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Preface

Physical inactivity is considered the most important risk factor for cardiovascular 
diseases. Cardiorespiratory fitness (CRF), which refers to the ability of the circulatory 
and respiratory systems to provide oxygen during physical activity, is an important 
component of physical fitness and can be enhanced by regular physical activity. 
Lower CRF is associated with higher risks of Alzheimer’s disease and cardiovascular 
diseases such as type 2 diabetes, hypertension, obesity, depression, poor physical fit-
ness level, vascular dementia, and metabolic syndrome. In addition, CRF is inversely 
related to depression severity and cancer mortality.

This book includes nine chapters on CRF. Chapter 1 by Dr. Wang et al., 
“Cardiorespiratory Benefits of Exercise”, examines the benefits of exercise on the 
cardiorespiratory system. Chapter 2 by Dr. Postolache et al., “Assessment of Exercise 
Capacity: A Key Element in Pulmonary Rehabilitation”, discusses issues related to pul-
monary rehabilitation, exercise capacity, and physical training in patients with CARF. 
Chapter 3 by Dr. Marques et al., “Promoting Cardiorespiratory Fitness in Young 
People: The Importance of the School Context”, offers suggestions for increasing the 
CRF levels of school-aged children. The authors emphasize the importance of physical 
education lessons and physical education teachers in schools. Chapter 4 by Dr. Costa 
and Dr. Nakamura, “Assessment of Autonomic Cardiac Activity in Athletes”, provides 
information about autonomic cardiac activity in athletes. It discusses the use of non-
invasive and time-efficient methods to record and/or calculate heart rate variability 
in athletes. Chapter 5 by Dr. Wu, “Swimming Exercise-Induced Improvements in 
Cardiorespiratory Fitness (CRF) are Caused by Nitric Oxide Functional Adaptations 
in the Oxygen Transport System”, argues that swimming exercise is a good way to 
increase metabolic rate and heat burning as well as improve heart rate and oxygen cir-
culation. The chapter summarizes the roles of physiological nitric oxide in improve-
ments in cardiorespiratory fitness. Chapter 6 by Dr. Močnik and Dr. Varda, “The Role 
of Cardiorespiratory Fitness in Children with Cardiovascular Risk”, provides valuable 
and comprehensive information about the benefits of physical activity on children 
with cardiovascular risk to prevent further reduction of cardiorespiratory fitness and 
the development of other comorbidities.  Chapter 7 by Dr. Sen and Dr. Baruah, “Effect 
of Hypertension on ECG Parameters,” examines the relationship between ECG 
variables and blood pressure in medical school students. Chapter 8 by Dr. Joseph and 
Dr. Vadasseril, “Diabetes – A Silent Killer: A Threat for Cardiorespiratory Fitness”, 
discusses type 2 diabetes mellitus, including its prevalence, risk factors, signs and 
symptoms, pathophysiology, and pathogenesis, as well as underlying mechanisms of 
diabetes as a disease, its acute and chronic complications, and measures to improve 
cardiorespiratory fitness and control diabetes. Finally, Chapter 9 by the editor, 
“Relationship Between Vastus Lateralis Electromyography Activation and VO2max 
Values Obtained in Bicycle Ergometry”, presents an experimental study investigating 
the relationship between the maximum oxygen consumption values obtained from a 
bicycle ergometer and the EMG activity values of the vastus lateralis muscle during 
the test.
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Chapter 1

Cardiorespiratory Benefits  
of Exercise
Dan Wang, Kaiyuan Qu, Mingming Yang, Xin Yang,  
Anqi Lu and Jun Ren

Abstract

Abundant evidence proved that the amount of habitual exercise and the level of 
cardiorespiratory fitness (CRF) are inversely related to the risk of cardiovascular 
morbidity and mortality. In this chapter, you can learn about the cardiorespiratory 
benefits of exercise, involving: (1) delay the development of cardiovascular disease 
(CVD) affecting many of the standard cardiorespiratory diseases risk factors, such as 
plasma lipids, especially high-density lipoprotein cholesterol, fasting glucose levels, 
blood and hypertension control; (2) improve the cardiac output (CO) and the CRF 
of different ages. However, certain kind of exercise might not be applicable to cardiac 
patients, since high-intensity, high-volume exercise may increase all-cause mortality 
among these patients. At present, the American College of Sports Medicine (ACSM) 
recommends that aerobic exercise (AE) and resistance exercise (RE) two or three 
times a week is related to better physical function at different ages, improvement of 
muscle strength, body composition and, especially, CRF.

Keywords: fitness, cardiorespiratory, exercise, risk factor, insulin resistance, 
hypertension

1. Introduction

According to the statistics data, noncommunicable diseases (NCDs) such as 
cardiovascular disease (CVD), diabetes, and cancer are still on the rise [1, 2]. NCD 
resulted in more than 70% of all deaths globally, and there were about 41  million 
people killed in 2016 [3]. The majority of these deaths were due to CVD [3]. 
CVD accounts for 44% of these deaths, which translates to about 30% of all deaths 
[3]. CVD includes coronary artery disease, hypertensive heart disease, stroke, 
and thrombosis [4]. The risk factors for CVD are varied, such as high levels of plasma 
lipids and fasting glucose, lack of physical activity, and especially hypertension [4, 5].

Hypertension is one of the most fatal but preventable CVD worldwide [6]. The 
increased blood pressure is the main risk for death and disability which roughly 
accounts for 10% of medical healthcare expenditure [7, 8]. Around 40% of adults 
aged 25 years or older have hypertension, with an estimated 51% of stroke and 45% 
of heart disease caused by increased blood pressure [7, 9]. Hypertension may also 
contribute to complications in other prominent conditions such as coronary artery 

XIV
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disease, thrombosis, and diabetes mellitus [10]. Moreover, the United Nations devel-
oped a target to decrease the incidence rate of nine chronic disease by 2025, of which 
four were related directly or indirectly to hypertension [9]. According to the statistics 
data, approximately 50% of hypertension was attributable to the lack of physical 
activity, 30% to high dietary salt, 15% to low dietary potassium, and 5% to excess 
alcohol intake [9]. For instance, physically inactive middle-aged women have been 
reported to have a 52% increase in all-cause mortality and a doubling in cardiovas-
cular-related mortality [11]. In the general population, improving cardiorespiratory 
fitness (CRF) is a key countermeasure in the prevention of cardiorespiratory diseases 
and mortality [12, 13]. A study has shown that physical activity was associated with a 
risk reduction of more than 50% of CVD [14].

Due to the diversity of CVD, studies usually assess only some of the risk factors [15]. 
It is hard to issue specific recommendations for each CVD [15]. The American College 
of Sports Medicine (ACSM) suggested aerobic exercise (AE) of moderate intensity 
for five or more days per week with 30–60 min per session, or three or more vigorous-
intensity exercise sessions with 20–60 min per session [16].

Whether physical activity had an effect on cardiovascular fitness and the mag-
nitude of this effect would depend primarily on the frequency, intensity, type, and 
duration of the exercise [17, 18]. Physical activity can be classified in different ways, 
such as AE and resistance exercise (RE). AE is the type of exercise in which oxygen 
is utilized by working muscles [19]. It increases heart rate and energy consump-
tion by dynamic repetitive contractions of major muscle groups [19]. AE is usually 
performed at a moderate intensity for 30–45 min in the form of continuous running, 
cycling, jogging, or swimming [20]. RE is the physical activity in which effort is spent 
against a specific resistive force and which is especially designed to increase muscle 
strength and endurance [21, 22]. AE has more benefits than RE on the increase of 
cardiovascular fitness [23]. For instance, AE usually affects all of the risk factors 
for CVD, including hypertension, plasma lipids, fasting glucose, and so on [24]. 
However, regular participation in RE can promote cardiovascular fitness by reducing 
body fat, increasing metabolic rate, lowering blood pressure and cholesterol levels, 
and increasing glucose tolerance [23, 24]. Moreover, RE can also improve CVD risk 
factors such as glucose metabolism and insulin sensitivity [24]. The higher muscle 
strength level is associated with better cardiometabolic, lower all-cause mortality, 
and fewer CVD events [1, 12]. Thus, AE and RE can be a good choice to promote 
cardiovascular fitness.

In conclusion, CVD remain the leading cause of death in the industrialized 
world. Fortunately, as an important part of health-related fitness, the level of car-
diovascular fitness is inversely related to the risk of cardiovascular morbidity and 
mortality. Both AE and RE can increase cardiovascular fitness to a certain extent. 
Finally, before formulating an exercise plan, an appropriate health manager (such 
as a primary therapist, internist, or cardiologist) should be consulted to ensure the 
safety of exercise.

There were strong evidence supporting the cardiovascular health benefits associ-
ated with daily physical activity and exercise. Population-based studies have dem-
onstrated that high levels of daily physical activity were associated with a lower risk 
of cardiovascular events and CVD mortality [25]. Exercise has positive physiologic 
effects on cardiovascular health, including but not limited to its impact on plasma 
lipids, especially high-density lipoprotein (HDL) cholesterol, insulin resistance, and 
hypertension control [26].
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2. Risk factors for cardiovascular disease

2.1 High-density lipoprotein cholesterol

The primary driver of CVD development in humans appears to be the elevated 
level of blood cholesterol [27]. The same lipoprotein particles carry dietary and 
endogenous lipids. Chylomicrons transport dietary lipids, whereas low-density 
lipoproteins (LDLs) and high-density lipoproteins (HDLs) transport endogenous 
lipids. Triglycerides (also known as triglyceride-rich lipoproteins [TRLs]) made in the 
liver and intestines are transported to capillary beds by very low-density lipoproteins 
(VLDLs), where they serve as a source of energy for the target tissues [28]. The main 
method for moving cholesterol from a lesion site back to the liver is through HDL 
cholesterol. HDL reduces the development of plaque by a process known as “reverse 
cholesterol transfer” [29]. In addition, VLDL particles cannot pass through the 
endothelium wall due to their size, while LDL particles can pass through. However, in 
circulation, VLDLs have the potential to undergo hydrolysis along the luminal surface 
of capillaries, resulting in the production of free fatty acids and TRL remnants, which 
are higher in cholesterol than LDLs [29]. These leftovers are capable of being ingested 
by macrophages without being oxidized and are thus thought to exert a potent 
atherogenic effect [28]. Therefore, by modifying the lipid “profile,” CVD risk can be 
decreased (i.e. lowering serum levels of LDL and triglycerides, and increasing HDL 
cholesterol).

Evidence from the last several decades supported the notion that exercise train-
ing has a favorable effect on the blood lipid profile [30]. One comprehensive review 
found that moderate to high intensity of AE increased the HDL cholesterol level 
(mean change across the studies reviewed was +4.6%) [31], in which diet was held 
constant for the participants. In a large randomized controlled trial, Kraus et al. [32] 
investigated the effects of AE of different volume and intensity on blood lipids. They 
randomly assigned 111 men and women with mild to moderate dyslipidemia into four 
groups: a high volume (jogging about 32 km/week) of high-intensity exercise (65–85% 
of peak oxygen consumption) and a low volume (jogging about 19.2 km/week) of 
high-intensity exercise (40–55% of peak oxygen consumption). In comparison with 
groups that engaged in low intensity/volumes of exercise, the high-intensity/high-
volume exercise group showed a significant increase in the level of HDL cholesterol 
(+0.11378 mmol/l) and a decrease in triglycerides (−0.7344 mg/dl), but no significant 
change in the level of LDL cholesterol. Additionally, O’Donovan et al. [33] found that 
previously sedentary but healthy males who underwent 24 weeks of high-intensity 
(80% of aerobic capacity) AE had a significant decrease in LDL cholesterol levels, but 
not after low-intensity (60%) AE. A more recent meta analysis [30] found that high-
intensity aerobic interval training (i.e. periods of high-intensity exercise interspersed 
with periods of active/passive recovery) was more effective than moderate-intensity 
continuous exercise at raising HDL cholesterol levels in subclinical or clinical popula-
tions, independent of dietary or pharmaceutical interventions (e.g. healthy or obese 
individuals taking medications). Meanwhile, RE (i.e. strength exercises using body 
weight or external resistance) with greater volume of exercise (e.g. more sets and 
repetitions), but not necessarily greater intensity (e.g. higher loads), has been proven 
to significantly reduce the level of LDL cholesterol and triglycerides [24].

In addition, exercise enhances the skeletal muscle’s capacity to utilize lipids as 
the main dietary source, which leads to a decrease in plasma lipid levels [34]. The 
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upregulation of lipoprotein lipase, which hydrolyzes triglycerides into free fatty acids 
and encourages cellular uptake of TRL remnants, or lecithin cholesterol acyltrans-
ferase, which is involved in HDL cholesterol formation and, consequently, reverse 
cholesterol transport, may be used to partially achieve this goal. According to one pre-
vious research, an energy expenditure threshold (i.e. roughly 1000 kcal) must be met 
to elicit enhanced lipoprotein lipase activity in well-trained men [35]. This threshold 
may differ for different people based on their exercise history, disease condition 
(healthy vs. hypercholesterolemic), exercise intensity, age, sex, and type of exercise.

2.2 Insulin resistance

Insulin resistance is a significant predictor of CVD in patients with type 2 diabetes, 
since it is linked to the cluster of CVD risk factors mentioned earlier (high cholesterol 
and high blood pressure) [36]. The β cells of the pancreas secrete more insulin when 
an individual is insulin-resistant due to impaired glucose metabolism [37]. Vascular 
smooth muscle cells grow and proliferate when insulin levels are high [38]. This is due 
to the fact that elevated insulin level triggers the inflammatory pathways [39], which 
reduces nitric oxide levels and stimulates the secretion of endothelin-1; this in turn 
encourages vasoconstriction and atherogenesis [40]. Exercise might not be sufficient 
as a stand-alone treatment, as suboptimal diets are the primary lifestyle factors for 
insulin resistance. However, there were evidence showing significant beneficial 
impact of exercise on the insulin resistant state [41].

A series of research provided strong evidence for the efficacy of exercise in the 
treatment of type 2 diabetes. Boulé et al. [42] reviewed seven randomized controlled 
trials which compared the treatment effects of AE intervention (an average of 50 min 
per session and 3 sessions per week for 20 weeks) and control group (non-exercise) 
on patients with type 2 diabetes. As expected, the exercise intervention led to an 
approximate 12% increase in aerobic fitness compared with that in the controls. 
Exercise with higher intensity produced greater improvements in aerobic fitness and 
blood glucose control as defined by the reduction in glycated hemoglobin (HbA1c). 
However, exercise volume expressed as total weekly energy expenditure neither 
predicted the change in aerobic capacity nor in HbA1c. Later, this research group [43] 
further suggested that a threshold of 150 min of weekly structured exercise must be 
achieved for the significant reduction in HbA1c. An updated meta-analysis reported 
that patients with a higher level of HbA1c at the beginning of an intervention would 
experience a greater reduction in HbA1c, besides the magnitude of the reduction was 
associated with the volume of weekly AE or combined exercise (CE), but not the vol-
ume or intensity of RE [44]. However, Church et al. [45] demonstrated that patients 
with type 2 diabetes (HbA1c levels above 6.5%) involved in moderate-intensity AE 
(i.e. 150 min/week at 50–80% of the maximum intensity) combined with RE twice 
weekly for 9 months presented superior HbA1c decrement compared to those engaged 
in aerobic or resistance exercise alone.

Together, these data suggested that a minimum dose of approximately 150 min 
of accumulated exercise over the course of a week may be required to significantly 
influence the insulin resistant state. Additional beneficial effects may be achieved by 
increasing the intensity of AE. Resistance training (RT) may be most impactful when 
practiced in combination with an AE.

The mechanisms of exercise ameliorating diabetes have been well studied [46]. 
Exercise is emphasized as a therapeutic cornerstone for individuals with metabolic 
illnesses such as diabetes mellitus, as exercise-stimulated glucose absorption is 
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preserved in insulin-resistant muscle [46]. Through the simultaneous enhancement 
of three crucial processes, including delivery, transport across the muscle membrane, 
and intracellular flow through metabolic pathways (glycolysis and glucose oxida-
tion), exercise increases the absorption of glucose by up to 50 times [46]. Due to 
the complexity of the signaling pathways that regulate glucose uptake to ensure the 
maintenance of muscle energy supply during physical activity, the available data 
suggested that no single signal transduction pathway can fully account for the regula-
tion of any of these important procedures [46]. Increased blood flow proportionate 
to exercise intensity caused an increase in glucose supply to working muscles, and 
an increase in skeletal muscle perfusion was related to the increase in glucose uptake 
[47]. Furthermore, it has been reported [48] that following just one cycling exercise 
session (i.e. 45–60 min at 60–70% of one’s maximum effort), glucose transporter 4 
(GLUT-4) concentrations were elevated by about 70% in comparison to baseline in 
both apparently healthy people and patients with type 2 diabetes. The glucose trans-
porter known as GLUT-4 is responsible for facilitating the passage of plasma glucose 
into muscle and fat cells. Finally, it was discovered that GLUT-4 activity was closely 
related to the cell metabolism of glucose. During exercise, glycogen is the primary 
energy source. In order to produce the adenosine triphosphate required for exercise, 
glycogen is gradually hydrolyzed to blood glucose as activity continues and glycogen 
stores become exhausted [46]. In conclusion, exercise is an efficient treatment for 
CVD by simultaneously boosting the elements that enhance glucose delivery, trans-
port, and metabolism.

2.3 Hypertension

Hypertension is one of the most fatal but preventable CVD worldwide [49]. It 
tends to coexist with hypercholesterolemia [50]. Hypertension is closely associated 
with inactive lifestyle. Exercise was shown to delay the development of hyperten-
sion. AE was recommended by the American Heart Association/American College 
of Cardiology [51], the European Society of Hypertension/European Society of 
Cardiology [52], and the Canadian Hypertension Education Program [53] as the first-
line treatment for the prevention, treatment, and control of elevated blood pressure 
or hypertension. Numerous randomized controlled trials supported an average drop 
in blood pressure of 5–7 mm Hg following AE programs [54]. These governing bodies 
all agreed that exercise should be undertaken on the majority of days of the week, if 
not every day. It was founded on the discovery of post-exercise hypotension, or the 
sudden drop in blood pressure that occurs after a single, severe episode of AE [55]. 
This drop in blood pressure can sustain for a full day [56]. The drop of the resting 
blood pressure following long-term AE training was correlated with the drop of 
the blood pressure after acute exercise [57]. Furthermore, the magnitude of drop of 
the blood pressure appears to be dose-dependent, which was supported by Eicher 
et al. who measured ambulatory blood pressure in 45 pre- or stage 1 hypertensive men 
after they completed low-intensity (40% of peak oxygen consumption), moderate-
intensity (60% of peak oxygen consumption), and high-intensity (100% of peak 
oxygen consumption) exercise, respectively [58]. High-intensity exercise resulted 
in a blood pressure drop of 11.7/4.9 mm Hg, followed by moderate-intensity exercise 
(5.4/2.0 mm Hg), and low-intensity exercise (2.8/1.5 mm Hg). A group of persons 
with resistant hypertension (e.g. blood pressure > 140/90 mm Hg despite using three 
antihypertensive medicines) who exercised at a moderate intensity three times per 
week for 8–12 weeks showed a significant decrease in ambulatory blood pressure 
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(6/3 mm Hg) [59]. Even middle-aged hypertension individuals who were deprived of 
antihypertensive medications experienced a significant drop in resting blood pressure 
(−16/−12 mm Hg) after moderate-intensity RT.

In conclusion, suggestions in practice for hypertension were as follows: (1) a dose-
response relationship exists between AE intensity and blood pressure; (2) moderate-
intensity exercise can be used to achieve clinically significant reduction in blood pressure 
among individuals with established hypertension but resistant to drug therapy; (3) 
reductions in blood pressure are observed across different exercise modalities [56].

The principal mechanism of exercise maintaining or lowering blood pressure was 
believed to be the reduction in total peripheral resistance. Exercise induced vascular 
and autonomic adaptations have been proposed to potentially provide major contri-
butions to blood pressure control [60]. First, hypertensive patients show enhanced 
sympathetic control, which causes vasoconstriction of arterial beds and thus raises 
total peripheral resistance [61]. This could be induced by the heightened sensitivity of 
baroreceptor, which are located in the carotid sinus and aortic arch and are in charge 
of detecting changes in blood pressure [57]. Baroreceptor’s sensitivity is influenced 
by exercise [62]. For instance, after 4 months of cycling exercise (three times per 
week at 70% of maximum capacity), the improvements in baroreflex control was 
corresponded to the reduction in blood pressure and muscle sympathetic nerve 
activity in a group of hypertensive patients, and their sensitivity was reset to those 
observed in normotensives [63]. Second, through the local vascular control mecha-
nisms, exercise improves vascular function [64]. In particular, exercise reduces the 
bioavailability of endothelin-1, a vasoconstrictor, and increases the bioavailability of 
nitric oxide, a powerful vasodilator [65]. The endothelial cells secrete both of these 
two chemicals. Endothelial function improved as a result of exercise training, which 
improved the nitric oxide vasodilator [66]. A recent study [67] observed similar 
improvements in endothelial function among patients with prehypertension or 
hypertension who engaged in 8 weeks of aerobic, resistance, or combined exercise. 
Endothelin-1 concentrations were observed to be higher in older, normotensive 
women who had previously been sedentary (aged 61–69) than in younger women 
(aged 21–28) [68]. However, after 3 months of cycling activity (5 days per week), the 
concentrations were markedly lowered along with the blood pressure. Third, physical 
activity increases the compliance of large elastic arteries, the aorta, and carotids for 
instance, which attenuates the fluctuations of the pressure for each heartbeat. Left 
ventricular hypertrophy would arise from an increase in ventricular afterload caused 
by a decrease in arterial compliance. Following 3 months of AE training (4–6 days 
per week, at 70–75% of maximum capacity), an improvement in arterial compliance 
of the carotid artery was also noticed in middle to old age sedentary normotensive 
men (50 1 years) [69]. In contrast, people with isolated systolic hypertension did not 
experience any changes in systemic arterial compliance following 8 weeks (3 days per 
week) of moderate-intensity (65% of maximal capacity) cycling [70]. The carotid 
artery stiffness in a group of elderly hypertensives (68.2 ± 5.4 years) was unaffected 
by 20 weeks (3 days per week) of moderate-intensity (70% of the maximum capacity) 
AE [71]. Stewart et al. [72] found that while diastolic blood pressure improved follow-
ing 6 months of combined aerobic and RE in a group of old (55–75 years) hyperten-
sive patients, no changes in systolic blood pressure or aortic stiffness were observed. 
These findings may be related to genetic, dietary, or long-term training habits and did 
not provide insight into the effects of training in previously sedentary patients with 
isolated systolic hypertension. These conflicting data suggested that, in the future, we 
need to further investigate the effect of exercise on elastic vascular adherence.
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3. Benefits of exercise on cardiovascular disease

3.1 Cardiac output

3.1.1 Four determinants of cardiac output

Cardiac output (CO) is the amount of blood pumped out of the left or right 
ventricle per minute, namely the product of heart rate and output of each stroke. It is 
expressed with liter/minute. If the heart rate was 75 times per minute, the CO would 
be 5–6 L in men and slightly lower in women. CO varies with people’s metabolism rate 
and activity level. It increases with muscle movement, emotional agitation, preg-
nancy, etc., and is determined by the heart rate, myocardial contractility, preload, and 
afterload (Figure 1).

3.1.2 Heart rate

Heart rate refers to the frequency of heart contraction beats, or the number of 
beats per minute (bpm). When a person is at rest, heart rate is 60–100 times per 
minute (60–100 bpm). Heart rate will increase during exercise, and athletes with 
better cardiopulmonary function will have a slower heart rate than people without 
exercise experience. The age-predicted HRmax eq. (220-age) is commonly used as a 
basis for prescribing exercise programs. It is considered as a standard for achieving 
maximal exertion and as a clinical guide during diagnostic exercise testing. A direct 
percentage of HRmax or a fixed percentage of heart rate reserve (HRmax − heart rate 
at rest) is used as a basis for prescribing exercise intensity in both rehabilitation and 
disease prevention programs [73].

Figure 1. 
Cardiac output. By Figdraw (www.figdraw.com).
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Heart rate in adults depends on the activity of the sinoatrial node cells and con-
stantly varies under the influence of a number of nonmodifiable and modifiable 
factors. The sinoatrial node cells are innervated by the parasympathetic fibers of the 
vagus and sympathetic nervous thoracic efferents and regulate the heart rate [74]. 
It was reported that increased all-cause mortality and cardiovascular risk events are 
associated with high heart rate, more so in men than in women. An increase of 10 
beats per minute in a person’s heart rate is associated with a 20% increase in cardiac 
death [75]. Heart rate recorded in elderly men has a strong predictive value in the 
survival to a very old age.

3.1.3 Contractility

Contractility is the inherent strength and vigor of the heart’s contraction during 
systole. According to Starling’s law, the heart will eject a greater stroke volume at 
greater filling pressures. Heart contraction is initiated by the action potential propa-
gated from sinoatrial node cells [76]. Following which, Ca2+ influx through mainly 
L-type Ca2+ channels in the surface membrane promotes further release of stored Ca2+ 
from the sarcoplasmic reticulum (SR) via the SR Ca2+ release channel (the ryanodine 
receptor, RyR) by a process known as Ca2+-induced Ca release. The two Ca2+ fluxes 
mentioned earlier combine to initiate contraction [77].

3.1.4 Preload

Preload is the filling pressure of the heart at the end of diastole. The greater the 
preload, the greater volume of blood will be in the heart at the end of diastole. Preload 
builds up during diastolic filling and stretches cardiomyocytes. Left atrial pressure 
(LAP) determines the volume of the heart at the end of diastole, which relates to the 
filling pressure (preload). The relationship of stroke volume index to LAP is usually 
plotted as Starling’s law. Contractility and afterload modify this relationship.

3.1.5 Afterload

Afterload is the force against which the myocardial fibers must contact dur-
ing the ejection phase of systole [78]. In response to a decrease in CO, the body’s 
homeostatic system will attempt to maintain blood pressure by increasing vascular 
resistance in the system. When the preload reserve is reduced and the ventricles 
are hypocontractible, a decrease in afterload generally results in an increase in 
output [79]. By increasing output, hypotension will be countered, resulting in 
good clinical results.

3.2 Cardiorespiratory fitness

CRF refers to the capacity of the circulatory and respiratory systems to supply 
oxygen to skeletal muscle mitochondria for energy production needed during physical 
activity [80]. It is an intermediate variable between physical activity behavior and 
health outcomes and reflects the ability of many body organs (such as heart, lungs, 
and muscles) to generate energy during physical activity and exercise [81]. Maximal 
oxygen uptake (VO2max) is considered the gold standard for CRF and can be esti-
mated using either a maximal graded cardiopulmonary test or an indirect calculating 
method [82]. CRF is associated with CVD and is a strong independent predictor of 
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all-cause mortality in adults [80]. Higher levels of CRF were associated with lower 
cardiovascular morbidity and all-cause mortality [83].

