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Exercise and Chronic Diseases
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Abstract: Physical inactivity(PA) is fourth on the list of leading causes of deaths worldwide. An increased level of PA and exercise will
not only reduce the risk for developing various chronic diseases, but also have a positive influence on morbidity and mortality resulting
from these chronic diseases. While overwhelming success have been achieved in disease control through environmental interventions
such as vaccinations and improved hygiene to increase life expectancy, many authorities in the field of preventative healthcare are of the
opinion that too little has been done to target behavioral factors, particularly physical inactivity. PA promotion is one of the first
treatment and management recommendations in a large number of ever-increasing evidence based clinical guidelines for many chronic

conditions.
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1. Introduction

The negative health effects of physical inactivity are well
documented, the economic consequences are often
neglected. As the population ages, chronic illnesses have
become a common occurrence, putting pressure on the
sustainability of healthcare systems as chronic diseases
account for most of global healthcare expense (Huber et al.,
2011). Physical inactivity was directly responsible for 3% of
disability adjusted life years lost in the United Kingdom in
2002, with estimated direct costs to the National Health
Service of £1.06 billion (Allender, Foster, Scarborough et
al., 2007). In America, the annual cost directly attributable
to inactivity is an estimated $24 billion-$76 billion (2.4%—
5.0% of national healthcare expenditures) (Roux, Pratt,
Tengs et al.,, 2008). In Canada, it is estimated that even
modest reductions in inactivity levels could result in
substantial cost savings. A 10% reduction in the prevalence
of physical inactivity has the potential to reduce direct health
care expenditures by $150 million a year (Katzmarzyk et al.,
2000). Over the past few decades, extensive knowledge has
been accumulated relating to the significant contribution of
PA in the prevention and treatment of a number of diseases
(Chakravarthy et al., 2002; Leijon, Bendtsen, Nilsen et al.,
2008), especially noncommunicable chronic diseases. A
linear relationship exists between PA levels and overall
health status (Sallis, 2009), evidenced by the strong links
between increased levels of PA and aerobic fitness with a
reduction in the risk for developing various chronic diseases,
as well as the morbidity and mortality resulting from these
chronic diseases (Oberg, 2007; Pedersen and Saltin, 2006).
Increasing PA is now considered to be as important as
tobacco control in lessening the burden of non-
communicable diseases (Bauman et al., 2006; WHO, 2014).
Conditions such as cardiovascular disease, type 2 diabetes,
obesity, and cancer are drastically improved when PA and
exercise are part of a medical management plan. Exercise
provides many primary prevention health benefits, exercise
also provides similar benefits in secondary disease
prevention. When PA and exercise are initiated after a
chronic disease is diagnosed, many of the harmful disease
effects are ameliorated and in some cases (e.g., type 2
diabetes) the disease progression is slowed or halted (Sigal,
2006) exercise when used as part of the medical
management plan for secondary disease prevention will

almost always improve the quality of life and potentially
extend the life of a disease individual (Durstine, 2000).In
this regard, the benefits of PA and exercise depend on the
type, severity, and comorbidities of the disease.

2. Methods

A comprehensive literature search was carried out for in the
Pubmed, Crossref ,Genamics Journal Seek ,Global impact
factor.com , Google Scholar , Academic keys, Open
Academic Journals Index, Sherpa/RoOMEO (University of
Nottingham), Chemical Abstracts (CAS), Open-j-Gate
,Cochrane Library and MEDLINE databases (search
descriptors: exercise therapy, training, physical fitness,
physical activity, rehabilitation ,exercise is medicine;
Chronic  disease;  Primary  prevention;  Secondary
prevention). In addition, we sought literature by examining
reference lists in original articles and reviews.

3. Exercise and Diabetes

The prevalence of Type 2 Diabetes Mellitus (T2DM) and
pre-diabetic conditions such as impaired fasting glucose and
impaired glucose tolerance are rapidly on the rise (Hordern,
Dunstan, Prins et al., 2012). An estimated one million
deaths which occurred during 2002 could be attributed to
diabetes (LaMonte, Blair and Church, 2005). In 2009, it was
estimated that the world prevalence of diabetes among adults
(aged 20— 79 years) will be 6.4%, affecting 285 million
adults in 2010 and will increase to 7.7% (439 million adults)
by 2030 (Shaw, Sicree, and Zimmet, 2010). These figures
were revised and a 69% increase in numbers of adults with
diabetes in developing countries and a 20% increase in
developed countries were postulated for the time period
from 2011 to 2030 (Whiting, Guariguata, Weil et al., 2011).

