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Abstract

Contrary to the longstanding taboo of resistance training (RT) as a therapeutic
treatment, RT has been gaining importance as a safe therapeutic option in the
management of numerous diseases. Although exercise has well-documented health
benefits on cardiovascular disease (CVD), the benefit of RT on CVD risk factors
is not yet as widely prescribed as other modes of exercise. Due to its efficacy in
the management of CVD, RT should be regarded as a complementary therapeutic
treatment rather than a substitute to other modes of exercise therapy. While it is
clear that RT can result in an attenuation of CVD risk, the various RT design options
related to intensity and volume and how they impact on CVD risk, especially in
different populations (i.e. children, elderly, women) is not yet well documented.
This chapter will discuss the physiological phenomenon and benefits of RT asa
therapeutic intervention aiming to manage CVD risk.
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1. Introduction

Cardiovascular disease (CVD) is the number one cause of death worldwide [1].
It includes diseases of the heart, blood vessels supplying the heart, brain, and other
organs [2] and includes diseases such as angina, myocardial infarction (MI) (heart
attack), cerebrovascular attacks (stroke), heart failure, cardiomyopathy, carditis,
abnormal heart rhythms, congenital heart disease, rheumatic heart disease, valvu-
lar heart disease, hypertensive heart disease, aortic aneurysms, peripheral artery
disease, thromboembolic disease and venous thrombosis [3].

The underlying cause of CVD varies depending on the disease and may be
caused by a variety of factors [4]. These risk factors for developing CVD are tradi-
tionally divided into primary and secondary risk factors with primary risk factors
being those risk factors that have conclusively shown to have a strong association
with CVD. In this regard, smoking, hypertension, dyslipidemia and physical
inactivity, are the four traditional primary risk factors [5]. On the other hand, sec-
ondary risk factors include diabetes mellitus, obesity, diet, psychological factors,
age, hereditary/family history, gender, ethnicity/race, and personal (previous)
history [5]. Thankfully, CVD risk factors can be classified into modifiable and
non-modifiable risk factors. Of particular importance to healthcare practitioners
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are the modifiable CVD risk factors, since these factors can be impacted upon via
various interventions [1, 4].

Although physical inactivity or a sedentary lifestyle is one of the major risk factors
for developing CVD, physical activity has proved especially useful in the overall
prevention and treatment of CVD [4]. Problematically, despite strong scientific
evidence supporting the benefits of regular physical activity for the prevention and
management of CVD, physical inactivity is highly prevalent worldwide.

In addition, while it is known that physical activity is a critical intervention in
the prevention and management of CVD, numerous types of modalities of physical
activity exist. This includes, amongst others, aerobic exercise including walking,
jogging, swimming, skipping rope, muscular fitness training including, strength
training, power training, hypertrophy training, muscle endurance training, flex-
ibility exercises, balance exercises, martial arts, and other physical fitness systems,
including Pilates, Yoga and CrossFit. This sheer diversity of physical activity and
the various variables of exercise programme design, which are exercise selection,
intensity, repetitions, tempo, rest interval, sets and frequency of exercise sessions
further complicate our understanding of what physical activity actually works or is
best for the prevention and management of CVD in general, or for a specific type
of CVD [4].

1.1 Health benefits of physical activity

Regular physical activity has an ancient association with general health and
today it is unquestionable by all those involved in healthcare that regular physi-
cal activity provides many physical and psychological benefits. In this regard,
>100,000 studies demonstrate positive associations between exercise and health
[6]. In fact, overwhelming evidence exists that regular physical activity is asso-
ciated with delaying the onset of 40 chronic conditions/diseases [7]. As such,
exercise has proven to be a critical medical intervention even in diseases with a
non-locomotor component. Specifically, a significant amount of scientific evi-
dence has established a causal relationship between non-communicable diseases
(NCD) and physical activity. This is especially important in that NCDs, such as
CVD, diabetes and cancer, cause 65% of all deaths worldwide and are projected to
result in >75% of all deaths by 2030 [8].