3.2.1 Physical activity and cardiorespiratory fitness

Physical activity and CRF were associated with health and quality of life, and even 
small improvements in physical fitness were associated with reduced CVD and all-
cause mortality [84]. Based on the importance of physical activity to CRF, the current 
physical activity guidelines recommend that all adults engage in at least 150 min of 
moderate-intensity exercise or 75 min of vigorous-intensity exercise per week [84]. 
To improve CRF, current evidence suggests that physical exercise must achieve a 
minimum intensity of at least 45% of the oxygen absorption reserve in the general 
population and at least 70–80% in athletes [83]. Vigorous exercise was associated with 
greater improvements in VO2max than moderate-intensity exercise [84].

3.2.2 Training type and cardiopulmonary fitness

In recent years, many studies have identified moderate-intensity continuous 
training (MICT), high-intensity interval training (HIIT), and high-intensity func-
tional training (HIFT) as interventions for CRF [85, 86]. MICT is a traditional way to 
increase physical activity, and its effectiveness depends on training for longer periods 
of time [86]. HIIT is defined as intervals of alternating high-intensity and low-inten-
sity activity, or short bursts of passive recovery [82]. HIIT is recommended because 
of its short duration (20–30 min) and high efficiency in improving physical fitness 
and health parameters [86]. HIFT is an exercise modality that emphasizes functional, 
multi-joint movements that can be tuned to any fitness level and stimulate muscle 
replenishment more than traditional exercise. As a relatively new training form, HIFT 
is often compared to HIIT, yet the two are distinct [85].

3.2.3 Cardiac output and cardiopulmonary fitness

Research evidence suggested that higher CRF is associated with higher CO through 
augmented stroke volume or heart rate, and lower systolic blood pressure, pulmonary 
arterial pressure, and vascular resistance [87]. In cardiopulmonary exercise testing 
(CPET), peak oxygen uptake (VO2peak) is the gold standard for CRF measurement, 
and research evidence showed that the decline of VO2peak is mainly related to a lower 
maximum CO [87].

3.3 Improve the cardiac output and the cardiorespiratory fitness

3.3.1 Preschool children (ages 3–5 years)

Regular physical activity in preschoolers is essential for normal growth and devel-
opment, providing immediate and long-term benefits for physical and mental health, 
while the World Health Organization recommends that typically developing children 
between the ages of 3 and 5 years should be physically active for 3 h a day [88].

An important point of enhancing cardiopulmonary fitness is to execute moderate- 
to high-intensity physical activity (MVPA) [89], and aerobic training has been proved 
to effectively improve the VO2max of preschool children [90]. According to a study of 
meta-analysis, preschool children are mainly focused on improving coordination and 
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perception, such as 40 min of moderate-to-higher intensity physical activity (brisk 
walking, jogging, jumping, squatting, crawling, and other alternative exercises) [91].

In conclusion, moderate- to high-intensity physical activity and aerobic training 
can improve the CRF of preschool children.

3.3.2 Children and adolescents (ages 6-17 years)

Enhancement of CRF has been identified as a key goal for reducing cardiovascular 
metabolic risk in children and adolescents [92]. A scientific statement from the 
American Heart Association indicates that high-intensity exercise, including high-
intensity interval training, can improve cardiopulmonary fitness in adolescents 
[80]. At the same time, a study showed that HIIT is a better training methodology to 
improve CRF among healthy children and adolescents compared to MICT based on 
the characteristics and efficiency [82]. Secondly, a systematic review study found that 
HIIT influenced neuromuscular and an AE performance in children and adolescents, 
including jumping performance and the number of sit-ups [93]. Therefore, more 
and more research evidence suggested that HIIT may improve the cardiopulmonary 
fitness of children and adolescents.

3.3.3 Young adults (ages 18-44 years)

As an indicator of CRF, high VO2max indicated a relatively great level of aerobic 
capacity which was associated with better physical performance [94]. In the general 
adult population, HIIT is highly effective as an intervention to enhance CRF, but 
not significantly for the adult population with exercise habits [94]. There are also 
studies on RT as an intervention program to enhance CRF. However, the effect of 
cardiovascular adaptation from RT was controversial, and some researches believed 
that RT had no benefits on the increase of CRF [95]. A study suggested that RT could 
not promote CRF mainly because of insufficient training intensity [96]. However, 
Keith believed that in the long run, high-intensity RT produces more physiological 
adaptations and contributes to observed improvements in cardiovascular health, such 
as increased mitochondrial enzymes, mitochondrial proliferation, and conversion 
of type ii X muscle fibers to Type ii A muscle fibers, and vascular remodeling [97]. 
Therefore, high-intensity RT can improve CRF. Currently, endurance exercise is well 
recognized to improve CRF and cardiometabolic risk factors.

In the general adult population, HIIT, high-intensity RT, and endurance exercise 
can improve CRF.

3.3.4 Middle-aged (ages 45-59 years) adults

HIIT has been promoted as a superior, time-saving exercise strategy to enhance 
CRF in the middle-aged [98]. A systematic review of evidence suggested that both 
interval training and MICT could significantly improve CRF in middle-aged and 
elderly people; however, MICT has no significant effect on improving VO2max in 
middle-aged compared with HIIT and sprint interval training. This may be due to 
their exercise intensity and a substantially reduced training volume and lower time 
commitment [99]. Therefore, compared with MICT, HIIT is better for promoting 
maximal oxygen uptake in middle-aged adults. Circular resistance training also 
showed significant effects on improving circular resistance training, strength, and 
optimizing body composition in middle-aged [100]. In the middle-aged adults, HIIT, 
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MICT, and circular resistance training can all produce adaptability, so the above 
training methods can be considered for exercise programs involving the middle-aged 
[101]. However, HIIT is still the preferred training method.

3.3.5 Younger-old (60-70) adults

With the increase of age, it was documented that the cognitive function of the 
elderly group declined. Besides, attention control was also affected (such as talk-
ing, listening, and writing while driving), which led to the decline of executive 
function (such as driving and walking) [102]. In fact, higher CRF has been shown 
to be related to brain structural modification, changes in functional connectivity 
and higher cerebral blood volume that could enhance cognitive function [102]. 
Physical training, especially AE (40 min or so) for 8–72 weeks, has been shown to 
be effective in improving cognitive function and regulating CRF in older adults 
[103]. Secondly, a systematic review suggested that HIIT and MICT can improve the 
CRF in younger-old adults, but HIIT is more effective at improving brachial artery 
vascular function than MICT, perhaps due to its tendency to positively influence CRF 
[104]. In RT, multi-articular RT has a better effect on CRP than single-articular RT 
[97]. These positive effects may be due to training intensity because high-intensity 
RT increases basal metabolic rate and fat oxidation. The multi-articular RT belongs 
to high intensity [97].

In conclusion, physical exercise, HIIT, and multi-articular RT are more likely to 
enhance CRF in younger-old adults.

3.3.6 Older-old (70+) adults

Aging is associated with a decline in CRF and VO2max (maximum oxygen intake 
per unit of time). In healthy older adults over 70 years, aging accelerates the decline 
in VO2peak values (the highest point in oxygen uptake) by an average of 20–25% per 
decade. Furthermore, cognition, physical abilities (such as muscle strength, balance, 
and cardiovascular endurance), body function, and independence generally decline 
with aging [105]. At the same time, increased age is associated with increased risk of 
injuries during daily living activities and CVD [106].

Recent studies with small sample size and less intervention time showed that 
HIIT not only increased CRF in healthy elderly people but also had a positive effect 
on muscle strength, oxidative stress, inflammation, and insulin sensitivity [107]. 
RT has not been considered as a training method to improve CRF, but some studies 
have found that RT may be viable means to improve cardiopulmonary endurance 
in the elderly [108]. This may be due to increased oxidative enzyme activities or by 
increasing leg strength so that muscle weakness does not preclude achievement of 
VO2peak [108]. MICT and RT were superior to HIIT in enhancing executive cogni-
tive function in the elderly, while HIIT was more conducive to improving physical 
endurance [109].

In conclusion, HIIT is still an optimal training method to improve CRF in the elderly, 
while aerobic training, MICT, and RT can also include in the intervention program.

As outlined above, AE, RE, and CE were suggested as the effective exercise 
intervention for people with CVD risk. Detailed information related to the exercise 
prescription would be discussed in this section. Exercise prescription includes six 
components: frequency, intensity, time, type, volume, and progression (FITT-VP). 
Frequency describes how often one executes exercise, intensity signifies how hard 
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the exercise is, time refers to the total time spent on exercise (length of each training 
session, daily or weekly exercise), type stands for what kind of exercise one chooses 
to participate, volume is determined by a combination of frequency, intensity, and 
time, and progression means the adjustment of the frequency, intensity, and time of 
the exercise to gradually achieve the exercise goal [20, 110].

4. Exercise prescription for the improvement of cardiovascular fitness

4.1 Aerobic exercise

In AE, the large muscles move in a rhythmic manner for a sustained period. AE 
causes the heart rate to increase and breathing to become more labored [19]. AE is 
usually performed in a moderate intensity for 30–45 min in the form of continuous 
running, cycling, jogging, or swimming [20].

4.1.1 Frequency of aerobic exercise

To promote or maintain health/fitness, preschool-aged children should be 
 physically active throughout the day to enhance growth and development [111]. 
Children and adolescents aged 6 through 17 years should include physical activity at 
least 3 days a week [111]. The ACSM recommended moderate-intensity AE for most 
adults at least 5 days per week, or at least 3 days of vigorous AE per week, or a com-
bination of moderate and vigorous exercise 3–5 days a week [110]. Some adults can 
improve their health with moderate to vigorous activity only 1–2 days a week [110]. 
However, irregular vigorous exercise may increase the risk of cardiovascular events, 
and therefore 1–2 days of exercise a week was not recommended for most adults [20]. 
This recommendation for most adults also applies to older adults. It is important 
to note that older people should determine their level of effort in physical activity 
according to their physical condition [20].

4.1.2 The intensity of aerobic exercise

The intensity of AE can be divided into absolute intensity and relative intensity. 
Absolute intensity refers to the amount of energy consumed during the activity, 
regardless of people’s CRF or aerobic ability [110]. It is expressed in the metabolic 
equivalent (MET) of task units; 1 MET is equivalent to resting metabolic rate or 
energy consumption during wakefulness and meditation [20]. Relative intensity 
refers to the degree of effort required to carry out an activity relative to a person’s 
ability [20]. Since the measurement of absolute intensity does not take individual 
factors into account, such as weight, gender, and fitness level, it may lead to misclas-
sification of exercise intensity [112]. Therefore, relative intensity is more appropriate 
in the evaluation of exercise intensity, especially for the elderly [20]. There are several 
commonly used methods for estimating relative exercise intensity during AE: oxy-
gen uptake reserve (VO2R), heart rate reserve (HRR), percent of the maximum HR 
(%HRmax), %VO2max, and MET [113]. Table 1 shows the approximate classification 
of AE intensity commonly used in practice.

In cardiovascular regulation and disease prevention, low-, moderate-, and 
vigorous-intensity exercise have all exhibited some degrees of health benefit [114]. 
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A significant dose-response relationship exists between exercise intensity and 
overall cardiovascular benefit [115]. Compared with moderate intensity, vigorous-
intensity exercise takes less time to obtain the same benefits of improving CRF and 
preventing CVD. For example, exercise at moderate intensity for 30 min produces 
roughly the same as that of 15 min of vigorous-intensity exercise [20]. The study 
found that exercise performed at higher relative intensity led to a greater increase in 
aerobic capacity and greater cardiac protection than exercise at moderate intensity 
[116]. However, vigorous activity can also acutely and transiently increase the risk 
of sudden cardiac death and myocardial infarction in susceptible people [117]. 
Consequently, it was recommended that people of different ages should engage in 
moderate (40–59% HRR or VO2R) to vigorous (60–89% HRR or VO2R) AE; people 
in poor health should undergo low- (30–39% HRR or VO2R) to moderate-intensity 
AE to improve CRF and prevent CVD [20]. It is noted that children, the elderly, and 
the frail should exercise under the guidance of caregivers, doctors, and professional 
trainers to ensure safety [118].

4.1.3 Time of aerobic exercise

Children younger than 6 years undergo periods of rapid growth and development. 
The recommended duration of exercise for preschool-aged children is 3 h per day of 
activity of all intensities [111]. School-aged children and adolescents are in the critical 
periods for developing movement skills, learning healthy habits, and establishing a 
firm foundation for lifelong health [20]. Aerobic physical activity for 60 min or more 
per day at moderate or vigorous intensity was recommended for the majority of them 
[20]. Most adults are recommended to exercise at least 30–60 min at moderate inten-
sity per day (>150 min per week), or at least 20–60 min at vigorous intensity per day 
(>75 min per week), or execute a combination of moderate- and vigorous-intensity 
exercise [110]. Older adults should achieve 150 min of moderate-intensity AE per 
week [112]. The recommended amount of exercise can be completed by continuous or 
cumulative time over the course of a day with multiple activities, but at least 10 min 
each time [119]. Even if the duration of exercise is below the minimum recommended 
amount, there may be benefits for some people, especially for sedentary people [118].

Aerobic exercise

Relative intensity Absolute intensity

Intensity %HRR or %VO2R %HRmax %VO2max METs

Very light <30 <57 <37 <2

Light 30–39 57–63 37-45 2.0–2.9

Moderate 40–59 64–76 46-63 3.0–5.9

Vigorous 60–89 77–95 64-90 6.0–8.7

Near-maximal to maximal ≥90 ≥96 ≥91 ≥8.8

The table was adapted from the American College of Sports Medicine [112]. HRmax: maximal heart rate; HRR: heart 
rate reserve; MET: metabolic equivalent; VO2max: maximal volume of oxygen consumed per minute; VO2R: oxygen 
uptake reserve.

Table 1. 
Classification of exercise intensity: relative and absolute intensity for aerobic exercise.
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4.1.4 Type of aerobic exercise

Periodic, large-muscle-involved, low-skill-required, at least moderate-intensity 
of AE was recommended for most people to promote health and CRF [110]. Sports 
that require other skills and a higher level of fitness are only recommended for those 
with appropriate skills and fitness [112]. Table 2 categorizes AE according to different 
intensity and skills required.

4.1.5 Volume of aerobic exercise

Findings from epidemiological and randomized clinical trials showed that health/
fitness benefits increase with physical activity [110]. Although it was not clear 
whether there was a maximum or minimum volume of exercise to obtain health/fit-
ness benefits, a total energy expenditure of not less than 500–1000 METs-min/week 
was strongly associated with lower CVD morbidity and mortality [110]. Therefore, 
a reasonable volume of exercise recommended for most people is ≥500–1000 METs-
min/week. This volume of exercise was equivalent to approximately 150 min/week 
of moderate intensity exercise or physical activity per week [110]. It was noted that 
smaller volume of exercise (e.g. 4 kcal/kg or 330 kcal/week) may also provide health/
fitness benefits for some individuals, especially those with low fitness. Therefore, it 
was not possible to establish a recommendation of minimum volume of exercise [20].

4.1.6 Progression of aerobic exercise

The progression of the AE program depends on the frequency, intensity, and time 
(FIT) of the exercise [110]. When implementing program progression, this can be 
accomplished by the increase of either one or the free combination of the FIT prin-
ciples of exercise prescription that the exerciser can tolerate [110]. At the beginning 
of the exercise program, it is recommended to gradually increase the time/duration 
of exercise (e.g. the duration of each training session) [110]. A more reasonable 
progression recommended for the general adult population is to extend the time 
of each training session by 5–10 min every 1–2 week for the first 4–6 week of the 
program. After regular exercise at least 1 month for older adults and those with lower 
fitness, the FIT can be gradually increased over the next 4–8 months until achieving 

Exercise type Recommended population Example

Aerobic exercise requiring 
minimal skill or physical 
fitness

Most people Walking, jogging, recreational biking, 
water aerobics, slow dancing, and 
skip rope

High-intensity aerobic 
exercise requiring a 
minimum of skill

People who exercise regularly and/
or at least moderately fit

Jogging, running, rowing, water 
aerobics, spinning, elliptical, stair 
climbing, and speed dancing

Aerobic exercise that 
requires skill

Skilled people and/or at least 
moderately fit

Swimming, cross-country skiing, and 
ice skating

Leisure sports People with regular exercise and/
or at least moderate fitness level

Tennis, badminton, basketball, soccer, 
downhill skiing, and hiking

Table 2. 
Aerobic exercise to improve cardiorespiratory fitness [112, 115].
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the recommended frequency and intensity [20]. The exerciser’s response should be 
observed after any adjustment to the exercise prescription for adverse reactions, such 
as shortness of breath, fatigue, and muscle soreness after exercise, and the exercise 
volume should be reduced when the exerciser was unable to tolerate the adjusted 
program [120].

4.2 Resistance exercise

RE refers to the active exercise of muscles when overcoming external resistance 
[121]. RE makes the muscles of the body work or withstand the force or weight 
exerted, thus improving muscle strength and endurance [20]. RE usually used 
self-weights, extra weights, air resistance equipment, and elastic bands or dumb-
bells for resistance to strengthen muscle groups in various parts of the body [20]. 
Regular participation in RE promotes cardiopulmonary fitness by reducing body fat, 
increasing metabolic rate, and lowering blood pressure and cholesterol levels [24]. RE 
improves CVD risk factors such as glucose metabolism and insulin sensitivity [122]. 
Thus, higher muscle strength level is associated with better cardiometabolic, lower 
all-cause mortality, and fewer CVD events [123].

4.2.1 Frequency of resistance exercise

Optimal RE frequency depends on several factors such as volume, intensity, and 
type of exercise, level of conditioning, fatigue recovery ability, and number of muscle 
groups trained per workout session [124]. According to previous research, RE is appro-
priate for most people for 2–3 days per week for the major muscle groups (e.g. upper 
limb, lower limb, chest, back, and core) in the body [125]. Following a period of RE, 
progression to intermediate level of training is recommended. This could be exercise 
at a frequency of 3–4 days per week (if trained for the whole body, 3 days a week was 
required; if trained in a split way, 4 days a week was required) [126]. A rest period of 
48–72 h between sessions is needed to optimally promote the cellular/molecular adap-
tations that stimulate muscle hypertrophy and are associated gains in strength [127].

4.2.2 The intensity of resistance exercise

The recommendation for intensity of RE was as follows: (1) preschool-aged children 
use body weight exercises to ensure safety and allow for technical development; 
(2) <60% of 1 repetition maximum (RM) for children and adolescents; (3) 60–70% 
of 1 RM interval training for beginners; (4) 80% of 1 RM for experienced strength 
trainers; (5) 40–50% of 1 RM for older, very deconditioned, or frail individuals; (6) 
40–50% of 1 RM for sedentary people [121].

4.2.3 Type of resistance exercise

Research has proven that different training type can be effective in RE for children 
and adolescents, including the use of one’s own weight as resistance, the use of elastic 
bands, medicine balls, free weight equipment, and child-sized training equipment 
[128]. For most adults, many RE tools can be used to effectively improve muscle 
fitness, including free load, ropes, air resistance equipment, and elastic bands [121]. 
Older adults can use different types of fitness equipment, including weight training 
equipment, free weights (barbells and dumbbells), or household items such as plastic 
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bottles filled with water [119]. RE should include multi-joint or compound exercises, 
which can mobilize multiple muscle groups to participate in sports (such as horizontal 
push, shoulder push, pull-down, arm flexion and extension, prone push-up, sit-up/
knee flexion, kick, and squat) [129]. Moreover, it should also include single-joint 
exercises, such as biceps curls, triceps extensions, quadriceps extensions, calf bend-
ing, heel lift, and core muscle group exercises (such as plate support and bridge) 
[124]. However, in order to maximize the training effect, we should focus on multi-
joint exercise. Multi-joint movement is more complex, allowing more muscles to be 
involved in it and lift a heavier load [130]. It is recommended to separate the whole-
body training and upper and lower limbs training. Separate training of muscle groups 
includes training of large muscle groups before small muscle groups, multi-joint 
training before single joints, and high-intensity training before low-intensity training 
[131]. In addition, pay attention to proper breathing during strength training, usually 
exhaling when lifting the weight and inhaling when putting it down [127].

4.2.4 Volume of resistance exercise

The volume of training can be accomplished by varying the number of practices 
per class, the number of repetitions per set, or the number of practices per set [121]. 
Research has shown that preschool-aged children and adolescents mostly use 1–3 sets 
of 6–12 repetitions for exercises [111]. For beginners and most adults, RT with 2–4 
sets of 8–12 repetitions would be sufficient [20]. For older adults, RT with 1–3 sets of 
8–12 repetitions in the beginning could effectively improve strength [132]. For RE of 
all ages, rest intervals of 2–3 min are most effective for achieving the desired increases 
in muscle strength and hypertrophy [110].

4.2.5 Progression of resistance exercise

After adapted the muscles to the original load through a RE program, muscle 
strength and volume can be continued to increase through overload or greater stimu-
lation [127]. Exercisers can gradually increase the resistance, the number of repeti-
tions, and frequency to reach the progression [127]. In general, increase the load by 
2–10% (low percentage for small muscle mass exercises and high percentage for large 
muscle mass exercises) when the individual can complete the required workload once 
or twice in two consecutive sessions [110]. Note that when children and adolescents 
perform RE, the focus should be on the proper exercise technique, but not on how 
much weight to lift [20]. The elderly and frail should receive a health check from a 
doctor or provider before participating in RE. If necessary, seek supervision and guid-
ance from a qualified fitness instructor to ensure exercise safety [110].

4.3 Combined exercise

The combination of aerobic and resistance exercise has been shown to have an 
additive effect on the enhancement of CRF and the reduction of the risk of CVD, 
allowing individuals to achieve greater and more comprehensive CVD health benefits 
[133]. Studies recommended at least two or more CE sessions per week for children 
and adolescents [134]. For most adults, CE is better performed at least 2–3 times per 
week for 30–60 min (15 or 30 min for AE and RE, respectively). AE can be conducted 
at 50–80% HRR for exercises such as cycling, elliptical, and treadmill. RE should be 
performed at 50–80% 1RM for two sets of 8–12 repetitions. The movements include 
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muscle groups of the whole body, for example, leg press, hamstring curl, quadriceps 
extension, chest press, abdominal crunch, lower back extension, and torso rota-
tion [135]. The FITT-VP of CE can refer to the aforementioned information.

5. Conclusion

CVD remains the leading cause of death in the industrialized world. Luckily, 
increased level of exercise and improved aerobic fitness can dramatically reduce CVD 
risk. Evidence from randomized controlled trials studies suggested that structured exer-
cise confers cardio protection, delays the development of CVD, and influences many 
CVD risk factors, such as plasma lipids, especially high-density lipoprotein cholesterol, 
fasting glucose levels, and hypertension. A general understanding of these benefits can 
be supportive for physical activity and exercise promotion in health care settings.

CRF is an important part of health-related fitness. AE, RE, and CE can all improve 
CRF to a certain extent. Moreover, there are a wide range of forms of AE, RE, and CE, 
which can meet the needs of different groups for CRF enhancement and CVD pre-
vention. Exercisers can choose the appropriate exercise for themselves based on the 
FITT-VP recommendations provided earlier. When exercising, start with a reasonable 
amount of exercise and make the process gradually. The elderly and the infirm should 
exercise under the guidance of doctors and professional coaches to ensure safety.
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A Key Element in Pulmonary
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Abstract

Pulmonary rehabilitation (PR) is an extremely effective treatment for people with
chronic lung disease, including post-COVID-19, which is still underused worldwide.
The capacity for effort and its increase through physical training is a key element that
underlies the PR programs being recognized by all specialists in the field in the guides
of the American Thoracic Society (ATS)/European Respiratory Society (ERS),
American Association of Cardiovascular and Pulmonary Rehabilitation (AACVPR),
American College of Sports Medicine (ACSM), Global Initiative for Chronic Obstruc-
tive Lung Disease (GOLD), etc. The evaluation helps to determine the factors that
limit it (ventilators, cardiovascular and muscular factors, etc.), to prescribe the
intensity of training, to detect the contraindications of PR, and to evaluate the
effectiveness of the rehabilitation program (improving exercise capacity, reducing
exercise dyspnea, etc.). In clinical practice, we use two types of investigations on
exercise capacity: maximal test (cardiopulmonary exertion test) and submaximal test
(6-minute walk test). Based on the systematic review of recent literature and our
clinical experience, the chapter will highlight issues related to PR, exercise capacity,
and physical training (aerobic, endurance, respiratory muscle) in patients with
chronic lung disease.

Keywords: pulmonary rehabilitation, COPD, exercise capacity, dyspnea, quality of life

1. Introduction

We decided to start this chapter by challenging the reader with four questions.
Sometimes, the answers can be provocative. However, they stimulate scientific and
clinical discussion on this topic:

1. Is pulmonary rehabilitation an effective treatment?

Answer: Pulmonary rehabilitation (PR) is an extremely effective treatment for
people with chronic lung disease, including post-COVID-19, still underused world-
wide, being recognized by all specialists in the field of the American Thoracic Society
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(ATS), European Respiratory Society (ERS), American Association of Cardiovascular
and Pulmonary Rehabilitation (AACVPR), American College of Sports Medicine
(ACSM), Global Initiative for Chronic Obstructive Lung Disease (GOLD), etc.

2. Is it important to assess dyspnea for notice the changes in exercise capacity
during pulmonary rehabilitation programs?

Answer: Yes, dyspnea is a central symptom of a patient with chronic respiratory
disease and can be present both at rest and during exertion. Reducing dyspnea is one
of the goals of the pulmonary rehabilitation program.

3. What tests are essential in assessing exercise capacity and prescribing a
training program?

Answer: The 6-minute walk test, cardiopulmonary exercise test, and respiratory
muscle strength testing are fundamental.

4. Is physical training (aerobics, endurance, respiratory muscles, etc.) a
guarantee to meet the needs of the patient? How should the training
intensity be adapted for the patient to cope with the proposed training
intensity?

Answer: Physical training is an essential component of a PR program. To answer
the first question: Yes, the improvement of exercise capacity and muscle strength
should be implemented in the daily life of the patient and not only during the PR
sessions in specialized centers, to increase their quality of life. We would answer the
second question: The intensity of training is determined by the maximum effort
capacity obtained in testing, the severity of the condition, the age of the patient, and
the severity of comorbidities, using interval and/or continuous training for proper
adaptation to training and maximum benefit.

2. Pulmonary rehabilitation: definition, objectives, evaluation

Over the las century, many innovative data and ideas about PR have been accu-
mulated worldwide, as well as the development of an arsenal of techniques for
assessing and developing respiratory function. These data and ideas support the pro-
gress of modern medicine and the concern about expanding lung disease. With mod-
ern industrialization, development of the chemical industry, and urbanization, the
human body, and last but not the least, the respiratory system has been exposed to
increasingly harmful risk factors.

PR is essential for these patients, being recognized by all specialists. The current
definition of PR, according to the Official ATS Workshop Report published on May
2021, is based on the scientifically developed definitions previously developed by PR
specialists, which have been published since 1974 and updated in 2006, 2007, 2013,
2015. According to this report, “pulmonary rehabilitation is a comprehensive inter-
vention based on a thorough patient assessment followed by patient-tailored therapies
that include, but are not limited to, exercise training, education and behavior change,
designed to improve the physical and psychological condition of people with chronic
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respiratory disease and to promote the ling-term adherence to health-enhancing
behaviors” [1–5].