A sedentary lifestyle is directly associated with the
development of T2DM (Blair, 1989; Kokkinos and Myers,
2010), while moderate to vigorous PA can reduce onset rates
of diabetes by between 6%-48% (Bassuk and Manson, 2005;
Helmrich, Ragland, Leung et al., 1991; Sieverdes, Sui, Lee
et al., 2010). Exercise plays a leading role in the prevention
and control of insulin resistance, pre-diabetes, gestational
diabetes mellitus, T2DM, and diabetes-related health
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complications (Colberg and Sigal, 2010; Hordern et al.,
2012). The most important way by which PA decrease the
threat for diabetes is by improvement in insulin sensitivity
(Roberts and Barnard, 2005). As exercise is an insulin-
independent stimulus for increased glucose uptake by the
working muscle cells via the Glucose Transporter Type 4
transporter, both aerobic training and resistance training
improve insulin action (Colberg and Sigal, 2010), and is
considered one of the three cornerstones of treatment for
diabetes mellitus (Woodard and Berry, 2001).

According to Colberg and Sigal (2010), an exercise
prescription program for persons with diabetes should be
individualised according to medication schedule, presence
and severity of complications, and goals and expected
benefits of the program (Colberg and Sigal, 2010). The
majority of patients with T2DM can exercise without taking
special precautions. Nonetheless, it is necessary that patients
being treated with medication such as sulfonylurea,
postprandial regulators or insulin are educated on
precautions on how to avoid hypoglycaemia.

Precautions to avoid hypoglycaemia include blood glucose
monitoring, adjustment of the insulin dose and dietary
modification (Pedersen and Saltin, 2006). Patients with
autonomic neuropathy should be carefully monitored since
the absence of ischemic symptoms pose a risk for sudden
cardiac death (Pedersen and Saltin, 2006) and silent
myocardial ischemia (Boulton, Vinik, Arezzo et al., 2005).
Similarly, patients with peripheral neuropathy should be
educated to monitor for foot blisters or ulcers following
exercise since neglect may result in complications leading to
amputation (Mayfield, Reiber, Sanders et al., 1998). It is
therefore recommended that, due to the high prevalence and
incidence of comorbid conditions in diabetic patients, pre-
exercise testing should precede training programs (Boulton
et al., 2005), and preferably written and managed by
individuals with appropriate qualifications and experience
(Hordern et al., 2012).

Persons with no significant complications or limitations
should follow exercise programs which accumulate to a
minimum of 210 min per week of moderate-intensity
exercise or 125 min per week of vigorous intensity exercise
with no more than two consecutive days without training, as
well as two or more resistance training sessions per week
(Hordern et al., 2012).

4. Exercise and Hypertension

Results from the South African National Health and
Nutrition Examination Survey (SANHANES-1)
demonstrated that almost three quarters of South African
adults over 50 years are hypertensive (Shisana, Labadarios,
Rehle et al., 2013). Hypertension is defined as a systolic
blood pressure (BP) above 140mmHg and/or a diastolic BP
>90mmHg (Pedersen and Saltin, 2006). It is a risk factor for
acute myocardial infarction, cardiac insufficiency and
sudden death, while being considered as the single most
important risk factor for strokes in SA (Connor, Rheeder,
Bryer et al., 2005).

While cardiorespiratory and resistance training has both
been shown to be effective in the prevention of
hypertension, cardiovascular exercise training is the most
effective type of exercise to prevent and treat hypertension
(Wallace, 2003). During exercise, systolic BP may rise from
baseline, but following 30 to 45 minutes of moderate
exercise, a 10 to 20 mmHg decrease in systolic BP are noted
which may last for up to ten hours (MacDonald, 2002).
Although studies carried out in subjects with cardiovascular
diseases or risk factors reported that decreases in
cardiovascular risk associated with exercise training are
connected to an up-regulation of endothelium mediated
vasodilator function together with an increase in arterial
compliance (Green, Spence, Halliwill et al., 2011), further
research has shown that the prolonged effect of exercise on
the lowering of systolic BP can be attributed to a transient
decrease in stroke volume rather than peripheral
vasodilatation (Fletcher, Ades, Kligfield et al., 2013).

An increase in exercise capacity is also linked to a lower
mortality in hypertensive persons, with a greater risk
reduction in younger individuals (18% reduction) compared
to older persons (12% reduction) (Kokkinos and Myers,
2010).

5. Exercise and Cancer

Worldwide there is a progressive increase in the prevalence
of cancer (Newton and Galvdo, 2008). Nearly 40 000
cancer-related deaths are reported annually in SA (Mayosi et
al.,, 2009). With the exception of non-melanoma skin
cancers, an estimated 3.45 million new cases of cancer and
1.75 million deaths from cancer were reported in Europe in
2012 (Ferlay, Steliarova-Foucher, Lortet-Tieulent et al.,
2013). The most common cancer sites were cancers of the
female breast, followed by colorectal, prostate and lung
cancer (Ferlay et al., 2013).

