have
integrated it into their healthcare systems.

For more than 20 years, physical exercise prescriptions have been part of health-
care for the first time in Sweden, for instance. Physical Activity on Prescription (PAP-
S) is an approach that combines tailored counseling with diagnosis-specific physical
activity guidelines. Physical activity can be prescribed by any qualified healthcare
provider with the necessary experience. The Public Health Agency of Sweden coor-
dinates an EU-funded project to support the implementation of this method in nine
other European countries (Malta, Italy, Flemish, Portugal, Denmark, Germany,
Catalonia-Spain, Lithuania, and Romania). For more detailed information, you may
want to refer to the Europe Physical Activity Factsheet 2021.

The ultimate goals are to promote good health and avoid noncommunicable dis-
eases by establishing country-based physical activity on prescription (PAP) programs
in healthcare systems across various nations [35].

6.2 Exercise guidelines for health and home-based rehabilitation regarding
physical activity

Despite being published for over 30 years, several prospective cohort studies
on the benefits of regular physical activity have received little attention. However,
Loellgen et al’s research [36] has revealed evidence-based health advantages of
exercise. Over a million subjects participate in activities for prevention, treatment,
and rehabilitation. Sedentary lifestyle, including lack of exercise, excessive sit-
ting and screen time, and smoking, is a major risk factor for numerous illnesses.
After recovering from serious illnesses or being released from hospitals, people
require rehabilitation as either inpatients at rehabilitation clinics or as outpa-
tients in ambulant training groups or training facilities. Motivating patients to
participate in an intense home-based rehabilitation program under the guidance
of a certified training instructor is the main responsibility of a general practitio-
ner. Rehabilitation and exercise training improves overall health, quality of life,
physical performance, and longevity. Regular physical exercise is essential for
both prevention and recovery. Physical exercise has a range of effects on numerous
organs and their functioning. Figure 2 shows some of the good consequences of
frequent physical activity.

Long-term training typically leads to perceived improvements in activities in
daily life (ADL) performance. Improved quality of life motivates patients to continue
exercising on a regular basis.
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Figure 2.
Some of the good consequences of frequent physical activity [36].

The EFSMA prepared and distributed eighteen tables, which may be found at
[37]. Training suggestions that are unique to everyone may be made using the sets of
variables included in these tables. It is essential to create a formula that simplifies the
many criteria and accounts for age, sickness risk, anthropometric data, and pre-
participation test results. A fundamental stage in the intervention process to increase
the desire for physical activity appears in Table 1 as a recommendation for exercise
prescription for health (EPH).

Exercise prescription for health (EPH) is a cost-effective method for motivat-
ing patients to engage in regular activity and stick to it for extended periods of time
(Figure 3).

The European sports physicians’ guidelines for children’s and adults’ physical activity.

Children

Engage in at least 60 minutes of moderate or strenuous physical exercise every
day, including endurance, flexibility, balance, and muscular endurance training at

least once.
Adults aged 18 to * Aim for 150 minutes of moderate-intensity aerobic activity each week, 75 minutes
65 years of vigorous-intensity activity, or a mix of both.
Adults aged 65 years * Aim for at least 150 minutes of moderate-intensity aerobic physical exercise each
and above week, including at least 30 minutes on 5 days and 50 minutes on 3 days.

75 minutes a week of high-intensity aerobic exercise spread out throughout the

week, or a similar mix of moderate-to-high-intensity exercise and moderate-to-
intense strength training at least twice a week, along with muscular endurance,
flexibility, and balance training.

Aerobic activity can be done at intervals of at least 10 minutes.

Elderly adults with
poor mobility

Exercise to improve equilibrium avoiding falls for three or more days a week.

On at least 2 days each week, engage in muscle-strengthening exercises that target
main muscle groups.

Remark: older persons should engage in as much physical exercise as their skills
and conditions permit, even if they are unable to meet the recommended daily
intake owing to health issues. Resistance exercise refers to physical activity when
the patient works against resistance, such as weight.

Adapted from: Loellgen [36].

Table 1.
The physical activity prescription for health (EPH).
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In case of dyspnoe, irregular heart beats, chest pain or dizziness,
stop activity and counsel your doctor.

Figure 3.
The example of the recipe for the exercise prescription for health (see [36, 37]: www.efsma.eu).

6.3 The Hamburg declaration: an international alliance to promote physical
activity

As aresult of decreased PA, obesity is becoming a global epidemic. Children
are impacted, as are all age groups. Insufficient PA leads to a great deal of issues for
both people and society. Blood diseases, diabetes, heart disease, depression, and the
uncontrollably rising demand on our health systems are all contributing factors, as
are growing infrastructure costs and millions of dollars in lost productivity due to
people’s inability to work. The solution is to encourage more individuals to move. This
is the main objective of the “Global Alliance for the Promotion of Physical Activity,”
which is backed by more than 139 organizations globally, including the IOC, and is
spelled out in the Hamburg Declaration [38]. The main objective is to get individu-
als moving, regardless of their own baseline level, as a means of increasing physical
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activity and participation in sports. Achieving this goal will enhance people’s quality
of life, save lives, save money, and promote world peace. These are the five key mes-
sages that the GA is promoting:

a. Promote physical activity as a kind of medicine. To spread the word that hap-
piness, health, and well-being start at home, use role models and influencers in
all facets of your life. PA is the most effective medication. Prevention is more
effective than treatment.

b.Influencing those who make decisions. Develop tools and methods for GA
members to persuade governments, corporations, and nongovernmental organi-
zations to invest in PA to save lives, save money, and benefit society.

c. Adapting physical activity to individuals, communities, and environment.
Individualized physical activity should take into account age, gender, socioeco-
nomic status, cultural background, and climate conditions [39].

d.Make use of modern technology. Collaborate with major tech firms, pharma-
ceutical and healthcare organizations, and academic institutions to integrate
wearable technology, cell phones, the Internet, and the metaverse into everyday
life. To make it easy and fun for people to join PA, you can use gamification,
incentives, and community growth.

e. A request for additional policy and program efficacy trials. Most knowledge on
prevention comes from cohort studies. However, well-designed trials of physi-
cal exercise in communities and the healthcare system are urgently required,
particularly for underserved minorities.

Licensed healthcare professionals in Swedish primary care, including physicians,
physiotherapists, and nurses, can prescribe PA if they are trained in patient-centered
counseling and the FaR method, as well as knowledge of the patient’s current state
of health. Patients in primary care have higher levels of PA after 6 and 12 months of
using the FaR technique in clinical settings. Fysisk aktivitet pa recept (FaR), in English
means ‘Physical activity on prescription’ (PAP-S) [40]. Implementation tools and
delivery mechanisms must be easily accessible in order to reduce obstacles. Pedometer
usage, the FaR method, and handbooks like FYSS are a few examples. The written
prescription that results from the counseling is based on the FYSS guidebook [38].

Individual physical activity is preferred by many patients. It is said that walking
is the most favored physical exercise. Pedometers are a frequent tool used by Swedish
physiotherapists in response to the Swedish Council on Technology Assessment in
Health Care (SBU) report to encourage greater levels of physical activity. The follow-
up, which involves tracking improvement and even modifying the prescription, is
crucial. It is feasible to close the gap between research and practice using a verified
pedometer. The FaR system in Swedish used evidence-based strategies to promote
physical activity and found that pedometer-based physical activity intervention
programs had the biggest impact size [41].

The way PAP-S’s five essential components interact is what makes it special.
Individualized written prescriptions with follow-ups are produced by person-
centered counseling that incorporates evidence-based, diagnosis-specific physical
activity recommendations. Furthermore, healthcare providers work with local
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Figure 4.
The PAP-S approach consists of five key components [40].

activity organizers to assist people improve and maintain their level of exercise [41,
42]. “An advantage of PAP-S in Sweden is that all licensed health professionals, with
adequate expertise, can prescribe physical activity, not only doctors” (Physical Activity in
the Prevention and Treatment of Disease, FYSS) (Figure 4).

7. Authority and barriers in adaptive exercise prescription
7.1 Primary care doctors’

The “exercise pill” has never been more consistently recommended by scientific
evidence and international standards for a wide range of chronic diseases, emphasiz-
ing the necessity of customizing the prescription to the patient’s circumstances (much
as with pharmacological prescriptions). But does medicine actually recommend
physical activity? Are medical professionals qualified to recommend exercise? Do
fitness experts possess specialized knowledge about modifying exercise for those with
long-term medical conditions? [43].

Based on current statistics, it appears that doctors still seldom prescribe struc-
tured, individual physical activity, and there is a significant cultural difference in the
training that separates doctors from other healthcare providers [44]. Lack of a wide
geographical network of facilities appropriate for the application of physical exercise
programs as medical treatments for the primary chronic and noncommunicable
illnesses makes a successful implementation even more difficult.

Based on these presumptions, the study by Battista et al. [43] examined the effects
of a Massive Open Online Course (MOOC) on the functional assessment, recom-
mendation, and usage of individually tailored physical exercise in medicine. This
particular kind of instruction aims to close the gap between clinical settings and gyms
by offering unique, cutting-edge, and engaging higher education tactics. “Exercise in
Medicine: From Functional Evaluation to Adapted Exercise Training” is an MOOC
that is made available to the public worldwide as an open-access educational resource
by the Sports and Exercise Medicine Division of the Department of Medicine at the
University of Padova (Italy).

Experts from across the world may share their thoughts and ideas through
the e-learning platform Future Learn, which is facilitated by qualified educators.
Additionally, this interactive MOOC can help worldwide projects focusing on exercise
in medicine creating a network.
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The ultimate goal of the MOOC is to teach participants how to include exercise
as a medical treatment into healthcare systems and how to use functional evaluation
for adapted exercise prescription. MOOC is a suitable educational method for physi-
cians’ training. Worldwide, there is currently a deficiency in training about functional
evaluation and prescription of exercises. The primary obstacle to prescribing and
implementing exercise in everyday practice, according to several healthcare and fit-
ness experts, is an ability gap that must be filled via training.

Given the excellent user satisfaction ratings that the MOOC has garnered, it
appears that professionals with an interest in the subject matter find that the autono-
mous learner-centered training modalities and communication facilitate their ability
to meet their requirements and accomplish the learning objectives [43].

To create a society that is healthier and more physically active in the future,
healthcare and fitness experts, as well as the general public, need to start by sharing
instructional materials and projects. For these strong reasons, policymakers and all
major medical higher education institutions should have customized exercise pre-
scription as a shared goal.

The authors suggested that fundamentals and advantages of a physically active
and healthy lifestyle should be promoted among the public, and all health profession-
als should possess at least a basic understanding of how to prescribe and implement
individualized exercise programs. In the constraints of their own surroundings,
everyone will be able to contribute to the creation of a more active and hence healthier
world in this way (Figure 5) [43].

Considerable new information was obtained from Tchirkov et al’s meta-analytic
study [46], which examined the challenges that doctors, and their patients continue
to face, and which impede the usefulness and accessibility of adapted physical activity
(APA). About 22 French medical theses between 2016 and 2020 were included in this
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Figure 5.
A diagram that summarizes the subjects covered in each course week. See the weekly summary of each week’s theme
content may be viewed by clicking on [45].
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meta-analysis. According to this study, General Practitioners (GPs) in France are now
able to recommend APA to patients who have a long-term disease as a result of recent
legislation aimed at modernizing the healthcare system (the 2016 French Healthcare
Act and its Implementing Decree). The results showed that, during the time period
under investigation, relatively few general practitioners prescribed APA in spite of
the new laws. Insufficient time during consultations, inadequate training, uncertainty
regarding patient referrals for APA, and skepticism toward APA practitioners seemed
to be the primary barriers to APA prescription as a nonpharmacological treatment.
The choice to prescribe APA appeared to be influenced by the GP lifestyle, the
nature of the patient-physician connection, and the GP’s assessment of the patient’s
attitude toward sports. Neither the scientific literature nor the most current regula-
tions pertaining to the introduction of APA prescription in France have given much
consideration to the perspective of general practitioners (physicians). The results

of this meta-analysis indicate that further study and legislation are required, with a
focus on taking into account the viewpoints of prescribing doctors and their interac-
tions with patients.

The data in the single-case studies that were taken from the theses, which were
frequently characterized by poor statistical significance and based on very small and
unrepresentative samples, should be the first consideration when assessing the repre-
sentativeness of the data in the present meta-analysis. Another theory is that the gen-
eral practitioners who consented to take part in the research listed above were the ones
who were most in favor of the APA’s prescription. Therefore, less weight was given to
the opinions of general practitioners who disagreed with APA prescriptions. Between
the interviewers, who were interns, and their interviewees, general practitioners who
frequently oversaw interns, there was also a certain level of familiarity or respect [46].

The single-case studies that were taken from the theses, which were frequently
characterized by poor statistical significance and based on very small and unrepre-
sentative samples, were the first of the meta-analysis’ shortcomings. Additionally,
there was a certain level of familiarity or deference between the interviewees (GPs
who frequently oversaw interns) and the interviewers (interns). This meta-analysis
was based on 22 internist medical theses that examined general practitioners’
opinions on APA. A lot of quantitative data revealed distinct patterns and provide a
current summary of APA prescription practices in France.

Tchirkov et al’s [47] literature review on the use of adapted physical exercise
to treat chronic illness examined barriers to prescription. As physical exercise has
been linked to so many health advantages, especially for chronic diseases, it is now
recognized as a stand-alone therapy. Nonetheless, general practitioners continue to
prescribe physical exercise infrequently and face many challenges. This study of the
literature aims to pinpoint these challenges for doctors and patients with chronic
illnesses, specifically in France. The literature evaluation was based on 44 relevant
publications that were kept from peer-reviewed journals, medical theses, and public
health reports that were published in either French or English between 2000 and 2020.

The biggest barriers for doctors to recommend adapted physical activity were time
constraints during consultations, a lack of training, and ignorance of adapted physical
activity or where to direct patients. Other barriers were the nature of the relationship
between the physician and the patient or the personal habits and views of the doctors
about physical exercise. Patients’ obstacles included not having enough time or desire,
limited access to “sport for health” programs, and cultural distancing from physical
activity. Noncompliance was found to be correlated with age, educational attainment,
or socio-professional category.
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The findings pointed to many directions for raising prescription rates and enhanc-
ing compliance with adapted physical activity. Enhancing medical education in this
area, creating guidelines to make prescription processes easier, assessing patients’
physical and psychological states, and reducing socioeconomic disparities that affect
people’s access to health services and physical exercise are a few examples. In order
to mainstream health standards and accomplish public health goals, the main goal of
“sport for health” programs is “to convert the person’s lifestyle into a physically active
one” [48]. There are still numerous challenges in the way of efforts to enhance the
health of individuals with chronic illnesses and encourage adaptive physical exercise.
Neither patient expectations nor medical training nor practices have yet to firmly
establish the recommendation for adapted physical activity.

The descriptive Survey of General Practitioners in Prescription Physical Activity:
Case of Khouribga Province, Morocco, revealed similar results [49]. The study was
conducted in 2021 between April and June to assess the general practitioners’ (GPs’)
understanding of prescribing adapted physical activity (APA), as well as their view-
points, experiences, feelings, and barriers to doing so (PA). According to the findings,
92% of general practitioners advised patients to get APAs. Just 6.41% of the physicians
provided quantifiable goals to be met (the amount of time and frequency of physical
exercise), and none of them said they provided a comprehensive program that speci-
fied the kind, level of intensity, frequency, and length of each session. Prescriptions
from the APA were practically 100% oral.

The least common approach was the written prescription, while 30.58% of
respondents gave a PA information leaflet. Both autonomy and quality of life are
intended to be preserved by the planned APAs. The patients’ lack of enthusiasm,
lack of time, and ignorance of the subject matter were the biggest obstacles to the
prescription. Both the quantity and effectiveness of medical prescriptions for APA
would surely be enhanced by better knowledge on APA prescription procedures and
the frameworks that provide collaboration with sports medicine services and sports
medicine educators [49].

7.2 Toolkit for fitness trainers and instructors

Important research [50] aimed to improve knowledge, skills, and self-efficacy
among Adaptavie workers. After conducting focus groups and reviewing research,
Adaptavie’s kinesiologists collaborated to develop an APA toolkit to meet this
requirement. The APA toolkit demonstrated great usability and integrity, leading to
increased knowledge and self-efficacy in the workplace. Kinesiologists reported that
the toolkit improved knowledge, abilities, and confidence in accessing credible APA
resources, leading to a substantial improvement in job self-efficacy after 1 year of use.
Given that the toolkit’s prescriptions are supported by empirical data, kinesiologists
who utilize it to prescribe APA may find that their clients with impairments benefit
more from it. Personalized physical exercise programs have been linked to increased
involvement, motivation, personal growth, and self-efficacy. The toolkit’s availability
in both paper and electronic versions, as well as in French and English, should aid in
its adoption and possible application in the field [50].

This study has limitations due to the limited sample size of kinesiologists from a
single community group. Other health professionals that offer APA services include
coaches, physical education experts, occupational therapists, and physiotherapists;
these professionals were left out of this study. Furthermore, throughout the research
period, there were personnel changes, and kinesiologists’ availability varied (e.g.,
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through part-time work or a severe workload). As a result, there was variation among
responders throughout the research.

Adaptavie highlighted the need for an evidence-based toolbox to promote knowl-
edge and self-efficacy in delivering APA services for individuals with disabilities. The
toolbox boosted self-efficacy in the workplace, and all participants found it useful.
The future plan includes expanding the toolkit to additional community groups with
comparable needs and incorporating it into the Quebec university curriculum for
kinesiologists, where APA training is currently lacking [50].

8. Conclusion

The global project “exercise prescription for health and disease prevention” has
its roots in antiquity, almost two millennia ago. Hippocrates of Greece was the first
“recorded” physician to write an exercise prescription for a patient suffering from
consumption, and Galen of Rome’ guidance on the use of exercise for patients
in illness treatment remained influential until the sixteenth century. Exercise has
historically been linked to diabetes, obesity, and inactivity as some medical practi-
tioners have recommended it to reduce these health concerns. For both the body and
the mind, “Exercise is Medicine” is among the most important healthcare concerns of
the twenty-first century. Exercise is a modifiable lifestyle component as research has
shown that it has a positive impact on holistic human performance across the lifetime.
The lack of training appears to be the most significant barrier to the universality of
PA prescription. Training organization and the development of particular tools for
attending physicians appear to be interesting alternatives. The fourth most common
cause of mortality worldwide is physical inactivity. Physical activity (PA) prescrip-
tions by doctors are now outlined in legislation that emphasizes the primary role of
family physicians. It is needed to be done more research on general practitioners’
(GPs’) needs regarding prescribing PA. It is proposed that enhancing individual moti-
vation and ability in addition to using a systems approach (socio-ecological model) is
necessary for the effective use of PA in healthcare [41].

Policymakers, healthcare leaders, and professional groups should all provide
general support. Facilitating the process requires easily accessible implementation
tools and delivery systems. Examples include evidence-based guidelines like FYSS and
physical activity on prescription systems, as well as strategies like using pedometers.
According to Hellenius and Sundberg [51], the FYSS book has been translated into
English, Norwegian, and Vietnamese. Talks about translating it into other languages
are still in progress. Swedish Professional Associations for Physical Activity actively
seek international collaborators for future translations.

It has been proposed that a systems approach (socio-ecological model) and the
development of personal motivation and competence are necessary for the successful
use of physical activity counseling in healthcare [52]. To begin, legislators, healthcare
leaders, and professional associations must all provide their support.

These actions boost motivation by raising awareness and validity.
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Chapter 3
Exercise is Medicine

Endang Ernandini and Jonathan Alvin Wiryaputra

Abstract

Moving aerobically means moving using oxygen. Our muscles move by using
oxygen as their fuel. In various studies, after 30 minutes of aerobic physical exercise,
the concentration of free fatty acids in the blood significantly increases. This indicates
that, from the 30-minute mark, fats start to mobilize from adipose tissue. Aerobic exer-
cise and endurance training are highly effective in improving physical performance.
Anaerobic is a state in which our body moves without oxygen intake. This state can
occur, but only for a short period, ranging up to 14 seconds, after which mitochondria
must resume working with oxygen as fuel. Despite short-term aerobic exercise training
in IR patients, it has a positive effect as a trigger for needs frequency, intensity, time,
and type. Frequency is how many days you do exercise in a week. Intensity is how
hard exercise is done based on heart rate calculations. Time is how many hours you do
exercise in a week. Type exercise could be aerobic, anaerobic, or muscle strengthening.

Keywords: exercise, medicine, aerobic, anaerobic, endurance

1. Introduction

All activities carried out by humans are movements that represent cooperation
from head to toe integrated from the abilities and coordination of the brain, cardio,
pulmonary, muscles, ligaments, and even all organs that support life [1-3] from
organ-level metabolism to cell-level. All these activities are carried out comprehen-
sively and cannot be compartmentalized. Weakness on one side will become weakness
and even cause pain throughout the body [4, 5]. An injury to the elbow is not just a
matter of the elbow but of the entire arm, trunk, and even the whole body [6, 7].

In this dynamic system that remains integrated in one order, it will be more
harmonious when arranged carefully, studied, researched, and performed, so that it
can be agreed that exercise is also a prescription for fitness and even healing, and thus
it can be said that exercise is medicine [8-10].

Aerobic means using oxygen. Moving aerobically means moving using oxygen. Our
muscles move by using oxygen as their fuel. This movement requires a supply of oxy-
gen pumped and circulated through the bloodstream. The lungs must meet the demand
for oxygen as fuel, and we will breathe as quickly as possible to meet that oxygen debt.
Our hearts beat rapidly to meet this oxygen demand and deliver it to the cells [11].

The subjective and objective experiences of aerobic exercise can vary from per-
son to person. Subjectively, it can be felt differently by each individual or perhaps
felt the same but with different levels or thresholds. Objectively, the workload of
aerobic exercise can be measured in simple ways, such as measuring our pulse. More
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advanced measurements can be obtained from the results of a cardiopulmonary
exercise test (CPET) [12].

Anaerobic is a state in which our body moves without oxygen intake. This state can
occur, but only for a short period, ranging up to 14 seconds, after which mitochondria
must resume working with oxygen as fuel. Do we often engage in anaerobic move-
ments? Yes, of course. In our daily lives, we rarely perform movements in an anaerobic
state, but during exercise, anaerobic movements can occur. An example is sprinting
100 meters in sports. Anaerobic movements can be performed at high speeds with
high explosive power but in a short time. In everyday life, anaerobic movements can
occur when we have to hurry, for example, when urgently trying to reach a destina-
tion, such as when chasing someone [11, 13].

How do we know the benefits and drawbacks of exercising? In what conditions can
we exercise or engage in sports? To what extent should we do it? The body undergoes
various activities from a holistic level, starting from cells to organ levels. The main
organs involved are the heart, lungs, and muscles. When engaging in activities, the
entire body collaborates to ensure that the goals are achieved [14].

Physical fitness describes a person’ ability to sustain daily activities with full
energy, awareness, and without excessive fatigue [11]. Physical fitness is evaluated
based on the following five components [13]:

1. Cardiorespiratory endurance: the ability of the circulatory and respiratory
systems to supply oxygen and nutrients during physical activity.

2.Body composition: the proportion of muscle, fat, and bone.

3.Muscle strength: the maximum force generated by muscles or muscle groups at a
specific speed.

4.Muscle endurance: the ability of muscles to perform activities without causing
excessive fatigue.

5.Flexibility: the range of joint motion for achieving movements [11, 12].

These components are related to the body’s abilities that need to be trained, such as
agility, coordination, balance, power, reaction time, and speed.

2. Energy metabolism for physical exercise

Physical activity begins with the contraction of skeletal muscles, involving complex
interactions between neural and local regulations [14]. This complex interaction is
also strongly influenced by hormones, as hormones play a role in muscle development.
Testosterone hormone gives characteristic differences between males and females, as it
increases male muscle mass by more than 50% compared to females [15].

The body increases the demand for supplies when physical activity occurs through
the mechanisms of delivering oxygen and nutrients as fuel to produce energy. The
energy source needed to initiate active processes in moving skeletal muscles, and form-
ing physical activities, is known as adenosine triphosphate (ATP). A small amount of
ATP is formed in muscle fibers when contraction begins. Only during this brief period
is ATP used for muscle contraction and converted into adenosine diphosphate (ADP).
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Another compound, phosphocreatine (PCr), transfers energy from high-energy phos-
phate bonds to ADP, replenishing the muscle’s ATP supply (Figure 1) [14, 15].

Energy reserves in muscles can only last for about 15 seconds for heavy physical
exercises such as sprinting or weightlifting. After 15 seconds, muscle fibers must form
additional ATP from stored energy in nutrition. Some nutrition molecules are stored
in muscles, but many must be transferred from the liver and adipose tissues, and then
transported through the circulatory system into the muscles [14]. The main sources of
energy formation are carbohydrates and fats. If cells have enough oxygen storage for
oxidative phosphorylation, glucose and fatty acids can be metabolized to produce and
supply ATP. Over time, the energy production obtained from glucose and fatty acids
through aerobic pathways decreases, and glucose metabolism automatically switches
to anaerobic pathways [14].

The most effective ATP production occurs through the aerobic pathway, such as
the glycolysis-citric acid cycle, compared to the anaerobic pathway. This is due to the
difference in the amount of ATP produced, namely 32 ATP from the aerobic pathway
and 2 ATP from the anaerobic pathway [16]. The aerobic pathway involves cellular
respiration, which breaks down energy-rich molecules to produce ATP using oxygen
(02) and generates carbon dioxide (CO,) in the process. Broadly speaking, aerobic
metabolism consists of three main stages: glycolysis, the citric acid cycle, and oxida-
tive phosphorylation. Glycolysis, occurring in the cell’s cytosol, converts primary
energy sources such as glucose and other molecules into pyruvate, producing 2 ATP.
The produced pyruvate is transported to the mitochondria matrix to enter the citric
acid cycle, resulting in the next stage with the production of NADH (reduced nicotin-
amide adenine dinucleotide-NAD) and FADH2 (reduced flavin adenine dinucleotide-
FAD), and contributing to an additional 2 ATP. Oxidative phosphorylation, taking
place in the inner mitochondrial membrane, can generate 28 ATP through the electron
transport system and chemiosmosis [16].
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The anaerobic pathway is characterized by low oxygen levels. When cells lack
oxygen for oxidative phosphorylation, the end product of glycolysis, pyruvate, is con-
verted into lactate instead of acetyl-CoA, which would enter the citric acid cycle [14].
Anaerobic metabolism has advantages in terms of early time and speed, as it can
metabolize and produce ATP 2.5 times faster than aerobic metabolism. However, this
advantage comes with two disadvantages: (a) anaerobic metabolism only produces 2
ATP for every glucose used, while in the aerobic or oxidative process, each processed
glucose will yield 30-32 ATP. (b) Anaerobic metabolism contributes to the occurrence
of metabolic acidosis by producing H+ (Figure 2) [14].

The body has three glucose storage sites: in blood plasma, intracellular muscle, and
the liver in the form of glycogen, as well as newly produced glucose by the liver through
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gluconeogenesis. The glycogen reserves in muscle and liver are sufficient to provide
2000 kcal, equivalent to running approximately 32.187 kilometers in a normal person.
This amount of energy is generally enough for regular physical exercise, but insufficient
for activities like marathon running, where energy is sourced from stored fats [14].

In various studies, after 30 minutes of aerobic physical exercise, the concentration
of free fatty acids in the blood significantly increases. This indicates that from the
30-minute mark, fats start to mobilize from adipose tissue. However, the breakdown
of fatty acids is slower compared to glucose metabolism through glycolysis. Therefore,
the energy formation mechanism in muscles involves a combination of fatty acids
and glucose. During low-intensity physical exercise, the largest energy source for
ATP production comes from fats, given that more than 30 minutes have passed. In
contrast, during moderate- to high-intensity physical exercise, the primary source of
energy comes from carbohydrates [14].

Aerobic exercise and endurance training are highly effective in improving physi-
cal performance. Aerobic exercise increases fat and glycogen stores in muscle fibers,
allowing for a large reserve of energy in the muscles that can be quickly mobilized.
Endurance training transforms fast-twitch glycolytic muscle fibers into fast-twitch
oxidative-glycolytic fibers [14].

3. Cardiovascular response to physical exercise

At rest, the heart pumps about 5-5.8 L/minute of blood. During heavy activity or
physical exercise, cardiac output can drastically increase. In individuals with a seden-
tary lifestyle, cardiac output during intense activity can reach 20 L/minute. However,
trained individuals can experience a 6- to 8-fold increase, reaching 40 L/minute.
Oxygen delivery is a crucial factor in determining physical exercise capacity, as seen
in scientific studies on exercise metabolism. Those who engage in gradual, sustained,
and continuous physical exercise can handle more strenuous workouts than untrained
individuals. Heart rate (HR) calculation becomes a crucial variable related to the mea-
surement formula for physical exercise capacity [16].

During physical exercise, the oxygen and nutrient requirements in muscles increase.
At rest, skeletal muscles receive about a quarter of the cardiac output, plus 1.2 L/minute.
During heavy activity or intense physical exercise, an estimated 88% of the cardiac out-
put is directed to the active muscles. The combination of increased cardiac output and
vasodilation in the target muscles allows blood flow to reach 22 L/minute. Vasodilation
in active muscles is followed by vasoconstriction in other tissues due to sympathetic
signals, but as the muscles become more active, changes occur in the microenviron-
ment of muscle tissue, such as a decrease in tissue O2 concentration and an increase in
temperature, CO,, and interstitial fluid acidity. These factors act as paracrines, causing
local vasodilation that can replace sympathetic signals for vasoconstriction [15].

3.1 Ventilatory response to physical exercise

When physical exercise begins and muscles start moving, mechanoreceptors and
proprioceptors in the muscles and joints send information about body movement
to the motor cortex of the brain. This pathway is excited, and signals travel to the
respiratory control center in the medulla oblongata. In response to the movement of
physical exercise, the existing signals increase ventilation to maintain oxygen supply
as a consequence of increased oxygen utilization [14, 17, 18].
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Muscle contractions continue and sensory information provides feedback to the
respiratory control that the active body is sufficiently supplied with oxygen and nutri-
ents. Involved sensory receptors include central chemoreceptors, carotid and aortic
chemoreceptors, joint proprioceptors, as well as receptors in the muscles, to monitor
P02, PCO2, and pH [18].

Hyperventilation occurring during activity increases proportionally with the
intensity of the activity performed. This hyperventilation helps to maintain arterial
PO2 and PCO2 close to normal levels. This compensation is crucial and operates effec-
tively, so when monitoring arterial PO2, PCO2, and pH during activity, even heading
toward high levels, these parameters do not show significant changes [18].

The K+ ion factor also affects signals. Even during light-intensity activities, extra-
cellular K+ increases with repeated action potentials in muscle fibers, allowing K+ ions
to exit the cells. The movement of K+ ions is well captured by carotid chemoreceptors
to increase ventilation and balance with the metabolic needs during activity [18].

3.2 Physical activity intensity

The intensity of exercise and physical activity depends significantly on individual
factors such as fitness status, age, health status, genetics, psychological factors, social
aspects, and exercise habits. Exercise that is too heavy or too light will not contrib-
ute to improving an individual’s fitness, meaning it will not enhance the ability to
consume oxygen per unit time (VO2max). A study suggests that to achieve 95-100%
VO2max, an individual needs to engage in regular physical exercise with high
intensity. An alternative to the commonly used assessment of VO2max to evaluate
an individual’s physical activity intensity is heart rate. This is supported by research
by Schantz et al. [19] which indicates a close relationship between heart rate and
estimating an individual’s oxygen consumption. Heart rate and percentage of oxygen
consumption capacity are also equivalent in determining the level of an individual’s
physical activity intensity (Table 1).