PR is an extremely effective treatment for people with chronic lung disease,
including post-COVID-19, which is still underused worldwide. In recent years, new
models of PR programs have emerged, which aim to improve access and adopt these
methods to current conditions, such as telerehabilitation and low-cost models, useful
for PR at home. Comprehensive and thorough assessment of the patient is essential for
personalizing the PR program and for effectively addressing its objectives tailored to
each patient. The processes of assessing the quality of life provided by PR are impor-
tant to ensure that any PR service delivers optimal results for patients and health
services. The success of these PR models is evaluated by the way of achieving the
essential components of the PR programs (Figure 1) and the results expected by the
patient, such as improving exercise capacity, reducing symptoms, especially dyspnea,
fatigue, cough, expectoration, chest pain, anxiety and depression, reducing the num-
ber and severity of exacerbations involving hospitalization and improving health-
related quality of life [1, 4–9].

The initial assessment of patients for inclusion in the PR program needs:

• History and objective examination for the underlying disease and comorbidities;

• Evaluation of the contraindications that may require not starting the PR program;

• Evaluation of the medication and the therapeutic scheme followed until the
moment of inclusion in the PR program;

• Smoking status assessment—modified Fagerström test to assess nicotine
addiction [10];

• assessment of nutritional status—body mass index (BMI);

• body composition—evaluated by body-plethysmography, which uses the
densitometry of the whole body;

• measuring the strength of peripheral muscles;

• symptomatic assessment of:

• dyspnea (modified Medical Research Council scale—mMRC for the
assessment of resting dyspnea and the Borg scale for the evaluation of
exertional dyspnea);

Figure 1.
Pulmonary rehabilitation components [2, 6].
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• fatigue Assessment Scale (FAS) [11];

• in patients with asthma, the Asthma Control Test (ACT) questionnaire is
also completed;

• in COPD patients, the COPD Assessment Test (CAT) questionnaire is also
completed;

• evaluation of the performance of daily activities—the Instrumental Activity of
Daily Living (IADL) questionnaire [12, 13];

• quality of life assessment—SF-36 (The 36-Item Short Form Survey) [14];

• evaluation of medical education—Lung Information Needs Questionnaire
(LINQ) [15];

• spirometry � bronchial reversibility test;

• body plethysmography;

• diffusion/transfer through the alveolo-capillary membrane of carbon monoxide
(diffusing capacity of lung for carbon monoxide: DLCO / TLCO);

• pulse oscillometry (completes the battery of lung function tests, but is not yet
included in the routine assessment);

• electrocardiogram; echocardiography;

• exercise capacity assessment—6-minute walk test (6-minute WT), oximetry test,
cardiopulmonary exercise test (CPET);

• chest radiography, chest computed tomography (CT);

• assessment of additional needs (wheelchair, walker, O2, CPAP) [1, 3, 5, 16].

There is no universal program applicable to each patient [17], and the PR team is
mentioned in Figure 2:

A pulmonary rehabilitation program, in terms of good adherence to the patient’s
treatment, is effective if:

• a reduction in the decline of lung function is obtained;

• an increase in exercise capacity is obtained (for example, improving the 6-minute
WT by 10–25% or reducing the sensation of dyspnea during exercise);

• the quality of life is improved by increasing the degree of independence in
carrying out daily activities;

• reduces the feeling of dyspnea, fatigue, depression and/or anxiety, etc.;
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• it reduces the number and severity of exacerbations and increases the time until a
new exacerbation occurs [18].

3. Dyspnea assessment

Dyspnea is the most common symptom responsible for limiting the exercise
capacity of patients with chronic respiratory disease and may be present both at rest
and during exercise. The ATS defined dyspnea as: “a term used to describe a subjective
experience of respiratory discomfort consisting of qualitatively distinct sensations that
may vary in intensity; this subjective experience comes from the interaction of multi-
ple physiological, psychological, social, or environmental factors” [19]. It should be
noted that the difficulty in defining, describing, and quantifying dyspnea comes from
its subjective nature, due to the involvement of psychological, affective, and cognitive
factors.

Reducing dyspnea is one of the goals of the PR program. However, dyspnea is a
subjective sensation that is not always related to the severity of the disease. The
level of dyspnea is assessed at the beginning and in the end of the PR program,
but also during cardiopulmonary exercise test, exercise training sessions, etc. [16].

Various valid and reproducible questionnaires are used to measure dyspnea
(Figure 3). These must be correlated with other assessment tools, such as respiratory
capacity and function.

4. Effort capacity assessment

Effort capacity is the maximum amount of physical effort a patient can withstand.
An accurate assessment of exercise capacity requires that the maximum effort be
prolonged enough to have a stable (or balanced) effect on circulation and that the
patient’s response pattern be consistent when the effort is repeated [26].

The roles of effort assessment are represented by the following:

• determining the factors that limit the capacity of effort (ventilator,
cardiovascular, muscular);

Figure 2.
The team involved in respiratory rehabilitation [1, 2, 16].
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• prescribing training intensity;

• detection of contraindications for PR program (e.g., arrhythmia, ischemia, high
blood pressure during exercise, etc.);

• evaluation of the effectiveness of the PR program—improving exercise capacity,
improving exercise-related dyspnea [27].

In the Respiratory Rehabilitation Clinic of the Rehabilitation Clinical Hospital
from Iași, Romania, we routinely use two types of investigations for effort capacity
assessment:

• incremental test, maximum: cardiopulmonary exercise test;

• constant submaximal test: 6-minute walk test [16].

Figure 3.
Assessment of dyspnea [20–25].
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4.1 Cardiopulmonary exercise test

At the moment, cardiopulmonary exercise testing (CPET) (Figure 4) is the gold
standard for exercise testing, being the method that offers the best accuracy and
reproductibility, a clearly superior alternative to conventional exercise tests [25].

In addition to classical exercise tests, which are limited to recording the electro-
cardiogram, pulse, blood oxygen saturation, blood pressure, and subjectively per-
ceived fatigue (Borg scale), during exercise of progressively increasing intensity,
CPET involves real-time assessment, at each inhale-exhale cycle, the spirogram and
the concentration of the inhaled gases (oxygen and carbon dioxide). Under these
conditions, the test allows on overall assessment of the response to physical exertion,
integrating the most important physiological systems of the body: respiratory, cardio-
vascular, musculoskeletal, and neuropsychic.

CPET is a test of maximum effort when the load increases to max VO2 or limited
symptoms VO2. This type of test has several phases: rest, heating for 3 minutes, than

Figure 4.
Cardiopulmonary exercise test. Source photo: Respiratory Rehabilitation Clinic, Rehabilitation Clinical Hospital,
Iasi, Romania, Head: Assoc. Prof. Dr. Paraschiva Postolache.
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incremental phases in ramp or in steps during 1 minute each. The test can be
performed with cycle ergometer or on the treadmill (Table 1) [16, 28].

CPET evaluates the following specific and very useful parameters in the PR
process:

(a) Maximum oxygen consumption (VO2 max)

• It is the most accurately parameter used to reflect the maximum exercise
capacity, respectively, the maximum level of aerobic metabolism, which can
be reached during exercise at the peripheral muscle level (Figures 5 and 6).

• Maximum oxygen consumption shows alterations in respiratory pathology, by
reducing the level of available peripheral oxygen.

• The periodic evaluation of the maximum oxygen consumption, during PR,
allows the objective assessment of the effectiveness of this therapeutic
measure, by demonstrating the positive dynamics of VO2 max.

• It has also a prognostic value, so that in COPD patients, values of VO2 max in
the range of 793–995 ml/min associate an average mortality of 5% at 5 years,
while values below 654 ml/min associate a mortality of 60% at 5 years [29, 30].

Figure 5.
Limitation of functional capacity according to the value of maximum oxygen consumption [29].

Cycle ergometer Treadmill

• Easy to quantify the power of effort; • Values of maximum oxygen consumption higher by 7–10%
can be reached, due to the training of several muscle groups;

• The power of the external effort relatively
independent of the patient’s weight;

• Allows ramp protocols, which make it
easy to determine the anaerobic threshold;

• Slightly noisy, which makes it easy to
measure blood pressure;

• Better stimulates a patient’s usual physical activity;

• The electrocardiogram shows fewer
motion artifacts;

• Lower risk of injury; • is easier to use for testing low height patients.

• Requires less space.

Table 1.
Comparative advantages of the exercise test on the cycle ergometer, respective treadmill [28].
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(b) Ventilatory or anaerobic threshold (AT)(Figure 6)

• Represents the level of the oxygen consumption at which the cellular
metabolism in the peripheral muscles changes from aerobiosis to
anaerobiosis, with the increase of lactic acid production, CO2, and reflex
hyperventilation.

• AT is expressed as the value of oxygen consumption at that time or as a
percentage of the predicted value of VO2 max.

• In healthy individuals, AT is in the range of 45–65% of VO2 max.

• In patients with chronic lung disease, AT is usually reduced to below 40% of
VO2 max (indicating a limitation of tissue oxygen supply).

• Anaerobic threshold is an essential parameter for establishing the optimal level
of exercise intensity in PR programs.

• Both at the beginning of the PR program and during it, it is recommended to
keep a level of intensity below the anaerobic threshold, the recommended
physical exercise being aerobic [29].

(c) Minute ventilation (VE)

• CPET measures ventilation per minute, breath by breath, but also the
dynamics of current volume and respiratory rate during exertion, which
defines the ventilatory strategy [29].

(d) Inspiratory capacity

• It can be evaluated periodically during CPET, by forced inspiration maneuvers
and allows the quantification of dynamic hyperinflation [29].

Figure 6.
Graphic determination of maximum oxygen consumption and anaerobic threshold by cardiopulmonary testing.
Source photo: Respiratory Rehabilitation Clinic, Rehabilitation Clinical Hospital, Iasi, Romania, Head: Assoc.
Prof. Dr. Paraschiva Postolache.
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(e) Ventilation efficiency: slope of the VE/VCO2 ratio (ventilation/volume of CO2

produced) at the level of the anaerobic threshold.

• It is the volume of air ventilated in 1 minute, needed to remove 1 liter
of CO2.

• In patients with chronic obstructive respiratory disease, the ratio of VE/VCO2

has abnormally high values, signifying the alteration of the ventilatory
efficiency, as an effect of the increase of the pulmonary dead space and of the
alteration of the ventilation/infusion ratio [29, 30].

4.2 The 6-minute walk test

The 6-minute walk test (6MWT) (Figure 7, Tables 2 and 3) is a constant and
submaximal load exercise test (unlike CPET, which is performed at an increasing,
incremental load). It is also part of the BODE prognostic index.

As a way of doing things, 6MWT involves:

• The patient, who travels a distance on flat ground for 6 minutes; the number of
laps is multiplied by the distance.

• The walking corridor must have an acceptable distance of 30–50 meters.

• The following are evaluated during the test: heart rate, blood pressure, blood
saturation, degree of dyspnea (both initially and at the end of the test), and the
distance expressed in meters.

Figure 7.
6-minute walk test. Source photo: Respiratory Rehabilitation Clinic, Rehabilitation Clinical Hospital, Iasi,
Romania, Head: Assoc. Prof. Dr. Paraschiva Postolache.
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• The patient must walk as far as possible in 6 minutes, walking at his own rhythm,
sustained, between the two ends of the aisle, marked with two cones, without
running. The patient can stop to rest during the 6 minutes, but must resume
walking as soon as possible, the test not lasting with rest time.

• 6MWT results can be expressed as absolute value, percentage of initial value, or
percentage of predicted value [16, 31].

Indications Contraindications Test interruption

• Assessment of functional status and
disability in COPD, pulmonary fibrosis,
cystic fibrosis, pulmonary vascular
disease, heart failure;

• Recent myocardial
infarction (1 month);

• Chest pain;

• Intolerable dyspnea;

• Unstable angina • Vertigo;

• Episode of respiratory
decompensation with
acidosis;

• Extreme weakness;

• Measuring the response to various
interventions (pre- and post-treatment
comparisons); lung resections, lung
rehabilitation, lung transplantation,
lung volume reduction surgery,
vasodilator treatment in pulmonary
hypertension;

• Desaturation <85%;

• Developmental
thrombophlebitis and/
or recent pulmonary
embolism;

• Tachycardia >80% of the
theoretical maximum heart rate
(calculated according to the formula:
220—age in years);

• Acute pericarditis;

• Hypertensive
emergency;

• Bronchospasm crisis;

• Fever;

• Prediction of COPD mortality and
morbidity, pulmonary hypertension,
pulmonary fibrosis, heart failure;

• Resting tachycardia (>
120/minute) (relative
contraindication);

• At the express request of the
patient.

• Blood pressure >180/100 at rest
(relative contraindication).

• Titration of oxygen flow at exertion.

Table 2.
Indications, contraindications and limitation of 6MWT [16, 31, 32].
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Because there are different practices regarding the actual conduct of the test,
leading to variable and hard-to-compare results, the international ATS guideline has
established clear rules for 6MWT standardization [31, 33].

The following predictable equation, recommended for COPD patients, was used to
interpret the results:

• For men: test value (m) = 867 - (5.71 � age) + (1.03 � height)

• For women: test value (m) = 525 – (2.86 � age) + (2.71 � height) – (6.22 � BMI,
kg/m2) [31, 32].

The 6-minute walk test is considered positive for an improvement of at least 54
meters compared with the initial assessment [7, 16].

Dosed physical training is one of the most important components of physical ther-
apy and PR programs. The exercise plan is individualized for each patient according to
the underlying disease and the degree of severity, age, sex, associated diseases, train-
ing methods, duration, pace, intensity of effort, motivation, and choice of the patient
[35–38].

Exercise will address different muscle groups:

• to increase the endurance of the muscles of the lower limbs, it is recommended to
walk on the treadmill, pedal to the cycle ergometer (Figure 8) or to counteract
some weights. Exercises should also be performed by people immobilized in a
sitting or supine position for limb movement, increased flexibility and decreased
joint stiffness, the exercises being focused on stretching, coordination, and
attention;

Advantage Disadvantage

• Simple; • Depends on the motivation of the patient
and/or the supervisor;

• Cheap;

• Good reproducibility (if the standard protocol is
followed);

• Correlates with the prognosis; • Measures a single variable (distance
traveled);

• Can be applied to all patients (regardless of age, level of
readiness, degree of respiratory failure);

• More difficult to standardize and less
reproducible than the maximum effort tests;

• Is a very useful tool in PR programs—it must be done
before and after the end of the program, in order to
highlight the increase of the distance traveled, with a
direct impact in increasing the quality of life.

• Does not allow the detection of the causes of
the effort limitation.

Table 3.
Advantages and disadvantages 6MWT [31, 33, 34].
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• to increase the endurance of the muscles of the upper limbs, the patients will
perform exercises with weights or stretching;

• for the chest muscles, stretching, swimming, training on the cycle ergometer or
on the treadmill are recommended;

• gymnastics for the neck and head muscles;

• breathing techniques (abdominal breathing, etc.) (Figure 9) [26, 35, 36].

4.3 Respiratory muscle assessment

Respiratory muscle training is a valuable method that provides additional PR
benefits, improving both muscle strength and endurance, with clinical benefits in

Figure 8.
Physical training dosed on the cycle ergometer for the lower and upper train. Source photo: Respiratory
Rehabilitation Clinic, Rehabilitation Clinical Hospital, Iasi, Romania, Head: Assoc. Prof. Dr. Paraschiva
Postolache.

Figure 9.
Basic position in diaphragmatic breathing without and with apnea. Source photo: Material written under the
guidance of Assoc. Prof. Dr. Paraschiva Postolache and Physiotherapist Liliana Chelariu, Pulmonary
Rehabilitation Clinic, Rehabilitation Clinical Hospital, Iaşi, RO-BRIM-15-2020-V2-exercitii_digital 06.2020.
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COPD patient (and not only) who remain symptomatic despite optimal therapy [39].
The purpose of respiratory muscle training is to improve respiratory muscle function,
hypoxia, hypoventilation, and relieve dyspnea [40].

Before starting the training program, the maximum inspiratory pressure at the
level of the oral cavity will be evaluated, which represents the exercise capacity of the
inspiratory muscles, the methods and equipment used for the two types of training
being significantly different (Figure 10) [41].

Respiratory muscle training involves training the inspiratory and expiratory mus-
cles (Figure 11). Depending on the type of exercise, training can be strength
(consisting of a series of repeated breaths with increased endurance) or endurance
(forced ventilation maintained for several minutes). In general, inspiratory muscle
training is used in patients with dyspnea, as a predominant symptom, and expiratory
muscle training in patients with productive cough [42].

Respiratory muscle training should be continued after the discharge of patients from PR
centers, daily, independently or in association with the PR program, at home, and, if
possible, in specialized PR centers, at least two to three times a week, in order to
maintain the effects of training [5].

5. Factors that limit the capacity of effort

The function of the respiratory and cardiovascular systems is adequately tested
only during physical exertion. Each of the two systems has a reserve capacity well

Figure 10.
Respiratory muscle pressure testing. Source photo: Respiratory Rehabilitation Clinic, Rehabilitation Clinical
Hospital, Iasi, Romania, Head: Assoc. Prof. Dr. Paraschiva Postolache.

Figure 11.
Devices for training the respiratory muscles (a) stimulation spirometer; (b) Threshold; (c) POWERBreathe; and
(d) Shaker Plus. Source photo: Respiratory Rehabilitation Clinic, Rehabilitation Clinical Hospital, Iasi, Romania,
Head: Assoc. Prof. Dr. Paraschiva Postolache.
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above that required to support the normal functioning of the body at rest and during
moderate physical activity. Many pathologies that affect breathing or circulation cause
progressive loss of physiological function. Such diseases are likely to be manifested
initially by a reduction in lung or cardiac reserve. Because reserve abilities are tested
only during exertion, the early (and potentially curable) stages of such diseases can
only cause symptoms with exertion. By assessing the maximum capacity of patients to
exercise, the pulmonologist or cardiologist assesses, at least in qualitative terms, the
reserve capacity of each of the organ systems that contribute to the response to
exertion [25].

Exercise performance reflects a coordinated response of respiratory and
cardiovascular function along with the action of the muscles being trained. Physical
exertion induces gradual increases in the frequency and depth of respiration, heart
rate, blood pressure, heart rate, and myocardial contractility. During constant
exertion, the respiratory and cardiovascular parameters begin to stabilize (after 1–
2 minutes of rapid change) at appropriate levels, for a certain intensity of exercise
in a certain patient. These balance levels can be used to characterize patient
performance.

Effort capacity is the maximum amount of physical exertion a patient can endure,
and exercise intolerance is a condition in which the patient is unable to exercise at the
level and/or duration that would be expected from someone of his age and general
physical condition (Figure 12).

Exercise intolerance in patients with chronic lung disease is multifactorial in
nature, involving the following:

• ventilatory abnormalities:

• during exercise of progressively increasing intensity, healthy elderly people
can increase their breathing rate and current volume to provide an increase
of up to 10–15 times the ventilation per minute, which is essential to
eliminate the production of carbon dioxide and satisfies the increased
oxygen demand ! in such cases, ventilatory function is often not the
limiting factor, at least for a wide range of submaximal stress levels, as
ventilation per minute is maintained well below maximum ventilatory
capacity (Figure 13);

Figure 12.
Mechanisms that limit exercise capacity in chronic respiratory disease [7].
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• reduced ventilatory capacity during exercise is due to abnormal respiratory
mechanics and respiratory muscle dysfunction;

• in patients with chronic respiratory disease, high resistance of the
inspiratory and expiratory airways and/or reduced compliance may
substantially increase the pressure required for airflow and thus my increase
respiratory labor ! the respiratory muscles are frequently weakened and
unable to withstand adequately due to the presence of hyperinflation and/or
intrinsic muscle dysfunction/hypoperfusion;

• a ventilatory demand is increased during physical exertion due to gas
exchange abnormalities (e.g., change in ventilation/perfusion ratio and
increased dead spate ventilation), which leads to hypoxemia and [28, 44–46].

• gas exchange anomalies:

• despite the deterioration of the ventilatory reserve with aging, healthy
elderly people seem to be able to maintain alveolar ventilation at a level that
allows blood gases to be kept within normal limits, even during intense
exercise ! the ventilation/infusion ratio remains good because both
ventilation, and the infusion increase several times with increasing exercise
intensity ! alveolo-capillary diffusion remains intact and, consequently,
PaO2 remains normal, even at high exercise intensities;

• gas exchange regulation is affected in chronic lung disease producing
various abnormalities of ventilation/perfusion ratio, diffusion disorders,
and hypoxemia at rest and during exertion ! many patients with severe
lung disease experience arterial oxygen desaturation during exertion
[28, 47–49].

• cardiovascular disorders:

• cardiac output in healthy subjects may increase several times in response to
physical exertion;

Figure 13.
Changing the oxygen consumption in relation to the working rate on a cycle ergometer, in a healthy person (dotted
line), and in a patient with COPD (continuous line) [43].
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• in chronic lung diseases, mechanisms involving oxygen transport are
frequently affected, leading to a reduction in cardiovascular function:

• first, coexisting right and left ventricular dysfunction can affect exercise
capacity due to decreased cardiac output, which often leads to impaired
oxygen delivery and early development of metabolic acidosis;

• secondly, in chronic lung diseases, especially in the presence of pulmonary
vascular abnormalities, pulmonary hypertension and right ventricular
dysfunction may develop;

• these phenomena may worsen in the presence of hyponemia ! increased
pulmonary vascular resistance and pulmonary arterial hypertension, with
consecutive right heart failure;

• increased cardiac output, along with low oxygen content, reduces
systemic oxygen delivery to all organs of the body, including skeletal muscle
[28, 50–53].

• peripheral muscle dysfunction:

• inactivity, muscle deconditioning, and fatigue are associated with lower
muscle mass and impaired muscle fiber distribution, especially with regard
to the proportion of type I fibers (slow shrinking oxidative);

• reducing the proportion of oxidative fibers reduces the oxidative potential
of muscles, which are more prone to fatigue during high-intensity
exercise;

• structural and metabolic abnormalities of the limb muscles can lead to early
lactic acidosis and failure of pregnancy due to exertion [54–57].

6. Conclusions

Patients with chronic lung disease have varying degrees of activity limitation due
to skeletal and respiratory muscle dysfunction, a limitation that is remedied by
physical training in the complex PR program.

Pulmonary rehabilitation is on the basic therapies, with strong scientific evidence
and an essential role in the management of chronic respiratory diseases. PR is a
valuable treatment tool, a source of measurement and information tools for respira-
tory pathophysiology.

As an essential part of chronic lung disease management, PR relieves dyspnea and
fatigue, anxiety, and depression, improves exercise tolerance and health-related
quality of life, and reduces the number of hospitalizations for exacerbations and
mortality of patients with chronic lung disease. Exercise training is the key component
of PR, which consists of exercise evaluation and actual training therapy. Exercise
assessments are an important component of PR and should take into account patients’
symptoms, endurance, strength, and health-related quality of life.
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Dyspnea is an important symptom of chronic, multifaceted lung disease, and its
understanding can be derived from a multidisciplinary and multidimensional
approach.

The ability to walk is a quick and inexpressive measure of functional status and an
important component of quality of life, reflecting a person’s autonomy, which is
significantly reduced in patients with chronic lung disease.

Functional measures at rest do not always provide an accurate diagnosis and
adequate stratification of severity in patients with chronic respiratory disease. That is
why cardiopulmonary exercise testing is necessary, which provides useful informa-
tion about exercise capacity and a comprehensive assessment of pathological mecha-
nisms that limit exercise tolerance.

Both respiratory and cardiovascular fitness and exercise capacity are key elements
in pulmonary rehabilitation programs. These parameters allow for the optimal pre-
scribing of exercise programs and the inclusion of patient in physical training groups,
which will lead to an increase in the effectiveness and safety of lung rehabilitation
therapy for chronic respiratory patients.
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Abstract

The ability to deliver oxygen to the skeletal muscles and use it to generate energy 
to support muscle activity is known as cardiorespiratory fitness (CRF). Because 
of its importance to health, young people’s declining CRF is a cause of concern. 
Therefore, promoting CRF through physical activity (PA) participation is needed. 
Among young people, the school setting has been proposed as a privileged context to 
promote PA and CRF, and school-based PA interventions are known to improve PA 
and CRF. Nevertheless, school-based PA interventions are not universal and may not 
be sustainable over long periods if the mobilized resources are not sustained. There 
is a need to promote sustainable health promotion actions to maintain their benefits 
beyond the initial stage of implementation and deliver within the limits of the avail-
able resources. One way of doing so is through physical education (PE). PE is part of 
the curriculum in most countries, allows children and adolescents to engage in PA, 
and is supervised by trained PE teachers. The school is a privileged context for health 
promotion actions through its regular implementation across most education years. 
This chapter advocates PE as a privileged setting for promoting PA and CRF.

Keywords: adolescent, children, health, physical activity, physical education

1. Introduction

The terms physical activity (PA), exercise and physical fitness are often used 
interchangeably since they are closely related. However, they do not represent the 
same construct. This distinction is of importance as throughout the text, these terms 
will be used often. Thus, it is perhaps best to start by defining each one. PA can be 
defined as any body movement produced by the skeletal muscle that results in energy 
expenditure [1]. PA represents a full range of intensities, including light intensity 
PA (<3 metabolic equivalents of task), moderate-intensity PA (≥3 and < 6 metabolic 
equivalents of task) and vigorous-intensity PA (≥6 metabolic equivalents of task) [2]. 
On the other hand, exercise is a normally planned and structured subcategory of PA. 
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It requires repetitive body movements to maintain or improve one or more compo-
nents of physical fitness [1]. Lastly, physical fitness is a multi-component construct 
that can be understood as a set of attributes an individual has or can achieve. From 
a broader perspective, physical fitness is a physiologic attribute representing an 
individual’s capacity to perform muscle-powered activities [3]. Physical fitness can 
be divided into health-related and skill-related components. Health-related physi-
cal fitness includes cardiorespiratory fitness (CRF), muscular strength, muscular 
endurance, muscular flexibility, and body composition [1]. Independently of physical 
activity, health-related physical fitness is linked to a lower prevalence of chronic 
disease and has a strong relationship with health and wellness [3].

The most studied health-related component of physical fitness is the CRF. CRF 
relates to the capacity of the circulatory and respiratory systems to supply oxygen to 
muscles during a sustained physical effort, that is, reflects the capacity of the respira-
tory and cardiovascular systems to bear prolonged exercise [4]. Even though a large 
part of the variability of CRF, up to half, is biologically and genetically determined 
[5], hereditability is not the only determinant of CRF. Socio-environmental factors 
and PA, particularly exercise, also influence CRF to a large extent [6].

Childhood and adolescence are crucial periods of life marked by several morpho-
logical, physiological, psychological, and behavioural changes. Sex and maturity are 
two determinants of CRF that shape its improvement at these ages. It is widely known 
that boys’ CRF is higher than girls’, from late childhood onward. This difference 
increases throughout adolescence, reaching about a 40% gap in post-pubertal 18-year-
old boys. This difference is greatly explained by boys’ marked increase in fat-free mass 
(about 90% increase between 11 and 16 years old, compared to a 40% increase in girls) 
driven by maturation [7]. Besides sex, maturity status is also an important determinant 
of CRF, as the growth and development processes are not linear and do not happen 
simultaneously in young people, between and within each sex.