An increase in PA has been documented to be associated
with reduced risk of developing several forms of cancer
(Roberts and Barnard, 2005; Shann, 2000). The mechanism
of protection is thought to be due to the favourable effect of
PA on a person’s antioxidant capacity (Franzoni, Ghiadoni,
Galetta et al., 2005) and consequent ability to scavenge free
radicals which have a carcinogenic affect (Dreher and
Junod, 1996). This protective effect of PA has been
observed over different populations with the potential to
reduce the incidence of cancer by 40% (Newton and Galvéo,
2008) while being most consistent for breast and colon
cancer (Kruk, 2007; Shann, 2000).

PA increases bowel transit time and thus decreasing the
duration of contact between faecal carcinogens and colonic
mucosa (Shann, 2000) to prevent colon cancer.
Furthermore, increased habitual PA modulate the
production, metabolism and excretion of sex hormones
implicated in the development of breast and endometrial
cancer (Shann, 2000) as seen in the significant decrease of
salivary estradiol levels with regular PA (Jasienska and
Ziomkiewicz, 2006). PA therefore curbs the cancerous
effects of certain hormones (Roberts and Barnard, 2005;
Shann, 2000) such as estradiol which is a risk factor for
developing breast cancer (Kruk, 2007) and testosterone
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which is a risk factor for developing prostate cancer (Shann,
2000). Even after cancer has been diagnosed, the survival
rate of breast and colon cancer increase by 50-60% when
engaging in regular PA (Shann, 2000), highlighting not only
the preventative but also the therapeutic effect of PA on
cancer.

Treatments for cancer include surgery as well as systemic
and radiation therapy. However, these treatments
compromise the physical function and quality of life of
patients (Newton and Galvao, 2008). For many cancer
patients’ chemotherapy or hormone therapy results not only
in muscle loss (general cachexia), but also bone mineral loss
as a result of reduced PA (Newton and Galvéo, 2008).Thus,
there is a growing interest in the use of exercise in the
treatment and rehabilitation of patients with cancer
(Pedersen and Saltin, 2006; Shann, 2000).  Aerobic and
resistance exercise programs for cancer patients improve
balance and bone remodelling while simultaneously
reducing muscle weakness and wasting (Galvdo, Taaffe,
Spry et al., 2010). This result in reduced levels of fatigue,
greater selfconfidence, maintenance of body weight,
improved mood, less side effect severity, improved aerobic
capacity, and a higher quality of life (Pedersen and Saltin,
2006).

6. Exercise and Cardiovascular Disease

Cardiovascular  diseases (CVD) include high BP
(hypertension), coronary heart disease, stroke, rheumatic
heart disease and other forms of heart disease (Kruk, 2007).
Physical inactivity, smoking, poor diet and neglect of
chronic life-stress play key roles in the pathogenesis of CVD
(Derman et al., 2008a). Atherosclerotic CVD is caused by
the accumulation of lipids, macrophages, blood-clotting
elements, calcium and fibrous connective tissue within the
inner layer of arteries, resulting in endothelial dysfunction
and vascular inflammation (Pearson, 2003a). These
atherosclerotic changes later result in the formation of
atheromatous plaques or lesions which may cause
obstruction of normal blood flow (Pearson, 2003a).
Dyslipidemia or high cholesterol level remains a major
cardiovascular  risk  factor in SA, as familial
hypercholesterolaemia occurs in one out of every 200
Afrikaners which may cause early CVD in affected
individuals (Mayosi et al., 2009). From the SANHANES-1
project, it was found that one out of five males 15-65 years
of age and older had abnormally high serum total- and low-
density lipoprotein (LDL) cholesterol. In the South African
females, the figures were even worse, where abnormal lipid
concentrations were found in almost one out of three
females 15-65 years of age (Shisana et al., 2013). Regular
PA results in beneficial changes in persons with normal lipid
and lipoprotein concentrations as well as in most persons
with dyslipidemia (Kelley and Kelley, 2008; Kelley, Kelley,
Roberts et al., 2011; Murphy, Blair and Murtagh, 2009).

Regular PA and exercise not only plays a substantial role in
the primary prevention of CVD, but also in the secondary
prevention and rehabilitation of patients with known CVD
(Thompson, 2005; Thompson, Franklin, Balady et al., 2007).