The commonly used formula to calculate the maximum heart rate is 220 minus
age, but this formula may yield values that are either lower or higher than the actual
ones. Consequently, several other formulas, which have undergone specific regres-
sion in various studies, are available [11]. In cases where individuals have disabilities
involving thoracolumbar spinal nerve paralysis and engage in physical activities
primarily using their arms, such as propelling a wheelchair, a lower constant of 200
minus age is employed [20].

Intensity %HRR atau %VO,R %HR ,.1s % VO,maks
Very low <20 <50 <37
Low 20-39 50-63 37-45
Moderate 40-59 64-76 46-64
High 60-84 77-93 64-91
Very high >85 >94 >91
Maximum 100 100

Table 1.

Physical activity estimation method [19].

44



Exercise is Medicine
DOI: http://dx.doi.org/10.5772/intechopen.1005262

Various studies concur on a linear relationship or a direct proportion between
heart rate and oxygen consumption capacity in assessing an individual’s fitness. These
studies were conducted across different levels of physical activity intensity. The cor-
relation remains valid at high intensities; however, at extremely low levels of physical
activity intensity, the heart rate may exaggerate an individual’s fitness value [21].

4. Concept of maximum oxygen uptake capacity

Fitness measurement is established using the measurement of oxygen consumption
per unit time (VO2max). The most common formula is expressed in (L.kg ".min ™).
VO2max is the product of maximum cardiac output (CO) or maximal cardiac output
(L.blood.min™) and the difference in oxygen levels between the arterial and venous
blood (mLO”L.blood™). Oxygen consumption is an agreed-upon measure of cellular
respiration, expressed in liters of oxygen consumed every minute. The greater the
VO2max value, the greater an individual’s ability to engage in activities. Up to a certain
point, an individual has the ability to continue physical exercise or stop the physical
exercise due to fatigue or other factors such as breathlessness, headache, dizziness, or
pain. Factors limiting aerobic physical exercise include:

1. The cardiovascular system’s ability to supply oxygen and nutrients to tissues,
2. The respiratory system’ ability to supply oxygen to the blood, and
3. The muscle’ ability to acquire and use oxygen and nutrients efficiently.

Cellular oxygenation occurs within the mitochondria, so the use of oxygen in
producing ATP is greatly influenced by the number of mitochondria in the cell.
According to physiological studies, muscle metabolism is proven to supply only up to
submaximal exercise; in other words, it cannot meet maximal physical exercise activ-
ities. Additional energy from outside the muscle and the ability to oxygenate cells
are required if someone aims to achieve physical exercise beyond submaximal levels.
Increasing the number of mitochondria in muscle cells can be achieved through
measured, gradual, continuous, and purposeful exercise that can be accounted for.
The transportation of oxygen to each cell in the body heavily depends on the hemo-
globin levels in the blood. The normal average hemoglobin level in blood is 15 g/dL
for adult males and 14 g/dL for adult females. In addition to hemoglobin levels, it is
essential to know the value of oxygen saturation or SaO2. Oxygen saturation indicates
the amount of hemoglobin bound to oxygen for transport throughout the body. The
normal value of oxygen saturation in average arteries is above 97% [16].

5. Application of cardiorespiratory testing in physical activities

The Duke Activity Status Index is a form commonly used to assess the level of
physical activity in terms of metabolic equivalents (METs). A value of 1 MET repre-
sents the oxygen consumption of an adult at rest, which is 3.5 L.kg ".min " for a person
weighing 70 kg in a sitting position. Every active individual should achieve at least a
value of 4 METs. An example of daily activities equivalent to this is climbing 12-13
stairs [16].
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The use of cardiopulmonary exercise testing (CPET) is non-invasive and low-risk
yet remains accurate for assessing heart, lung, and metabolic functions. During this
test, the CPET device is utilized throughout the examination while engaging in physi-
cal activities. With increasing workload and time, the output of ventilation gas (VE),
oxygen consumption (VO2), and carbon dioxide production per minute will increase.
Additionally, there will be an observed increase in the accumulation of lactic acid in
the muscles [18].

The CPET device can measure the achievement of maximum oxygen consump-
tion per unit time (L/kgBW/min), also known as VO2max. VO2max is the product
of maximum cardiac output and the difference in oxygen levels between the arterial
and venous blood. VO2max is considered a criterion for measuring physical fitness as
itis closely related to the functional capacity of the heart, lungs, and muscles. Some
literature also indicates a direct correlation between achieving VO2max and achieving
maximum heart rate (HRmax) [11].

The anaerobic threshold (AT) can be considered an estimate of the onset of
anaerobic metabolism induced by lactic acidosis levels. This occurs due to an imbal-
ance between the required oxygen supply and the oxygen available in the muscles
during activity. While this measurement is rarely invasive, it can be detected on the
CPET monitor when the individual exhales an increased amount of CO, as compensa-
tion for the rise in lactic acidosis levels. The point at which the oxygen consumption
curve inverts with the production of VCO2 and VE is the point where lactic acid levels
rapidly increase. This point is captured by CPET as the VO2max value for that indi-
vidual. VO2max also correlates with gender, age, body weight, and the intensity of a
specific activity [22].

CPET: research conducted by the author using CPET equipment in 2015 showed
that the highest VO2max value in a group of post injured soldiers (PIS) propelling
wheelchairs was 38 L/min/kgBW, while for normal soldier (NS) engaged in running,
it was 64 L/min/kgBW. In other words, the VO2max value in the group of PIS propel-
ling wheelchairs only reached 45% compared to soldiers running [20]. By investigat-
ing the equivalence of VO2max between running and wheelchair-propelling activities
for soldiers post-injury who cannot or eventually cannot run again, an equivalence
value can be sought to assess physical ability.

6. Effects of immobilization and inactive musculoskeletal system

The state of immobilization or a sedentary lifestyle will lead to a loss of strength,
commonly known as a decrease in muscle strength, which ultimately reduces the
strength and tolerance of physical endurance for daily activities. During total bed
rest for a duration of 1 week, muscle strength and endurance tolerance will decrease
by 10-15% from the initial strength. Even in healthy individuals undergoing bed rest
for more than 5 weeks, losses can persist, reaching up to 35-50%. Research involving
dynamic leg press during the immobilization period showed that extensor and flexor
strength of the knee could be maintained, but the strength of the plantar flexors of
the ankle and dorsiflexors of the ankle could not be sustained. Therefore, the best
exercises are functional walking or mobilization. In conclusion, muscle atrophy
resulting from disuse is more evident in the legs than in the arms. Studies on individu-
als with total bed rest indicate a strength decrease of 20-40% in the legs, while a
decrease of only +5% occurs in the arms. The decrease in myofibril strength per unit
volume of muscle fibers appears to be reduced [12].
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The loss of strength and muscle mass will continue to decline until the individual
finds it difficult to rise from an immobilized state. Exercises can be done gradually,
continuously, and sustainably, with quantifiable and justifiable progress. To reverse
the effects of immobilization syndrome after 45 days, functional mobilization exer-
cises and electrical stimulation therapy assistance for around 45 days can be employed
to maintain the ability to return to basic mobility [12].

Immobilization syndrome has also been proven to decrease muscle endurance due
to a decrease in the concentration of ATP and muscle glycogen reserves. Decreases in
muscle protein synthesis, oxidative enzyme function, acceleration into the anaerobic
cycle, and the accumulation of lactic acid are a set of factors leading to the onset
of fatigue. Changes in the shape and size of motor end-plates and dysfunction of
acetylcholine receptors further impair the function of skeletal muscle endurance. The
reduced oxygen demand of muscles during immobilization significantly affects the
number and size of mitochondria.

After 42 days of immobilization, there is a 16% reduction in VO2max, a decrease
in cardiac output by up to 30%, a 40% reduction in oxygen transport flow, and a 28%
reduction in mitochondrial volume [12].

6.1 High intensity interval training (HIIT)

Since the 1950s, Olympic athletes have been introduced to HIIT as one of the
exercises to enhance their performance. The first introduced interval training was
sprint interval training, where athletes perform exercises reaching 100% of their
maximal heart rate (HR), followed by a gradual descent. This cycle is repeated
several times. According to a survey conducted by the American College of Sports
Medicine in 2014, HIIT has become popular among the general public. This exercise
takes 30 minutes, including both aerobic and resistance training phases with vigor-
ous intensity [20, 23, 24].

Research using mice aims to prove whether high-intensity interval training
(HIIT) and/or moderate-intensity continuous training (MICT) can contribute to or
even enhance cardioprotection. In the mechanism of increasing Klotho protein and
reducing TRPC6 (which, when increased, causes stress and leads to dysfunction and
heart diseases), some studies show that the cardioprotective factor in patients with
myocardial ischemia-reperfusion (IR) is highly influenced by the intensity of exercise
rather than the duration of exercise [20, 23-26].

HIIT is an exercise with a repetitive pattern at high intensity, reaching 85-90%
peak VO2. HIIT starts with a 5-minute warm-up achieving 40-50% of the maximum
heart rate (low intensity). Entering the core of the HIIT exercise for 6 x 2 minutes
(with high intensity at 85-90% of the maximum heart rate) is interspersed with 5 x
2 minutes (with low intensity at 50-60% of the maximum heart rate), known as the
active recovery period. It concludes with a 5-minute cooling down period with an
intensity of 40-50% of the maximum heart rate. On the other hand, MICT begins
with a 5-minute warm-up at 40-50% of the maximum heart rate and concludes with
a 5-minute cooling down period at a low intensity. The core exercise reaches 70% of
the maximum heart rate. MICT exercises should be performed for a minimum of 30
minutes [27-29].

This study successfully noted that after all experimental animals performed
exercises for five consecutive days, there was a reduction in the size of the infarct area
compared to mice without physical exercise. Moreover, it turns out that HIIT exercises
have a more positive effect compared to MICT. Thus, it can be concluded that, despite
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short-term aerobic exercise training in IR patients, it has a positive effect as a trigger
for cardioprotection [30-32].

6.2 The relationship between exercise and immune system

Research on the connection between physical performance and the immune
system has significantly evolved since the 1900s and continues to progress [33]. The
current focus remains on three aspects:

1.Reducing fat, especially visceral fat.

2.Increasing the production of the immune system’s building blocks. Lowering the
risk of diseases such as diabetes, heart disease, and stroke by up to 80% [34].

3. Releasing anti-inflammatory or anti-cytokine substances resulting from the
contraction of skeletal muscles [35].

6.3 Measured exercise

To determine the intensity of the exercise we engage in, we need to calculate our
age, measure our pulse, and refer to a table estimating physical activity. For example:

Age: 50 years, then use the formula: 200-50 (age) = 170 (Maximum heart rate).

(A)

Check your pulse while exercising, count for 1 minute. Suppose it’s 150 beats/
minute.

(B)

Calculate the intensity: (achieved pulse (B) 150) / (maximum pulse (A)
170) = 88% intensity.

Check the Table 2.

After referring to the table above, it turns out that it falls into the heavy intensity
category [33, 36].

Frequency: The recommended frequency for physical activity is 5 days a week.

This is an ideal frequency. To ensure that your exercise provides optimal immune
system benefits, it is recommended to exercise at least three times a week, with an
optimal frequency of five times a week, allowing the body to experience rest for
energy restoration [33, 36].

Time: the recommended daily exercise duration is a minimum of 30 minutes to
60 minutes. Based on the breakdown of fat after moderate-intensity exercise for

Intensity % Maximum heart rate
Very light <57
Light 57 - <64
Moderate 64 - <76
Hard 76 — <96
Very hard >96

Table 2.

Estimation table of daily activity.
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Monday Tuesday Wednesday  Thursday Friday Saturday Sunday
Light Moderate Rest day Moderate Light Heavy Rest day
intensity + intensity intensity intensity + intensity

muscle muscle

strengthening strengthening

Brisk walk + Light Light Light Running/

weight lifting jogging for jogging for dancing + cycling/

for 60 minutes 60 minutes 60 minutes  weight lifting swimming/

for 45 minutes golf

Table 3.
Types of exercises.

30 minutes, exercising for 4 hours a week reduces the risk of diabetes, stroke, and
heart attacks by 80% [33, 34, 36].
Type: various types of exercises can be chosen.

a. Aerobic: exercises that consistently use oxygen in every movement, character-
ized by not getting too breathless. Examples include walking, jogging, dancing,
cycling, swimming, and golf.

b.Anaerobic: high speed, short-duration exercises, such as sprinting 100 m or chas-
ing a ball in soccer with high speed for a short time, repeated.

c. Muscle strengthening: using weights or body weight as resistance [33, 36].

After understanding FITT (frequency, intensity, time, and type), you can combine
them. If you find it challenging to maintain heavy intensity for 5 days a week, especially
at a very high level, you can combine FITT elements according to your capability. See
Table 3, for example.

7. Conclusion

1.Moderate to heavy-intensity exercise with the right FITT will enhance immunity
to improve health status, physical fitness, and quality of life.

2.Very low or very high-intensity exercises with very long durations can be detri-
mental to health status, physical fitness, and quality of life [34, 36].

3. Always consider your overall health condition, age, monitor your heart rate dur-
ing exercise, time, and the type of exercise you engage in.

4.This exercise prescription is unique to each individual. Consult with a doctor if
you have any underlying health conditions.

Here is an example of a study to establish a home program with important limita-
tions that are easily understood by the community.

How likely is it for a post-leg injury patient to exercise with a wheelchair? Can
wheelchair exercise be turned into a home program? These questions often arise in the
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minds of physiotherapists when encountering individuals with leg injuries who still
require assistive devices for ambulation. The following facts from a wheelchair sports
exercise test conducted on normal soldiers (NS) and injured and post-injured soldier
(PIS) will be presented. This can help physiotherapists make decisions and establish
criteria that can be implemented for injured patients still in need of ambulatory

aids, using a wheelchair as a means of exercise to maintain the fitness of patients or
individuals with disabilities [37].

Serving in the military comes with the risk of injuries, and data from the
Rehabilitation Center (Pusrehab) from 2009 to December 2018 recorded 6640 post-
injured soldiers. This accounts for approximately 1.66% of all active soldiers to date
[37]. About 75% of them suffered injuries from the lumbar region downward. This
significantly affects the physical condition of soldiers returning to duty, especially
in combat or sports, depending on their functional abilities. To fulfill the country’s
obligation to protect its citizens, especially injured and post injured military person-
nel (PIS), the Rehabilitation Center of the Ministry of Defense of the Republic of
Indonesia (PUSREHAB) was established to provide comprehensive medical rehabili-
tation services [38].

In the second semester of 2021, PUSREHAB conducted medical rehabilitation for
75 male PIS, with an average injury duration of 4 years. A total of 50 of them have
undergone evaluation using a wheelchair exercise test. At the same time, 104 male
NS also underwent the wheelchair exercise test. All evaluations were approved by
Pusrehab and Pusdikkes KodiklatAD. A total of 154 active, healthy male soldiers
who had undergone a prior Medical Check-Up (MCU) stating no acute infectious
diseases or uncontrolled illnesses were selected. Subjects with balanced arm capa-
bilities for wheelchair exercise were chosen for this test, using a sports wheelchair
(Figures 3 and 4) [38].

Looking at the results of Table 4 to assess the general characteristics, no signifi-
cant differences were found between PIS and NS. When the data are grouped per
10 years of age, there are significant differences for the age group of 19 to 29 years in
terms of age, body weight, and BMI. The PIS age for this group is senior compared to
NS. The BMI reaches 28 (obesity category 1) [38]. This almost homogeneous data will
simplify data analysis.
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Figure 3.
Distance traveled using wheelchair.
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Figure 4.
Exercise intensity using wheelchair.

From the conducted tests, differences were found in the results of this fitness
evaluation. As seen in Table 4, there are significant differences in the distance cov-
ered in the wheelchair exercise test between PIS and NS. In general, there is a mean
difference of 117 meters, with NS covering a greater distance than PIS. When classi-
fied into age groups, the differences in distance are: for 19-29 years, 182 meters; for
30-39 years, 55 meters; and for the age group of 40-49 years, 118 meters. The results
show that, in all age groups, NS covers a greater distance than PIS. It is clear that as
age increases, the covered distance decreases. This happens in both groups. The dif-
ference in covered distance between NS and PIS indicates different fitness results for
these two groups. NS appears to be superior to PIS.

Qi and colleagues state that the functional speed wheelchair distance is 720-936
meters per 12 minutes [39]. When compared with the achievements in this evaluation
for the age groups of 19-29, 30-39, and 40-49 years (1555, 1400, 1330 m), it can be
said that they have entered the exercise range.

An interesting aspect is the intensity of the exercise achieved during the data
collection. All subjects performed this test with moderate intensity in the age group
under 40. However, those above 40 years, entered vigorous intensity, but none of the
subjects reached maximal intensity. Observations of the intensity of wheelchair exer-
cise performed by soldiers under 40 can still be considered safe since it is within the
moderate range. For those above 40, it is also considered safe but should be done with
caution because it reaches an average intensity of 83% (heavy intensity). Therefore,
recording the pulse during the activity can be used as one of the benchmarks for a
home program exercise independently [39].

From the two data sets above, it can be seen that as a person ages, more effort
is needed to perform activities, as shown by the increased intensity of activities,
although the covered distance will decrease. In other words, a person’s fitness will
decline with age. This aligns with the aging journal, which states a decrease in
VO2peak by 3-6% per decade starting at the age of 30-40 years [40].

In conclusion, the fitness outcomes for post-injured soldiers (PIS) continue to lag
behind those of Normal Soldiers (NS), underscoring the necessity for comprehensive
medical rehabilitation programs for every post-injured soldier. The distance covered
and pulse rate attained during wheelchair exercise serve as reliable indicators for
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Variable Age Norl;:ll;(;ldier Po::);gli::ed Sig.
n=>50
Age (years) 32 (19-49) 31 (23-51) 0.404
19-29 22 (19-29) 262 0.000*
30-39 33 (31-38) 35+3 0.072
40-49 44+3 44.+ 4 0.721
Weight (kg) 69.7 £ 8.2 7218 +10.55 0.241
19-29 6418 69.8 £10.7 0.016*
30-39 751+58 751+11.2 0.994
40-49 721+ 49 724 +8 0.884
Height (cm) 170 (163-183) 1696 + 4.0 0.866
19-29 1691+ 41 170 £ 3.9 0.432
30-39 170.7 + 46 169.7 + 47 0.302
40-49 1685+ 39 1684 3 0.922
Body mass index (BMI) (Kg/m?) 2422+25 2467+ 5.0 0.393
19-29 223422 242 +38 0.044*
30-39 26.3 (20-29) 25817 0.893
40-49 25.6 (21-27) 255+25 0.847
Blood pressure (systole) (mmHg) 120 (90-146) 123.86 + 13.5 0.455
19-29 120 + 12 121+ 10 0.989
30-39 120 (98-130) 12313 0.275
40-49 12512 133+£19 0.151
Blood pressure (diastole) (mmHg) 80 (58-100) 7892+ 74 0.617
19-29 73 (58-100) 77+7 0.088
30-39 81+8 807 0.791
40-49 80 (67-91) 82+9 0.937
Hemoglobin (g/dL) 15.0+1.3 149+11 0.550
19-29 14.8 +1.2 151 0.644
30-39 153 %13 149+13 0.324
40-49 15+ 14 14.7+11 0.536
Blood sugar (g/dL) 95.8 + 159 92.5 (74 + 391) 0914
19-29 95+ 18 88 (77-121) 0.488
30-39 95+15 96 (70-126) 0465
40-49 98 +15 101 (89-391) 0.395

Table 4.
Subject characteristic.

assessing the safety of patients engaging in such activities. Moreover, the pulse rates
achieved during these exercises fall within the moderate category, indicating that they
remain safe for individuals recovering from injuries. These findings emphasize the
importance of tailored rehabilitation efforts and ongoing monitoring to ensure the
well-being and progress of post-injury patients, particularly those utilizing wheel-
chairs as part of their exercise regimen.
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Chapter 4

Effect and Improvement of
Lifestyle Intervention on
Hyperlipidemia

Shan Gao and Zuowei Pei

Abstract

The study found that the abdominal circumference, body mass index, blood
pressure, and blood lipid levels of the patients were significantly decreased after the
healthy lifestyle intervention, and the proportion of smoking and alcohol abuse was
significantly reduced. Healthy lifestyle intervention has become the key content of
guiding the treatment of hyperlipidemia. Therefore, this chapter will briefly intro-
duce the main pathogenic factors of hyperlipidemia in daily life, and then introduce
the impact factors and improvement effect of lifestyle intervention on hyperlipidemia
from four aspects of diet, exercise, psychological factors and risk factors in detail.

Keywords: hyperlipidemia, dietary, exercise, psychology, lifestyle, prevention

1. Introduction

With the advancement of people’s living conditions and technology, more and
more sub-healthy phenomena have emerged in people’s body, which leads to many
diseases. Among them, hyperlipidemia means an imbalance between the levels of
low-density lipoprotein cholesterol (LDL-C) and high-density lipoprotein cholesterol
(HDL-C) in the blood, including hypertriglyceridemia and mixed hyperlipidemia, in
which both total cholesterol (TC) and total triglyceride (TG) levels are elevated [1].
As one of the most commonly found and treated diseases in dyslipidemia, hyper-
lipidemia will be associated with cardiovascular diseases such as atherosclerosis [2].
Studies show that cardiovascular disease (CVD) is one of the leading causes of death
among adults in the U.S. Compared to people with normal TC levels, people with
hyperlipidemia have about twice the risk of developing CVD [3]. It poses a great risk
to people’s health. Current clinical results show that few patients need drugs to lower
TG and TC levels, and that lifestyle changes are the most effective way to improve
hyperlipidemia [4].

Daily life interventions can improve hyperlipidemia in several ways: diet, exercise,
psychological factors, and elimination of risk factors. Studies have shown that chronic
high-calorie diets exhibit hyperinsulinemia and hyperlipidemia, as well as heavier
body and gonadal fat weights [5]. Conversely, moderate rise in aerobic exercise and
physical activity elevate HDL-C levels while reducing LDL-C, TC, and TG, thereby
exerting a positive impact on patients with hyperlipidemia [6]. When there is a mood
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disorder, cholesterol levels may be affected by the acute mood state and thus change.
There is evidence that cholesterol levels are elevated when depressive episodes occur,
suggesting that the effect of mood states on cholesterol levels does also exist [7]. In
addition, some poor lifestyles and habits as well as common diseases can also increase
the risk of dyslipidemia. Over the past few decades, there has been a notable rise
in the incidence of cardiometabolic risk (CMR) factors, including central obesity,
insulin resistance, hypertension, and dyslipidemia, among individuals with type
1 diabetes. These factors may have an additive or synergistic effect on the risk of
developing cardiovascular disease. This suggests that individuals with type 1 diabetes
should not only focus on managing their blood sugar levels but also take measures to
control other CMR factors to minimize their overall cardiovascular risk. Specifically,
for individuals with multiple CMR factors, more aggressive interventions such as
regular physical exercise, healthy dietary habits, and pharmacotherapy may be
necessary [8].

Therefore, daily life interventions may have a positive impact on lipid levels in
patients with hyperlipidemia and may be more effective as adjunctive therapy.

2. The effect and improvement of dietary patterns on hyperlipidemia
2.1 Pathological mechanism of hyperlipidemia caused by improper diet

During human metabolism, lipid metabolism is mainly regulated by nutrients
such as sugars and fatty acids. Glucose is an essential energy material for normal
metabolic activities, while glucose and fructose are the main utilization sugars.
Compared with the use of glucose, the consumption of fructose by the body leads
to an increase in the level of circulating apolipoprotein C3(Apo C3), which may be
due to the failure of fructose to induce insulin secretion, stimulating the expression
of Apo C3 and reducing the reverse transport of cholesterol. On the other hand,
consumption of a high-glucose diet can induce the expression of Apo C3, which can
increase the low-density lipoprotein (LDL) and subsequently impact the hydrolysis of
triglycerides (TG) in chylomicrons (CM) and very low-density lipoprotein (VLDL)
[9]. Therefore, a high-glucose diet, especially a diet with high fructose content, is a
major cause of hyperlipidemia. Specifically, if the proportion of sugar intake is too
high, it will increase insulin secretion, resulting in hyperinsulinemia, which promotes
the synthesis of triglycerides in the liver, leading to an increase in the concentration
of triglycerides in the plasma. In addition, the change in external factors such as
high-glucose diet can also induce the increase in Apo C3 gene expression, resulting
in the increase in plasma Apo C3 concentration, which will reduce lipoprotein lipase
(LPL) activity, and further hinder the hydrolysis of triglycerides in CM and VLDL
[9], thus causing hypertriglyceridemia. In general, a diet high in glucose can lead to
an increase in blood triglyceride levels, which is a risk factor for hypertriglyceridemia
and hyperlipidemia. High levels of blood lipids can increase the risk of developing
cardiovascular diseases such as atherosclerosis and heart disease. Therefore, main-
taining a reasonable dietary structure, limiting the intake of excess calories, and
reducing a high-glucose diet are of great significance for the prevention and treatment
of abnormal lipid metabolism.

Fatty acids (FA) are essential nutrients for vital activities and can be divided
into saturated fatty acids (SFA) and unsaturated fatty acids (USFA). Animal fats
are generally rich in SFA, while trans fatty acids (TFA) are present in butter, whole
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milk products, and ruminant meat and they are “partially hydrogenated fatty acids”
of industrial origin [10]. SFA was the dietary factor that had the greatest effect on
LDL-C levels, and LDL-C increased by 0.02—-0.04 mmol/L for each 1% increase in
energy from saturated fat. Dietary TFA increased LDL-C in a similar manner to SFA,
but TFA reduced HDL-C [11]. In addition to the effects on cholesterol levels, lipid
metabolism may also be affected by the interaction of dietary lipids with intestinal
microflora. This interaction may lead to abnormalities such as lipid metabolism dis-
orders in the body [12]. Hypercholesterolemia is also a common symptom of hyper-
lipidemia. The synthesis of cholesterol in the body will be promoted due to a diet
high in calories, cholesterol, and saturated fatty acids, leading to an increase in liver
cholesterol content. In addition, the receptor synthesis of LDL is decreased, and the
receptor activity of LDL on the cell surface is further decreased, so that the affinity
of LDL with its receptor is decreased, and the cholesterol level in blood is increased.
Conversely, if you eat a low-calorie diet, unsaturated fatty acids can affect the activ-
ity of enzymes involved in cholesterol synthesis, resulting in lower blood cholesterol
levels. Therefore, the FA composition in the diet has an important effect on lipid
metabolism and cholesterol level in the body. In daily diet, the intake of USFA should
be moderate, and the intake of SFA and TFA should be limited to maintain good lipid
metabolism and healthy cholesterol levels.

2.2 Clinical manifestations of hyperlipidemia caused by improper diet

The clinical manifestations of hyperlipidemia caused by improper diet will vary
according to the severity of the disease and the types of elevated blood lipids, while
hyperlipidemia often causes lesion damage to the heart, brain, skin, and other places.
The clinical manifestations are mainly xanthoma, early-onset corneal ring, fundus
changes and arteriosclerosis, etc. However, in the majority of early onset, patients
have no obvious symptoms and signs [13]. Specifically, common clinical manifesta-
tions include the following:

(1) Xanthoma: Xanthoma varies in size and there are small masses as well as large
plaques. It occurs frequently in the eyelids, and may occur in the hands, feet, and certain
joints. Xanthomas are usually painless, but may cause itching or irritation. Xanthoma
is caused by the accumulation of cholesterol in the skin and may be a marker of high
LDL-C levels. (2) Rings for the elderly: Rings for the elderly are more common in the
elderly and are usually bilateral. It is caused by the deposition of cholesterol in the eye
and may be a sign of high cholesterol levels in the blood. The ring around the cornea of
the eye is either intact or incomplete. It is more obvious in the upper part of the cornea.
Although the ring in the elderly is usually asymptomatic, it may be a sign of potential
cardiovascular disease. (3) Retinal hyperlipidemia: It is a rare disease, usually caused by
extremely high levels of triglycerides (higher than 1000 mg/dL), which can lead to visual
impairment or even blindness if not treated immediately. (4) Peripheral artery disease:
High cholesterol levels lead to the accumulation of plaques in the arteries that supply
blood to the legs and arms, leading to peripheral artery disease that manifests as leg
pain, numbness, and weakness. (5) Abdominal pain: High level of triglyceride will lead
to acute pancreatitis, causing severe abdominal pain, nausea, vomiting, and fever. (6)
Fatigue: High levels of lipids in the blood lead to fatigue and weakness, but this symptom
may be a non-specific symptom of hyperlipidemia. (7) Cardiovascular disease: High
levels of LDL-C can lead to the development of atherosclerosis, which can cause CVD,
including heart attack and stroke. (8) Hypertension: High level of lipids in blood will
lead to hypertension, which is a common complication of hyperlipidemia.
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In general, the clinical manifestations of hyperlipidemia caused by poor diet
include benign skin diseases to life-threatening CVD. Therefore, timely dietary
intervention and regular detection of blood lipid levels are the key to the prevention
and treatment of hyperlipidemia and its complications.

2.3 How to change the diet will improve hyperlipidemia

With the deepening of research on hyperlipidemia, in addition to drug treatment,
treatment options to improve hyperlipidemia by changing dietary patterns have
received more and more attention. These strategies include reducing the intake of
cholesterol and saturated fatty acids, and consuming lipid-lowering foods [14, 15]. In
daily diet, we should pay attention to control the intake of cholesterol and saturated
fatty acids, and eat more foods rich in USFA and reducing blood lipid in order to
maintain a good blood lipid level.

1. Eating food rich in dietary fiber (DF) [16] is an effective method for reducing
blood lipid. DF refers to the sum of edible plant components, carbohydrates,
and similar substances that are resistant to digestion and absorption in the small
intestine of the human body but can be partially or completely fermented in the
large intestine. According to whether it is soluble in water, it can be divided into
soluble cellulose and insoluble cellulose [17]. Studies have shown that common
cardiovascular diseases such as hyperlipidemia, hypertension, and coronary
heart disease are related to the insufficient intake of DF [18]. DF can increase
the fullness of the stomach on the one hand, reduce the intake of energy such as
food, and play a role in the prevention of obesity. On the other hand, it can in-
crease gastrointestinal peristalsis, improve the environment of the digestive tract
probiotics, and then promote the excretion of toxins in the body, reducing the
incidence of high cholesterol [19]. At the same time, DF can play an inhibitory
role in the absorption of cholesterol and triglyceride by the lymphatic system,
thereby promoting the normal operation of lipid and lipoprotein metabolism
in the body. Three plants rich in natural DF, such as radish, beet, and Chinese
cabbage, could significantly reduce the triglyceride content in serum and liver
and improve the abnormal phenomenon of lipid metabolism in the body [20].
In addition, research has also focused on composite dietary fiber (DFC). The
results showed that DFC prepared with sea buckthorn peel, bean gum, and oat
bran as the main raw materials had a significant efficacy in reducing blood lipid.
In conclusion, intake of food rich in dietary fiber is a natural, mild, and effective
method for reducing blood lipid. In daily diet, it is recommended to eat more
foods rich in dietary fiber, such as vegetables, fruits, whole grains, in order to
maintain a good blood lipid level.