The success of physical activity in preventing, delaying and rehabilitating a
multitude of chronic conditions/diseases relates to physical activity’s multisystem
responses. While the benefits of physical activity have been attributed to several
mechanisms, including improved blood hemodynamics [9], improved levels of cir-
culating lipids [10], increased cardiorespiratory fitness (CRF) [11, 12] and a reduced
adiposity and enhanced muscle mass [13], more recent research has shown that
during physical activity, proteins, peptides, enzymes and metabolites are released
from one organ (mainly contracting skeletal muscle) to affect the metabolism in
another organ [14].

1.2 Physical activity and CVD

Regular physical activity has a long scientific association with a reduced risk
of CVD [15]. Two of the most well-known such studies demonstrating the impor-
tance of physical activity in preventing CVD are the Framingham Heart Study and
London Transport Workers Study.

Prior to the Framingham Heart Study began in 1948 in Framingham,
Massachusetts, little was known about the epidemiology of CVD. However, that
study demonstrated much of the now-common knowledge concerning CVD,
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such as the effects of physical activity on CVD. In fact, the Framingham Heart
Study is the source of the term risk factor [16]. The London Transport Workers
Study, published in 1953 by Jeremy N. Morris was the first rigorous epidemio-
logical study investigating physical activity and CVD risk. In that study, drivers
and conductors of the London Transport Executive were compared and CVD
rates were found to be increased in physically inactive bus drivers versus active
conductors [17, 18].

More recently, many leading international organisations have recognised the
importance of physical activity as medicine in not only improving health, but also
preventing and managing CVD and have issued calls to action to make physical
activity a priority in this regard [19, 20].

In addition to its independent effects on traditional CVD risk factors, regular
physical activity can also improve cardiovascular health and impact upon non-
traditional or novel CVD risk factors, such as C-reactive protein and oxidative
stress [21, 22]. Physical activities’ effectiveness at preventing and managing CVD
is due to its ability to target various pathways through which it influences different
physiological systems, such as its ability to promote a healthy anti-inflammatory
environment, largely through the release of muscle-derived myokines, its ability
to stimulate myocardial regeneration and its ability to improve age-related loss
of muscle mass and strength, a frequently overlooked non-traditional CVD risk
factor [23-25].

What is particularly noteworthy about physical activity’s role in CVD preven-
tion and management are the findings that even a single session or brief periods of
physical activity are known to be associated with improvements in cardiovascular
health parameters [26], such as an immediate decrease in blood pressure, also
called post-exercise hypotension (PEH) [27], improved blood levels of lipids [28],
enhanced fat oxidation [29] and improved insulin sensitivity [30].

1.3 Health benefits of resistance training (RT)

While it is still argued that cardiorespiratory fitness (CRF) is the most impor-
tant measure for health, numerous other primary health-related physical fitness
parameters exist and include; musculoskeletal fitness, body composition and
flexibility [31]. Not only does resistance training (RT) improve on these parameters,
but RT has also shown to enhance several other important aspects of physical and
mental health [32]. Further, RT has also been associated with reduced low back
pain, decreased arthritic discomfort, increased functional independence, improved
mobility, enhanced functional status, enhanced movement control, and increased
walking speed [32, 33]. What is especially important to note is that RT is equally,
and in some cases superior, to other modes of physical activity, such as aerobic
training, in its health-promoting benefits. Examples of this are RT’s superior ability
to increase metabolic rate, lean body mass and bone mineral density [33]. It is for
these reasons that RT is recommended by numerous health organisations (e.g.,
American College of Sports Medicine, American Heart Association, American
Association of Cardiovascular and Cardiopulmonary Rehabilitation, Surgeon
General’s Office) for inclusion into a comprehensive fitness programme that
includes aerobic and flexibility exercise [34].