Although CRF is mostly dependent on genetics, sex, and maturation, other 
environmental and behavioural factors are also important for aerobic capacities, 
such as weight status, sleep, nutrition or PA levels. Among those factors, PA has the 
greatest impact on CRF. Engaging in PA and exercise activates almost all biological 
systems to support the muscle contraction and energy production [8]. In response to 
PA, the cardiovascular and respiratory systems increase oxygen availability for energy 
production in the muscle; when regularly stimulated, muscles improve their ability 
to function optimally. Therefore, PA is considered the primary means of promoting 
CRF [6]. Within PA, exercise seems to contribute the most to improvements in CRF, 
mainly because of the higher activity intensity and regularity of practice. Engaging in 
regular moderate-to-vigorous, especially vigorous, PA is most beneficial for improv-
ing CRF [9]. Also, previous investigations have demonstrated that children and 
adolescents participating in organised sports have better CRF than their non-partic-
ipating peers and that appropriate exercise training is known to increase CRF levels 
in youth, irrespective of sex, age or maturity [10, 11]. More specifically, programmes 
to benefit CRF usually involve 20–45-minute sessions of continuous moderate-to-
vigorous or vigorous-intensity training or high-intensity interval training over at least 
2 to 3 months [10, 12].

PA, exercise and physical fitness are the related concepts that warrant differential 
interpretations. Furthermore, PA, especially higher intensity, exercise and CRF are 
positively associated. Because of that, better CRF performances can be seen as a 
marker of PA levels, total amount or volume essentially of higher intensities, with 
evidence highlighting vigorous activities. Therefore, from a monitoring perspective, 
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CRF provides a robust measure and stable reflection of recent and past PA levels and 
indicates biological system functioning [6].

2. Cardiorespiratory fitness and health

The health benefit evidence of PA and fitness, namely CRF, in children and 
adolescents is undisputable. For that reason, promoting PA and healthy lifestyles 
has become a priority for education and health authorities worldwide [13]. Among 
young people, engaging in PA and having better physical fitness are beneficial for 
several health outcomes, such as obesity, cardiometabolic health, bone health and 
mental health, as well as for pro-social behaviour, sleep, and cognitive outcomes [2]. 
Promoting PA has been consistently shown to be an effective strategy to improve 
health in general and is considered as a ‘best buy’ in health promotion [14].

In youth, regular PA is positively associated with beneficial cardiometabolic health 
outcomes, including improved blood pressure, lipid profile, glucose control, insulin 
sensitivity and bone health, while being inversely associated with overweight and 
obesity [2]. Furthermore, the benefits of PA seem to be greater with increasing inten-
sity. For example, children and adolescents who engage in higher levels of PA have 
lower resting blood pressure and triglyceride concentration [15] and more favourable 
indicators of arterial stiffness [16]. Also, recent evidence reinforces the idea that 
PA, especially when participating in 30–60 minutes of moderate-to-vigorous PA for 
three or more days per week, improves CRF and musculoskeletal fitness in children 
and adolescents [3]. Besides physical health, the promotion of mental health and the 
development and maintenance of cognitive function are essential across the entire 
lifespan. Scientific evidence has shown that PA has positive effects on overall mental 
health and health-related quality of life [3, 17], and the prevention or treatment of 
depression and anxiety [18]. Furthermore, PA has positive effects on cognitive func-
tion and academic outcomes [19, 20].

Several hypotheses have been proposed regarding the underlying mechanisms 
responsible for the effects of PA on mental health. On a physiological level, PA may 
promote mental health by releasing endorphins and neurogenesis [21, 22]. On a 
psychological level, PA is associated with several aspects related to mental health, 
such as positive relationships with others, social learning, making new friends and 
self-esteem [22, 23].

Independently of PA, CRF is a well-known indicator of young peoples’ current 
and future health [24], which is associated with cardiovascular health, cholesterol 
and blood lipids levels, obesity and mental health [25, 26]. Figure 1 summarises the 
associations between CRF and health in youth.

Children and adolescents with greater CRF levels have healthier cardiovascular 
and metabolic profiles [25]. Furthermore, CRF is inversely associated with total 
adiposity, and having high levels of CRF can counteract the harmful consequences 
attributed to having a higher inflammatory profile [25, 26]. Therefore, CRF is related 
to the clustering of cardiometabolic risk factors and is an important marker of health 
[27]. CRF is also associated with mental health in youth. CRF is related to greater 
global grey and white matter, brain volume and anterior hippocampal functional con-
nectivity [28]. This is of importance and may explain why, among adolescents, higher 
CRF is related to better academic performance [20].

Although the adverse effects of non-communicable diseases are mainly manifested 
in adults and older adults, it is evident that the development of these conditions 
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may start much earlier in life. Additionally, it is known that CRF moderately tracks 
from childhood to adolescence and from adolescence to adulthood [29]. Therefore, 
it seems reasonable to conclude that promoting PA and physical fitness, including 
CRF, in young people is essential to nurture healthy lifestyles that may help to prevent 
present and future non-communicable diseases and take the right steps to a healthier 
population.

PA is an important health behaviour [2], and CRF is a powerful marker of health 
[25], so PA should be part of our daily routine. Considering this evidence, the World 
Health Organization (WHO) recommends children and adolescents aged 5–17 years 
old engage in at least 60 minutes of daily moderate-to-vigorous PA to achieve the 
health benefits [2]. It is further recommended that most of the daily PA be aerobic 
and that muscle-strengthening activities should be performed at least three times 
per week [2]. Also, considering the health benefit of greater CRF, several special-
ists have stressed the importance of improving and promoting CRF in children and 
adolescents [6, 25, 26].

3. What are the current cardiorespiratory fitness levels?

Despite the health benefits summarised previously, PA and CRF levels among 
young people are low and declining globally. Using a pooled analysis of cross-sec-
tional survey data from 146 countries, recent evidence suggests that 81% of children 
and adolescents aged 11–17 do not meet the current recommendations for daily PA 
[30]. It was further observed that more girls than boys were insufficiently active 
in 2016, respectively 84.7% and 77.6%. Similarly, the global matrix 3.0 PA report 
card project, which graded evidence to harmonise available data from 49 countries 
worldwide, has suggested that children and adolescents have low compliance with the 
WHO PA guidelines, and only 27–33% (grade D) met the PA recommendations [31].

In adults, insufficient PA has been identified as one of the leading risk factors for 
premature mortality and disease burden [32]. Thus, the low PA levels in children and 

Figure 1. 
Associations between cardiorespiratory fitness and several health outcomes in children and adolescents (adapted 
from [25]).
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adolescents are alarming as they are associated with lower physical activity levels later 
in life [33] and might be one of the causes for the declining trend observed in CRF 
worldwide in this population [34]. In a trend analysis from 1981 to 2014, Tomkinson 
et al. [34] verified a moderate decline in young people’s CRF living in 19 high-
income and upper-middle-income countries between these years (−7.3% change). 
Furthermore, a substantial decline since 1981 was observed, which has slowed and 
stabilised internationally since 2000.

Given the health benefits of being physically active and fit worldwide, there is a 
concerning declining trend in both PA and CRF. Exactly because of that, the WHO 
has declared that one of their global health initiatives is to increase the popula-
tions’ PA levels and reduce by 10% the prevalence of insufficient PA by 2025 [35]. 
Therefore, there is an imperative need to develop strategies for the promotion of PA 
and CRF at the population level that are effective and sustainable.

4. The role of school in promoting cardiorespiratory fitness

Promoting PA and healthy lifestyles has become a priority for public health 
authorities worldwide [13]. There are several contexts to consider when develop-
ing PA and fitness promotion strategies among children and adolescents, including 
organised sports participation, active commuting, unstructured leisure time and 
school [13, 36].

School is considered an important setting for health promotion among children 
and adolescents, and PA and CRF are no exception [36]. It is recognised that the single 
most important channel to address physical inactivity in youth is through school 
[35, 37]. Comprehensive whole-of-school approaches represent an effective strategy 
to address young people’s physical inactivity levels [38]. The role of the school extends 
to encouraging children and adolescents to continue engaging in PA by providing 
coordinated opportunities for all young people and developing partnerships with the 
wider community, in the both health and sports sectors, to extend and improve the 
opportunities available for students to remain physically active [39].

Several reasons contribute to the proclamation of schools as a priority setting 
for promoting PA and fitness. In the first place, schools provide opportunities for 
children and adolescents to engage in PA during discrete periods of the day, including 
PE, recess, school sports programmes and other extra-curricular programmes. This is 
especially important when considering youth from disadvantaged settings who have 
less access to PA [40]. Secondly, many children and adolescents spend a great part of 
the day at school. School-based interventions are the most universally applicable and 
effective way to counteract low PA and fitness since children and adolescents spend 
at least half of their waking hours in this setting [39]. Lastly, school is mandatory for 
children and adolescents in most countries worldwide. Thus, its programmes reach 
many young people [40].

There is considerable evidence from middle- and high-income countries that 
school-based health interventions moderately promote PA and CRF [41]. Thus, from 
a health promotion perspective, the school has been proposed as an important setting 
to promote PA and CRF. However, there is a gap between demonstrating the effective-
ness of such PA interventions and understanding the wide-scale implementation and/
or dissemination of these interventions [39]. Furthermore, these interventions are not 
universal and may not be sustainable over long periods if senior leaders and staff that 
are knowledgeable, skilled and motivated to continue delivering health promotion 
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through ever-changing circumstances are not retained [42]. The implementation of 
effective school-based models into the real world setting is complex. It demands a 
multi-partner investment over the long term. Ecological approaches that integrate 
existing resources and institutions in the community are likely key to successful 
and sustained implementation [39]. Therefore, there is a need to promote sustain-
able health promotion actions that can maintain their benefits for communities and 
populations beyond their initial implementation stage and deliver within the limits 
of finances. One possibility for such action is through PE, which is already within the 
scope and budget of schools.

5.  Physical education as an important setting to promote  
cardiorespiratory fitness

The importance of PE to promote health is widely recognised, as PE is by far 
the most common method of promoting PA during the school day [40]. PE, part 
of the school curriculum in most countries, allows children and adolescents to 
engage in structured, specialist-led, and appropriate PA. Particularly through PE, 
the school provides an opportunity for youth to be physically active and promote 
healthy lifestyles. In line with promoting health-enhancing PA, schools and PE are 
also important for promoting physical fitness. When performed appropriately and 
incorporated as one component of a broad and holistic health education programme, 
fitness monitoring in PE is a valuable part of the curriculum. It supports healthy 
lifestyles and PA [43].

One of the reasons why PE comprises a primacy setting for health promotion 
is throughout formative development, which can influence positive attitudes and 
behaviours of young people during compulsory school attendance years [39]. 
PE makes a unique contribution to health education through the development of 
physical and health literacy, where students are prompt to develop the necessary 
skills to make healthy choices, but also through providing opportunities to engage 
in PA and promote fitness [37, 39]. Additionally, PE is, for the most of school 
curricula worldwide, the subject focused on the body’s movement and physical 
development, helping young people to learn, respect and value their bodies and 
abilities [39].

PE is the only setting where all children, especially those from low socio-economic 
status and girls, have access to moderate-to-vigorous PA and learn important funda-
mental movement skills that may provide the foundation for a lifetime of PA [40, 43]. 
It has been shown that PE classes contribute to an increase in daily moderate-to-vig-
orous PA in children and adolescents [44, 45]. It is estimated that PE lessons increase 
daily moderate-to-vigorous PA in about 12.8 minutes compared to days without PE 
lessons [46]. Furthermore, PA opportunities in PE are often regular, mostly two to 
three times a week, and represent the most of school-based PA [47]. Participation in 
PE was determined as the single most important determinant of school-based PA rec-
ommendations of at least 500 steps per hour, at least 25% of school time spent in PA, 
and at least 20 minutes of moderate-to-vigorous PA [47]. This is especially important 
when considering the promotion of fitness as regular higher-intensity PA is critical 
for improving it [6]. Due to its importance PE guidelines often recommend that at 
least 50% of class time should be spent in moderate-to-vigorous PA [37, 48].

Another important aspect related to PA offered in PE is the structuring and 
appropriateness of PA delivered [43, 49]. PE is often delivered by specialists, namely 
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PE teachers, with adequate training and capable of providing meaningful PA [50]. 
It is known that PE delivered by well-trained specialists increases PA during school 
hours in youth [37]. Furthermore, promoting PA and fitness in PE captures more 
than just the intensity of PA provided during the classes. Young people are more 
likely to engage in activities both in-class and outside of school, when activities are 
perceived as inherently meaningful, interesting and enjoyable, or hold personal 
relevance. Thus, Haerens et al. [51] argue that PE can only promote an active lifestyle 
if the activities provided have these characteristics. This view is supported by the 
self-determination theory [52] and reinforces the importance of promoting intrinsic 
motivation in PE. In this sense, PE teachers also have an important role in encourag-
ing PA and fitness, as well as providing positive feedback which is associated with 
greater intentions to participate in PA [53].

Besides the important action of PE in promoting PA and CRF in children and 
adolescents, it also has an important role in monitoring and informing about stu-
dents’ CRF. Therefore, PE teachers have several quality tools to assess the students’ 
CRF. Several field tests allow CRF assessment in the school setting and whole school 
classes to be assessed in one session. The most commonly used field-based CRF 
tests in the school setting are the Progressive Aerobic Cardiovascular Endurance 
Run (PACER), also known as the beep test or the 20-meter shuttle run, the 1-mile 
test and the Cooper test. Notwithstanding, fitness testing in PE, including CRF 
tests, should be done within a positive and health-promoting context [54]. For that 
it is recommended that teachers: a) provide meaningful practice opportunities so 
students become familiar with and develop value toward the tests, b) work with 
students to create personal goals toward physical fitness, and c) track individual 
progress across time.

6. Conclusion

CRF can be defined as the ability of the body to deliver atmosphere oxygen to 
the skeletal muscles and use it to generate energy to support muscle activity dur-
ing exercise. CRF is associated with present and future cardiometabolic health, an 
important health marker [24]. Although up to half of the CRF is hereditable, partici-
pation in PA has still been considered the primary means of improving fitness [6]. 
Despite its associations with health, recent evidence has shown a substantial decline 
in CRF since 1981 in upper-middle- and high-income countries [34], which is a cause 
of concern.

The school has been proposed as an important setting to promote PA and CRF. 
School-based PA interventions are the effective strategies to promote children’s and 
adolescents’ PA levels and CRF [36]. However, these interventions are not universal 
and may not be sustainable over long periods if senior leaders and staff that are 
knowledgeable, skilled and motivated to continue delivering health promotion 
through ever-changing circumstances are not retained [42]. Therefore, there is a need 
to promote sustainable health promotion actions that can maintain their benefits 
beyond the initial stage of implementation and deliver within the limits of the avail-
able resources.

Within the school activities, PE, which is part of the school curriculum in most 
countries, allows children and adolescents to engage in structured and appropriate 
PA [43]. Thus, school is a privileged context for health promotion actions through its 
regular implementation across most education years.
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Chapter 4

Assessment of Autonomic Cardiac 
Activity in Athletes
Júlio Costa and Fábio Y. Nakamura

Abstract

Athletes, coaches, and supporting staff should assume a scientific approach to 
both designing and monitoring training programs. Proper load monitoring is essen-
tial to determine whether an athlete is adapting to a training program and to mini-
mize the risk of increasing non-functional overreaching, illness, or injury. To gain an 
understanding of training and competition demands and their effects on the athlete, 
various potential physiological variables are available. Nonetheless, very few of them 
have robust scientific evidence to support their use. Therefore, this chapter will 
discuss the use of non-invasive and time-efficient methods to record and/or calculate 
heart rate variability (HRV) in athletes. HRV variables can provide detailed informa-
tion about positive and negative adaptions over short and long periods throughout the 
competitive season. The accumulated knowledge regarding the importance of HRV 
has led both monitoring variables to become popular strategies among elite athletes, 
coaches, and supporting staff.

Keywords: autonomic nervous system, heart rate variability, overnight, overload, 
recovery

1. Introduction

Advances in technology available for monitoring athletes has led to greater 
opportunities to scientifically support athletes, and, thus, information regarding the 
modern (elite) male and female athletes are increasingly available. Over the years, 
numerous techniques have been used to determine the physical and physiological 
profiles of athletes [1–4]. Nevertheless, for some athletes and/or teams, lacking of 
funds can be a main cause for not including a system of training and match workload 
monitoring.

However, there is increasing interest in monitoring the status of the autonomic 
nervous system (ANS) via measures of heart rate (HR), which includes the level but 
mostly focuses on the variability in HR at rest [5, 6], during exercise [7–10], and 
following exercise [8, 9, 11, 12]. The main interest in heart rate variability (HRV) 
measures is that they are non-invasive, relatively low-priced, time-efficient, and 
can be applied routinely and simultaneously in many athletes (i.e., in individual and 
team sports). While the collection of HRV (beat-by-beat) was initially only possible 
with expensive laboratory-based electrocardiograph recorders, the recent availability 
of valid and portable recorders such as HR monitors [13–24], specifically-designed 
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systems [25, 26], or smartphone applications [27] has substantially boosted the use 
of HRV monitoring in the field. However, despite its common implementation in the 
field, the usefulness of HRV indices is still a matter of debate. While the majority of 
studies have shown that these measures are sensitive to fitness improvements, fatigue, 
overload, or detraining [28–32], others have not [5].

Therefore, this chapter will discuss the use of non-invasive and time-efficient 
methods to record and/or calculate HRV in athletes. HRV variables can provide 
detailed information about positive and negative adaptions over short and long 
periods throughout the competitive season. The accumulated knowledge regarding 
the importance of HRV has led both monitoring variables to become popular strate-
gies among elite athletes, coaches, and supporting staff. Moreover, monitoring health 
parameters in athletes is also crucial to understand responses to training and readi-
ness, enabling appropriate planning. Importantly, health monitoring also intends to 
reduce the risk of injury, illness, and non-functional overreaching. In addition, health 
status data may be useful for team selection and determining which athletes are ready 
to sustain competition demands.

2. The autonomic cardiac activity

Cardiovascular function is regulated by the ANS [33]. The main objective of 
autonomic cardiovascular regulation is to control cardiac output and the distribution 
of blood at the central and peripheral levels. HR and the contractile properties of the 
myocardium, are modulated by the main components of ANS: the parasympathetic 
and sympathetic nervous systems [33]. The activity of these two ANS branches with 
opposite effects on HR causes continuous fluctuations in HR, which is called HRV 
[33]. The most evident fluctuations of HR are associated to respiration and result as 
increased HR during inspiration and decreased HR during expiration [33].

The physiological determinants of resting HRV are multiple and include cardiac 
muscle morphology, plasma volume, central autonomic modulation, age, and body 
position [34–37]. Under normal conditions, the conduction process begins in a 
particular area of the heart, named the atrial sinus node, whose electrical properties 
can generate the action potential that spreads quickly through specialized fibres to 
the heart, resulting in contraction of the entire cardiac muscle [38]. In addition to 
this intrinsic mechanism that determines the basal cardiac rhythm, the ANS plays an 
important role in controlling the heart function and vascular system through the sym-
pathetic and parasympathetic fibres to the heart, and through the sympathetic fibres 
to the vessels [33]. The two branches of the ANS, i.e., the sympathetic and parasym-
pathetic fibres, act in an opposite way, providing fine adjustment to the cardiac tissues 
in response to different stimuli and daily activities. However, an imbalance between 
sympathetic and parasympathetic drives has been proposed as a potential mechanism 
in some cardiovascular diseases such as arterial hypertension, heart failure, and 
myocardial infarction [39].

3. Assessment of autonomic cardiac activity

In sports, HRV might provide useful markers of positive and negative adaptations 
to training and competitions [5, 40]. The basic principle of HRV monitoring is to 
make inferences on possible changes in cardiac ANS status due to exercise while using 
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repeated HRV measures over time. Since ANS activity is highly sensitive to environ-
mental conditions (e.g., noise, light, temperature) [34], it is important to take some 
precautions so as to standardize recording conditions, in order to isolate the training-
induced effects on ANS.

Precise detection of electrocardiogram (ECG) R-waves is necessary for the analysis 
of beat-to-beat R-R interval oscillation [33]. In fact, for practical reasons, heart period 
is normally measured from R-R intervals [41]. P-R interval varies normally 120–200 ms 
during the Holter recording but is linearly related to R-R interval in healthy subjects. 
P-R interval seems to be controlled by ANS and fluctuates similarly to R-R interval [41].

The analysis in the time domain further provides other related measures, includ-
ing the square root of the mean of the sum of the squares of differences between 
successive R–R intervals (RMSSD) and the standard deviation of the R–R intervals 
(SDNN) [33].

In addition, R-R interval fluctuations as a function of frequency [41, 42]. 
Parametric autoregressive modelling and nonparametric fast Fourier transform are 
the most frequently used frequency domain methods generating R-R interval power 
spectra [41]. R-R interval power spectra are usually divided into four bands: high-
frequency (HF, 0.15–0.4 Hz), low-frequency (LF, 0.04–0.15 Hz), very-low-frequency 
(VLF 0.0033–0.04 Hz) and ultra-low-frequency bands (< 0.0033 Hz). The spectral 
power densities for VLF and ultra-low-frequency power can be reliably analyzed only 
from long-term recordings (> 18 hours). Power spectral densities are calculated for 
each band, which determines the distribution R-R interval oscillation over different 
frequencies [41].

Moreover, HF spectral power aims to quantify respiratory sinus arrhythmia 
(RSA), since spontaneous respiration frequency is commonly between the frequencies 
of 0.15 to 0.4 Hz [41, 42]. To ensure the presence of an evident peak within the HF 
band and to control the effects of respiration on HF power, a standardized respiratory 
pattern has been used in laboratory conditions [41, 42]. Since RSA is generated by 
cardiac vagal nerve traffic, HF power is considered an index of cardiac vagal outflow 
[41, 42]. In addition, it is important to note that HF power is the most frequently used 
measure to quantify vagally mediated beat-to-beat R-R interval variability [41].

Furthermore, the HF component has been widely emphasized as an index that 
reflects the vagal modulation, whereas the LF component reflects an interaction 
between sympathetic and parasympathetic modulation [43]. On the other hand, 
experimental data suggest that the rhythm pattern of VLF is intrinsically generated 
by the heart and that its oscillation is modulated by sympathetic nerve endings [44]. 
It is important to note that circadian rhythms, core body temperature, metabolism, 
hormones, and intrinsic rhythms generated by the heart all contribute to lower 
frequency rhythms [i.e., VLF) [38]. Moreover, long-term regulation mechanisms and 
ANS activity related to thermoregulation, the renin-angiotensin system, and other 
hormonal factors may contribute to this band [45, 46]. For instance, lower power in 
this band has been associated with high inflammation in a number of studies [47, 48] 
and has been correlated with low levels of testosterone, while higher VLF power that 
occurs during the night and peaks before waking have been associated with other 
stress biochemical markers, such as cortisol [49, 50]. In fact, authors [49] suggest that 
increased autonomic activity (i.e., higher VLF power) may correlate with the morn-
ing cortisol peak.

Although the ratio between LF and HF (LF/HF) has been used historically as a 
measure involving the sympathetic/parasympathetic balance [51], recent studies sug-
gest that this measure cannot be used as an accurate measure of this balance [42].
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4. Suggested methods for the assessment of autonomic cardiac activity

Assessment of the HRV from linear methods can be executed from records 
with durations of 2, 5, and 15 minutes (short-time), and over 24-hours (long-
time) [18, 33]. Vagal indices of HRV, such as the logarithm RMSSD (lnRMSSD), 
reflecting cardiac parasympathetic modulation, are sensitive to fatigue and have 
been practical in evaluating individual training adaptation in team sports athletes 
[52, 53]. Moreover, the weekly (across 4–7 days) coefficient of variation (CV) of 
lnRMSSD (lnRMSSDCV) may provide valuable information concerning training-
induced perturbations in homeostasis, i.e., can reflect the day-to-day variations in 
cardiac parasympathetic activity [52, 54]. In general, athletes with a lower lnRMS-
SDCV present higher aerobic fitness and seem to cope better with training and 
match loads [55–57]. In fact, higher lnRMSSDCV associated with reduced average 
lnRMSSD during training and matches may be interpreted as a sign of overload.

Recordings of at least 2 minutes are adequate for most HRV analyses quantifying 
the short-term fluctuation of R-R intervals, but 5 minutes is preferable [41]. The 
reproducibility of short-term HRV analysis has been assessed in several ways and 
noted to be relatively good if measurement is highly controlled [41]. Both respira-
tion frequency and tidal volumes affect respiratory-related R-R interval fluctuation 
[41]. A higher breathing rate leads to minor RSA, as a higher tidal volume increases 
RSA. Diurnal variation of R-R interval fluctuation [41] and a previous meal also 
influence short-term HRV measurements [41]. Furthermore, laboratory condi-
tions involve some sensitive psychosomatic factors, which appear to influence the 
measurements [41].

The assessment of long-term 24-hour ambulatory R-R interval oscillations has 
been introduced as a method for the quantification of cardiac autonomic modula-
tion [18]. The finding of an association between 24-hour HRV and mortality among 
patients with recent myocardial infarction increased the use of ambulatory record-
ing for the assessment of cardiac autonomic tone [18]. The analysis of 24-hour 
HRV has high reproducibility with no placebo effect, and it is not dependent on the 
subject’s cooperation [41]. The main limitation of 24-hour ambulatory R-R interval 
recordings is normally the uncontrolled daily activity and respiration. Despite the 
good reproducibility of 24-h recording., the individual differences in daily activity 
and respiration pattern may limit the analysis of ambulatory HRV in cross-sectional 
studies [18].

The presence of noise, trends, ectopic beats, and artefacts has been considered as 
the main problem found in records of HRV. These issues can directly affect the quality 
of HRV analysis, requiring signal correction [58]. Therefore, ectopic beats are, in 
general, automatically removed and replaced with interpolated adjacent R–R interval 
values using a low filter [59]. In addition, to reduce any potential non-uniformity or 
skewness in HRV, data can be log-transformed by taking the natural logarithm [60] 
before conducting any statistical analyses [31].

It is also important to note that monitoring training-related cardiac autonomic 
responses has been facilitated by using after-waking ultra-short-term HRV measure-
ments in male and female athletes [61–63]. However, this method does not allow 
evaluation of the time course of post-exercise quantification of HRV during periods 
of more steady physiological states [55, 64]. Thus, HRV recordings conducted during 
night sleep could be an interesting substitute.

HRV data collected during selected slow-wave sleep episodes (SWSE; defined as 
deep stage of sleep), which offers great signal stability and high standardization of 
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both environmental factors and respiratory influences on HRV, might be preferred 
[65, 66]. Nevertheless, night recordings could be difficult to implement daily 
[63], limiting their usefulness. Throughout the SWSE method, it was possible to 
observed that a single session of supramaximal intermittent exercise triggered a 
decrease in vagally-mediated HRV indices in young non-athletes during sleep fol-
lowing exercise [64]. Importantly, the SWSE requires the analysis of 10 min out of 
many hours of sleep.