2.The intake of USFA is also an effective method for reducing blood lipid [21].
Compared with the saturated fatty acids in most animal fats and oils, many
vegetable oils are rich in a variety of unsaturated fatty acids and have received
widespread attention. For example, studies have shown that celery seed oil is
rich in unsaturated fatty acids such as palmitic acid, oleic acid, and linoleic acid.
On the one hand, it can significantly reduce the levels of TC, TG, and LDL-C in
serum of hyperlipidemia and the arteriosclerosis index LDL-C/HDL-C. On the
other hand, the activity of superoxide dismutase (SOD) in serum and liver is
remarkably improved. It was further proved that celery seed oil could enhance
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the activity of antioxidant enzymes, effectively improve the antioxidant level in
the body, remove excess free radicals in the body, and avoid the damage of lipid
peroxidation and its intermediate metabolites to the body, thereby improving
blood lipid metabolism. The camellia seed oil in the vegetable oil can not only
reduce the serum TG and TC levels, but also alleviate the fatty lesions in the
liver. All of the above are unsaturated fatty acids rich in oil plants; however, the
unsaturated fatty acids rich in natural algae cannot be ignored. Studies show that
Chlorella also has a significant effect on reducing blood lipid and is an option to
alleviate hyperlipidemia [21]. In addition to vegetable oils, marine animal fats
and oils such as fish also contain unsaturated fatty acids, which can reduce the
contents of TG and TC in the blood and increase the content of HDL-C in the
blood. At present, natural fish oil has been widely used in clinical practice asa
lipid-lowering drug, which mainly inhibits the activity of hydroxymethylgluta-
ryl coenzyme -A(HMG-CoA) reductase and reduces the synthesis of TC iz vivo,
while feeding back the up-regulation of LDL receptor level on the surface of
hepatocytes to eliminate plasma LDL. However, it should be noted that in people
with acute pancreatitis, high concentrations of USFA can cause damage to acinar
cells and promote the development of pancreatitis. USFA may play a unique role
in the pathogenesis of pancreatitis by activating PKC family members [22].

3.Foods rich in polysaccharides have attracted much attention due to their lipid-
regulating activity, with fungal polysaccharides as the major ones, such as
Ganoderma, Lentinus edodes, Auricularia, Grifola frondosa, Russula, Monascus,
Poria, Cordyceps, Agaricus blazei, Tremella, Dictyophora indusiata, Coriolus
versicolor, Covdyceps militaris, Armillaria mellea, Pleurotus ostreatus, and Flam-
mulina velutipes. Ganoderma lucidum is taken as an example. Modern medical
pharmacology research and clinical application have proved that Ganoderma
lucidum not only has the functions of delaying aging, improving immunity and
anti-inflammation, but also has the efficacy of reducing total cholesterol and
regulating blood lipids [23]. Studies have shown that Ganoderma lucidum poly-
saccharides (GLP) and alkaloids contained in Ganoderma lucidum are the main
active components that play a role in the regulation of blood lipids, and can play
arole in reducing serum TG and TC [24]. As for the mechanism, it is currently
more considered that GLP may reduce the synthesis of TC and TG iz vivo by
inhibiting the expression of key enzymes in the lipid synthesis pathway. In cell
experiments, GLP was found to inhibit the mRNA expression of hydroxymethyl
glutaryl coenzyme -A(HMG-CoA) reductase and fatty acid synthase (FAS) in
HepG2 cells [25]. In addition to Ganoderma, other edible fungi are also richin a
variety of polysaccharides, such as lentinan, Auricularia auricula polysaccharide,
have a certain effect on the regulation of blood lipids. Therefore, eating foods
rich in polysaccharides is a very healthy dietary choice and an effective method
for preventing and treating hyperlipidemia.

4.Foods containing polyphenol compounds have attracted much attention in the
development of antioxidant health products. Polyphenols play an important
role in increasing the levels of HDL and adiponectin, and preventing the oxi-
dation of LDL. Common polyphenol compounds include anthocyanin, grape
seed oil, astaxanthin, and lutein. Cinnamon is rich in polyphenols, which can
activate transcription factors and antioxidant defense signaling pathways in
the liver to reduce hyperlipidemia, inflammation, and oxidative stress [26].
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Previous studies have shown that in France and some countries and regions
with high wine consumption, even if people have the habit of high-fat diet,
the incidence of cardiovascular disease is not high. This may be due to the
antioxidant activity of polyphenols in wine and their effect in reducing total
cholesterol absorption by increasing bile acids divided by. Gamboge is a plant
growing in northeastern India. Its fruit is rich in polyphenols. Studies have
shown that the fruit extract of this plant has a positive role in the preven-

tion of hyperlipidemia [27]. In addition to food, drinking tea can also prevent
hyperlipidemia and its concurrent diseases [28]. Tea is rich in catecholamine-
based tea polyphenols. The current research has shown that tea polyphenols
can improve the level of HDL-C and lecithin-cholesterol acyltransferase
(LCAT) activity, and inhibit the intestinal absorption of exogenous TC, inhibit
the activity of eugenol epoxidase to reduce TC biosynthesis, up-regulate LDL
receptor level, reduce the secretion of apolipoprotein B100 (ApoB100), accel-
erate TC transformation, and promote TC excretion to regulate TC metabo-
lism. On the other hand, tea polyphenols reduced the absorption of exogenous
TG and the activity of FAS by inhibiting the activity of pancreatic lipase to
reduce fatty acid synthesis. At the same time, tea polyphenols regulate TG me-
tabolism by accelerating the conversion of TG and promoting the excretion of
fatty acids. Foods and drinks containing polyphenols are a very healthy dietary
choice and an effective way to prevent and treat hyperlipidemia and its related
conditions.

5.Foods containing flavonoids and isoflavones have strong activity in the preven-

tion and treatment of hyperlipidemia. Many studies reported the lipid-lowering
effect of total flavonoid extracts from plants. Hawthorn leaves and fruits are
high flavonoid content of food. Animal experiments showed that flavonoids
could significantly reduce the levels of TC, TG, and LDL-C in hyperlipidemia
rats, and played a significant role in the regulation of lipid metabolism in hy-
perlipidemia rats to improve their disorders. In a study on oat flavonoids, the
researchers focused on the intestinal flora and showed that oat flavonoids had
anti-hyperlipidemia effect by interfering with bile acid metabolism and intesti-
nal microflora [14]. In addition, the effect of flavonoids on reducing blood lipid
was closely related to the number of free methylations. Studies have shown that
the more methylation, the stronger the effect of flavonoids in reducing blood
lipid. Isoflavones were corresponding to flavonoids. The main active components
of soybean isoflavones were free aglycones genistein (Gen) and daidzein (Den).
Similarly, soy isoflavones also reduced TC, TG, and LDL-C levels in hyperlipid-
emia, although its effect is not obvious [29].

6. Vitamin plays an important role in lipid metabolism. Among them, the effect of

vitamin D is the most significant [30]. Vitamin D can reduce the acetylation or
oxidation of LDL-C and inhibit the absorption of acetylated and oxidized LDL
by macrophages to reduce the formation of foam cells and inhibit the formation
of plaques. However, it should be noted that vitamin D is a double-edged sword
for vascular calcification. Excessive or lack of vitamin D can lead to vascular
calcification. Vitamin E is an important antioxidant in the body. Although the
mechanism of its regulatory effect on blood lipid is not clear, hyperlipidemia has
been determined to be inhibited by high vitamin E intake at animal levels. In ad-
dition to the antioxidant effect of vitamin E, vitamins A and C also have a certain
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antioxidant capacity, which can be used as an auxiliary prevention and treatment

strategy of hyperlipidemia.

In conclusion, prevention and adjuvant treatment of hyperlipidemia are extremely
important by reducing the intake of cholesterol and saturated fatty acids, supple-
mented by a diet that reduces blood lipids.

3. The effect and improvement of exercise on hyperlipidemia
3.1 Mechanism of action of insufficient exercise on dyslipidemia

Studies have shown that good regular exercise can activate LPL in skeletal muscle
and fat cells, promote the balanced transfer of VLDL and HDL-C, reduce serum
TC, TG, and LDL, and increase HDL-C levels. Lack of exercise leads to a decrease in
triglycerides depleted, an increase in endogenous triglyceride synthesis; moreover, it
reduces LPL activity, slowing down triglyceride clearance which is especially com-
mon in the elderly [1]. When there is a lack of exercise, the secretion of epinephrine
and norepinephrine decreases, and reduces the activity of LPL and the decomposi-
tion of fat in adipose tissue. At the same time, if the secretion of adrenaline and
norepinephrine decreases, it may lead to the decrease of lipolysis, and at the same
time, the activity of lipoxygenase increases, leading to the increase in fat synthesis.
It is well known that short-term high-intensity exercise is mainly powered by sugar,
while moderate-intensity long-term exercise is mainly powered by fat. During exer-
cise, the body increases the call to triglycerides, muscles will enhance the intake of
free fatty acids in the blood, and lack of exercise will lead to a decrease in mobilized
triglycerides, thereby reducing the appearance of free fatty acids in the blood, also
leading to a decrease in the intake of free fatty acids in the blood by muscles. At the
same time, it should be noted that high triglyceride levels promote the occurrence of
other metabolic disorders such as diabetes and CVD [31]. A lack of muscle exercise
can impair glucose utilization, leading to the conversion of excess glucose into fat
and increasing fat formation and accumulation in the blood. Regular exercise can
improve insulin sensitivity and glucose uptake in muscles, which can help to prevent
the conversion of excess glucose into fat and reduce the amount of fat in the blood. In
general, exercise is extremely important for the prevention of CVD, and the lack of
exercise increases the incidence of cardiovascular disease [32]. At the same time, as
a way to prevent CVD and treat diabetes, the role played by exercise training should
not be ignored [33].

In addition to the traditional mechanisms described above, other studies have
revealed mechanisms by which lack of exercise alters lipid profile. Lack of exercise
leads to less TG consumed by muscle tissue and a decrease in LPL, resulting in less TG
hydrolysis. More subtilisin-invertase 9 (PCSK9) allows the liver to absorb and excrete
less LDL, thereby increasing the amount of lipids in the blood.

3.2 Physical manifestations of hyperlipidemia caused by exercise

Hyperlipidemia is when blood levels of lipids such as cholesterol and triglycerides
are higher than normal, which can lead to health problems such as heart disease and
stroke. Exercise is an effective way to lower blood lipid levels, but if exercise is exces-
sive or inappropriate, it can also lead to some physiological problems.

65



New Horigons of Exercise Medicine

Hyperlipidemia caused by exercise is mainly manifested in the following aspects:

(1) Muscle damage: Excessive exercise can cause muscle damage, releasing
substances such as myoglobin and creatine kinase, which can affect liver function
and lead to elevated cholesterol levels. (2) Muscle fatigue: Excessive exercise can
fatigue muscles, which affects the oxidative metabolism of fatty acids, allowing fat to
accumulate in the body, resulting in elevated blood lipid levels. (3) Active problems:
Excessive exercise may lead to digestive disorders such as gastrointestinal discomfort
and diarrhea, which may affect the absorption and metabolism of fat. (4) Hydration
status: Excessive exercise may lead to dehydration, which may affect the concentra-
tion and metabolism of lipids in the blood.

Therefore, it is necessary to pay attention to the reasonable control of the amount
of exercise to avoid hyperlipidemia caused by excessive exercise. In addition, it is
necessary to combine diet, lifestyle, and other factors to comprehensively reduce
blood lipid levels to maintain good health.

3.3 Improvement effect of different exercise methods and exercise intensity on
hyperlipidemia

Previous studies have shown that exercise training can improve blood lipids,
although to a limited extent. Different exercise methods and exercise intensity
hyperlipidemia bring different improvements, the following will take specific studies
as an example to explain the effects of different exercise modes and exercise intensity

on blood lipid changes.

1. Aerobic exercise. Aerobic exercise is the most common and popular form of exer-
cise. Aerobic exercise is defined as any form of physical activity that raises heart
rate and breathing volume to meet the oxygen needs of the muscles that activate.
Aerobic exercise is easier to perform than medication and has fewer side effects.
Experiments have shown that aerobic exercise can significantly reduce blood
lipids and increase HDL-C [34]. Several studies have further analyzed the effects
of different aerobic exercise intensity and duration on lipids. For example, Kraus
etal. randomized 111 overweight patients with mild-to-moderate dyslipidemia
and sedentary habits into a control group and three aerobic training groups:
high-intensity/high-activity aerobic exercise, high-intensity/low-exercise aero-
bic exercise, and moderate-intensity/low-exercise aerobic exercise. The results
showed that the blood lipid changes in the high total exercise group and the
high-intensity group were significantly better than those in the low total exercise
group and the control group. The improvement in lipid levels in the low total
exercise group was better than in the control group [35]. These findings indicate
that overall aerobic exercise has a greater impact on blood lipid levels compared
to the intensity of exercise. Within a certain range of exercise intensity, increas-
ing exercise intensity can enhance the beneficial effects on blood lipids, but
beyond a certain point, the positive effects of exercise on blood lipids tend to di-
minish. For instance, research has shown that low-intensity exercise can improve
lipoprotein cholesterol compared to short-term high-intensity exercise [36].

2. Resistance training, also known as strength training. Studies have shown that
strength training of a certain intensity can also significantly reduce blood lipid
levels in the body. For example, a prospective study of lipid and lipoprotein lev-
els in previously sedentary men (mean age 33) and women undergoing 16 weeks
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of weight training (mean age 27) found that after 16 weeks of strength train-
ing, women reduced cholesterol by 9.5%, LDL-C by 17.9%, and triglycerides by
28.3%. The ratio of total HDL-C and low-density lipoprotein cholesterol-high
lipoprotein cholesterol decreased by 14.3% and 20.3%, respectively. In men,
LDL-C was reduced by 16.2 percent, while the proportion of total HDL-C and
LDL-C decreased by 21.6 and 28.9%, respectively [37].

3.Effects of aerobic training in combination with other training on lipids. The
combination of strength training and aerobic training can improve lipid metabo-
lism by increasing the activity of key enzymes and promoting the breakdown
and excretion of fats and cholesterol. This can lead to improvements in cardio-
vascular health and a reduced risk of metabolic diseases such as hyperlipidemia
and atherosclerosis. Strength training combined with aerobic training can better
promote the secretion of lipolytic hormone in the body and reduce insulin secre-
tion. It not only increases fat mobilization and burning, but also increases the
gene expression level of high-density lipoprotein receptor, increases the induc-
tion synthesis of HDL-C-related APOA1 apolipoprotein, increases the level of
HDL-C in the body, and also reduces the level of LDL-C in the blood, so that the
body can improve the metabolic capacity of cholesterol and cholesterol esters,
and achieve the purpose of reducing blood lipids.

In addition to the above-mentioned exercise, Tai Ji Chuan in the prevention and
improvement of hyperlipidemia has been studied, the study shows that Tai Ji Chuan
in the promotion of whole body blood lectured, regulating blood lipids in the human
body, etc. [38]. Brisk walking is very popular among middle-aged and elderly people,
while patients with hyperlipidemia can choose the exercise time and intensity accord-
ing to their own situation to achieve the purpose of alleviating hyperlipidemia.

3.4 Establish reasonable exercise habits

There is no doubt that exercise has a clear regulatory effect on blood lipids, and
numerous studies have shown that exercise not only has a positive effect on dys-
lipidemia patients, but also helps to improve blood lipid status. However, there are
many things to be aware of before starting to exercise. The most important thing is to
choose the right exercise method for your physical condition and make a reasonable
exercise plan. Reasonable exercise habits can help you better reduce blood lipids,
improve dyslipidemia, and maintain health.

1. Be sure to warm up before exercise, warming up can improve the excitability of the
central nervous system and muscles—awaken all parts of the human body involved
in movement, and improve the excitability of the neuromuscular system. Improve
muscle blood supply, activate muscle fibers, accelerate the contraction and relax-
ation of active muscles and antagonist muscles, produce a post-activation enhance-
ment effect, and increase the contraction speed and contraction force of muscles,
and be more conducive to exercise [39]. After warming up and raising body tem-
perature, the elasticity and stretch ability of muscles and ligaments increases, so
that muscle viscosity decreases, elasticity is enhanced, and the probability of sports
injuries is reduced, and at the same time, by increasing body temperature, accelerat-
ing the speed of energy supply to the body, strengthening the metabolic process of
substances in the body, it can also consume more fat and better reduce blood lipids.
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2. Reasonably plan your exercise intensity and exercise time. Too high or too low
exercise intensity is not conducive to causing significant improvement in blood
lipids. Most of the beneficial changes occur when the intensity of exercise training
is between 50 and 70% of the maximum oxygen uptake, and high-intensity exercise
training does not appear to bring more beneficial changes than moderate- and
low-intensity exercise training. Animal experiments have also confirmed that too
high-intensity endurance exercise training not only does not improve dyslipidemia,
but may accelerate the occurrence of dyslipidemia. Therefore, too intense exercise
intensity or too long exercise is not suitable. The intensity of exercise is best at mod-
erate intensity and is not recommended to exceed it. The test is based on your heart
rate per minute to judge your exercise intensity. The target heart rate value is calcu-
lated as: [220-age (1 year old)] x 60-70%, which is the moderate-intensity exercise
range, and be sure to use the heart rate intensity range that you can accept. In terms
of exercise time, exercise for at least 30 minutes a day, and 60 minutes is better. If
it is difficult to exercise for 30 minutes at a time, start with 10 minutes and accu-
mulate through multiple 10 minutes to 30 minutes. LDL is the largest part of total
cholesterol, this reflects changes in total cholesterol levels. For people who want
to improve hyperlipidemia, lowering higher LDL indicators is the most important
goal. This requires at least 250-300 minutes of aerobic exercise per week, burning
about 2000 kilocalories to help reduce fat content and body weight, and is expected
to reduce LDL-C by about 5-8% after 12-16 weeks.

4. The influence and regulation of psychological factors on
hyperlipidemia

4.1 Mechanism of action of psycho-emotional state on lipid metabolism

Usually, when a person is in a stable emotional state, the lipid metabolism process
does not undergo significant changes. The metabolism of triglycerides, phospho-
lipids, cholesterol, and plasma lipoproteins is regulated by insulin, glucagon, diet,
nutrition, biochemical enzyme activity in the body, and other complex and precise regu-
lations, and is transformed into material components required for various fine biochem-
ical reactions in the body. The liver, adipose tissue, and small intestine are important sites
for synthesizing fat, with the liver having the strongest synthesis ability. After synthesis,
it needs to combine with apolipoprotein, cholesterol, etc., to form extremely LDL, which
is transported into the bloodstream and stored or utilized in extrahepatic tissues.

When psychological stress occurs, lipid metabolism changes accordingly, and
psychological stress includes two types: chronic and acute. Previous studies have
shown that acute psychological stress has a relatively small impact on blood lipids,
while chronic psychological stress may have a more significant impact on the occur-
rence and development of CVD. The mode of action of acute psychological stress is
relatively strong and one time; chronic psychological stress is relatively mild, but it
occurs frequently and lasts for a long time, usually from days to months. At present,
the mechanism by which stress causes an increase in plasma lipid concentration is
still unclear. One viewpoint is to use a stress-induced lipolysis model to explain the
increase in blood lipids, which refers to an increase in cholesterol secretion by the liver
during the stress process, leading to an increase in circulating cholesterol concen-
tration. Adrenaline affects the activity of lipoprotein lipase, liver lipase, and other
hormone-sensitive lipases, thereby increasing the release of fatty acids from adipose
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tissue and providing the liver with substrates for the synthesis of TG and VLDL. In
vitro experiments have shown that adrenaline can effectively inhibit the secretion of
lipoprotein lipase and human leukocyte antigen after translation. In addition, adrena-
line may directly stimulate the release of free fatty acids in adipose tissue, which
accelerates the process of liver cholesterol secretion.

4.2 Interaction between dyslipidemia and mental state

The psychological risk factors of patients with hyperlipidemia include somatiza-
tion, interpersonal disorders, marital discord, anxiety, depression, and anger. At the
same time, it was also found that the psychological risk factors of hyperlipidemia
patients include age, educational level, gender, lifestyle habits, dietary structure, body
mass index, and potential social discrimination. Patients with long-term hyperlipid-
emia often also suffer from diseases such as coronary heart disease and pancreatitis.
These diseases can bring great mental pressure to patients, leading to extreme emo-
tions such as anxiety and anger. Under the influence of extreme emotions, physical and
mental health can face great threats. Emotional regulation plays an important role in
alleviating the negative impact of dyslipidemia on mental state. Type 2 diabetes melli-
tus (T2DM) can cause secondary hyperlipidemia. Patients with type 2 diabetes treated
with insulin typically have more comorbidities [40]. Emotional distress was the most
common type of distress in T2DM patients using antihypertensive or antihyperlipid-
emic medications [41]. High blood lipids can also cause other diseases, and hypercho-
lesterolemia are possible risk factors for restless leg syndrome [42]. Dyslipidemia is the
main cause of cardiovascular complications in diabetes mellitus (DM) [43].

Different people have different psychological resilience, pressure resistance, and
perception of the external environment, so the way they handle negative emotions also
varies. Some people are very sensitive, while others are not easily influenced. Faced with
the generation of negative emotions, a group of people usually resort to the bad practice
of overeating. Impulsive behavior when distressed exacerbated the link between weight-
based teasing distress and loss of control eating frequency [44]. Overweight patients
should be informed that there is not only a risk for the commonly known consequences
such as diabetes, hypertension, coronary artery disease, and heart failure, but also that
there is a greater risk of developing atrial fibrillation and a subsequent risk of stroke
and death [45]. This usually leads to a sudden increase in obesity and a surge in body
mass index. There is a close relationship between body mass index and hyperlipidemia
patients, and the higher the body mass index, the higher the incidence rate. Obese
people accumulate a large amount of fat in their bodies, which leads to the accumulation
of triglycerides in the liver endoplasmic reticulum. They cannot combine extremely
dense lipoprotein to secrete into the blood circulation, which leads to the disorder of fat
metabolism and the increase of blood lipids.

To alleviate the mental stress caused by dyslipidemia, patients should avoid
emotional tension and excessive excitement, which can cause an increase in blood
cholesterol and triglycerides levels. In such cases, small doses of sedatives can be used,
to avoid mental side effects caused by long-term medication use by patients.

4.3 How to maintain a good mood

Current guidelines do not stipulate the atherogenic lipid profile in the postprandial
state as a target for therapy nor do they give any target values for the parameters of
postprandial hyperlipidemia [46]. Therefore, maintaining a good emotional state is
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necessary for physical and mental health, and the following activities can be used to
maintain a good mood. Some people choose to use prayer to maintain stable emotions.
We did not find a significant association between the perceived appropriateness of one’s
emotional reaction and use of prayer to manage emotions [47]. You can go to a hair salon
to get a new hairstyle. Psychologists believe that if a person change their hairstyle when
their mood goes bad, it can suppress the early onset of bad emotions and interfere with
the production of hormones that cause depression. Moreover, changing hairstyles can
provide psychological relaxation and pleasure, leading to an improvement in mood.
Limited social competence hinders acquisition of adequate coping strategies [48]. A bal-
anced diet is also important for maintaining health and maintaining a healthy mindset.
Firstly, add sweet potatoes or yams to rice. Secondly, it is important to eat more leafy
vegetables and add nuts to the dishes. Crushed nuts can not only be seasoned, but also
reduce the use of salt. The third is that appropriate seaweed can be added to the soup.

The improvement of mood through exercise cannot be ignored. Individual
responses to anger reduction are idiosyncratic and the match between the individual
and the activity may be more crucial than the activity itself [49]. Regular and moder-
ate exercise can help us overcome symptoms of depression and anger. Compared to
using medication, exercise can alleviate stress caused by lipid abnormalities. Exercise
can alleviate anxiety. Anxiety is another extremely common emotional disorder,
manifested in a loss of interest in life and fear of bad outcomes, helping people restore
inner peace and relaxation. Through the continuous accumulation of exercise, people
will also gain higher self-esteem and increased confidence through self-transcen-
dence. We can also do more mental health tests in our daily lives to ensure that our
emotional state is in a relatively positive state, in order to make timely adjustments.
But remember, whatever the mechanism, it will be important to determine whether
mental stress testing provides additional risk prediction above and beyond the other
traditional risk stratification tools in different categories of patients [50].

5. The impact and prevention of risk factors on hyperlipidemia
5.1 Close relationship between bad lifestyle habits and hyperlipidemia

Studies have shown that smoking, alcohol consumption, lack of physical activity, and
low intake of vegetables and fruits are positively associated with dyslipidemia [51].

The rate of dyslipidemia in smokers is significantly higher than in non-smokers.
This is because the nicotine and carbon monoxide contained in tobacco can increase
oxidative modification, enhance platelet agglomeration, increase the content of TG,
TC and LDL-C in the body, and reduce the content of HDL-C [52]. Smoking can
affect blood lipid metabolism, and long-term smoking will promote platelet aggrega-
tion and coronary thrombosis, lead to a decrease in vascular endothelial progenitor
cells, slow down the new generation of micro-vessels, and damage to large blood
vessel repair [53]. At the same time, it leads to oxidative stress and inflammatory
response, so that the coagulation fibrinolytic system in the body is dysfunctional.
Moreover, it affects blood lipid metabolism, and induces or aggravates atherosclerosis
and coronary artery spasm. The TC level of smokers was positively correlated with
the age of cigarettes smoked and the number of cigarettes smoked, while the HDL-C
level was negatively correlated with it. The greater the amount smoked by smokers,
the higher the total cholesterol, total triglycerides, TC/HDL, apolipoprotein, and
LDL, which were significantly higher than those who smoked a small amount and did
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not smoke. Its HDL and apolipoprotein are significantly lower than those who smoke
a small amount and those who do not smoke. The rate of dyslipidemia in people who
drink too much is significantly higher than in those who drink little or non-alcohol
[54]. Since alcohol can increase the mobilization of peripheral adipose tissue in the
human body, increase the synthesis of triacylglycerol in the liver, and reduce the
oxidation of fatty acids, resulting in hyperlipidemia, the higher the amount of alcohol
intake, the higher the incidence of dyslipidemia. Long-term heavy drinking can lead
to alcoholic liver disease [55], which initially manifests as fatty liver. Patients with
alcoholic liver disease have poor liver reserve and lipid levels decrease significantly as
the disease progresses. In patients with alcoholic fatty liver disease, blood lipids are
increased, and triglycerides are more pronounced. The patient’s liver function level
will decrease with the degree of decompensation of cirrhosis, and the blood lipid TG
and TC levels will also decrease. Alcoholic liver disease severely affects lipid metabo-
lism, so changes in liver function are often accompanied by changes in lipids.

In addition, the risk of chronic diseases may be higher in people who regularly eat
smoked bacon compared to those who do not eat smoked bacon. The risk of chronic
diseases may also be higher in people who frequently eat out or socialize compared to
those who do not or only occasionally do so. On the other hand, people who consume
moderate amounts of meat may have a lower risk of chronic diseases compared to
those who eat a lot of meat. Bad lifestyle habits are an important influencing factor in
the development of chronic diseases. However, the prevention of chronic diseases is a
complex issue that involves multiple factors in their pathogenesis.

5.2 How to reduce the risk of risk factors for dyslipidemia

Dyslipidemia is easily overlooked because it is not accompanied by obvious clinical
manifestations, but the various diseases caused by it can seriously affect the quality
of people’s life. Current research suggests that dyslipidemia’s mechanisms are closely
related and interconnected, and co-occurring chronic diseases are common. However,
many potential mechanisms of action still need to be explored further. The interac-
tion of multiple chronic diseases can pose greater health hazards to the population
than single-disease chronic diseases [56]. For people with high-risk factors, effective
prevention and treatment measures can help reduce the risk of dyslipidemia and
its associated health risks. It is particularly important to prevent the occurrence of
chronic diseases, especially chronic comorbidities.

We should focus on the lipid levels of patients with hypertension, diabetes, and
hyperuricemia, especially in donors who are closely related to cardiovascular disease,
to prevent the occurrence of cardiovascular disease. It is suggested that relevant depart-
ments should incorporate school testing into the free routine physical examination items
for residents when formulating health prevention strategies and measures, use com-
munity resources to advocate a healthy lifestyle, adopt comprehensive measures such
as scientific diet, reasonable nutrition, smoking cessation and alcohol abstinence [57],
recompose sleep, control weight, strengthen exercise, and control blood sugar of dia-
betic patients to reduce blood lipid levels, and reduce the prevalence of dyslipidemia and
the prevalence of chronic diseases. Try to achieve early detection and early treatment of
chronic diseases, reduce the occurrence of complications and disabilities, reduce the pain
of patients, and improve the health level of patients. High-risk groups and patients need
to understand diseases, standardize behavior and lifestyle, reduce risk factors, improve
the awareness, treatment, and control rates of high-risk groups with dyslipidemia, cor-
rect bad living habits, and better grasp disease prevention and prevention measures [58].
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Lifestyle therapy is the core strategy of dyslipidemia management, and strength-
ening health awareness and awareness of related disease risks, developing healthy
lifestyle, and eating habits have become the key to prevention and treatment.
Therefore, residents can adopt some measures in their lifestyle to reduce the risk of
dyslipidemia risk factors, such as low-carbohydrate diet and Mediterranean diet [59],
actively improve dietary nutritional structure [60, 61], and at the same time carry out
appropriate activities to prevent calorie accumulation [62]. These measures were all
associated with reduced TG levels and elevated HDL-C levels. Among them, exercise
can significantly increase HDL-C and improve TG levels, reduce dietary animal fat
intake, and can reduce the prevalence of blood lipids.

6. Conclusions

This chapter describes the causative mechanisms of hyperlipidemia and how to
prevent it from several aspects: diet, exercise, psychological factors, and lifestyle
risk factors. The descriptions provide the reader with a better understanding of the
importance of lifestyle interventions for improving and preventing hyperlipidemia
on a daily basis. After the development of hyperlipidemia, it is even more important
to strengthen and pay attention to the aforementioned aspects in daily life. Attention
should be paid to actively adopting various lifestyle interventions, which can restore
the body to a healthy condition.
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Cardiorespiratory Training after
Coronary Artery Bypass Surgery
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Abstract

The introduction of the strategically new algorithm for the preparing cardiac
patients for aerobic exercise trainings of different intensity, with the transition from
constant moderate-intensity training to high-intensity interval training, fundamen-
tally changes medical approaches to cardiac rehabilitation after open heart surgery.
We have developed such algorithms with the best combination of cardiovascular and
non-cardiovascular parameters in patients after CABG.

Keywords: aerobic exercise training, coronary artery bypass surgery, risk stratification,
exercise capacity, cardiovascular parameters, non-cardiovascular parameters

1. Introduction

In the recent past, patients who survived myocardial infarction were recommended
bed rest for several weeks [1]. That was the common tactic. Currently, patients both
after coronary artery stenting and after coronary artery bypass grafting are recom-
mended aerobic physical trainings in complex postoperative treatment to improve
functional capacity and reduce the risk of hospitalization and mortality [2].

It is of key importance to understand what the physiological mechanisms are that
aerobic physical training influences the function of the cardiovascular system in
patients with ischemic heart disease.

Randomized as well as non-randomized clinical trials, observational and
case-control studies have proven that physical trainings significantly modify
cardiovascular mortality risk and reduce major cardiovascular and cerebrovascu-
lar events [3, 4]. According to these studies overall mortality reduction has been
beneficial in post-acute coronary syndrome and post-coronary artery bypass
surgery (post-CABG) patients. The specific mechanisms by which physical activity
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Figure 1.