The purpose of PA in the form ofexercise training is to
reduce physiological limitations and increase exercise
capacity through specific exercise therapy (Derman,
Whitesman, Dreyer et al., 2008b). Health benefits associated
with regular exercise and increased exercise capacities
include, among others, the following (Derman et al., 2008a;
Giannuzzi, Saner, Bjornstad et al., 2003; Leon, Franklin,
Costa et al., 2005; Miles, 2007; Mora, Cook, Buring et al.,
2007; Thompson et al.,, 2007): Reduced number of
cardiovascular events ,Improvement in blood lipid
concentrations ,Reduced systolic and diastolic BP ,Increased
fibrinolysis, Reduced thrombocyte aggregation ,Reduced
endothelial dysfunction of the coronary arteries ,Increased
autonomic tone and heart rate variability ,Decreased cardiac
arrhythmias, Improvement of insulin resistance and glucose
intolerance, Improved psychosocial factors ,Improved
lifestyle choices, Reduced obesity ,Reduced smoking habit
,Improved functional (exercise and work) capacity ,reduced
hospitalization and decreased morbidity and total mortality.

Notwithstanding these benefits, exercise training is hardly
ever prescribed for patients with CVD (Thompson, 2005).
Some authors hypothesize that the complexity of prescribing
exercise for patients with chronic disease may be a
contributing factor to this tendency since the patient should
not only be advised which exercise therapies to use, but the
exercise goals should be defined, a suitable training
intensity, duration and frequency chosen for the appropriate
stage of the medical condition (Derman et al., 2008b).

Preceding regular exercise training all patients should be
assessed by a cardiologist or medical practitioner skilled in
exercise testing and prescription to have a baseline
symptom-limited  exercise test and exclude any
contraindications before an exercise programme is initiated
(Derman et al., 2008b). This will also detect important
clinical signs such as a cardiac murmur, ischemia symptoms
or arrhythmia that would alter the therapeutic approach,
gallop sounds, pulmonary “wheezing,” or pulmonary
crepitation (Thompson, 2005). Patients with a history of
worsening unstable angina or decompensated heart failure
should not undergo exercise testing until their condition
stabilizes (Fletcher, Balady, Amsterdam et al., 2001).

After an exercise stress test, the patient should be classified
as either a high, moderate or low risk patients. For high and
moderate risk patients (for example those with exercise-
induced myocardial ischaemia with possible ST-segment
depression and/or angina pectoris and those with left
ventricular ejection fraction <30%, arrhythmia, clinical
depression, low exercise tolerance or those patients
unaccustomed to exercise) there should be medical
supervision, as these patients should be monitored more
closely and frequently than low- risk patients. Risk
stratification should be repeated at 3 month intervals
(Derman et al., 2008b; Thompson, 2005).

Family doctors have a key role as the central coordinating
figures in promoting cardiovascular wellness through routine
provision of and/or information on primary and secondary
preventive services; identifying patients who would gain
from a structured cardiac rehabilitation program and helping
them to engage in these programmes, encouraging existing
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patients to complete the program and providing longitudinal
follow-up for patients after program completion (Stephens,
2009). If a local cardiac rehabilitation program is not
available, doctors should refer patients to physical therapy or
fitness facilities or should advise the patient on how to start
an exercise program. This necessitates doctors to design an
exercise program for the patient (Thompson, 2005). When
developing an individualized exercise prescription for
aerobic and resistance training, take into consideration
evaluation of exercise stress test findings, risk stratification,
comorbidities (e.g., peripheral arterial disease and
musculoskeletal conditions), in addition to patient and
program goals (Balady, Williams, Ades et al., 2007).
Besides PA, cardiac rehabilitation programs must also
address diet, emotional, medication, and smoking cessation
issues (Giannuzzi et al., 2003; Thompson, 2005).

7. Exercise and Stroke

Early definitions of a stroke stated it to be an event
characterised by rapidly developing clinical symptoms and
signs of focal, and at times global, loss of cerebral function
lasting more than 24 hours or leading to death, with no
apparent cause other than that of vascular origin (Hatano,

1976). More recently, a statement by the American Stroke

Association (Sacco, Kasner, Broderick et al., 2013) placed

emphasis on the fact that a stroke is, in fact, a central

nervous system infarction and defined it as an infarction of
the brain, spinal cord, or retinal cell death attributable to
ischemia, based on:

1) Pathological, imaging, or other objective evidence of
cerebral, spinal cord, or retinal focal ischemic injury in a
defined vascular distribution; or

2) Clinical evidence of cerebral, spinal cord, or retinal focal
ischemic injury based on symptoms persisting >24 hours
or until death, and other aetiologies excluded.

This include ischemic stroke, silent central nervous system
infarction, stroke caused by intracerebral haemorrhage,
silent cerebral haemorrhage, subarachnoid haemorrhage,
stroke caused by cerebral venous thrombosis, and a stroke
not otherwise specified (Sacco et al., 2013).