The SWSE considers the following steps:

1. the first 10 min of the first low and regular HR episode lasting at least 15 min;

2. the lowest SDNN throughout the period of interest;

3. a circular Poincaré plot (i.e., a round cluster of points in R–R intervals plotted as 
a function of the previous one);

4. a low inter-beat autocorrelation between successive R–R intervals (i.e., correla-
tion coefficient of the Poincaré plot <0.5).

In contrast, has been proposed the analyses of overnight sleep cardiac autonomic 
activity using an “hour-by-hour” approach using all the R–R intervals recorded 
throughout the sleep period [67]. The authors found that vigorous late-night exercise 
did not disturb sleep quality in physically active male subjects [67].

5. Conclusions

Overall, monitoring HRV in athletes can be useful for early detection and inter-
vention before significant performance and health decrements are observed. Non-
invasive and time-efficient methods/equipment such as wearable beat-to-beat HR 
monitors can provide detailed information about positive and negative adaptions over 
short and long periods throughout the competitive season. In addition, each athlete 
could perform the recordings at home, adopting a “real world scenario” to grant high 
ecological validity to the research and/or practical interventions. The accumulated 
knowledge regarding the importance of HRV has led HRV monitoring to become a 
popular strategy among elite athletes, coaches, and supporting staff.
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Chapter 5

Swimming Exercise-Induced 
Improvements in Cardiorespiratory 
Fitness (CRF) are Caused by Nitric 
Oxide Functional Adaptations in 
the Oxygen Transport System
Jia-Ping Wu

Abstract

Cardiorespiratory fitness (CRF) is associated with referring to enhance oxygen 
transport capacity to respiratory systems and increasing oxygen transport circulatory 
to skeletal muscle to produce energy. The aim of this report on the health-related CRF 
in the oxygen transport system-mediated physiological nitric oxide (NO) functional 
adaptations. Therefore, we want to know that swimming exercise-induced improve-
ments in CRF resulted in increased oxygen transport capacity during physical activity 
of the respiratory systems. Therefore, the oxygen circulatory transport system is 
related to NO signaling and has been associated with various pathophysiologic func-
tions and neuronal activity. Besides mediating normal functions, NO is implicated in 
inflammation and hypertension disease states. Swimming exercise is a good way to 
increase the rate of metabolism. Swimming exercise improves heart rate and oxygen 
circulatory, and increases the rate of metabolism and burning of heat. In this context, 
this review summarizes the roles of NO in improvements in cardiorespiratory fitness.

Keywords: cardiorespiratory fitness, nitric oxide, oxygen circulatory transport, 
swimming exercise, hypertension diseases states

1. Introduction

Cardiorespiratory fitness (CRF) is a measure of health in certain youth and elderly 
persons. Thus, CRF can be tracked and assessed time in youth and compared across pop-
ulations. Although cardiorespiratory fitness (CRF) is not recommended pharmacologi-
cal treatment for a broad range of diseases such as congenital heart disease, asthma, and 
cystic fibrosis, it is widely accepted as an intervention in exercise training and nutritional 
supplementation to maintain skeletal muscle mass and strength [1]. Estimating CRF is 
an important marker of health outcomes in youth and the elderly. CRF plays an essential 
role in referring to the capacity of the circulatory and respiratory systems to supply oxy-
gen to skeletal muscle energy needed during water aerobics exercises [2]. Interestingly, 
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a number of retrospective and prospective studies on a cohort of community-living older 
individuals have suggested that only 40% of the U.S. population is currently believed to 
have healthy CRF. CRF is one of the five health-related components of physical fitness. 
It differs from other components of physical fitness, including body composition, 
muscular strength, muscular endurance, and flexibility [3]. The assessment of CRF is an 
important part of the prevention and rehabilitation program. CRF is characterized by 
the body’s ability to perform moderate- to vigorous-intensity activity using large muscle 
groups for prolonged periods of time [4]. Both CRF and exercise have been associated 
with a wide range of health outcomes achievement in youth quality of life.

With all the exercise training we face during pre-activity screening these days 
and pertinent data, it is essential to remember that unwanted or potentially harmful 
events may occur during the exercise test. Above all, if we can develop a more cost-
effective CRF measurement process, we will have a better chance of delaying aging. 
These instructions on the exercise test should be provided to patients for at least 
24 hours to ensure that their respiratory, cardiovascular, and musculoskeletal systems 
work together [5]. The ability to sustain this level of exertion depends on adherence 
to instructions as well as maximizing patient safety and comfort. Additionally, the 
measurement of CRF can be used as a reference for developing regular new modes 
for an exercise program by providing information on how to initiate the exercise 
training program. One of the said modes recommends an increase in intensity and 
duration to improve overall fitness. The following measurement of CRF can provide 
professionals with valuable information on the motivation for periodically screening 
all youth patients’ regular exercise programs [6]; it can be characterized as a program 
setting-response relationship. Increases in CRF are associated with a number of 
health benefits. Higher levels of CRF are often associated with a significant increase 
in physical activity [7]. The measurement of CRF is typically expressed in absolute 
or relative terms. The absolute maximal volume of oxygen consumed per unit time 
(VO2max, L/min, or ml/min) is expressed as a measure of energy expenditure for both 
non-weight-bearing and weight-bearing exercises. VO2max is accepted as the criterion 
measure of CRF. Absolute VO2max is most often described as directly relative to body 
mass or an individual’s body size; it is typically greater in young people compared to 
old people. Relative VO2max (ml/kg × min) is often used to estimate energy expendi-
ture of weight-bearing exercises such as walking, running, and stair climbing when 
VO2max is expressed as simply a linear function of body mass. As is well-known, health 
is definitely important in human life and work. In fact, having excessive wealth with-
out good health is of no use for 99% of us, and a few of us will die due to poor health.

2. Aerobic swimming exercise

Adaptation of exercise plans should follow individual goals, taking aerobic exercise 
became restricted to swimming, walking, running, cycling, skating, riding, and all chal-
lenges. A high degree of accuracy in exercise suggestions for the elderly was achieved by 
applying the aerobic swimming exercise model. Therefore, there is no need to tell that 
good health is important for periodic assessment to ascertain how quickly the condi-
tion is improving or worsening [8]. Do you warm up before undergoing swimming 
training? The aerobic swimming exercise protocol consisted of warm-up exercise, real 
exercise, and relaxation. Based on the basic information all of them finished their own 
exercise intervention for elder humans, and get personalized exercise prescriptions for 
each rate such as frequency, intensity, time, and volume. How good is swimming as an 
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aerobic exercise? Switching up cardiopulmonary fitness exercises is another great way 
to improve your cardiorespiratory fitness exercises [9]. All those activities will still give 
you the aerobic cardiorespiratory fitness training that you need to develop for aerobic 
swimming exercise [10]. If you are training to run a marathon, do not be afraid to swap 
out running a few days a week for biking, rowing, or even swimming. They will utilize 
different muscles, helping to increase your all-around endurance capacity (Table 1).

3. Acute pulmonary respiratory embolism

Cold-induced asthma is usually defined as a respiratory disorder characterized 
by sneezing, sore throat, coughing, etc. caused by how much air moves in and out as 
you breathe. Catching a cold is not uncommon in a human being’s life, but as far as 
the treatment is concerned, it may vary from culture to culture, from individual, and 
from setting to setting [11]. Asthma, a chronic inflammatory disorder of the airways, 
affects 3–5% of the population in the United States and can be fatal. Acute pulmonary 
respiratory embolism is characterized by episodic airway narrowing and increased 
airway reactivity to a variety of stimuli and spontaneous reversibility. The inflamma-
tory response involves a respiratory infection or chronic obstructive pulmonary disease 
(COPD). An imbalance in proinflammatory produces multiple mediators about signs 
and symptoms and any other health problems. Acute pulmonary respiratory embolism 
may be a fundamental part of the pathogenesis of asthma [12]. Acute pulmonary 
respiratory embolism estimates the narrowing of your bronchial tubes by checking how 
much air you can exhale after a deep breath and how fast can breathe out. The histologic 
findings in asthma are airway cellular infiltration, epithelial disruption, mucosal edema, 
and mucus plugging. When your airways are acute pulmonary respiratory embolism, 
you may have higher than normal nitric oxide (NO) levels. This test has been widely 
available. Acute pulmonary respiratory embolism provokes the inflammatory response 
may be exposure to vigorous physical activity or taking several breaths of cold air [13].

Even in people with no history of asthma, respiratory infection is occasionally 
associated with increased airway reactivity for several weeks to months after the 
resolution of the infection; some of these persons develop chronic asthma [14]. The 
symptoms are persistent wheezing, chronic episodic dyspnea, and chronic cough. 
Patients may present with only one or a combination of the foregoing symptoms [15]. 
Aerobic swimming exercise should be maintained, and a clear swimming exercise 

Physiological principles Low grip strength Gait speed Low muscle 
mass

Exercise training Increase Increase Increase

Running No effect Increase Increase

Cycling Increase Increase Increase

Swimming No effect No effect Increase

Walking No effect Increase Increase

Tai Chi Increase Increase Increase

Resistance exercise Increase Increase Increase

Table 1. 
Any type of CRF testing is substantial overlap between the conditions, particularly with regard to physical aspects: 
low grip strength, gait speed, and low muscle mass.
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plan should be in place for using the information to intervene early in exacerbations 
and to alter long-term swimming exercise therapy for optimal control of symptoms 
[16]. Having acute pulmonary respiratory embolism does not mean you have to be less 
active. Getting aerobic swimming exercises can prevent asthma attacks and control 
symptoms during activity tied for additional symptomatic control as needed [17]. 
Regular swimming exercises can strengthen your heart and lungs, which helps relieve 
asthma symptoms. If you swim exercise in cold temperatures to warm the air you 
breathe. These exercises may reduce the amount of medication you need to keep your 
asthma symptoms under control [18]. Aerobic swimming exercise preparations may 
have additional beneficial effects on some patients, but the narrow therapeutic and 
modest efficacy of these preparations limit their value [19]. Acute severe asthma or 
status asthmaticus is an attack of severe bronchospasm that is unresponsive to routine 
therapy [20]. In most cases, however, patients have a history of progressive dyspnea 
over hours to days, with increasing bronchodilator use. The arterial blood gas analysis 
in patients with mild asthma attacks or early in course of a severe asthma attack shows 
hypoxemia (a widened alveolar-arterial oxygen gradient) and hyperventilation (a 
creased Pct CO2) [21]. With O2 increasing after swimming exercises and the severity 
of respiratory muscle fitness, the Pa CO2 returns to normal and ultimately begins to 
balance. A rising Pa O2 in a patient with asthma is a healthy sign [22].

4. Cardiorespiratory fitness (CRF)

WHO defines health positively as a state of complete physical, mental and social 
well-being and not merely the absence of disease or infirmity [23]. In other words, 
a person may be healthy as a human being is the extent of an individual’s continuing 
physical strong, emotional, and mental. The cardiorespiratory fitness and social ability 
associated with heart failure and resistance to infection are able to cope with physical 
hardships to cope with his physical environment. The cardiac cycle strongly correlates 
with heart failure, physical inactivity, and low fitness. If this mental state still is consid-
ered unhealthy, as measured by behavior, is deemed unsound. There is a wide variable 
area between CRF health and heart disease [24]. Cardiorespiratory fitness (CRF) could 
be defined theoretically in terms of certain measured values, for example, the sensitiv-
ity of blood pressure, acuity of vision, body temperature, height, weight, a person hav-
ing normal breath, etc. [25]. Cardiac arrest cycle diseases can be defined at the simplest 
heart disease level as any deviation from normal form and function may either be asso-
ciated with illness or be latent (Figure 1). Some CRF experts prefer to divide the spec-
trum of fitness health and heart disease into normal, cardiac hypertrophy, and heart 
failure. During cardiorespiratory fitness improvements, a person may have a disease 
for many years without even being aware of its presence. Despite the fact of a person’s 
disease and low CRF levels are often used interchangeably, low CRF level is not equated 
with disease. Although heart disease, this person is not ill. For example, a person with 
diabetes who has received adequate insulin treatment is not ill. Regrettably, many low 
CRF diseases escape detection and possible cure because they remain symptomless for 
long years before they produce discomfort or impair function (Figure 1). Heart failure 
occurs when an abnormality of cardiac function fails to provide adequate blood flow to 
meet the metabolic needs of the body’s tissues and organs [26]. Heart failure can result 
from a large number of heterogeneous disorders (Figure 1). One of the most common 
causes is idiopathic cardiomyopathy, which, strictly defined, is a primary myocardial 
disease of unknown etiology. However, in the low CRF clinical setting, cardiomyopathy 
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may be used to refer to myocardial dysfunction that is the result of a known cardiac 
systemic disease [27]. These cardiomyopathies may be related to a number of disorders. 
They are most often the result of ischemic heart disease. Ventricular dysfunction can 
also result from excessive pressure overloads, long-standing hypertension, aortic 
stenosis, and volume overloads (Figure 2). Cardiac systemic diseases that result in 
infiltration and replacement of normal myocardial tissue, such as amyloidosis and 
hemochromatosis can result in both abnormal ventricular filling as well as emptying. 
Diseases of the pericardium, such as chronic pericarditis or pericardial tamponade, can 
impair cardiac function without directly affecting the myocardial tissue. Long-standing 
tachyarrhythmias have been associated with myocardial dysfunction, especially in 
children. In addition, an individual with underlying myocardial or valvular disease 
will often develop heart failure with the acute onset of an arrhythmia. Finally, there are 
multiple metabolic abnormalities (thiamine deficiency, thyrotoxicosis), drugs (alcohol, 
doxorubicin), and toxic chemicals (lead, cobalt) that can impair cardiac performance. 
The history and physical examination are an integral part of the diagnosis of heart 
failure and in the determination of its underlying or precipitating use [28].

The cardiac cycle is a series of pressure changes that take place within the heart. 
Cardiac hypertrophy is a related change in cardiac morphology, including a decrease 
in myocyte number, an increase in myocyte size, a decrease in matrix connective 
tissue, an increase in left ventricular wall thickness, a decrease in conduction fiber 
density, and a decrease in sinus node cell number.

One of the cardinal manifestations of left ventricular heart failure is dyspnea, 
which is related to elevation in pulmonary venous pressure resulting in acute pul-
monary respiratory embolism. In patients with chronic heart failure, shortness of 
breath initially occurs with exertion but may progress to occur at acute pulmonary 

Figure 1. 
Cardiac arrest cycle.



Cardiorespiratory Fitness – New Topics

84

respiratory embolism. Cardiac dyspnea is often worsened by the recumbent position 
when increased venous return further elevates pulmonary respiratory embolism [29]. 
If heart failure is predominantly systolic with low cardiac output, the patient may 
complain primarily of pulmonary respiratory embolism due to diminished blood flow 
to the exercising muscles. In some exercise training, heart failure is slow to progress 
and the patient may unknowingly restrict his or her activities [30]. Thus, the history 
should not only include an assessment of the patient’s symptoms but also the level of 
functional capacity. Many patients will complain of peripheral pulmonary respiratory 
embolism. Many aerobic swimming exercise findings of heart failure are related to 
the neurohormonal changes that help compensate for the reduced cardiac output and 
acute pulmonary respiratory embolism [31]. An increased CRF may be present as a 
result of decreased sympathetic tone. If left ventricular fining pressures are elevated, 
breath broken may be heard during auscultation of the lung fields. Acute pulmonary 
respiratory embolism may reveal left ventricular enlargement. A third heart sound is 
consistent with systolic dysfunction and can be generated from the left or right ven-
tricle [32]. A fourth heart sound suggests a noncompliant ventricle but is not specific 
for heart failure. The murmurs of both mitral and tricuspid regurgitation are common 
in patients with congestive heart failure and may become accentuated during an acute 
decompensation. As acute pulmonary respiratory embolism earlier, lung edema is 
related to elevation in venous pressure and/or increased sodium and water retention. 
In low CRF patients, the edema may predominantly be in the lung region. The electro-
cardiogram in patients with congestive heart failure is not specific, but it may provide 
insight into the etiology of the cardiac dysfunction, such as prior myocardial infarction, 
left ventricular hypertrophy, or significant arrhythmias [33]. The chest radiograph may 
show chamber enlargement and signs of pulmonary congestion. Treatment of heart 
failure will rest on the improvement of vascular congestion on the chest radiograph, 
but these changes maybe 24–48 hours behind clinical improvement. Certain CRF levels 

Figure 2. 
The ability of yin and yang to sustain cardiorespiratory fitness level of exertion is dependent on the integration of 
the respiratory, cardiovascular, and musculoskeletal systems.
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may be altered in patients with heart failure [34]. The serum sodium concentration may 
be low, owing to increased water retention with activation of the renin-angiotensin 
system. Renal function may be impaired secondary to intrinsic kidney disease and/or 
reduced perfusion secondary to renal artery vasoconstriction and low cardiac output. 
Hepatic congestion is common with right-sided heart failure and may result in elevated 
liver enzyme levels (Figure 2). Because many of the signs and symptoms of heart fail-
ure may also occur with pulmonary disease, differentiating between these two disease 
processes may be difficult [35]. Initial therapy will often be directed at both potential 
pulmonary and cardiac causes until further testing can be performed. In addition, pul-
monary edema may be secondary to noncardiac causes, such as severe infection, drug 
toxicity, or neurologic jury. This syndrome termed adult respiratory distress syndrome 
(ARDS), can be differentiated from cardiogenic pulmonary edema by the presence of a 
low or normal pulmonary capillary wedge pressure [36].

5. Cardiorespiratory fitness (CRF) in elderly people

Cardiorespiratory fitness in men and women decreases at a nonlinear rate with 
age. However, CRF in adults is influenced by lifestyle. Low CRF is associated with the 
risk of diseases that accelerates after 45 years of age and the ability of older persons to 
function independently. The association of aging is a lifestyle with CRF decline. The 
assessment of CRF can assist in identifying how to maintain a low BMI and in diag-
nosing whether or not an individual has been physically active. Not smoking is associ-
ated with higher CRF across the adult lifespan and prognosis of comorbid conditions 
[37]. CRF declines as age increases in the elderly. The measurement of CRF following 
the initiation of an exercise training program can motivate patients to continue with a 
regular exercise program and may encourage them to develop other modes of exercise 
to improve their overall fitness. CRF may be underestimated for heavier individuals 
(>75.4 kg) and overestimated for lighter individuals (<67.7 kg). An individualized CRF 
exercise prescription can maintain the CRF level and delay the aging process. CRF 
refers to the ability of the circulatory and respiratory systems to supply oxygen to skel-
etal muscle mitochondria to generate the energy required for physical activity [38]. 
Tai Chi can prevent cardiovascular disease and improve the cardiopulmonary function 
of adults with obesity aged 50 years and older. Figure 2 shows a long-term follow-up 
study. Once an individual has been properly screened and it has been determined 
that it is safe for him or her to undergo the CRF test, the exercise professional should 
ensure that the following pretest instructions are given to him or her (Figure 2).

The aim of the present chapter is to review the patient’s completed consent and 
screening forms. We found the current evidence of the importance of CRF and 
swimming exercise therapy for the prevention and treatment of heart failure. We 
find CRF assessment costly, labor-intensive, and not widely available. In this paper, 
we review the low-grade inflammation combined with metabolic aberrations that 
determine CRF, the tools are promoting available to assess CRF, constituting a 
pathway toward the manifestation of heart failure. The modifiable and nonmodifiable 
factors influencing CRF, promoting vascular dysfunction and myocardial remodeling, 
the autonomic imbalance have been associated with CRF with markers of health in 
otherwise healthy elderly people subclinical cardiac dysfunction in obese individuals, 
and the temporal trends in CRF both in the United States and internationally. We find 
that BMI is used to classify an individual’s CRF level to allow for meaningful compari-
sons between/among individuals with different body weights. In this chapter, a new 
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study based on a back-propagation (BP) neural network, is investigated to predict 
the individualized CRF exercise prescriptions for the elderly by correlating variables 
(Figure 3). The VO2max’s expected improvement was set at 10%. The raw data are split 
into two parts, 90% for training the machine and the remaining 10% for testing the 
performance. The CRF exercise professional should be familiar with the emergency 
response plan. Assure a room temperature between 68 and 72°F (20 and 22°C) and 
a humidity of less than 60% with adequate ventilation. The testing environment can 
play a very important role in test validity and reliability [39]. Traditional exercise 
prescriptions are general and lack individualization. The definition of “long” varies 
according to the type of exertion—minutes for high-intensity anaerobic exercise, 
hours or days for low-intensity aerobic exercise [40]. It is important for the exercise 
professional to understand what the appropriate response to exercise is, so he or she 
can correctly interpret what an inappropriate BP response to exercise is.

6. NO functional adaptations in the oxygen transport system

Muscle cells carry out an increased rate of aerobic respiration to release more 
energy. This means the cells require more oxygen and glucose. The heart pumps faster 
to send more blood, containing oxygen and glucose to the cells. You also increase your 
breathing rate to get more oxygen into your body. The results show that the post-VO2max 
was significantly different from the pre-VO2max and improved by 10.1% [41]. The NO 

Figure 3. 
The aim is to develop a new self-reported questionnaire to estimate CRF. Patient-reported outcome measures 
estimate CRF more cost-efficiently, but current questionnaires lack accuracy. The knowledge required to 
complete the assessment, interpret the results, and write an appropriate exercise prescription are an important 
responsibility of the exercise professional.
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signaling pathway is an endogenously generated regulator of vascular via cGMP 
leading to smooth muscle relaxation which is the primary mechanism of NO-mediated 
physiology. The discovery of a signaling pathway driven by the effect of CRF level on 
cerebral oxygenation during exercise and cognitive tasks [42]. Indeed, it is now estab-
lished the small-molecule species NO has an important physiological function, and the 
NO signaling pathway occurs in an integrated fashion [43]. Cardiorespiratory fitness 
(CRF) is defined as the peak oxygen uptake. The production of NO and cardiorespira-
tory fitness (CRF) can improve performance with vascular remodeling [44]. However, 
the probability of transitioning to more severe frailty states was much higher than the 
opposite way and will often lead to a spiral decline of increasing frailty and a higher 
risk of worsening disability, falls, hospital admissions, and death [45]. Overall, we have 
presented comprehensive NO functional adaptations in line with critical signaling 
pathways that drive the maturation of the heart during cardiorespiratory fitness (CRF).

7. Conclusion

Cardiorespiratory fitness (CRF) improvements have gained popularity over the 
past years. In recent years, an increasing exercise number of randomized control CRF 
evaluated the beneficial effects of the cardiac cycle on balance function. Some reports 
have reported the beneficial effects of swimming exercise on CRF in the elderly, while 
others’ exercises have not, probably due to differences. To resolve the disparity in this 
book chapter review, we conducted a systematic literature review and NO functional 
adaptations in the oxygen transport system to elucidate the effects of swimming 
exercise on CRF in the elderly (Figure 4).

Figure 4. 
A systematic literature review for cardiorespiratory fitness.
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Chapter 6

The Role of Cardiorespiratory 
Fitness in Children with 
Cardiovascular Risk
Mirjam Močnik and Nataša Marčun Varda

Abstract

Cardiorespiratory fitness is an outcome of physical activity, enabling the transport 
of oxygen from the atmosphere to the mitochondria to perform physical work and 
therefore reflects the overall capacity of the cardiovascular and respiratory systems 
to perform the prolonged exercise. In recent decades, it has declined in the paedi-
atric population. Cardiovascular fitness measurement has yet to be standardised in 
children but is a powerful marker of health in youth and is strongly associated with 
inflammation and inversely associated with cardiovascular risk factors, especially 
obesity. Notably, youth with low cardiorespiratory fitness levels have a higher risk 
of developing cardiovascular diseases during adulthood. Lowered cardiorespiratory 
fitness has been demonstrated most often in children with obesity and associated 
cardiovascular comorbidities, however, these can be associated with cardiorespiratory 
fitness independently to body mass index. The benefits of physical activity on health 
have been well demonstrated during growth and it should be encouraged in children 
with cardiovascular risk to prevent further reduction of cardiorespiratory fitness and 
the development of other comorbidities. Along with appropriate physical exercise 
and diet in childhood, breastfeeding in the first year of life is recommended.

Keywords: cardiorespiratory fitness, children, obesity, traditional cardiovascular risk, 
novel cardiovascular risk

1. Introduction

Cardiorespiratory fitness presents individuals’ ability to transport oxygen from the 
atmosphere to the mitochondria to perform physical work and therefore reflects the 
overall capacity of the cardiovascular and respiratory systems to perform prolonged 
exercise [1]. Cardiovascular fitness is therefore reflected in the ability of physical 
activity, which is critical in childhood as it lays the foundations for later physical 
activity – the base on which children can build more specific motor skills or develop 
movement patterns [2].

Epidemiologically, physical activity has been decreasing in the last decades [2], 
even more before the year of 2000, after which the trend stabilised with negligible 
changes [3] apart from COVID-19 epidemics, where cardiorespiratory fitness 
declined significantly [4, 5]. The decline in the last decades was more pronounced 
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in children over the school-age years. Boys were usually more fit than girls [6]. 
Cardiorespiratory fitness was found to be higher in socially advantaged children [7].

Lower cardiorespiratory fitness is associated with low physical activity and 
increased fat mass. Increasing obesity in children is therefore strongly inversely 
associated with cardiorespiratory fitness and indicates reduced physical activity in the 
paediatric population in recent decades. Interestingly, fitness scores also decreased 
among lean children [8]. Association between low cardiorespiratory fitness and 
metabolic risk factors might therefore be only partially mediated through obesity [9]. 
Sedentary time also negatively affects cardiorespiratory fitness [10], which is inde-
pendently linked to poor metabolic health [10]. Physical activity and sedentary time 
are clearly interrelated but a reciprocal relationship between them cannot be assumed 
[11]. Physical activity and training undoubtedly improve cardiovascular fitness with 
high-intensity interval training being more successful in enhancing cardiovascular 
fitness compared to moderate-intensity continuous training [12].

Cardiorespiratory fitness has been also associated with inflammatory biomark-
ers in children with a positive association with body fat. Similarly, the association 
between lifestyle behaviours, such as diet, physical activity and sedentary behaviour, 
and inflammation were found in the paediatric population [13].

Improved cardiorespiratory fitness was associated with the reduced inflam-
matory profile, independently of body composition and lifestyle behaviours [13]. 
Cardiorespiratory fitness and sports-related physical activity were also inversely 
associated with arterial stiffness in young adults [14].

Low cardiorespiratory fitness is strongly associated with the clustering of 
cardiovascular risk factors in children [15]. Evaluation and improvement of cardio-
respiratory fitness in children with cardiovascular risk factors might be associated 
with improved health parameters in later life [1]. In this review, we present methods 
on how to evaluate cardiovascular fitness in children along with available data on 
cardiovascular fitness in children with some traditional and novel cardiovascular risk 
factors. Some specific strategies to improve cardiovascular fitness in children are also 
added.

2. Cardiorespiratory fitness in children: how to measure it?

Cardiorespiratory fitness was clearly associated with body mass index, fat mass, 
and metabolic syndrome development, however, other cardiovascular risk factors are 
not always convincing in the literature. Partly, this might be the result of the different 
evaluation of cardiovascular fitness in different studies [16]. The barriers to cardio-
vascular fitness assessment include the lack of standardisation in the test protocols, 
the health outcome being evaluated as well as the absence of evidence-based clinical 
cut points at these ages [17].