Physiological and psychological effects of aerobic physical trainings in ischemic heart disease patients.

reduces mortality and cardiovascular complications are likely to be multifactorial
and go beyond reducing cardiovascular disease (CVD) risk factors, as positive
effects have also been observed on thrombosis, cardiac performance, cardiac
remodeling, endothelial function, inflammation, and autonomic nervous system
activity (Figure1). It has been found that favorable impacts of exercise training

on thrombotic modification are mediated by suppressed pro-thrombogenic factors
and enhanced anti-thrombogenic factors [5]. Physical activity decreases exercise
induced plasma catecholamine levels and down-regulates platelet a,-adrenergic
receptor performance, thereby reducing Von Willebrand factor-platelet interaction.
Moreover, exercise training enhances substantial nitric oxide (NO) release from
platelets and endothelium. Exercise training provides protection against oxidative
stress by increasing NO bioavailability determining anti-hypertensive effects [6].
While managing oxidative stress exercise training facilitates reduction of systemic
inflammatory markers. The increased content of mitochondria in muscles during
exercise training promotes fat oxidation preferentially rather than carbohydrate
oxidation. This adaptation reduces lactate production and provides longer training
durations while increasing aerobic capacity. Improved cardiac performance mecha-
nism lies through angiogenesis in muscle, mediated by B-adrenergic stimulation of
capillary growth by vascular endothelial growth factors and platelet-derived growth
factors. These processes are stimulated by insulin-like growth factor-1, proportion-
ally expressed during exercise, and have been shown to reverse cardiac remodeling
in animal models. Study by Soci UPR and co-authors [7] showed that post-tran-
scriptional gene regulation associated with exercise training by microRNAs reduces
remodeling through interactions between metabolic, contractile and epigenetic
genes. Angiotensinogen II modulation during exercise training causes alterations
in systemic vasoconstriction, sodium and water retention, and aldosterone pro-
duction. Decreasing aldosterone lowers sympathetic tone. Another mechanism of
regulating sympathetic tone is through the actions of plasma adrenomodullin [8]
and atrio/brain-natriuretic-peptides which are tied closely to aerobic consumption
[9]. These molecules attenuate blood pressure by suppressing noradrenaline and
endothelin-1, improving endothelial responsiveness and function. Regular physical
activity increases parasympathetic tone in sympathovagal signaling resulting in
heart rate variability changes towards better prognosis.

A key requirement for the function of the cardiovascular system during exercise
is to ensure the delivery of the necessary amount of oxygen and other nutrients to
the working muscles. To this end, muscle blood flow during physical work increases
tremendously [10]. The relationship between cardiac output and peripheral muscle
function, and between oxygen consumption and peripheral muscle performance at
different load levels, is linear. Muscle work increases the need for oxygen, and this,
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Risk stratification (RR) protocols for CVD patients participating in cardiac rehabilitation Reference
(CR)

Category of patients Parameters used for RR Risk

included groups

American Association Patients after Stress-test with METs, Low, [12]

of Cardiovascular MI, coronary ischemia, angina medium,

and Pulmonary revascularization symptoms, silent ischemia, high

Rehabilitation arrythmias, LV EF, BP,

(AACVPR) HR, CHF symptoms

American College Patients with CVD Stress-test with METs, Low, [13]

of Sports Medicine and any other ischemia, angina medium,

(ACSM) individuals symptoms, silent ischemia, high

arrythmias, LV EF, BP,
HR, CHF symptoms

American Heart Patients with various Stress-test with METs, Low, [14]

Association (AHA) CVD, including ischemia, angina medium,
congenital and symptoms, arrythmias, LV high
acquired heart EF, BP, CHF symptoms
diseases, post-CABG,
after stenting, chronic
heart failure (CHF)

F. Pashkow (USA) Patients after Stress-test with METs, Low, [15]
M], coronary perfusion and kinetical medium,
revascularization defects during stress high

tests, ischemia, angina
symptoms, arrythmias,
late ventricular potentials
assessed by high resolution
ECG, LV EF, BP, CHF
symptoms

Brazilian Society of Patients after Stress-test with METs, Low, [16]

Cardiology (BSC) M], coronary ischemia, arrythmias, LV medium,
revascularization EF, BP, CHF symptoms high

French Society of Patients after Stress-test with METs, Low, [17]

Cardiology (FSC) M], coronary ischemia, angina medium,
revascularization symptoms, arrythmias, LV high

EF, BP, CHF symptoms;
echo- and ECG stress tests,
anamnesis

Spanish Society of Patients after Stress-test with METs, Low, [18]

Cardiology (SSC) MI, coronary stress-test with Thallium; medium,
revascularization ischemia, angina high

symptoms, arrythmias, LV
EF, BP, CHF symptoms;
VO, ax for competitions

CVD—cardiovascular diseases; RR—rvisk stratification (visk of morbidity and movtality, associated with exercise
trainings); MI—myocardial infarction, BP—blood pressure, HR- heart rate, CHF—chvonic heart failure, LV EF—left
ventricular ejection fraction, ECG—electrocardiogram, MET—Metabolic equivalent, used for the assessment of
baseline physical activity and exercise tolerance during stress tests, measured through the determination of peak oxygen

consumption—VO, at rest.

Table 1.

Risk stratification (RR) protocols for CVD patients participating in cardiac rehabilitation (CR).
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in turn, leads to the expansion of muscle blood circulation, increasing venous return
and cardiac output [11]. In physical training, the proportional contribution of the
change in heart rate to the increase in cardiac output is undoubtedly higher than the
proportional contribution of stroke volume. The stroke volume normally reaches

its maximum by the time the cardiac output increases only to half of its maximum.
Any additional increase in cardiac output is possible only through an increase in the
heart rate. The power of the load performed by patients depends not only on central
hemodynamics, but also on the processes that develop in the myocardium of the right
and left ventricles in chronic heart failure.

The interest of most researchers, including our interest, is focused on assessing
the impact of physical training on the functional ability of the cardiovascular system
and the physical performance of cardiac surgery patients who have undergone heart
surgery.

To assess the condition of patients who have undergone coronary artery bypass
grafting (CABG) surgery and the choice of the optimal training program, the analysis
of the risk of adverse events associated with physical training, as well as cardiore-
spiratory readiness, is of ongoing interest. The introduction of strategically new
algorithms for preparing cardiac surgery patients for physical training programs of
varying intensity, with the transition from constant moderate-intensity training to
high-intensity interval training, makes it possible to fundamentally change medical
approaches to cardiac rehabilitation after open-heart surgery.

Till now are published 7 international protocols for cardiac risk stratification to
conduct effective and safe training programs in adult patients with cardiac pathol-
ogy, mainly with coronary heart disease. These are the protocols of the American
Association for Cardiovascular and Pulmonary Rehabilitation [12], the protocol
of the American College of Sports Medicine [13], the American Heart Association
[14], the protocol of Frederick Pashkov [15], the protocols of the Brazilian Society
Cardiology [16], the French Society of Cardiology [17] and the Spanish Society of
Cardiology [18]. An analysis of these protocols showed the lack of uniform standards
and discrepancy in this matter [19] (Table 1). Differences were valued in the statisti-
cal significance range of 5% and in most protocols additional studies were conducted
to identify cardiac risk of cardiovascular events. The most used test for these purposes
was the ergospirometry test. This method has high specificity and reliability, allows
to detect myocardial ischemia, arrhythmias, and most importantly, gives the value of
the MET (metabolic equivalent) indicator.

In the Russian clinical guidelines for cardiac rehabilitation and secondary preven-
tion of patients after CABG, there is no risk stratification protocol for the selection of
patients after CABG to conduct effective aerobic cardiorespiratory trainings (CRT),
only a gradation by functional classes of chronic heart failure (CHF) is presented [20].

With all the above in mind, the aim of our study was to develop new approaches to
the selection of patients after CABG for the efficient and safe aerobic CRT.

2. Materials and methods
2.1 Study design and study subjects

The study included 137 patients (70 men, 67 women, mean age 68.5 + 8.3 years)
after CABG at the A.N. Bakulev National Medical Research Center for Cardiovascular

82



A New Algorithm for the Selection and Risk Stratification of Patients for the Efficient Aerobic...
DOI: http://dx.doi.org/10.5772/intechopen.1003996

Surgery. 90.4% of patients after CABG were classified as being in first functional class
chronic heart failure. Mean left ventricular ejection fraction was 58% = 5.6. 47.8%

of patients underwent on-pump CABG and 52.2% of patients underwent off-pump
CABG. In most cases 3 vessel CABG was performed.

After surgery, all patients underwent a set of clinical, instrumental and laboratory
research investigations, including standard electrocardiography, a test with physical
activity on a treadmill/ergospirometry test, a 6-minute walk test, Holter ECG moni-
toring, transthoracic echocardiography, as well as standard laboratory examinations:
complete blood count (hemoglobin, erythrocytes, hematocrit, platelets, leukocytes),
biochemical blood test (total protein, albumin, creatinine, urea, alanine aminotrans-
ferase - ALT, aspartate aminotransferase - AST, glucose, potassium, sodium, total
cholesterol, low and high density lipoproteins) and blood coagulation status (pro-
thrombin time, international normalized ratio, activated partial thromboplastin time,
degree of platelet aggregation).

Prior to surgery, all patients underwent coronary angiography, duplex scanning
of the extracranial part of the brachiocephalic arteries and arteries of the lower
extremities.

Patients who were unable to perform a 6-minute walk test, with a hemoglobin level
of less than 95 g/1, with an ALT level of more than 40 U/1, hepatitis, liver dysfunction,
liver cirrhosis, and with Gilbert’s disease were excluded from the study. Patients with
neurological disorders were also excluded from the study. Orthopedic disorders and
severe atherosclerosis of the arteries of the lower extremities, which limited the abil-
ity to participate in training programs were also among exclusion criteria. The clinical
characteristics of patients are presented in Table 2.

Major endpoints of the study included: risk stratification of adverse events associ-
ated with exercise training after CABG, determination of groups of patients with low,
medium, and high levels of physical readiness for aerobic physical CRT of different
intensity based on the use of clinical, instrumental and laboratory indicators such as
the FIT-treadmill index, ALT (alanine aminotransferase) and the level of postopera-
tive hemoglobin. Study design is presented as Figure 2.

Variables Patients after CABG
Number of patients, n, absolute number 137

On pump CABG/ off pump CABG (%) 47.8%/52.2%
Male 51%

Female 49%

Mean age (years) 68583
Body mass index 268 +5

METs 63+0.3
Mean left ventricular ejection fraction (%) 58 £5.6
Chronic heart failure class I (number of patients %) 100%

MET—Metabolic equivalent is the amount of exertion that corresponds to a state of rest. MET is measured through the
determination of peak oxygen consumption—VO, at vest. It vepresents the baseline physical activity level.

Table 2.
Clinical characteristics of patients assigned to cardiovespiratory trainings (CRT).
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Figure 2.
Study design.

2.2 Exercise protocol

For exercise training in our study, we used ERG 911 bicycle ergometers
manufactured by Schiller (Switzerland). Aerobic physical training on bicycle ergome-
ters was carried out for 4 weeks: it started 30 days after the surgery and then continued
on an outpatient basis. In the first 7 days, training was carried out with a Pulse-steady-
state protocol, the second week - with a ramp interval protocol. First week the duration of
the exercises was on average 20 minutes, in the second week — 30-35 minutes.

In a pulse-steady-state protocol, heart rate training and ergometer load are interre-
lated, with the ergometer load being an adjustable parameter. The load of the ergom-
eter is adjusted to maintain a constant “training heart rate”. In addition to the training
itself, this program is very suitable as a reference for comparing with other training
programs. The exercise regimen was calculated using ergospirometry data based on
the maximal or peak VO,,

The ramp interval protocol is a protocol with a linear increase in load between two
levels with heart rate control. The workload in this program includes two levels, which
replace each other. The load at which the training heart rate is first reached serves as a
reference load to determine the lower return point, calculated by subtracting a certain
value from the upper load level. As soon as the training heart rate is reached the load
will be continuously reduced to the lowest point of return.
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Regarding the intensity of aerobic physical training, we used trainings of moderate
and high intensity. In moderate intensity training the goal was to reach 60-75% of peak
oxygen consumption (VO,). In high-intensity training, the goal was to reach 80-85%
of peak oxygen consumption (VO,). The choice of training intensity method was based
on the patients’ belonging to certain groups and a linear relationship between heart rate
and VO,. In our study we used high-intensity interval training (HIIT) programs with a
4-minute high-intensity workout regimen followed by intermediate 3-minute rest breaks
(Nordic model) as well as constant training programs of moderate intensity (MICT).
The intensity and mode of training were determined individually depending on the
level of physical readiness of patients based on the developed algorithm. As a follow up,
patients were advised to continue physical training individually based on the selected
type of training. Remote monitoring of exercising patients within the study lasted from
4 months (120 days) to 1 year to assess survival, mortality, and morbidity.

2.3 Assessment of risks associated with physical training

One of the main endpoints of our study was to determine the predictive role of
the RARE scale in the development of adverse events due to physical training on the
example of our patients after CABG.

Patients were divided into groups depending on the low or high risk of adverse
events according to the well-known and generally accepted scale of assessment of
risks associated with physical training (RARE score) [21]. The RARE (risk of activity
related event) scale considers resting heart rate, resting blood pressure, functional
activity in METs, ischemic events according to the well-known classification of angina
pectoris and ST segment changes, left ventricular ejection fraction, and the presence
or absence of arrhythmias. Each of the indicators is assigned a value from 0 to 4,
except for heart rate and blood pressure, which are assigned 2 points. The RARE scale
is determined by summing the scores of all six of the above indicators and can range
from O to 20 points. Patients with a score of >4 are at high risk of adverse events, and
patients with a score of <4 are at low risk.

In the RARE scale, there are 5 large criteria, which are assigned 4 points: <6.0
METS exercise tolerance, LVEF <20% (left ventricular ejection fraction), recur-
rent VT (ventricular tachycardia)/VF (ventricular fibrillation) in the absence of
AMI (acute myocardial infarction), or severe ischemia (III-IV FC according to the
Canadian classification CCS, ST-segment depression more than 2 mm, multivessel
lesion of the coronary arteries/proximal significant stenosis of anterior interven-
tricular descendance or stenosis of the trunk of the left coronary artery. Thus, the
RARE score identifies high-risk patients with a combination of small criteria, such
as hypotension with moderate left ventricular dysfunction, atrial fibrillation (AFIB)
with a frequent ventricular response, or angina pectoris II FC according to CCS with a
moderate decrease in exercise tolerance.

The group of higher risk of developing adverse events during physical training on
the RARE scale included patients of the older age group, female, with diabetes and
hypertension, and a high body mass index (Table 3). Carotid atherosclerosis was
prevalent in the higher risk group.

2.4 Assessment of survival by FIT treadmill index

There are 3 components to physical training: frequency (how many times a week
the training takes place), intensity (how intense the load is during training), and time
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Variables Lowrisk (n=96) High risk (n = 41) P
Age, years 61+11 67 +10 <0.001
Gender m/f, (number of patients %) M-77%/F-23% M- 48%/F- 52% 0.017
Waist, size in cm 85+13 108 + 16 <0.001
Weight, kg 86.8 + 175 88.5+214 03
Body mass index kg/m” 29653 311+ 69 0.03
Heart rate, beat/min 67 +13 67+14 0.483
SAP, mmHg 118 + 15 121+19 0.02
DAP, mmHg 73+9 7111 0.034
Left ventricular EF, (%) 61.5+8.6 56.5 £ 13.5 <0.001
METs 84+19 58+15 <0.001
Total cholesterol, mmol/l 3.56 +1.01 37+1.2 0.087
HDLP mmol/l 117+ 031 115+ 0.34 0481
LDLP mmol/l 1.8+0.82 1.88+0.95 0.26
TG, mmol/l 13+0.77 1.53+1.39 0.007
HbA;.,% 61+0.8 67+12 <0.001
Arterial hypertension (%) 49 60 0.004
Diabetes type 2 (%) 21 36 <0.001
AT of carotid arteries, % 8 20 0.002

Table 3.
Characteristics of post CABG patients with low risk (< 4 points) or high risk (24 points) of developing adverse
events associated with physical trainings based on RARE score.

(how long the training lasts). All these 3 points make up the FIT formula (F = fre-
quency, I = intensity, T = time). By correctly combining all 3 points trainings can be
planned most effectively.

With the advent of fitness, it became possible to establish a reliable survival rate
in patients engaged in fitness, that is, aerobic cardiorespiratory and other types of
training. As part of Henry Ford’s Physical Training Testing and Evaluation Project, the
FIT treadmill score (FIT treadmill index) was calculated [22]. It allows clinicians to
calculate and predict the 10-year risk of survival and mortality in healthy individuals
and fitness patients.

FIT treadmill index =85% maximal predictive HR + 12 x (METs)-4 x (age) +43 if
the patient is female.

Survival = 0.014 (%Max. predictive heart rate + 0.182 (METs) + 0.6381 (female) -
0.0613 (age).

FIT treadmill index was adjusted after CRT (cardiorespiratory training) programs:
FIT treadmill index >100 meant very low mortality risk, FIT treadmill index 1-100
defined low risk, <0 to —100 - intermediate risk, < — 100 to —200 high risk. FIT
treadmill index >100 is associated with 2% risk of mortality in 10 years. FIT treadmill
index between “-100” and “-200” is associated with 38% risk of mortality in 10 years.

The Treadmill FIT Index serves as a quantitative expression of cardiorespiratory
fitness for participation in training programs. It’s easy to calculate. It does not depend
on symptoms, and is not limited to electrocardiographic changes, but includes age
factor and gender in the calculation of risk. Moreover, in addition to determining the
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risk during training programs and prognosis of coronary artery stenosis, it makes it
possible to predict long-term survival. The METs indicator is decisive and universal in
the selection of patients for cardiac rehabilitation, and the FIT index, in the calcula-
tion of which METs is used, can serve as an additional factor for determining cardio-
respiratory fitness.

2.5 Blood measurements

All patients underwent a complete blood count with the determination of hemo-
globin, erythrocytes, platelets, leukocytes; biochemical blood test, including AST,
ALT, glucose, creatinine, alkaline phosphatase, lipid profile. ALT activity was assessed
using the standard Beckman Coulter test. Quantification was carried out using kinetic
UV tests. In order to ensure the maximum catalytic activity of the ALT level in the
blood, activated peroxidase phosphate, which is a necessary co-factor for the catalytic
activity of ALT, was added to all tubes.

In our center, the following reference values have been determined: ALT
10-40 U/L, AST 10-42 U/L.

The reference values of the lipid profile are as follows: total cholesterol
3.1-5.2 mmol/L, Triglycerides 0.4-1.81 mmol/L, HDL 0.75-2.31 mmol/L, LDL
0-3.9 mmol/L, creatinine 53-115 pmol/L.

2.6 Statistical analysis

Statistical data processing was carried out using SPSS 22.0 and SAS, version
9.3. The indicators are represented by mean and standard deviation (M + SD) data.
Qualitative indicators were presented in % of the total number of patients in the sam-
ple or in the corresponding group. To compare the performance of the two groups,
the chi-square test, the Fisher (F) test for small samples, the Wilcoxon Matched Pairs
Test, the Mann-Whitney U Test, and its modification of the Mann and Whitney
U-test were used. In the case of more than two independent samples (in the analysis
of indicators in 3 groups), the H-test according to the Kruskal method and Wallis
(Kruskal - Wallis one-way analysis of variance) was used. In the case of a near-normal
distribution, the Student’s test was also used to compare the two samples. Correlation
analysis was performed using Spearman’s rank correlation. The differences were
considered statistically significant at p < 0.05.

A univariate regression analysis was performed using Fisher’s x2 test and Student’s
t-test. Statistically significant parameters (p < 0.05) were introduced into a mul-
tivariate regression analysis (generalized logistic model) to identify independent
predictors; The selection of significant features was carried out using a standard
step-by-step procedure with the inclusion of variables. Survival curves were assessed
using the Kaplan-Meier method and a hazard ratio with a 95% confidence interval.

3. Results

3.1 Therisk stratification of adverse events associated with physical trainings
after CABG

A total of 11 adverse events were recorded in the study, including 8 events in
the high-risk group and 3 events in the low-risk group. All these were small events
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Figure 3.
The dependence of the sensitivity of the RARE scale on the frequency of false-positive conclusions (p = 0.024).

- symptomatic hypotension, hypertension, symptomatic tachycardia, in one case a
short episode of atrial fibrillation (AF), ventricular bigeminy and ST-depression up to
1 mm along the anterolateral wall of the LV. The development of adverse events in our
study associated with aerobic CRT is low 0.8% (11 adverse events per 1370 hours of
training).

Analysis of the dependence of the sensitivity of the scale on the frequency of
false-positive results showed the diagnostic reliability of the threshold value of
the RARE scale >4 points in assessing the risk of developing adverse events due
to physical training. According to linear regression analysis high-risk group had a
significant predictive significance in the development of low-risk events (R = 0.09,

B = 0.023, P = 0,024) and there was a tendency to increase the risk of adverse events
with the growth in the RARE scale (relative risk 4.2; X% =5,12; p = 0.024, power 0.62)
(Figure 3).

The low positive predictive value of the RARE score of 3.1% according to linear
regression analysis in our study indicates that it is necessary to concentrate on iden-
tifying patients who have a low, rather than high, risk of developing adverse events
during physical training. In this respect, the RARE scale accurately gives the possibil-
ity to determine patients with low risk, since none of the patients in this group had
large/significant complications and the vast majority were free from any events in the
long-term period.

3.2 The role of laboratory parameters in the selection of patients after CABG for
aerobic CRT

When determining the role of laboratory parameters for the selection of groups
after CABG with a low, medium, and high level of readiness for aerobic CRT,
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attention was focused on 2 indicators of hemoglobin and ALT levels. According to the
recommendations of the European Society of Cardiothoracic Surgeons, the hemo-
globin level <100 g/1 after CABG is considered the threshold for entry into cardiac
rehabilitation programs and it is proposed to refrain from starting aerobic CRT [23].
With hemoglobin of 100 g/1 or less, the tolerance to physical activity, determined by
the test with a 6-minute walk, is significantly lower.

In our study, a hemoglobin level of 100 g/L was detected in 55 (40.15%) out of
137 patients (including 10 women, 45 men) before the onset of CRT. In 82 patients
(60%), the hemoglobin value was more than 100 g/l and ranged from 100 to 130 g/1.
Before the onset of aerobic CRT in the subgroup of patients with hemoglobin
95-100 g/1, the average distance during the 6-minute walk test was 258 + 106 meters,
while in the subgroup of patients with hemoglobin more than 100 g/1 306 + 101
meters (p = 0.007). The maximum METs on the treadmill, the maximum heart rate
and the threshold heart rate were significantly lower in the hemoglobin group of
95-100 g/L. Depression of the ST segment of a non-ischemic nature, as well as the
inversion of the T-wave and single VE during exercise also occurred significantly
more often in patients with hemoglobin 95-100 g/1. At a hemoglobin level of 100 g/1
or less, the distance covered in meters during a 6-minute walk test was significantly
lower, and in these patients, there was a significant increase in that distance after the
course of CRT.

Generally, in all patients, the average distance in meters for 6 minutes increased
from 298 + 100 meters (before the onset of CRT) to 431 + 90 meters at the end of the
CRT course (p = 0.001) (Table 4). Thus, even if exercise tolerance is reduced with
a hemoglobin value of less than 100 g/, the absolute value of the 6-minute walk test
is acceptable (200 m). Moreover, this “gap” in exercise tolerance is fully restored in
7 weeks (49 days) of CRT, when physical fitness no longer depends on hemoglobin
values.

It has been proven and known that the alanine aminotransferase - ALT threshold
level of <17 U/L is associated with an increased probability of long-term mortality in
patients with coronary heart disease [24, 25]. Considering the significant prognostic
role of ALT in large studies, we divided our patients into groups depending on the
ALT serum level.

It turned out that in the group of patients with an ALT level of <17 U/L, exercise
tolerance measured in METs and exercise duration was significantly lower, resting
heart rate was significantly higher and reserve heart rate was significantly lower
(Table5).

In addition, the level of ALT <17 U/L was most significantly associated with
(p 0.001) older age (>67 years), body mass index (<25.8) and female gender. When

Hemoglobin Distance in meters by p (between Distance in meters by p(between
(g/D) 6 min walk test before groups) 6 min walk test after groups)
CRT CRT
95-100 258 + 106 415+73
100-130 306 + 101 0.007 43795 0.166
Table 4.

Distance covered by 6-minute walk test in patients with different hemoglobin level before and after cardiac
respiratory trainings (CRT).
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ALT<17 U/l ALT<40 U/l
METs 6.86+ 0.2 783 +15 p0.01
Test duration (min, sec) 6 min 41 sec + 1.5 min 8 min 44 sec + 2.5 min p0.01
Rest heart rate, beat/min 72+13 65+10 p0.01
Reserve heart rate beat/min 4924 54 +24 p0.01
Max. Systolic AP mmHg 164 + 34 161+ 27 p0.44

Tables.
Comparative analysis of MOD-Bruce treadmill stress-tests based on ALT level.

included in a multivariate regression analysis, hemoglobin<100 g/L and ALT<17 U/L
independently of each other, and from other indicators, were associated with reduced
exercise tolerance and thus with reduced cardiorespiratory suitability for cardiorespira-
tory training after CABG.

3.3 The role of the FIT treadmill index in the determination of cardiorespiratory
fitness and the prediction of survival after CABG

In our study, 137 patients after CABG were followed up for 1 year. Before
entering the cardiac rehabilitation program with the use of aerobic CRT, the average
level of METs according to the BRUCE protocol was 6.3 + 0.3. In 4-weeks of aerobic
CRT, the average level of METs according to the BRUCE protocol was 8.3 + 2.2
and exercise tolerance significantly increased by an average of 2.0 + 1.2 METs.

(p £0.05).

By risk category, before the start of aerobic CRT, 70% of our patients had a low
probable risk of mortality (respectively, a high estimated survival rate) and 30% of
patients had an intermediate probable risk of mortality according to the FIT-treadmill
index. Considering the average age of our patients 68.5 to 8.3 years and an almost
equal proportion of men and women (70 men, 67 women), the initial average of the
FIT treadmill index was —69-59.5. After a 4-week course of aerobic CRT, the aver-
age FIT treadmill index was “-30.963.3”. Thus, the average improvement in the FIT
treadmill index was 38,110.2 points. (p < 0.05).

30% of patients who had an initially probable intermediate risk of mortality
according to the FIT treadmill index (they also had a relatively high risk of adverse
events based on the RARE scale>4), after a 4-week course of aerobic CRT using
constant moderate intensity exercises, moved to the group with a low probable risk of
mortality.

In a comparative analysis of the sensitivity, specificity, and predictive reliability
of METs, the percentage of the maximum predictive heart rate (%Max. predictive
HR) and the FIT-Treadmill index, the FIT-Treadmill index was statistically the most
reliable (Figure 4). When analyzing the degree of improvement of the FIT-treadmill
index after aerobic CRT, we identified a threshold value for an increase in FIT-
Treadmill index score of 18.2 points with specificity of 76% (CI = confidence interval
68.1%-80.49%) and sensitivity of 68% (CI 52.9%-79.7%). Estimated survival rates
were shown at 1 year.

Thus, the FIT treadmill index provides a quantitative measurement of cardiorespi-
ratory fitness and allows to predict long-term survival. Obviously, participation in the
cardiac rehabilitation program significantly improves the FIT-treadmill index.
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Figure 4.
FIT treadmill index sensitivity and specificity in post CABG survival prediction.

3.4 Developed algorithms for the selection and risk stratification of patients for
the efficient cardiorespiratory trainings after CABG

Conducted univariate and then multivariate regression analysis resulted in an
algorithm for assessing the readiness and the risk of participation in aerobic CRT
programs for patients after CABG.

Algorithm for the high level of readiness for aerobic CRT and for the low risk of
adverse events after CABG in the presence of one of the following or more criteria
determined the following variables:

* Uncomplicated postoperative course
* Exercise tolerance >7 METs
* < 4 points by RARE score.

* Absence of myocardial ischemia

LV EF >50%

* Absence of high-grade ventricular arrhythmias according to Lown classification

The level of the FIT treadmill index 1-100

Blood ALT level > 17 U/1

The level of hemoglobin in the blood >100 g/1

Algorithm for the low level of readiness for aerobic CRT and an average risk of
adverse events after CABG in the presence of one of the following or more criteria
determined the following variables:
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* The presence of angina pectoris
* Reversible deviations based on the results of a stress test on a treadmill
¢ Exercise tolerance 6-7 METs

* < 4 points by RARE score.

EF LV 45-50%

¢ FIT-treadmill Index level from —56,9 mo —30,9 (<0 to —100)

Blood ALT level < 17 U/1

The level of hemoglobin in the blood <100 g/1

4. Discussion

It has been found that in trained people, regardless of their risk factor profile,
mortality from cardiovascular events over a 30-year period is 50% lower than in
untrained or poorly trained, i.e. physically inactive people [26]. Compared to less
physically active men, the risk of cardiovascular events was shown to decrease
progressively with increasing levels of cardiorespiratory fitness, especially among
individuals with high and very high Agatson calcium index scores [27].

Patients who have undergone CABG have several limiting physical activity fea-
tures such as deterioration of the function of external respiration with a decrease
in respiratory volume, pain syndrome with little physical exertion, during breath-
ing, decreased muscle strength due to immobilization. The presence of following
“syndrome complexes” should be taken into account in the formation of physical
rehabilitation measures: cardiac, post-sternotomy, respiratory, hemorheological,
psychopathological, hemodynamic, metabolic and post-phlebectomy. This popula-
tion of patients is recommended mobilization, including both active and breathing
passive exercises. In the case of positive dynamics in the postoperative period, it is
advisable to start with physical aerobic cardiorespiratory training. Cardiac rehabilita-
tion including exercise training is indicated for all patients after CABG [28]. Our
previous studies have shown positive effects of aerobic exercise training on metabolic
and cardiorespiratory response in study group after CABG compared to control
group without any training programs involved [29]. These positive effects were more
obvious in high-intensity training group compared to moderate-intensity continuous
training group [p < 0.01] in 4 weeks of trainings after CABG. Systematic physical
training 3 times a week for 4-6 months in patients who have undergone CABG was
associated with a significant increase in tolerance to physical activity up to 50% by
12 months and peak oxygen consumption, decrease of elevated heart rate (HR),
improved daily physical activity and cholesterol concentration, level of high-density
lipoproteins and improved quality of life.

Before embarking on a particular program of physical cardiac rehabilitation, a
thorough assessment of the clinical and functional status of the patient is necessary,
which should make it possible to create a risk stratification protocol: calculate the
level of physical readiness for choosing the intensity of physical training, further
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planning a rehabilitation program; to assess the possible risks of various adverse
events, cardiovascular morbidity and mortality in the long-term period after such
operations.

Comparative analysis of 7 international protocols for cardiac risk stratification to
conduct effective and safe training programs in adult patients with coronary artery
disease did not allow to determine the best protocol for stratifying the risk of partici-
pation in training programs [19]. The analysis showed that none of these protocols
was effective in such a prognosis and did not allow patients to be classified as at high
risk of developing complications due to low positive predictive significance and low
sensitivity (Table 1). The predictive significance of the protocols was greatest when
used in the combination. It has been suggested that such encouraging results were due
to a combination of the absence of potential risk predictors and the low incidence of
serious complications during training programs. Although several protocols sug-
gested using the risk stratification criteria associated with increased morbidity and
mortality in the general population, it remained unclear whether the overall risk of
cardiac events and the risk during training programs were the same phenomenon.
Stratification criteria included factors associated with an increased risk of morbidity
and mortality during physical training. However, the existence of multitude single-
center protocols made it difficult to standardize the approach to the correct selection
of patients for effective CRT programs.