In addition to the high mortality associated with strokes (the
second most common cause of death worldwide; Mathers
and Loncar, 2005), strokes also have a high morbidity,
leaving up to 50% of survivors chronically disabled (Lloyd-
Jones, Adams , Brown et al., 2010). The cornerstone of the
prevention of recurrent stroke and acute cardiac events in
stroke survivors is the modification of multiple risk factors
through a combination of comprehensive lifestyle
interventions and appropriate pharmacological therapy
(Gordon, Gulanick, Costa et al., 2004). Therefore, regular
PA is recommended for both primary and secondary
prevention of stroke (Lloyd-Jones et al., 2010) evidenced by
the fact that moderately to highly active individuals have a
lower risk of both ischemic and hemorrhagic strokes
compared to individuals with inadequate PA levels (Lee,
Folsom and Blair, 2003). The goals for exercise training in
stroke survivors are (Gordon et al., 2004): Increased
independence in ADLs, Increased walking speed/efficiency,
Improved tolerance for prolonged PA ,Reduced risk of
cardiovascular disease, Improved level of safety during

ADLs, Increase range of motion (ROM) of involved
extremities.

8. Exercise and Obesity

Thirty years ago the world were fixed on juvenile
malnutrition, the ‘protein gap’ and how to feed the world’s
rapidly increasing population (James and Leach, 2001;
Prentice, 2006). At present the WHO finds itself needing to
deal with a different pandemic, namely obesity and its
associated non-communicable diseases (Caballero, 2007;
James and Leach, 2001). Meanwhile the challenge of
juvenile malnutrition has not disappeared, thus creating a
‘double burden’ of disease that threatens to overwhelm the
health services of many resource-poor countries (Prentice,
2006). According to the WHO, the criteria for obesity is
defined as a body mass index (BMI) of >30 kg/m® and
overweight a BMI of 25 - 29.9 (Alwan, 2011).
Cardiovascular risks increase with higher degrees of obesity
(Apovian, 2010). Physical inactivity is considered to be an
important underlying reason for obesity (Kokkinos and
Myers, 2010), while obesity in turn intensifies
cardiovascular disease risk stratification through its indirect
adverse effects on numerous recognised risk factors such as
insulin resistance and hypertension (Khan, 2008; Lee, Sui
and Blair, 2009). Furthermore, there is a strong correlation
between high BMI and the development of several other
non-communicable diseases, including site-specific cancers
such as colon and prostate cancer in men, and breast,
endometrial, cervical, and ovarian cancer in women (Kruk,
2007).

Historically, obesity has been regarded as a ‘“Western’
problem associated with prosperity, but is of rising
significance in low income countries (Hawkes, 2006;
Zimmet, 2000). Unfortunately, the same holds true for the
South African population.  Globalisation is causing the
increase in consumption of foods high in fats and sweeteners
throughout the developing world. This “nutrition transition"
as well as physical inactivity are considered to be important
underlying reasons for obesity (Kokkinos and Myers, 2010)
and is associated with the rapid rise of obesity and
dietrelated chronic diseases worldwide (Hawkes, 2006). In
the 1998 SA Demographic and Health Survey high levels of
excess body mass were observed among South Africans,
particularly women. It was found that more than 29% of
men and 56% of women were classified as overweight (BMI
>25) or obese (BMI >30) (Joubert et al., 2007). The South
African National Health and Nutrition Examination Survey
(Shisana et al., 2013) showed a deterioration of the
nutritional status of adult males and predominantly females
based on various anthropometric measures. It was also found
that major changes across all BMI groups occurred; the
percentage of persons regarded as being underweight or
normal weight decreased, while individuals considered
being overweight or obese increased (Shisana et al., 2013).
Overall, Mean BMI increased across all age categories,
provinces, and race groups, but specifically among females
(Shisana et al., 2013). It is suspected that the low levels of
PA among South African adults reported in the past (Joubert
et al., 2007; Kruger et al., 2002) contributed to the reported
excess body mass, although education status also has to be
taken into consideration since research has shown a sharp
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rise in the incidence of obesity among people who seem to
be better educated and financially more privileged than the
general South African population (Senekal, Steyn and Nel,
2003).Research has shown that a high-volume-high-intensity
exercise regimen had the greater beneficial effects on body
weight, fat mass and central obesity than a low amount of
exercise (Slentz, 2004). This approach will also aid in the
preservation or increase of lean muscle mass which will alter
body shape, even in the absence of dieting. Contrary to
traditional beliefs, exercise on its own has a limited effect on
weight loss (Franz, VanWormer, Crain et al., 2007;
Macfarlane and Thomas, 2010). Instead, it has been shown
that exercise in combination with a nutritional plan is the
most effective approach for sustainable weight loss
(Macfarlane and Thomas, 2010) due to the combined effect
to create a positive caloric imbalance needed for weight loss.
Although exercise is most effective for weight loss when
used in conjunction with a nutritional plan, it is still more
effective than diet on its own (Macfarlane and Thomas,
2010) and a key component for avoiding primary weight
gain (Pedersen and Saltin, 2006). Probably the most
noteworthy effect that an obese person engaging in regular
PA will benefit from, is the decrease in risk factors for
comorbidity problems such as diabetes (Pan, Li, Hu et al.,
1997), together with the positive psychological effects
associated with regular PA (King, Hopkins, Caudwell et al.,
2009; Lee et al., 2009).