The most widely used indicator of cardiorespiratory fitness is the volume of 
oxygen that is consumed at maximal physical exertion (VO2max), measured from 
the respiratory gas exchange by indirect calorimetry [18]. It can be objectively and 
accurately measured through laboratory tests such as progressive run or cycle, 
however, these protocols require sophisticated equipment (run/cycle ergometer 
tests with respiratory gas analysis), the availability of trained technicians, mak-
ing these tests expensive and time-consuming. Alternatively, field tests are more 
appropriate for universal screening and include a 550-m timed run/walk or 
“Maximal Multistage 20-m Shuttle Run Test” [18]. The latter was identified as 
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the most scalable and reliable field test, where VO2max can be predicted by special 
equations [19, 20]. For a field test to be valid it is required to accurately and reliably 
measure what it claims to measure, however, field-based tests usually suffer from 
low relative validity when compared to VO2max measurement and are producing 
conflicting results [18, 21]. Other similar screening tests are being developed, such 
as the 3-minute Kasch Pulse Recovery Test, where a reference range for the clas-
sification of cardiorespiratory fitness was developed on the basis of the age-specific 
percentile distribution of heart rate after exercise in 6- to 9- and 10- to 12-year-old 
children. The value of heart rate after exercise is considered an indicator of cardio-
respiratory fitness [22].

Another obstacle in the cardiorespiratory fitness evaluation is the lack of age-
specific cut-off points for increased cardiovascular risk. They were attempted to be set 
by a systematic review in children aged 8–19 years that determined that fitness levels 
below 42 and 35 mL/kg/min (VO2max measurement) for boys and girls, respectively, 
should raise a red flag. These cut-points identify children and adolescents who may 
benefit from primary and secondary cardiovascular prevention programming [17]. 
Similarly, a study using a 20-m Shuttle Run Test with VO2max prediction by estimation 
revealed cut-off points in 8- to 12-year-olds for obesity identified as 39 mL/kg/min 
and 41 mL/kg/min for girls and boys, respectively [23].

Recommendations for future research must include standardised measurements 
with standardised outcome assessments of cardiorespiratory fitness. For universal 
screening, a field test approach might be more appropriate, however, in children with 
cardiovascular risk, or suboptimal results in the field test, a more accurate approach 
might be more appropriate with cut-off points determined for gender and age.

3. Cardiorespiratory fitness in children with obesity

Children with obesity have lower cardiorespiratory fitness than normal-weight 
children [24], which is more pronounced in girls [25] and is commonly associated 
with reduced physical activity [26]. Body mass index also mediates the association 
between cardiorespiratory fitness and metabolic syndrome in schoolchildren. Higher 
levels of cardiorespiratory fitness are associated with lower cardiometabolic risk, 
particularly, when accompanied by weight reduction [27]. Lower cardiorespiratory 
fitness in children with obesity was associated with overall and abdominal fat mass, 
whereas both central and total obesity were lower in overweight and obese children 
with high cardiorespiratory fitness [28–30]. There is extensive evidence to support the 
fat-but-fit paradigm, which shows that cardiorespiratory fitness can counteract the 
adverse effects of obesity on cardiovascular risk factors. Unfit children with obesity 
had exaggerated systolic blood pressure at rest and during sympathetic activation, 
presumably coupled with higher cardiac output and cardiac oxygen demand [31]. 
Even from the molecular point of view, fit children with obesity or overweight had 
a distinct pattern of whole-blood gene expression [32]. Concerning the autonomic 
nervous system’s role, greater parasympathetic cardiac activity was associated with 
higher levels of cardiorespiratory fitness in both girls and boys, while the sympa-
thetic-vagal balance was negatively related to maximal oxygen uptake in girls [33].

Additionally, in obesity, low-grade chronic inflammation and homeostatic stress 
produced mainly in adipocytes can result in abnormal adipokine secretion, which 
could be involved in the pathogenesis of lowered cardiorespiratory fitness. The secre-
tion of adipokines is also influenced by physical fitness. It has been demonstrated that 
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in children with obesity, VO2max can be predicted from haematological parameters, 
such as leptin and fibrinogen [34].

4.  Cardiorespiratory fitness in children with other traditional 
cardiovascular risk

4.1 Cardiorespiratory fitness in children with hypertension

Obesity-related hypertension is a problem on the rise with obesity epidemics. 
Cardiorespiratory fitness was associated with total and central obesity as well as hyper-
tension [35, 36]. Systolic and diastolic blood pressure showed curvilinear relation with 
cardiorespiratory fitness along with waist circumference and the sum of skinfolds [37]. 
However, regardless of obesity, cardiorespiratory fitness in children has been associated 
with other metabolic risk factors and future health. Teenagers with low cardiorespi-
ratory fitness were more likely to develop hypertension in adulthood, even among 
participants with a normal body mass index [24]. Children who are fit and participate 
regularly in sports outside school hours are less likely to be hypertensive [38]. Long-
term low levels of cardiorespiratory fitness exhibited the highest levels of systolic blood 
pressure [39]. The combination of a family history of hypertension and cardiorespira-
tory fitness also showed a clear association with the increased risk of hypertension [40]. 
Interestingly, some studies set a different perspective on cardiorespiratory fitness and 
hypertension, somehow contradicting the above-mentioned associations. In one of 
them, physical activity was not associated with systolic blood pressure independently of 
adiposity, but there was a small independent association only with diastolic blood pres-
sure [41]. Another study demonstrated that adolescents with overweight or obesity have 
a higher prevalence of higher blood pressure, regardless of cardiorespiratory fitness, 
suggesting that maintaining a normal body mass index protects against less favourable 
blood pressure [42]. Anyway, a study published two decades ago demonstrated that 
the level of cardiorespiratory fitness did not seem to be an important correlate of blood 
pressure variation across age groups and gender in schoolchildren [43].

4.2 Cardiorespiratory fitness in children with dyslipidaemia

Abnormal lipid profile is commonly known as a cardiovascular risk factor, some-
times associated with obesity, but in children, it can be the consequence of genetic 
defect leading to familial hypercholesterolemia also in lean children [44]. However, 
specific studies regarding familial hypercholesterolemia and cardiorespiratory fit-
ness are lacking in the paediatric population. Overall, evidence supports an inverse 
association between cardiorespiratory fitness and dyslipidaemia with expected 
improvements in high-density lipoprotein cholesterol with exercise, which is the 
most consistent finding. The findings regarding the effects of exercise training on 
other lipid components have been variable, with both positive and null results, but in 
general demonstrate a reduction of total cholesterol and triglycerides with exercise 
training [45, 46]. Future studies in the paediatric population are needed to clarify the 
association between cardiorespiratory fitness change and dyslipidaemia [45].

4.3 Cardiorespiratory fitness in children with diabetes mellitus type 1 or type 2

Lower cardiorespiratory fitness, strength, and higher central adiposity were also 
highly predictive of higher levels of insulin resistance in children and adolescents 
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without diabetes mellitus [47], however, at least in part, are mediated through obesity 
[48]. Nevertheless, increased muscle strength and cardiorespiratory fitness were 
associated with decreased insulin resistance and improved 𝛽𝛽-cell function among 
young in population studies [49, 50]. Cardiorespiratory fitness and muscular fitness 
in children are not only important in childhood but it was proven that they were 
inversely associated with measures of fasting insulin, insulin resistance, and 𝛽𝛽-cell 
function in adulthood [51].

In children with already developed diabetes mellitus, cardiorespiratory fitness 
might play an even more pivotal role. Independently of obesity, there was a signifi-
cant inverse relationship between cardiorespiratory fitness and lipid profile compo-
nents and systolic blood pressure in children with poorly controlled type 1 diabetes 
mellitus, indicating a favourable effect of increased cardiorespiratory fitness [52]. 
Additionally, youth with diabetes mellitus type 1 who are physically active, tend 
to have lower glycated haemoglobin and reduced insulin needs. Also, activity 
in adolescents at-risk for diabetes mellitus type 2 improves various measures of 
metabolism and body composition [53]. In children with diabetes mellitus type 
2, lower levels of cardiorespiratory fitness were observed mostly due to physical 
inactivity [54]. People with diabetes mellitus type 2 have reduced cardiorespiratory 
fitness compared to healthy controls, with an association to increased cardiovas-
cular morbidity and mortality. The mechanisms of lower cardiorespiratory fitness 
in children with diabetes mellitus type 2 are multifaceted and involve interrelated 
defects in insulin action, mitochondrial dysfunction, skeletal muscle microvas-
culature, and cardiac dysfunction [55]. In youth with diabetes mellitus type 2, 
left ventricular size is clearly related to physical fitness, which might counteract 
adverse effects of poor glycaemic control and, at least according to the study, right 
ventricular function [56]. Regular physical activity is an important component in 
the management of both diabetes mellitus type 1 and type 2, as it has the potential 
to improve glycaemic control, delay cardiovascular complications, and increase 
overall well-being [57].

5. Cardiorespiratory fitness in children with novel cardiovascular risk

5.1 Cardiorespiratory fitness in children with chronic kidney disease

Children with chronic kidney disease have lower cardiorespiratory fitness due to 
various reasons, one of the most important is reduced physical activity and increased 
sedentary lifestyle mainly due to the renal replacement therapy requirements (e.g. haemo-
dialysis) [58]. Additionally, chronic kidney disease is associated with anaemia, effects of 
chronic uraemia, and metabolic acidosis on the heart and skeletal muscle, all contributing 
significantly to reduce physical activity [59]. Paediatric patients with chronic kidney dis-
ease are therefore significantly physically inactive, with less than 10% of the non-school 
time being physically active [60]. Additionally, children after kidney transplantation 
significantly gained fat weight [60, 61]. One of the reasons after transplantation might 
also be related to sirolimus effects on skeletal muscle [61]. Reduced cardiorespiratory 
fitness was strongly associated with the clustering of cardiovascular risk factors in these 
children [62].

Studies suggest that regular and early implementation of both aerobic and resis-
tance exercise programs in persons with chronic kidney disease have positive effects 
on muscle function, exercise tolerance, and quality of life [59]. In children with a 
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successful renal transplant, a weekly physical exercise of 3−5 hours significantly 
improved cardiorespiratory fitness and left ventricular mass [63].

In children with a congenital single kidney, physical activity improved aerobic 
capacity and exercise tolerance without increasing the risks of cardiovascular acci-
dents [64], however, in the patients contact sports might be discouraged due to the 
increased risk of sport-related injury.

5.2 Cardiorespiratory fitness in children born prematurely

Children and also later adults, born prematurely, are likely to have poorer cardio-
respiratory fitness, however, according to some studies, the poor cardiorespiratory 
outcome of a child born prematurely is not firmly established [65, 66]. In adults, 
exercise capacity was only modestly reduced and frequently with values within a 
normal range and was consistent with self-reported exercise capacity [67]. In addi-
tion, in children with abnormal lung function and structure, this did not impact the 
aerobic exercise capacity of preterm children at school age [68]. On the contrary, 
Welsh et al. demonstrated a significant reduction in peak oxygen consumption among 
prematurely born children but with no difference in physical activity [69]. Some 
subgroups of premature-born individuals might be at increased risk for reduced 
cardiorespiratory fitness, especially those with lower muscular fitness, which was 
more common among premature-born young adults [70]. Lowered muscle strength is 
associated also with neuromotor sequelae of premature birth [71]. Another risk factor 
for reduced exercise capacity is also a decreased ventricular size and mass that might 
be a consequence of prematurity [72]. Impaired heart rate recovery after maximal 
exercise might also play a role in poor cardiorespiratory fitness in some suggesting an 
impaired development of autonomic nervous function after preterm labour [73].

Babies, born prematurely, are a diverse group of patients with complications that 
depend on several factors, such as gestational age, associated comorbidities, prenatal 
factors, postnatal care, etc. Therefore, the studies are diverse and might contradict 
each other because the effect of premature birth depends on so many other factors. 
Anyway, children born prematurely do have a risk for lowered cardiorespiratory fit-
ness and regular physical intervention is believed to produce better outcomes [65, 71].

5.3 Cardiorespiratory fitness in children with congenital heart disease

Congenital heart disease may in a variety of ways adversely affect hemodynamic 
responses, usually produced during exercises, such as increased heart rate, preload, 
and heart contractility with decreased systemic vascular resistance and pulmonary 
vascular resistance [74]. Therefore, the consequences of cardiorespiratory fitness 
depend on the congenital defect itself and a proper evaluation is of pivotal impor-
tance to evaluate cardiac rehabilitation. Historically, children with congenital heart 
disease have been restricted from exercise, contributing to a sedentary lifestyle as 
well as increased cardiovascular risk factors. Given the large benefits and small risks 
of exercise in this population, guidelines have recently shifted towards exercise 
promotion [75]. In children, several tests to evaluate cardiorespiratory fitness might 
be used [74], however, the 6-minute walk test is quite common and was found to be a 
useful and reliable tool in the assessment and follow-up of functional capacity during 
rehabilitation programs [76]. Furthermore, exercise training is safe and beneficial 
for the vast majority of adults with congenital heart disease following appropriate 
screening [77, 78].
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Exercise recommendations should be individualised based on functional param-
eters using a structured methodology to approach the evaluation, risk classification, 
and prescriptions of exercise and physical activity [75]. Participation in aerobic 
exercise significantly increased the quality of life in children with congenital heart 
disease [79].

6. Cardiorespiratory fitness, sleep and psychosocial well-being

Sleeping quality was also associated with cardiorespiratory fitness, not necessarily 
in children with high body mass index, as might be expected. Girls who were classi-
fied as fit were more likely to report better sleep quality compared to their unfit peers. 
Poor sleep quality was associated with lower cardiorespiratory fitness with no signifi-
cant association with body mass index [80].

Not only obesity reduction, but improved cardiorespiratory fitness also positively 
affects psychosocial well-being, leading to improved self-esteem and reduced stress, 
further reducing cardiovascular risk. Cognitive function and cardiorespiratory fitness 
correlate significantly and are predictors of psychological well-being among school-
aged children. In addition, students with a higher level of psychological well-being 
showed a higher cardiorespiratory fitness, concentration performance, and attention 
accuracy [81]. Cardiorespiratory fitness also had a small protective effect against 
developing depression [82]. Similarly, it was found that stress and depression can 
affect an individual’s level of physical activity and fitness, which may place them at 
risk of developing cardiovascular disease, confirming the role of increased physical 
activity in improving depression and reducing depression-related stress to improve 
cardiovascular risk [83].

7. Strategies to improve cardiorespiratory fitness in children

Addressing cardiovascular fitness in children and adolescents could reduce future 
adiposity, improve other cardiovascular risk factors and thus be an important factor 
in improving health [16]. The main strategies for reducing cardiovascular risk and 
obesity remain physical exercise with a reduced sedentary lifestyle and an appropriate 
diet. Promoting health-related cardiorespiratory fitness in physical education proved 
to be an important contributor to improving cardiorespiratory fitness in children. 
Intensity, age, and weight status importantly affect cardiorespiratory fitness [84]. 
In children with obesity, regular exercise is even more important, and may not need 
to be vigorous; recreational programs are also effective and may encourage children 
to participate in physical activity and limit initial dropout. Three-month training 
programs in children with obesity led to decreased body mass index, waist circumfer-
ence, decreased fat mass, blood glucose, homeostasis model assessment for insulin 
resistance, triglycerides, and systolic pressure before and after exercise [85].

A healthier diet in preschool and schoolchildren also led to lower adiposity levels, 
lower waist circumference, and increased cardiorespiratory fitness, making it a 
relevant modifiable factor in obesity management [86, 87].

The management of the whole family is of utmost importance because a parent's 
effect can have a significant impact on children's willingness and motivation to change 
their lifestyle [88]. Breastfeeding has also been positively associated with cardiorespi-
ratory fitness, where breastfeeding for more than 6 months proved to have positive 
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effects on cardiorespiratory fitness. Therefore, early nutrition may be a predictor 
for adolescence physical health and is of special importance to promoting healthier 
lifestyle in children as it is associated with higher cardiorespiratory fitness [89].

Intervention strategies aiming to reduce obesity and improve cardiorespiratory 
fitness in childhood might contribute to the prevention of metabolic syndrome in 
adulthood [90]. The process is schematically presented in Figure 1.

8. Conclusions

Cardiorespiratory fitness is declining in the paediatric population and is closely 
associated with increased cardiovascular risk. In children already having a cardio-
vascular risk factor present, it is important to determine cardiorespiratory fitness 
and if it is decreased, prompt physical intervention is warranted. Further research is 
needed to establish a standardised protocol of its measurement. Interventions include 
increased and customized physical activity along with a healthy diet. In children, 
breastfeeding could present an additional preventive factor.
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Figure 1. 
From regular physical activity and diet to decreased morbidity and mortality due to the cardiovascular diseases.
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Chapter 7

Effect of Hypertension on ECG 
Parameters
Abirlal Sen and Geeta Baruah

Abstract

Introduction: Across the world the prevalence of hypertension and other cardio-
vascular diseases are increasing at an alarming rate. These diseases also affect the 
young age and medical students are no exception. In this study, ECG variables like 
R-R interval, QRS Axis of the medical students along with their Blood pressure were 
recorded and the relationship between ECG variables and Blood pressure was studied. 
Materials and methods: The study was done in Dept. of Physiology, Jorhat Medical 
College. Sample size was calculated as 160 using EpiTools Software. Recording of 
Electrocardiogram and Blood pressure of 160 students were done. P values were 
calculated by Anova test in case of > two variables. Tukey HSD test was used for Post 
hoc analysis. Scatter diagrams were used to see relationship between study variables. 
P value <0.05 was considered as significant. Results: Comparison of ECG Variables 
between hypotensive, normotensive and hypertensive students showed that R-R 
Interval decreased significantly from 21.37 ± 4.24 in hypotensives to 19.74 ± 3.39 in 
normotensives and 18.27 ± 4.07 in hypertensive students. QRS Axis decreased from 
75.35 ± 10.99 degrees in hypotensives to 54.80 ± 34.94 degrees in normotensives and 
50.43 ± 25.59 degrees in hypertensive students. Conclusion: Changing of life style 
that includes reduced consumption of fat rich diets, fast foods, red meat and salt, 
performing regular physical exercises, and regular health check up in the form of 
Blood pressure and Electrocardiogram recording could be beneficial for the students 
to identify and take preventive measures against any cardiovascular ailments..

Keywords: medical students, heart rate, R-R interval, QRS Axis, blood pressure, 
hypertension

1. Introduction

Across the world the prevalence of non communicable diseases are increasing at 
an alarming rate. Among them hypertension and other cardiovascular diseases are 
common.

Cardiovascular disease (CVD) is a major cause of disability and premature death 
throughout the world. There are obvious signs of cardiovascular diseases that can be seen 
long before they occur [1]. The fatal complications of CVD are usually seen in middle-
aged or elderly people. However, the pathological processes begins early in life and 
progresses gradually through adolescence and early adulthood. Thus, these cardiovascu-
lar diseases also affect the younger generation and medical students are no exception.
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In cardiac medicine, resting electrocardiography (ECG) has proved its value as 
a diagnostic tool for detecting “silent” heart disease [2, 3]. Apart from its use in the 
clinical field, the ECG has also been employed as a prognostic tool in relatively healthy 
subjects. Therefore, accurate estimation of the true prevalence of ECG abnormalities 
in large samples helps in interpretation of the predictive value of ECG findings [4].

So to make the medical students aware and to sort out the risk factors affecting cardiac 
health, resting ECG is done as it serves as a better guide for risk-reduction therapies [5].

There is also growing incidence of hypertension occurring in younger ages as com-
pared to older age groups in the past. It affects nearly a quarter of the adult population 
worldwide [6].Hypertension is an independent predictor of cardiovascular diseaseas. 
Such studies were done among young students in other parts of the world [7].

1.1 Purpose of the study

Medical students being the future physicians must be aware of their own health. In 
the present study an attempt has been made to assess Electrocardiographic parameters 
(R-RInterval, QRS Axis) and Blood pressure (BP) of medical students and to find the 
relationship between them.

2. Materials and methods

The present study was done in Dept. of Physiology, Jorhat Medical College. It was 
an institution based cross-sectional observational study. Study population included 
undergraduate medical students of Jorhat Medical College. Sampling technique used 
was simple random sampling. Considering prevalence of obesity as 24% [8] and 11% 
as desired precision under 95% confidence interval, sample size was calculated and 
rounded up to 160 using EpiTools Software.

The study included student volunteers of age 17–25 years who were non-smokers 
and gave consent for the study. The study excluded those students who did not take 
part in all the test procedures required for the study. Ethical Clearance was obtained 
from Institutional Ethical Committee (H), Jorhat Medical College, Jorhat.

2.1 Procedure of recording electrocardiogram

The Model BPL CARDIART 108 T-DIGI with single channel ECG recorder was 
used. The recordings were carried out according to the specifications of the American 
Heart Association, i.e. subjects lying supine with arms on sides, limb electrodes on the 
wrists and ankles, recording done at 25 mm/sec and calibrated at 10 mm/mV.

Informed written Consent was taken from the students. For the female students, 
the ECGs were conducted with the help of a female Lab attendant. The name of the 
subject with date and time of the recording was put on the recorded graph and the 
ECG jelly was removed using cotton. Heart rate (R-R Interval), QRS duration, frontal 
plane QRS axis from the ECGs were evaluated and then entered in computer and 
stored for further analysis.

2.1.1 Standardisations of ECG measurements

Were done everyday in the morning around 11 am on the dates of recording the 
Electrocardiogram.
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2.2 Measurement of blood pressure (BP)

Littman 3 M Classic stethoscope was used. Diamond BPMR 120 Conventional 
Mercurial Type BP Machine was used. BP was recorded in a quiet, warm setting. The 
subject was asked to sit quietly with the back supported for five minutes and the arm 
supported at the level of heart. The subject was advised not to take any caffeine or 
exogenous adrenergic stimulants during the hour preceding the recording.

Before recording the blood pressure, it was ensured that the upper meniscus of the 
mercury coincided with the ‘zero’ of the mercury manometer. The BP was taken with 
subject’s out-stretched right upper limb over the brachial artery, applying a cuff just 
above cubital fossa, using a mercury sphygmomanometer kept at level of subjects’ 
heart in sitting position. Systolic blood pressure was first recorded by palpatory 
method and then systolic and diastolic blood pressure were recorded by ausculta-
tory method. Categories of BP Used were as per American Heart Association 2017 
Hypertension Guidelines [9].

2.3 Statistical analysis

The response frequencies and descriptive statistics like mean and standard deviation 
were calculated and analyzed by using MS Excel. P values were calculated using Anova 
Test by Interactive statistics software. Post-Hoc value comparison among the variables 
was done by using Tukey HSD Post hoc test. Scatter Diagrams were used to see the 
relationship between Study Variables. P value <0.05 was considered as significant.

3. Results

Distribution of Blood Pressure profile among 160 participants showed that, 119 
students (74.38%) were normotensive, 33 students (20.62%) were hypertensive & 8 
students (5%) were hypotensive (Figure 1).

Comparison of ECG Variables between hypotensive, normotensive and hyperten-
sive students showed that R-R Interval decreased from 21.37 ± 4.24 in hypotensives to 
19.74 ± 3.39 in normotensives and 18.27 ± 4.07 in hypertensive students. This finding 
came to be significant by Anova (p value 0.0393) (Table 1).

Figure 1. 
Distribution of normotensives, hypertensives and hypotensives among the participants.
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QRS Axis decreased from 75.35 ± 10.99 degrees in hypotensives to 
54.80 ± 34.94 degrees in normotensives and 50.43 ± 25.59 degrees in hypertensive 
students. However, this finding was found to be insignificant by Anova (p value 
0.1536). Heart rate increased from 73.01 ± 15.00 beats/min in hypotensives to 
78.12 ± 12.89 beats/min in normotensives and 85.69 ± 16.49 beats/min in hyper-
tensives. This comparison was found to be significant by Anova. (p value 0.0095) 
(Table 1).

By ANOVA test in Table 1, only the R-R interval,Heart rate differences between 
hypotensives, normotensives and hypertensives were found to be significant. 
(p value<0.05). After that, Tukey HSD Post-hoc Test revealed that among these 
Electrocacardiograhic parameters, only the Heart rate differences between the 
Normotensives and Hypertensives was found to be significant by Post-hoc analysis  
(p value =0.0163) in Table 2.

We found negative linear relationship of QRS Axis with Systolic BP i.e. as Systolic 
BP increased, QRS axis shifted toward left (Figure 2).

Negative linear relationship of QRS Axis with Diastolic BP i.e. as Diastolic BP 
increased, QRS axis shifted toward left (Figure 3).

A

Parameters Post hoc p value of hypotensives(n = 8) vs. normotensives(n = 119)

R-R Interval 0.4276

Heart rate 0.5691

B

Parameters Post hoc p value of hypotensives(n = 8) vs hypertensives(n = 33)

R-R Interval 0.0747

Heart rate 0.0543

C

Parameters Post hoc p value of normotensives(n = 119) vs hypertensives(n = 33)

R-R Interval 0.0957

Heart rate 0.0163*

*Tukey HSD Post hoc significant.

Table 2. 
Post-hoc value comparison of the ECG variables between hypotensives, normotensives and hypertensives.

Parameters
(Mean ± sd)

Hypotensives
(n = 8)

Normotensives
(n = 119)

Hypertensives
(n = 33)

P value

R-R Interval 21.37 ± 4.24 19.74 ± 3.39 18.27 ± 4.07 0.0393*

QRS Axis (degrees) 75.35 ± 10.99 54.80 ± 34.94 50.43 ± 25.59 0.1536

Heart rate(beats/min) 73.01 ± 15.00 78.12 ± 12.89 85.69 ± 16.49 0.0095*

*statistically significant.

Table 1. 
Comparison of ECG variables between hypotensives, normotensives and hypertensives.
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4. Discussion

Our Study found that with increase in blood pressure, there is decrease in R-R 
Interval i.e. there is increase in Heart rate as BP increases. This finding came to be 
significant by Anova test. Our study also found that with increase in both SBP and 
DBP, there is leftward shift of QRS Axis.

This was similar to the findings of Kuroda Kenje et al. [10] and Alpert et al. [5]. The 
latter study found similar results in normotensive obese patients (>twice the ideal weight) 
compared to healthy normotensive subjects [5].

Figure 2. 
Scatter diagram showing relationship of QRS Axis with systolic BP.

Figure 3. 
Scatter diagram showing relationship of QRS Axis with diastolic BP.
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The physiological basis can be explained by the fact that when one ventricle is 
hypertrophied,the axis of the heart shifts toward the hypertrophied ventricle. This is 
because greater quantity of muscle exists on the hypertrophied side of the heart than 
on the other side. So, greater electrical potential is generated on that side. Secondly, 
more time is required for the depolarization wave to travel through the hypertrophied 
ventricle than through the normal ventricle. So, the normal ventricle becomes depo-
larized first, then the hypertrophied ventricle, and this causes a strong vector from 
the normal side of the heart toward the hypertrophied side [11].

Hypertension (high arterial blood pressure), causes the left ventricle to hypertro-
phy to pump blood against elevated systemic arterial pressure. Thus, in this case, left 
axis deviation occurs [11].