1.4 Resistance training and prevention and management of cardiovascular
disease (CVD)

It is explicit that RT has been recognised for its value in improving the health
of athletes and the general public. However, only recently has scientific evidence
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emerged substantiating its benefits in the prevention and management of CVD
[35]. This is especially true given RT’s unique benefits over other modes of physical
activity, especially improving the often overlooked non-traditional CVD risk fac-
tors of muscle mass and strength loss [23-25].

The evidence for a blood pressure-lowering effect of RT remains scarce
[36]. However, when such evidence is forthcoming it provides confirmation for
the potential of RT in the prevention and treatment of high blood pressure in
normo- and even hypertensive patients [37, 38]. Additionally, some studies even
demonstrate that RT is equally or more effective than aerobic training at doing so
[39]. What is especially important to note is that little/no RT studies have reported
serious adverse events in even hypertensive participants [36].

A reduction in cholesterol levels are considered the gold standard in preventative
cardiovascular medicine [40]. This is why it is essential that much evidence sup-
ports the role that RT improves HDL-cholesterol whilst reducing total cholesterol,
LDL-cholesterol and triglycerides in adults [41-43]. What is particularly interest-
ing is that RT shows a stronger association than aerobic exercise when attempting
to improve HDL-cholesterol [44, 45]. It appears that an increased volume (via
increased numbers of sets or repetitions), rather than intensity or load, has a
greater impact on lipid profiles [46].

While CRF improvements following RT are not as substantial as those follow-
ing a period of aerobic training [47], the evidence that RT does indeed increase
CRF [36] is critical, since an enhanced CRF is associated with a lower risk of
all-cause mortality and cardiovascular events [48]. Interestingly, both low- and
high-intensity RT have demonstrated to improve CRF, albeit via different proposed
mechanisms, such as an increased Type Ila muscle activity, increases in leg strength
(i.e. for pedal thrust and efficiency of movement), improvements in oxidative
enzymes [49]. However, many of the CRF adaptations to RT appear to be dependent
on a higher volume of training [50].

More than 39% (1.9 billion) of adults were found to be overweight and 13%

(650 million) obese in 2016 [51]. This is in addition to over 340 million children and
adolescents being found to be overweight or obese in 2016 [51]. This is problematic
in that overweight and obesity are associated with an increased incidence of various
CVDs, such as diabetes, hypertension, and metabolic syndrome [52]. It is this CVD
risk factor in which the effect of RT on body composition is unique when compared
to other modes of physical activity. Specifically, RT has the ability to increase muscle
mass, while simultaneously reducing fat mass [33, 53]. Further, RT offers an alterna-
tive to other modes of physical activity that may not be tolerated as well by individu-
als who are already overweight or obese, due to the excess body weight increasing
the intensity (and perceived exertion) of weight-bearing activity [54, 55]. Another
reason or barrier limiting participation in aerobic-type activities may arise from an
initially low CRF [54, 56].