In Africa and SA the fight against obesity is complicated.
An overweight body type very often has positive
connotations within the black South African community,
symbolising wealth and status (Mvo, Dick and Seyn, 1999).
Obesity is therefore widely accepted and an avenue to a high
level of body satisfaction among many middle-aged South
African women (Prentice, 2006; Van der Merwe and Pepper,
2006). In contrast, being “thin” or of normal body weight
according to WHO standards (Alwan, 2011) often has a
negative associated with HIV/AIDS (Human
Immunodeficiency Virus/Acquired Human Deficiency
Syndrome) status which further accentuate the positive
attitudes noted towards obesity among Africans (Clark,
Niccolai, Kissinger et al., 1999; Prentice, 2006).

9. Exercise and Chronic Respiratory Disease

One of the major chronic respiratory diseases in SA is
chronic obstructive pulmonary disease (COPD) (Mayosi et
al., 2009). COPD is characterised by a poorly reversible
airflow limitation that is usually progressive and associated
with an abnormal inflammatory response of the lungs to
noxious particles or gases, particularly cigarette smoke
(Fabbri and Rabe, 2007; Pauwels, Buist, Calverley, et al.
2001). While COPD affects the lungs, it also causes
substantial systemic consequences such as weight loss,
nutritional abnormalities and skeletal muscle dysfunction
(Celli, 2008). Data released by Statistics SA showed that
premature adult deaths caused by COPD increased by 24%
from 1999-2003 (Mayosi et al., 2009). Unfortunately,
research suggests that COPD is often under diagnosed
(Garcia-Aymerich, Barreiro, Farrero et al.,, 2000;
Rutschmann, Janssens, Vermeuen et al., 2004), raising
concerns that the prevalence of COPD may be even higher
than documented.

For persons with COPD, strong linear associations exist
between their exercise capacity and their health-related
quality of life (Puhan, Siebeling, Zoller et al., 2013).
Furthermore, exercise capacity is one of the strongest
predictors of mortality and showed reliably stronger
associations than either lung function or dyspnoea (Puhan et
al., 2013). As the disease progress, gas exchange becomes
compromised and patients may develop respiratory failure
(Puhan et al., 2013). As soon as dyspnoea develops, it
occurs at even lower levels of exercise (Celli, 2008). In fact,
the BODE index (body mass index, forced expiratory
volume in one second (FEV1), dyspnoea and 6-minute walk
distance) includes exercise capacity to predict mortality
(Puhan, Mador, Held et al., 2008; Puhan et al., 2013).
However, COPD is a multidimensional disease. Many
patients with COPD may have decreased fat-free mass,
impaired systemic muscle function, anaemia, osteoporosis,
depression, pulmonary hypertension, and cor pulmonale, all
of which are important elements of the effect COPD may
have on patients (Celli, 2008). The objectives of
management of COPD are prevention of further
deterioration in lung function, improvement of symptoms
(coughing, sputum production and dyspnoea) and quality of
life, treatment of complications, and to prolong a meaningful
life (Celli, 2008).

One of the most important advances in the therapy of COPD
is the capability to influence the disease without having to
automatically  modify  lung  function.  Pulmonary
rehabilitation and oxygen therapy are established forms of
treatment for COPD (Celli, 2008). Pulmonary rehabilitation
comprises of a combination of holistic interventions on the
respiratory system such as smoking cessation, psychological
support to help with coping strategies, and physical activity
in the form of exercise training (Spruit, Troosters,
Trappenberg et al.,, 2004). Physical exercise improves
exercise capacity and health related quality of life and is a
cost effective intervention (Puhan, Schiinemann, Frey et al.,
2005; Reardon, Mckenna and Riddoch, 2005). Although
exercise training does not improve lung function, it does
ease other symptoms of COPD such as dyspnea, fatigue and
anxiety (Casaburi and ZuWallack, 2009; Spruit et al., 2004).
Because of increasing skeletal muscle dysfunction in
advanced stages of COPD (Franssen, Broekhuizen, Janssen
et al., 2004), exercise training has become the core
component of pulmonary rehabilitation (Lacasse and
Goldstein, 2006; Reardon et al., 2005; Spruit, Singh, Garvey
etal., 2013).