India has an increasing trend of hypertension especially among the urban 
population due to economic development and modernization with changing lifestyle 
factors [12]. Sedentary life style, intake of calorie rich junk foods and automated 
working profile has made the environment conducive for high prevalence of non 
communicable diseases (NCDs).

The rate of progression of disease is influenced by cardiovascular risk factors like 
unhealthy diet, tobacco use, physical inactivity (which together result in obesity) and 
elevated blood pressure (hypertension). Continued exposure to these risk factors leads 
to further progression of the diseases, resulting gradually in atherosclerosis, narrowing 
of blood vessels and obstruction of blood flow to vital organs, such as the heart and the 
brain leading to mortality [13]. The socioeconomic development has changed the dietary 
intake, food consumption patterns, and physical activity levels over the years contribut-
ing to the problem of increasing cardiovascular diseases among the population [14].

4.1 Study limitations

This study was a Cross sectional study; as such the casual relationship of the risk 
factors could not be established. The data collection could not be generalized as it was 
was limited to students from a single institution.

Another limitation of the study was that our study was limited only to R-R Interval 
(Heart rate) and QRS Axis and did not include other ECG parameters. A single BP 
recording was taken because of time constraints as students had to go for their classes 
and clinical postings. Furthermore, it remained to be investigated whether left shift 
of QRS axis in the hypertensives was based on increased LVH because detailed echo-
cardiographic assessments were lacking which leaves scope for further study.

5. Conclusion

Our study showed that increase in blood pressure is associated with increase in 
heart rate and leftward shift of QRS axis. We recommended for changing life style 
that includes reduced consumption of fat rich diets, fast foods, salt restriction, per-
forming regular physical exercises, yoga, meditation, sticking to a routine time table 
for sports, study and sleeping hours.

Regular health check up in the form of blood pressure measurement, recording 
of Electrocardiogram could be beneficial for the students to prevent hypertension, 
cardiovascular diseases and the risk factors associated with it.

It is highly desirable for such studies to be initiated so as to tackle the burden of 
noncommunicable diseases among thenew-generation physicians.
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Chapter 8

Diabetes – A Silent Killer: A Threat 
for Cardiorespiratory Fitness
Theyamma Joseph and Jacquline C. Vadasseril

Abstract

Type 2 Diabetes Mellitus (T2DM) is a noncommunicable, lifestyle-related chronic 
metabolic disorder of global involvement, characterized by elevated blood sugar 
levels, manifested by hyperglycaemia, polyuria, polydipsia and polyphagia. DM is 
associated with acute and chronic complications which lead to reduced quality of 
life, premature morbidity and mortality. T2DM is linked with overweight, obesity, 
reduced physical activity and a genetic component. T2DM is named a silent killer 
because the primary disease is silent at the early stage and usually gets diagnosed 
when presenting with a vascular event such as stroke or heart attack. Impaired 
cardiorespiratory fitness plays a crucial role in acceleration of cardiovascular com-
plications resulting in premature organ damage, morbidity and mortality. Regular 
physical activity, resistance training and reduction in sedentary life style along with 
diet control and drugs help to control DM and prevent or delay complications. This 
chapter deals with diabetes as a disease, its prevalence, risk factors, signs and symp-
toms, pathophysiology, pathogenesis and underlying mechanisms, acute and chronic 
complications, along with measures to enhance cardiorespiratory fitness and control 
DM and a word of caution to the younger generation to be aware of the silent killer.

Keywords: risk factors, pathophysiology, complications, control, prevention, 
cardiorespiratory fitness, T2DM

1. Introduction

Diabetes Mellitus (DM) is a chronic, metabolic disease characterized by chronically 
elevated circulating blood glucose levels (hyperglycaemia, FBS>126 mg%) which occurs 
when the body becomes resistant to insulin or doesn't make enough insulin. There are 
two types of diabetes: Type 1 Diabetes Mellitus (T1DM) and Type 2 Diabetes Mellitus 
(T2DM). Type 1 DM usually begins in youth and is an autoimmune disorder resulting 
in complete destruction of pancreatic beta cells, and thereby no insulin is produced. The 
person has to depend on external insulin supply lifelong. T2DM accounts for 95% of 
cases seen in adults, characterized by insulin resistance, where the response to insulin in 
the muscles, liver and fat cells is inadequate. This condition is amenable to exercise and 
diet to enhance insulin sensitivity. Insulin is essential for muscle, liver and adipose tissue 
cells to store glucose. Insulin resistance and insulin deficiency lead to hyperglycaemia 
or increased levels of circulating blood glucose which can damage the blood vessels and 
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nerve. As a result, serious damage can happen to the heart, blood vessels, eyes, kidneys 
and nerves [1, 2]. Type 2 DM was once considered as a disease of the economically 
affluent ‘western countries’ that occurred by middle age, but today, it is increasingly seen 
affecting the younger generation. Diabetes damages the large and small blood vessels 
resulting in end organ damage. Uncontrolled diabetes leads to increased risk of vascular 
disease caused by macrovascular (cardiovascular (CV), cerebrovascular and peripheral 
artery disease) and microvascular (diabetic retinopathy, nephropathy and neuropathy) 
complications [3]. Long-term complications of this noncommunicable, chronic lifestyle 
disease are a leading cause of end stage renal failure, adult-onset blindness and non-
traumatic amputations. Diabetes leads to atherosclerotic cardiovascular disease, a major 
cause of disability, reduced quality of life, morbidity, mortality and premature death 
[4]. Treatment of diabetic complications often is more expensive and disheartening than 
diabetes itself. The burden of DM is often unaffordable to the common man in a develop-
ing country where free medical service is unavailable to all citizens.

2. Prevalence of diabetes mellitus

According to WHO, noncommunicable disease accounts for 74% of death glob-
ally. The global prevalence of DM increased from 108 million in 1980 to 422 million 
in 2019 and accounted for 1.6 million deaths and the ninth leading cause of global 
mortality. By 2035, nearly 592 million people are predicted to die of diabetes [5]. In 
developing countries, undiagnosed diabetes accounts for more than 50%, which 
means 231.9 million (one in two) adults are with undiagnosed diabetes worldwide. An 
urgent need for diabetes screening, treatment and preventive initiatives along with 
population education exists worldwide.

At national level, India stands second to China in the global diabetic population 
with 77 million people with diabetes. About 57% (43.9 million) of adults having diabe-
tes are undiagnosed in India. Besides, 25.2 million adults are assessed to have Impaired 
Glucose Tolerance (IGT), and that is expected to reach 35.7 million by the year 2045 
[6]. An estimated number of diabetes patients in the 20–79 age group was 74.2 million 
in 2021 and is likely to increase to 124.8 million in 2045 [7]. In 2019, India was reported 
to have 77 million cases of diabetes and 54% cases of undiagnosed diabetes with the 
cases of DM projected to reach 134 million by the year 2045 if unchecked.

According to an ICMR study, India DIABetes, prevalence of diabetes has increased 
from 3.5 to 8.7% in rural and from 5.8 to 15.5% in urban areas, and the prevalence 
of prediabetes was reported as 5.8–14.7% in rural to 7.2–16.2% in urban areas. The 
number of cases of prediabetes exceeds that of diabetes and will become full-blown 
diabetes in a short span of 10 years. This will have a detrimental effect on the nation.

The situation within Indian states is no different; South Indian states such as 
Tamil Nadu and Kerala were reported to have a prevalence of 21.9% in 2016, while 
incidence of prediabetes in Kerala was found to be 36.7% [8]. A prospective study 
on lifestyle disease from Alleppey, Kerala, found incidence rate of T2DM as 24.5 per 
1000 person-years and impaired fasting glucose (IFG) as 45.01 per 1000 persons [9]. 
The heavy disease burden of diabetes is fuelled by overweight, obesity, inadequate 
physical activity and unhealthy eating and lifestyle practices. Diabetes is a silent killer 
which remains asymptomatic at early stages and goes undetected until presented with 
a vascular event such as angina or myocardial infarction or stroke.

Although insulin is found to be a remedy for diabetes, the place of physical activity 
is superior to insulin for effective action on insulin receptors. Unfortunately, subjects 
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with diabetes appear to be sedentary or related to disease itself, but exhibit reduced 
cardiorespiratory fitness [10].

3. Risk factors of Type 2 diabetes

Most of the risk factors except genetic causes are lifestyle-related and thus modifi-
able. Economic evolution and increased standard of living have replaced bicycle 
riders and pedestrians with motorized vehicles for quicker transport. Children are 
discouraged from walking and cycling to school, and commutation is replaced with 
school bus. Games or physical training sessions are restricted or non-existent in many 
schools with some schools having no playgrounds at all. Additional tuition classes 
for high academic achievements and the competition to get admission to schools and 
colleges take away the after-school play time from children.

Advanced technology and digitalization have changed activity pattern at work and 
during leisure time to energy-saving measures. Considerable time is spent on seden-
tary pursuits, with television, movie watching, video games, internet surfing and tele-
phone gossip sessions. The advent of the smartphone has again further contributed to 
people developing sedentary habits. With the advent of COVID-19 pandemic, smart 
phone has become an inevitable tool for teaching and learning, exposing the young 
generation to a prolonged screen time. Pandemic also promoted social isolation, lock 
down, virtual communication and increased sedentarism. All these have indirectly 
contributed to physical inactivity and impaired cardiorespiratory fitness.

Significant association was reported with overweight and obesity, while lack 
of physical activities, prolonged TV watching/playing computer games, frequent 
consumption of fast food/junk food and frequent consumption of calorie dense food 
items were found to be contributory factors to developing DM. Higher socioeconomic 
family status and familial obesity also play a significant role among risk factors [11]. 
Mendenhall et al. found that the higher-income group conveyed ‘tension’ or stress 
associated with children's futures, financial security and family dynamics, whereas 
depression was most common among the poorest, the middle (38%) and the high-
income (29%) group [12]. Significant risk factors for T2DM among adolescents 
are found to be obesity, positive family history, female gender, puberty and being a 
low-birth-weight baby. Presence of T2DM among a first- or second-degree relative is 
reported in 75–100% of patients.

Prevalence of T2DM increased from 36% to 54% when there was a positive family 
history of diabetes on the non-diabetic parental side also. When both parents were 
diabetic, the prevalence rate was as high as 62% [13]. Genetics plays a significant 
role for T2DM in children. Children born to mothers with T2DM are particularly 
at increased risk for the disease when compared with children whose fathers had 
T2DM. The risk is higher for boys than for girls. A strong positive family history of 
diabetes (FHD) is present in 45%–80% of children with T2DM. However, research 
explains only 10% of the heritability of type 2 DM. The appearance of T2DM at a 
very young age like childhood and adolescence is distressing as it consumes the most 
productive years of life, and its consequences on society, public and mental health 
are dreadful. For a healthy nation and economy, healthy individuals and healthy 
families are essential.

Socio-economic and cultural factors play an important role in childhood nutrition. 
Parental ignorance and dependency on various media such as television, radio and 
print advertising for information also can lead to erroneous food and lifestyle practices. 
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Fewer working parents have the time and energy to prepare a full meal after working 
hours. And children of many working parents may be in the care of people who may 
not be much concerned about their charges due to various reasons. Food is the centre of 
most celebrations and a reward for desired behaviour. Many families believe that a fat 
baby is a healthy baby [13]. Not to mention that across the world, with income inequal-
ity and cultural norms, food distribution itself across societal strata as well as genders 
depends on purchasing power too.

Healthy organic food is a hard thing to find even for the affluent in many societies 
today.

Another scenario is where in urban nuclear families where both parents are work-
ing full time or in single-parent homes, children are kept engaged with electronic 
gadgets or digital games. Several hours may be spent on viewing television and snack-
ing till parents return from work. Fewer children walk to school or play outside to save 
time and energy or due to safety reasons. In urban residential areas with multistorey 
buildings, people tend to use a lift. Progressive decline in physical activity is a key 
feature. Climbing few stairs makes an overweight or obese person short of breath, 
which is a true reflection of impaired cardiorespiratory fitness.

4. Pathophysiology of DM

Diabetes mellitus is a heterogeneous disorder defined by the presence of hyper-
glycaemia. Diagnostic criteria for diabetes include the following: (1) a fasting plasma 
glucose (FPG) of ≥126 mg/dL (7.0 mmol/L); (2) classic symptoms of hyperglycaemia 
plus a random plasma glucose of ≥200 mg/dL (11.1 mmol/L); (3) a 2-hour plasma 
glucose level ≥200 mg/dL following a standard 75 g oral glucose load (oral glucose 
tolerance test [OGTT]); or (4) a glycated haemoglobin (HbA1C) >6.5%. HbA1C(A1C) 
values reflect average blood glucose levels during the previous 2–3 months.

Hyperglycaemia results from inadequate insulin production or insulin resistance. 
An increase in the counter-regulatory hormones that oppose the effects of insulin 
also can result in hyperglycaemia. Type 1 DM is often seen in the younger age group 
below 30 years with peak incidence at puberty. It is characterized by the autoimmune 
destruction of pancreatic β cells leading to severe or absolute insulin deficiency, 
requiring insulin treatment lifelong. Patients present with symptoms of polyuria, 
polydipsia and weight loss with markedly elevated serum glucose concentrations. 
Absence of insulin leads to formation of Ketone bodies resulting in life-threatening 
acidosis (diabetic ketoacidosis [DKA]) which needs urgent intensive intervention.

Type 2 DM accounts for majority cases of diabetes (90–95%). It has a stronger 
genetic component; prevalence increases with age, occurring mostly in adults (18% 
of individuals older than 65 years worldwide and 33% in the United States). Insulin 
resistance is the hallmark of type 2 DM and is frequently (85%) associated with obe-
sity. Increased prevalence of T2DM is associated with increase in obesity, increased 
insulin resistance as well as a decrease in insulin secretion by the pancreas. These 
patients are often asymptomatic and not diagnosed until 5–7 years after the actual 
onset of disease owing to the presence of varying amounts of residual insulin secre-
tion, which prevents severe hyperglycaemia or ketosis. Once diagnosed with type 2 
DM, majority (70%) are managed with lifestyle modifications (diet, exercise, weight 
management) alone or in combination.

After progressive decline in β-cell function, the disease manifests as an impair-
ment in the acute insulin release that precedes sustained insulin secretion in response 



123

Diabetes – A Silent Killer: A Threat for Cardiorespiratory Fitness
DOI: http://dx.doi.org/10.5772/intechopen.108164

to a meal. Once the β-cell mass declines by 40%–60% owing to β-cell apoptosis, 
patients present with impaired fasting glucose and frank Type 2 DM, respectively. 
Chronic exposure to elevated free fatty acids, hyperglycaemia (glucolipotoxicity) 
and inflammatory cytokines contribute to impaired β-cell insulin secretion in a 
background of insulin resistance [14].

On a cellular level, mitochondrial dysfunction occurs which may be due to 
decreased activity, abnormal size or decreased biogenesis. However, these organelles 
are highly responsive to the stimulus created by muscle contraction and exercise 
and have a direct link to insulin action/inaction [15]. In a study among 18 diabetic 
patients, in vivo mitochondrial function among content and glucose disposal were 
restored following 12 weeks of exercise training (with 13% increased VO2max) [16].

Obesity is a major driver of the increased prevalence of diabetes and plays a 
critical role in its pathogenesis. Majority (85%) of patients with type 2 DM are obese. 
Even a 5–10% weight loss in obese individuals with type 2 DM can ameliorate or even 
terminate the disorder. Excess nutritional intake from any source eventually leads to 
increased free fatty acid (FFA) storage as triglyceride in adipose tissue. Subcutaneous 
tissue is the body’s major site of fat storage, but it is unable to expand and accom-
modate excess lipid in obesity. This leads to increased fat deposit in visceral (central) 
adipose tissue, which promotes insulin resistance owing to its high lipid turnover. 
Excess lipolysis from visceral stores directly feeds FFAs into the liver, thus contribut-
ing to hepatic lipid accumulation(steatosis), insulin resistance and increased hepatic 
gluconeogenesis, which raises the level of fasting glucose. Metformin, a first-line 
therapy for type 2 DM, is particularly effective in reversing these hepatic effects of 
insulin resistance.

The decreased rate of mitochondrial fat oxidation, excess lipid stores and insulin 
resistance with advanced ageing results in increased prevalence of type 2 DM. Besides, 
release of certain factors such as adiponectin, leptin and inflammatory cytokines 
such as tumour necrosis factor from visceral adipose in addition to FFA also drives 
insulin resistance. Hyperinsulinaemia can itself contribute to insulin resistance by 
downregulating insulin receptor levels and desensitizing downstream pathways.

5. Pathology and pathogenesis of DM

Regardless of origin, all types of diabetes result from a relative deficiency of 
insulin action. The degree of loss of insulin action determines the resultant metabolic 
derangements. Since the adipose tissue is highly sensitive to insulin action, low 
insulin levels suppress the excessive lipolysis and thereby enhance storage of fat. Liver 
liberates glucose in to circulation as a result of glucagon effects. In order to control the 
same, higher insulin levels are required. In a non-diabetic, healthy individual, basal 
levels of insulin activity mediate both these responses.

In a healthy person, the hepatic tissue is superbly responsive to changes in pancre-
atic insulin secretion owing to its high sensitivity and exposure to elevated levels of 
insulin in the portal circulation. However, stimulated secretion of additional insulin 
from the pancreas is required for the skeletal muscle to respond to a glucose load 
with insulin-mediated glucose uptake. Inability of the skeletal muscle to clear up its 
share of 85% of glucose due to mild insulin deficiency is reflected by postprandial 
hyperglycaemia.

When an additional loss of insulin action occurs, glucagon’s effects on the liver 
are insufficiently counter-balanced. In such situation, patients will present with both 
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postprandial hyperglycaemia and fasting hyperglycaemia. Insulin deficiency causes 
hypertriglyceridemia in diabetes, owing to the increase in VLDL production and a 
decrease in VLDL clearance as a result of decrease in lipoprotein lipase, the enzyme 
mediating fatty acid storage in adipose tissue.

Insulin is responsible for amino acid uptake and protein synthesis in muscle. 
Hence, a decrease in insulin action results in decreased muscle protein synthesis 
among diabetic patients. Marked insulinopenia such as in type 1 DM can cause a 
negative nitrogen balance and marked protein wasting. Superimposition of stress-
induced counter-regulatory hormones on already an insulinopenic state exacerbates 
the metabolic manifestations of deficient insulin action in both Type 1 and 2 DM. The 
stress of infection and decrease in insulin action in diabetes result in decreased muscle 
protein synthesis induced DKA in type 1 DM. In addition to all of the metabolic 
derangements listed, diabetes causes other chronic, progressive complications that are 
responsible for the high morbidity and mortality rates associated with this disease.

6. Diabetic complications and its mechanisms

Uncontrolled diabetes damages the nerves and blood vessels causing major organ 
damage, reduced quality of life, disability, premature morbidity and mortality. It also 
leads to increased disease burden for the family, community and the nation at large.

6.1 Acute complications

6.1.1 Hyperglycaemia

When elevated glucose levels exceed the renal threshold for glucose reabsorption 
(approximately 200 mg/dL), glucosuria results. This causes an osmotic diuresis 
manifested clinically by polyuria, including nocturia resulting in dehydration and 
subsequent thirst that results in polydipsia. Glucosuria can lead to significant loss 
of calories from urinary glucose losses that can exceed 75 g/day. Polyphagia is fol-
lowed by uncontrolled hyperglycaemia, the result of excessive caloric consumption. 
Cardinal symptoms of diabetes are three ‘polys’: polyuria (excessive urination), 
polydipsia (excessive thirst) and polyphagia (excessive hunger). These are present in 
type I DM and symptomatic type II DM patients. Loss of fluid and calories through 
urine (polyuria) results in weight loss. Changes in the water content of the lens of the 
eye in response to changes in osmolality can cause blurred vision. In women, glucos-
uria can lead to an increased incidence of candidal vulvovaginitis. In uncircumcised 
men, candidal balanitis (a similar infection of the glans penis) can occur.

6.1.2 Diabetic Ketoacidosis (DKA)

DKA can also occur in individuals with type 2 DM, particularly during infections, 
severe trauma or other causes of stress that increase levels of counter-regulatory hor-
mones, thus producing a state of profound inhibition of insulin action. In the absence 
of insulin, lipolysis is stimulated, providing fatty acids that are favourably converted 
to ketone bodies in the liver by unopposed glucagon action. When the compensatory 
mechanism of osmotic diuresis fails, blood sugar can escalate to average of 500 mg/
dL, a state of severe hyperglycaemia. Hyperglycaemia leads to increased osmolal-
ity, and an intracellular to extracellular fluid shift, inspired by thirst in an effort 
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to maintain intravascular volume. If the polyuria is not controlled, compensatory 
mechanism fails to maintain circulating fluid volume. Besides, ketoacidosis is often 
accompanied by nausea and vomiting, resulting in fluid loss and consecutive dehy-
dration and subsequent reduction in renal blood flow. This leads to reduced ability of 
the kidneys to excrete glucose. Hypovolemia stimulates counter-regulatory hormones, 
and it turns out into a vicious cycle. Profound cellular dehydration occurs in response 
to the marked increase in plasma osmolality. A severe loss of intracellular fluid in the 
brain leads to coma.

The increase in ketogenesis caused by a severe lack of insulin action results in 
increased serum levels of ketones and ketonuria. During ketoacidosis, liver produces 
ketone bodies mainly Acetoacetate and β-hydroxybutyrate, which are organic acids 
that cause metabolic acidosis resulting in a decrease in blood pH and serum bicarbon-
ate levels. Partial compensatory mechanisms may increase the respiratory rates to 
compensate for the metabolic acidosis by reducing PCO2. As a result, when pH level 
is lower than 7.20, characteristic deep, rapid respirations occur (Kussmaul breath-
ing). Although acetone is a minor product of ketogenesis, the ketosis of DKA is much 
more severe than ketosis due to starvation. Na+ is lost in addition to water during 
the osmotic diuresis accompanying DKA, resulting in low serum sodium. Total 
body stores of K+ are also depleted by diuresis and vomiting. Without treatment, K+ 
can fall to dangerously low levels, leading to potentially lethal cardiac arrhythmias. 
Marked hypertriglyceridemia can also accompany DKA because of the increased 
production and decreased clearance of VLDL that occurs in insulin-deficient states. 
Nausea and vomiting often accompany DKA, contributing to further dehydration. 
Abdominal pain, present in 30% of patients, may be due to gastric stasis and disten-
tion. DKA is treated by replacing water and electrolytes (Na+ and K+) and adminis-
tering insulin.

6.1.3 Hyperosmolar coma

Decreased fluid intake, an intercurrent illness or elderly, debilitated patients who 
lack sufficient access to water and have abnormal renal function, thus hindering the 
clearance of excessive glucose loads and can lead to severe hyperosmolar states in the 
absence of ketosis in type 2 DM. Profound hyperglycaemia and dehydration occur 
when presented late; glucose levels often range from 800 to 2400 mg/dL, resulting in 
a higher incidence of coma. Mortality is 10 times higher than in DKA, which is often 
precipitated by co-morbidity.

6.1.4 Hypoglycaemia

A dangerous factor limiting the achievement of tight glucose control is a complica-
tion of insulin treatment in DM. It can also occur with oral hypoglycaemic drugs that 
stimulate glucose-independent insulin secretion (e.g. sulfonylureas). Hypoglycaemia 
often occurs during exercise or with fasting. It can be neurogenic symptoms, 
secondary to central nervous system (CNS)-mediated sympathoadrenal discharge; 
adrenergic (shaking, palpitations, anxiety) and cholinergic (sweating, hunger) 
responses that encourage carbohydrate-seeking behaviour. As glucose drops further, 
neuroglycopenic symptoms may occur from the direct effects of hypoglycaemia on 
CNS function (confusion, coma). A characteristic set of symptoms (night sweats, 
nightmares, morning headaches) also accompanies hypoglycaemic episodes that 
occur during sleep (nocturnal hypoglycaemia. Acute treatment of hypoglycaemia in 
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diabetic individuals consists of the rapid oral administration of glucose at the onset 
of warning symptoms or the intramuscular administration of exogenous glucagon by 
another person when neuroglycopenic symptoms prohibit oral glucose self-treatment. 
Excessive glucose administration can lead to rebound hyperglycaemia by the action of 
counter-regulatory hormones (Somogyi phenomenon).

6.2 Chronic complications

Over time, diabetes results in damage and dysfunction in multiple organ systems 
by damaging the blood vessels and nerves. Both microvascular disease (retinopathy, 
nephropathy, neuropathy) and macrovascular disease (coronary artery disease, periph-
eral vascular disease), which occurs with increased frequency in diabetes, contribute 
to the high morbidity and mortality rates associated with diabetes mellitus. Peripheral 
Neuropathy where the sensory perception is impaired due to nerve damage, there is an 
increased risk of foot ulcers that lead to increased morbidity. Good glycaemic control 
plays a key role in preventing complications. Genetic factors also clearly play a role in 
complications.

6.2.1 Microvascular complications

Hyperglycaemia plays a critical role in microvascular disease. The high intra-
cellular levels of glucose in cells that cannot downregulate glucose entry (the 
endothelium, glomeruli and nerve cells) result in microvascular damage. There 
is overproduction of mitochondrial-derived reactive oxygen species generated by 
an increased flux of glucose through the tricarboxylic acid (TCA) cycle. These 
changes in the microvasculature result in an increase in protein accumulation in 
vessel walls, endothelial cell dysfunction, loss of endothelial cells and, ultimately, 
occlusion. The formation of irreversibly glycated proteins called advanced gly-
cosylation end-products (AGEs) also causes microvascular damage in diabetes. 
Elevated glucose leads to increased glycation of HbA within red blood cells. The 
measurement of HbA1c in diabetic patients serves as an index of glycaemic control 
over the preceding 3 months.

6.2.2 Retinopathy

Diabetes is a leading cause of blindness in developed countries occurring in two 
distinct stages: non-proliferative and proliferative. Microaneurysms of the retinal 
capillaries, appearing as tiny red dots, are the earliest clinically detectable sign of 
diabetic retinopathy (background retinopathy). The appearance of hard exudates 
in the area of the macula is often associated with macular oedema, which can occur 
at any stage of retinopathy progression and is the most common cause of blindness in 
type 2 DM, occurring in 7% of diabetics. Occlusion of capillaries and terminal arteri-
oles causes areas of retinal ischemia that appear as hazy yellow areas with indistinct 
borders (cotton wool spots or soft exudates) at areas of infarction. Retinal haem-
orrhage can also occur, and retinal veins develop segmental dilation. Retinopathy 
can progress to a second, more severe stage characterized by the proliferation of 
new vessels (proliferative retinopathy). These capillary vessels are abnormal, and 
traction between new fibrovascular networks and the vitreous can result in vitre-
ous haemorrhage or retinal detachment, both are potential causes of blindness in 
diabetic patients.
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6.2.3 Nephropathy

Globally, the most common cause of ESRD is chronic, uncontrolled diabetes. A 
disordered glomerular function leads to diabetic nephropathy.