The increasing prevalence of diabetes suggests a clear need for effective diabetes
prevention and management approaches [57, 58]. As stated previously, RT is unique
in its ability to prevent overweight and obesity and it is for this reason that RT is
receiving increasing recognition as a cornerstone in the prevention and treatment
of type 2 diabetes [59, 60]. In this regard, emerging research suggests that RT has
the power to combat metabolic dysfunction in patients with type 2 diabetes. Some
of the beneficial adaptations exerted by RT include increased GLUT4 translocation
in skeletal muscle, increased insulin sensitivity and restored metabolic flexibility.
Further, an increased energy expenditure and excess post-exercise oxygen con-
sumption (EPOC) in response to RT may be other beneficial effects [60]. In fact,
it appears that RT can improve glycemic control and insulin sensitivity likely even
more than aerobic training [61, 62].
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Epidemiological studies have demonstrated the role of diet as a secondary CVD
risk factor, as it has an important role to play in other CVD risk factors, such as
hypertension, dyslipidemia, diabetes and obesity [63]. The role of dietin CVD
development is complex and involves many dietary factors, including inter alia an
excessive dietary intake of fat (particularly saturated fat), excessive intake of cho-
lesterol, high intakes of certain carbohydrates (i.e. fructose and sucrose), excessive
salt intake, excessive alcohol consumption and an inadequate intake of fiber [64].
Although research on the effects of RT on dietary patterns and intake is limited,
most studies demonstrate that RT is unable to alter self-selected food intake or food
preference [64-67]. However, cross-sectional studies do exist that demonstrate ath-
letes engaging in RT have a decreased dietary intake of fat, even when compared to
aerobic athletes [68]. While it seems RT may have no effect on dietary preferences,
RT may affect diet indirectly by offsetting the effects of a poor diet. In this regard,
since RT increases nitrogen retention, enhances protein synthesis and improves the
expression of insulin-like growth factor in skeletal muscle, the anabolic potential
of RT is useful in counteracting the catabolism experienced during CVD, such
as interleukin-mediated myopathy of chronic heart failure, myopathy secondary
to corticosteroid use in cardiac transplantation and during energy restriction for
obesity management [69].

Much evidence exists identifying the mechanisms by which psychological
factors, such as stress, depression, and anxiety and impact CVD [70]. In addition
to RT’s numerous physical benefits, the effect of RT on psychological factors is well
documented. In this regard, the demonstrated mental health benefits of RT include
decreased symptoms of depression, increased self-esteem, increased self-efficacy,
increased, physical self-concept, improved cognitive ability and enhanced social
interaction [71-73]. Specifically relating to CVD, it appears that RT may provide
unique psychological benefits when compared to other physical activity modalities.
This is because psychological benefits may be more related to reductions in body fat
than changes in strength or fitness [72, 73]. Therefore, RT could be an alternative to
aerobic training for some individuals in the biological and psychological manage-
ment of adolescent obesity [72, 73].

1.5 Safety of resistance training in the management of cardiovascular disease
risk

Resistance training is an exercise modality that can potentially target many of
the adverse effects of CVD. However, there have been concerns regarding the safety
of strenuous RT and its application to existing and future clinical interventions.

In the past, RT has been regarded as hazardous due to inflated blood pressure
responses, elevated double pressure products and an increase in ischemic events.
However, more recent research has demonstrated that RT may be less risky than was
once assumed. In this regard, previous research has established intra-arterial blood
pressures during RT in cardiac patients to be within a clinically tolerable range at
40-60% of 1-RM [72, 73]. Further, research has also demonstrated that electro-
cardiographic (ECG) responses during RT at 20%, 40%, 60%, and 80% of 1-RM
failed to induce clinically significant ST-segment depression, angina or ventricular
arrhythmias [74]. In fact, RT has not been found elicit significant cardiovascular
events even during 1-RM determination [75]. As such, light-to-moderate RT can be
deemed safe for low- to moderate-risk CVD patients.

With regards to the use of RT in high-risk CVD patients, even though traditional
RT participation guidelines have previously advised that surgical and post-myo-
cardial infarction (MI) patients should avoid RT for at least four to six months [76],
it has been demonstrated that these patients can safely complete static-dynamic



Risk Factors for Cardiovascular Disease

activity corresponding to carrying up to 30 pounds or about 13 kilogrammes by
three weeks after an acute MI [77]. As such, it is probable that RT could be intro-
duced earlier in even these high-risk settings should low-load programmes be
prescribed.

While moderate to good left ventricular function and cardiorespiratory fit-
ness in the absence of anginal symptoms or ischemic ST-segment depression
have been proposed as preconditions for participation in RT, contraindications
to RT comprise unstable angina, uncontrolled hypertension (systolic blood pres-
sure > 160 mm/Hg and/or diastolic blood pressure > 100 mm/Hg), uncontrolled
dysrhythmias, recent history of congestive heart failure that has not been evaluated
and effectively treated, severe stenotic or regurgitant valvular disease and hyper-
trophic cardiomyopathy [78].