The type of exercise training for pulmonary rehabilitation
follows the FITT (frequency, intensity, type, time) principle
and includes: High-intensity regimens which are generally
the preferred type of exercise, although lower-intensity
exercise is also beneficial (Gosselink, 2002; Puhan, sching,
ch nemann et al., 2006), with exercise of the leg muscles as
the focal point of endurance exercise (such as walking,
stationary cycling, and treadmill exercise). Under the
observation of rehabilitation staff the intensity of the
exercise may be increased as tolerated by the patients.
Resistance training that includes the upper arms aids the
ability to carry out the activities of daily living and because
some of the upper-arm muscles also function as auxiliary
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muscles of respiration, it is often advised (Casaburi &
ZuWallack, 2009; Puhan et al., 2005; Spruit et al., 2013).

Commonly contraindications for pulmonary exercise
rehabilitation includes the inability to walk, either due to
orthopaedic or neurological disorders, unstable cardiac
disease including unstable angina or recent myocardial
infarction and psychiatric or cognitive problems that would
prevent the patient from understanding what is required or
cooperating with the exercise prescription plan (Casaburi
and ZuWallack, 2009; Spruit et al., 2013). Mild to moderate
cases of COPD can be managed by a GP (Chavannes,
Vollenberg, van Schayck et al., 2002) with specific attention
given to the PA habits of persons with COPD who visit their
general practice (Chavannes et al., 2002).

10. Benefits of Exercise on other Conditions

Exercise and osteoporosis

Osteoporosis is a disorder characterised by a decrease in
bone mineral density caused by inadequate bone
development during growth, excessive bone loss, failure to
replace bone loss and an imbalance between osteoblast and
osteoclast functioning, all of which ultimately lead to
microarchitectural deterioration of the skeletal structure
(Raisz, 2005). Osteoporosis poses a major risk for
sustaining skeletal fractures due to this decrease in bone
mineral density and compromised bone architecture (Howe,
Shea, Dawson et al., 2011; Kai, Anderson and Lau, 2003;
Kruk, 2007). Hip fracture is the most serious complication
of osteoporosis resulting in an overall negative impact on the
life of patients due to the increased risk for mortality, long
term disability and loss of independence (Korpelainen,
Keinanen-Kiukaanniemi, Heikkinen, et al., 2006).

The incidence of osteoporosis in the US is estimated to
increase to over 14 million people in 2020 (Burge, 2007).
During 2005, the direct medical costs due to osteoporosis
accumulated to approximately $17 billion in the US.
Furthermore, it is estimated that by 2025, annual fractures
and costs would have grown by 50% (Burge, 2007).
Considering the substantial financial costs together with the
fact that osteoporosis affects one out of every four
postmenopausal Caucasian women (Siris, Brenneman,
Miller et al., 2004), it is imperative that effective prevention
and treatment regimes be put in place (Korpelainen et al.,
2006).

Osteoporosis is typically treated by using pharmacological
agents (Howe et al., 2011) despite the fact that mechanical
loading associated with regular aerobic, weightbearing and
resistance exercise are key to stimulate osteogenesis and
increase bone mineral density (Howe et al., 2011; Langberg,
Skovgaard, Asp, et al., 2000). Despite the fact that high-
impact exercise has been suggested to be most effective for
the prevention of osteoporosis in premenopausal women
(Korpelainen et al., 2006), the evidence of the long-term
effect of PA on postmenopausal bone loss is inadequate,
mainly due to short follow-up times seen in the core body of
literature. However, a meta-analysis concluded that after a
year or longer, PA may be effective for slowing bone loss
(Korpelainen et al., 2006), deeming exercise a safe and

effective modality to avert bone loss in postmenopausal
women (Howe et al., 2011). In addition to preventing
osteoporosis through mechanical loading, exercise also
improves muscle strength, mobility and balance, all of which
will aid and protect the elderly against falls and fractures
(Buchner, Cress, de Lateur et al., 1997), something dietary
supplements and medication are unlikely to accomplish in
isolation.

Exercise and Depression

According to the Global Burden of Disease study (Mathers
and Loncar, 2005), mild to moderate Major Depressive
Disorder (MDD) is one of the most pronounced causes for
years of life lost due to premature death or disability,
ranking second behind ischemic heart disease (Dunn,
Trivedi, Kampert et al., 2005). It is estimated that
approximately one in five adults experience MDD at some
stage of their lives (Blumenthal et al., 2005). Depression is
twice as likely to occur in women compared to men
(Blumenthal et al., 2005) and often co-occurs with medical
conditions such as obesity, diabetes, and cardiovascular
disease (Blumenthal et al., 2005). In SA, the prevalence of
MDD accounts to approximately 9.7% of adults with
significantly higher numbers of MDD diagnoses seen among
females compared to males, and those with a low level of
education compared to those with a higher level of education
(Tomlinson, Grimsrud, Stein et al., 2009).