Basement membranes of the glomerular capillaries get thickened and obliterate the 
vessels. The mesangium surrounding the glomerular vessels is increased owing to the 
deposition of basement membrane-like material and can encroach on the glomerular 
vessels. The afferent and efferent glomerular arteries become sclerosed. Histological 
alterations of renal glomeruli are accompanied by early microalbuminuria, which is 
not revealed on a routine urinalysis dipstick method. Albuminuria is thought to be due 
to a decrease in the heparan sulfate content of the thickened glomerular capillary base-
ment membrane. As the glomerular lesion progresses, proteinuria rises and nephropa-
thy becomes evident. Presence of heavy proteinuria (>300 mg/day) that can be spotted 
on a routine urine examination signifies diabetic nephropathy. Proteinuria continues 
to increase as renal function deteriorates. Therefore, ESRD is preceded by massive, 
nephrotic-range proteinuria (>4 g/d). The presence of hypertension speeds up this 
process. Hypertension worsens as renal function deteriorates. Therefore, controlling 
hypertension is critical in preventing the progression of diabetic nephropathy.

6.2.4 Neuropathy

Occurs in about 60% of both type 1 and type 2 DM patients and is a major cause 
of morbidity. Diabetic neuropathy can be divided into three major types: (a) a distal, 
primarily sensory, symmetric polyneuropathy the most common (50% incidence); 
(b) an autonomic neuropathy, occurring frequently in individuals with distal poly-
neuropathy (>20% incidence); and (c) much less common, transient asymmetric 
neuropathies involving specific nerves, nerve roots or plexuses.

a. Symmetric distal polyneuropathy – The demyelination of peripheral nerves, 
a hallmark of diabetic polyneuropathy, affects distal nerves preferentially and 
is usually manifested clinically by a symmetric sensory loss in the distal lower 
extremities (stocking distribution) that is preceded by numbness, tingling and 
paraesthesias. These symptoms, which begin distally and move proximally, can 
also occur in the hands (glove distribution). Pathologic features of affected 
peripheral somatic nerves include the demyelination and loss of nerve fibres with 
reduced axonal regeneration, accompanied by microvascular lesions, including 
the thickening of basement membranes. In addition, the microvascular disease 
that accompanies these neural lesions may also contribute to nerve damage.

b. Mononeuropathy: Vascular occlusion and ischemia are thought to play a central 
role in the pathogenesis of these asymmetric focal neuropathies, which are 
usually of limited duration and occur more frequently in type 2 DM. It is char-
acterized by the abrupt, usually painful onset of motor loss in isolated cranial or 
peripheral nerves (mononeuropathy) or in multiple isolated nerves.

6.3 Macrovascular complications

Accounting for significant morbidity and mortality in both types of diabetes, 
the effects of large-vessel disease are particularly devastating in type 2 DM and are 
responsible for approximately 75% of deaths.
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6.3.1 Atherosclerosis

Atherosclerotic macrovascular disease commonly occurs in diabetes, resulting in 
an increased incidence of myocardial infarction, stroke and claudication and gan-
grene of the lower extremities. The reasons for the increased risk of atherosclerosis 
in diabetes are threefold: (1) traditional risk factors, hypertension and hyperlipi-
daemia, (2) diabetes itself is an independent risk factor for atherosclerosis; and (3) 
diabetes when synergized with other known risk factors increases atherosclerosis. 
Hence, the elimination of other risk factors, therefore, can greatly reduce the risk of 
atherosclerosis in diabetes.

6.3.2 Hypertension

Hypertension is associated with increased total body extracellular Na+ content 
and volume expansion which occurs in type 1 DM and type 2 DM. Insulin resis-
tance is associated with activation of the renin-angiotensin system, which leads to 
hypertension, while renin-angiotensin system activation, in turn, decreases insulin 
sensitivity. Insulin resistance is central to the pathogenesis of two obesity-associated 
syndromes: (1) prediabetes (e.g., FPG 100–125 mg/dL, A1C 5.7–6.4%); and (2) 
metabolic syndrome (a cluster of metabolic abnormalities, including central obesity 
[waist ≥102 cm for males or≥88 cm for females], elevated glucose [≥100 mg/dL], 
elevated blood pressure [≥130/≥85 mm Hg], elevated triglycerides [≥150 mg/dL] and 
low high-density lipoprotein [HDL] cholesterol [<40 mg/dL]). Both syndromes are 
associated with increased cardiovascular risk, as well as an increased risk for the later 
development of diabetes. The Diabetes Prevention Programme has demonstrated 
that significant risk reductions for the development of type 2 DM occur in response to 
lifestyle interventions in this population.1 Hypertriglyceridemia, which is associated 
with an increased risk of cardiovascular disease. The compositions of LDL and HDL 
are altered by elevated levels of VLDL. It also transfers triglycerides to these particles, 
depletes them of cholesterol and creates small, dense LDL particles and low HDL 
cholesterol levels. Eventually, both of these are independent risk factors for cardiovas-
cular disease. Treatment of hyperglycaemia does not normalize lipid profiles in obese, 
insulin-resistant individuals with type 2 DM unless accompanied by weight reduction 
treatment.

6.3.3 Diabetic foot ulcers

Symmetric polyneuropathy (present in 75–90% of diabetics with foot ulcers) 
results in insensate feet among diabetics, which makes them highly susceptible to foot 
injuries. Once developed, it is less amenable to regular healing, and the wound may 
get complicated by osteomyelitis and result in amputation in 1%, an event associ-
ated with high mortality (50% by 3 years). Other reasons for diabetic foot ulcers are 
macrovascular disease (present in 30–40% of those with foot ulcers) and microvas-
cular disease; infections caused by alterations in neutrophil function and vascular 

1 Diabetes Prevention Program Research Group. Long-term effects of lifestyle intervention or metformin 
on diabetes development and microvascular complications over 15-year follow-up: the Diabetes Prevention 
Program Outcomes Study Diabetes Prevention Program Research Group† Show footnotes. The Lancet 
Diabetes and Endocrinology [Internet]. VOLUME 3, ISSUE 11, P866-875, NOVEMBER 01, 2015. Available 
from: https://www.thelancet. com/journals/landia/article/PIIS2213-8587(15)00291-0/fulltext
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insufficiency; and faulty wound healing. Unfortunately, about 10% of diabetics 
develop diabetic foot ulcers.

6.3.4 Infection

Abnormal cell-mediated immunity, defective neutrophil chemotaxis and phago-
cytosis, reduced blood flow from vascular lesions prevent inflammatory cells reaching 
wound sites, making them prone to infections which often become severe infection. 
Candidal infections, periodontal disease, necrotizing papillitis, mucormycosis and 
malignant otitis externa caused by Pseudomonas aeruginosa are common infections 
that occur in diabetics.

Skeletal changes in diabetes – Adults with type 2 DM have a 40–70% increased 
fracture risk, perhaps owing to increased cortical porosity. Bone fragility in diabetes 
is considered as an additional factor attributable to microvascular disease [17].

7. Measures to maintain Cardiorespiratory fitness (CRF)

Enhanced Physical Activity (PA) was and continues to be a cornerstone of diabetes 
prevention and management. Regular aerobic exercise at modest levels (<6METs) can 
lessen HbA1c by almost 0.7% and improve insulin sensitivity while keeping weight 
unchanged [18]. In other words, 1-week aerobic exercise can improve your body’s 
sensitivity to insulin in peripheral tissues irrespective of insulin usage. Optimally, 
subjects with diabetes should engage in regular PA on a daily basis, and the shorter 
the exposure to PA, the higher the effort is needed to get the same effect on insulin 
sensitivity for lasting effect [19].

Physical activity or exercise can be classified broadly as aerobic or anaerobic. 
Physical activity refers to energy expenditure above resting stage while exercises is a 
type of planned, structured and repetitive bodily activity aimed at improving physi-
cal fitness. Physical activity or exercise can be classified broadly as aerobic or anaero-
bic. Aerobic activity refers to repetitive, low-intensity, long-duration movements 
that apply large muscle groups utilizing aerobic energy pathways using fatty acids as 
substrate. Specifically, chronic exposure to aerobic exercises of adequate intensity and 
duration leads to increased aerobic capacity or cardiorespiratory fitness (CRF). CRF 
is typically reported as metabolic equivalents (METs), with one MET defined as the 
amount of oxygen consumption at rest (3.5 ml O2/kg/min).

Today’s lifestyle marked by prosperous socioeconomic status, sedentariness 
and obesity have made significant contributions as independent risk factors for 
T2DM. Encouraging reasonable dynamic physical activity for 150 min/week can 
typically reduce health risks associated with numerous chronic illnesses and their 
prevention.

Irrespective of sedentary lifestyle and duration of the disease, individuals with 
diabetes exhibit exercise intolerance with subnormal cardiorespiratory fitness, owing 
to certain vascular abnormalities and slowed kinetics for oxygen uptake.

Older adults with DM2 have greater muscle mass loss, reduced upper and lower 
body strength, increased visceral adiposity and increased disability [20–22]. Poorly 
controlled DM2 patients have, in addition, poor capillary recruitment during skeletal 
contraction [23]. Resistance Training (RT) has largest effect on the musculoskel-
etal measurements such as muscle strength [24], can significantly improve insulin 
sensitivity, glycaemic control including HbA1c, increase fat-free mass, reduce the 



Cardiorespiratory Fitness – New Topics

130

requirement for diabetes medications, reduce abdominal adiposity and improve 
cardiovascular risk markers [25–27].

Resistance exercise training (RT) is a promising strategy to promote overall 
metabolic health in individuals with T2DM, with improvements in muscle mitochon-
drial performance, increase in muscle mass, positive impact insulin responsiveness 
and glucose control [28]. Current guidelines for DM2 prevention and management 
recommend at least 150 min per week of MVPA and an additional two (ideally three) 
resistance sessions per week (at least 60 min). Besides, breaking up of prolonged 
sedentary time with light walking promises with improved glycaemic parameters. 
The duration of DM2 is associated with response to exercise. Resistance training may 
benefit patients with long-standing DM2, having more extreme exercise intolerance, 
muscle weakness and sarcopenia.

8. Conclusion

Poor Cardiorespiratory Fitness (CRF) is a well-established independent predictor 
of Cardiovascular Disease and overall mortality among subjects with prediabetes, 
DM1 and DM2. Increased Physical Activity (PA) and higher CRF offer metabolic 
health benefits for DM2 patients in proportion to the level of fitness independent of 
BMI. Increases in Physical Activity patterns have emerged as an integral part of the 
prevention and management supported by a multitude of reproducible randomized 
studies confirming the strong link to enhanced CRF. Significant implementation 
challenges are, however, the bottom being adherence, therapeutic regimens should be 
designed to improve CRF in a society where a profound lifestyle shift has taken place 
dominated by non-exercise PA and sedentary behaviours. Being a modifiable risk fac-
tor, a healthcare provider prescription for enhanced fitness is perhaps using CRF as a 
vital sign. Involvement of progressive societal and political encounter via education 
and support for alternatives to transportation, creating more appropriate indoor and 
outdoor architecture harm from emerging exposure risks from pollution is an indis-
pensable component of promoting physical activity for better CRF in the population 
particularly for those who are at risk of noncommunicable diseases such as DM and 
hypertension. This will bring significant reduction in excessive economic burden of 
diabetes and reduce premature mortality and morbidity among existing diabetics and 
prediabetics. Prevention is better than cure.

9. A word of caution: preventive measures to save the budding generation

India, being a developing country, has over 253 million adolescents who need to 
be protected from premature morbidity and mortality through health education and 
creating a favourable environment to adopt an active healthy lifestyle. They should 
be motivated to exercise, avoid high calorie food habits and maintain a healthy 
BMI. Government should develop policies to allow provision for healthy meals and 
snacks in hotels and restaurants, cancellation of license for junk food sale at all types 
of food outlets, providing warning signs about unhealthy food consumption, etc. 
Also, promotion policies such as reduced insurance premium for people with normal 
BMI, healthy food habits and regular health check-ups. Provision for exercise and 
healthy food habits should be provided mandatorily at all working places in order to 
facilitate 150 minutes of physical exercise a week. The same should be mandatorily 
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implemented at all schools and colleges. The recognition and licences should be 
tagged with these requirements to create public awareness on the importance of 
controlling and preventing diabetes mellitus.

Ensure availability of healthy groceries, vegetables and fruits at markets, healthy food 
items at shopping malls and restaurants, canteens and hostels to promote healthy eating 
habits among the public. At present, all restaurants and bakeries as well as small food 
outlets provide high-calorie sweetened and oily foods, highly processed foods that are 
attractive to the population, particularly the youngsters. Strong awareness about dangers 
of obesity and NCDs such as DM, HT and cancer along with provision for healthy meal 
will encourage more than 50% of population to adopt healthy eating habits.

“An ounce of prevention is worth a pound of cure!”
Benjamin Franklin
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Chapter 9

Relation between Vastus Lateralis 
Electromyography Activation  
and VO2max Values Obtained in 
Bicycle Ergometry
Hasan Sözen

Abstract

The study aimed to investigate the relationship between maximum oxygen 
consumption values obtained on a bicycle ergometer and vastus lateralis (VL) muscle 
EMG activity values during the test. A total of 20 athletes participated in the study. 
To determine the VO2max, a bicycle ergometer was used with a portable gas analyzer. 
The discontinuous incremental protocol was used to determine the VO2max values of 
subjects. The data were gathered from the right side VL muscle via surface electromy-
ography. According to the results obtained, MVIC% values of the VL muscle of the 
subjects and VO2max (mL min−1) values (p = 0.586, r = 0.130); VO2max (mL min−1 kg−1) 
values (p = 0.295, r = 0.246); RER values (p = 0.308, r = −0.240) and HRmax  
(beats min−1) values (p = 0.321, r = 0.234) were not statistically significant and no 
significant difference was found in the regression analysis between the MVIC% 
value of the VL muscle obtained and the VO2max (mL min−1 kg−1) values (p = 0.295, 
R2 = 0.061). There was no significant correlation and regression between the muscle 
activation involved in the workout during the VO2max test and the cardiovascular 
response.

Keywords: VO2max, aerobic capacity, muscle activation, bicycle exercise, 
electromyography

1. Introduction

To provide the oxygen necessary for the increased metabolic rate during exercise, 
an increase in respiratory volume frequency occurs. Maximal exercises can also 
increase to 200 lt/min. This is achieved by increasing the respiratory volume and 
frequency. On the other hand, while the respiratory minute volume can reach 200 lt/
min in trained athletes during exercises performed with the same intensity, it is 100 
lt/min in inactive individuals (sedentary). This is related to the fact that training 
strengthens the respiratory muscles in trained individuals. There is no significant 
change in respiratory volume and frequency with training. However, with training, 
there is an increase in the oxygen consumption rate (VO2max) in the maximal aerobic 
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metabolism in the tissues. Whether the person is trained or not, if there is no disease, 
he can always get much more oxygen than the body needs. Therefore, the important 
factor is to increase the availability of oxygen through training, in other words, to 
increase the VO2max level in the tissues.

The most obvious effect of training on athletes is to increase oxygen diffusion 
capacity. Oxygen diffusion capacity is an indicator of the diffusion rate of oxygen 
from the alveoli to the blood. With regular training, respiratory volume in athletes 
does not change much in rest and submaximal exercises, but a significant increase 
is observed in maximal exercise. This significant increase is also seen in respiratory 
frequency and respiratory minute volume.

Acute physiological responses to changes in exercise intensity provide compre-
hensive information about the functional capacity and exercise tolerance of healthy 
individuals and patient populations. The integration of central and peripheral physi-
ological systems determines the relationship between oxygen demand and allows the 
individual to adapt to changes in metabolic demand [1]. Among the physiological 
parameters, the maximum oxygen consumption is an indicator that gives information 
about the level of cardiovascular fitness and the functionality of the cardiovascular 
system [2]. The maximal oxygen volume level used by the skeletal muscles dur-
ing a progressively increased exercise test is defined as maximum oxygen volume. 
VO2max is a good indicator of aerobic capacity and is an indicator of the physiologi-
cal integration of pulmonary, cardiovascular, and neuromuscular functions [3]. 
Aerobic metabolism during isometric or dynamic activities is estimated by indirect 
calorimetry, using oxygen and carbon dioxide gas exchange, where the energy used 
by working muscles reflects changes in pulmonary oxygen uptake [4]. Unfortunately, 
metabolic power measures based on a gas exchange cannot resolve metabolic costs to a 
higher resolution than breathing rate. As a result, information about muscle contrac-
tions that affect metabolic strength is neglected because these contractions may occur 
more frequently than breathing rate [5]. The maximum rate of O2 intake (i.e., VO2max) 
measured during large muscle mass exercises such as cycling or running is considered 
the gold standard measure of integrated cardiopulmonary-muscle oxidative func-
tion. The development of fast-responding gas analyzers that allow the measurement 
of breath-by-breath pulmonary gas exchange and progressive maximum exercise 
tests that increase rapidly or increase continuously with ramp test protocols are often 
used in clinical and experimental research. The V̇O2max estimate obtained after these 
tests is sometimes not sufficient alone [6]. For this reason, many researchers resort 
to secondary criteria such as respiratory exchange rate, maximal heart rate, and/or 
maximal blood lactate concentration, which can result in VO2max. However, studies 
examining the relationship between VO2max values and activations of primary work-
ing muscles are limited [7].

Strength changes during muscle contractions are primarily reached by changing 
the number of active motor units and motor unit ignition rates. These changes can 
be detected using surface electromyography (EMG), which provides information 
about the active muscle by measuring the electrical signals of the motor unit action 
potentials. EMG fluctuates significantly within milliseconds during isotonic move-
ments. Therefore, EMG should contain information about metabolic strength at a 
higher temporal resolution than gas exchange measures, but it is not known whether 
EMG can be used to predict (isometric) metabolic power changes during steady-state 
dynamic activities. However, the most important value that can be obtained from 
EMG during these isometric activities is muscle fatigue indices [8]. Surface EMG 
(sEMG) is widely used to measure the magnitude and timing of muscle activation 
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during a variety of physical tasks, which has wide application in sports science 
research. sEMG’s ability to analyze dynamic situations gives it a special interest in 
sports. Improving the efficiency of a movement involves the proper use of muscles, 
both in terms of effort savings and effectiveness, as well as injury prevention. In 
particular, the performance of a task can be improved in terms of muscle activation 
and/or muscle fatigue based on analysis of the frequency of electromyographic traces 
observed. It should be noted that although EMG is an indicator of muscular effort in 
a particular action, it does not provide us with muscle strength parameters. In this 
regard, it is important to emphasize that the relationship between EMG activity and 
effort is only qualitative. Recently, experiments have been carried out on applications 
for purposes such as the evaluation of muscle fiber type and the characterization of 
muscles in the field of sports [9].

In this context, this study aimed to investigate the EMG activation of the VL 
muscle, which is the primary muscle involved in the workout with VO2max values a 
cardiovascular response during cycling exercise.

The hypothesis of the study is that there is a relation between individuals’ VO2 
values and actively working muscle EMG values.

2. Material and methods

2.1 Study participants

Twenty active athletes’ volunteer subjects (10 females, 10 males) participated in 
the study (Table 1). Volunteers participate in any sportive activity at least 3 days a 
week and have similar performance levels. The inclusion criteria of the volunteers 
participating in the study were determined as follows:

• Having dominant legs right,

• Participating in any sporting activity at least 3 days a week,

• Not having any joint injury in the last 6 months,

• Does not interfere with exercising for cycling,

• Not using caffeine-type stimulants on the day of the study,

• Not smoking,

• Being a volunteer.

All participants approved the volunteering form. The study was conducted by the 
principles of the latest Helsinki Declaration upon receiving the necessary permissions.

2.2 VO2max measurement

To determine the VO2max, a bicycle ergometer (Monark 839E, Monark Ltd., 
Varberg, Sweden) was used with a portable gas analyzer (K5, Cosmed, Rome, Italy) 
and heart rate monitor (Cosmed, Rome, Italy). Discontinuous incremental protocol 
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(DP) was used to determine the VO2max values of subjects [10]. DP protocol concerned 
five workloads of 5 min each, interspersed by at least 5 minutes. Basal measurements 
were recorded with the participants standing on the bicycle ergometer. The first two 
workloads were set at 50 W and 100 W for all participants. The following three work-
loads were tailored for each participant according to the individual cardiorespiratory 
responses to the first two workloads and considering the theoretical maximum heart 
rate determined. Firstly, based on the VO2 and the heart rate recorded during the first 
two stages, a submaximal linear regression was determined up to the predicted peak 
heart rate, to predict the speed corresponding to possible exhaustion. Then, the third, 
fourth, and fifth workloads corresponded to approximately 80%, 90%, and 105% 
of the predicted peak workload, respectively. The fourth and fifth workloads were 
recalculated using the heart rate and VO2 recorded during the third and fourth stages, 
respectively [11]. The last stage was tailored to let the participants maintain the task 
for at least 4 min.

2.3 EMG measurement

In the study, the vastus lateralis (VL) muscle, which is one of the most active mus-
cles during cycling exercise [12], was studied. EMG measurements of the VL muscles 
were recorded during the VO2max test. EMG signals of the right leg were recorded. 
A Noraxon DTS wireless system (Noraxon Telemyo DTS System, Scottsdale, USA) 
was used for EMG recordings. Dual Ag/AgCl EMG electrodes (spacing—2.0 cm) 
were placed on the central points of the VL muscle in a parallel fashion to their 
muscle fibrils according to SENIAM (Surface Electromyography for the Noninvasive 
Assessment of Muscle) recommendations. Before the electrodes were placed, they 
were cleaned with an alcohol solution to prevent artifacts, and the skin was shaved to 
make it smooth [13–15]. After placing the electrodes, the impedance was observed to 
be within the acceptable range (<50 kOhms).

Raw EMG signals were processed via the Noraxon MyoResearch XP Master Edition 
software (Noraxon, Scottsdale, USA). All EMG signals were filtered using a 500 Hz 
low-pass filter. The signals were rectified and smoothed using a root mean square 
(RMS) algorithm (150 ms window).

The maximum value of three Maximal Voluntary Isometric Contraction (MVIC) 
trials for every 5 s was used for normalization of the EMG data obtained during 
the exercises. For the VO2max test condition, a peak signal amplitude for VL was 
determined and divided by the MVIC value for VL. A normalized EMG (nEMG) as 
MVIC% was used for statistical analysis.

Variables Female (n = 10) Male (n = 10) Total (n = 20)

Age (years) 19.7 ± 1.15 19.9 ± 0.87 19.8 ± 0.22

Height (cm) 166.6 ± 3.02 174.7 ± 9.33 170.6 ± 1.77

Weight (kg) 56.7 ± 4.69 72.7 ± 7.00 64.7 ± 2.24

BMI (kg/m2) 20.4 ± 1.6 23.7 ± 1.64 22.0 ± 0.53

Abbreviations: BMI; body mass index.
Values are presented as mean ± SD.

Table 1. 
General characteristics of subjects.
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2.4 Statistical analysis

The sample size was reached as a result of power analysis. The data were normally 
distributed. Obtained VO2max values (VO2max (mL min−1), VO2max (mL min−1 kg−1), 
RER (respiratory exchange ratio), HRmax (beats min−1), MVIC%) were tabulated and 
the arithmetic mean was found and, correlation and regression analysis of all values 
obtained using SPSS 22 statistics program with MVIC% values of the subjects partici-
pating in the test were performed.

3. Results

The values obtained during the VO2max test of the male and female athletes partici-
pating in the study and the VL muscle activation values obtained during the test are 
shown in Tables 2 and 3.

Correlation and regression analysis results for the relationship between the values 
obtained from VO2max measurement of all subjects and EMG muscle activation values 
obtained from VL muscle are given below.

According to the results obtained, MVIC% values of the VL muscle of the subjects 
and VO2max (mL min−1) values (r(18) = 0.130, p = 0.586); VO2max (mL min−1 kg−1) 
values (r(18) = 0.246, p = 0.295); RER values (r(18) = −0.240, p = 0.308) and HRmax 
(beats min−1) values (r(18) = 0.234, p = 0.321) were not statistically significant in cor-
relation analysis.

According to the result obtained, MVIC% values of the VL muscle of the sub-
jects and VO2max (mL min−1) values (R2 = 0.017, p = 0.586); VO2max (mL min−1 kg−1) 
values (R2 = 0.061, p = 0.295); RER values (R2 = 0.058, p = 0.308); HRmax  

Values N Min Max X SD

VO2max (mL min−1) 10 2371.35 3838.89 3074.59 420.81

VO2max (mL min−1 kg) 10 45.60 65.09 54.57 6.93

RER 10 0.98 1.26 1.12 0.08

HRmax (beats min−1) 10 159.00 187.00 176.34 11.77

MVIC% 10 59.12 132.40 85.76 22.64

Table 2. 
Values of female athletes participating in the study.

Values N Min Max X SD

VO2max (mL min−1) 10 4419.77 5993.39 5348.50 461.35

VO2max (mL min−1 kg) 10 67.78 78.33 72.02 3.75

RER 10 1.13 1.26 1.16 0.04

HRmax (beats min−1) 10 162.00 194.00 184.10 12.40

MVIC% 10 78.71 121.60 93.08 12.09

Table 3. 
Values of male athletes participating in the study.
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(beats min−1) values (R2 = 0.055, p = 0.321) were not statistically significant in the 
regression analysis.

4. Discussion

In this study, muscle activation of VL and VO2max values were compared during 
the VO2max test on the bicycle. During cycling exercises, the VL muscle is one of the 
most involved muscles. VL muscle, which is one of the quadriceps muscles, cannot 
be neglected, especially during cycling exercise [16]. As a result of the tests and 
statistical data, no significant correlation was found between VO2max and VL muscle 
activation values. In the VO2max test performed with the discontinuous incremental 
protocol, cardiovascular responses and increases in muscle activation were observed 
at each loading but with this VO2, muscle activation increased linear rupture. Lactic 
acid may play a dominant role in a linear rupture in the relationship between muscle 
activation and VO2. Exercise-induced intracellular acidosis reduces the capacity of 
muscle fibers involved in producing work. Acidosis affects muscle activation, with 
a decrease in pH level. Alternatively, a disruption in myocyte membrane potential 
due to insufficient Na+/K+ pump activity might lead to impairment of excitation-
contraction coupling regardless of pH [17]. In a study by Bearden and Moffatt [18], 
they could not find a linear relationship between VO2 and power functions. This result 
is like our study. In a study by Sasaki et al. [19], a significant decrease was observed 
in the regression slope for VL muscle during cycling exercise, while an increase in the 
regression slope was observed in the biceps femoris and gastrocnemius muscles. VO2 
is not a linear function of power. During an incremental test, neuromuscular activity 
and VO2 increase faster during heavy exercise. Both VO2 and neuromuscular activity 
can show a break that can point to an upper limit for sustainable exercise at a very 
high-power output. Therefore, a similar study can be tried in different VO2max test 
protocols.

5. Conclusions

According to the results obtained in the study with the hypothesis that there may 
be a relationship between muscular strain and oxygen consumption, there was no 
relationship between the oxygen consumption test used to determine the cardiore-
spiratory endurance of the individual in sports sciences and the EMG test used to 
determine muscle activation during movement. It can be suggested that future studies 
should be done on different exercise types and with more subjects.
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nEMG  normalized electromyography
SENIAM surface electromyography for the noninvasive assessment of muscle
VL  vastus lateralis
DP  discontinuous incremental protocol
MVIC  maximal voluntary isometric contraction
VO2max  maximal oxygen consumption
RER  respiratory exchange ratio
HR  heart rate
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