1.6 Non-communicable disease intervention research unit (NCDIRU) resistance
training guidelines for the prevention and management of CVD

Although RT is increasingly recommended as an integral component of an
overall CVD prevention and management programme, many global guidelines
impose specific RT programme design recommendations for each CVD risk, type
of disease, even at each severity level, or fail to provide specific criteria for training
progression [79]. Further, a significant barrier to increased implementation of RT as
a clinical therapy is the complex, difficult-to-follow regimes compulsively focusing
on design variables such as load, intensity and volume. As such, a more feasible and
easier-to-adhere-to paradigm for RT should be explored and adopted as a prescrip-
tion for public health [80, 81].

In this regard, for apparently healthy individuals or those at low-risk, the Non-
Communicable Disease Intervention Research Unit (NCDIRU) recommends utilis-
ing 8-10 different RT exercises that train the major muscle groups, with multiple sets
(i.e. 3-4 sets) of 8-12 repetitions, with minimal rest intervals (i.e. 30-60 seconds)
for most days of a week.

In turn, the NCDIRU recommends that individuals with high-risk should
utilise 8-10 different RT exercises that train the major muscle groups using
multiple sets (i.e. 3 sets) of 10-12 repetitions, with moderate-long rest intervals
(i.e. 60-90 seconds) for 3 days weekly. These high-risk individuals should also
have increased patient monitoring and programme supervision when compared to
low-risk patients.

Despite much overlap and impracticality, many international organisations have
guidelines or position statements for each CVD. However, in an effort to develop a
practical and easy-to-follow RT regime that will increase adherence and outcomes,
the NCDIRU recommends the following for those patients with existing CVD to
delay progression or assist in the management of CVDs: an RT prescription of
8-10 different exercises that train the major muscle groups using 1-2 sets of 10-15
repetitions, twice weekly. In this existing CVD group, exercise sessions should
begin at a lower intensity level of 12-15 repetitions and progress more slowly than
programmes designed for low-risk patients, allowing time for adaptation. These
patients should also have the most patient monitoring and programme supervi-
sion. Further, variable resistance machines with selectorised weight stacks should
be utilised. In this regard, variable resistance machines with selectorised weight
stacks; (1) allow the initial weight applied to be at a low level and increased in small
increments; (2) the equipment is usually designed to protect the lower back, thus
reducing the risk of injury; (3) many machines are designed to avoid handgripping
which reduces the risk of exercise-induced hypertension; (4) the machines are
usually designed to allow the resistance to be applied evenly through the patients’
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full range of motion (ROM); (5) many types of equipment can be double pinned to
allow the individual to exercise through their pain-free ROM and 6) many machines
do not require the individual to balance or control the weight, as do dumbbells and
barbells, which may reduce the likelihood of injury [82].

2. Conclusions

Despite the well-known benefits of exercise, most adults and many children lead
relatively sedentary lifestyles and are not active enough to achieve the health benefits
of exercise. Further, due to the stigma associated with RT (i.e. erroneous/unfounded
issues related to safety and damage to growth plates), many children and adults fail
to engage in RT as part of their overall health and prevention/management of CVD
[83]. This is despite the accumulating and overwhelming evidence for health and
CVD-protective effects of RT. Given its whole-body, health-promoting nature, the
integrative responses to RT will continue to attract special interest as the notion of
“exercise is medicine” continues its integration into clinical settings [6]. Given that
RT has both direct and indirect effects on the mortality and morbidity of CVDs via
its identified risk factors (e.g. hypertension, dyslipidemia, obesity and diabetes),
health care professionals and health policy makers should incorporate RT advocacy
in their daily clinical practice and public health policies.
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