When stratifying the risk of various complications, it is advisable and most
effective to use both cardiac risk factors, as well as the assessment of non-cardiac
comorbidities such as diabetes mellitus, chronic obstructive pulmonary disease,
cerebrovascular disease, and peripheral arterial disease.

The purpose of our research was to create a new algorithm for the selection of
patients after CABG for effective and safe aerobic cardiorespiratory training. The
results of aerobic cardiorespiratory training, as well as survival and morbidity, were
evaluated within a year after surgery.

To determine the risk of adverse events associated with physical training, the
international RARE scale was used, which considers heart rate, resting blood pres-
sure, functional activity in METs, ischemic events according to the well-known
classification of angina pectoris and ST-segment changes, left ventricular ejection
fraction, and the presence or absence of arrhythmias.

The risk of adverse events associated with physical training in the study was
extremely low, 0.8%, which is consistent with the data of other investigators. A high
diagnostic reliability of the threshold value of the RARE scale >4 points in assessing
the risk of developing adverse events due to physical training was shown.

The obtained protocol to determine the level of readiness to perform aerobic CRT
after CABG included the following parameters: exercise tolerance in METs, RARE
scale, FIT treadmill index, left ventricular ejection fraction, hemoglobin, and ALT
levels.

The hemoglobin level < 100 g/1 did not serve as an obstacle to the onset of aerobic
CRT, since it determined a reliably acceptable tolerance to physical activity on a
6-minute walk test and proved a significant restoration of the gap in cardiorespiratory
capacity after a course of physical training.

The FIT-treadmill index was used to calculate long-term survival, as it is the pow-
erful predictor of mortality with predictive power independent of age, gender, left
ventricular ejection fraction and other traditional cardiovascular risk factors. It is easy
to calculate. It is independent of symptoms and is not limited to electrocardiographic
changes.
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International risk stratification protocols for the selection of patients for the pur-
pose of safe and effective CRT include neither the RARE scale, nor the FIT-treadmill
Index, or laboratory parameters. Thus, a distinctive feature of our protocol is the ability
to assess the logical pattern of the relationship of certain indicators with cardiorespira-
tory fitness and the possible risk of adverse events due to CRT, as well as the likelihood
of assessing long-term survival in actively exercising and non-exercising patients.
Groups of patients after CABG with low and high levels of readiness for physical car-
diac rehabilitation were defined. It is necessary for the safe and effective performance
of moderate- or high-intensity aerobic CRT in continuous or interval regimens.

Increasing the number of cardiac patients with concomitant pathology imposes
the search and development of new criteria for efficient and safe cardiac rehabilita-
tion after open heart surgery. The growing interest in this problem justifies the
increase in the number of training programs offered. The proposed protocol for the
management of patients after CABG contains a multiplicity of specific terms for

High intensity interval trainings (HIIT) p
Variables 0 weeks 2 weeks 4 weeks Inside Comparison between HIIT
group and MICT (p)
VO,(ml/kg/ 235+57 267 +57 306 +6.9 b * Significant
min)
HR (beat/ 13421 140 + 19 147 + 182 e ** Significant
min)
Power load 154 + 38.8 177 + 45 192 + 469 b * Significant
(Wt)
RER 126 £+ 0.12 1.27+0.12 1.28 £+ 0.11 NS NS NS
0, pulse ml/ 148 +36 16+ 35 186 +35 e NS NS
beat/min
Moderate intensity continuous trainings
(MICT)
VO, (ml/kg/ 224:56 252+62 278 +6.7 X b * Significant
min)
HR (beat/ 129 £ 211 133+223 138 +21.5 X b * Significant
min)
Power load 145+ 41 169 + 479 180 + 46.6 X b * Significant
(Wt)
RER 1.26 + 0.11 1.26 + 0.09 1.27+0.09 NS NS NS
O, pulse ml/ 147 +29 159 £33 16.7 +3.2 b NS NS
beat/min

a

variables in 2 weeks significantly differed from baseline.

variables in 4 weeks significantly differed from baseline.

“variables in 4 weeks significantly differed from variables in 2 weeks of CRT.

*p < 0.05; **p < 0.01; ***p < 0.001; NS—nonsignificant, HR—heart rate.

O5-pulse—it is the volume of O, that the blood absorbs with each contraction of the heart. O-pulse = (VO,/HR).
Normal values: 11-17 ml/beat /min.

RER respiratory exchange ratio—this is the ratio of O, consumed and CO, products. The RER reflects the level of
transition from the aerobic supply zone to the anaerobic zone. At the time of transition from aerobic to anaerobic mode,
the respiratory coefficient becomes equal to 1. The maximum value of the RER > 1 characteriges the maximum speed
endurance.

=

Table 6.
Comparative analysis of VO2, heart rate, power load, RER and O2 pulse.

94



A New Algorithm for the Selection and Risk Stratification of Patients for the Efficient Aerobic...
DOI: http://dx.doi.org/10.5772/intechopen.1003996

monitoring the effectiveness of the measures taken, predictors by which the quality
and efficiency of each individual case can be assessed.

Clinical implementation of our algorithms resulted in positive effects on metabolism,
physiology, and hemodynamics of cardiovascular system. 96 patients with a high level of
readiness for aerobic CRT and a low risk of adverse events were offered a transition
from aerobic cardiorespiratory training of moderate intensity for 2 days to high-
intensity interval aerobic cardiorespiratory training (HIIT). 41 patients with a low
level of readiness for physical training and an average risk of adverse events were
offered only moderate intensity continuous training (MICT). Aerobic cardiorespira-
tory trainings were carried out for 4 weeks under clinical observation.

In our study moderate intensity aerobic CRT was defined as a training when 60-75%
of peak oxygen consumption or 60-75% of maximum training heart rate was achieved,
and high-intensity aerobic CRT was defined as a training in which 80-85% of peak
oxygen consumption or 80-85% of the maximum training heart rate was achieved.

As a result of aerobic CRTs, the indicators of peak oxygen consumption signifi-
cantly improved - VO, (peak oxygen consumption), HR, power load and oxygen
pulse (p < 0,001). VO,, HR and power load significantly increased more in the HIIT
group than in the MICT group (Table 6). In both groups, after aerobic CRT of high
and medium intensity, there was a significant decrease in weight, body mass index
(BMI), resting heart rate, a decrease in systolic and diastolic blood pressure, to a
greater extent diastolic blood pressure, and an improvement in high-density lipo-
proteins (HDL) and a significant decrease in triglyceride levels, but the atherogenic
coefficient did not change. From the baseline echocardiography parameters for the
4-week period of aerobic CRT, we observed a statistically significant decrease in the
end-diastolic volume of the left ventricle (p 0.025) and an increase in LVEF (0.003),
to a greater extent in the HIIT group. These observations confirm the positive effects of
aevobic cardiovespiratory training on the physiology and hemodynamics of the cardiovascu-
lar system, lipid and carbohydrate metabolism.

The created algorithm for selecting patients allows safe and efficient usage of
aerobic training programs of moderate and high intensity in continuous or interval
modes, depending on the level of risk and the patient’s cardiorespiratory readiness.
All this ensures the earliest possible start of cardiac rehabilitation programs, their
continuity and duration.
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Chapter 6

Supportive Exercises for Cancer
Patients

Hajer Alhinai

Abstract

Cancer is a major health issue that significantly contributes to mortality worldwide.
In 2023, an estimated 1,958,310 new cancer cases were projected in the United States.
Individuals with cancer may suffer from physical impairments, fatigue, psychological
and social issues that reduce their quality of life. Cancer treatments (post-operation,
chemotherapy, or radiotherapy) can cause several side effects. Exercises or physical
activity are safe and offer a positive impact before, during, and after cancer treat-
ment, encompassing aerobic, resistance, balance, flexibility exercises and others.
Exercises improve quality of life, muscle power, and cardiovascular fitness, while also
preventing other diseases and reducing the risk of cancer recurrence and death. The
aim of this chapter is to clarify exercises’ role in cancer patients. The choice of exer-
cises depends on the diagnosis and patient tolerance, considering contraindications.
Physical activity programs should be informed by guidelines, and individualized in
intensity, duration, type, and frequency to achieve maximum positive impact.

Keywords: oncology, cancer survivors, exercises, physical activity, cancer related
symptoms

1. Introduction

Cancer is a major health issue that significantly contributes to mortality worldwide.
In 2023, an estimated 1,958,310 new cancer cases and 609,820 cancer deaths were
projected in the United States, with over 15.5 million cancer survivors [1]. Cancer
survivors may experience long-term health issues that result from the disease, its
treatment, and related comorbid conditions. The risk of cancer increases with age. The
majority of cancer patients are known to be elderly [2].

Cancer patients require abundant care, especially during the treatment period.
Cancer can impact physical, psychological, social, and economic health, leading
to dysfunction for many years following treatments, difficulty returning to work,
or independent living, and poor quality of life. For example, common side effects
of chemotherapy include but are not limited to, neuropathy, fatigue, nausea, bone
marrow suppression, and immune system suppression [3]. Radiotherapy side effects
may include tightness of skin, loss of range of motion, loss of bone density, secondary
pain, fatigue, and whole-body symptoms similar to the effects of chemotherapy [4].
Additionally, possible side effects of surgery may include pain, scar tissue, swelling,
and a reduction in mobility and strength in the affected limb [5]. Cancer-related
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fatigue is one of the most frequent complaints among individuals who have under-
gone various cancer treatments. It can also be accompanied by feelings of anxiety,
depression, and negativity, or it may increase the mortality rate [6].

There is sufficient evidence to indicate that specific exercise guidelines for cancer
patients improve quality of life, physical fitness, and independence in daily activities.
In addition, it helps prevent cancer recurrence [7]. Exercise can play an important role
in the management of cancer-related fatigue, reduction of pain, improving bone den-
sity, improving and maintaining flexibility of tissues, as well as stimulating the bone
marrow immune response. The Physical Activity Guidelines recommend 150 minutes
of moderate-intensity aerobic exercises spread over 3-5 days. Additionally, twice-
weekly resistance training is recommended, ideally engaging major muscle groups
[8]. Another useful exercise is yoga; it helps with flexibility and breathing. The choice
of exercise should be determined by the patient’s specific condition. A patient’s
response to a specific physical activity may vary due to comorbidities, age-related
demographic characteristics, mobility limitations, or therapeutic side effects [9].

Certain exercises should be avoided or adjusted, especially in cases of bone metas-
tases, bone cancer or lung cancer, as the treatment may cause the bones to be more
brittle and weaker. Some patients need to avoid resistance and high-impact exercises,
which may increase the risk of injury. Conditions such as anemia, characterized by
alow red blood cell count, are often a result of treatment and should be considered
before initiating a physical activity program [6].

Overall, exercises show clinical effects that can improve cancer-related health
outcomes such as fatigue, lymphedema, urinary incontinence, muscle weakness,
osteoporosis, and cancer-related obesity. This chapter introduces common cancer-
related dysfunctions and outlines the importance of exercises based on evidence
among cancer patients.

2. Cancer-related fatigue

The most common issue among cancer patients is fatigue, tiredness, and exhaus-
tion [10]. It is described as a distressing and persistent symptom related to both
cancer and its treatments. Cancer-related fatigue (CRF) differs from normal fatigue;
it is prolonged, more generalized, not relieved by rest or sleep, and leads to a loss of
desire for activities [11]. Most studies reporting cancer prevalence rates found that
65% of individuals complained of fatigue, with figures rising to 80-90% during
chemotherapy or radiotherapy [12]. In addition to hormonal therapy, fatigue can
result from targeted therapy, immune therapy and surgery. The extent of fatigue
from surgery depends on the type of operation, but most people tend to improve with
time. Fatigued patients take 2-3 months to return to normal, but for some, it may take
longer [11]. Cancer-related fatigue affects many aspects of a patient’s life—physically
(performance and activities of daily living), psychologically (mood, self-confidence),
and socially (social activities, relationships)—and causes impairment in overall qual-
ity of life [12].

Assessment of the CRF should be comprehensive. Self-reporting is an efficient
and highly recommended method for measuring CRF. Recent studies suggest that
the most effective screening tool is a numerical rating scale (10-point rating scale).
Patients are asked to score their fatigue level, with 0 indicating no fatigue and 10 indi-
cating the worst possible fatigue [13]. Moreover, contributing factors such as comor-
bidities, mental and medical status, and other factors like anemia, infection, and
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conditions such as thyroid, renal, or cardiopulmonary diseases need to be assessed
with specific attention as these factors significantly contribute to CRF [11].

Prolonged inactivity can lead to a reduction in musculoskeletal mass and power,
psychological well-being, cardiovascular fitness, and activities of daily living [11].
Exercises can be beneficial at different stages of CRF, with no specific form of exercise
found to be more beneficial than others. Exercises have not only been found effective
in reducing CRF but also in improving cardiovascular fitness, psychological well-
being, and quality of life. According to the current exercise guidelines, individuals
should engage in 150 minutes per week of aerobic exercises, 2 days per week of
resistance training, and flexibility exercises on days when no aerobic or resistance
exercise is performed [11].

Resistance exercises not only reduce cancer-related fatigue, but also increase
muscle strength, engage large muscle groups, lower blood lipids, optimize immune
activity and promote an anti-inflammatory state [11, 14]. Randomized control trials
(RCTs) have indicated that both resistance training and endurance exercises are
safe and recommended whether performed at high-intensity or low-to-moderate
intensity (with 12-week exercising program, twice per week). The exercises targeted
large muscle groups with the aim of maximizing improvements in cardiorespiratory
fitness; the relative improvements in peakVO2 (15-20%) for high-intensity and
low-to-moderate, across different types of cancer diseases [14]. Therefore, combining
resistance exercise with aerobic training improves physical functions and reduces
chemotherapy related symptoms, including fatigue [15]. In a meta-analysis involving
3254 participants diagnosed with varying cancer types and stages during or after
treatment, it was observed that combining resistance exercise with aerobic training
at moderate to high intensity for a 6-month follow-up resulted in significantly less
decline in cardiorespiratory fitness (ES, 0.14), improved physical functioning (ES,
0.68), reduced nausea and vomiting (ES, 1.00), decreased pain (ES, 0.60), and better
outcomes for muscle strength (ES, 0.45) and physical fatigue(ES, 0.51). Additionally,
low intensity exercises implemented as a home program prove to be beneficial for
women who may be unable or unwilling to adhere to a higher-intensity program [16].
Aerobic training alone has been suggested as a treatment for CRF. As demonstrated
in another systematic review comprising 40 trials, aerobic training exercises such as
running, swimming, and walking, conducted over a 12-week follow-up, were found to
significantly decrease fatigue in cancer survivors (the effect size in EORTC QLQ-C30
fatigue scale was —22.45 and in Liner analog self-assessment scale was —19.00). This
positive effect was observed even when the exercise interventions were reported as
either moderate to vigorous or low to moderate intensity [17].

For fatigued patients, brisk walking, stationary cycling, or treadmill exercises,
along with other exercises, is recommended for at least 30-60 minutes per week.
Patients can start their exercise routine with a low intensity, such as 5 minutes per
week, and gradually increase up to 30 minutes over the course of a week or month
[18]. Walking at a moderate intensity (50-70% of maximum heart rate) during
chemotherapy and radiation therapy for breast cancer, starting from 10 to 45 min-
utes daily, for 4-6 days per week over 6 months, has been shown to reduce CRF and
improve quality of life in non-cachectic patients [19].

Yoga exercise is another important intervention for preventing fatigue. A study
conducted with breast cancer women shows that yoga, especially with deep breathing
exercises, offers symptomatic relief for depression, sleep disorders, and results in a
substantial reduction in fatigue. It can include different positions, such as the “Dead
Men’s Position” (“Shavasana”) or “The Lying Butterfly” (“Supta Baddha Konasana”).
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Figure 1.
Exercise recommendation for CRF.

Each of these positions was practiced for up to 7-10 minutes for an eight-week
program [18]. Yoga is considered a low-intensity mind-body exercise (BMT). A
systematic review and meta-analysis were conducted to evaluate the effects of yoga,
Tai chi, and Qigong in alleviating the adverse effects of chemotherapy (breast, lung,
and colorectal cancer). Quality of life, fatigue, and the six-minute walk test (6 MWT)
were screened. The study found a significant reduction in fatigue among colorectal
cancer patients undergoing chemotherapy after MBT interventions. The mean differ-
ence was observed in Fatigue: —1.35, 6MWT: —36.05, Quality of life: 3.88 [20]. Long
duration of practicing yoga is more beneficial than short term intervention. A meta-
analysis evaluated the effect of yoga on cancer-related fatigue in 2183 patients with
breast cancer. It was concluded that supervised yoga classes had a significant effect on
CRF (SMD = -0.31, 95% CI(-0.52, —0.10)); the eight-week program demonstrated
a large effect compared to the six-week program, which had a moderately beneficial
effect for 60-90 minutes in each session [21].

Exercises are recommended as a potential treatment for CRF and are supported
by strong evidence (Figure 1). The patient should be encouraged to initiate physical
activity, and the therapist should tailor the intensity and duration of the intervention
based on the patient’s abilities, as outlined in the program’s benefits. However, future
research is required to fully understand the factors and practical obstacles that hinder
cancer patients from engaging in physical activity both before and after their treat-
ment. Additionally, there is need to develop appropriate guidelines or protocols for
CREF. Further studies are needed to assess the effectiveness of yoga exercises in other
type of cancer treatments.

3. Lymphedema

Lymphedema, alocalized form of tissue swelling, is the accumulation of excessive
amounts of interstitial fluid in the tissues, resulting in chronic swelling and other
associated symptoms in one or more regions of the body [22]. Lymphedema develops
in approximately 20-25% of women after axillary lymph node dissection and about
5% after sentinel lymph node biopsy [23].
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Lymphedema can occur during or after many months or years after radiotherapy
or immediately following lymph node dissection, significantly impacting people’s
lives physically, functionally, psychologically, and economically. Patients may report
physical effects of the treatment, including swelling, discomfort, and heaviness.
Breast cancer-related lymphedema can increase the risk of cellulitis and cause skin
and tissue changes, further affecting musculoskeletal issues. For example, trauma
to the long thoracic nerve during axillary dissection and lymph node removal can
lead to shoulder weakness, resulting in scapular instability due to serratus anterior
weakness, frozen shoulder, decreased grip strength, and postural malalignment.
The patient may experience changes in daily tasks, such as household chores,
self-care tasks, leisure activities, and sleep/rest patterns. This, in turn, can then
impact activity, participation, and the overall quality of life [24]. Moreover, it can
lead to psychological issues, including changes to sexual drive, body image, energy
levels, anxiety, depression, and fear. Breast cancer-related lymphedema may further
exacerbate these concerns [25].

The evaluation and examination of lymphatic function starts with patient history,
noting any history of trauma, surgery, radiation, chemotherapy, as well as details
about the duration, onset, and period of chemotherapy. Furthermore, an examination
of skin integrity, a pitting test, circumferential tape measure readings, and bioimped-
ance spectroscopy (BIS) are conducted [26].

There is currently no cure for lymphedema, and the primary objective of treat-
ment is to restore the lymphedema to the latency stage as much as possible. The
gold-standard treatment for lymphedema is the complex decongestive therapy
(CDT) protocol, which includes manual lymphatic drainage (MLD), compression
therapy, exercises, and skin care. In comprehensive management and rehabilita-
tion, the effectiveness and limitations should be determined by the therapist. The
complex decongestive therapy is divided into two stages: the first stage focuses on
intensive treatment for reduction, while the second stage is dedicated to long-term
management for maintenance. The first stage at the beginning includes a manual
lymphatic drainage—a light repetitive stroking massage movement designed to
stimulate the lymph nodes and improve their activity. Compression therapy varies
depending on the stage of treatment. In the initial stage, low-stretching bandages
are used, offering low resting pressure and high working pressure throughout the
day. As patients transition from the initial stage to the maintenance stage, compres-
sion garments are used during the daytime, providing high resting pressure and low
working pressure [27, 28].

Various forms of exercise seem to be safe interventions for treating lymphedema
and offer benefits such as improved quality of life, strength, BMI, and decreased
pain [29]. The standard guidelines recommend avoiding weight lifting using
affected limbs to prevent exacerbations of lymphedema. However, in a controlled
trial assessing the effectiveness of weight lifting among 141 breast-cancer survivors
with stable arm lymphedema, it was concluded that weight lifting did not signifi-
cantly alter the severity of lymphedema associated with breast cancer, as measured
by displaced water volume (an absolute rise of >5 percentage points in the limb
volume difference). Additionally, weight lifting resulted in a decreased incidence
of exacerbations of lymphedema, reduced symptoms, and increased strength.

The exercises consisted of high-frequency dynamic and moderate training, which
included a cardiovascular warm-up, abdominal and back exercises, and weight
lifting exercises. The upper-body exercises included seated rows, chest press, lateral
or front raises, bicep curls, and triceps pushdowns. Additionally, the lower-body
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exercises included leg press, back extension, leg extension, and leg curl (for a
90-minute session, twice weekly for a year) [30].

The compression bandage must be worn during exercises to avoid lymphatic back-
flow. This is because the muscle contractions enhance the movement of lymph within
lymph vessels, resulting in reduced volume and an increased strength pattern [31]. For
example, a study examined the impact of low-intensity strengthening exercises, either
associated with or without Complex Physical Therapy (CPT). The exercises, involving
the use of a TheraBand, stick, and a little ball, were performed for 10-15 repetitions on
2-3 sets, twice a week over 8 weeks. The study concluded that exercises, whether associ-
ated with CPT or not, can be implemented safely and result in similar increases in range
of movement and muscle strength without the risk of increasing upper limb volume with
edema. Whereas, the mean difference of limb volume reduction after exercising with
CPT: 119 mm compared to without CPT: 297 mm [32]. In a single randomized controlled
crossover trial, it was found that gynecological cancer-related lower limb lymphedema
was significantly reduced after high-load active exercise with compression therapy
(AECT) compared to low-load AECT (The mean change (95%CI) of Lower-limb
volume; 31.7-93.3 and 19.5-80.6, respectively). The study used the Strength Ergo™240
bicycle ergometer, with durations ranging from 15 to 60 minutes [33]. Another system-
atic review and meta-analysis evaluated the effects of aerobic, resistance, and mixed
exercise on cancer-related lymphedema, specifically determining the need for wearing
compression during exercise over a period ranging from 8 weeks to more than 12 weeks.
The study observed immediate significant reductions in limb swelling after exercises.
However, long-term effect was not found to be significant. The standardized mean dif-
ferences (SMD) from all analyses were ranging between —0.2 and 0.1 [34].

In addition, stretching and flexibility exercises are strongly recommended to
alleviate hypomobility in soft tissues and joints [31]. In addition to deep breathing
exercises (abdominal diaphragmatic), they assist in the movement of lymphatic
fluid during deep inspiration, maximum expiration, and abdominal contraction
[31]. Other interventions to reduce lymphedema are yoga exercises, which have
shown positive results in treating breast cancer survivors. In a span of 8-12 weeks,
yoga interventions were found to reduce tissue induration in the affected upper arm
compared to usual care [35, 36].

Type: Weight-lifting < ~| Type: §‘;tretchi1}g and
exercise Intensity: High- “| flexibility exercises
intensity to-moderate . . .
intensity Intensity: Low-intensity

Duration: 12 months Frequency: Daily.

Frequency: Twice per week

The effective
exercises in
lymphedema

Type: Yoga exercise
Intensity: Low-intensity
Duration: 8 to 12 weeks
Frequency: One to three
per week

Type: Exercise with CPT
Intensity: Moderate to
high-intensity

Duration: <8 to >12 week

Figure 2.
Exercise recommendation for lymphedema.
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Resistance exercises combined with aerobics or yoga with or without CPT may be
beneficial and safe to reduce lymphedema (Figure 2), but most studies have found
that exercises decreased the incidence of exacerbations. Overall, there is insufficient
scientific evidence to strongly support this point.

4. Chemotherapy-induced peripheral neuropathy (CIPN)

Approximately 68% of cancer patients experience chemotherapy-induced
peripheral neuropathy within the first month of receiving chemotherapy [37]. It
is a syndrome characterized by highly distressing symptoms of varying degrees
of severity that significantly impact daily functioning [3]. Its presentation varies
depending on the type of affected nerve fibers [37]. If sensory nerves are affected,
symptoms may include numbness, tingling, stinging, pain, weakness, or burning.
Conversely, damage to the motor nerves can cause muscle spasms and muscle wast-
ing, a loss of muscle dexterity and diminished strength. Additionally, damage in the
autonomic system may affect and cause autonomic symptoms related to orthostatic
hypotension [38].

There are six specific chemotherapy drugs that are more likely to cause peripheral
neuropathy, such as platinum-based drugs, taxanes, vinca alkaloids, bortezomib,
epothilones, proteasome inhibitors, and immunomodulatory drugs. The mechanisms
of these therapeutic drugs are diverse and include both DNA and microtubular targets
to arrest cell division and induce cell death. The pathophysiological processes are
multifactorial, including oxidative stress, apoptotic mechanisms, altered calcium
homeostasis, axon degeneration and membrane remodeling, immune processes and
neuro-inflammation [37].

The diagnosis of CIPN should include patient history, current treatments, social
history, physical examination, lab tests, electrodiagnostic studies, and nerve biopsy if
needed [38].

Exercise may treat or prevent CIPN, as suggested by the RCT study involving
355 patients who received chemotherapy. The study evaluated a standardized,
individualized, home-based progressive walking and resistance exercise program
compared to those without a standard care control group. Their results stated that
exercises can reduce CIPN symptoms of hot or coldness in hands or feet, numbness,
and tingling by nearly 0.5 units on the 0-10 scales compared to the participants in the
control group. Moreover, the exercise program included low to moderate-intensity
home-based walking (60-85% of heart rate reserve) and low to moderately intense
resistance exercise (squat, side bend, leg extension, leg curl, chest press, row, calf
raise, overhead press, biceps curl, triceps extension) along with four optional band
exercises (front raise, lateral raise, internal rotation, external rotation). Participants
performed these exercises daily for a 6-week period, with a maximum of 4 sets of 15
repetitions [39]. Furthermore, CIPN symptoms may be better managed effectively
in individuals who are younger, fitter, and leaner by utilizing high-intensity aerobic
activity (180 minutes per week, 3 times per week) instead of low-intensity exercise
(90 minutes per week). This was demonstrated during treatment in 301 women with
breast cancer in an RCT [40].

Overall, several clinical trials and studies have demonstrated the potential advan-
tages of various types of exercise and intensities for cancer patients receiving che-
motherapy or following chemotherapy who have been diagnosed with CIPN (mixed
cancer types and stages and CIPN severity). Balance, walking, resistance, and aerobic
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Figure 3.
Exercise recommendation for CIPN.

exercises, or combined exercises (Figure 3), provided not only benefits in patients
with CIPN but also improved quality of life, Barthel index, the 6-minute walk test
(6MWT), balance, and muscle strength [15, 41-44].

5. Urinary incontinence

Urinary incontinence (UI) is an involuntary loss of urine or the inability to control
urination. The subtype of Ul includes urge urinary incontinence, characterized by
involuntary leakage immediately preceded by urgency. It occurs when the bladder
contracts abnormally during filling, creating a progressively stronger and undeni-
able sensation of the need to urinate. Urinary incontinence can be associated with an
overactive bladder; individuals may be “at least slightly bothered by frequent urina-
tion” and/or experience “leakage related to feeling of urgency”. Stress incontinence is
involuntary leakage related to physical activity, coughing, or sneezing. It happens due
to increased intra-abdominal pressure and when the urethral sphincter is unable to
maintain a pressure higher than that exerted on the bladder. Mixed urinary inconti-
nence is characterized by the presence of both stress and urge incontinence [45, 46].

Approximately 34% of women treated for the three main types of gynecologic
cancers—cervical, endometrial, and ovarian—complained of urinary incontinence
[47]. Additionally, it may occur after prostatectomy or radiation therapy [48], or
following surgical treatment of rectal cancer [49]. Furthermore, 38% of cervical
cancer survivors report chronic pelvic pain, chronic enteritis, proctitis, cystitis, and
tenesmus-associated urinary or fecal urgency as common radiation-related adhe-
sions [50]. The genital system can be impacted during cancer intervention, leading to
dyspareunia secondary to menopause, decreased vaginal lubrication from radiation,
and vaginal stricture or fibrosis resulting from radiation. Approximately 34-58% of
women experience Ul, a higher prevalence compared to men [50]. On the other hand,
Ul is a common problem in patients with early-stage breast cancer receiving neoadju-
vant therapy. Approximately 79.8% of women experienced Ul before the initiation of
systemic therapy in the year following primary treatment, with symptoms related to
chemotherapy. Endocrine therapy and adjuvant chemotherapy can exacerbate blad-
der control problems, hot flashes, and vaginal issues, particularly in older women,
and these challenges are sometimes difficult to resolve [51]. There are other factors
associated with Ul and their impact on quality of life aside from cancer treatment,
such as age, menopausal status, body mass index (BMI), race or ethnicity, history of
smoking, and parity (0, 1, 2, or > 3 births) [52].
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The examination for Ul includes manual evaluation or electrical devices to assess
muscle power, contraction, endurance, and dermatome. The treatment program is
determined according to the level of weakness.

The pelvic floor rehabilitation program improves pelvic floor dysfunction and
quality of life in gynecological cancer patients. The contractions effectively inhibit
detrusor muscle hypertrophy, increasing mechanical pressure on urethra and pre-
venting urinary incontinence. An excellent example of strengthening exercises is
Kegel exercises. Studies have demonstrated that the exercises could help prevent
cystocele, rectocele, and urinary stress incontinence. However, about 30% of women
could not contract the pelvic floor muscles correctly [53]. A Study involving 90
urogynecology women aimed to assess the effects of home-based Kegel exercises
in women with stress and mixed urinary incontinence. The study revealed statisti-
cally significant improvements in outcomes, including the Incontinence Impact
Questionnaire (IIQ-7), Urogenital Distress Inventory (UDI-6), and the Patient Global
Impression of Improvement (PGI-I) questions (The mean changes in SUI: 24, 29, 26
and SUIL: 9, 11, 14, respectively), after 8 weeks of exercising. The Kegel exercises for
stress Ul and mixed Ul consisted of 10 sets of contractions and 10 repetitions daily
for at least 8 weeks [54]. The short duration of exercise, specifically a four-week
pelvic floor rehabilitation program (PFRP), involved only one session per day. This
program included a second set of 20 to 30 seconds of fast pelvic floor contractions in
addition to the first set of longer contractions. The results showed improvements in
pelvic floor strength and sexual function (mean difference (MD) =14.22, to = 2.389)
compared with the non-PFRP group [48]. Another study on pelvic floor muscle
contractions, with the goal of holding the contraction for 5 seconds in 3 sets daily over
twelve weeks, demonstrated an 80% improvement in UI [55]. Similarly, in a system-
atic review of 886 patients with pelvic floor dysfunction after gynecological cancer
concluded that pelvic floor muscle training (PFMT) with yoga or core exercises was
95% beneficial for sexual function and urinary incontinence [56]. In addition, PFMT
significantly improved patient-reported stress incontinence from 1 month to 1 year
after prostatectomy [57].