There is scientific evidence to suggest that physical exercise
is just as effective in the treatment of mild to moderate
MDD as pharmacotherapy and psychotherapy (Dunn et al.,
2005), and those who do participate in regular leisure-time
exercise are less likely to experience depressive symptoms,
irrespective of the intensity of the exercise they engage in
(Harvey, Hotopf, @verland et al., 2010). Positive changes in
the psychological profile with exercise may include
(Warburton, Katzmarzyk, Rhodes et al., 2007): Improved
mood, Improved self-concept, Improved work behavior,
Decreased depression and anxiety and Improved social
networks.

The amount of exercise needed for persons suffering from
depression is equivalent to the recommendations for healthy
subjects since the effect of lower amounts of exercise is
similar to that of placebo controls (Dunn et al., 2005).
According to the American College of Sports Medicine
(ACSM) guidelines (ACSM, 2010), the recommended
exercise dose is at least 30 minutes a day, five days per week
of moderate intensity, or 50 minutes three times per week of
high intensity exercise, accumulating to 150 minutes of
exercise per week (ACSM, 2010). Although most studies to
date have focused on aerobic exercise, some studies found
evidence that resistance training may also be effective
(Blumenthal et al., 2005).

Exercise and Dementia

Alzheimer’s  disease  (AD) is a progressive
neurodegenerative disorder that is characterized by the
presence of amyloid deposition and neurofibrillary tangles in
the brain, coupled with a loss of cortical neurons and
synapses (Nestor, Scheltens and Hodges, 2004; Terry,
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Masliah, Salmon et al., 1991). It is considered not only the
most common cause of dementia (Nestor et al., 2004), but
also the most widespread kind of dementia throughout the
world with rates increasing exponentially with age (Kawas
and Corrada, 2006). The prevalence rose from 3% among
the 65-75 years age group to a staggering 50% among those
85 years and older (Zhu and Sano, 2006). In 2006, the
worldwide incidence of Alzheimer’s disease accounted to
26.6 million cases. It is furthermore estimated that by 2050,
the incidence of Alzheimer’s disease will quadruple to 1 in
85 persons worldwide who will be living with the disease
(Brookmeyer, Johnson, Ziegler-Graham et al., 2007).

Alzheimer’s disease, other dementias and alcohol-use
disorders are projected to be among the top four causes of
burden of disease in high-income countries in 2030 (Mathers
and Loncar, 2005).Globally, around 13% (nearly 4.3
million) AD cases may be attributed to physical inactivity
(Barnes and Yaffe, 2011).

Presently there is no cure for AD (Zhu and Sano, 2006).
However, substantial evidence exists that PA have an
important role in moderating dementia such as AD (Hillman,
Erickson and Kramer, 2008; Larson and Wang, 2006;
Scarmeas, Luchsinger, Schupf et al., 2009; Verdelho,
Madureira, Ferro et al., 2012). By increasing PA by 25%, an
estimated million cases of dementia can be prevented
(Nagamatsu, Flicker, Kramer et al., 2014). Positive findings
on the exercise response in AD include a slower decline in
mental status (Arcoverde, Deslandes, Rangel et al., 2008),
improved cognitive function (Guiney and Machado, 2013;
Kramer, Colcombe and McAuley, 2005), improved health
and an improvement in quality of life (Deslandes, Moraes,
Ferreira et al., 2009; Lawlor and Hopker, 2001; Pedersen
and Saltin, 2006).

11. Conclusion

As physical inactivity remains a pressing public health issue
(Grandes, Sanchez, Sanchez-Pinilla et al., 2009), a great
need exists to increase activity in the general population.
Even though being physically active for health and well-
being is accepted by much of the general population, the
majority of people in developed countries fail to meet even
minimal requirements (Lee et al., 2012). There’s numerous
preventative and therapeutic health benefits associated with
a physically active lifestyle which include the effectiveness
of exercise to treat various chronic diseases and alsothere’s
limited side effects associated with exercise in comparison
to pharmaceutical therapies. Promotion of PA is a priority
for health agencies (Heath, Parra, Sarmiento et al., 2012),
evidenced by the shift in focus from monitoring, protecting
and promoting general health, to injury prevention and
control, chronic disease prevention and management, health-
promoting public policies and environmental support for
behavioral change to increase PA in a whole population
(Alwan, 2011; Davis, Verhagen, Bryan et al., 2014)
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