Pelvic floor muscle training could include coordination training, strength train-
ing, abdominal and trunk stabilization, or relaxation training, with or without the
use of biofeedback, as recommended. The use of biofeedback increases men’s ability

Type: Resistance exercises < Other Types:
(Kegel)
Intensity: varied -Pelvic floor muscle training
Duration: 4-12weeks I with yoga or core exercises. -
Frequency: daily Coordination training, and
The effective trunk stabilization or
exercises in Ul relaxation

T

Type: biofeedback with pelvic floor
muscle training

Intensity: high intensity
contractions

Duration: short and long period.
Frequency: not mentioned

Figure 4.
Exercise recommendation for UL
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to isolate the pelvic floor muscle and differentiate between muscle contraction

and relaxation. Studies have indicated that incorporating biofeedback with PFMT
during the preoperative and early postoperative period helps expedite the recovery
of continence in both the short and long term. These exercises consist of repeated,
high-intensity muscle contractions [58]. Research is needed to determine the most
effective treatment, as there is no established exercise protocol for urinary incon-
tinence in cancer patients. The duration, intensity, and frequency varied, but they
contributed to improving the UI. Most studies assessed the effectiveness of PFMT
without specifying the type of exercises performed. Overall PFMT is recommended
for cancer patients (Figure 4).

6. Osteoporosis

Osteoporosis is essentially the loss of bone mass in the trabecular region, leading
to diminished density and an increased risk of fractures. It increases the risk of mor-
tality and affects quality of life. All cancers can have significant negative effects on the
skeleton through various mechanisms, either directly impacted by cancer cells or due
to cancer treatments, including chemotherapy, corticosteroids, aromatase inhibitors,
hormonal therapy such as tamoxifen for women with breast cancer, and androgen
deprivation therapy for patients with prostate cancer [59]. Additionally, these effects
are observed in gastric cancer patients who underwent gastrectomy [60] and gyneco-
logical cancer [61]. Besides, older patients or postmenopausal women are at a greater
risk of bone loss and fractures compared to premenopausal women. Metastatic bone
involvement is one of the complications of solid tumors and can affect the spine,
pelvis, skull, ribs, proximal humerus, and femur [60].

Fractures caused by osteoporosis are termed fragility fractures. Common sites
include the wrist and hip, often resulting from falls impacting either on an out-
stretched hand or directly onto the hip. However, the most common fracture occurs
in the vertebral region. This fracture typically develops silently, accompanied by
changes in posture, poor mechanics, repeated bending, and end-range forces.
Exercises can contribute to improving bone remodeling, matrix mineralization, and
bone marrow health. However, health professionals should carefully assess the risk of
bone fragility and metastatic cancer, apply safe principles for alignment, and indi-
vidualize the exercise program to prevent complications [60, 61]. Contraindications
should also be taken into account.

Exercises are safe for cancer patients with osteoporosis and show effective-
ness in maintaining or improving bone health during or after cancer treatment.
Additionally, they help prevent comorbidities related to cancer such as obesity,
cardiovascular disease, and type 2 diabetes [62]. This was supported by a 26-week
study on female cancer survivors involving combined aerobic and resistance train-
ing, which reported significant improvements in bone mass density (BMD) at the
spine (2.5%), hip (1.5%), and whole body (2.0%) as investigated using dual-energy
X-ray absorptiometry (DXA). The exercises were performed 3 days per week,
with sessions consisting of 20 minutes of cardiorespiratory training, 25 minutes
of circuit-style resistance training, and 15 minutes of abdominal exercises and
stretching [61]. Strengthening and weight training exercises, when combined with
medication such as risedronate, calcium, and vitamin D, have been found to have
effects and may prevent the loss of BMD at the femoral neck (SMD = +0.29%),
total hip (SMD = +0.34%), spine (SMD = +0.23%), total radius (SMD = +0.30%)
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Exercise recommendation for osteoporosis.

in postmenopausal women [63]. On the other hand, aerobic weight-loaded exercise
did not show significant changes in serum osteocalcin, serum NTX, or lean muscle
mass among women within 2 years of menopause who had completed adjuvant
chemotherapy and adjuvant endocrine therapy. The participants engaged ina
6-24-week supervised walking exercise plus weight loading (1-4 times per week,
with progressively increased weight). At the end of the study, it was suggested that a
weight-loaded aerobic exercise intervention has the potential to maintain bone mass
in women at risk for bone loss [64].

Only 41.9% of men with prostate cancer undergoing androgen deprivation
therapy engage in the recommended amount of exercise, indicating a higher level of
inactivity [65]. The most crucial aspect is to develop a habit for exercising. Patients
may be advised to start with brief workouts (15 minutes per day, several times per
week) before establishing a routine [66]. Nine RCTs provided a combination of
aerobic, resistance, and impact-loading exercise or an hour-long football training
lasting for 6 weeks to 12 months, with varied intensity and frequency (2-5 days per
week). Participants could safely engage in exercise programs to preserve bone health
and successfully exercise as a crucial part of their lifestyle. The findings demonstrate
that exercises are relatively feasible and safe, and such exercises have the potential to
reduce the risk of accidental falls, fractures, and associated morbidity and mortality
rates. Moreover, this review shows a higher adherence rate from 43% to 96.3% and the
retention rate from 71.9-100% in experimental exercise programs [67].

All types of exercise contribute to improving bone density and reducing risk of
falls, injuries, with a significant impact on health-related quality of life. Regular
exercise not only reduces mortality but should also be adopted as a long-term lifestyle
habit (Figure 5).

7. Obesity-related cancer

Many cancer patients experience weight gain after diagnosis, which is more
common in those undergoing chemotherapy. Some patients also complain of loss
of muscle mass and concomitant gain of adipose tissue, a condition referred to as
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cachexia [68]. Obesity increases the risk of cancer, with more than 40,000 cancer
diagnoses each year attributed to obesity [69]. It is also linked to poorer cancer out-
comes in breast, prostate, and colorectal cancers. More than two-thirds of survivors
of breast, prostate, gynecologic, pancreatic, colorectal, ovarian cancer, and hemato-
logic malignancies are overweight or obese [70]. Obesity in cancer survivors is a risk
factor for developing comorbidities, such as heart disease, cerebrovascular disease,
and diabetes [71]. Overweight is categorized as a BMI greater than or equal to 25, and
obesity is categorized as a BMI greater than 30 [68].

The American Society of Clinical Oncology (ASCO) is committed to reducing
the impact of obesity on cancer survivors and encourages participation in weight
loss programs after the completion of adjuvant chemotherapy and radiotherapy
[68]. A reduction in obesity through physical activity can improve insulin sensitiv-
ity, decrease circulating glucose and insulin levels, improve immune surveillance
and recirculation of immunoglobulin, neutrophils, cytotoxic T cells, and immature
B cells, and improve blood lipids and metabolic health [72]. Research has shown
that weight loss strategies combining nutrition, physical activity, and psychologi-
cal support can enhance the quality of life and lower the BMI of individuals who
have survived breast cancer [73, 74]. For example, a study involving 351 survivors
of breast cancer with overweight or obesity for a 52-week treatment program
concluded that both increased physical activity and calorie restriction may lead
to more significant weight loss (mean change: —6.68 kg) compared to caloric
restriction (mean change: —5.39 kg) or increased physical activity (mean change:
—0.06 kg) alone [74]. Another systematic review and meta-analysis found that various
types of exercises improved cavdiovespivatory fitness (SMD = 0.44), reducing body-
weight (SMD = 0.11) and waist civcumference (SMD = 0.22) in cancer patients. The
exercises included aerobics, resistance training (for the large muscles of the upper and
lower limbs), yoga, walking, cycling, tai chi chuan, and cycling exercises, performed

for 30 to 60 minutes, at 50-60% of one repetition maximum, for two to three sets. The

frequency ranged from two to five times per week for a duration of 3 months to 2 years
[75]. On the other hand, a few other studies found that exercise had only a limited
impact on body composition, such as BMI, in obese or overweight breast cancer
survivors [76, 77].

Generally, physical exercise is associated with weight reduction, a lower BMI, a
lower percentage of body fat, and an increase in the quality of life. It is recommended
either alone or in combination with other interventions. Future studies, including
other types of cancer, are needed (Figure 6).

Type: physical activity and -| Type: aerobics, resistance, yoga,
calorie restriction | walking, cycling, tai chi chuan,
and cycling exercises.
Intensity: not mentioned Intensity: 50-60% one
Duration: 52 weeks. repetition maximum.
Frequency: not mentioned [ Duration: 3 months to 2 years
r TSy Frequency: 2-5 days per week.

The effective
exercises in ORC
Figure 6.

Exercise recommendation for obesity related cancer.
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8. Conclusions

Cancer patients suffer from multiple symptoms during treatments or as side
effects after treatment. Physical activity helps improve quality of life, reduce mortal-
ity, and prevent the recurrence of cancer. There are no specific types or frequency that
should be followed; the exercise program built up depends on the patient’s tolerance
and other factors. In this chapter the evidence showed different effectiveness of
exercises as follows:

The current exercise guidelines indicate that cancer patients should engage in 150
minutes of moderate-intensity resistance, aerobic, and flexibility exercises.

All studies demonstrate a significant effect of exercises of all types on improving
fatigue, cardiovascular fitness, and other aspects related to quality of life. A longer
duration of intervention is better than a short period.

Exercises are safe for lymphedema patients and help prevent exacerbations, but
weight lifting or combined aerobics showed immediate effects after exercises in
reducing swelling. However, there was no significant alteration in the severity of
lymphedema whether associated with CPT or not. Only one study related to gyneco-
logical cancer-related lower limb lymphedema shows the opposite.

Balance, walking, resistance, and aerobic exercise or combined exercises are
recommended for patients with CIPN.

The pelvic floor rehabilitation program, especially Kegel exercises, is important
for cancer patients with urinary incontinence or sexual dysfunction of both genders.
Using biofeedback with pelvic floor muscle training is effective as a short- or long-
term intervention.

Aerobic and resistance training are safe for cancer patients with osteoporosis and
help prevent the loss of BMD in postmenopausal women or prostate cancer patients
with ADT.

Exercises alone or in combination with other interventions are recommended, but
studies have shown a limited impact on body composition and BMI.
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Chapter 7

A Healthy Life with Self-Natural
Posture Exercise

Yongsuk Seo and Dae Taek Lee

Abstract

This chapter explores the effectiveness of the Self-Natural Posture Exercise (SNPE)
program for individuals with chronic pain and musculoskeletal conditions. SNPE
emphasizes self-regulation and natural postural correction as a unique approach to
rehabilitation. Within this chapter, several studies show positive effects on physical self-
concept, pain reduction, and overall health across diverse populations. It has been
particularly beneficial for women with chronic low back pain, adolescents, and
individuals with various musculoskeletal disorders. Research also explores its impact on
energy expenditure, exercise intensity, and pain-related factors, shedding light on its
mechanisms and outcomes. The SNPE program demonstrates effectiveness for chronic
pain and musculoskeletal conditions across diverse populations. In a 12-week study,
significant improvements in muscle power, flexibility, and pain reduction were
revealed. Previous research showed a positive impact on the correction of forward head
posture, relief from various pains, and improvement in pelvic alignment. SNPE also
prevented scoliosis in adolescents and adapted to different energy expenditure levels.
This chapter highlights the innovative and impactful nature of SNPE in addressing
chronic pain and facilitating rehabilitation across diverse populations. SNPE goes
beyond pain management, actively enhancing overall physical well-being and
offering promising solutions for various musculoskeletal challenges across a broad
demographic spectrum.

Keywords: Self-Natural Posture Exercise (SNPE), chronic pain, fitness, functional
movement, pain perception

1. Introduction

In recent years, there has been a growing emphasis within the fields of rehabilita-
tion and exercise science on incorporating innovative and holistic approaches to
promote health and well-being [1]. The concept of wellness encompasses various
dimensions of an individual’s health, including physical, intellectual, emotional, social,
spiritual, vocational, financial, and environmental aspects. It reflects a dynamic and
evolving process influenced by the interplay of physical, mental, social, and environ-
mental factors. The ultimate objective extends beyond the mere absence of illness to
attain a state of overall health and happiness [2].
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Within this evolving setting, the Self-Natural Posture Exercise, known as SNPE,
program has emerged as a promising method for addressing various aspects of chronic
pain and musculoskeletal conditions. This introductory chapter aims to explores the
multifaceted effects of SNPE on physical self-concept, perceived pain reduction, and
overall health outcomes in individuals facing chronic pain and musculoskeletal issues.
The rationale for investigating SNPE in the context of chronic pain lies in its unique
emphasis on self-regulation and natural postural correction [3].

Chronic pain, a complex phenomenon with psychological and emotional scope,
significantly influence physical well-being [3, 4]. SNPE, as a self-directed exercise
program, offers a distinctive approach to addressing challenges associated with
chronic pain by encouraging active individual participation in their therapy [5].
Subsequent chapters examine a diverse range of studies analyzing the impact of
SNPE on specific aspects of chronic pain and musculoskeletal conditions. These
studies provide valuable insights into the potential of SNPE as an integrative
therapeutic intervention, examining its influence on physical self-concept,
perceived pain reduction, disability, range of motion (ROM), muscular strength, and
pelvic pain [3].

The compilation includes studies with diverse populations including women with
chronic low back pain, individuals with various musculoskeletal disorders, and ado-
lescents. By incorporating studies investigating the effects of SNPE on energy expen-
diture, exercise intensity, and specific pain-related factors, our understanding of
SNPE’s mechanisms and outcomes will be enriched [6].

The exploration extends to potential role of SNPE in conditions such as dysmen-
orrhea, premenstrual syndrome, and chronic knee pain, providing a holistic perspec-
tive on its versatility in enhancing overall well-being. This chapter aims to consolidate
current research findings, shedding light on the intricate interplay between SNPE and
various facets of musculoskeletal health. The diverse array of studies presented col-
lectively contributes to the evolving narrative of SNPE as an innovative and effective
approach to chronic pain management and therapy. This chapter would provide a
comprehensive understanding of how SNPE may serve as a catalyst for change in
physical function, posture, and pain perception.

2. Mechanism of SNPE

The SNPE is a specialized exercise method designed to independently correct
misaligned spines and restore the natural posture of the human body through self-
regulation. This targeted exercise focuses primarily on posture correction and draws
inspiration from orthodontic principles.

2.1 Exercise components

SNPE utilizes specific belts, namely the posture correction belt and pelvic correc-
tion band, worn around the hips and legs, respectively.

The standard SNPE program consists of eight exercise units, including the 1st
movement (Standing SNPE Signature Movements), 2nd movement (SNPE exercises
performed while lying down), 3rd movement (SNPE exercises performed in the prone
position), 4th movement (SNPE exercises performed while rolling), C-move (cervical
movement), T-move (thoracic movement), L-move (lumbar movement), and
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Figure 1.
Eight movements of SNPE. Adopted from https://snpelife.com/baseexercise/

Figure 2.
(Left) Wave pillow and (Right) Danason (a neck massage tool). Adopted from hitp://snpeshop.com/

SC-move (sacrum-coccygeal movement) (Figure 1) [3, 5]. Integral to the exercise
routine are complementary tools, such as the wave pillow, a basic tool (Figure 2A),
Danason (a neck massage tool) (Figure 2B), and other tools such as the wave stick,
that can be used for specific movements. These tools aid in alleviating spinal muscle
tension and gradually correcting spinal deformities.

2.2 Orthodontic influence

SNPE incorporates sustained traction using prosthetics and elastic tools, akin to
orthodontic practices. This approach, applied over time, allows for gradual dental
correction. The potential application of such techniques to the SNPE belt in spinal
correction exercises holds promise. The successful correction of rigid teeth, influenced
by osteoblasts and osteocytes, suggests that this method may extend to correcting
misaligned body postures. Consistent post-correction use of the SNPE belt, compara-
ble to dental correction aids for preventing tooth misalignment, is considered crucial
for avoiding relapse and maintaining preventive measures during body transforma-
tions. The distinctive features of SNPE spinal correction exercises can be summarized
as the 3Us:
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2.2.1 United
Dr. Jungki Choi invented a comprehensive exercise method, integrating the study
and research of various disciplines such as chiropractic care, yoga, Pilates, fitness, and

diverse exercise therapies. This approach aims to alleviate and treat musculoskeletal
disorders and pain.

2.2.2 Unique

A unique exercise method that applies the principles of orthodontics to the human
body, utilizing the SNPE belt and spinal exercise tools as a novel therapeutic approach.

2.2.3 Useful (practical)
An effective exercise method for self-pain relief and proper posture correction,

suitable for individuals of all ages and genders. This practical exercise can be
performed in limited spaces, and it yields positive results in a short period.

3. Eight movements of SNPE
3.1 1st movements
3.1.1 Execution
* Wear SNPE posture correction belt and pelvic correction band.
* Stand straight, imagining there is a chair behind you.
* Sit deeply, expand the chest, arch the back, and shape hands like scissors.
* Shift weight to heels, raise toes, and lower the hips continuously.

* Key points: scissor-shaped hands, shift weight to the back, expand the chest.

3.1.2 Expected benefits
* Prevents neck disc and wrinkles by correcting the spine’s shape.
* Prevents kyphosis, relieves shoulder pain by correcting posture.
* Prevents lower back pain and lumbar disc issues.
* Manage the postpartum body and correct pelvic alignment.
* Strengthens muscles, provides hip-lifting effects.

* Corrects bowlegs (O, X legs) (Figure 3).
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Figure 3.
15t movement of SNPE. Adopted from hitps://snpelife.com/baseexercise/

3.2 2nd movements

3.2.1 Execution

Wear SNPE posture correction belt and pelvic correction band.

* Stretch calves using hands on the floor.

* Lie down, breathe, and engage abdominal and thigh muscles.

* Lower knees to the ground with exhalation and maintaining alignment.
* Keep shoulders, toes, and knees aligned for 1-3 minutes.

* Rise by tilting sideways after SNPE 2nd movement.

3.2.2 Expected benefits
* Corrects posture.

* Increases body temperature, aids digestion, prevents constipation, and alleviates
menstrual pain.

¢ Relaxes tension in the transverse colon and enhances blood circulation.
* Relieves lower back pain and corrects pelvic alignment (Figure 4).
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Figure 4.
2nd movement of SNPE. Adopted from https://snpelife.com/baseexercise/

3.3 3rd movements
3.3.1 Execution

* Lie down, tie legs with posture correction belt and pelvic correction band, and
place hands under forehead.

* Lift legs, squeezing thighs, and buttocks.

* Maintain C-shaped waist curve for 10-20 seconds (5-10 sets).
3.3.2 Expected benefits

* Strengthens the waist, forms a C-shaped curve, and corrects pelvic balance.
* Raises body temperature.

* Corrects bowlegs (O, X legs) and knee misalignment.

* Strengthens waist and glutes muscles, and alleviates lower back pain.

* Corrects hip joints and pelvic alignment (Figure 5).

3.4 4th movements
3.4.1 Execution

* Roll backward from a seated position, raising toes over the head, then return to a
bent position.
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Figure 5.
3rd movement of SNPE. Adopted from https://snpelife.com/baseexercise/

3.4.2 Expected benefits

* Prevents and relieves pain in the neck, shoulders, back, lower back, pelvic pain,
and muscle pain.

* Aids digestion, relieves constipation.
* Improves blood circulation.
* Corrects shoulder height, balances the back.

* Strengthens abdominal muscles (Figure 6).
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Figure 6.
4th movement of SNPE. Adopted from https://snpelife.com/baseexercise/
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3.5 Cervical movement (C-move)
3.5.1 Execution
* Using wave pillow

o Place the pillow under the neck or align with the hairline.
o Move the head left and right, releasing tension.

o Also, use the rounded part to massage the neck.
* Using Danason

o Massage each vertebra by moving Danason along the hairline and neck

boundary.
o Use a towel under Danason for comfort.
o Move Danason along each vertebra, applying pressure (1-3 minutes each).

o Also, use a wooden hand tool.

3.5.2 Expected benefits

* Restore the straight neck (straightening C-curve) for prevention and relief.
* Prevent and alleviate neck disc, neck, and shoulder pain.

* Correct posture and prevent neck wrinkles (Figure 7).

FYER 15y

Figure 7.
C-movement of SNPE. Adopted from https://snpelife.com/baseexercise/

130



A Healthy Life with Self-Natural Posture Exercise
DOI: http://dx.doi.org/10.5772 /intechopen.1004237

3.6 Thoracic movement (T-move)
3.6.1 Execution

* Using wave pillow.

o Lie on the pillow vertically, knees up.
o Raise and lower the pelvis while lifting the torso.

o Repeat 30 times for 3-5 sets in various positions.

* Using Danason

o Apply Danason under the hip and massage.

o Move the body left and right while using Danason.

3.6.2 Expected benefits

* Prevent and correct the posture for a hunched back and rounded shoulders.
* Prevent rounding of the back, hunched shoulders, and associated symptoms.

¢ Assist in conditions such as frozen shoulder and correct rotator cuff
abnormalities.

* Prevent and relieve forward head posture, straight neck, neck disc symptoms,
and scoliosis (Figure 8).

-l
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Figure 8.
T-movement of SNPE. Adopted from https://snpelife.com/baseexercise/
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3.7 Lumbar movement (L-move)
3.7.1 Execution

* Using wave pillow

o Place the pillow under the pelvis or waist.
o Lift and lower legs to form a diamond shape.
o Repeat 20-30 times for 3-5 sets.

o Alternatively, use posture correction belt and pelvic correction band.

3.7.2 Expected benefits
* Correct the straightened lower back, forming a C-shaped curve.

* Alleviate lower back and pelvic pain, providing relief from lumbar
disc issues.

* Relax stiff muscles in the lower back.
* Strengthen deep abdominal muscles, contributing to spinal stability.

* Reduce excess fat around the lower back and abdomen (Figure 9).

(_ - -

Figure 9.
L-movement of SNPE. Adopted from https://snpelife.com/baseexercise/
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3.8 Sacrum-coccygeal movement (SC-move)

3.8.1 Execution

* Using wave pillow

o Lie down with the pillow under the pelvis.
o Move hips left and right to release muscles.

o Tilt the pelvis for additional stretch.

* Using Danason

o Press gently to release tension.

o Consult a professional before starting a new exercise routine.

3.8.2 Expected benefits

Correct pelvic alignment for improved posture.
Alleviate pelvic pain and discomfort.
Relax stiff muscles around the tailbone area.

Relief lower back pain, tailbone pain, and hip joint pain (Figure 10).

Figure 10.
SC-movement of SNPE. Adopted from hitps://snpelife.com/baseexercise/
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4. Effects of SNPE on chronic pain
4.1 Effectiveness of SNPE in chronic pain management

The effectiveness of the SNPE program in managing chronic pain has been
explored through various studies, highlighting its multifaceted impact on both physi-
cal and psychological dimensions. In an initial 12 weeks study [4, 5], participants
undergoing the SNPE program reported significant improvements in muscle power,
subjective health, flexibility, and a reduction in perceived pain. Significantly, a posi-
tive shift in physical self-concept was observed, highlighting the potential of SNPE as
an intervention for chronic pain conditions [3].

4.2 Physical fitness and pain perception

A subsequent investigation examined the effects of SNPE on physical fitness,
ROM, and pain perception among women with chronic musculoskeletal pain [6].
Positive outcomes were observed in flexibility, neck and shoulder ROM, waist
flexion, hip rotation, and functional movement screen (FMS) outcomes. This
suggests that SNPE not only enhances flexibility and ROM but also reduces pain
perception in women with chronic musculoskeletal pain. Studies focusing on
young women with chronic low back pain indicated significant improvements in the
lumbar disorder index, lateral flexion, back strength, and pelvic pain release in the
SNPE group [7]. This further supports SNPE’s efficacy in various dimensions of
health.

4.3 Moderating effects of SNPE self-efficacy

Another study explored the moderated mediating effect of SNPE self-efficacy on
perceived pain through performance, revealing a significant correlation between
higher self-efficacy and improved performance [8]. The perceived pain reduction
effect was more pronounced in specific regions (waist, pelvis, hip, and knee) com-
pared to shoulder pain, highlighting the specialized benefits of SNPE movements for
different body areas. Examining affective complexity in female patients with chronic
pain, a 12-week SNPE program led to pain and stress reduction, and increased life
satisfaction [3].

5. Impact of SNPE on specific health issues
5.1 Correction of forward head posture (FHP) and neck pain

The study focused on young women with cervical discomfort and aimed to assess
the impact of the 12 weeks SNPE program on FHP correction and neck pain relief [9].
The findings indicated a significant reduction in the distance between the centerline
and ears, improvement in the craniovertebral angle (CVA), and decreased pain in
trigger points, particularly in mastoid processes, vertebra prominens (C7), and upper
trapezius (Table 1). These results suggest that SNPE is an effective exercise program
for correcting FHP and alleviating neck pain [9].
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Variables Pre Post t P
Posture Ear_L (mm) 58.3 +£22.1 41.54+19.9 2.495 0.034
Ear_R (mm) 52.0 +24.4 29.2 £21.5 2.861 0.019
Acromion process_L (mm) 46.1 +£26.3 35.6 +£23.4 1.738 0.116
Acromion process_R (mm) 52.7 £16.7 29.6 £28.3 3.067 0.013
Glabella (mm) 9.9 +8.0 132+76 —.991 0.348
C7 (mm) 9.8+78 59+45 1.848 0.098
Shoulder (mm) 6.6 +74 33+£6.3 1.383 0.200
CVA (°) 461+ 6.3 53.7+8.1 —2.280 0.049
Pain Mastoid process_L (score) 52+17 1.0+12 6.498 0.000
Mastoid process_R (score) 51+ 1.6 09+0.9 10.088 0.000
C7_L (score) 49+2.0 1.5+ 14 6.053 0.000
C7_R (score) 46+23 12+11 4.841 0.001
Upper trapezius_L (score) 51+ 1.6 2.0+12 5.670 0.000
Upper trapezius_R (score) 53+24 20+09 4.337 0.002
Supraspinatus_L (score) 53+14 21+14 6.000 0.000
Supraspinatus_R (score) 55+17 22+20 5.706 0.000

Mean + standard deviation.
CVA: craniovertebral angle.

Table 1.
Assessment of posture and cervical vegion pain.

5.2 Enhancing knee joint function and pain reduction

Examining women with chronic knee joint pain, a study revealed that the SNPE
Lower Limb Conditioning Program effectively enhanced knee joint function, modi-
fied muscle tone, and reduced pain assessed by Western Ontario and McMaster
Universities Osteoarthritis Index. The SNPE group demonstrated superiority over the
control group, indicating its potential as an exercise for improving knee health by
targeting joint function, pain reduction, and muscle tone modification [10].

5.3 Improvement in cervical and shoulder pain

A study focusing on women with chronic musculoskeletal pain investigated the
impact of SNPE on cervical and shoulder pain as well as joint operating range. SNPE
demonstrated significant improvements in cervical and shoulder pain, especially in
cervical flexion and rotation (left) and shoulder mobility. This suggests that SNPE is
beneficial for women with chronic musculoskeletal pain, indicating its effectiveness in
improving specific regions [11].

5.4 Benefits for individuals with chronic spinal disorder

For individuals with chronic spinal diseases, SNPE showed notable benefits in pain
reduction, muscle tone improvement, postural alignment, and skeletal structure
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changes. A customized SNPE program tailored to specific spinal diseases proved
effective in enhancing muscle tone, correcting postural alignment, and contributing to
pain relief in individuals with chronic spinal disorder [10, 11].

5.5 Posture correction and pain relief in young women with chronic neck pain

In women in their 20s and 30s experiencing chronic neck pain and forward head
posture, SNPE demonstrated significant improvements in CVA, shoulder balance,
overall body alignment, and pain relief. This suggests that the SNPE program is effec-
tive for correcting posture and alleviating neck pain in this specific demographic [9].

5.6 Pelvic misalignment and women’s health

In another investigation, the effectiveness of SNPE in pelvic correction and men-
strual symptom relief was evaluated in individuals with primary dysmenorrhea. The
SNPE pelvic program resulted in decreased menstrual cramps, improved pelvic align-
ment, and positive changes in breast discomfort. These outcomes propose SNPE as an
intervention for individuals with primary dysmenorrhea, showing potential benefits
in pelvic alignment and symptom relief [12]. After 12 weeks of the SNPE program, the
lumbar disorder index significantly decreased in the SNPEG group (pre: 7.6 & 2.7 vs.
post: 3.1 £ 2.7, p < 0.001). Lumbar flexion increased from 22.4 £+ 2.7 t0 26.8 £ 2.9 cm
(p < 0.05), while extension decreased from 12.2 + 1.0 to 10.9 + 1.0 cm (p < 0.05).
Left lateral flexion decreased from 46.8 + 3.9 to 42.5 & 2.7 cm, and back strength in
the SNPEG group increased from 57.5 + 13.4 to 72.6 £+ 12.5 kg (p < 0.001) [13].
Furthermore, SNPE program decrease the pelvic pain (Table 2).

Pelvic misalignment in women is often associated with infertility, menstrual pain,
and lower back discomfort [14, 15]. After childbirth, many women experience pain
and discomfort attributed to misalignments [16]. Proper pelvic management is crucial
for women’s health. A warm body is conducive to women’s health and fertility.
Correcting misaligned pelvises contributes to body warmth, preventing issues arising
from a cold body [17]. Pelvic misalignment impedes healthy childbirth, causing pain

Sites Pre Post P
Sacrum left 46+11 0.7+ 0.9 <0.05
Acrum right 3.0£15 12+£13

Iliopsoas left 65+14 23+15

Iliopsoas right 58+ 16 22416

Lateral iliac crest left 47+22 1.6 £1.9

Lateral iliac crest right 57+19 21+1.6

Adductor left 52+£25 25+£22

Adductor right 63+21 31+24

Gluteus maximus left 63+22 1.8+0.8

Gluteus maximus right 6.4+24 17+0.8

Mean + standard deviation.

Table 2.
Pelvic pain assessment.
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and complications during delivery [18]. Maintaining a properly aligned pelvis is
essential for a pain-free and healthy childbirth experience. Pelvic misalignment due to
childbirth can lead to various women’s health issues. SNPE exercises have proven
therapeutic effects for preventing and managing conditions such as lower back pain
and menstrual pain [13-15].

6. Effects of SNPE on adolescents
6.1 The impact of poor posture on adolescents

Previous research indicates that poor posture in adolescents can lead to kyphosis
and scoliosis, characterized by excessive backward bending of the thoracic and sacral
vertebrae, and an exaggerated frontal curve in the lumbar region, respectively [19].
Good posture is closely linked to overall health, while poor posture is associated with
various musculoskeletal conditions that develop gradually over time due to repeated
strain [20, 21].

6.2 Factors contributing to musculoskeletal conditions

Factors such as the repeated use of specific body parts, uncomfortable postures,
excessive strain, or overwork are known to cause minor damage to muscles, blood
vessels, and nerves in joints, leading to chronic health issues in the musculoskeletal
system accompanied by pain or dysesthesia [20, 21]. Musculoskeletal conditions
evolve gradually due to prolonged exposure to adverse conditions, emphasizing the
importance of implementing preventive measures.

6.3 Musculoskeletal health in adolescents

Adolescents, who often spend extended periods sitting at desks, may experience
bodily imbalances due to insufficient physical activity, a lack of exercise, poor fitness,
and postural instability, contributing to lumbar pain and even scoliosis [22]. In a study
investigating the impact of rolling exercise with spinal stimulation on improving
scoliosis in elementary school students, twelve 6th-grade students diagnosed with
scoliosis were selected, with six in the experimental group and six in the control
group. The rolling exercise, a component of the SNPE, was applied four times a week
for 12 weeks. Cobb’s angle was measured before and after the intervention to assess
the exercise’s effect [23]. The results revealed a positive impact of rolling exercise with
spinal stimulation on thoracic Cobb’s angle, indicating a significant improvement in
the experimental group. This study highlights the potential benefits of incorporating
simple and accessible exercises like rolling into school settings for the early detection
and prevention of scoliosis among students.

The Cobb’s angle is a crucial measurement in orthopedics to quantify the degree of
curvature in the spine, particularly in the context of scoliosis. A larger Cobb’s angle
typically indicates a more substantial curvature of the spine [24]. In the pre-post
comparison of the study investigating the effect of spine-stimulating rolling exercise
on improving elementary school students’ scoliosis, the experimental group showed a
significant reduction in scoliosis. In contrast, the control group exhibited a worsening
of scoliosis (Table 3). These findings emphasize the potential of simple exercises in
school settings for early scoliosis detection and prevention.
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Group Pre Post t P
Experiment 127+ 69 72+6.0 3.722 0.014
Control 11.5+73 11.8 £ 8.1 —0.260 0.805

Mean + standard deviation.

Table 3.
Changes in thoracic Cobb’s angle between pre and post SNPE program (°).

7. Effects of SNPE on fitness and functional movement
7.1 Pain perception and functional movement improvement

The investigation aimed to systematically evaluate the impact of a 12 weeks SNPE
program on pain perception, functional movement, and fitness in women with
chronic pain [3]. The exercise group demonstrated a significant reduction in pain
perception, as assessed by the Short-Form McGill Pain Questionnaire (pre: 9.5 £ 7.2
vs. post: 3.5+ 2.8, p < 0.01). FMS tests indicated improvements in various move-
ments, with significant group differences observed. While both the exercise group
and non-exercise group showed an increase in the FMS total score, the exercise group
exhibited greater improvement in flexibility, measured by sit-and-reach and back
extension, demonstrating that SNPE is a valuable exercise modality for reducing pain
perception, enhancing functional movement, and improving flexibility in women
with chronic pain [3].

7.2 Correlation between SNPE motion performance and musculoskeletal pain
regions

Another study investigated the relationship between SNPE motion performance
and musculoskeletal pain regions in adult women with chronic musculoskeletal pain.
The evaluation focused on factors such as shoulder and pelvic balance, angles formed
by specific body points, and shoulder position during 1st movement of SNPE. Signif-
icant relationships were found between motion performance and pressure pain
thresholds in specific areas, providing insights into musculoskeletal pain regions
associated with 1st movement of SNPE. This offers a basis for tailoring effective
exercise programs to alleviate chronic musculoskeletal pain during SNPE exercise
program [25].

7.3 Energy expenditure and exercise intensity evaluation

Furthermore, a study assessed the energy expenditure (EE) and exercise intensity
(EI) of SNPE in women certified as skilled instructors, ranging from their 20s to 40s.
Oxygen uptake (VO,) and heart rates (HR) were measured during eight basic move-
ments of SNPE. The 4th movement of SNPE demonstrated the highest EE and
exhibited a statistically significant difference from the other 7 movements (p < 0.05),
including the 1st, 2nd, 3rd, T, L, SC, and C-movement. The EI of SNPE movements
was calculated based on the metabolic equivalent (MET) of task by employing the
measured VO, (Table 4). The 4th movement of SNPE was categorized as vigorous
intensity, while T, 1st, and L-movement were classified as moderate exercise intensity.
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VO, (ml/kg/min) MET HR (beats/min)
1st movement 13.7 £2.7 39+£0.8 1235+ 17.6
2nd movement 6.5+ 15 19+0.4 79.3+13.6
3rd movement 10.3+29 29+0.8 107.2 +£18.6
4th movement 21.5+ 5.6 6.1+16 121.8 +18.4
C-movement 53+11 1.5+0.3 75.6 £ 11.4
T-movement 15.7 £ 4.2 45+1.2 107.7 £17.9
L-movement 11.6 £2.3 33+0.7 98.9 +£14.9
SC-movement 85+25 24+£07 90.3 £12.2

Mean + standard deviation.
VOo; oxygen uptake, MET; metabolic equivalents, HR; heart rate.

Table 4.
Energy expenditure and exercise intensity of SNPE.

The other movements were determined as low EI, with the 3rd, SC, 2nd, and
C-movement in order. However, HR exhibited a different order of EI, with the 1st, 4th,
T, 3rd, L, SC, 2nd, and C-movement, respectively (Table 4). A significant difference
was observed among the 1st, 4th, and the other 6 movements (p < 0.05) [13].

8. Limitations and future research

Numerous studies robustly affirm the versatility and effectiveness of SNPE in
various dimensions of women’s health. However, research on its application in men
remains limited. Consequently, future studies are needed to explore the effectiveness
of SNPE in correcting posture and alleviating pain in men. This chapter, therefore,
lacks an analysis of potential gender differences in the utility and effectiveness of
SNPE for these purposes. Future research should delve into SNPE’s potential as a
tailored and holistic exercise program applicable across diverse age groups and spe-
cific health conditions for both men and women.

9. Conclusions

In conclusion, the synthesis of diverse studies strongly supports the versatility and
effectiveness of SNPE in various dimensions of women’s health while it has not been
extensively studied with men. SNPE’s holistic approach, ranging from posture correc-
tion to targeted enhancements in joint function and pelvic health, positions it as a
promising component of comprehensive pain treatment strategies.

The integration of these studies underlines SNPE’s possibility as a tailored and
holistic exercise program applicable across different age groups and specific health
conditions. Notably, its positive impact on musculoskeletal health in adolescents
highlights the importance of early detection and preventive measures through acces-
sible exercises like rolling. This comprehensive research reinforces SNPE’s utility and
effectiveness in correcting posture, and alleviating pain. The integrated findings offer
valuable insights for healthcare professionals, instructors, and individuals seeking
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structured exercise programs to manage and alleviate chronic pain. In essence, SNPE
emerges as a multifaceted and effective intervention with broad applications in
women’s health and well-being, emphasizing its significant role in holistic health
approaches.

Collectively, these findings substantiate SNPE as a multifaceted intervention that
enhances physical aspects, including disability, ROM, and muscular strength. More-
over, SNPE has a positive impact on emotional well-being, affective complexity, and
self-regulation. SNPE distinguishes itself as a personalized and effective approach to
pain management, delivering specialized benefits for different body regions.
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Chapter 8

Using Burst Modality Medium
Frequency Alternating
(Russian and Aussie) Currents
with Isokinetic Training

Musa Cankaya and Ilkim Citak Karakaya

Abstract

Isokinetic exercises are a type of exercise that can be performed both concentrically
and eccentrically at various angular velocities while applying resistance to the muscles
at each point of the range of motion. These exercises are known to have many benefits
compared to other exercises. Electrotherapy modalities are a popular treatment used
by physiotherapists for a variety of purposes, such as muscle strengthening, endur-
ance, spasticity management, pain control, circulation enhancement, and edema
control. Kilohertz-frequency alternating currents were introduced in the pioneering
work of Kots as a new form of neuromuscular electrical stimulation that was believed
to solve some of the limitations of conventional electrical stimulation. Russian current
is a medium-frequency alternating current that is delivered in bursts, with the carrier
frequency ranging from 1000 to 10,000 Hz and any burst frequency being acceptable.
Aussie currents are utilized in clinics at 1000 Hz, modulated in 50 Hz intervals with
a pulse duration of 2 msec. Medium-frequency currents, particularly Russian and
Aussie currents in isokinetic training, provide muscle strength contraction and endur-
ance, increased blood circulation, and specific physiological effects. Considering the
person’s health status, existing injuries, or other health problems, Russian and Aussie
currents can be used effectively in isokinetic training at appropriate levels under the
guidance of a physician and physiotherapist.

Keywords: isokinetic contraction, strength dynamometer, electrostimulation, Russian
current, physiotherapy

1. Introduction
1.1Isokinetic training

Isokinetic Exercises (IE) was first described by James Perrine in the 1960s. During
IE, force is generated at a constant speed throughout the range of motion of the
joint, and maximum force is generated in the muscle at every angle of the movement
during contraction [1]. IE is a continuous constant speed training module. The speed
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of movement is constant except for acceleration at the beginning and deceleration at
the end [2]. Isokinetic force is the highest torque (rotational moment) value devel-
oped during contraction at a given speed. IE can be performed concentrically and
eccentrically at different angular velocities applies resistance to the muscles at each
point of the range of motion and is well known to have many advantages over other
exercises [3]. IE provides better strengthening compared to isometric and isotonic
exercises because it allows eccentric contractions that can provide more strength
and endurance increase in the muscle throughout the entire range of motion [4].

IE provides usable and reliable data at low, medium, and high speed for assessment
and rehabilitation programs. IE can be used as a personalized muscle-strengthening
technique. It offers a gradual and safe exercise program with objective measurement
of muscle strength increase. While exercise offers great selectivity in movement, it
produces faster strength gains and less muscle sensitivity than isotonic training. In
addition, heart rate and blood pressure increases are lower than isometric exercise [5].
It has been reported that IE provides many benefits such as muscle strength, muscle
endurance, and enzyme activities [6].

The isokinetic training used for the knee joint eliminates the bioarticular func-
tion of the hamstrings. The position of extended hip flexion from the trunk and
increased hip flexion from the corresponding femur make the typical hamstring
tension more functional as a mechanism [7]. Isokinetic training is the only safe way
to load dynamically contracted muscles to maximum capacity throughout their
entire range in a continuous movement using functional positions or isolated in
correct biomechanical positions. Isokinetic contraction engages more muscle fibers
than any other exercise method (Figure 1) [8]. The mechanism of isokinetic training
has been explained by improvement in muscle performance, speed-specific adapta-
tion of motor units within the muscle, and speed-specific adaptation in the nervous
system. However, differences in the direction of the transfer effect can be explained
by differences in sample size, muscle fiber distribution, and training duration and
intensity [9]. Vidmar et al. studied, that the peak torque of the traditional training
group before treatment was concentric 176.6, eccentric 109.1, and after treatment
peak torque was concentric 205.7 and eccentric 128.8. In the isokinetic training
group, pre-treatment peak torque concentric 165.1, eccentric 97.7, post-treatment
peak torque concentric 206.0, and eccentric 162.1 [10]. Isokinetic eccentric training
appears to have a greater effect on quadriceps muscle mass and muscle mass than
traditional eccentric training [10].

Figure 1.
Isokinetic dynamometer mechanism and effects of isokinetic training.
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Petrucci et al. [11] review reported that in two studies included in their systematic
review, isokinetic training produced significant differences (p < 0.05) in terms of
increased muscle mass compared to the isotonic group. Tsaklis et al. [12] showed in
their study that pre-post differences in muscle mass were higher in the isokinetic
group, but no significant results were obtained. Therefore, it is recommended in the
study that isokinetic training should be preferentially used instead of traditional
isotonic to improve postoperative muscle mass. Sekir et al. [13] study, the peak torque
concentric evertor of the ankle joint on the injured side before exercise was 15.54,
the inverter 14.79, and the peak torque concentric evertor after exercise was 17.21,
the invertor 16.50. The peak torque concentric evertor of the intact side ankle joint
before exercise was 16.96, inverter 17.46, and the peak torque concentric evertor after
exercise was 17.38, inverter 16.92. After the treatment, it is observed that the muscle
strength between the injured and intact sides is similar. It is stated that the functional
capacity of the injured ankle reaches the same level as the healthy ankle.

1.2 Isokinetic dynamometers

Assessing muscular strength using an isokinetic device is now widely used for various
purposes, including rehabilitation of muscular and connective tissue injuries [14]. After
quantitative measurement of muscle strength, the range of motion in which the muscle
is weak can be determined. An appropriate exercise program can then be designed for
the patient [15]. In addition, it allows kinematic analysis of movement in parameters
such as determining agonist/antagonist muscle strength ratios, comparing both sides in
limb segments, and measuring muscle work capacity and endurance. Isokinetic test-
ing measures muscles or muscle groups in isolation. In cases where weak muscles are
compensated by strong muscles, functional capacity is fully assessed. Measurements can
be repeated and speed of movement can be determined (Figure2) [4].

The isokinetic dynamometer is recognized as a valid method of assessing muscle
strength and is often used as a reference standard for other strength assessments
[16, 17]. An isokinetic dynamometer allows the assessment of muscle function with
an appropriate resistance at a constant angular velocity, allowing maximum force

Figure 2.
Isokinetic dynamometer.
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production through a prescribed range of motion. In clinical practice, isokinetic
dynamometers are often preferred to monitor progress during rehabilitation [17].

Isokinetic dynamometers can assess muscle strength in both the concentric and
eccentric phases of movement. Eccentric muscle activity is superior to concentric
contraction in many ways. Approximately 40-60% more strength gain can be
achieved with eccentric muscle contraction. It also has a beneficial effect on inflam-
mation by altering blood flow [3].

In isokinetic dynamometry, the speed of the moving segment cannot exceed a
predetermined speed, no matter how much force is applied. It is therefore safe to use
in the rehabilitation of patients with muscle and ligament injuries. In addition, these
machines provide an objective measure of muscle strength, power, and endurance.
As aresult, they are increasingly being used to assess muscle performance. Isokinetic
equipment is now used for strength training and rehabilitation, as well as to deter-
mine muscle balance and strength [17].

Current isokinetic dynamometer systems allow assessment in both concentric and
eccentric exercise modes. The dynamometer shows the value of the developing force
moment at each moment. In addition, the muscle is maximally loaded at a prede-
termined constant speed and during dynamic movement [18]. The most important
data recorded by the isokinetic dynamometer is the battery torque or maximum force
moment, which indicates the highest force value recorded during the test. Another
variable provided by the isokinetic dynamometer is “work”, which is the product of
force moment and angular distance.

Isokinetic dynamometers are mostly used to analyze peak torque data [19].
Isokinetic dynamometers are used to perform exercises at maximum intensity and
constant angular velocity throughout the range of motion. This allows the exercise to
be performed at the individual’s maximum strength level at each joint angle and mini-
mizes the risk of overloading the patient’s tolerance. Isokinetic exercise is included in
rehabilitation programs to optimize muscular strength, particularly in the treatment
of elite athletes [10].

Studies have reported increases in maximal strength and endurance performance
with IE [20]. Isokinetic dynamometers are the gold standard for assessing muscle
strength, allowing us to determine the agonist/antagonist ratio through different
angular velocities. It is also considered an effective tool for improving muscle func-
tion. Isokinetic dynamometry was introduced as a trade name in the late 1960s with
the first Cybex I machine. Since then, much research has been conducted in the field
of rehabilitation and sports performance, with the knee joint being the most studied
and the hip to a lesser extent [20].

Isokinetic dynamometers are widely used in both clinical and research settings. In the
literature, most studies using isokinetic dynamometers have focused on knee flexors and
extensors, with less attention paid to the hip joint (14). In a systematic review, isokinetic
knee flexion and extension force measurements using a wide range of angular veloci-
ties were reported to provide moderate to good reliability [14]. Although the reliability
of isokinetic assessments is influenced by factors such as the position of the person,
movement speed, muscle contraction, and pelvic stability, according to the results of the
meta-analysis, they have produced measurements with higher reliability [20].

1.3 Isokinetic strength measurement

Determination of angular velocities There is a wide range of angular velocities
used to test the quadriceps and hamstring group muscles. In 1989, Borges preferred
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avery low speed of 12°/sec, while at the other end of the spectrum. Ghena et al. [6]
tested subjects at speeds up to 500°/sec. For the knee joint, velocities above 180°/sec
are defined as high velocities [6, 21]. The gain increase at high angular velocities and
whether it provides meaningful data is controversial. In the isokinetic dynamometer,
as the angular speed increases, the maximum torque decreases. Again, some studies
reported that very little muscle force change was detected at speeds above 300°/sec
in the knee, and the maximum change was obtained between 30 and 120°/sec [22].
In conclusion, in light of the studies in the literature, the angular velocities between
60 and 180°/sec are the ones that are comfortable for the patient during isokinetic
testing and allow for obtaining adequate and reliable data in terms of muscle
performance [23].

The isokinetic dynamometer is the gold standard for measuring peak torque, work,
and force as a function of angular velocity, as well as the agonist/antagonist muscle
force ratio. Peak torque is a good indicator of maximum muscle tension, and strength
tests are performed at low speeds (30-60°/s), while endurance and total work tests are
performed at high speeds (180-300°/s). Total work is the sum of all the work per-
formed in one set. Total work is used to measure endurance in isokinetic testing [24].

When the literature is examined, it is stated that electrotherapy methods should
be combined with isokinetic training and the use of electrophysical agents [25-27].
Isokinetic training can be used in many diseases. Isokinetic training is as effective as
traditional isotonic training in regaining strength and balance between hamstrings
and quadriceps and results in better adaptation in muscle mass. As a result, isokinetic
training is included as one of the main strength restoration strategies after knee
surgery rehabilitation, especially in the early and intermediate stages when strength
restoration is one of the main goals [28]. In a study;, it was reported that Russian
Current and High Voltage Pulsed Current (HVPC), which can be added to isokinetic
strengthening exercises, have the same effect on muscle strength and endurance.

It has been shown that both currents can be used to increase muscle endurance.
Therefore, physiotherapists can plan a program that includes electrotherapy methods
and isokinetic training, especially if they want to improve muscular endurance [29].

2. Limitations

When systematic reviews and meta-analyses were examined, it was determined that
although isokinetic strength assessment is the gold standard, its general role is limited.
However, best evidence syntheses, coupled with considerations of costs and the special-
ized training required to perform isokinetic strength testing, make this test difficult to
use as a screening tool. For measurement, the patient who is being measured must be
well informed and the professional who will make the measurement must be able to use
the isokinetic dynamometer well. In addition, although measurements can be made in
every region thanks to the apparatus in the device, it is difficult and time-consuming to
use. Since the patient’s motivation to perform the movement comes into play during the
measurement, there may be problems with measurement consistency.

3. Electrotherapy methods

Electrotherapy modalities are a popular treatment used by physiotherapists
for a variety of purposes including muscle strengthening, endurance, spasticity
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management, pain control, circulation enhancement, and edema control [30].
Medium-frequency currents are typically 2 kHz or 4 kHz modulated alternating
currents [31]. The kilohertz-frequency alternating current waveform is a sinusoidal,
triangular, or rectangular-shaped biphasic current. They are transmitted continu-
ously or in bursts. It is defined as a current with a carrier frequency of 1.0-10.0 kHz
and is usually modulated with a low frequency (1-120 Hz) because continuous
alternating current rapidly causes neuromuscular fatigue due to high frequency
[32]. Medium-frequency currents have a carrier frequency (excitation without
pauses in the pulse) and a modulation frequency (the number of times the current
modulates or changes in one second). The currents must have an excitation and rest
period to resemble a voluntary contraction. These values are adjustable, the unit

is sec. The greater the pulse duration and frequency, the greater the contraction.
Increasing these parameters will increase discomfort and fatigue [33]. In the classi-
cal literature, mid-frequency neuromuscular electrical stimulation includes Russian
currents and interference currents [31]. Neo-Russian currents, which differ from
traditional Russian currents in various technical aspects, are included in this list.
Aussie currents, which have recently been more widely used and attracted atten-
tion, are among these currents [34].

Kilohertz alternating current was proposed in the pioneering work of Kots as a
new type of neuromuscular electrical stimulation (NMES) that would address some
of the limitations of conventional electrical stimulation. There is evidence to suggest
that kilohertz alternating current (hereafter referred to as Russian current) increases
maximal voluntary isometric contraction by up to 40%. It has been reported that kilo-
hertz alternating current produces suprathreshold stimuli with bursts long enough to
generate multiple nerve fiber action potentials, producing smaller perturbations per
burst and more force than conventional NMES [32].

4. Russian current

Russian Current (RA) was developed by Yakov Kots in the late 1970s to strengthen
the quadriceps of Russian Olympic athletes. RA was developed as an electrical muscle
stimulation to increase strength gains [35]. The key feature of RA is its ability to
produce a large muscle contraction with repetitive external loading [36].

RA is a medium frequency alternating current transmitted in bursts where the car-
rier frequency is between 1000 and 10,000 Hz and any burst frequency can be used.
The RA protocol medium frequency alternating carrier frequency is 2500 Hz. Itisa
50-burst modulated current per second during 10 msec rest and 10 msec stimulation.
The theoretical basis for its use is that the skin provides less resistance to the high car-
rier frequency of 2500 Hz and the RA stimulates almost all motor units of the muscle
to contract simultaneously leading to greater muscle hypertrophy. This allows less
electrical energy to be dissipated peripherally and more electrical energy to penetrate
the muscle and stimulate more fiber release [36]. RA has gained popularity among
athletes with Kots’ reports of strength gain, 2500 Hz frequencies, 50 Hz bursts, and
50% duty cycle [37]. The RA protocol used in the clinic uses a medium frequency
alternating current carrier frequency of 2500 Hz and a burst frequency of 50 bursts/
second [38]. Akinoglu et al. [39] evaluated isokinetic training with Russian current
(RC) and high voltage pulsed current (HVPC) modality before and after treatment
with isokinetic tests. Knee extension peak torque values 180°/sec before treatment RC
is 161.60, HVPC is 157.50, after treatment, RC is 185.10, HVPC is 178.45. Quadriceps
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muscle 180°/sec muscular endurance before treatment RC is 72.02, HVPC is 69.88,
post-treatment RC is 79.75, HVPC is 73.43. After the treatment, peak torque and
muscular endurance increased.

5. Aussie current

Aussie Current (AC) is a 1 kHz or 4 kHz low-frequency alternating current that
can modulate the duty cycle by 20%. Aussie currents are used in the clinic at 1000 Hz,
modulated in 50 Hz ranges with a pulse duration of 2 msec [37]. AA can vary between
1and 180 mA according to the sensitivity of the patient. A burst modulation fre-
quency between 100 and 120 Hz is used for pain. It is a current that is rarely described
in the physiotherapy literature, but its use as a way of increasing blood flow to the
muscles as well as reducing pain has attracted attention [40].

Cittadino et al. [37] compared RA and AC applied to the hand in their study.
Muscle strength and thickness of hand muscles were examined. In both evalua-
tions, the average muscle thickness and effect sizes of the groups were determined
as RA group 1.3 and AC group 1.7 in the first evaluation of the superficial flexors,
and RA group 1.6 and AC group 1.7 after the treatment. The deep flexors were 1.7 in
the RA group and 2.3 in the AC group at the first evaluation, and after treatment,
they were 2.0 in the RA group and 2.3 in the AC group. No significant difference
was found between the groups after treatment.

Dantas et al. [40] study, the authors compared RC and AC, as well as two other
low-frequency currents with a phase duration of 200 or 500 us. The results showed
that the maximum voluntary contraction torque applied in isolation was AC: 76.9%;
and RC: 70.1%. Average torque AC: 92.1 percent; RC: 92.3 percent. There is no signifi-
cant difference between the average torques. All currents are stated to produce similar
levels of discomfort. Similar results were obtained by Ward et al., but both AC and
RC have lower disturbance levels compared to low-frequency currents [41]. Medeiros
etal. [42] also compared 1 and 4 kHz with two low-frequency currents with similar
phase durations and observed that they presented similar levels of induced torque
and discomfort. This form of treatment is relatively new and there are few studies
examining its clinical effects. Current studies indicate that a new current, known as
AC, can produce higher torque [43]. AC has a variety of therapeutic effects for indi-
viduals, including greater comfort, motor and sensory stimulation, and the capac-
ity to produce greater muscle power torque [34]. Rodrigo et al. [43] reported that
neuromuscular electrical stimulation provided by AC increased quadriceps muscle
endurance in sedentary individuals and modulation with a 4 msec burst showed bet-
ter effects. Dantas et al. [40] reported that Aussie current and low-frequency current
were superior to Russian current for stimulating isometric knee extension torque.

Frequency (Hz) Bursts (Hz) Duty cycle (%) Rest and stimulation
Russian 2500 50 50 10 msec rest and 10 msec
current stimulation
Aussie 1000 50 20 2 msec stimulation

current

Table 1.
Russian and Aussie currvent application pavameters.
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This information is thought to be important in making decisions regarding physio-
therapy protocols for muscle strengthening [40]. AC has been reported to have better
torque and force gains compared to other electrotherapy modulations. It causes less
discomfort to the patient and shows higher individual tolerance (Table1).

6. Burst modality medium frequency currents (Russian and Aussie
currents) in isokinetic training

The movement of the extremities in isokinetic training is performed at a prede-
termined speed during the joint movement process, except for the instantaneous
acceleration at the beginning and deceleration at the end of the movement, known as
isokinetic strength training [44]. Isokinetic training has been reported in research to
be more effective than traditional isotonic training in restoring strength and balance
between hamstrings and quadriceps. It causes better adaptations in muscle mass.
Isokinetic training is among the most important methods in the development of func-
tional mobility [28]. Vidmar et al. reported that isokinetic muscle strength training
had a greater effect on muscle mass and strength of quadriceps femoris in recreational
athletes after anterior cruciate ligament reconstruction than traditional training [10].
Some studies show that isokinetic training not only improves pain and dysfunction
but also has a beneficial effect on the level of inflammatory biomarkers for college
football players with traumatic osteoarthritis after anterior cruciate ligament injury
and knee anterior cruciate ligament reconstruction revision patients [45, 46].

Isokinetic exercises are an exercise method used to increase muscle strength and
improve performance.

These exercises are usually based on working with resistance and aim to work the
muscles at maximum strength. The use of medium-frequency currents, especially
Russian and Aussie currents in isokinetic training, provides muscle strength contrac-
tion and endurance, and increased blood circulation, along with certain physiological
effects [29, 37]. Considering the health status of the person, existing injuries, or other
health problems, Russ and Aussie currents can be used effectively in isokinetic train-
ing at appropriate levels under the guidance of a physician and physiotherapist.

From the literature review, it is seen that kHz current is a clinical alternative to add
torque and muscle hypertrophy in healthy individuals. Although the force increase
in the muscles occurs with other currents, it is seen that this increase occurs the most
with the Russian current [47]. Since Aussie currents and Russian currents are similar
in parameters, it is thought to be effective with isokinetic training. Although Aussie
currents are few in the literature, no studies are used with isokinetic training. More
research needs to be done on this subject. In addition, there are differences between
the studies in terms of the parameters of the mid-frequency currents used. Therefore,
more research can be done on current parameters.

7. Conclusions

Isokinetic training is a treatment modality used in the literature in the treatment
of many diseases and is the best method for muscle strengthening. Burst modality
medium frequency alternating currents are used in the literature. However, there are
few studies conducted with isokinetic training. Although studies are showing that
the Russian Current is effective among these currents, few studies are showing the
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effectiveness of Aussie currents. Since Aussie currents are more conformable than
Russian currents, they can be used more frequently on patients.
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Chapter 9

Health Promotion through
Advanced Physical Activity
Programs for Individuals with
Intellectual and Developmental
Disabilities

Meir Lotan and Alberto Romano

Abstract

Individuals with intellectual and developmental disabilities (IDD) present multiple
co-morbidities within the medical, physiological, and mental areas, thereby putting
them at an increased risk for a variety of illnesses. Moreover, many of them are living
a life of inactivity, thereby worsening their health condition. Many researchers have
identified a clear relationship between physical fitness and wellness. This chapter will
describe the poor physical condition of individuals with IDD and will suggest some
intervention possibilities, focusing on motivational factors and integration into the
person’s daily living routines. While some physical activity possibilities are free and
can be found online, other more advanced tools for promoting an active lifestyle can
be implemented with this group of people. The present chapter will suggest research-
based effective strategies to enhance the physical activity of people with IDD through
remote activity intervention programs, virtual reality training, and personally adapted
simple training applications.

Keywords: exercise therapy, physical fitness, intellectual disability, developmental
disabilities, exergaming, telerehabilitation

1. Introduction
1.1Intellectual and developmental disability

Since 1908, intellectual and developmental disability (IDD) has been repeatedly
defined by the American association of intellectual and developmental disability
(AAIDD) (formerly American Association on Mental Retardation).

The definition of IDD has four main components: Developmental, mental, adap-
tive, and the need for care and support [1, 2]. The acceptable definition of IDD in the
Western world includes the three following components:
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1. Disability level in mental functioning — intelligence — refers to a general mental
ability, such as learning, making conclusions, problem-solving, and others. An
intellectual quotient (IQ) under 70I1Q means two standard deviations below
the population average and is defined as intellectual disability. Intellectual dis-
ability within the range of 55-701Q is defined as mild IDD, within the range of
40-541Q - moderate IDD, within the range of 25-391Q - severe IDD, and IQ
under 241Q is defined as profound IDD [1].

2. Significant disability in adaptive behavior — adaptive behavior is a collection
of conceptual, social, and practical skills learned and performed by people in
everyday life. Limitation in adaptive behavior affects everyday life and the ability
to cope with changes and environmental demands. In practice, this means lower-
ing about two standard deviations from the average in standardized adaptation
tests [3, 4]. These skills are distributed into three major categories:

a. Conceptual skills: Including language and learning, time concepts, quantity
concepts, self-direction, etc.

b.Social skills: Interpersonal skills, social responsibility, self-esteem, naiveté,
caution, solving social problems, ability to act according to rules, abide by
laws, etc.

c. Practical skills — activities of daily living: Self-care, occupational skills, main-
taining self-health, meeting timetables/routine, safety, using money, using
public transportation, using the phone, etc.

3.IDD signs first appear before age 18 [1, 5]. This definition is intended to distin-
guish people who are born with IDD from adults who have a cognitive disability
i.e., attained at an older age against the background of various old age diseases
such as Alzheimer’s and the like.

Within these three categories, the four levels of intellectual disability are generally
defined as follows:

* Mild IDD: People who demonstrate independence in most areas of daily living
and require ad hoc support only in situations of change or crisis.

* Moderate IDD: People who need limited support in all areas of daily living,
which is given regularly for short periods of time in order to learn, practice, and
become competent in using all their skills.

* Severe IDD: People who need increased, regular supporti.e., not limited in time
in all areas of daily living in order to function actively. Without such support,
individuals are unable to fulfill their basic needs.

* Profound IDD: People who need immediate support from an external support
provider in fulfilling actions in all areas of daily living [6].

Therefore, IDD is a comprehensive term covering cognitive and physical limita-
tions resulting from central nervous system dysfunction, surfacing in childhood with
lifelong consequences [7].
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IDD can arise from a variety of causes, encompassing genetic, environmental, and
perinatal factors. Genetic mutations, either through additions, deletions, or altera-
tions in specific genes or chromosome abnormalities, contribute significantly to the
onset of IDD. Exposure to harmful substances during pregnancy, such as alcohol or
infections, can adversely impact fetal development, manifesting in various cognitive
and neurological impairments [8]. Moreover, preterm births, complications dur-
ing childbirth, and traumatic brain injuries stand as significant contributors to the
complex etiology of IDD [9].

The World Health Organization and other leading organizations within the realm
of IDD perceive IDD as a dynamic phenomenon that may change over time [10].
This change derives from the understanding that a person with IDD can improve his
functioning in most living areas through personally customized programs and suit-
able support [10]. On the other hand, an individual with IDD can demonstrate relapse
in his abilities against the background of functional and medical problems, which
showed higher prevalence compared to the general population [1]. Especially when
severe and profound IDD is concerned, additional severe neurological and psychiatric
co-morbidity is also often diagnosed, which is expressed, among others, in defects in
the communicative, academic, physical, and behavioral functioning in the various
environments [1, 11-14].

Co-morbidity, which characterizes this population, makes it more “fragile” than
the normative population [15], with significantly increased health needs which
in practice lead to relatively many hospitalizations and excessive use of drugs, the
efficiency of which is not always apparent [16]. All these require the intervention of
healthcare professionals [17] and providing increased customized care.

Moreover, the multiple medical needs in this population constitute a financial
burden to the families and the health and welfare system [18]. Therefore, there are
quite a few recommendations in the research literature to try to improve the control
and therapy systems by institutionalizing multi-systemic mechanisms supported by
cost-effective and efficient medical screening tools, enabling cost reduction [18].

However, as these needs are multiple, it is difficult to provide them [19]. To
effectively and quickly identify whether there have been any changes in the condi-
tion of the service recipient, suitable assessment tools need to be devised. On the one
hand, these tools will make it easier for direct caregivers to identify changes without
increasing the load of tasks they already have, devise therapeutic programs, and
advance all adaptive areas, and on the other hand, they will allow wise allocation of
existing health resources [20]. At the same time, the approach that direct caregivers
should be consulted when making therapeutic changes is increasingly rooted [21].

1.2 Unmet therapeutic needs

Equity in healthcare should be a minimum standard for everyone in all countries.
However, despite existing evidence in the literature regarding the ill health of individu-
als with IDD, this minority group still suffers disproportionately and to an unnecessary
degree [22]. Given their more complex needs, one might anticipate that individuals
with IDD would receive increased assistance from mainstream services. Paradoxically,
however, accessing these services can prove challenging for them, and mainstream pro-
viders may struggle to customize their care to suit their unique needs. Unfortunately,
this situation has occasionally resulted in healthcare disparities for people with
IDD [23]. Moreover, many authors suggest a lack of adequate health screening and
preventative care in this population. Co-morbidities among adults with IDD are high
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and increase with age; environmental risks, however, much like those found in the
population at large, such as lack of physical activity (PA) combined with inappropri-
ate nutrition resulting in overweight and obesity, are prevalent. However, these risk
factors are modifiable and preventable, and if addressed appropriately, they could lead
to an enhanced overall health status within the population of individuals with IDD
[24]. In order to prevent complications associated with the disabilities associated with
IDD, there is a need for a comprehensive and preventive therapeutic intervention. Such
therapeutic approaches should include physical therapy and hydrotherapy (to improve
mobility and cardio-vascular fitness, reduce spasticity, and prevent physical deforma-
tions), occupational therapy (to enhance function within activities of daily living and
attend to sensory dysfunctions), speech therapy (to enhance communication skills and
improve eating abilities), special education teachers (gain computer access, enhance
education, literacy skills, and social skills), music therapy (for self-expression and
emotional well-being), and more. Therefore, it is in the hands of healthcare from all
professions to enhance care for our clients with IDD, establishing better and intensified
evaluation and therapeutic interventions to answer their needs.

1.3 Physical activity of people with IDD

Numerous investigations have indicated that consistent engagement in PA, sports,
and exercise contributes to enhanced physical (i.e., balance and muscle strength) and
psychosocial health and quality of life among individuals with IDD [25-29] but failed
to impact the body mass index and body composition parameters. The main effects
of PA for individuals with IDD were repeatedly confirmed in the literature through
meta-analysis, as summarized in Table 1.

However, despite the essential nature of PA for this population, it was overlooked
in national PA guidelines and public health recommendations until 2020, when
the revised PA guidelines from the World Health Organization (WHO) explicitly
included mention of people with an IDD, marking the first acknowledgment of this
population in such guidelines [25].

Nevertheless, while at least 150 minutes of exercise per week for adults aged 18
to 64 [26], individuals with IDD are believed to participate in comparatively fewer
PA, posing challenges in achieving optimal health [27]. Research indicates that
individuals with IDD participate in only 17.5-33% of the recommended PA levels [27].
Consequently, this population has a higher obesity rate and lower physical fitness
and cardiovascular endurance [28] compared to their counterparts without IDD. In
addition, adults with IDD exhibit a declining PA rate, leading to sedentary behavior
and an increased risk of fatigue-related diseases, low fitness levels, and obesity
[29, 38]. This emphasizes the importance of addressing physical inactivity early in life
to mitigate the risk of long-term health issues [39]. Moreover, sedentary lifestyles and
alack of engagement in PA contribute significantly to the substantial lifetime costs
associated with health and non-healthcare services related to IDD [40]. This eco-
nomic burden, coupled with the need for lifelong treatment and services, highlights
the importance of addressing PA levels in individuals with IDD.

Despite the well-established health benefits of PA, reports indicate that elevating
this population’s PA levels may be challenging and require time to become effective
[41]. Numerous personal, family, social, financial, and environmental obstacles
impede the engagement of individuals with IDD in PA [42].

Personal barriers to PA for people with IDD include specific and generic health
problems associated with IDD (e.g., being overweight, heart issues, unpleasant body
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feelings, etc.), the lack of motivation toward PA, the physical and intellectual dis-
abilities of the participants, and the presence of behavioral problems. Interestingly, PA
itself may positively influence many of such personal barriers. For instance, consistent
engagement in regular physical exercise enhances aerobic endurance, cardiovascular
capacity, flexibility, and agility while reducing adipose mass in people with IDD [43].
Furthermore, joining PA has been reported as a strategy to mitigate and diminish
negative behaviors [44] and to increase the motor functional level of people with IDD
[45]. The mutual influence of PA on its barriers and vice-versa may generate virtuous
(if performing PA simplifies the barriers overcome) or vicious (if the barriers limit the
engagement in PA) circles. Individuating and using personal motivational factors to
enhance the willingness of people with IDD to participate in PA may help in promot-
ing a virtuous circle to establish. Performing PA in a group or within social interactive
situations (e.g., involvement of peers with and without IDD, socialization moments,
etc.), together with the provision of positive reinforcement for participation (e.g.,
being rewarded and praised, receiving medals and prizes, etc.), have been reported

as facilitators for participation in PA [46, 47]. Moreover, personal factors such as the
desire to look and feel good, determination to succeed, and a good understanding and
knowledge of the benefits associated with PA act as facilitators for the involvement

of individuals with IDD [46, 47]. This highlights the need for an explanation of the
benefits of PA to people with IDD who often lack knowledge about maintaining a
healthy lifestyle. These elements must be taken into high consideration when planning
to enhance the PA level of an individual with IDD.

Furthermore, it was reported that an increased level of intellectual disability
severity, along with the associated requirement for supervision, represents a con-
straint on engaging in PA [48]. Accordingly, Sundblom and coauthors [48] assert that
the level of intellectual disability determines the PA intervention feasibility and the
method of delivering it. In fact, due to the wide range of functional levels and com-
plex needs shown by people with IDD and their families, highly individualized inter-
vention programs are required to achieve behavioral change and promote PA in the
population with IDD. Preliminary evidence in the field pointed out the importance
of adapting the PA program to the individuals’ needs, incorporating it into their daily
routine, and involving the individuals’ caregivers and environments [49-52]. Daily
routine integration may require a prolonged period of time before becoming effec-
tive, as people with IDD tend to resist modifications to their habits [44]. However,
when an effective integration of the PA program into the daily routine is established,
it could play as a facilitator in engagement in PA. Furthermore, Kapsal et al. [30], in
their meta-analysis, remarked on the critical importance of the social nature of PA,
suggesting that engaging in PA in groups may prove more beneficial for individuals
with IDD (a table presenting the effectiveness of PA programs for individuals with
IDD is presented as an appendix at the end of the current chapter (appendix 1).

Besides personal factors, several environmental factors may act as facilitators and
barriers to PA and healthcare in general for people with IDD.

1.4 Obstacles to better care by the health system for a person with IDD

According to the literature, the factors limiting the quality of care for people with
IDD within the health systems are several and were briefly presented below:

* Challenging communication — The difficulty in understanding the subjec-
tive condition of a person with IDD and gathering information regarding his
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medical background makes it difficult for health professionals to determine a
correct anamnesis and needs. Unclear anamnesis is one of the factors prevent-
ing people with IDD from getting the best healthcare they need. Some indi-
viduals with IDD are unable to speak at all, which makes it difficult to identify
symptoms and illnesses; these people will also have difficulty expressing pain
and asking for help [53].

Lack of cooperation on the part of individuals with IDD — Some with IDD are
uncomfortable in unfamiliar situations and with unfamiliar people. Sometimes,
it is impossible to explain to the person with IDD the importance of PA or medi-
cal procedures that may be painful/unpleasant, such as physical efforts, taking
blood, measuring weight, and using various medical tools.

Unconventional etiology and complex medical symptoms — In some cases, the
etiology of diseases in individuals with IDD differs from that in neurotypical
individuals. Such differences, or a combination of several diseases that pres-
ent different symptoms simultaneously, make it difficult for the healthcare
professional to locate the source of the disease. Moreover, individuals with IDD
sometimes present a complex of several diseases and symptoms in one patient
that can complicate and delay the treatment for that person [54].

Lack of professional knowledge of the healthcare staff — The complexity and spe-
cific nature of medical conditions and symptoms require additional knowledge
by the healthcare staff on top of the knowledge needed when treating a client
within the general population. Despite this, in general, the knowledge and train-
ing of health professionals on issues related to IDD are lacking around the world.
Therefore, it is unrealistic to expect a healthcare professional to be familiar with
specific symptoms and signs associated with IDD [55].

Service providers’ attitudes toward people with developmental disabilities — Some
argue that this reason is the most challenging barrier [56]. A study that surveyed
nurses’ attitudes about providing care to individuals with IDD found that more
than 30% of respondents reported feeling uncomfortable carrying out health-
promoting activities with individuals with IDD. When asked if they enjoy treating
these patients like others, 22.9% said no. When asked whether they would like to
transfer these patients to another caregiver, 12.5% answered yes [56].

Tenure and experience of the treatment staff of individuals with IDD - In large
health clinics, employee turnover is frequent. The tenure of the treating staff is
essential for those with special needs. Staff permanence is important in light of
medical problems and conditions that require good familiarity with the person
with IDD and the establishment of therapist-patient relationships with proper
rapport that enable ongoing and continuous treatment to be performed. With
specific reference to PA, limited staff, the lack of instructors expert at adapted
PA, and low level of interest of the staff in PA were reported as barriers to PA in
people with IDD [46].

Opinions of the individuals with IDD - Individuals with IDD were interviewed
and asked about their preferences. They indicated that they preferred a doctor
who is experienced in treating individuals with IDD over a more professional
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doctor [57]. This aspect emphasizes the need for experienced staff able to create
an effective and empathetic therapeutic relationship with the person with IDD.

* Ethical issues and lack of specific procedures for individuals with IDD — When
treating individuals with IDD, very complicated ethical problems arise regarding
medical decision-making and agreement on the treatment plan by the therapists
or by the person himself [58]. There are medical procedures that require the
patient’s cooperation, which may be challenging to obtain from an individual
with IDD. In such cases, special procedures can prevent unnecessary suffer-
ing of the client. In addition, since the staff treating an individual with IDD is
more complex than is usually the norm, especially among residents living in
the residential facilities, more factors, and related individuals (staff and family
members) are involved in the decision-making process in a way that goes beyond
the usual process for an individual without IDD.

* Accessibility problems and environmental limitations — The environment in
health facilities is not always suitable and accessible for individuals with IDD,
limiting their access to PA and facilities. Issues like the presence of architectural
barriers, the absence of adapted facilities (such as gyms and sports centers), and
community support (e.g., transportation services), burden the people with IDD
and their caregivers [46]. Physical accessibility requires elevators, ramps, cranes,
and wide passages. In addition, the accessibility of the treatment also includes
special adjustments such as a variety of means of communication according to

the types of disabilities [56].

* Financing - Individuals with special needs usually suffer from many problems,
including heavy economic costs. Various health treatments and accessing PA
services are not their top priority, especially when these treatments are not
funded or subsidized by the state. In addition, treatment for this population
requires a longer time than regular treatments due to the need to perform specific
demonstrations and explanations.

* Unlike people in the general population, individuals with IDD do not always
know their options and rights. As a result, they depend on family, housing, and
healthcare staff who care for them. Organizing the PA program in a way that
allows everyone around the person with IDD to participate without too many
sacrifices in terms of time may enable a higher participation rate in PA. This
concept emphasizes the need for the involvement of caregivers in planning the
healthcare path in general and the PA program specifically.

In accordance with the difficulties arising from the literature on the medical
treatment of this population, it was found at the same time that the current health
condition of people with IDD is deficient.

In the 30s of the previous millennium, the mean age at death for people with IDD
was about 19 years; in the 1970s, this number rose to about 59 years; in the 1990s,
to 66 years; and today, it is close to general life expectancy. For instance, the mean
age at death for Down syndrome (DS) was 9 years in the 1920s and 56 years today
[59]. Advancements in medical technology and heightened social awareness dur-
ing the twentieth century have contributed to this remarkable increase in lifespan.
Historically, many individuals with IDD faced premature mortality due to associated
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medical complications, congenital anomalies, and infections. This semi-positive trend
should be further improved by updating assessment and therapeutic efforts until
individuals with IDD receive up-to-date medical and habilitative support adapted to
current medical facilities and their multiple medical and functional needs.

The present chapter explores new and up-to-date assessments and therapeutic
possibilities for individuals with IDD with the intent of such technologies to become
common practice in the treatment of individuals with IDD.

2. Evaluation

Since IDD is defined as a dynamic situation, adults with IDD it is to have the
functioning level of this group of clients assessed once a period (depending on
the guidelines by the authorities). However, the shortage in therapeutic services
and other barriers mentioned earlier within the current chapter make such evalu-
ation an unmet burden for the managing healthcare professionals. Moreover, the
complexity of medical conditions presented by individuals with IDD and the
complexity of existing assessment tools makes it impossible to meet such demands
without increasing the load of tasks the healthcare providers already have [12, 57].
Therefore, meeting these demands necessitates constructing new and comprehen-
sive assessment tools available online and easy enough to be used by direct care
providers [21]. Such an approach will make it easier for direct caregivers to identify
changes without increasing the load of tasks they already have, devise therapeutic
programs, and advance all adaptive areas. On the other hand, they will allow wise
allocation of existing health resources [20].

Due to the difficulties mentioned, we constructed a new scale, the Functional
Screening Tool for Adults with Intellectual and Developmental Disabilities (FST-
IDD). The new screening tool has been built as an online tool based on existing
questionnaires and following the most up-to-date IDD definitions by AAIDD and the
WHO. The tool was examined and found to be valid, reliable, and sensitive. It also
has high psychometric values for quick detection of changes in the functioning of
adult service recipients with IDD. This new scale was published in a series of articles
[60-62] and can be found and used to enhance periodical evaluations of individuals
with IDD who are under the reader’s care.

3. Therapeutic intervention
3.1 Embedding exercise routines in daily situations

The caregivers of the individual with IDD should not be limited to relying on
health-related disciplines, and the therapeutic intervention should not be limited
to what is administered in the treatment room or during individually applied ses-
sions (direct therapy/hands-on). In order to attain a continuous effect, therapists
and caregivers should cooperate with the care providers and families to construct a
comprehensive intervention that taps into natural resources and intertwines within
daily activities and situations. Many have asserted that an activation program taught
to caregivers/families was highly recommended throughout the life of the individual
with IDD, and regular activity was recommended for this population’s long-lasting
health status [63].
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It is therefore recommended that caregivers implement an exercise plan in order
to construct a supportive network around the client. Such day-by-day and hour-by-
hour support will allow everyone involved in caring for the individual with IDD to
be aware of his\her needs and, therefore, construct and support a supplementary
management program. One such program reported in the past by the first author is a
physical intervention program that meets many positive aspects. It has been running
in a residential center for about 20 years with a group of young individuals with DS
now aged 32-35 years. Since adolescence, this group has participated in movement
and music recreation activities. Using the artistic product of this activity, they started
to present a show that presented their drumming and dancing skills within their
residential center on holidays and special occasions. As time went by, their achieve-
ments led to a growing interest in their performance by external organizations,
leading to a steady stream of requests for external performances. In order to respond
to the growing demand and upgrade their professional performance, the group now
meets for three 2-hour practice sessions a week, with increasing practice intensity
before performance dates. Over the past 4 years, a cohort of healthy children from
a conventional school has been seamlessly integrated into the existing group of DS
dancers [19].

The program’s benefit lies in incorporating intense, high-level PA several times
per week, intertwined with the outgoing/happy nature of individuals with DS; it
holds a strong motivation appeal (no dropouts over 20 years). The program’s success
suggests that when a program’s motivational aspects are high enough, even indi-
viduals with DS who usually prefer a sedentary lifestyle can maintain a continuous
healthy and active life.

The concept and outcome of this program correspond with the authors who claim
that creative aspects, such as music, movement, and dance, can significantly affect
the development of individuals with IDD and their adherence to exercise programs
such as the one described above [64]. In this example, the later inclusion of a group
of healthy dancers/singers enabled the participants with IDD to further expose their
friendly, outgoing nature. It spiced up their performance while corresponding with
recommendations of the WHO [65] and the United Nations [66] regarding the need
for community participation of individuals with IDD within the general population.

3.2 A few words on motivation

Motivated individuals will be engaged with activities, persist with challenging
tasks, believe themselves competent, see success as within their control, and experi-
ence pleasure when they succeed. Early motivation predicts later success in typically
developing children [67] and children with IDD [68].

Nevertheless, individuals with IDD have been shown to present motivational defi-
cits [69, 70]. Some studies suggest that when performing physical and recreational
activities, individuals with IDD were found to be less involved in actually engaging in
activities than their typically developing peers less involved [71].

The finding of a vast literature review regarding the motivation of individuals
with IDD supports the notion that social factors (e.g., peer modeling) together with
environmental factors (e.g., audio and audio-visual reinforcements) may be effective
in initiating and maintaining participation of individuals with IDD in prolonged PA
programs essential for their health and well-being [72]. One way to increase motiva-
tion to participate in and adhere to PA programs is by using exciting and appealing
techniques. Therefore, the next part of the chapter will present a few settings and
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techniques that were found effective in enhancing the participation of individuals
with IDD in PA programs.

4. Exciting new technologies
4.1 Telerehabilitation

Telerehabilitation refers to providing rehabilitation services through telecommuni-
cation technology, such as video conferencing, mobile applications, and other digital
platforms [73]. This approach has gained significant attention and adoption, especially
in light of the COVID-19 pandemic, which has limited in-person services in many
settings. The WHO and the World Bank [74], in their co-produced World Report on
Disability, concluded that there is growing evidence supporting the efficacy and effec-
tiveness of telerehabilitation and confirmed the efficacy of remote rehabilitation as an
effective service delivery model for rehabilitation professionals (i.e., telerehabilitation).

Preliminary reports suggest the positive effect of such intervention mode for
delivering health services for children and adults with IDD [75-78], autism spectrum
disorder [79, 80], and for addressing communicational needs of young children
with severe neurodevelopmental disabilities [81, 82]. Moreover, several comparative
studies concluded that there is no significant difference in clinical outcomes between
in-person health services and those achieved through telerehabilitation [83-86].

Telerehabilitation offers several potential benefits for the care of people with IDD
and their families, including:

* Accessibility — Telerehabilitation can increase access to services for individuals
with IDD, especially those in remote or underserved areas where specialized
services might not be readily available, preventing unnecessary delays in care and
support, and facilitating early intervention [87, 88].

* Continuity of care — Telerehabilitation can facilitate ongoing monitoring and
support, ensuring that individuals with IDD receive consistent care and inter-
vention over time [89].

* Convenience — Telehealth eliminates the need for travel for individuals with IDD
and their families, which can be particularly challenging for those with mobility
issues or transportation barriers [90].

* Customization — Telerehabilitation interventions can be tailored to meet the
unique needs of individuals with IDD and their families. A combination of
multiple telerehabilitation strategies (e.g., integration of video calls, videos and
photos exchange and discussion, web-based monitoring tools, parent coaching
with and without the person with IDD, direct activity with the person, and oth-
ers) may be needed to provide the required support.

* A window into the patient’s daily living environment — As telerehabilitation sessions
can occur virtually everywhere and participants involved in such interventions
often connect from their houses, telerehabilitation offers the professional a unique
occasion to observe and assess the person’s daily living environment, facilitating the
provision of activity programs better intertwined into the person’s daily routine.
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* Collaboration — Telerehabilitation simplifies communication and information

exchange between the people involved in the patient’s care, facilitating meet-
ings between the person with IDD, parents, and clinicians, as well as between
clinicians themselves [89].

Telerehabilitation aimed at improving the PA of people with IDD involves using

digital platforms and technologies to remotely deliver personalized exercise pro-
grams, therapeutic interventions, and PA support. This approach seeks to enhance the
physical health, motor skills, functional abilities, and overall well-being of individu-
als with IDD, leveraging the convenience and accessibility of telehealth solutions.
Here (and depicted in Figure 1) are some specific aspects to consider when planning a
telerehabilitation program aimed at enhancing the PA of people with IDD:

* Ecological exercise programs — Remotely provided exercise programs should be
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constructed based on the family’s daily routines and habits, aiming to integrate
the programss activities into the person’s living environment. PA integration into
daily living tasks supports their performance [91] and helps to build the activity’s
significance and a new and more active routine.

Individualized program — The activity program should be highly individual-

ized at several levels. Activity sessions duration and intensity, type of activity,
and level of provided support should be planned based on the person’ attitude
and physical and cognitive characteristics. The program goals setting should
involve the family and, where possible, the person with IDD. The set goals must
be realistic and attainable. Remote meeting planning should be regulated by
mediating between the family’s availability and needs for support and supervi-
sion. Moreover, the health professional should choose the most indicated support
strategy for the specific case. Each of these aspects should be monitored and
eventually modified during the program implementation if needed [45].

Progress monitoring and evaluation — Establishing mechanisms for monitoring
progress, tracking outcomes, and evaluating the effectiveness of telerehabilita-
tion interventions is essential to identify areas for improvement, make data-
driven decisions, provide timely and meaningful feedback, and optimize the
delivery of PA support and services for individuals with IDD.

Motivation — The motivation level of the people with IDD and their families
should be taken under strict monitoring in order to maintain a high level of
adherence to the program. Motivational support may be provided by pre-
ventively individuating (together with the family members) the person’s
motivational factors and integrating them into the activity program to enhance
engagement and adherence to PA routines [77]. Moreover, progress tracking
with emphasis on reached improvement (even if small) and a positive attitude
of the health professional could support the family members’ motivation.
Furthermore, the health professional’s availability to listen and welcome the
reported difficulties by discussing the possible solutions with the family mem-
bers could support their feelings toward the proposed program [76].

Family and caregiver involvement — As already highlighted, involving family
members, caregivers, and support staff in the telerehabilitation process can
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Exercise programs should he
integrated into the family's
daily routines, habits, and

living environments.

Establish a structured
mechanism for
monitoring progress.

The activity program
should be highly
individualized.

Collaborate with
multidisciplinary teams
(health professionals,
teachers, and parents).

The motivation of people with
IDD and their families should
be maintained at a high level.

Figure 1.
Key points to consider when planning a telerehabilitation program to enhance the PA of people with IDD.

help to facilitate participation, provide additional support and supervision, and
promote consistency in implementing PA programs and strategies in various
settings, including home, community, and recreational environments [92].

* Multidisciplinary collaboration — Collaborating with multidisciplinary teams,
including physiotherapists, occupational therapists, special educators, and other
healthcare professionals, can help to ensure comprehensive assessment, plan-
ning, and delivery of PA interventions tailored to the unique needs and goals of

individuals with IDD receiving telerehabilitation services.

In summary, telerehabilitation holds promise as a valuable and accessible modality
for delivering health services to people with IDD, including those aimed at enhanc-
ing their PA level, reducing sedentary behaviors, leveraging technology to deliver
personalized, accessible, and inclusive interventions tailored to the unique needs and
preferences of this population. However, careful planning, individualization, collabo-
ration, and ongoing evaluation are essential to address this population’s unique needs
and challenges and ensure the provision of high-quality, person- and family-centered
care through telehealth platforms. Moreover, telerehabilitation allows for increasing
the frequency and intensity of activity programs, providing individualized activities
in a comfortable and familiar environment for the person. It also enables monitoring
and evaluating the person’s needs and progress, stimulating motivation, achieving
better satisfaction, and potentially reducing service costs.

4.2 Virtual reality

Since the mid-1990s, daily life for many adults within the general population
has become permeated with technology-driven activities, primarily due to the wide
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availability of mobile devices and low-cost personal computers that can run relevant
software for various rehabilitation populations and purposes (e.g., [93]). Virtual
game technology, and, more specifically, virtual reality (VR) gaming, has become
commonplace, and it is now part of a clinician’s repertoire of available rehabilitative
tools. As numerous clinicians and researchers continue to examine ways to increase
PA participation and reduce the sedentary lifestyle of individuals with IDD [94],
virtual game technology represents a new means of achieving such goals.

VR gaming may be described as using computer-based interactive simulations to
present users with practice opportunities for engaging in realistic activities through
artificial environments [95, 96]. Virtual games provide players with an experience in
two- or three-dimensional simulated virtual environments (VEs) with which they
can interact and respond at different levels of motor and cognitive ability to perform
tasks that are motivating, meaningful, and purposeful [97-101].

In their review of various virtual reality rehabilitation applications for people
with IDD, [102] supportively concluded that those few empirical studies that have
examined VE use for people with IDD have shown it to be potentially effective and
meaningful. Therefore, VR may have a role in removing the barriers that impede
participation and rehabilitation for people with IDD.

Our experience suggests that VR. Gaming helps to enhance physical fitness in
individuals with IDD [12, 103], and it is a means to enhance participation in leisure
activities [104] and improve balance with the intent of reducing falls among individu-
als with IDD [105].

Moreover, to date, several VEs have been used for people with IDD, permitting
an examination of the potential of VR and virtual games for teaching life skills,
such as route learning [106], street crossing [107], preparation for giving witness
evidence in a court of law [108], coping during natural disasters such as earthquakes
[109], shopping [100], improving physical fitness [12, 103], augmenting sensorimo-
tor functioning [110], and increasing cognitive skills, such as assessing sequential
time passage [111] and spatial perception [112]. Other researchers have studied the
practicality of VEs for social skills training [98, 113] and as a medium for leisure
activities [104, 114].

Findings from research projects across the globe [12, 103, 115] suggest that virtual
gaming addresses concerns regarding the poor physical and medical challenges of
individuals with IDD. As was found by many, the ability of virtual gaming to motivate
individuals with IDD and to promote their cooperation, involvement, and enjoy-
ment of PA is likely to play an essential role in helping these individuals become more
physically active [12, 103, 116, 117]. Therefore, the use of VR with individuals with
IDD is highly recommended.

4.3 Therapeutic snoezelen intervention, a multi-sensory approach

We live our lives through our senses. It is by means of experiencing the senses that
we develop an understanding of our body and, through it, about our environment
[118]. Any medical problem that a person may exhibit, which will disturb his interac-
tion with the environment, may influence his understanding and, as a result, may dis-
turb his development, interactions, and participation. According to Longhorn [119],
without sensation and awakening of the senses, people confronted with intellectual
and functional challenges will find it very difficult to understand the world around
them. As a result, they will have difficulty participating, learning, and functioning.
The multi-sensory approach tries to find significance in the world through an adapted
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sensory environment and the help of an enabling therapist. This environment awak-
ens the client’s interest, encouraging exploration and discovery of his surroundings.
This exploration acts as a stepping-stone toward learning and development.

Mostly, people with IDD cannot create their own optimal environment, so it is up
to us to do so. By providing a multi-sensory environment (MSE), we create a sheltered
sensory experience for the client to explore. In this chapter section, we will review the
benefits of an MSE called Snoezelen. The Snoezelen idea was initially designed in the
1970s in Holland and was mainly designed for people diagnosed with IDD. Snoezelen
is a controlled MSE transmitting sensory stimulation through light effects, colors,
sounds, music, scents, and all the combinations of different materials that can be
explored with the senses and without verbal communication. So, therefore, Snoezelen
can be a very helpful non-directive therapy for people with profound IDD [120]. The
word Snoezelen combines two Dutch words: To doze and to sniff like a dog. The word
doze indicates that a restful activity is involved, and the sniffing gives it a more sen-
sory and dynamic aspect. The multi-sensory room is partially lit and provides sensory
stimulation to the client and the therapist. The senses (such as hearing and sight,
touch, taste, and smell) are provided harmoniously, whether alone or combined. They
are provided according to the client’s choice. The treatment aims to find a balance
between relaxation and activity within the framework of a safe, adapted environment
by means of an enabling therapist [121].

When considering a suitable intervention program for the client with IDD, we
reviewed the suggestions of experts in the field of IDD:

* close interpersonal contact [122];

* a quiet and reassuring environment may achieve a reduction in anxiety and
agitation in individuals with IDD [123];

* music is of utmost value [124, 125];

* the child will respond best to gentle, loving care, which encourages activity in an
interesting but quiet environment [126];

* encourage and facilitate learning without pressuring the person;

* provide face-to-face contact, talking, singing, and touching;

* comfort the person and allow withdrawal during agitation;

* encourage active supervised movement in soft play;

* provide gentle movement of limbs and joints through their full range [127].

All the above suggestions are an integral part of the MSE, making it a preferred
intervention method for children, adolescents, and adults with IDD.

Despite its widespread use, relatively few research studies have examined this
method’s efficiency. This is mainly the result of the fear expressed by the original
founders that such exposure would eliminate the relaxed and intuitive nature of the
experiential ambiance, which is crucial to the Snoezelen concept. In addition, most of
the existing studies to date are based on anecdotal reports.
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Therefore, the authors of the current chapter constructed a structured approach
enabling systematic data gathering without harming the original cornerstones of the
original concept of the Snoezelen.

Using the therapeutic snoezelen intervention (TSI) approach, the interaction
within the Snoezelen environment is performed with accordance to the original
concept of the Snoezelen: E.g., an adapted surrounding (set according to each client’s
preferences and changed following new requests or signals by the client), an enabling
facilitator (constantly observing the client, monitoring their signals and mediating
their intervention accordingly), and an interaction were “nothing is demanded from
the clients and everything is allowed” [128]. At the same time, pre-determined infor-
mation regarding the client’s behaviors/challenges (i.e., How many times he took off
his clothes, how many times he fell, and how many times he hit himself or others) is
collected and compared with the same measures during the pre-Snoezelen interven-
tion by the care-providers.

According to our analysis, elements contributing to the success of the TSI included
[129]:

1. choosing high-quality personnel as therapists;

2.specifying target population by consulting with team members;

3.reducing the anxiety at first encounters;

4.provide a careful and organized training program for each Snoezelen/therapist;
5. pre-setting measurable therapeutic goals for each client;

6.systematic data gathering by the care providers’ staff;

7.systematic implementation of intervention several times per week;

8. systematic follow-up evaluations within the natural surroundings by the client’s
care providers.

When the TSI was implemented, the program’ success was documented within
several areas of intervention, among which, reducing challenging behaviors [106],
enhancing motor and functional advancements [130], and improving the interaction
of clients with family members [131].

The use of a MSE with individuals with IDD under the TSI method, enables an
individually tailored intervention, with the therapists in charge of adapting the
therapeutic program to each client beforehand while adapting each therapy session
to the needs, demands, mood, and behavior of each client on a daily and even hourly
basis. At the same time, the TSI method enables the collection of data presenting the
gradual change of the service recipient.

5. Conclusion

Individuals with IDD are entitled to healthcare just as any other individual.
However, despite their rights and although they are diagnosed with many more
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medical conditions necessitating proper health services and habilitation, they remain
a marginal group of society that rarely receives the amount and quality of support
they deserve. The current chapter was written to present the reader with up-to-date
intervention methods to advance the opportunities for this group of clients.
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